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Contact dermatitis, that is a vast and fascinating field of study, has a high 
frequency worldwide in both children and adults of both sexes, and dur-
ing daily routine dermatologists invariably observe many patients with this 
disease.

To ensure the proper management of these patients, it is necessary first 
of all to formulate a clinical diagnosis on accurate morphological grounds, 
since it is the most clinically polymorphic disease in dermatology and 
hence very demanding in terms of differential diagnosis. Then, to achieve 
proper targeted prevention in each patient, it is essential to isolate the causes 
among the numerous etiological chemical agents present in both working 
and leisure time activities and environments. The aim of this book is there-
fore two-fold: firstly to write an account of the various clinical features of 
contact dermatitis and review their differential diagnosis, and secondly to 
produce a comprehensive etiological overview.

Particular attention has been paid to the methodologies and importance 
of patch tests and other diagnostic tools, as well as to the principles of prog-
nosis, treatment, and rehabilitation, together with considerations on some 
preventive aspects underlying contact dermatitis. The addition of many rel-
evant colored images of clinical pictures, as well as tables and explanatory 
diagrams, complete the book.

The book is envisaged as a manual offering a helpful tool for practicing 
and occupational dermatologists, for postgraduates training in dermatology 
and allergo-immunology, and for allergologists and occupational physicians. 
Moreover, the authors include information from the world literature serv-
ing to widen the readership to those who work in industrial fields who are 
concerned about the dermatological safety of products and the environment.

The field of contact dermatitis is already well served by many important 
and highly detailed textbooks and voluminous tomes. The work described 
herein is intended to provide a handy update on this complex, rapidly evolv-
ing research area, and in particular, an in-depth analysis of the clinical 
aspects of this important field of dermatology.

Bari, Italy
December 2020  

Preface

Gianni Angelini, M.D.
Domenico Bonamonte, M.D., Ph.D.

Caterina Foti, M.D.
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Introduction and Epidemiology

Caterina Foti, Domenico Bonamonte, 
Anna Bosco and Gianni Angelini

Younger (Caius Plinius Caecilius Secundus, 
62-125 A.D.) noted that some subjects suffered 
intense pruritus when pruning pine trees [4].

The term “eczema” is said to have been 
coined by Aetius (6th century A.D.) in his writ-
ings about skin diseases [5]. In “De rerum nat-
ura” Lucretius stated “Quod cibus est aliis, aliis 
est venenum” (“what is food for one man is poi-
son for another”) [6].

Bernardino Ramazzini (1633–1714) is con-
sidered to be the father of occupational medicine 
and occupational dermatology: the first edition 
of his book “De morbis artificium diatriba” 
appeared in 1700 in Modena, Italy [7].

The natural history of contact dermatitis 
and of patch tests has been reported by various 
authors [8–13]. Already by the 17th century and 
then to a greater degree in the 18th and 19th 
centuries, some researchers had occasionally 
reproduced contact dermatitis on healthy skin 
after applying the agent believed responsible 
(plant, chemicals). Some of these observations 
are anecdotal but others are well documented. 
In 1847, Städeler described a method for repro-
ducing, on healthy human skin, the lesions 
provoked by Anacardium occidentale. In this 
method (Städeler’s blotting paper strip tech-
nique), described in detail, a balsam is applied 
on the lower chest over an area of 1 cm2; then a 
piece of blotting paper dipped in the balsam is 
placed on the same site. After 15 minutes, the 
subject feels a growing burning sensation that 
reaches a peak in the following 90 minutes. The 

© Springer Nature Switzerland AG 2021 
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As the shock organ, the skin opposes the first line 
of defence against the various exogenous envi-
ronmental agents including chemical substances. 
The interaction of these agents and the skin can 
induce contact dermatitis, a multifactorial disease 
caused by different pathogenic mechanisms and 
characterized by multiple clinical-morphological 
aspects and a variable evolution.

Contact dermatitis is the most frequent form 
of eczema (that in turn accounts for 1/3 of all 
skin diseases) and is among the most common 
diseases observed in dermatology and in occu-
pational medicine [1].

1.1  Brief Historical Background

Contact dermatitis has probably been known 
since the early ages. Among the first references 
is a description of skin toxicity to Rhus vernicif-
era reported by a Chinese author in the seventh 
century B.C. [2]. Hippocrates (circa 460-377 
B.C.) considered environmental influences to 
be possible causes of diseases [3]. Pliny the 
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2 C. Foti et al.

the observations and interpretations previ-
ously made by his teacher, Albert Neisser, in 
1884 [23]. According to the bibliographic data, 
Jadassohn presented the results of patch tests at 
the meeting in Graz (Austria) in 1895, and pub-
lished the first report in 1896 [20].

1.2  Classification

Contact dermatitis accounts for about 60% of 
all forms of eczema [1]. It is widespread in both 
occupational and non occupational settings. In 
the former case the incidence ranges from 85 
to 98% of all job-related skin diseases; the peak 
prevalences are recorded in the building, leather, 
rubber, metallurgy, food and chemical indus-
tries; health staff and apprentice hairdressers are 
also at high risk.

The interval between the harmful contact and 
the onset of the dermatitis (induction time) is in 
practice unknown because it depends on vari-
ous exogenous environmental and endogenous 
human factors. In any case it is extremely vari-
able, ranging from hours or days (in cases of 
irritant contact dermatitis due to highly acid or 
alkaline agents, for example), to months or years 
(in cases of irritant contact dermatitis resulting 
from toxic damage accumulating over years, for 
instance).

From the clinical and aetiopathogenic stand-
points, contact dermatitis can be subdivided 
into various types of reactions, as shown in 
Table 1.1. Among these reactions, the most 
common is undoubtedly irritant contact der-
matitis, that shows a more prevalent incidence 
today than contact allergy, for various reasons: 
the substitution of various allergens previously 
used in occupational settings, automated produc-
tion cycles, earlier causal diagnosis, much more 
accurate prevention measures, and earlier medi-
colegal intervention.

The clinical differences among the various 
forms of contact dermatitis are due to a num-
ber of factors, especially the type of contact, 
the chemical characteristics of particular causal 
agents, and the underlying pathogenic mecha-
nisms in each case. Moreover, in each type of 

skin under the blotting paper becomes whit-
ish and is surrounded by an erythematous halo. 
After the burning dies down the blotting paper is 
left in situ for a further 3 hours [14].

At the same time as experiments by 
Jadasshon were being conducted, in 1897, 
another patch test technique was described 
by the French entomologist Jean-Henri Fabre 
(1823–1915), who lived in Sérignan-du-Comtat, 
a village in Provence [15]. To study the effects 
of the pine processionary moth, Fabre used a 
piece of blotting paper, folded into 4 and dipped 
in an extract of processionary moth hairs, on his 
own skin. The blotting paper was applied on the 
flexory face of the forearm and covered with a 
piece of rubber, then bandaged onto the site. The 
test apparatus was removed after 24 hours, when 
a clear, distinct erythemato-edematous reac-
tion was evident on the test site, with evident 
margins outlining the shape of blotting paper. 
Fabre’s method was later widely employed to 
study and isolate harmful agents contained in 
plants, animals and industrial products [16]. 
The repercussions of Fabre’s experiments in the 
field of dermatology have been underlined by 
Lachapelle [17].

Josef Jadassohn (1863–1936) is unanimously 
considered to be the true pioneer and the father 
of patch tests, that he used to make experimen-
tal reproductions of the observations he had made 
in the clinical setting. He performed patch tests 
at the University of Breslau (now Wroclaw in 
Poland), a city that was then part of Germany. 
The room where this illustrious dermatolo-
gist very probably did the first patch tests has 
been kept as he left it and has now been turned 
into a museum of dermatology. Sulzberger has 
described the life and work of Jadasshon [18, 19].

By applying chemical substances on blotting 
paper then applied to the skin, Jadassohn suc-
ceeded in reproducing the iodoform- and mer-
cury salts-induced contact dermatitis pictures 
in patients with skin intolerance to these sub-
stances [20, 21]. He therefore suspected the spe-
cific significance of such tests before the term 
“allergy” had ever been created or defined. As 
reported by Foussereau [8] and Lachapelle [22], 
Jadassohn most likely applied and extended 
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reaction class, morphologically different clini-
cal pictures can be observed, also related to the 
clinical stage of evolution of the disease.

1.3  Skin Contact Types

A harmful chemical agent can reach the skin via 
two different routes, exogenous or endogenous 
(Table 1.2). Inevitably, the latter comes into 
action in subjects who have been prior sensitized 
by exogenous route, as occurs in the case of sys-
temic contact dermatitis.

1.3.1  Exogenous Contact

Exogenous contact can be “direct” or “airborne”. 
The former occurs when a substance enters in 
direct contact with the skin, and is the most com-
mon and best known form. In a certain sense, for 

one reason or another, it occurs due to “inten-
tional”, or sometimes “accidental” contact.

Instead, airborne contact occurs when a sub-
stance is carried through the air, being widespread 
in the environment, and lands on the skin. This 
form of contact, that is less well known but equally 
frequent, occurs largely in occupational settings 
and dictates important prevention measures to 
reclaim the workplace and safeguard the workers.

Naturally, direct exogenous and airborne con-
tact can coexist and occur simultaneously. There 
are innumerable examples of such events: sub-
stances that are normally handled by workers 
are generally present in the environment (e.g. 
the dust scattered from such substances) and so 
reach the skin also through the airborne route. 
The sites involved are therefore those in direct 
contact with the causal agent, generally the 
hands, and those exposed to the air in the work-
place. When such substances are widespread 
in the air, direct and airborne contact may also 
be accompanied by inhalation of the substance, 
thus inducing systemic contact dermatitis.

1.3.2  Endogenous Contact

In subjects sensitized by cutaneous route, the 
allergen can enter the circulation and then return 
to the skin through various routes. This happens 
with substances that, apart from acting topi-
cally, can also be administered by general route, 
such as drugs and their excipients, foods and 
food additives, and metals. The role of the oral, 
intravenous, intramuscular and rectal routes is 
quite obvious. Drugs can also be administered 
by intravesical instillation. As regards inhala-
tion, there are many allergizing substances that 
arrive by topical route but are also present in the 
environmental air: gases, vapors (formaldehyde), 
fumes (chromium, poison ivy) and dusts (resins).

1.4  Epidemiology

The epidemiology of contact dermatitis is not 
well known. Various different factors are impli-
cated: the general population subdivided by 

Table 1.1  Different forms of contact dermatitis

Irritant contact dermatitis
Allergic contact dermatitis
Irritant photocontact dermatitis
Allergic photocontact dermatitis
Irritant airborne contact dermatitis
Allergic airborne contact dermatitis
Systemic contact dermatitis
Noneczematous contact dermatitis
Contact urticaria

Protein contact dermatitis

Table 1.2  Types of skin contact

Exogenous

   Direct contact
   Airborne contact
Endogenous

   Oral
   Intravenous
   Intramuscular
   Inhalation
   Rectal
   Vesical

   Reconstructive surgery
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age and sex, the worker population, the degree 
of harmful contact, the ubiquity of some sub-
stances, the presence on the market of some 
allergens (e.g. potentially sensitizing topical 
medicaments), subjects referring to hospitals or 
outpatients clinics, reports of failure to comply 
with norms in cases of occupational origin, and 
so on. The problem is further complicated by 
the lack of codified diagnostic criteria defining 
contact dermatitis. In fact, contact dermatitis is 
one of the various clinical forms of eczema and 
each single form of the latter has not always 
been fully defined. In clinical practice it is often 
difficult to distinguish the different categories of 
eczema because such classifications are based 
on a combination of morphological, aetiologi-
cal and constitutional factors. This creates con-
fusion as regards the terminology and overlaps 
among different forms of eczema.

In some publications, and in certain nations, 
the terms “eczema” and “contact dermatitis” are 
used as synonyms; this could generate the erro-
neous concept that irritant or sensitizing agents 
play an aetiological role in all forms of eczema. 
Actually, the term contact dermatitis is usually 
reserved to frankly eczematous forms, in the 
sense of erythemato-vesicular lesions. In our 
opinion, instead, all the clinical-morphological 
pictures that arise after contact with potentially 
irritant and sensitizing substances should come 
under this definition, including dyschromic 
pictures.

The ambiguity of the diagnostic criteria is an 
important aspect also when attempting to dis-
tinguish between irritant contact dermatitis and 
allergic contact dermatitis. Negative responses 
to patch tests do not exclude the allergic nature 
of a contact dermatitis, nor are positive tests 
always referred to the observed dermatitis. In 
fact, in the first case all the possible reasons 
for ‘false negative reactions’ must be taken into 
account, and in the second the “relevance” of the 
positive reactions must be considered.

Statistical data present in the literature are 
generally referred to hospital cases or those 
observed in Dermatologic Clinics, as well as 
those reported as occupational diseases. Such 

statistics therefore likely include only the more 
serious cases of contact dermatitis. This means 
that they reveal only the tip of the iceberg, since 
they do not include more modest or episodic 
forms of contact dermatitis, of either occupa-
tional or non occupational origin.

Data on hospitalizations show, as is also our 
personal experience, that contact dermatitis is 
an infrequent cause of hospitalization. In The 
Netherlands, for example, the number of hos-
pitalizations for contact dermatitis as a primi-
tive diagnosis was approximately 9 per 100,000 
inhabitants per year, or 6% of all hospitaliza-
tions for skin diseases, and less than 1% of all 
hospitalizations for any cause in 1988 [24]. To 
those with experience in this field, it is evident 
that such incidences are underestimated.

Statistics on occupational diseases pro-
vide useful information about the incidence 
of occupational skin complaints in the worker 
population. There are registers of occupational 
diseases in various European nations and in 
the United States. However, a distinction is not 
always made in them between eczema in gen-
eral and contact dermatitis. Moreover, these 
registers record only those cases judged to war-
rant an indemnity, whereas more modest cases 
of occupational contact dermatitis are often not 
reported. In turn, the criteria for granting an 
indemnity and hence the criteria for notifying an 
occupational disease depend on the specific leg-
islation in force in the different nations. In view 
of these considerations, therefore, it is clear that 
even the statistics of occupational concern are 
underestimated. In the United States, for exam-
ple, the incidence of occupational diseases is 
calculated to be underestimated by 10–50-fold, 
due to failure to report and register milder clini-
cal cases [25].

Independently of these problems, the inci-
dence of contact dermatitis is calculated to be 
from 85 to 98% of all occupational skin diseases 
[25, 26]. Contact dermatitis contributes to loss 
of working days for 46–60% of the total loss 
[27, 28]. Atopical subjects [29–31] and those 
sensitized to nickel and chromium [32] are those 
with the worst prognosis.
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1.4.1  Prevalence in the General 
Population

Industrialization and the modern lifestyle have 
led to an increased exposure to occupational and 
consumer products, that contain various sub-
stances that can induce contact allergy. Following 
repeated skin exposure, sensitized subjects can 
develop allergic contact dermatitis, that has nega-
tive socio-economic consequences at both the 
individual and the social level [33, 34].

To estimate the prevalence of contact allergy in 
the general population, a recent ample study was 
conducted by Alinaghi and Coll., who reviewed 
28 studies in the European and North American 
literature, 20 published between 1966 and 2007 
[35] and 8 from 2008 to 2017, for a sum total of 
20,107 patch-tested subjects [36]. Overall, the 
pooled prevalence of contact allergy was 20.1% 
(95% confidence interval: 16.8–23.7%). In chil-
dren and adolescents (<18 years), the prevalence 
was 16.5% (95% confidence interval: 13.6–
19.7%). The prevalence was significantly higher 
in women (27.9%) (95% confidence interval: 
21.7–34.5%) than in men (13.2%) (95% confi-
dence interval: 9.3–17.6%) [36].

The most common allergen was nickel 
(11.4%), followed by fragrance mix (3.5%), cobalt 
(2.7%), Myroxylon pereirae (1.8%), chromium 
(1.8%), paraphenylenediamine (1.5%), methyl-
chloroisothiazolin. One/methylisothiazolinone 
(1.5%), and colophonium (1.3%) [36].

When considering the geographical area, it 
was seen that the prevalence of contact allergy 
in Europe (including 22 studies and 18,709 
patch-tested individuals) was 19.5% (95% con-
fidence interval: 15.8–23.4%). The prevalence 
estimates for northern Europe and southern 
Europe were 19.2% and 21.0%, respectively. 
The prevalence in North America (based on 
1639 subjects from 4 studies) was 20.6% (95% 
confidence interval: 9.2–35.2%). Moreover, the 
2 studies from Asia (China) showed a prevalence 
of 20.6% [36].

In conclusion, this meta-analysis showed 
that one in five subjects from the general popu-
lation suffers from contact allergy. It therefore 

highlights the need for more effective preventive 
strategies against common allergens in consumer 
products, cosmetics, and the workplace [36].

Comparable results had been reported in a 
previous work in 2012, summarizing the data 
that emerged from an International Workshop on 
Contact Dermatitis held in Germany, at which 
many European and North American reseach-
ers were present [37]. In Europe, about 20% 
of the general population suffer from contact 
allergy to at least one contact allergen. The most 
common allergens are nickel, fragrances and 
preservatives. Allergic reactions to chromium 
and paraphenylenediamine are less common in 
general, but more frequent in the occupational 
setting. Contact dermatitis occurs twice as fre-
quently in women as in men and often starts at 
a young age, showing a prevalence of 15% in 
12–16-year-olds [38].

As regards age, the data in literature do not 
demonstrate any particular distribution in males, 
although in females the peak prevalence is in 
young women (under the age of 30), possibly 
due to exposure to damp work in household 
jobs and in child care. In the United States [39], 
instead, the prevalence seems to increase with 
age, while in Holland [40], Sweden [41] and 
Norway [42], it decreases after the age of 50. 
Our personal data are in agreement with the lat-
ter prevalence.

1.4.2  Prevalence in the Worker 
Population

A North American study was focused on the 
epidemiology of contact dermatitis in the occu-
pational setting [43]. Among the various occupa-
tional diseases included (neoplasms, infections, 
and injuries), contact dermatitis is by far the 
most common work-related skin disorder [44–
47], accounting for 90–95% of all cases [44, 45, 
48]. The hands are most commonly affected, 
accounting for 80–90% of cases [44, 49–52], 
while the face is affected in only 10% of cases 
[49]. When considering the two major subtypes 
of occupational contact dermatitis, irritant and 
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allergic, the former is responsible for 80% of all 
occupational cases and allergic contact dermati-
tis for the remaining 20% [44, 45, 49]. However, 
there are wide variations: in fact, the NACDG 
reported significantly more cases of occupa-
tional allergic contact dermatitis (60%) than 
irritant contact dermatitis (32%) in the United 
States [49–53].

A retrospective analysis of data from 
the Information Network of Dermatology 
Departments (IVDK) (an epidemiological sur-
veillance system on contact allergy that collects 
clinical and patch test data from 56 derma-
tology departments in Germany, Austria and 
Switzerland), conducted from 1994 to 2013 
and including 201,344 consecutive patch-tested 
patients, revealed an incidence of airborne con-
tact dermatitis of 0.6%. Of the 1203 patients 
with airborne contact dermatitis, 421 (35%) 
had an occupational background. Occupational 
dermatitis and face involvement were more 
prevalent than in patients without airborne con-
tact dermatitis. Sensitization to epoxy resin and 
methylchloroisothiazolinone/methylisothia-
zolinone were significantly associated with air-
borne contact dermatitis. Adhesives, plastics, 
construction materials, paints and varnishes in 
occupational cases, and plants (Compositae mix 
and sesquiterpene lactones) in non occupational 
cases, were the most commonly documented 
culprit product categories [54]. These data dem-
onstrate that airborne contact dermatitis is more 
common in patients with occupational dermatitis 
than in those with non occupational dermatitis.

1.4.3  Prevalence of Contact Allergy 
to Metals

To determine the prevalence of sensitiza-
tion to metals in the general population, in 5 
European countries (The Netherlands, Germany, 
Italy, Portugal and Sweden) a random sample 
(N = 3119) from the general population (aged 
18–74 years) was patch tested and interviewed 
by questionnaire, probing exposure to met-
als, piercing, and jewelry [55]. Overall, the 
age-standardized prevalences of sensitization 

to nickel, cobalt and chromium were 14.5%, 
2.1% and 0.8%, respectively. The highest preva-
lence of nickel allergy was observed in Portugal 
(18.5%) and the lowest in Sweden (8.3%). The 
prevalence of cobalt allergy ranged between 
3.8% (The Netherlands) and 0.9% (Italy), and 
the prevalence of chromium allergy between 
1.3% (Portugal) and 0.2% (Sweden). Significant 
associations were observed between nickel sen-
sitization and the female sex, past piercing, and 
currently having 3 or more piercings [55].

In 2007, Thyssen and  Coll. reported a median 
prevalence of nickel sensitization of 8.6%, based 
on all studies performed in the general popu-
lation at that time (range 0.7–27.8%) [35]. In a 
review conducted in 2017 examining the preva-
lence of nickel allergy in European countries 
based on 46 studies (10 in the general popula-
tion and 36 in patch-tested dermatitis patients), 
a significantly lower prevalence was found after 
the implementation of the EU nickel Directive, 
in women aged 18–35 years (11.45% vs. 19.8%), 
in female dermatitis patients aged ≤17 years 
(14.3% vs. 29.2%), and in dermatitis patients 
aged 18–30 years (women: 20.2% vs. 36.6%; 
men: 4.9% vs. 6.6%) [56]. Overall, the preva-
lence was higher in southern than in northern 
European countries, and generally remained 
high, affecting 8–18% of the general population.

These studies show that despite the con-
sistent pattern of a decreasing prevalence of 
nickel sensitization in some European coun-
tries, the prevalence among young women 
remains high. Therefore, suitable measures are 
needed to ensure a better prevention of nickel 
contact sensitization in European countries. In 
fact, the lowest prevalence of allergy to nickel, 
observed in Sweden, supports the effectiveness 
of long-standing regulation.

In the United States, too, the incidence of 
contact allergy to nickel is still vey high. A ret-
rospective, cross-sectional analysis of 44,097 
patients patch tested by the North American 
Contact Dermatitis Group from 1994 to 2014 
yielded an estimated average frequency of 
nickel sensitivity of 17.5% [57]. This type of 
allergy increased significantly over time: from 
14.3% in 1994–1996 to 20.1% in 2013–2014. 
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Nickel-sensitive patients were significantly more 
likely to be female, young, non white, and atopic; 
the dermatitis affected the face, scalp, ears, 
neck, arms or trunk. Jewelry was the most com-
mon source of nickel contact. Overall, 55.5% of 
reactions were clinically relevant; this percent-
age also increased significantly over time (from 
44.1% in 1994–1996 to 51.6% in 2013–2014). 
The rate of occupational relatedness was 3.7% 
overall, showing a significant decrease from 
7.9% in 1994–1996 to 1.9% in 2013–2014 [57].

1.4.4  Seasonal Variations

Various data demonstrate that seasonal factors 
can affect the incidence of contact dermatitis. 
Experimental sensitization in man using dini-
trochlorobenzene seems to be easier to achieve 
in the winter than the summer [58]. Winter 
chapping predisposes to irritant contact derma-
titis and increases the incidence of false posi-
tive reactions [59]. In the summer, instead, an 
increased incidence of dermatitis induced by 
cement has been observed in Kuwait [60]. The 
sun, UV rays and PUVA therapy reduce the 
immune response [61–63]. Contact dermatitis 
due to plants shows seasonal variations [59].

Conclusions

Contact dermatitis is a multifactorial disease. 
Apart from through exposure to irritant and 
sensitizing agents, various other factors can 
induce the development of this disease, such as 
the seasons, environmental humidity, an atopic 
constitution. These factors need to be taken into 
account in epidemiological studies.

Subjects with contact dermatitis do not nec-
essarily present continual clinical symptoms 
because the disease may be relapsing. This 
must be borne in mind when studying the dis-
ease incidence, that may vary depending on 
whether it is referred to particular moments of 
observation.

Contact dermatitis is not uncommon in the 
general population. Nevertheless, studies of the 

disease prevalence need to be conducted in large 
numbers of subjects to ensure sufficient cases by 
the end of the follow-up. Follow-up studies are 
also necessary when investigating the role of a 
factor that varies over time.

In occupational settings, few people abandon 
their job due to a skin complaint. This means 
that in studies of the incidence in the worker 
population, the risks of selection and follow-up 
bias are minimal.

The time interval between exposure and the 
development of the contact dermatitis (induc-
tion time) is not known, and is almost certainly 
different for contact irritation or contact allergy. 
The induction time is an extremely important 
factor when calculating the incidence. If the 
duration of the follow-up in a prospective study 
is shorter than the incubation period, the inci-
dence in the exposed population will be under-
estimated, as also the risk, simply because the 
disease has not had the time to manifest. A pro-
spective study of apprentice hairdressers demon-
strated that the incidence was higher in the first 
6 months of exposure, and then declined over 
time [64].
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Eczematous Dermatoses

Caterina Foti, Domenico Bonamonte, 
Anna Bosco and Gianni Angelini

on the clinical phase, such as erythema, dry-
ness, exudation, excoriations, scaling, blistering, 
hyperkeratosis, lichenification, and fissuring. 
Histologically, at the epidermic level there is 
spongiosis with various degrees of acanthosis 
and hyperkeratosis, accompanied at the dermal 
level by a lymphohistiocytic infiltrate [1].

A helpful classification of the various forms 
of eczema is to subdivide them into exogenous 
and endogenous (Table 2.1). However, it must 
be borne in mind that this is not a clearcut sub-
division since in exogenous forms the external 
triggering factors are associated with an inher-
ited predisposition, while in endogenous forms 
both internal and external precipitating factors 
contribute to induce the disease.

Eczematous dermatoses account for a large 
proportion of all skin diseases, although stud-
ies of the relative prevalence have mostly been 
focused on atopic dermatitis, whereas few have 
addressed other types of eczema. A study con-
ducted in the USA in a sample of over 20,000 
people showed that nearly one-third of them had 
some significant skin disease. The prevalence of 
eczemas was 18 0/00, seven of whom had atopic 
dermatitis, while dyshidrotic eczema and num-
mular eczema each accounted for about 2 0/00  
[2]. Consultations for eczematous derma-
toses are dealt with above all in primary care. 
In addition, various cases are referred to hos-
pital, among which eczema forms accounted  
between 17% [3] and about one-third of all new 
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Eczematous dermatoses, that are everyday 
observations in clinical practice, are induced by 
various factors of an exogenous and endogenous 
nature, some better known than others, that can 
act individually or, more often, in combination.

The nomenclature of these clinical forms 
seems to be fairly controversial and has not been 
standardized, both because it is not possible to 
produce a sufficiently satisfactory classifica-
tion based on aetiologic or pathogenic criteria 
and because one or more clinical pictures of 
eczema can be present in the same patient at the 
same time or consecutively. The term eczema 
(from the Greek éczema, in turn stemming from 
eczéo = to boil) denominates a clinical and 
histological pattern of skin inflammation that 
characterizes various dermatoses with different 
aetiologies. From the clinical standpoint, eczem-
atous dermatoses involve variable pruritus and 
an ample range of variable symptoms depending 
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the edema and exocytosis are notably reduced. 
The inflammatory infiltrate also increases, espe-
cially of mononuclear cells at the upper dermis 
level, although polymorphs and eosinophils 
may be present in very acute forms. The trauma 
of scratching causes superficial erosions. Some 
degree of lichenification is always present in 
chronic forms, sometimes together with hyper-
keratosis and papillomatosis.

2.1  Nummular Eczema

Nummular eczema, also known as discoid 
eczema, is a clinical entity characterized by 
coin-shaped or oval lesions with well-defined 
borders [1]. It was first described by Devergie 
[8] in 1857 but clinical aspects of the condition 
had already been roughly outlined by Rayer in 
1845 [9]. According to Chipman [10], other 
historical clinical descriptions, such as Ormsby 
orbicular eczema, Brocq neurotic eczema, and 
Pollitzer recurrent eczematoid affection, are 
similar and actually refer to the same disease, 
namely nummular eczema, under different epo-
nyms. Histologically, nummular eczema lacks 
specific features. For this very reason, as well as 
for its morphological appearance, there is often 
overlapping with other eczema variants.

2.1.1  Etiology

The condition is not a precise etiological entity 
and as a matter of fact, a number of agents act-
ing individually or in a combined fashion have 
been assessed and suggested as the likely etio-
logical factors. The most frequently quoted are 
nutritional [11, 12], infective [11, 13–15], and 
emotional [16, 17] etiologies, together with 
excessive alcohol intake [18] and dry skin, par-
ticularly in the elderly [19–21]. In some patients, 
nummular eczema has also exceptionally been 
induced by methyldopa [22], gold [23], as well 
as peginterferon alpha-2b and ribavirin [24].

Contact irritation and contact sensitivity are 
uncommonly reported as etiological causes. 
In particular, anecdotal reports have described 

dermatological cases [4]. In an analysis con-
ducted between 1982 and 1990 in a national 
tertiary referral centre in Singapore, eczemas 
accounted for 34% of all new dermatology 
cases; 66.3% were classified as endogenous 
while 13.7% were contact dermatitis [5].

Some forms of eczema are more common in 
infants and young children, like atopic dermati-
tis, whereas nummular eczema and pompholyx 
are less frequent in this age group. Other spe-
cific patterns are almost exclusive to children, 
such as juvenile plantar dermatosis. Nummular 
eczema occurs particularly in elderly males, as 
also does asteatotic eczema.

The histopathological features of eczema 
vary according to the clinical phase: acute, suba-
cute or chronic [6, 7]. In the acute phase spon-
giosis is prevalent. This is an intraepidermic 
intercellular edema that consequently results in 
stretching, rupture of intercellular attachments, 
and the formation of blisters. Lymphocytic 
exocytosis is present in the epidermis. The 
increased intraepidermal mitotic activity leads 
to acanthosis. The intercellular edema is most 
evident in the mid-epidermal region, while some 
intracellular vacuolation can also be observed. 
In the subacute phase, spongiosis and blister-
ing decline while acanthosis increases, together 
with a parakeratotic horny layer. In the chronic 
phase, hyperkeratosis gradually replaces the par-
akeratosis. Acanthosis is more evident, whereas 

Table 2.1  Classification of principal eczematous 
dermatoses

Exogenous eczema

      Irritant contact dermatitis
      Allergic contact dermatitis
      Microbial eczema
      Dermatophytide
Endogenous eczema

      Atopic eczema
      Nummular eczema
      Pompholyx
      Asteatotic eczema
      Gravitational eczema
      Pityriasis alba
      Juvenile plantar dermatosis

      Seborrhoeic dermatitis
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nummular eczema as a consequence of hyper-
sensitivity to aloe [25], ethylenediamine hydro-
chloride [26], depilatory creams [27], mercury 
[28], soluble oils [29], scabies treatment [30], 
and fragrances [31]. Relatively large obser-
vations, focused on the incidence of contact 
allergy in nummular eczema patients, are scarce 
in number [32–37].

As regards the correlation with age, num-
mular eczema is predominantly an adult disor-
der, showing a peak between the ages of 20 and 
50 years, although it is also observable, albeit 
at a low incidence, even in pediatric ages [31, 
37–42]. It occurs more often in females but then 
becomes prevalent in males with advancing age.

2.1.2  Clinical Features

Coin-shaped erythemato-vesicular patches form 
rapidly, due to the confluence of minute papules 
and papulovesicles, that can also develop as sin-
gle lesions on the trunk and limbs, together with 
such patches (Figs. 2.1, 2.2, 2.3 and 2.4). In the 
acute phase, the patches are intensely erythe-
matous and very itchy. Then they evolve to a 
desquamation stage with a peripheral extension 
and possible central resolution, thus giving rise 

to ring-shaped lesions (Fig. 2.5). During regres-
sion, they appear dry and scaly. The patches 
vary in size from 1 to 5 cm or more in diame-
ter, are generally few, but may be scattered with 
a bilateral, symmetric pattern. The sites most 
commonly affected are the arms and trunk.

In young subjects the back of the hands and 
forearms can be involved (discoid eczema of the 
hands and forearms) as a form of irritant occu-
pational dermatitis. Women with this clinical 
variant often have a history of atopy.

The most common clinical variant, that affects 
the limbs and trunk, can also be observed in 
elderly people, often with dry skin, where the com-
plaint is exacerbated by low humidity and central 
heating. The patches appear firstly on the legs and 
then extend to the trunk and arms. The complaint 
has a chronic, recurrent course and worsens in the 
winter months; it may last for a year or more [43]. 
It is important to exclude an etiological role of irri-
tant or sensitizing chemical agents.

Histopathology reveals typical acute or suba-
cute eczematous findings, with intercellular edema 
and spongiotic vesicles in the epidermis, that also 
shows acanthosis with hyperkeratosis and paraker-
atosis foci. In the superficial derma, there is evi-
dent edema and a perivasal lymphomononuclear 
infiltrate, as well as some eosinophils.

Fig. 2.1  Coin-shaped patches of nummular eczema
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2.1.3  Diagnosis and Differential 
Diagnosis

If few, asymmetric, persistent lesions or those 
with an unusual configuration are present, an 
exogenous contact dermatitis should be sus-
pected and patch tests performed. In one series, 
33% of patients had positive reactions to rub-
ber chemicals, formaldehyde, neomycin, chro-
mium, and nickel [34]. In another study, positive 
patch tests were detected in 56% of patients, in 
particular to metals and fragrances [35]. If just 
one or very few lesions are present, differential 
diagnosis must be made with tinea corporis, 
although even in cases of ring-shaped lesions, 
nummular eczema has more blistering and ery-
thematous margins. Fresh and culture mycologi-
cal tests provide the definitive diagnosis.

In cases with disseminated lesions various 
complaints need to be considered. The spots in 
nummular psoriasis are not vesicular and they 
are hyperkeratotic. Pre-lymphomatous erup-
tions mainly affect the trunk and limb joints; the 
lesions are never blistering or scabbing, but are 
more infiltrated and have a bizarre morphology. 
Pityriasis rosea may transiently resemble nummu-
lar eczema, but generally presents the herald patch Fig. 2.2  Coin-shaped patches of nummular eczema

Fig. 2.3  Coin-shaped patches of nummular eczema (reproduced from Meneghini and Angelini [4])
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and characteristic oval patches with long axes par-
allel to the ribs. Asteatotic eczema usually affects 
the extensor face of the limbs and the lesions are 
only mildly erythematous, and decidedly dry.

2.1.4  Relationship of Nummular 
Eczema and Atopy

The relationship of nummular eczema with atopy 
is fairly controversial. Various studies showed no 
association between discoid eczema and atopy 
[11, 12, 43, 44], partly based on the observa-
tion of low serum immunoglobulin E levels in 
the former compared to the latter [45]. Atopic 
dermatitis, however, can occur with nummular 

lesions in both children and adults [39, 46, 47]; 
the incidence is 9% and 12%, respectively [39]. 
Recent studies indicate that nummular lesions 
are the most common atypical morphological 
variant of atopic dermatitis, in pediatric ages as 
well as in adults. In children it is not uncommon 
to observe coexisting or alternating eczematous 
nummular lesions, along with typical skin folds 
involvement [47]. Even in adult atopic dermatitis, 
nummular lesions account for about 50% of atyp-
ical morphological variants of atopic dermatitis 
[46]. Nummular eczema, therefore, is an impor-
tant pattern of presentation of atopic dermatitis, 
regardless of its association with high serum total 
IgE levels, the presence of specific IgE and a per-
sonal or family history of atopy [48].

Fig. 2.4  Coin-shaped patches of nummular eczema



16 C. Foti et al.

Between non atopic and atopic nummular 
eczema there are several significant differences. 
Nummular eczema, unlike atopic dermatitis, 
rarely develops in the first years of life; it com-
monly occurs around the age of five. Its natural 
history is different: cutaneous xerosis is miss-
ing and the disease does not generally persist 
after puberty. Nummular lesions, both in pedi-
atric and adult ages, are more exudative, unlike 
the more usual dry and scaling atopic lesions, 
and less numerous, asymmetric and irregu-
larly shaped, and resolve with hyperchromic or 
hypochromic outcomes (especially in atopics) 
[31, 41, 49, 50]. The most frequently affected 
sites are the extensor face of the limbs, while the 
flexor surface and the face are usually spared. 
When nummular eczema is etiologically linked 
to infections, alcohol abuse or exogenous chemi-
cal agents, it resolves quickly with specific treat-
ment and prevention, and does not recur.

2.1.5  Treatment

The topical treatment is that of eczema in gen-
eral, according to the various clinical phases; 
emollients and topical corticosteroids are useful. 

In cases localized on the hands, it is important to 
avoid contact with irritants and sensitizers.

Low environmental humidity conditions 
 need to be corrected, including direct expo-
sure to convection heating systems. Systemic 
anti-histamines relieve the pruritus. In severe 
exudative forms a course of broad-spectrum 
systemic antibiotics, such as oxytetracycline 
or erythromycin, may be useful, also for pro-
phylactic purposes. In severe refractory cases, 
potentially useful treatments include topical 
immunosuppressants, oral steroids and immuno-
suppressants, PUVA and broad- or narrow-band  
UVB.

2.1.6  Personal Observations

A retrospective epidemiologic and allergologic 
study conducted in 29,323 consecutive patients 
patch-tested from January 1982 to December 
2009 for eczematous dermatitis of various 
types elicited 1022 (3.5%) subjects with num-
mular eczema [33, 37]. The cases of nummular 
eczema were diagnosed following standardized 
clinical-morphological criteria: the presence 
of single or often multiple coin-shaped or oval 

Fig. 2.5  Ring-shaped lesions of nummular eczema
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patches, with either an oozing crusted surface 
in acute lesions, or dry, scaly, and lichenified 
aspects in chronic forms. Moreover, an essential 
criterion was a clearly demarcated lesional edge, 
that is crucial when differentiating nummular 
from other types of eczema, which feature irreg-
ularly shaped lesions and blurred margins.

It is essential to stress the chronic course of 
the dermatitis in all selected patients. Indeed, 
cases of nummular eczema with a clear endoge-
nous etiology were not included in our analysis, 
so clinical forms secondary to intestinal parasi-
tosis, systemic drugs or alcohol intake, and focal 
bacterial infections were excluded by means of 
the history, clinical course, laboratory data, and 
response to specific therapy.

Of the 1022 patients, 589 (57.6%) were 
males and 433 (42.4%) females. Clinical data 
and medical history showed that among the 
1022 patients, 82 (8%), aged from 5 to 20 years, 
presented both clinical manifestations of atopic 
nummular eczema and a personal history of 
atopy. The remaining 940 subjects (92%) were 
non atopic. These included 181 subjects (19.3%) 
over the age of 65 years, with serious xerosis 
and/or stasis dermatitis of the lower limbs and 
759 (80.7%) young adults, ranging from 20 
to 64 years old, showing primitive idiopathic 
nummular lesions. As to age at the time of the 
disease onset, the peak incidence was found in 
the third decade, with lower figures in the first 
decade and from the fifth decade onward. In 
younger individuals, the affliction occurs more 
frequently in females, then with increasing 
age it becomes prevalent in males. The median 
duration of the symptoms was 8 months (range, 
4–60 months), and any part of the body could 
be affected. Lesions were mainly found on the 
upper (75.8%) and lower (64.5%) limbs, fol-
lowed by the trunk (45.6%), dorsum of the 
hands (35.6%), and face and neck (22.3%).

Of the 1022 subjects with nummular eczema, 
1 or more positive reactions to patch test-
ing were observed in 332 cases, 182 females 
(54.8%) and 150 males (45.2%), accounting for 
32.5% of the study population. The allergens 
most frequently involved were nickel (10.2%), 
chromium (7.3%), and cobalt (6.1%), followed 

by paraphenylenediamine (5.8%) and ethylen-
ediamine (3.6%). Topical medicaments and their 
additives were involved particularly in atopic 
subjects and in the elderly. Overall, in cases of 
positive reactions their relevance was registered 
as high (69.7%). We observed an increasing 
severity of the disease, with greater numbers of 
lesions in multiple body areas, in patients result-
ing positive to patch testing.

As previously underlined, our patients were 
assessed before patch test execution. Therefore, 
subjects demonstrating a rapid dermatitis reso-
lution following specific (laboratory-guided) 
treatment were not patch tested. When con-
sidering this, the sensitization observed might 
be explained as follows: in atopic nummular 
eczema subjects, similarly to in the elderly with 
nummular eczema overlapping xerosis and/or 
stasis eczema, contact allergy can be interpreted 
as a “complication” of a preexisting dermatitis. 
This is typically a consequence of reiterated 
topical application of medicaments and cos-
metics. In the remaining individuals, instead, 
allergic contact dermatitis, clinically presenting 
with nummular lesions, has likely been “primar-
ily” induced by contact with occupational and/
or extraoccupational haptens. In both occur-
rences, the incidence of contact sensitization we 
found did not differ much from the known rates 
reported in the international literature.

Our study, albeit hampered by limitations 
dependent on its retrospective nature, shows that 
contact allergy is common in persistent num-
mular eczema and could also possibly be the 
primary cause of discoid eczema. Therefore, 
we advise patch testing in all cases of persistent 
nummular eczema; indeed, if contact allergy is 
demonstrated, avoidance of the incriminated 
allergens, whenever possible, might prove of 
substantial benefit to the patients.

2.2  Asteatotic Eczema

Also known as “xerotic eczema” or “hiema-
lis” (from the Latin = winter), or “craquelé”, 
this is a dry form with minimal clinical signs, 
such as modest erythema and pityriasiform 
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desquamation (Fig. 2.6). This eczema is usually 
observed in the elderly.

Although commonly attributed to a reduction 
in lipids on the skin surface, asteatotic eczema 
is actually multifactorial, being a cumulative 
dermatitis due to various factors: a naturally, 
perennially dry skin (in atopy for example); 
the further reduction in surface lipids occur-
ring with age; particular diseases, malnutrition 
or hormonal alterations; increased transpiration 
in humid environmental conditions; alterations 
of the corneum and chapping due to industrial 
or domestic solvents and detergents; low envi-
ronmental humidity and a dry cold wind. In 
such conditions the physiological skin defences 
are impaired [51, 52] and there is hence an 
increased skin absorption of irritant or sensitiz-
ing substances coming in contact with the skin 
that, in turn, cause further skin damage. Other 

cofactors may be diuretics in elderly people, 
zinc deficiency [53], cimetidine [54], and topical 
corticosteroids [55].

The dermatitis mainly affects children, atopic 
adults and elderly subjects. The sites most often 
affected are the legs, forearms and hands; the 
complaint is more pronounced in the winter 
months. The skin is dry and mildly scaly and the 
backs of the hands show a crisscross design of 
scaly lesions. The fingertips are dry and fissured, 
with skin like parchment (on pressure, a depres-
sion appears and lasts a while). At the level of 
the legs, the skin appears deeply grooved (hence 
the term “craquelé” used by French authors). 
The margins of the patches are often erythe-
matous and slightly raised; frankly eczematous 
lesions can later develop. The complaint has a 
chronic course, worsening in winter and improv-
ing in summer months. An overlapping contact 
dermatitis is often observed. The pruritus is 
intense, particularly when undressing.

Extensive or generalized forms of astea-
totic eczema should suggest malignancy [56]. 
Histopathology shows the features of a mild, 
subacute eczema with a modest dermal infil-
trate. The environmental humidity must be cor-
rected. Wool in direct contact with the skin is 
poorly tolerated and can cause further irritation. 
The patient should be advised not to bath too 
frequently; to apply soothing soaps and emol-
lients all over the body every day, and oily topi-
cal creams (based on lanolin or paraffins) on 
restricted skin areas. If necessary, weak topi-
cal corticosteroids in a urea base that increases 
hydration are useful.

2.3  Gravitational Eczema

The terms “stasis eczema” or “varicose eczema” 
by which this complaint used to be known are 
no longer acceptable because varices and stasis 
are not a requirement for the development of 
the disease. Instead, it is associated with venous 
hypertension and increased tissue perfusion. 
In cases with venous hypertension of the legs 
there is an increased blood oxygen content and 
accelerated circulation. This leads to dilatation 

Fig. 2.6  Asteatotic eczema: modest erythema and pity-
riasiform desquamation
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of the local capillary bed and hence the escape 
of fibrinogen from the vessels. The perivasal 
fibrin layer then acts as a barrier to the spread 
of oxygen and other nutrient substances and so 
causes an altered skin vitality [57, 58]. Venous 
hypertension can induce leukocytes intravenular 
sequestration and the consequent release of pro-
teolytic enzymes and free radicals, triggering the 
inflammatory process [59].

The dermatitis initially involves the internal 
face of the lower third of the legs, and may have 
an acute or an insidious onset, often the result 
of a previous deep vein thrombosis. Patients are 
generally middle-aged or elderly and more often 
women, probably due to hormonal effects and 
the tendency to venous thrombosis in pregnancy.

The dermatitis is of erythemato-desquamative 
type and often exudative, usually accompanied 
by venous hypertension, edema, purpura, hemo-
siderosis, ulceration, or small patches of white, 
atrophic, telangiectatic scarring (“atrophie 
blanche”). This altered skin condition is very 
prone to the onset of allergic contact dermati-
tis, perhaps also because of the large number of 
HLA-DR + cells in the affected skin [60].

In differential diagnosis it must be borne 
in mind that various other types of eczema can 
affect this region, like atopic dermatitis in chil-
dren and young adults, nummular eczema (usu-
ally on the anterior or anterolateral aspect of the 
lower legs), and asteatotic eczema in the elderly.

The venous hypertension must be controlled 
by physical means (elastic socks and permanent 
use of appropriate bandaging) and medicaments. 
Obese patients need to lose weight. It is impor-
tant to instruct the patient about the correct 
posture of the legs, and sometimes bed rest can 
help. Topical treatment must take into account 
the increased risk of contact allergy. Mild topi-
cal steroids can be used to relieve irritation, but 
potent steroids must not be used due to the risk 
of atrophy and hence ulceration. Topical tacroli-
mus has been reported to be efficacious. Any 
supervening bacterial infection must be treated 
with systemic antibiotics and leg soaks with a 
mildly antiseptic solution. In all cases patch tests 
are advisable.

2.3.1  Personal Observations

Notoriously, gravitational eczema, with or with-
out ulcerations, can be complicated by contact 
allergy; the pertinent literature contains  sample 
data, above all about iatrogenic factors in the 
form of medicaments. In our studies of a total 
of 1204 patients, contact allergy was demon-
strated in 54.9% of the cases [61–63]. The patch 
test series included 63 substances, among which 
were numbered medicaments, topical drugs 
excipients and other haptens. The highest per-
centage of positive responses was obtained to 
medicaments, in particular neomycin, benzo-
caine, sulfamide, promethazine, penicillin, chlo-
ramphenicol, and quinolines. Among excipients, 
the main culprits were parabens, wool alcohols, 
benzoyl peroxide, Peru balsam, and colophony. 
Other prevailing haptens were paraphenylen-
ediamine and other clothing dyes (socks, shoes), 
chromium (shoes), nickel and cobalt (shoe buck-
les), thiurams (shoes).

The data clearly showed that legs with gravi-
tational eczema are the site most vulnerable to 
contact allergy, owing to the reduced or impaired 
integrity of the skin barrier (in cases of ulcera-
tions) [64]. In this disease, the incidence of contact 
allergy reported in the literature ranges from 40% 
to 90% (mean about 60%) [65–72]. Thus, preven-
tive measures are essential; they rely mainly on the 
use of non sensitizing topical products.

2.4  Pityriasis Alba

This is characterized by hypopigmented patches 
preceded by mild erythema and scaling. It is 
often a manifestation of atopic dermatitis but 
does not only affect atopic subjects.

Pityriasis alba is observed above all between 
the ages of 3 and 16 years in both sexes, and 
features rounded or oval hypopigmented patches 
with indistinct margins. Initially the patches are 
erythematous with fine scaling, then the ery-
thema disappears leaving hypochromic lesions. 
These are most evident in dark-skinned subjects 
or in fair-skinned subjects after exposure to the 
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sun. The lesions range from 0.5 to 2 cm or more 
in diameter and are localized on the trunk, and 
in children above all on the cheeks, neck and 
arms (Figs. 2.7, 2.8, and 2.9). The disorder has 
a variable course, and the lesions can persist 
for months; it can also recur. Histology shows 
modest spongiosis, acanthosis, and parakerato-
sis. There may also be follicular plugging and 
sebaceous gland atrophy. The number of active 
melanocytes is reduced (but not of total melano-
cytes) and melanosomes are fewer and smaller 
[73, 74].

An accentuated hypopigmentation must raise 
the suspicion of vitiligo. Naevus depigmentosus 
is commonly present at birth or before the age 
of 3, and is often a single lesion with distinct 
margins. Nummular eczema in an atopic child 
features larger lesions that are intensely itchy. 
In adults, lesions of the trunk must be differenti-
ated from psoriasis. In rare cases, mycosis fun-
goides presents with hypochromic lesions, and 

this is difficult to identify in differential diag-
nosis, even histologically. Treatment, that is not 
always successful, relies on emollients. The pig-
mentation will resolve slowly over time. Topical 
tacrolimus and pimecrolimus seem to be effica-
cious in cases of facial involvement and inflam-
mation [75].

2.5  Juvenile Plantar Dermatosis

Since 1968 this has been described almost 
exclusively in children aged between 3 and 
14 years, using various synonyms: “peridigi-
tal dermatosis” [76], “atopic winter feet” [77], 
“recurrent juvenile eczema of hands and feet” 
[78], “forefoot eczema” [38], South Australian 
feet” [79], “shoe dermatitis in children” [80]. 
Then, in 1976 the term “juvenile plantar der-
matosis” was proposed [81, 82], and it is now 
known by this name, although this does not 

Fig. 2.7  Hypochromic lesions of pityriasis alba
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take into account etiological agents, seasonal 
variations or the geographic distribution of the 
condition. Although almost always a childhood 
complaint, there have been anecdotal reports 
describing the condition in babies in arms [83], 
and rare cases in adults. Both sexes are affected 
although there is a slight prevalence in males.

The dermatitis normally appears in children 
who actively practice sports: the plantar surface 
of the forefoot appears smooth and shiny, with 
ragades at the flexory folds of the toes. The sup-
port areas of the forefeet and tips of the toes are 
particularly affected, and the heels may also be 
involved, but not foot areas that do not come in 
contact with the ground. The interdigital spaces 
are normal with no signs of maceration due 
to fungal infection; in many cases the lateral 
and medial faces of the first and fifth toes are 
affected. The dermatitis is bilateral and symetri-
cal. In rare cases of involvement of the hands, the 

complaint shows the same clinical aspects on the 
palms and possible fissuration of the fingertips.

The clinical diagnosis is not generally dif-
ficult. A family or personal history of atopy 
should be checked for, although this association 
is controversial. In doubtful cases it is necessary 
to perform patch tests to exclude contact allergy 
to shoe components or sock dyes, or to topical 
medicaments used to treat the disorder. A myco-
logical test may also be useful. In exceptional 
cases the histology has been analyzed but con-
flicting findings have been reported. A block of 
the sweat ducts may be evident, and hence sweat 
retention, while other authors have reported a pic-
ture of mild chronic eczema or chronic miliaria.

As regards the etiopathogenesis, juvenile 
plantar dermatitis is linked to the use of syn-
thetic socks and shoes that, unlike natural 
materials like cotton, wool and leather, are not 
porous. The natural evaporation of sweat is 
therefore prevented and the feet are chronically 
hot and damp and therefore subject to macera-
tion. The latter phenomenon can block the sweat 
pores causing sweat retention. This concept is 
supported by the fact that sports are practiced 
by a very high percentage of affected children, 
wearing relatively non porous sports shoes, even 
if the complaint is occasionally observed in sub-
jects wearing open sandals and cotton socks. 
High proportions of children with plantar der-
matitis have a family history (24%) or are per-
sonally affected (18%) by atopy, although few 
of them present active atopic dermatitis lesions 
at the time of observation [82]. The issue of an 
association with atopy warrants further study. In 
any case, it is reasonable to believe that subjects 
with a history of atopy are more predisposed to 
this dermatitis, that can develop after even mild 
exogenous stimuli. In the case of children with 
a negative history of atopy, instead, very intense 
physical activity and continual use of gym shoes 
is required to bring on the complaint. These lat-
ter conditions are essential in non atopic sub-
jects. By contrast, children with severe atopic 
dermatitis do not present plantar dermatitis, 
presumably because they do not do gymnastic 
activities.

Fig. 2.8  Hypochromic lesions of pityriasis alba
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The prognosis is good and the dermatitis gen-
erally resolves within about 4 years, either due 
to adequate treatment or to using appropriate 
shoes, or else on account of a sort of “harden-
ing” of the plantar skin. Undoubtedly, the use of 
cotton socks and leather shoes contributes to an 
evident improvement of the dermatitis, that may 
resolve spontaneously over time.

Topical treatment is not usually efficacious, 
but good results can be obtained with topical 
drugs with a urea, tar or Lassar paste base.

2.6  Pompholyx

Pompholyx (synonyms: vesicular eczema of 
the palms and soles, dyshidrotic eczema) is a 
chronic recurrent eruption of vesicles or blis-
ters on non erythematous skin of the palms 
(cheiropompholyx) and soles (podopompho-
lyx). The term dyshidrotic eczema, that has a 
supposed connection with sweat gland activ-
ity since the condition is worse in hot weather, 
should be abandoned, as no causal relationship 

Fig. 2.9  Hypochromic lesions of pityriasis alba
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with the sweat glands or sweating has been 
demonstrated.

The incidence in the general population is not 
known, but the range is 5-20% among all cases 
of eczema of the hands [84]. The etiology is also 
unknown (Table 2.2). In most cases there are no 
evident exogenous causes. The role of a heredi-
tary predisposition has not been established. The 
role of the sweat glands is debated: the dermati-
tis affects sites with emotionally-induced heavy 
sweating, and worsens during the warm months, 
but it is not constantly associated with hyperhi-
drosis; serial histological sections of the blisters 
show that they dislodge the sweat ducts that pass 
between these same blisters [85].

The role of atopy is also controversial: some 
authors believe there is a relation between the 
two conditions [86, 87] whereas others regard 
this as irrelevant [88]. Direct contact with some 
allergens can sometimes cause an asymmetri-
cal palmar vesicular eruption, rather than the 
more common frank eczema of the dorsum of 
the hands [89]. In any case, the possibility of 
onset of contact allergy superimposed upon 
primitive pompholyx should be borne in mind 
[90–92]. The reported high incidence of pom-
pholyx in nickel-sensitized subjects, that could 
be reproduced also by means of oral challenge 
with nickel sulfate [93–96], was not confirmed 
by other authors [97, 98]. The same event has 
occasionally been observed in subjects allergic 
to chromium and cobalt [90] and in 3 of 10 sub-
jects allergic to neomycin, after oral challenge 
with this drug [99].

A mycotic infection of another site, in gen-
eral the feet, can provoke a palmar dyshidrosic 
eczema of tinea type (dermatophytide), that may 
resolve after healing of the starting focus and 
recur when this reappears. Bacterial foci (bac-
terides) may act according to the same mecha-
nism. The role of stress is difficult to define: 
very likely stress and pompholyx have a recip-
rocal influence. Exceptionally, pompholyx may 
follow a drug eruption. Aspirin, oral contracep-
tives and cigarette smoking increase the risk of 
pompholyx [100].

The onset of  pompholyx may occur at any 
age, although it is more common in young 
adults and rare before the age of 10 years. The 
onset is extremely acute, featuring groups of 
deep, clear blisters resembling sago beans. 
Erythema is lacking, but pricking, pruritus and 
heat can precede the eruption. The vesicles can 
become confluent (Figs. 2.10, 2.11, and 2.12), 
forming blisters, especially on the feet. The pru-
ritus is intense. The episode will regress sponta-
neously within 2–3 weeks, although the disease 
course may feature further episodes in stages. 
In modest cases only the internal faces of the 
fingers are affected whereas in more manifest 
cases the palms and/or soles are symmetrically 
involved. A unilateral localization is possible, 
although it should suggest a form of contact 
allergy. The hands alone are affected in 80% of 
cases, the hands and feet in 10% and just the 
feet in 10%. A superimposed infection with pus-
tules and lymphangitis is possible. In chronic, 
recurrent cases affecting the dorsa of the fingers, 
the nails are dystrophic, showing irregular hori-
zontal grooves, domed depressions, thickening 
and dyschromia. In cases with an unknown eti-
ology (the majority) there are frequent recur-
rences at intervals of about 1 month or more 
apart: they are more common in the summer.

Histopathology shows the alterations of acute 
eczema, modified by thickening of the epidermis; 
in the resolution phase there is evident hyperker-
atosis and epidermal shedding (Fig. 2.13).

A very mild form of probable pompholyx is 
“recurrent focal palmar and plantar peeling” (in 
the past this was improperly called “keratolysis 
exfoliativa”). During the summer months small 

Table 2.2  Etiological factors in pompholyx

Sweating
Hot weather
Atopy
Stress
Bacterial foci
Mycobacterial foci
Drugs (aspirin, oral contraceptives)
Cigarette smoking
Direct contact allergy

Systemic contact allergy
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areas of whitish superficial scaling appear in the 
palmo-plantar sites, with no erythema nor evident 
blistering. This picture is probably not rare but it 
is often missed due to modest symptoms that do 
not drive the patient to seek dermatological help.

The diagnosis of pompholyx is easy; dif-
ferential diagnosis is with tinea manuum, con-
tact dermatitis and pustulous psoriasis. It is 
important to take into account a possible distant 
bacterial or mycotic focus. Occasionally, pem-
phigoid, linear IgA disease, and pemphigoid 
gestationis can present with large blisters on the 
palms mimicking  pompholyx [101]. The treat-
ment is symptomatic in most cases. In the acute 
phase applying compresses with a weak antisep-
tic solution 3–4 times a day (Burow solution, 

sodium hypochloride or potassium permanga-
nate) can be useful. The content of large blis-
ters must be aspirated with a sterile syringe. In 
the subacute phase topical steroids can be used, 
while in the hyperkeratotic phase topical kerato-
lytics are a valid treatment. Any secondary bac-
terial infection must be treated with systemic 
antibiotics.

2.6.1  Personal Observations

Pompholyx has a tendency to become a chronic 
recurrent disease that favours the onset of con-
tact allergy to occupational and non occupa-
tional substances [102].

Fig. 2.10  Pompholyx
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In a first study [91] the disease incidence 
was assessed in a group of 364 patients (60% 
males and 40% females) with palmar and/
or plantar forms, consecutively observed over 
5 years. Patch tests demonstrated major posi-
tive reactions to one or more substances in 108 
cases (29.6%); among these, 26.8% were posi-
tive to topical medicaments or their excipients 
and 73.2% to other haptens. Among the medica-
ments, the most common were neomycin, peni-
cillin, sulfamide, and promethazine, and among 
excipients the most frequent culprits were para-
bens, Peru balsam, and ethylenediamine. Of 
the other substances, the highest incidence of 
positive reactions was to paraphenylenediamine 
(31.5%), followed by chromium (25%), cobalt 
(10.2%), mercaptobenzothiazole (9.3%), nickel 
(6.5%), and p-tert-butylphenolformaldehyde 
resin (2.7%). The degree of positive reactions 
depended on specific working activities, and on 

the use of special gloves and shoes. In a subse-
quent study [92], the above incidence of contact 
allergy in subjects affected by pompholyx was 
confirmed, being 31% (14 of 45 subjects). The 
incriminated agents were the same as in the pre-
vious study.

2.7  Seborrhoeic Dermatitis

This is a chronic dermatitis characterized by a 
peculiar clinical picture in terms of morphology 
(well defined erythematous patches covered by 
fatty scales) and sites (areas with many seba-
ceous glands: the scalp, face and upper trunk). 
The skin folds can also be affected, although this 
is not an essential diagnostic criterion. The inci-
dence is 3–5% in the general population, being 
more prevalent in young adults and in subjects 
with dandruff and visible scaling of the scalp. 
The incidence is very high in subjects with 
the initial stages of HIV infection: a study of 
patients with a normal helper T-cells count and 
delayed hypersensitivity revealed an incidence 
of 36% [103].

2.7.1  Etiology

It is generally agreed that yeast of the genus 
Malassezia, that is increased in the scaly epider-
mis in dandruff and seborrhoeic dermatitis condi-
tions, causes the condition [104]. The mechanism 
of action whereby Malassezia spp. induces the 
disease is not clear, and the main evidence of an 
etiological role remains the positive response to 
specific treatment against this genus [104].

The activity of the sebaceous glands at birth, 
linked to stimulation by maternal androgens, 
ceases when this stimulation ends; the sebaceous 
glands then remain inactive for 10–12 years. In 
fact, infant seborrhoeic dermatitis is confined to 
the first months of life, although it is not yet cer-
tain that this is the same condition that appears 
in adolescence and adulthood. This latter con-
dition is rare before puberty, reaches a peak 
between 18 and 40 years, and is occasionally 

Fig. 2.11  Pompholyx and contact dermatitis
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observed in the elderly. Seborrhoeic dermatitis is 
more common in men than women.

The role of seborrhoea in the pathogenic 
mechanism of seborrhoeic dermatitis is doubt-
ful, although the maturation of the sebaceous 
glands can be a factor favouring the disease 
onset. Many young adults with the disease have 
oily skin, but frontal sebaceous excretion meas-
ured in subjects with classic seborrhoeic der-
matitis appears to be normal in males and 

significantly reduced in females. On this basis, 
it has been suggested that the term “dermatitis 
of the sebaceous areas” would be more pertinent 
than seborrhoeic dermatitis. The belief that seb-
orrhoeic dermatitis is more common in subjects 
with acne has no scientific basis.

No qualitative abnormalities in the compo-
sition of the sebum have been demonstrated. 
Seborrhoeic skin is highly susceptible to bacte-
rial agents and physical and chemical stimuli, 

Fig. 2.12  Pompholyx and contact dermatitis
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Fig. 2.13  Histopathology of pompholyx: confluent intraepidermal vesicles

that can therefore bring on infections and con-
tact dermatitis.

2.7.2  Histopathology

The histopathology demonstrates hyperkera-
tosis with parakeratotic foci, moderate acan-
thosis and modest spongiosis. A mild chronic 

inflammatory infiltrate is present in the derma. 
Ultrastructural studies have shown findings 
more similar to those of nummular eczema than 
to irritant contact dermatitis or allergic con-
tact dermatitis. In patients with AIDS there is a 
greater follicular involvement, with numerous 
plasma cells, neutrophils and intraepidermal 
nuclear dust, as well as a remarkable quantity of 
yeasts.
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Table 2.3  Clinical variants of seborrhoeic dermatitis

Childhood

      Scalp (cradle cap)
      Trunk (flexures, napkin area)
      Leiner’s disease
Adults

      Scalp (dandruff, inflammatory form)
      Face
      Trunk
            Petaloid
            Pityriasiform
            Follicular
      Flexural

      Generalized

Fig. 2.14  Seborrhoeic crown beyond the hair line

2.7.3  Clinical Aspects

Seborrhoeic dermatitis presents various clinical 
variants (Table 2.3), that usually start in hairy 
zones, involving the scalp, face, presternal and 
interscapular regions and the skin folds. The 
lesions are reddish-yellow and covered by oily 
scales. The first manifestation is usually simple 
dandruff of the scalp, followed by a perifolli-
cular erythema stage and the gradual forma-
tion of patches with distinct margins, consisting 
isolated or confluent lesions that will spread 
over much of the scalp and extend beyond the 
hair line (a “seborrhoeic crown”) (Fig. 2.14). 
In chronic cases this form can be accompanied 
by hair loss, that may resolve when the inflam-
mation dies down. It has not been established 
whether seborrhoeic dermatitis may accelerate 
the appearance of androgenic alopecia.

The retroauricular regions are erythematous 
with abundant oily scaling and possibly ragades 
and scabs in the folds. From there the dermatitis 
can extend to the ears, periauricular regions and 
sides of the neck.
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Fig. 2.15  Seborrhoeic dermatitis

On the face, the disease characteristically 
affects the internal eyebrow area, the gla-
bella and the naso-labial grooves (Fig. 2.15). 
Blepharitis is frequent: the eyelid margins 
(Fig. 2.16) are erythematous and covered with 
small whitish scales. In this site, an alternating 
course is very common, with recurrence in times 
of stress. Exposure to light can aggravate the 
problem but tanning will improve it. A modest 
form of seborrhoeic dermatitis may be evident 
on the cheeks and chin during the initial stages 
of beard growth.

The most common clinical form on the trunk 
is petaloid (the patches are petal-shaped). This 
is most frequent in males in the anterior and 
posterior mediothoracic sites. The patches will 
sometimes converge to form circinate figures 
(Figs. 2.17 and 2.18). The pityriasiform variant, 
a generalized erythemato-desquamative eruption 
similar to pityriasis rosea, is rarer. This variant is 
only mildly pruriginous, and resolves spontane-
ously, albeit more slowly than pityriasis rosea.

In the folds (axillae, groin, submammary 
region, ano-genital region, umbilicus) the der-
matitis presents as an intense, diffuse erythema 
with clearcut margins and oily scales. There 

may be ragades and secondary infections; 
intense exudation appears with sweating or in 
cases of inadequate treatment. The external gen-
itals are affected in both sexes and may also fea-
ture chronic scabbing or psoriasiforme lesions.

The severity and course of seborrhoeic der-
matitis are very variable, although the disease 
always has a tendency to become chronic and 
recurrent. Bacterial complications and a super-
imposed contact dermatitis are fairly frequent. 
Erythrodermia is exceptional. In the course of 
atopic dermatitis or psoriasis, seborrhoeic der-
matitis acquires morphological aspects that are 
difficult to define.

2.7.4  Diagnosis

The diagnosis is generally easy. In severe, 
generalized cases HIV infection should be 
excluded. Differential diagnosis must be made 
with psoriasis, especially of the scalp (the pso-
riasis patches are often thickened, bright red 
and with mycaceous scales). At the level of the 
scalp, pediculosis with pyodermitis can mimic 
a seborrhoeic dermatitis. In pityriasis rosea the 
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Fig. 2.16  Seborrhoeic dermatitis

lesions are more diffuse and there is the “mother 
patch”. In the folds, the complaint must be dif-
ferentiated from mycotic or eczematous inter-
trigo. The follicular form on the trunk must be 
differentiated from Darier’s disease, in which 
the papules are brown, dome-shaped and conflu-
ent, forming bunches. Histology is in any case 
diagnostic.

2.7.5  Treatment

First of all, it is important to convince the 
patient that there is no definitive treatment and 
so the complaint will require regular treatment 
for years.

Dandruff is treated with the regular, frequent 
use of anti-Malassezia yeast medicated sham-
poos, with a selenium sulphide, zinc pyrithione, 
ketoconazole, and tar base. In severe cases 5% 
salicylic acid ointment can be applied. In acute 
forms of seborrhoeic dermatitis of the face and 
trunk, weak steroids (hydrocortisone 0.5%), 

combined with sulphur (0.5%) are beneficial. 
Ketoconazole 2% cream is a logical treatment 
choice, and can be combined with steroids. 
Tacrolimus and pimecrolimus are also valid, 
especially for facial forms. Other topical drugs 
that can yield good results include metronidazole, 
ciclopiroxolamine, benzoyl peroxide, and 5% 
lithium succinate. Forms resistant to topical treat-
ment alone can benefit from a course of UVB 
therapy; in these cases oral itraconazole (100 mg 
daily for up to 21 days), and oral terbinafine can 
also be useful. To treat affected skin folds, symp-
tomatic treatment of intertrigo can help.

2.8  Microbial Eczema

This is a controversial clinical entity that is not 
acknowledged by all authors. However, it is possi-
ble to observe occasional cases in which a primi-
tive bacterial or viral skin invasion is followed by 
eczematous manifestations that then heal when 
the primitive infection has resolved. For instance, 
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Fig. 2.17  Petaloid lesions of seborrhoeic dermatitis

a good example is eczema that occasionally 
develops around lesions of molluscum contagio-
sum, without these having been traumatized, and 
resolves when the infection is over. Another exam-
ple is eczema that appears around infected wounds 
and resolves with antibiotic treatment only.

Microbial eczema must be differentiated from 
infected eczema in which the eczematous infec-
tion caused by other causes is complicated by a 
secondary bacterial or viral invasion even if, in 
practice, these two conditions can coexist, mak-
ing differential diagnosis very difficult. A further 
complication is the fact that the microbial flora 
present on an eczematous lesion can be linked to 
a simple colonization rather than to infection.

The histological picture of microbial eczema 
is that of a subacute eczema, with spongiosis, 

acanthosis, and hyperkeratosis and parakera-
tosis; there is an evident perivasal infiltrate in 
the derma, with polymorphonuclear leukocytes 
and lymphocytes that invade the epidermis. The 
pathogenic mechanism is unknown, although it 
is likely that bacterial antigens can promote a 
cytotoxic reaction at the skin level.

The clinical picture features intense ery-
thema with microvesicles, that develop around 
wounds or ulcers, or on moist skin (folds, inter-
digital spaces on the feet) (Figs. 2.19 and 2.20). 
Staphylococci or streptococci can be cultured, 
and the lesions respond to antibiotic treatment 
[105], which will consist of local and systemic 
antibiotics and local antiseptics (potassium per-
manganate soaks for 2–3 days if there are exu-
dative lesions).
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Fig. 2.18  Petaloid lesions of seborrhoeic dermatitis

Fig. 2.19  Microbial eczema
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Fig. 2.20  Microbial eczema

2.9  Dermatophytide

This is a distant reaction starting from a derma-
tophyte infection [106–108]. The diagnosis is 
supported by the absence of fungi at the derma-
tophytide lesions, and by their resolution when 
the starting lesion is treated. Dermatophytide, 
therefore, is a distant, secondary aseptic lesion. 
The condition is rarely observed. Various clini-
cal patterns have been described. The classic 
example is a symmetrical eczematous area on 
the sides of the fingers of the hands, starting 
from a tinea pedis.

A dermatophytide onset is more likely in 
cases of inflammatory dermatophytes, such as 
Trichophyton mentagrophytes of the zoophilic 
type [108]. Candidiasis (levuride) is a com-
parable allergic reaction to a yeast-induced  
infection.
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Additionally, susceptibility to ICD depends on 
intrinsic factors, such as atopy, sex, age and poly-
morphism in genes regulating innate immunity [4].

3.2  Innate Immune Responses 
in Irritative Contact Dermatitis

Main function of the skin immune system is to 
recognize danger signals and to maintain skin 
homeostasis. The penetration of irritants into 
the skin layers activates protective mechanisms 
aimed at limiting the diffusion of the danger-
ous substance and repristinate tissue integrity. 
Keratinocytes are the major skin cell popula-
tion and are critically involved in the recognition 
of danger signals and in the initiation of innate 
immune responses.

Disruption of the epidermal barrier followed 
by the transepidermal penetration of the irritant 
is considered the initiating event of ICD. In this 
scenario, irritants penetrating through the stra-
tum corneum enter in contact with keratinocytes 
leading to the activation of multiple intracellular 
pathways and the release of pro-inflammatory 
cytokines [5, 6]. The profile of cytokine expres-
sion during ICD varies depending mainly on 
the nature and concentration of the irritant [7]. 
Numerous in vitro studies have shown that vari-
ous irritants induce the rapid release of IL-1α by 
keratinocytes [8], followed by other pro-inflam-
matory cytokines and chemokines, such as 
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3.1  Introduction

Irritant contact dermatitis (ICD) is the conse-
quence of an inflammatory response of the skin 
to various chemical or physical stimuli that 
perturb skin homeostasis and activate innate 
immune responses. In contrast to allergic con-
tact dermatitis (ACD), irritant dermatitis does 
not require prior sensitization and does not 
depend on the intervention of hapten-specific T 
cells [1–3], but it’s the consequence of the direct 
damage of skin cells, followed by the activation 
of an inflammatory response, prevalently due 
to the rapid intervention of the innate immune 
system.

Mechanisms of tissue injury vary depending 
on the nature and concentration of the stimuli, 
as well as on the duration of the exposure. Most 
frequently, ICD manifests as a chronic inflam-
matory reaction due to the repeated exposure 
to mild toxic substances, but acute reaction fol-
lowing single exposure to strong chemicals may 
occur.
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release of cytokines and chemokines by resident 
skin cells and the activation of endothelial cells 
promotes the recruitment of migrating cells, 
such as neutrophils, monocytes and T lympho-
cytes that are involved in the amplification of the 
inflammatory reaction.

Attempts performed to differentiate ACD 
from acute ICD with a molecular approach did 
not reveal a specific signature for either dis-
eases, although in ACD skin both the cytokine 
IL-1β and the chemokines CXCL8, CXCL10, 
and CCL17 were much more expressed than in 
ICD skin [20].

3.3  Genetic Susceptibility to ICD

Susceptibility to ICD depends on several intrin-
sic factors which ranges from the age and sex of 
the individual, to the integrity of the skin bar-
rier, and, finally, to the genetic polymorphism in 
cytokine genes.

In atopic skin, the altered lipidic composi-
tion of the skin barrier is known to augment the 
susceptibility to ICD by increasing skin per-
meability to potential irritants. Accordingly, 
polymorphisms in the filaggrin gene (loss of 
function mutations p.R501X and c.2282del4), 
which determine the presence of a null allele, 
have been reported to be a predisposing factor 
for chronic ICD. Recently, it has been shown 
that filaggrin loss-of-function mutation is associ-
ated with an enhanced expression of IL-1, which 
plays a central role in the initiation of ICD [21].

The role of polymorphisms in cytokine genes 
in ICD susceptibility have been widely inves-
tigated. Several reports indicate an associa-
tion between the TNF A-308A allele, increased 
risk of ICD and lower irritant threshold to SLS 
[21–23]. In contrast, IL1A-889 C⁄T polymor-
phism, correlate with a lower expression of 
IL-1α in the epidermis and has been suggested 
to have a protective role in the development of 
ICD [21, 24]. More recently, a next-generation 
sequencing-based study in patients affected 
with ICD revealed a number of SNPs in genes 
associated with skin irritation, such as ACACB 

IL-1β, TNF-α, IL-6, GM-CSF and CXCL8 [9–
11]. IL-1α has both an autocrine effect through 
the IL-1 receptor (IL-1R), and paracrine effects 
on dermal endothelial cells and skin dendritic 
cells. In keratinocytes, IL-1α activates the tran-
scriptional factors NFkB, AP-1, C/EBPb and 
directly induces the synthesis of Keratin 6, that 
determines the remodeling of the cytoskeleton; 
in endothelial cells IL-1α promotes the expres-
sion of selectins and serves as a chemo-attractor 
for lymphocytes at the site of inflammation [12]. 
Unlike IL-1α, which is constitutively produced, 
IL-1β is secreted as a biologically inactive pre-
cursor that is cleaved into an active molecule 
by a protease, the IL-1b-converting enzyme 
(ICE) which is rapidly induced in keratino-
cytes by phorbol myristate acetate (PMA) or 
SLS [13]. TNF-α released by keratinocytes pro-
motes the migration of Langerhans cells (LC) 
both directly, by inducing LC maturation and 
e-cadherin downregulation, and indirectly, by 
activating fibroblasts that contributes to the LC 
mobilization by releasing CCL2 and CCL5 [14]. 
To note that, upon exposure to irritants, LC mat-
uration/migration is not paralleled by the upreg-
ulation of the chemokine receptors CXCR4 and 
CCR7, required for LC targeting to regional 
lymph nodes. In ex vivo models it has been sug-
gested that LC migrated in the dermis upon irri-
tant exposure switch to a macrophage phenotype 
in an IL-10-dependent manner [15].

TNF-α is also critical for endothelial cells 
activation, which results in augmented adhe-
siveness for circulating leukocytes, production 
of VEGF and of a plethora of chemokines. IL-6 
is a cytokine with variegate effects on keratino-
cytes and other skin resident cells: in particu-
lar, IL-6 facilitates the re-epithelialization by 
inducing the expression of the TGF-β receptor 
in keratinocytes; indeed, it has been shown that 
knockout mice for IL-6 have a delayed wound 
closure [16]. Furthermore, it has been shown 
that IL-6 deficiency or deletion of the receptor 
IL6Ra in murine models exacerbates the inflam-
matory response to skin applied irritants, thus 
suggesting a regulatory role of the cytokine in 
the context of ICD [17–19]. All together, the 
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(Acetyl-CoA Carboxylase Beta), NTRK2, 
NTRK3 (Neurotrophic Tyrosine Kinase, 
Receptor, Type 3), IL22 (interleukin 22), PLAU 
(Plasminogen Activator, Urokinase), EGFR 
(Epidermal Growth Factor Receptor), and FGF2 
(Fibroblast Growth Factor 2) [25]. Of particu-
lar interest, ACACB is involved in the lipid 
synthesis and skin barrier restoration and its 
altered expression may affect skin penetration 
of irritants [26]. To note that IL-22 has profound 
influence on keratinocyte differentiation and 
proliferation and increased IL-22 has been asso-
ciated with severe atopic dermatitis [27, 28].

Overall, molecular investigations aimed at 
defining specific predisposing factors as well 
as supporting diagnostic procedure to distin-
guish ICD from ACD could support clinicians to 
address a targeted therapeutic strategy.
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Most of our knowledge on ACD derived from 
studies in murine models, the so-called contact 
hypersensitivity (CHS). In particular, those stud-
ies have elucidated the role of the diverse T cell 
subsets in the expression of the disease and have 
clearly demonstrated that contact sensitization is 
a highly regulated phenomenon, resulting from a 
delicate balance between the expansion of effec-
tor and regulatory T lymphocytes.

4.2  Chemical Nature of Skin 
Sensitizers

Most contact sensitizers are small (less than 
500KD), chemically reactive, hydrophobic sub-
stances that have the capacity to penetrate the 
epidermal barrier, to diffuse into the extracel-
lular compartment and, finally, to bind cova-
lently to nucleophilic residues, usually ε-amino 
group of lysine or the thiol (SH) group of 
cysteine, of self-proteins [4]. Indeed, protein 
reactivity is mandatory for hapten recogni-
tion by the immune system since it allows the 
hapten to be presented in an MHC class I and 
class II-restricted manner to CD8+ and CD4+ T 
cells, respectively [5, 6]. A number of allergens, 
named pro-haptens, have minimal (or absent) 
chemical reactivity and their sensitizing poten-
tial is acquired upon in situ enzymatic activa-
tion [7, 8]. In most cases, pro-hapten activation 
consists in oxidative processes mediated by the 
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4.1  Introduction

The skin is challenged everyday with an enor-
mous variety of pathogens, as well as physical 
and chemical stimuli. In most cases, the skin 
immune system guarantees an efficient and pro-
tective response against hazardous stimuli, while 
preventing undesired responses towards innocu-
ous substances. However, under certain con-
ditions, undesired immune responses towards 
otherwise innocuous substances may occur. 
Allergic Contact Dermatitis (ACD) is the conse-
quence of a deleterious immune reaction, mostly 
mediated by T lymphocytes, to small molecular 
weight chemicals-the haptens- that penetrate the 
skin and act as “danger signals”, thus activating 
the innate immune system [1–3]. The sensitiza-
tion phase of ACD results in the expansion of 
skin-homing hapten-specific T cells that, upon 
subsequent hapten challenge, migrate into the 
skin and induce the skin damage through the 
release of proinflammatory cytokines and by 
killing hapten-loaded keratinocytes.
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example, in murine models it has been demon-
strated that the haptens 2,4,6 trinitrochloroben-
zene (TNCB) and oxazolone indirectly activates 
PRRs by inducing hyaluronic acid breakdowns 
that function as TLR2 and TLR4 ligands [13]. 
An additional stimulus for the activation of the 
skin innate Immune system is the release of 
RNA, a ligand for TLR3, or ATP, a ligand for 
NLRP3 inflammasome, both released by dam-
aged cells [14].

The importance of signals that activate the 
innate immune system in the sensitization pro-
cess has been confirmed by studies demonstrat-
ing that the risk to develop an ACD to weak 
sensitizers is increased by the co-exposure to 
irritants or pathogens, that trigger the PRRs [15].

Activation of the skin innate immune sys-
tem by haptens culminates in the secretion 
of a vast array of cytokines and chemokines. 
Keratinocytes are a critical source of 
 pro-inflammatory mediators released during 
the early phase of skin sensitization, including 
IL-1α, IL-1β, IL-6, IL-18, TNF-α that affect 
other skin resident cells such as Langerhans 
cells (LC), dermal dendritic cells (DC), mast 
cells and endothelial cells. The role of mast 
cells in contact sensitization has been stud-
ied in murine models of CHS with contrasting 
results, being described either as required for 
the expression of the allergic reaction or rather 
being involved in the negative regulation of the 
inflammatory response [16, 17].

4.4  Role of Dendritic Cells in the 
Sensitization Phase of ACD

The cascade of signals induced by haptens 
results in the release of cytokines that induce the 
maturation and migration of skin-resident DC 
to regional lymph nodes. LC, the principal DC 
residing in the epidermis, make up 3–5% of all 
nucleated cells in the epidermis and are located 
near the dermal–epidermal junction, to form a 
network designed to “catch” foreign antigens 
that have entered the skin, including chemical 
allergens [18]. In steady state, the dermis hosts 

cytochrome P450, although other enzymatic 
pathways, such as alcohol dehydrogenases, 
aldehyde dehydrogenases, monoamine oxidases 
have been also involved. It has been argued that 
the nomenclature should be extended by addi-
tion of a new term, namely ‘pre-haptens’, when 
the chemicals are not enzymatically activated, 
but converted abiotically by ambient or air oxi-
dation to form hydroperoxides [9]. Exceptions 
to the general rule that state the requirement of 
a stable interaction between the hapten and the 
protein are metal salt, such as nickel, which 
interact non covalently with protein, in particu-
lar to histidine residues [10].

4.3  Haptens Act as Danger Signals 
and Activate the Innate 
Immune System

The potency of a skin sensitizer is determined 
not only by its chemical reactivity to proteins, 
but also by its intrinsic capacity to trigger the 
innate immune system. Recent data have pro-
vided evidence that haptens could directly or 
indirectly trigger pattern recognition  receptors 
(PRRs), such as the Toll like receptors (TLRs) 
or the Nucleotide-binding oligomerization 
domains-like (NODS-like) receptors. TLRs are 
a family of at least 10 members (TLR1-10) of 
evolutionarily conserved receptors that recognize 
pathogen-associated molecular patterns (PAMPs) 
expressed by pathogens, and  damaged-associated 
molecular pattern (DAMPs), released by dam-
aged cells [11]. Main function of PRRs is to 
recognize “danger signals” at peripheral sites 
providing a rapid response aimed at preserving 
tissue homeostasis. Triggering of TLRs initiates 
a cascade of events that involve the activation of 
NFkB, IRF3/7 and inflammasome thus culminat-
ing with the secretion of the pro-inflammatory 
cytokines IL-1α, IL-1β, TNF-α, IL-6, IL-18 and 
type I interferons [12].

Nickel and Cobalt directly triggers TLR4, 
whereas other haptens could generate danger 
signals by inducing endogenous ligands for 
PRRs or promoting the production of ROS. For 
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at least 3 different subsets of DC that could be 
distinguished on the basis of the expression of 
the surface makers CD14, CD1a and CD141. 
The main role of DC is to link innate to adap-
tive immunity: DC collect danger signals at 
peripheral sites, process them in order to be 
recognized by the adaptive immune system, 
transport the signal to regional lymph node and 
finally instruct T and B cells to react appropri-
ately to the specific antigen [19]. Immature DC 
residing in the skin are highly efficient in pick-
ing up antigens from the extracellular space 
and in processing them in endocytic compart-
ments. Processing of hapten-protein complexes 
generates hapten-peptides that can be mounted 
on MHC class II and class I molecules for T 
cell recognition. Alternatively, hapten-epitopes 
could be generated in a processing independ-
ent manner, when the hapten bind directly to 
 self-peptides contained in the groove of MHC 
molecules exposed on the membrane of DC. 
In parallel, under the effects of IL-1, IL-18 
and TNF-α, DC undergo a maturation process 
and leave the skin to reach the regional lymph 
nodes. Maturing DC increase the expression 
of molecules involved in antigen presentation, 
such as MHC class I and class II and the co-
stimulatory molecules CD80 and CD86, while 
decreasing progressively the endocytic capacity. 
Maturation also induces the expression of the 
chemokine receptor CCR7, that guide maturing 
DC to lymph nodes. In the last few years, the 
relative contribution of LC versus dermal DC in 
ACD has been largely debated. In a transgenic 
mouse model, selective depletion of LC, but not 
dermal DCs, resulted in an increased expression 
of CHS, thus indicating that the major DC popu-
lation involved in the sensitization process are 
the dermal DC, and suggesting that skin LC may 
have a negative regulatory role [20]. Overall, 
these data have not been confirmed by other 
studies, indicating that the experimental set-
ting, the strength of the sensitizer and the dose 
administered may be critical for the selective or 
combined intervention of the different subpopu-
lation of DC during skin sensitization [21].

4.5  T Cells and the Effector 
Mechanisms of ACD

Efficient T cell presentation of hapten-epitopes 
by DC migrated in the paracortical area of 
regional lymph nodes determines the expan-
sion of a variety of hapten-specific CD4+ and 
CD8+ T lymphocytes. The cytokine profile of 
hapten-specific T cells varies depending on 
the type of sensitizer, the strength of the co-
stimulatory signals provided by the DC and by 
the cytokine milieu at the site of T cell prim-
ing. Generally speaking, most of the CD8+ T 
cells generated during the sensitization process 
belong to the Tc1 subset: upon stimulation they 
release abundant IFN-γ and TNF-α and pos-
sess prominent cytotoxic capacity thanks to the 
high expression of perforin and granzyme. Both 
in murine CHS and in human ACD, it has been 
demonstrated that the expansion of hapten-spe-
cific CD8+ T lymphocyte and their recruitment 
at the site of hapten challenge is mandatory for 
the development of the allergic reaction [22–26].  
In contrast, CD4+ T cells expanded during ACD 
are more variegate in terms of cytokine produc-
tion and function. Together with Th1, releasing 
IFN-γ and TNF-α, and Th2, releasing IL-4 and 
IL-13, a number of Th17 cells, releasing IL-17, 
and Th22 lymphocytes, releasing IL-22, can 
be isolated from the blood and, at higher per-
centage, from the skin of ACD patients [24]. 
Moreover, cells with a mixed Th1/Th17 phe-
notype could be isolated from skin lesion of 
ACD. These cells, thanks to the simultaneous 
release of IFN-γ, TNF-α and IL-17, display 
strong pro-inflammatory properties. Finally, 
DC-T cell encounter generate a variable number 
of CD4+ T lymphocytes with regulatory func-
tion. Hapten-specific T regulatory cells 1 (Tr1) 
release abundant IL-10 upon activation and limit 
the magnitude of the immune response, whereas 
CD25+ Foxp3+ T cells are critical for the main-
tenance of immune tolerance not only versus 
self-antigens but are also involved in the periph-
eral tolerance versus potential sensitizers.

DC not only determine the functional proper-
ties and the cytokine repertoire of T lymphocytes, 
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but they also induce on differentiating T cells a 
specific repertoire of chemokine and homing 
receptors that confer the capacity to circulate 
preferentially in the cutaneous environment. 
Skin homing T cells display the cutaneous lym-
phocyte associated antigen (CLA) that binds 
e-selectin expressed on activated skin micro-
vasculature. Independently from their cytokine 
profile, skin-homing T cells also express the 
chemokine receptor CCR4, that serve as a ligand 
for CCL17 and CCL22, abundantly expressed in 
inflamed skin [27].

Re-exposure to the relevant hapten in sen-
sitized individuals, activates the skin innate 
immune system and determines the release of 
a multitude of pro-inflammatory cytokines. 
IL-1 and TNF-α promote the synthesis and 
 expression of selectins, adhesion molecules 
and membrane-bound chemokines on endothe-
lial cells. The augmented adhesiveness of skin 
microvasculature determines the rapid recruit-
ment of circulating leukocytes at the site of hap-
ten challenge.

Although DC are required for efficient prim-
ing of hapten-specific naive T cells in the sen-
sitization phase of ACD, they are not required 
for the activation of memory/effector T lympho-
cytes migrating in the skin during the efferent 
phase of the allergic reaction. In this scenario, 
also non-professional antigen presenting cells, 
such as macrophages and endothelial cells can 
efficiently activate T lymphocytes and initiate 
the inflammatory reaction leading to the clinical 
manifestation of ACD.

The eczematous reaction is the conse-
quence of two main mechanisms: (i) induction 
of keratinocyte apoptosis, mostly mediated by 
hapten-specific CD8+ T cells, and (ii) release 
of proinflammatory cytokines by infiltrating 
CD4+ lymphocytes and NK cells. Although 
CD4+ T cells in ACD skin outnumber CD8+ 
lymphocytes, the latter are crucial for disease 
expression. The relative contribution of CD4+ 
and CD8+ T lymphocytes in the expression of 
inflammatory responses to skin sensitizers have 
been originally demonstrated in the murine 
model of CHS, using MHC class II and MHC 
class I KO mice. In this experimental setting, 

MHC class II deficient mice, that are depleted 
of CD4+ T cells, showed a much-increased 
ear thickness upon hapten challenge compared 
to littermate controls, whereas in MHC class 
I deficient mice, that are depleted of CD8+ 
T cells, inflammation was strongly reduced 
[28]. Furthermore, transgenic mice lacking Fas 
ligand (FasL) and perforin genes, both involved 
in T cell-mediated cytotoxicity, fail to mount 
CH reactions, thus demonstrating that cyto-
toxic mechanisms against keratinocytes are 
mandatory for full expression of murine CHS 
[28]. The role of CD8+ T cells have been after-
word indirectly confirmed in human beings, 
by demonstrating that nickel-allergic but not 
non-allergic individuals, bear circulating nickel-
specific CD8 + T cells responsible for induction 
of keratinocyte apoptosis in the early phase of 
ACD [24, 29, 30].

Keratinocyte apoptosis determines the cleav-
age of E-cadherins, adhesion molecules involved 
in keratinocyte homotypic adhesion, thus lead-
ing to epidermal spongiosis [31]. CD4+ lym-
phocytes play a dual role in ACD. Activated 
CD4+ Th1 lymphocytes secrete IFN-γ and 
TNF-α, which are critical for the engagement 
of keratinocytes and other skin-resident cells 
in the inflammatory process. In particular, type 
1 cytokines promote the expression of MHC 
class II and ICAM-1 molecules and the secre-
tion of a plethora of cytokines and chemokines 
in keratinocytes, such as CXCL1, CXCL8, 
CXCL10, CCL1, CCL5, CCL20, CCL22, that 
contribute significantly to the recruitment of 
new waves of leukocytes at the site of hap-
ten exposure. IL-17, released by Th17 and by 
Th1/17 cells, synergize with TNF-α and IFN-γ 
in the induction of ICAM-1, thus promot-
ing the interaction between keratinocytes and 
T cells, and in the production of CXCL8 by 
keratinocytes. Finally, Th1 cells could contrib-
ute to the induction of apoptosis of keratino-
cyte at a later time point, when keratinocytes 
exposed to IFN-γ, become MHC class II+ and 
can present hapten epitopes to CD4+ T lym-
phocytes. Th1-mediated, in contrast to CD8+ T 
cells- mediated, cytotoxicity is mostly dependent 
on the Fas-FasL pathway [30].
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Despite the general assumption that ACD is 
a Th1/Th17-mediated reaction, more recently it 
has been demonstrated that the T cells involved 
in the allergic reaction could have distinct 
cytokine profiles depending on the chemical 
characteristic of the hapten.

Indeed, studies investigating the gene expres-
sion in ACD patients identified a significant 
number of genes that were regulated in a contact 
allergen-specific manner. For example, ACD to 
nickel showed a potent induction of innate immu-
nity-related genes and a predominant Th1/Th17 
and a Th22 response; in contrast, fragrances ACD, 
evidenced a strong expression of Th2 cytokines 
with a limited Th1/Th17 contribution [32].

Also, neuroendocrine factors have a key role 
in T-cell differentiation [33–36]. An important 
link has been established between nutritional 
deprivation and decreased T-cell-mediated 
ACD reactions [37]. For example, leptin, that 
is released by nourished and functioning fat 
cells, is required for type-1 T-cell differentia-
tion [36]. Moreover, androgens, estrogens and 
adrenal cortex-derived steroidhormones promote 
Th1 cell polarization, IFN-γ production while 

suppressing IL-4 release [38, 39]. In contrast, 
the female sex hormone progesterone favors the 
development of Th2 cells [40].

NK cells constitute the 5-10% of the cellular 
infiltrate in ACD skin. Most of the skin-infiltrating 
NK cells display a CD3-CD56+ CD16- pheno-
type and release IFN-γ and TNF-α upon exposure 
to activating signals, such as the cytokines IL-2 
and IL-15. ACD-infiltrating NK cells can con-
tribute to the tissue damage not only by releas-
ing type 1 cytokines in the skin microenviroment, 
but also because once activated they can induce 
keratinocyte apoptosis in a perforin/granzyme-
dependent manner [41]. In murine CHS, evidence 
has been provided that NK cells specific to hapten 
epitopes are expanded upon exposure to the sensi-
tizer [42]. Such a finding has not been confirmed 
in human beings, so far (Fig. 4.1).

4.6  Regulation of ACD

The regulation of immune responses to envi-
ronmental antigens is a critical task for the 
skin immune system, that involves multiple 
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Fig. 4.1  Effector and regulatory mechanisms in allergic contact dermatitis
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mechanisms, including apoptosis of effector 
T lymphocytes due to activation induced cell 
death, induction of T cell anergy, release of 
anti-inflammatory cytokines, and expansion of 
specialized subsets of T lymphocytes with regu-
latory function (Treg).

Most of our knowledge about the tolero-
genic mechanisms in skin hypersensitivity 
to  chemicals derives from murine models of 
CHS. At least two tolerogenic models have 
been widely investigated: haptens painted upon 
UVB-irradiated skin induces a specific immune 
 tolerance that can be transferred with lympho-
cytes to naïve animals. UVB-induced immune 
tolerance appears dependent upon the expan-
sion of IL-10+ CD4+ CD25+ T reg cells [43, 
44]. The second model, named oral tolerance, 
consists in oral feeding the animal with the 
skin sensitizer. In such a case, the hapten acti-
vates the gut immune system and determines the 
expansion of TGF-β+ T cells and IL-10+ T cells 
with regulatory function that prevent the occur-
rence of skin hypersensitivity upon re-exposure 
to the sensitizer [45]. It has been shown that 
oral tolerance depends on TLR4 expression 
on hematopoietic cells, being necessary for the 
mobilization of tolerogenic CD103+ CD11c+ 
lamina propria DC to the local lymph nodes and 
to induce the expansion of Foxp3+ Tregs [46].

Treg cells are an heterogenous family of T 
lymphocytes that display immune-suppressive 
function with various mechanisms. T regulatory 
cells 1 (Tr1) have been described both in mice 
and in humans, as in vitro slow-proliferating 
cells that release IL-10, but not IFN-γ, IL-4 or 
IL-17 upon activation, and are believed to be 
central regulators of the extent and duration of 
ACD responses. to regulate immune responses 
to haptens in vitro [47, 48]. A second popula-
tion of regulatory cells, the CD4+CD25+ Foxp3+ 
Treg lymphocytes, have been first identified 
in mice as a distinct T cell lineage that origi-
nate in the thymus and guarantee the periph-
eral tolerance to self-antigens. Evidence have 
been provided that a similar T cell lineage, the 
induced or adaptive CD4+CD25+ Foxp3+ Treg, 
are expanded in secondary lymphoid organs 
following the encounter with environmental 

antigens, including chemicals [49] The role of 
CD4+CD25+ Foxp3+ Treg in regulating T cell 
responses to skin applied haptens have been 
demonstrated both in murine CHS and in human 
ACD to nickel [50]. Mechanisms involved in the 
CD25+ Treg-mediated immune suppression are 
multiple and include the release of regulatory 
cytokines, such as IL-10 and TGF-β, the expres-
sion of CTLA-4, which bind CD80 and CD86 
on DCs and induces the production of indoleam-
ine 2,3-dioxygenase (IDO).

Finally, in mice, evidence has been provided 
of the existence of B cells with regulatory func-
tion. Breg cells modulate CHS expression by 
two mechanisms: the secretion of IL-10 and by 
inducing apoptosis in activated T cells through 
a Fas-FasL mechanism [51]. Interestingly, 
CD1d-deficient mice show increased CHS 
responses, paralleled by a reduction of IL-10+ 
Bregs in secondary lymphoid organs, suggesting 
a critical regulatory role of NKT cells in skin 
hypersensitivity [52].

4.7  Conclusions

New insights into ACD mechanisms have been 
possible thanks to the availability of animal 
models and in vitro techniques, which allowed a 
precise identification of inflammatory pathways 
governing the immune reaction.

In the future, the big challenge will be the 
identification of biomarker with prognostic 
value, especially in prediction occupational 
ACD, and the characterization of markers that 
support the differential diagnosis between ACD, 
irritant contact dermatitis and other inflam-
matory skin diseases. In this scenario, recent 
promising studies have been conducted with 
preliminary results, that will require further 
investigation to be confirmed [53–56].

Finally, the management of ACD could ben-
efit from studies focused on the induction of 
tolerogenic signals that could dampen the aller-
gic reaction to environmental substances. The 
recent reports indicating that some cell-wall 
proteins of commensal bacteria act as ‘safety’ 
signals that actively antagonize TLR4 signaling 
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and induce immunologic tolerance [57, 58] may 
represent a potential and innovative therapeutic 
approach.
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lead to the intercellular prickles rupture and to 
the formation of vesicles that, in turn, induce 
the occurrence of bullae, due to their conflu-
ence, localized in the stratum spinosum and 
rarely in the stratum corneum. Erosions cov-
ered by sero-fibrinous exudate are the result 
of rupture of vesicles and bullae. Occasional 
intraepidermal leukocytes are detected in the 
spongiotic vesicles (exocytosis), mostly rep-
resented by lymphocytes and sporadic eosino-
phils and neutrophils that tend to accumulate in 
the vesicles. In papillary dermis, capillaries are 
dilated and congested with accentuated inter-
stitial oedema. The inflammatory infiltrate, if 
present, is perivascular or, rarely, diffuse and 
sometimes extends to the deep dermis and sub-
cutaneous tissue. It is formed by mononuclear 
cells, namely lymphocytes and hystiocytes. 
Occasional neutrophils can be present and pro-
gressively increasing is the amount of eosino-
phils that migrate from the upper dermis to the 
epidermis. Unclear still remains the role played 
by mastcells. Histological evidence of mast cells 
degranulation would suggest an early activation 
of these cells in allergic contact dermatitis [3]. 
The prolonged exposure to the antigenic agents 
induces a progressive hyperkeratosis (ortho-
parakeratosis) of the epidermis and a decrease 
of the intercellular oedema and of the inflamma-
tory infiltrate. In case of erosion, the exudate is 
infiltrated by neutrophils with increasing risk of 
infection.

© Springer Nature Switzerland AG 2021 
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5.1  Allergic Contact Dermatitis

The histologic patterns of allergic contact 
dermatitis are extremely heterogeneous [1]. 
Moreover, many factors that may alter the typi-
cal morphology must be taken in account: the 
clinical phase (acute, subacute and chronic) 
and the clinical variability. Most studies are 
based on the histological evaluation of biopsies 
obtained from patch test performed to make a 
differential diagnosis between allergic and irri-
tant contact dermatitis [2]. As for the typical 
lesions, the finding that best characterize the 
allergic contact dermatitis is the spongiosis [2] 
(Fig. 5.1). It is particularly evident in the acute 
phase (at 48 h in a positive patch test reaction) 
and occurs as intercellular oedema that sepa-
rates the keratinocytes. Spongiosis can be focal 
or involves the whole epidermis and in most 
cases extends to the hair follicles, sparing the 
sweat duct units. The intercellular oedema can 

5

A. Marzullo (*) 
Section of Pathology, Department of Emergency and 
Organ Transplantation, University of Bari, Bari, Italy
e-mail: andrea.marzullo@uniba.it

G. Cazzato 
School of Pathology, University of Bari, Bari, Italy

R. Rossi 
Ultrastructural Pathology, Section of Pathology, 
Department of Emergency and Organ Transplantation, 
University of Bari, Bari, Italy

https://doi.org/10.1007/978-3-030-49332-5_5
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-49332-5_5&domain=pdf


50 A. Marzullo et al.

CD4 (Fig. 5.3) and CD45RO [4]. Sometimes 
in the pseudo-lymphomatous variant, the infil-
trate is formed by T and B-lymphocytes with 
possible formation of true lymphatic follicles 
and in other cases it can predominates a granu-
lomatous appearance with epithelioid sarcoid-
like granulomas or foreign-body granulomas. 
In presence of both spongiosis and a subepi-
dermal band of T lymphocytic infiltrate, a dif-
ferential diagnosis must be made with lichen 
planus. However, the diffuse spongiosis and 
occurrence of a significant eosinophilic compo-
nent, together with the patch test positivity are 
strongly suggestive for an allergic contact der-
matitis. Similarly, other forms that can mimic 
amicrobic pustulosis, erythema multiforme-like 
or orticarioid papulosis still retain spongiosis 
and eosinophilic infiltrate. Electron micros-
copy confirms histological features of chronic 
dermatitis: acanthosis, spongiosis and hyper-
keratosis with a mild chronic inflammatory cell 
infiltrate in the upper dermis [5]. Ultrastructural 
findings in the epidermis demonstrates sepa-
ration of the basal cell, a decreased number of 
desmosomes with marked intercellular oedema 

In chronic forms, epidermis shows acan-
thosis and hyper-parakeratosis. In the dermis, 
fibrosis predominates with scant inflammation. 
Other variants of allergic contact dermatitis 
exist: photo-induced, lymphomatoid, lichenoid, 
erithema multiforme like, pustulous, orticarioid, 
purpuric, all of them characterized by the occur-
rence of lesions that need a differential diag-
nosis with other dermatosis on both a clinical 
and histological level. In lymphomatous forms, 
there is a strong predominance of the inflamma-
tory infiltrate made of lymphocytes, monocytes, 
macrophages, plasma cells, and eosinophils 
with a perivascular and periannexial distribu-
tion or occasionally as a sub epidermal band. 
Rarely the inflammatory infiltrate can assume 
the shape of intraepidermal micro-abscesses 
to be differentiated from micro-abscesses of 
Pautrier of mycosis fungoides by the pres-
ence of an accentuated cell polymorphism and 
the absence of the typical cells provided with 
a convoluted nucleus. The immuhistochemical 
profile of the lymphocytes involved in allergic 
contact dermatitis is typically that of T helper 
lymphocytes with expression of CD3 (Fig. 5.2), 

Fig. 5.1  Subacute allergic contact dermatitis. Epidermal spongiosis with exocytosis of mononuclear cells, dermal 
oedema and a mild perivascular infiltrate of mononuclear cells. Hematoxylin-Eosin stain (×200)
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of the lower epidermal keratinocyte (Fig. 5.4), 
formation of cytoplasmic vacuoles and aggre-
gation of intermediate filaments around the 
periphery of the cell. Enlarged upper epidermal 

cells with cytoplasm containing finely dispersed 
filaments and ribosomes are evident (Fig. 5.5). 
Apoptotic changes were identified in the basal 
and suprabasal layers. Hyperplasia of sebaceous 

Fig. 5.2  Allergic contact dermatitis. Dense perivascular dermal infiltrate of CD3+ T-cells; occasional T-cell in epider-
mis. Immunostaining for CD3 (×100)

Fig. 5.3  Allergic contact dermatitis. A focal subepidermal infiltrate of CD4 + T-cells. Immunostaining for CD4 
(×200)
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glands, with basal cells displaying morphologi-
cal signs of enhanced metabolic activity such 
as increased rough endoplasmic reticulum and 
sebum droplets. The inflammatory infiltrate 

is low and localized in the perivascular area. 
Langerhans cells play an important role in the 
diagnosis of allergic contact dermatitis. As 
reported in a recent study by Rosa et al. [6], 

Fig. 5.4  Allergic contact dermatitis. Intercellular oedema in epidermis and isolated apoptotic keratinocyte. Electron 
Microscopy (×2200)

Fig. 5.5  Allergic contact dermatitis. Intracellular oedema, cytoplasmic vacuoles and aggregation of intermediate fila-
ments around the periphery of the cell. (×4400)
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Fig. 5.6  Allergic contact dermatitis. Increased CD1a positive Langerhans cells in epidermis. Immunostaining for 
CD1a (×200)

the only histopathologic feature associated with 
patch  test-confirmed allergic contact dermati-
tis was the presence of Langerhans cell collec-
tions supporting the concept that the presence of 
Langerhans cells could be a clue to the diagnosis 
of the disease (Fig. 5.6). The sensitivity of this 
finding is relatively low (48%), but the positive 
predictive value was relatively strong (78%), as 
was the specificity (75%). In the same study, 
there was no difference in the patch test positive 
and patch test negative cases in terms of dermal 
eosinophilic counts and eosinophilic spongiosis 
(Fig. 5.7). The explanation of this finding would 
be that allergic contact dermatitis is a type IV 
hypersensitivity reaction lymphocyte-driven not 
dependent on eosinophils.

5.2  Irritant Contact Dermatitis

In irritant contact dermatitis the morphologic 
pattern depends on the clinical phase and time 
of sampling (acute, subacute and chronic) but 
it is also the combined effect of nature of the 
irritant agent, its concentration, physical state, 
duration of exposure and finally of subject 

reactivity [7]. As for allergic forms, also in 
this case our information derive from experi-
mental models and results of patch tests. In the 
typical lesions, one of the following aspects 
can predominate:  hyper-parakeratosis, spon-
giosis, acantholysis with the consequent forma-
tion of intraepidermal vesicles or bullae or in 
most severe cases, due to strong alkali or acid 
exposure, necrosis of keratinocytes and ero-
sion or ulcerative lesions. In the less aggressive 
forms, lesions of the upper epidermis predomi-
nate as the so-called Bandmann’s achromasia 
that can be circumscribed to the superficial epi-
dermal layer or extends to the upper part of the 
stratum spinosum; in more severe forms, the 
whole epidermis is involved. The exposure to 
strong irritant agents can lead to formation of 
intra-epidermal pustule with accumulation of 
polymorphonucleates (Fig. 5.8). Rarely, follicu-
lar pustules can be found, especially in atopics 
or after exposure to particular irritant as metal 
salts and croton oil. The vast majority of cases 
show exclusively spongiotic lesions not neces-
sarily associated with vesicles. Spongiosis, in 
typical cases, seems to be less intense than that 
observed in allergic reactions. In chronic forms 
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Fig. 5.7  Allergic contact dermatitis. An intraluminal eosinophil in a dermal capillary with evident enlargement and 
vacuolization of endothelial cells (×2800)

hyperkeratosis, parakeratosis and elongation of 
rete ridges can predominate. In all cases, mild 
oedema and a lymphocytic perivascular and 
periannexial infiltrate coexist. Eosinophils are 

virtually absent. As for the infiltrate, in mild to 
moderate reaction mononuclear cells predomi-
nate, namely T lymphocytes CD4 positive with 
a minor component of suppressor/cytotoxic T 

Fig. 5.8  Subacute irritant contact dermatitis. Hyper-parakeratosis of epidermis, neutrophilic exocytosis and dermal 
perivascular infiltrate of mononuclear cells. Ematoxylin-Eosin (×200)
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lymphocytes (CD8+), macrophages, Langerhans 
cells CD1 positive and occasional B lympho-
cytes, natural killer (NK) cells and follicular 
dendritic cells. Ultrastructural changes are irri-
tant-dependant and include cytolysis of epider-
mal keratinocytes, condensation of chromatin 
and cytoplasm, tonofilament clumping and loss 
of membrane-bound cell fragments [3].

5.3  Irritant Versus Allergic Contact 
Dermatitis

The histological differential diagnosis between 
allergic and irritant contact dermatitis is 
extremely difficult, if possible, and it can be 
made only in typical cases as response to pure 
allergic or irritant agents. In fact, the lesions 
found at patch tests are virtually similar and the 
predominance of an aspect cannot be considered 
as specific [8]. Moreover, many allergens pos-
sess also irritant properties even at low concen-
trations. It is the reason why the skin biopsy is 
discouraged. Lachapelle et al. [2] sustained that 
although the conventional histology of positive 
patch test can provide some useful information, 
it is of little help to make a differential diagno-
sis between allergic, irritant and mixed forms. 
However, some studies based on patch tests 
underlined the possibility to make a histologi-
cal distinction between early allergic and irritant 
reaction; in particular, in strong patch test reac-
tions, the occurrence of follicular spongiosis, 
lymphocytic exocytosis of the follicular infun-
dibulum would best characterize the allergic 
forms, especially in early phase [9]. The timing 
of the biopsy would be critical since these dif-
ferences are more appreciable in the early phase 
of reaction. Other histologic findings detected 
in previous studies [10] included a less intense 
(“focal”) intra-epidermal inflammation in aller-
gic reaction and the presence of epidermal 
necrosis and dermal infiltration of neutrophils 
in the more severe forms of irritant dermatitis. 
A tendency to develop intraepidermal oedema, 
increased number of epidermal lymphocytes 
and spongiosis, even though with high vari-
ability due to the different technical procedures 

adopted for processing samples, was already 
noted in these studies. The presence of dermal 
and epidermal neutrophils was in favour of a 
diagnosis of irritant contact dermatitis at patch 
test. In case of spongiotic dermatitis, Tzank 
smears showed more than 10 tadpole cells and 
numerous lymphocytes in the 80.5% of aller-
gic contact dermatitis and more than 10 tadpole 
cells and numerous neutrophils in most (15/18) 
irritant contact dermatitis. A tadpole cell is a 
cell of round shape with a single nucleus and a 
clearly defined cytoplasm, which was drawn out 
into one or occasionally two tapered pointed 
processes. This shape is retained long enough 
to allow the cell scraped from the blisters to dry 
on the slides with their “tails” intact. The pres-
ence of more than 10 tadpole cell is considered 
a diagnostic indicator for spongiotic vesicular 
dermatitis with a sensitivity of 81.5% and speci-
ficity of 99.3% [11]; in a previous study Parisier 
[12] reported similar results. Recently [4], 
immunohistochemistry has given the possibil-
ity to better characterize the lymphocytic sub-
populations and clarify the role of Langerhans 
cells. For example, it has been demonstrated 
a decrease of CD1a positive Langerhans cells 
from 48 to 72 hours after the exposure to irritant 
agents; on the other hand, in allergic forms there 
would be a mild and transient increase of such 
cells in the same range of time. However, these 
findings would lack of specificity and of utility 
in differentiating irritant from allergic reactions. 
Analogously the lymphocytic population in both 
cases is similar and consists of T lymphocytes of 
helper/inducer type; their number results unal-
tered in early and late biopsies; on the opposite 
it has been noted an increase of expression of 
proliferative (Ki 67 labelling index, transferrin 
receptor) and activation markers (interleukin 2 
receptor) in both allergic and irritant forms.
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Irritant Contact Dermatitis
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6.1  Epidemiology

The prevalence of irritant contact dermatitis in 
the general population depends on various fac-
tors. In the occupational field these consist of 
the degree and type of industrialization, the 
work processes, the degree of conformity to 
industrial hygiene norms and the legislative and 
preventive measures adopted. The prevalence of 
the dermatitis also depends on the dermatolo-
gist’s ability to differentiate irritant contact der-
matitis from allergic contact dermatitis. In cases 
of acute irritant reactions there are not usually 
any diagnostic problems; however, many cases 
of chronic irritant contact dermatitis are not 
morphologically easy to differentiate from aller-
gic contact dermatitis [11, 12]. For this reason, it 
is possible that the prevalence of contact irrita-
tion may be overestimated if patch tests are not 
done or the culprit allergens fail to be identified.

Despite these circumstances, irritant contact 
dermatitis is generally regarded as more com-
mon than contact allergy, especially in the occu-
pational setting [1–4, 11]. There are few data 
in literature on the incidence of irritant contact 
dermatitis, and not many studies have addressed 
the study of the prevalence of the various forms 
of contact dermatitis in the general population. 
The reference population is often poorly defined 
or, on the contrary, highly selected (e.g. subjects 
referred specifically to institutes specialized, in 
particular, in contact dermatitis). It should also 
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Irritant contact dermatitis is a non immunologi-
cal local inflammatory skin reaction to exter-
nal agents. Chemical and chemical-biological 
agents with a toxic action (irritants) are the most 
common causes; important cofactors are noxae 
of a physical nature (mechanical, thermal and 
climatic) [1–4]. The related skin damage can 
be the result of acute toxic aggression, gener-
ally linked to a single ‘strong’ etiological agent, 
or of repeated cumulative aggression by several 
‘weaker’ irritants. Contact irritation is mediated 
by a complex pathogenic mechanism [5–8], and 
the same substance can induce different clinical 
pictures depending on the concentration. The 
response to irritants can also vary according to 
the site and type of application [6], the vehicle 
[9], individual susceptibility and the nature of 
the etiological agent [10].
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dermatitis, 15.8% by allergic contact dermatitis, 
and 38.5% by atopic dermatitis [26].

In conclusion, irritant contact dermatitis is a 
fairly common complaint. Based on clinical cri-
teria, indeed, 100% of subjects exposed to some 
working activities may be affected by a modest 
contact irritation of the hands; these subjects 
include food handlers, fishermen, housewives, 
hairdressers, builders. However, most work-
ers do not pay much attention to the problem 
because it is not serious and is accepted as ‘nor-
mal’ in that work field.

6.2  Etiology

Irritants consist of any agent of a chemical or 
physical nature that can induce cellular damage 
if applied on the skin in sufficient quantitites and 
concentrations. Immunological processes are 
not involved in the resulting dermatitis, that is 
not preceded by sensitization but develops when 
the penetration of the culprit agent stimulates an 
inflammatory response. Irritants have compara-
ble effects in all exposed subjects, although the 
individual susceptibility varies remarkably, and 
it is not generally possible to predict the degree 
of reaction to an irritant from the response 
obtained with another. In general, strong irritants 
induce a clinical reaction in nearly all subjects, 
whereas with weak irritants the response may 
be physiological and not apparent. In the latter 
case, the dermatitis develops in more suscep-
tible subjects or in situations where the subject 
has repeated contact with the irritant agents. 
Subclinical inflammation and damage to the skin 
barrier can now be demonstrated using various 
non invasive methods.

6.2.1  Irritants and Their Mechanism 
of Action

Irritants can be subdivided into classes, that 
include siccatives, abrasives, organic solvents, 
surfactants, acids and alkalis, concentrated 
saline solutions and enzymes. Not all irritants 

be borne in mind that a great many cases of 
modest skin irritation do not receive due medical 
attention and so are not included in the preva-
lence rates.

The prevalence of contact allergy and con-
tact irritation in the general population is 
1.5–5.4% [11]; the site most often affected is 
the hands. A Swedish study demonstrated that 
more than 2% of the population have dermati-
tis of the hands, of which at least 16% are of 
occupational origin, while 31% are labeled as 
irritant contact dermatitis; 62% of the latter 
subjects are male [13]. The number of women 
with contact irritation of the hands rises at least 
7-fold if housewives are included in the case 
series [13].

A review of international studies of the prev-
alence of eczema due to all causes conducted 
in the general population in five countries 
(England, the Netherlands, Norway, Sweden, the 
United States) revealed that the prevalence rates 
were 1.7 to 6.3%, and the 1- to 3-year-period 
prevalence rates were 6.2 to 10.6% [14].

Epidemiological data referred to specific 
work activities have more frequently been 
addressed. Among occupational skin diseases, 
contact dermatitis is the most frequent [15, 16]. 
The incidence of skin diseases in the occupa-
tional context ranges from 20 to 70% in dif-
ferent nations; contact dermatitis accounts for 
20–95% of occupational dermatoses [15–18]. 
Irritant contact dermatitis is generally more 
common than allergic contact dermatitis: in one 
study the reported prevalence was 65% of 389 
cases with occupational contact dermatitis, for 
instance [17].

As to specific work activities, it has been 
noted that the incidence of occupational derma-
titis in hairdressers reaches no less than 90% 
[19]. In the same study, all young hairdress-
ers were affected by irritant contact dermati-
tis. The latter complaint is predominant also in 
other worker categories, such as hospital staff 
[20, 21], veterinary surgeons [22], shrimp peel-
ers [23], workers in the electronics industry 
[24] and builders [25]. In a study carried out 
in Germany in 683 subects with eczema of the 
hands, 24.2% were affected by irritant contact 
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can be classified in these classes [27]. The 
action of irritants on the skin varies greatly, as 
do the cellular and non cellular skin targets.

Siccatives. This class includes various pow-
ders that cause airborne irritation. A contact irri-
tation epidemic occurred in a factory producing 
contact lenses, induced by the hygroscopic pow-
der of an acrylic polymer, acting together with 
the low environmental humidity [28]. Powder 
from a food additive caused irritation due to dry-
ness [29]. Skin dryness causes the corneal layer 
to become fragile and likely permeable [30].

Abrasives. Many small pointed and cutting 
particles of industrial and botanic origin have an 
abrasive action. In machinists irritation can be 
induced by metal splinters. Exposure to metal 
particles in association with cutting oils causes 
irritation in workers using grinding machines 
[31]. Abrasive mineral dusts induce irritation 
in miners [32]. Many plants have a mechanical 
irritant action induced by their bristles and hairs 
(trichomas or glochids), including many species 
of the borage family (Boraginaceae), such as 
Borago, Echium, Symphytum and Pulmonaria, 
Cornus sanguinea and Malpighia urens [33].

In agricultural workers picking prickly pears 
(Opuntia ficus indica and O. cochinillifera), of 
the Cactacea genus, so-called “sabra dermatitis” 
is observed (“sabra” is the vernacular English 
name for prickly pears); this has been described 
in Istrael [34]. The complaint, linked to the fruit 
glochids, typically manifests with a papulous 
rather than vesicular eruption, mimicking sca-
bies. The lesions appear on the fingers, wrists, 
genitals, chest and buttocks, and evolve leaving 
pigmented areas that persist for a few months. 
On windy days, a very high number of glochids 
come in contact with the skin (by airborne as 
well as direct contact). Histopathologic examina-
tion of the papulous lesions reveals the presence 
of plant hairs [34]. The beard of barley and other 
cereals can cause mechanical irritation. Cereal 
flours can contain trichomas fragments [35].

Some plants, like Dieffenbachia, Narcissus 
spp. and Hyacinthus spp., can induce irritant 
contact dermatitis, linked at least partially to 
the mechanical action of calcium oxalate crys-
tals [36]. Some fabrics, like wool and fiberglass, 

can also have a mechanical irritant action [37]. 
Fiberglass, in particular, is an important cause 
of contact irritation in occupational settings: 
the resulting dermatitis is observed in suscepti-
ble subjects, being induced only by fibers with 
a diameter of more than 4.5 µ [38, 39] (see 
Chap. 11).

Organic Solvents. These irritants cause 
6–20% of occupational dermatitis [40]. They 
can also be present in non occupational envi-
ronments, and in fact, cases of irritant con-
tact dermatitis induced by clothing have been 
reported, due to perchloroethylene residues after 
dry-cleaning [41]. The strongest irritants are 
chlorinated aliphatic compounds, like trichlo-
roethylene, and aromatics, like toluene; next in 
line are non substituted aliphatics, like n-hexane, 
and lastly ketones and alcohols, that are only 
mildly or non irritant [42, 43]. The pathogenic 
mechanism induced by solvents is not entirely 
clear. It has been shown that they cause severe 
nuclear-cytoplasmic damage to keratinocytes 
after a few minutes of exposure, without evident 
macroscopic alterations [44]. Moreover, they 
extract lipids from the corneal layer [45] and can 
cause dispersal of corneocytes, by dissolving the 
lipids that act as the “cement” holding the cells 
together [46]. Both effects can reduce the barrier 
function of the stratum corneum and increase 
skin permeability to other irritant agents, acting 
in concert.

Surfactants. In second place as causes of 
occupational contact dermatitis, after solvents, 
come soaps and detergents. Soaps can con-
tain many additives and impurities; however, 
in most cases the skin irritation is linked to 
the surfactants themselves. The latter can be 
subdivided into anionic, cationic, non ionic 
and amphoteric [47]. Surfactants have differ-
ent irritant mechanisms of action. Like organic 
solvents, they remove lipids from the corneal 
layer; this action is more active in most ani-
onic surfactants than it is in the non ionic kinds 
[48]. They extract aminoacids and proteins and 
remove the hygroscopic materials from the cor-
neal skin layer [49, 50], as well as adsorbing to 
the corneum, denaturing keratin and other pro-
teins [51]. In vitro, surfactants can damage the 
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barrier function, markedly increasing the perme-
ability of the epidermis to water [50]. An action 
on lisosomes making them more fragile has also 
been demonstrated [52]: the reduction in length 
of the alkyl chain is associated with a decrease 
in the force of this action, that declines due to 
surfactants, in decreasing order from cationic, 
anionic to non ionic. This same order of power 
has also been observed for the effects on the 
roughness of the skin. Surfactants induce the 
release of histamine from the mast cells [49] 
and show chemotactic and chemokinetic prop-
erties toward neutrophils; the chemotactic and 
chemokinetic action of sodium lauryl sulfate and 
of alkyl dimethylbenzyl ammonium chloride is 
comparable to that of leukotriene B4 [53].

As regards the effect of the soaps and 
detergents pH on the skin, it has always been 
believed that soaps are more irritant due to 
their alkaline pH, while synthetic detergents are 
less irritant because their pH can be adjusted 
to neutral or to the mild acidity of the skin pH. 
However, some studies have demonstrated that 
alkaline soaps can be less irritant than acid 
detergents, because they are rapidly neutralized 
on the skin surface, whereas the charge density 
of synthetic detergents is persistent [54–56]. The 
fatty acids present in soaps, deriving from coco-
nut and sago, actually have a minimal irritant 
action. Apart from surfactants, soaps available 
on the market can contain various additives serv-
ing as inhibitors of corrosion, structurants, opti-
cal whiteners, germicides, fragrances, abrasives 
and proteolytic enzymes. The skin tolerates pH 
variations fairly well: solutions with a pH rang-
ing between 4 and 10.5 do not provoke irrita-
tion, whereas by pH 11 or 12 they do become 
irritant [57].

Acids and Alkalis. The pathogenic mecha-
nism underlying irritation linked to acids and 
alkalis is not fully understood. They do not 
attack the stratum corneum but certainly do 
denature proteins [55]. A histological and ultras-
tructural study conducted on porcine skin treated 
with chloric acid and sodium hydroxide, after 
removing the superficial portion of the corneal 
layer, demonstrated that in both cases the cor-
neum was normal, whereas the epidermic cells 

showed marked nuclear alterations, including 
agglutination of the chromatin and homogeni-
zation of the cytoplasm [58]. Hydrofluoric acid, 
an important, strong industrial irritant, produces 
irritation by releasing the ionic fluoride, that has 
a very low pH and a necrotizing action on soft 
tissues, as well as decalcifying the bones. In the 
literature, cases of airborne irritant contact der-
matitis due to alkaline industrial dusts have been 
reported [59, 60]. Napkin dermatitis is partly 
linked to alkaline products owing to the action 
of fecal urease on the skin [61].

Saline Solutions. These have been found to 
be only mildly irritant on intact skin but highly 
irritant on damaged skin; in such cases the saline 
solution presumably exerts an osmotic pressure 
on the keratinocytes. Metal salts, and in particu-
lar those of nickel, chrome and cobalt [62, 63] 
and tungsten salts [64] produce a peculiar folli-
cular irritant reaction that may cause the devel-
opment of pustules. Cobalt salts also produce an 
irritant reaction of petecchial type [65, 66].

Enzymes. These are irritants due to their 
proteolytic and lipolytic action. Bromelin, pre-
sent in pineapple, causes dermatitis in agri-
cultural workers handling the fruit. Another 
irritant is mucunaine, present in the trichomas 
of American jasmine (Mucuna pruriens, of 
the Leguminosae family) and other species of 
Mucuna. Fecal lipases and proteases are partly 
responsible for napkin dermatitis [67]. The pro-
teolytic enzyme derived from Bacillus subtilis 
caused irritation in workers handling a detergent 
containing the substance [68].

Miscellanea. Many plants have a particu-
larly irritant action. The nettle, of the Urticaceae 
family, produces irritation after direct injec-
tion of inflammatory mediators via its urticant 
hairs. These penetrate the skin and when they 
break, they release acetylcholine, histamine, and 
5-hydroxytryptamine [33, 36], among other sub-
stances. The euphorbiae, of the Euphorbiaceae 
family, have an irritant action due to the polycy-
clic diterpene alcohol esters [69].

Capsaicin, present in the fruits of Capsicum 
frutescens of the Solanaceae family, causes pain 
and irritation when it comes in topical contact 
with the skin [70]. The substance induces the 
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release of substance P from sensory neurons and 
prostaglandins. Capsaicin also has a sensitizing 
action, as we previously demonstrated [71].

Anthralin is a well known irritant: it is a syn-
thetic substance shown to have various irritant 
and inflammatory actions. It forms free radicals 
that react with molecular oxygen, giving rise to 
a peroxide radical, that then produces the hyper-
active superoxide anion. Free radicals and super-
oxide anion react with the membrane lipids. 
Moreover, anthralin also has a harmful effect on 
the mitochondria and alters the activity of vari-
ous enzymes [72, 73].

Furocoumarins, present in plants of the 
Umbelliferae, Rutaceae, Moraceae, Rosaceae, 
Leguminosae and Compositae families, cause 
irritant contact photodermatitis [74]. Linear furo-
coumarins (psoralen, 5-methoxypsoralen and 
8-methoxypsoralen) are more phototoxic than the 
angular type; 5-methoxypsoralen (bergaptene) is 
the most common furocoumarin in plants. Linear 
furocoumarins, when exposed to UVA rays, form 
a covalent bond with pyrimidine residues in 
the DNA, interfering with DNA replication. In 
addition, psoralens attack the membrane lipids 
through a mechanism involving the formation of 
singlet oxygen, and inactivate enzymes through 
aerobic (photodynamic) and anaerobic mecha-
nisms. As we demonstrated in cases of dermati-
tis due to Ficus carica, psoralens can also induce 
contact photoallergy [75, 76].

6.2.2  Occupational Irritants

Occupational exposure to irritants is most often 
evident and obvious, but may not always be easy 
to elicit [77].

In occupations at risk of accidental exposure 
to strong irritants, like caustic alkalis and strong 
acids, a single contact episode may be suffi-
cient to trigger an irritant reaction. Such occur-
rences, that are easily diagnosed, are important 
in view of the possibly extensive tissue damage 
and systemic effects they may provoke [78, 79]. 
The most frequent manifestations of occupa-
tional skin irritation, however, are those result-
ing from repeated exposure, in the presence of 

various physical and chemical irritants, as well 
as other fostering factors [8, 80, 81]. In all cases 
when the medical history and clinical manifes-
tations suggest, but do not prove, that the com-
plaint is an occupational contact dermatitis, the 
work place must be checked out [82]. The visit 
serves to increase the dermatologist’s general 
knowledge of the various work processes, and 
can thus be useful also for the management of 
future patients. Table 6.1 shows the most com-
mon irritants present in work environments [82], 
some of which have already been mentioned.

Water. Many occupations involve wet work 
[20, 21]. Water causes skin drying, dissolving 
and removing the hygroscopic substances from 
the epidermis; this action is boosted by the pri-
mary damage to the surface lipids and stratum 
corneum. Water is hypotonic and can have a 
cytotoxic or erosive action. Wet work increases 
skin hydration, that in turn facilitates the pen-
etration of hydrosoluble irritants.

Oils. Cutting oils, used as coolers in the met-
allurgic industry, can contain oil, water, emulsi-
fiers, antioxidants, anticorrosives, preservatives, 
dyes and fragrances [83]. They dehydrate the 
skin [83]. Lubricating oils substitute the normal 
lipids of the corneal layer and so are difficult to 
remove; for this purpose workers may have to 
use organic solvents, that are notoriously harm-
ful, to clean the skin.

Oxidants. These are strong cytotoxic agents 
[84]. Hydrogen peroxide and organic peroxides, 

Table 6.1  Most common categories of occupational 
irritants

Water
Detergents
Surfactants
Emulsifiers
Humectants
Sulfonate oils
Alkalis
Acids
Oils
Organic solvents
Oxidizing agents
Reducing agents
Plants
Animal products
Preservatives
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such as benzoyl peroxide and cyclohexanone 
peroxide, are used in various industries, includ-
ing those producing polyester resins. Some are 
employed in bleaching products for the hair or 
in fabrics, oils and flours.

Reducers. Phenols, hydrazines, aldehydes 
and thioglycolates are widely used in the indus-
trial fields. Thioglycolates are also employed in 
cold permanent wave solutions. In an alkaline 
environment, reducers break the bonds in keratin 
molecules, causing swelling and increased skin 
absorption.

Occupations at High Risk. Irritant chemical 
substances vary according to the different work-
ing activities and the specialist tasks involved 
in these activities [85, 86]. Table 6.2 shows the 
occupations at highest risk of irritant contact 
dermatitis: they are all activities that expose 
workers to many different strong irritants.

An adequate knowledge of the irritants to be 
encountered in the various occupations is use-
ful not only for preventive purposes but also in 
order to plan rehabilitation and a job change 
in those subjects that cannot continue to carry 
out a given working activity. Many dermatoses 
(psoriasis of the hands, atopic dermatitis of the 
hands, acne) can be aggravated by contact with 
the various irritants, so affected subjects need 
to be properly informed and well advised as to 

the possible choices of work activities. Table 6.3 
reports a list of irritants in various occupations 
[85, 86].

6.2.3  Household Products

The house is an important “work place” both 
because it involves exposure to various irritants 
and because it is an environment where any kind 
of control is lacking, with the exception of the 
“warnings” printed on some household product 
labels.

The principal household irritant is water that, 
alone or combined with other chemical prod-
ucts (detergents, soaps, solvents, abrasives), is 
the most common cause of irritant contact der-
matitis. The latter is the outcome of frequent 
cumulative subclinical inflammatory processes, 
that are also linked to pH fluctuations, mac-
eration and microbiological alterations. Other 
household irritants include steel wool, sodium 
hypochloride, aerosols, sodium perborate, alco-
hol, ammonia, sodium hydroxide, enzymes. 
Irritant contact dermatitis develops most com-
monly in young women with children in the 
early months of life. Skin irritation of the hands 
can also follow contact with foods and garden-
ing products.

6.2.4  Cosmetics

Irritant reactions to cosmetics are not frequent, 
but it should be borne in mind that these are 
products in frequent use (even several times a 
day); a woman working in the city uses an aver-
age of 15 to 20 cosmetics per day. Moreover, 
cosmetics are often used to hide other preexist-
ing dermatoses, such as seborrhoeic dermatitis, 
acne, atopic dermatitis, senile skin, so the skin 
is more vulnerable. The symptoms of skin irri-
tation due to cosmetics can initially be purely 
subjective (pricking and burning sensations). 
The site most commonly affected is the eyelids. 
Erythema, desquamation and fissuring of the 
corners of the mouth and the lips can be linked 
to toothpastes, mouthwashes and foods. The use 

Table 6.2  Working activities at high risk of irritant con-
tact dermatitis

Builders
Cooks
Hairdressers
Agricultural workers
Mechanics
Odontotechnicians
Housewives
Bakers
Motorists
Nurses
Typographers
Butchers
Cheesemakers
Fishermen
Masseurs
Cleaners
Barmen
Workers at preserves factories
Wall painters
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Table 6.3  Most common irritants in various occupations

Workers at swimming pools Damp work, soaps and detergents, chlorine, bromium
Cleaners Damp work, solvents and detergents
Workers in the food industry Damp work, soaps, detergents, syrups, vegetables, vegetable 

juices, fruits, fruit juices, meat, fish, shellfish
Workers in the chemical and pharmaceutical industry Damp work, soaps and detergents, solvents, many other 

specific irritants according to the work activity
Workers in rubber factories Talcum powder, zinc stearate, solvents
Workers in resins factories Solvents, acids, oxidizing agents, isocyanates, acrylic mono-

mers, phenols, formaldehyde, diallylphthalate, additives in 
epoxy resins

Textile industry workers Solvents, optical whiteners, detergents
Agricultural workers Pesticides, synthetic fertilizers, disinfectants, plants, animal 

secretions
Barmen Damp work, soaps and detergents, fruit juices, alcohol
Shoemakers Solvents, paints
Carpenters Solvents, glues, wood preservatives, varnishes
Housewives Damp work, soaps and detergents, foods, floor waxes, 

solvents
Roof makers Tar, pitch, asphalt, solvents, hands detergents
Leather workers Wet work, acids, alkalis, oxidizing agents, reducing agents, 

solvents, proteolytic enzymes
Cooks Wet work, soaps and detergents, fruit juices, vegetable juices, 

spices, fish, meat, shellfish, vinegar, sauces
Dentists and odontotechnicians Wet work, soaps and detergents, adhesive glues, acrylic 

monomers, solvents
Electricians and workers in the electronics industry Soldering flows, epoxy resin, resin hardeners, metals, 

detergents
Joiners Wood preservatives, detergents, solvents, oils
Florists, gardeners and floriculturalists Fertilizers, pesticides, plants, compost and manures
Foundry workers Detergents, oils, phenol-formaldehyde resins, other resins
Photographers (developers) Acids, alkalis, solvents, oxidizing agents, reducing agents
Jewellers Acids and alkalis as metal cleaners, paints and varnishes, 

flow soldering, adhesives, antirust products
Plumbers Wet work, hands detergents, flow soldering
Office workers Copying paper, paper ammonia for photocopies
Laundry workers Wet work, detergents, optical whiteners, solvents, stain 

removers
Butchers Wet work, soaps and detergents, spices, meat, animal innards
Metal mechanics Wet work, detergents, degreasers, lubricants, oils, cooling 

oils, battery acids, flow soldering
Miners Oils, grease, cement, lime dust
Builders Cement, lime, hydrochloric acid, hydrofluoric acid, wood 

preservatives, glue
Hairdressers and barbers Wet work, soaps, shampoos, permanent wave solutions, hair 

dyes, peroxide solutions
Pastry cooks and bakers Soaps and detergents, fruit juices, acetic acid, ascorbic acid, 

lactic acid, spices, enzymes, stove degreaser products
Floor layers Solvents, detergents, cements, adhesives
Fishermen Wet work, oils, gasoline, fish, shellfish, fish innards
Painters Emulsifying solvents, hands detergents, paint strippers
Metal plating workers Acids, alkalis, solvents, detergents
Book binders Solvents, glues



64 C. Foti et al.

of antiperspirants for excessive sweating, asso-
ciated with the friction of clothing and shaving 
products, can induce irritation of the axillae, in 
particular around the top of the armpit. Physical 
irritation produced by shaving can be observed 
on women’s legs and men’s cheeks. Scents are 
rarely causes of irritation, although the alcohol 
mix components can induce pricking sensations. 
During summer months perfumes can cause 
phototoxicity when used before exposure to the 
sun. The dermatitis will present with erythema 
and edema, sometimes vesicles and blisters, fol-
lowed by hyperpigmentation. In hairdressers and 
beauticians, irritation of the hands is caused by 
hair products (thioglycolates) and other irritants 
(water, degreasers, detergents, soaps, hairdyes).

6.2.5  Medicaments

Many topical medicaments are themselves irri-
tants, and indeed, they are employed for this 
very action (Table 6.4). Tachyphylaxis is a par-
ticular reaction, and not infrequent following 
the topical use of fluorinated corticosteroids, 
especially on the face and genitals. The clini-
cal signs, consisting of erythema and a prick-
ing sensation, are reversible, although attempts 
to suspend treatment rapidly and abruptly 
are followed by a prompt exacerbation of the 
symptoms. The clinical picture may therefore 
be long-lasting, and permanent teleangectasia 
may be left. Many topical or systemic medica-
ments can predispose the skin to phototoxic 
reactions (Table 6.5). Amiodarone, oral contra-
ceptives, chlorpromazine and topical and sys-
temic psoralens can induce skin pigmentation. 

Table 6.4  Medicaments for topical use with an intrinsic 
irritant action

Salicylic acid
Benzoic acid
Trichloroacetic acid
Dichloroacetic acid
Sulfur
Resorcinol
Phenol
Tretinoin
Anthraline
Tars
Benzoyl peroxide
Iodine tincture
Gentian violet
Aluminum salts

Table 6.5  Topical and systemic medicaments with a 
phototoxic action

Doxycycline
Demeclocycline
Minocycline
Tetracycline
Sulfonamides
Griseofulvin
Chlorpromazine
Promethazine
Trimeprazine
Trifluoroperazine
Furosemide
Sulfonamide oral hypoglycemic agents
                       Chlorpropamide
                       Tolbutamide
                       Carbutamide
Non-steroidal antiinflammatory drugs
                       Anaproxene
                       Phenylbutazone
                       Piroxicam
Antidepressants
                       Amitriptyline
                       Desipramine
                       Doxepin
                       Imipramine
                       Isocarboxazid

Table 6.3  (Continued)

Solderers Oils, metals detergents, degreasers, flow soldering
Health care workers Wet work, soaps and detergents, hand creams, disinfectants, 

quaternary ammonium compounds
Histology technicians Solvents, formaldehyde
Radio and television technicians Solvents, metals, detergents, flow soldering
Typographers Solvents, hands detergents, acrylates in varnishes and inks
Veterinary surgeons Soaps and detergents, hypochloride, animal secretions, 

animal innards
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Medicaments that induce peeling or inflamma-
tory alterations of the skin (tretinoin, isotreti-
noin) make it more vulnerable to sunlight. Skin 
irritation due to isotretinoin is also observed 
after ingestion of the drug and is aggravated by 
exogenous factors such as sunrays, wind, cold, 
water and soaps.

6.3  Pathogenic Mechanisms

The quali-quantitative degree of damage does 
not only depend on the intrinsic properties of the 
irritant, but also on various other fostering fac-
tors (Table 6.6).

6.3.1  Exogenous Factors

Exogenous factors that foster the complaint 
include the chemical properties of the product, 
the time and mode of exposure, and above all 
the inherent toxicity of the irritant and its degree 
of skin penetration.

Apart from alkaline and strong acid sub-
stances, it is not possible to predict the irri-
tant potential of a substance on the basis of its 
molecular structure as it is possible to do, to a 
certain extent, for contact allergens. The pH is 

not strictly correlated to the irritation [54, 55, 
87], although an examination of the 12 basic 
substances demonstrated a positive correlation 
between increasing dissociation contact (pKa) 
and skin irritation capacity, measured both 
visually and by reflectance spectroscopy [88]. 
Compounds with a low pKa induce vasocon-
striction, while those with a high pKa induce 
vasodilation.

The intensity of the skin irritation depends 
above all on the anatomic site. The face, genital 
and retroauricular regions are particularly sen-
sitive owing to the reduced barrier and notable 
presence of skin cavities, such as sweat ducts 
and hair follicles [89]. The response to the irri-
tant dimethylsulfoxide (DMSO), that induces 
toxic degranulation of mast cells, is stronger in 
the facial region and weaker at the level of the 
palms [90], while the reaction to sodium lauryl 
sulphate (SLS) is higher on the thighs and lower 
on the palms [91].

Climatic, mechanical, and thermal conditions 
are important cofactors inducing skin irritation. 
In a cohort of 111 office apprentices, the preva-
lence of irritant or atopic eczema of the hands 
was 18.9% at the initial examination and 25% 
by the final visit, 3 years later: handling paper, 
especially carbonless copy paper, and the low 
relative humidity were considered to be the 
main causal factors [92]. A detergent caused an 
epidemic in hospital kitchen workers because it 
was used at too high a temperature [93]. A cold, 
windy climate causes skin dryness due to the 
reduced corneal capacity to retain water at low 
temperatures; this condition is aggravated by 
frequent showering and the use of soapbars and 
detergents. In one study, hard water with a high 
calcium content was shown to be more irritant 
than soft water [94].

6.3.2  Endogenous Factors

Atopy and skin sensitivity are important endog-
enous factors. Various research studies have 
shown that previous or current atopic dermati-
tis is a risk factor for hands eczema in workers 
exposed to wet work [95–98]. Subjects with 

Table 6.6  Pathogenic factors inducing susceptibility to 
irritant contact dermatitis

1. Factors related to the irritant
   Chemical properties
   pH
2. Exposure factors
   Number of irritant substances
   Concentration
   Duration of exposure
   Vehicle
   Occlusion
3. Endogenous factors
   Race, age, gender
   Anatomical sites
   Individual susceptibility
   Sensitive skin
   Atopy
   Sensitivity to UV light
4. Environmental factors
   Temperature, humidity, wind
   Mechanical stimuli (pressure, friction, abrasion)
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atopic dermatitis in childhood often have dry 
skin throughout their lifetime. Histologically, dry 
skin shows the same alterations as subclinical 
eczema. It is therefore necessary to evaluate the 
atopic skin diathesis in order to estimate the risk 
of occupational irritant contact dermatitis [99].

6.3.3  Sensitive Skin

Some individuals are genetically predisposed to 
a sensitive, hyperirritable skin, independently of 
the atopic element. In this sense, racial differ-
ences have been well documented: black skins 
are, in general, less prone to irritation than white 
skins, even if some studies of the response to 
sodium lauryl sulphate, assessed on transepider-
mal water loss (TEWL), found the opposite [100, 
101]. Subjects with a light skin (types 1 and 2) 
show high UVB sensitivity and skin hyperirrita-
bility to chemical agents in general [102].

The causes of hyperirritable skin are 
unknown. An important role is undoubtedly 
played by the skin thickness, that influences the 
absorption of irritants. Regional variations in 
skin irritability depend on differences in kerati-
nization and the intensity of transepidermal 
shunts allowing penetration (sweat ducts, hair 
follicles).

Another important role in the barrier function 
is played by intercellular lipids: ceramides and 
glycosylceramides seem to be key elements in 
water storage in the corneal layer [103] and the 
regulation of the skin barrier.

In general, women do not seem to have more 
sensitive skin than men [104]; however, women 
are more exposed to potential irritants (cosmet-
ics, household products) than men and so are 
more prone to contact irritation.

Age influences skin irritability: for some sub-
stances, skin penetration in older age groups is 
less than at younger ages [105].

6.3.4  Skin Hardening

The mechanisms underlying the skin harden-
ing effect are not entirely known as yet. In 

general, the term “hardening” refers to a form 
of skin adaptation to irritant agents. In any case, 
this adaptation process is thought to be pre-
ceded by an irritant inflammatory reaction, that 
later resolves despite continuing contact with 
the triggering noxa. This leads to restoration 
of the normal tolerance and to some degree of 
skin insensitivity [4]. This phenomenon, that is 
not acknowledged by all researchers, has been 
defined in various ways, ranging from “acco-
modation” [106], “chemical calluses” through 
“adaptation phenomena” [107], “local hypo-
reactivity” [11], to “immunological tolerance” 
[108]. Moreover, various authors differentiate 
between specific (adaptation to allergens in case 
of proven sensitization) and non-specific hard-
ening effects (adaptation to irritants), although 
the issue has not been fully elucidated since 
the question of specification can be solved only 
for one noxa or one group of noxae [109, 110]. 
Another major problem posed by the hardening 
effect is whether or not it depends on constitu-
tional factors.

A study focused on the hardening phenom-
enon found that it is not limited only to the stim-
ulus area but becomes generalized, or at least 
not strictly localized, even if there are certainly 
constitutionally-determined differences between 
atopic and non atopic subjects [4].

6.4  Clinical Features

From the clinical-morphological standpoint, 
contact irritation can present with many highly 
variable pictures according to the type of irritant 
substance. Table 6.7 lists different clinical pic-
tures [85]; only some of these will be dealt with 
herein [111].

6.4.1  Acute Irritant Contact Dermatitis

Acute irritant contact dermatitis most often fol-
lows a single exposure to a chemical irritant, 
at a sufficient dose, concentration and time of 
action, or else a series of brief chemical or phys-
ical contacts. As regards subjective symptoms, 
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burning or pricking sensations or pain are more 
prevalent than pruritus. The reaction is usually 
initially limited to the contact area. The irritant 
effects may be exacerbated by occlusion. As to 
the clinical aspects, that naturally depend on 
the resistance of the skin site to the exposure, 

concentration and time of action of the causal 
agent, a wide spectrum of clinical signs may be 
observed, ranging from skin dryness to necro-
sis (Table 6.8) (Figs. 6.1, 6.2, 6.3, and 6.4). 
The most serious signs are observed in subjects 
with a thin or altered corneal layer or exposed 

Table 6.7  Clinical pictures of contact irritation and specific irritant agents (modified, from [85])

Acute irritant contact dermatitis
Chronic irritant contact dermatitis
Irritant contact dermatitis of napkin area
Irritant contact cheilitis
Irritant perioral contact dermatitis
“Stinging”
Ulcerations
      Strong acids (chromic, nitric, sulphuric, hydrochloric, hydrofluoric)
      Strong alkalis (calcium oxide, calcium hydroxide, sodium hydroxide, potassium cyanide)
      Salts (dichromates)
      Solvents (acrylonitrile)
      Gases (ethylene oxide, mustard gas)
Folliculitis and acneiform eruptions
      Fiberglass
      Oils and greases
      Tar
      Asphalt
      Chlorinated naphthalens
      Polyhalogenated biphenyls
Hyperpigmentation
      Any irritant (in particular phototoxic agents, such as psoralens)
      Plants (Cynara scolimus, Juglans regia)
      Metals (mercury, bismuth, gold, silver, inorganic arsenic)
Hypopigmentation
      p-tert-Butylphenol
      p-tert-Amylphenol
      Monobenzyl ether of hydroquinone
      Hydroquinone
      p-tert-Catechol
      3-Hydroxyanisole
Miliaria
      Occlusive clothing
      Adhesive tapes
      Aluminum chloride
Alopecia
      Borax
      Chloroprene dimers
Contact urticaria
      Dimethylsulfoxide
      Sorbic acid
      Animals
      Foods
      Plants and woods
      Textiles
Granulomas
      Silica
      Talc
      Beryllium
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to a high concentration of the irritant. The clini-
cal picture is generally monomorphic, featuring 
just one type of lesion, the most common type 
being erythematous or erythemato-bullous. In 
cases showing more than one type of clinical 
lesions, and in particular vesicles and exudation, 
it may be difficult to make a differential diagno-
sis of the eruption with allergic contact derma-
titis in the acute phase (Table 6.9). In the latter 
case, however, the eruptive clinical polymor-
phism will be of “synchronous” type (erythema, 
edema and vesiculation arise simultaneously 
in the same spot at the same time), while acute 
irritant contact dermatitis is of “metachronous” 

type (the single lesions follow one after another 
over the course of several days). Moreover, the 
course of allergic contact dermatitis is more 
capricious than that of acute irritant contact 
dermatitis. Finally, unlike what is observed in 
contact allergy, in irritant contact dermatitis the 
lesions are generally limited to the site of con-
tact and do not tend to spread.

Acute irritant contact dermatitis can affect 
any skin site; it can be accidental but is most 
often occupational, which is why it is more fre-
quently observed in males than females.

In theory, all subjects exposed to the harmful 
agent will show skin alterations, albeit of differ-
ent intensities. In fact, very likely the chemical 
reactivity of the causal agent is a more relevant 
causal factor than the local skin resistance and 
the individual susceptibility.

The prognosis is generally good. The dam-
age repair response is fairly rapid, taking place 
within a few days. In cases of severe reactions, 
complete resolution may take a few weeks and 
residual scars may be left.

Fig. 6.1  Irritant contact dermatitis from undiluted sodium hypochlorite

Table 6.8  Clinical signs of acute irritant contact 
dermatitis

Erythema
Edema
Vesicles
Blisters
Exudation
Desquamation

Papules
Pustules
Hemorrhage
Necrosis
Dychromia
Ulcers
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The treatment is first and foremost preven-
tive. When handling strong irritants or caus-
tic substances adequate protection must be 
ensured. If contamination occurs, the affected 

site must be washed with water or a weak 
neutralizing solution. The use of damp com-
presses can be very useful. Acute irritant con-
tact dermatitis includes other well known 

Fig. 6.2  Irritant contact dermatitis by acids (self artefact in unconscious simulator)

Fig. 6.3  Irritant contact dermatitis by alkalis



70 C. Foti et al.

clinical entities (Table 6.10), dealt within other 
chapters.

6.4.2  Chronic Irritant Contact 
Dermatitis

Chronic irritant contact dermatitis is a very com-
mon disease; the incidence in the various sta-
tistical records is generally higher than that of 
allergic contact dermatitis. Some Anglosaxon 
authors have also called it by various other 
names such as “traumiterative contact derma-
titis” (the result of repeated close contact to the 

same harmful substance) (Fig. 6.5), “cumula-
tive contact dermatitis” (Fig. 6.6) or “cumulative 
insult dermatitis” (due to repeated close contact 
with various types of irritants), or else “wear 
and tear dermatitis”. Although it is not clearly 
defined, the diagnosis of chronic cumulative 
insult dermatitis can be made for any eczema-
tous condition that has persisted for some time 
(at least 2 months), if adequate, careful and thor-
ough allergological tests have failed to reveal an 
allergic cause. The physiopathogenic mecha-
nism is probably as follows: continual exposure 
to the same factor, or more often to a multitude 
of variable causal factors with a low harm-
ful potential (weak irritants). Since the patient 
does not recognize the problem immediately, 
these factors continue to act for a long period, of 
weeks or even months. The onset of the derma-
titis is linked to the fact that the same stimuli or 
different insults happen too frequently and rap-
idly, thus overreaching the normal skin repair 
mechanisms. Because many reactive sites are 
frequently affected (cellular and stromal struc-
tures) in the epidermis and the derma, the skin 
repair capacity probably becomes exhausted. 
This constant interference with the physiological 

Table 6.9  Differential diagnosis among acute irritant contact dermatitis (ICD) of erythemato-vesicular type and 
acute allergic contact dermatitis (ACD)

ICD ACD
Clinical eruptive polymorphism Metachronic Synchronic
Areas affected Well delimited Beyond the contact zone
Tendency to spread No Yes
Course Regular Variable and changeable
Histology Spongiosis, exocytosis, dermal edema, 

mononuclear infiltrate; occasionally 
neutrophils-rich infiltrate

Spongiosis, exocytosis, dermal edema, 
mononuclear infiltrate; usually, neutro-
phils less prominent infiltrate

Table 6.10  Dermatoses in whose pathogenic mecha-
nism irritants play a prime role

Contact dermatitis of the hands
Dermatitis of the diaper zone
Contact dermatitis to cosmetics
Irritation by adesive tape
Irritant contact photodermatitis
Airborne irritant contact dermatitis
Irritant contact phytodermatitis
Cheilitis and perioral contact dermatitis

Fig. 6.4  Bullous irritant contact dermatitis due to non-
steroidal anti-inflammatory drugs (Reproduced with per-
mission by Angelini and Coll [111])
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repair mechanisms will cause the dermatitis to 
become chronic [8, 81].

The onset of irritant contact dermatitis is fos-
tered by physical factors. Reduced environmental 
humidity and lower temperatures induce dehy-
dration of the stratum corneum, that becomes 
scaly and often fissuring, and so becomes more 
permeable to irritant substances. It is no surprise, 
therefore, that the complaint is more common 
and more likely to be aggravated in the cold, dry 
season. Mechanical trauma, like friction and rub-
bing the hands, are dehydration factors due to 
stratum corneum cellular membranes damage. 
The latter condition affects housewives, above 
all, as well as manual workers.

The chemical irritants most often called 
into play are tensioactives, that have been 
 documented to have various different 
 physical-chemical actions on the skin, namely 
removing the surface lipids, as well as the sub-
stances that fix water in the corneum, including 
free  aminoacids, denaturing keratin proteins and 
damaging lisosomes. The residual absorption of 
surfactants contained in detergents, even after 
abundant rinsing with water, also induces skin 
roughness.

Constitutional factors seem to have an impor-
tant role in determining chronic contact irri-
tation, even more than in acute irritation and 
contact allergy. Atopic subjects are more prone 

Fig. 6.5  “Traumiterative” chronic irritant contact dermatitis. The subsequent exposition to the same irritant 
substance causes a progressive skin alteration that ends to be clinically evident (tip of the iceberg)

Fig. 6.6  “Cumulative” chronic irritant contact dermatitis. The contemporary or subsequent exposition to various irri-
tant substances causes the dermatitis (tips of the icebergs)
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to develop chronic irritant contact dermatitis: in 
different studies, the frequency of a history of 
atopy ranges from 15 to 80% [16] of patients 
with chronic irritant contact dermatitis.

The clinical picture features various objec-
tive signs (Table 6.11). The most common form 
presents with dryness and fissuration (“house-
wives’ dry eczema”) (Figs. 6.7, 6.8, and 6.9). 
In manual workers hyperkeratotic pictures, 
with ragade-like skin splits, are frequently 
observed. Vesiculation is undoubtedly less fre-
quent than in acute irritation and contact allergy 
(Figs. 6.10, 6.11, 6.12, and 6.13). Differential 
diagnosis with the latter condition in chronic 
phase can be extremely difficult. In fact, in 
diagnostic practice, errors have been shown in 
20–30% of cases when comparing the clinical 

doubt and the results of patch tests [112]. In 
the great majority of cases it is the hands that 
are affected, because they are naturally more 
exposed to the various exogenous stimuli. 
The forearms are also often involved, and in 
women the face, due to the use of cosmetics. 
Sometimes covered zones can be affected, like 
the legs in elderly men.                                                                                            

The condition is observed more frequently in 
women, as a result of cumulative insults during 
cleaning, washing clothes, cooking and cleaning 
babies. In the latter case it should be noted that 
the onset of the complaint often occurs a few 
months after marriage or after the birth of the 
first child. At the level of the hands, the derma-
titis often starts under the wedding ring or in the 
interdigital areas or else on the fingertips, and 
then spreads to the other fingers, and the backs 
and palms of the hands. In a study we conducted 
in 1200 patients with chronic irritant contact 
dermatitis of the hands, housewives were those 
most frequently affected, the incidence being 
over 50%, followed by mechanics due to contact 
with industrial oils, and by builders (Table 6.12). 
In this group of patients, the palms or fingerpads 
were mostly affected; the next most common 
localization was the backs of the hands, while 

Fig. 6.7  Housewives’ eczema due to wet work

Table 6.11  Clinical signs of chronic irritant contact 
dermatitis

Pricking sensation
Dryness
Hyperkeratosis
Fissuring
Erythema
Vesicles
Exudation
Infiltration
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the forearms were affected in only a small per-
centage of cases (Table 6.13) [113].

The occupations at highest risk of cumula-
tive contact irritation are reported in Table 6.2. 

Nevertheless, many workers, including those 
working in high risk occupations, develop 
only a mild dermatitis. In workers with severe 
forms of dermatitis a role is probably played 

Fig. 6.8  Housewives’ eczema due to wet work

Fig. 6.9  Housewives’ eczema due to wet work
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by constitutional factors. Other factors, such 
as additional exposure to household irritants or 
other substances during hobbies (gardening, bri-
colage, maintaining the car engine), accidental 
exposure to strong irritants, adverse climatic and 
environmental factors, and poor hygiene at the 
workplace, are also very important. Moreover, 
excessive, exaggerated use of abrasives or sol-
vents to clean the hands can actually be more 
harmful than the substance one is attempting to 
remove.

Chronic irritant contact dermatitis often 
starts with a few spots of dry skin, with little 

or no erythema. The tendency to spread is nor-
mally less than in cases of atopic dermatitis 
or contact allergy. Irritant contact dermatitis 
tends to be more static and less pleomorphic 
than other forms of eczema, although ‘hybrid’ 
pictures must be taken into account, due to a 
combination of irritation and allergy, or irrita-
tion and atopy, or else irritation, allergy and 
atopy [8, 114].

Resolution of an uncomplicated form of irri-
tant contact dermatitis takes about 2 weeks if 
all the harmful stimuli are carefully avoided. 
However, it can take 6 weeks or even longer to 

Fig. 6.11  Chronic irritant contact dermatitis in construction worker

Fig. 6.10  Chronic irritant contact dermatitis in mechanic
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subside. It is fairly difficult to prevent chronic 
irritant dermatitis owing to the difficulties 
encountered in eliminating the various chemical 
and physical causal factors. Rehabilitation may 
be necessary, because there could be a greater 
or lesser degree of impairment of the function 
of the hands, depending on the clinical mani-
festations. Erythema and mild scaling reduce 
the function by 25%, vesicles and fissuration by 

Fig. 6.12  Chronic irritant contact dermatitis in construction worker

Fig. 6.13  Chronic irritant contact dermatitis in mechanic

Table 6.12  Work activities in 1200 patients with 
chronic irritant contact dermatitis of the hands

Work activity %
Housewives 56.0
Mechanics 22.0
Builders 7.3
Nurses 6.1
Hairdressers 4.9
Barmen 3.7
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50% and hyperkeratosis and bleeding ragades by 
as much as 75%.

6.4.3  Chemical Burns

There are more than 25,000 chemical products 
that can provoke burns; the substances most 
often implicated are strong acids and alkalis, 
phenols and phosphorus. The tissue damage 
provoked by these substances is directly pro-
portional to the strength and concentration of 
the substance, the quantity, the type and dura-
tion of the contact, the extension and penetra-
tion of the tissues, and the action mechanism 
[115]. This mechanism, that damages the cel-
lular structures, is different for each substance: 
some cause massive destruction of the plasma 
proteins, others denature them, forming new 
compounds; yet others directly harm the cel-
lular membranes. Clinically, the first symptom 
of a chemical burn is necrosis of the skin and 
underlying planes. Acids generally cause the 
formation of a dark red, dry eschar with a hard 
consistency, of variable thicknesses (Fig. 6.14). 
Corrosive substances provoke the formation of 
ulcers, that may be clearcut and deep (“printed 
on”), while alkalis determine greyish, soft areas 
of gelatinous necrosis. The diagnosis of a chem-
ical burn is based on the objective examination 
and clinical history. When making the clinical 
assessment the progression of the lesion should 
be taken into account, as this will last for hours 
or days after the contact. Therefore, it is often 
difficult at first observation to evaluate the true 
damage in terms of depth and extension of the 
burn. In addition, a close overall examination 
of the patient is always necessary to check for 

any associated damage other than the skin dam-
age, such as lesions of the airways due to inhal-
ing the vapor of strong acids and ammonia; 
lesions due to ingesting caustic substances and, 
in cases of involvement of the face, frequent 
severe impairment of the conjunctiva and cor-
neas. Finally, it is important to consider that 
some chemical substances provoke systemic 
toxicity. Oxalic acid and hydrofluoric acid can 
cause hypocalcemia, while picric, tannic, chro-
mic and formic acids and phosphorus can induce 
liver necrosis and nephrotoxicity if ingested or 
absorbed through the skin. Treatment, based on 
removing the caustic substance and neutralizing 
its action, must be administered as fast as possi-
ble to prevent the progression of the deleterious 
effects. Removing the harmful agent is done by 
prolonged washing, except in the cases of nitric 
and hydrochloric acid, which are further ionized 
in contact with water and thus cause yet more 
tissue damage. For the neutralization process, 
appropriate chemical substances (antidotes) are 
adopted for each caustic substance. Once the 
causal agent has been removed and neutralized, 
the skin lesions are treated by escharectomy, 
detersion or skin grafting, depending on their 
gravity.

Chromic Acid Burns. Ulceration due to chro-
mium is perhaps the most common and best 
known type of lesions following occupational 
exposure to chromium. It has been described 
above all in metallurgists working with chrome, 
in leather tanners and dyers, and is linked to 
contact of the skin and mucosa with chromic 
acid, sodium chromate and bichromate, potas-
sium and ammonium. Similar ulcerations can 
be caused by nickel, cobalt, sodium chloride, 
arsenic compounds, as well as beryllium, mer-
cury and selenium soluble salts. The ulcers can 
be single or multiple. They often appear on 
the backs of the fingers, especially on the joint 
regions, on the hands (Figs. 6.15, and 6.16), 
forearms, extensory surface of the legs, on the 
feet, abdomen, face and scrotum. Their forma-
tion is favored by contact with damp surfaces 
and by abrasion of the tegument. The character-
istic lesion, so-called “bird’s eye” [116], starts 
with a painless papule that may go unnoticed 

Table 6.13  Sites of chronic irritant contact dermatitis 
of the hands in 1200 patients

Site %
Palms 53.7
Fingers and/or fingertips 24.4
Backs of hands 8.5
Right palm 6.0
Left palm 3.7
Forearms 3.7
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until the ulcer forms. The latter will be rounded 
and surrounded by a hard, hyperkeratosic 
 margin (Fig. 6.17). It is often very painful. 
Chrome-induced ulcers can also form at the base 
of the nasal septum, and undergo perforation. 
Healing is very slow and leaves atrophic scars. 
Treatment involves applying antiseptic and heal-
ing creams. Prevention is achieved with the use 
of suitable protective clothing.

Burns by Self-defense Sprays. Sprays used 
for self-defense, that are freely available on the 
 market in some countries under the name of 
“tear gas canisters”, are lachrimogenic prod-
ucts that include chloroacetophenone and 
o-chlorobenzylidene malonitrile.

Skin contact with these substances can be 
direct or airborne [117]. In any case they are 
highly irritant substances, whose action is only 
exceptionally sensitizing [118]. At strong con-
centrations they are responsible for erythema, 
vesicles and blisters, that will be more intense 
in more humid environments. On the face, the 
buccal region and the chin are most strongly 
involved, due to the humidity of concomitant 
sialorrhea and rhinorrhea [119]. Again on the 
face, severe edema similar to Quincke’s may be 

observed. The lesions rapidly crust over and, if 
not treated, turn into impetigo. Sometimes, on 
the eighth or ninth day, the lesions at the sites 
of contact can be joined by new, distant lesions 
linked to a contact hypersensitization reaction. 
It is vital to remove clothing immediately and 
remove the tear gas with oil or a dermatological 
milk. In mild cases, rinsing with water is suffi-
cient. Corticosteroid and antibiotic creams can 
then be applied.

Cement Burns. Chemical burns caused by 
cement were first reported by Jadasshon in 
1950; since 1976 such observations have mul-
tiplied in the literature, denominated “cement 
burns”. These lesions are due not only to 
cement but also to the soda and caustic potash 
it contains, needed to accelerate the harden-
ing of some cements that are “normal setting” 
or “rapid setting”. Important factors underlying 
the onset of the ulcers are the degree of alkalin-
ity, the duration of the contact and the abrasive 
nature of the cement particles [120]. Such burns 
can be observed in builders and other workers 
handling cement. The lesions are most often 
localized in the latero-patellar site, and are long 
and often arched in shape. Subjects who work 

Fig. 6.14  Irritant contact dermatitis due to sulphuric acid
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for many hours kneeling on damp cement are 
those most often affected (Figs. 6.18, and 6.19) 
[121, 122]. The use of rubber boots may not pre-
vent the onset of ulcers, while the occlusion of 
the boots may even foster their onset. Ulcers can 
also be observed on the hands, in particular the 

lateral faces, or the ends of the fingers, and the 
face. Sometimes the lesions are small and punc-
tiform, due to using fast-setting cement fired 
with a gun without wearing adequate protec-
tive clothing. Cement ulcers are painful, evolve 
slowly and heal within a few weeks leaving 

Fig. 6.15  Ulcerative irritant contact dermatitis due to chromic acid

Fig. 6.16  Ulcerative irritant contact dermatitis due to chromic acid
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scars. Treatment is by prolonged rinsing with 
running water and applying topical antibiotics.

Burns due to Alkalis. Burns due to alkali sub-
stances are generally more severe than those due 
to acids, and heal more slowly. Treatment relies 
on abundant rinsing except in cases of calcium 
oxide burns, that must be treated with oils and 
grease. For other types of burns, diluted acid 
solutions are advised, such as 2% lactic acid, 
0.5% hydrochloric acid and 3% boric acid. In 
lime burns, the removal of the particles left in 
the skin is recommended, followed by the appli-
cation of greasy substances (white vaseline).

Sequelae of Chemical Burns. These are gen-
erally antiesthetic due to the massive loss of 
tissue and consequent very evident, unavoid-
able scars. There is a short or long term poten-
tial risk of malignant degeneration. From the 
medico-legal standpoint, they must be regarded 
as complications.

6.4.4  Contact Hyperpigmentation

Various chemical substances can provoke hyper-
pigmentation by means of various mechanisms. 
Hyperchromia is more frequent in dark-skinned 

Fig. 6.17  Ulcerations due to chromic acid in electroplater

Fig. 6.18  Caustic burns on the lower legs due to contact 
with wet cement
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subjects, and the greater the epidermic damage 
the more severe the pigmentation (see Chap. 17).

Hyperchromia due to Occupational 
Intoxication. The most classic type of hyper-
chromia of an occupational nature is induced 
by arsenic intoxication, that manifests as pro-
nounced melanosis localized prevalently at the 
nape of the neck, the back, axillae, arms, breast 
and skin folds. In the initial phases arsenic pig-
mentation is reversible. The mechanism of 
action is well known: the arsenic penetrates the 
epidermis, binds with sulfhydryl radicals (-SR) 
and activates the transformation of tyrosine to 
DOPA. Inhalation or accidental ingestion of 
various chlorinated phenolic agents can provoke 
not only chloric acne but also melanin pigmen-
tation, localized mainly on the fingers and nails 
(melanonychia). The hyperchromia itself is gen-
erally localized, rarely generalized.

Phototoxic and Photoallergic Hyperchromia. 
Contact phototoxic reactions are followed by 

hyperchromic lesions. Such reactions are gener-
ally induced by sunlight boosted by the furocou-
marins contained in plants (see Chaps. 11 and 
17). The photoactive action of furocoumarins 
is linked to their capacity to absorb photons 
to form photoadducts with the DNA pyrimi-
dinic bases cytosine and thymine, especially 
through the coumarin ring 3–4 bonds and furane 
ring 4–5 bonds. This leads to the formation of 
short-lived high energy states whose dissipation 
causes cellular damage.

Hyperchromia as a Consequence of Contact 
Dermatitis. Hyperpigmentation associated 
with contact dermatitis can be due to incontin-
tia pigmenti, a melanin increase in the basal 
layer of the epidermis, or to a modest hem-
orrhage around the vessels of the superficial 
derma. It is related both to allergic eczema and 
irritant contact dermatitis. The hyperpigmenta-
tion can be induced by various allergens, the 
most frequently involved being optical whiten-
ers (pyrazolone-derivatives) in detergents, azoic 
dyes, and some components of cosmetics. The 
melanodermia may be the outcome of a previ-
ous eczema or else a primitive manifestation. 
Genetic susceptibility and the nature of the 
allergen are important factors in determining 
such reactions [123, 124]. Patch tests with the 
causal substance often evoke a pigmented type 
response. Histologically, degeneration of the 
basal layer and a perivascular “banded” dermic 
infiltrate without hemosiderinic deposits are 
evident. In the late phase the epidermis appears 
normal, with numerous melanophores in the 
superficial derma. Hyperpigmentation following 
irritant contact dermatitis has been demonstrated 
using sodium lauryl sulfate repeatedly applied 
on the forearms of Caucasian patients, provok-
ing hyperpigmentation due to melanocytes 
increases [125].

6.4.5  Contact Hypopigmentation

Various chemicals, such a catechols and phe-
nols, can induce a reduction or loss of skin pig-
mentation (see Chap. 17). This effect was first 
noted at the level of the hands and forearms in 

Fig. 6.19  Caustic burns on the lower legs due to contact 
with wet cement
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workers wearing rubber gloves containing hyd-
roquinone monobenzyl ether as an antioxidant 
(chemical leukoderma). The complaint can also 
be non occupational due to contact with rubber 
products. The depigmentation does not affect all 
exposed subjects, demonstrating the need for a 
genetic predisposition to bring on the disease 
[126]. Irritant contact dermatitis, like allergic 
contact dermatitis, can resolve leaving postin-
flammatory leukodermia: the edema hinders the 
transfer of melanosomes from melanocytes to 
keratinocytes. Secondary leukodermia is often 
observed as a consequence of burns induced by 
chemicals, in particular hydrofluoric acid, caus-
tic soda and phosphorus.

6.4.6  Folliculitis Due to Oils

Folliculitis due to oils is one of the multiple 
forms of exogenous acne, so-called “acne vene-
nata” [127]. The disease is most commonly due 
to exposure to industrial oils and frequently 
affects workers in the mechanical industry due 
to contact with cutting or grinding oils used to 
cool or lubricate industrial pieces. Oil-induced 
folliculitis is also due to contact with cosmet-
ics [128] or oils from fried fat fumes; the lat-
ter form, that affects cooking staff making 
hamburgers, is also known as “Mc Donald’s 
acne” [129].

The comedogenic action is due to a dual 
mechanism: mechanical occlusion of the folli-
cular ostium by oil or dirt, causing retention of 
glandular secretions, with an action stimulating 
keratogenesis, and a direct irritant mechanism 
of the hydrocarbons at the follicular level. In 
practice, the two pathogenic mechanisms over-
lap and integrate one another. In addition to the 
above mechanisms, the peculiar follicular tro-
pism of the lesions can also be due to an indirect 
mechanism deriving from elimination through 
the pilo-sebaceous apparatus, after the absorp-
tion of the chemical agent via inhalation and the 
gastroenteric tract. The first-described mecha-
nism is more frequent, and determines follicu-
litis due to mineral oils, asphalt, pitch, vaseline, 

and impure paraffins. The second, related to a 
pathogenic action by endogenous route, explains 
the morphological pictures of diffuse folliculitis 
due to hydrocarbons, of diffuse or spinulosus 
follicular hyperkeratosis [130].                                                       

This complaint more often affects sub-
jects with a seborrhoeic, hairy skin. The sites 
involved are those that most often come in 
contact or suffer friction with oils, greases, tar, 
malt, asphalt, pitch, or else clothing impregnated 
with these substances: the extensory and flexory 
faces of the forearms, extensory faces of the 
arms and thighs, and less frequently the backs 
of the hands, the face, upper trunk and legs. 
The lesions generally appear after a few weeks 
from contact with the culprit substance. Initially, 
modifications of the skin surface are evident: it 
appears dry and rough, with gradual atrophy of 
the hairs. Then comedons develop, mostly open 
and large, single or in clusters, together with fol-
liculitic lesions in the form of conic bumps the 
siz of grains of millet, that are red and congested 
at the borders and yellowish-grey in the center 
(Figs. 6.20, 6.21, 6.22, and 6.23). These mani-
festations may be accompanied by pseudocystic 
formations and melanosis and dyskeratosis, 
especially on the face, backs of the hands and 
extensory face of the forearms. The observation 
of simple or spinulosus follicular hyperkerato-
sis is rarer, but can be seen on exposed sites and 
the trunk, featuring punctiform follicular bumps 
without signs of inflammation. The complaint 
is normally pruriginous. Histological examina-
tion shows the following alterations: marked 
hyperkeratosis of the follicular ostium, corneal 
pseudocysts at the level of the piliferous fol-
licle, hyperplasia of the follicular invagination 
epithelium, dermic cellular infiltrates consist-
ing of lymphomonocytic, histiocytic, and fibro-
cytic cells. There is also evident hypotrophy of 
the sebaceous glands, that can be more or less 
intense depending on the severity of the lesions.

The evolution of folliculitis due to oils 
depends on the clinical-morphological type of 
the lesions. Follicular hyperkeratosis and folli-
culitis regress within a few weeks or less, once 
contact with the noxa has been eliminated. The 
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Fig. 6.20  Folliculitis by mineral oils in mechanic

Fig. 6.21  Folliculitis by mineral oils in mechanic



836 Irritant Contact Dermatitis

regression of papulo-nodular and pustolous fol-
liculitis and of pseudocystic lesions is much 
slower.

Treatment is based on the use of topical kera-
tolytics, azelaic and retinoic acid. Prevention is 
by means of proper individual hygiene (daily 
showering) and the use of suitable clothing, 
frequently washed. Folliculitis due to oils must 
be differentiated from acne volgaris, chloracne, 
drug-induced acneiform eruptions and contact 
dermatitis from fiberglass.

6.4.7  Subjective Reactions to Irritants

While contact allergy is subjectively character-
ized by pruritus, irritation can manifest as burn-
ing, stinging, or smarting, with no objective 
clinical signs. The latter subjective reactions 
can be immediate or delayed. In the former case 
the reaction appears quite quickly after expo-
sure (seconds or minutes) and resolves promptly 
with the removal (by washing) of the irritant. 
Few substances cause pain immediately, after 

a few seconds from contact with healthy skin. 
One example is the burning that follows rapidly 
after the use of non diluted ethanol (95%) on 
healthy skin (in particularly sensitive areas: the 
face, neck, genitals) of most exposed subjects. 
Immediate stinging can occur with strong caus-
tics, especially of an acid nature (trichloroacetic 
acid, hydrochloric acid, ascorbic, acetic, citric, 
sorbic and retinoic acid) (Table 6.14).

By contrast, delayed reactions develop after a 
few minutes from exposure and do not resolve 
immediately after the removal of the causal 
agent. In addition, they only affect predisposed 
subjects. By applying 5% aqueous lactic acid 
to the nasolabial fold after the induction of pro-
fuse sweating in a sauna, a panel of subjects 
can be screened for “stingers” [131]. Stinging 
is scored on an intensity scale ranging from 0 
to 3 (severe) at 10 s, 2.5 min, 5 min and 8 min. 
A subject is considered to be a “stinger” if he 
elicits strong discomfort (3+) after between 2.5 
and 8 min. Substances with a mean score of 
0.4–1.0 are arbitrarily labeled as having a slight 
stinging potential, those between 1.1 and 2.0 as 

Fig. 6.22  Comedones by mineral oils in mechanic
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moderately stinging, and between 2.1 and 3.0 as 
severely stinging.

Using this method and some variations 
thereof [132], it is possible to assess the subjec-
tive tolerance to cosmetics and topical drugs. At 
the level of the face, the eyelids, in particular, 
seem to be the most sensitive (in fact, the tol-
erance of eye-shadows must be tested). Stinger 
subjects have a strong susceptibility to various 
irritants and a history of “sensitive” skin often 
reacting to cosmetic products. They also usually 
have generalized dry skin in wintertime, while 
subjects with a stronger stinging sensation have 
a history of atopic dermatitis.

The subjective pathogenic mechanism is 
not well known, although of course it involves 
the nerve endings. The threshold is lower on 
the face, especially the cheeks and nose-genius 
furrows, due to the greater presence of hair fol-
licles with abundant surrounding nerve endings. 
No determinant role is played by skin color or 

Fig. 6.23  Comedones by mineral oils in mechanic

Table 6.14  Agents causing subjective skin stinging

Immediate stinging
            Chloroform
            Ethanol
            Hydrochloric, trichlorocetic acids
            Ascorbic, acetic, citric, sorbic acids
            Retinoid acid
Delayed stinging
            Salicylic acid
            Resorcinol
            Sodium carbonate
            Propylene glycol
            Phosphoric acid
            Aluminum chloride
            Propylene glycol diacetate
            Benzoyl peroxide
            Dimethyl acetamide
            Dimethyl formamide
            Dimethyl sulphoxide
            Crude coal tar
            Lactic acid
            Sodium hydroxide
            Hydrochloric acid
            Amyldimethyl-p-aminobenzoic acid
            2-Ethoxyethyl-p-methoxy cinnamate
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gender, although the phenomenon is less fre-
quent in black-skinned subjects, while the main 
factor is individual predisposition [133].

The phenomenon can only be quanti-
fied visually or by measuring the TEWL and 
increase in blood flow by the laser Doppler 
technique. When irritant reactions are assessed 
only visually without the use of bioengineer-
ing equipment, little or nor evident differences 
are observed between stingers and non stingers 
[131]. With dimethylsulfoxide, methyl nico-
tinate and cinnamic aldehyde, there was no 
difference in the response between stingers and 
non stingers, whereas for benzoic acid and trans 
cinnamic acid, both the intensity and the spread 
of the erythema were greater among the stingers.

Some factors influence subjective delayed 
irritation [131]: the burning increases with 
sweating and after exposure to the sun, tape 
stripping or chemical irritation due to deter-
gents; the intensity is proportional to the 
concentration and frequency of use of the con-
tactant. The vehicle plays an important role: 
solutions in ethanol or propylene glycol are 
more active than fatty ointments. After the 

nose-genius furrows and cheeks, the sites where 
the phenomenon is most intense are, in decreas-
ing order, the neck, retroauricular region, and 
forehead, while the scalp, back and arms are not 
reactive areas.

In conclusion, stinging phenomena undoubt-
edly exist, even if the mechanism is poorly 
understood. It causes discomfort in susceptible 
subjects, who tend to discontinue the use of the 
cosmetics or topical medicaments prescribed by 
the dermatologist [3].

6.5  Diagnosis

Irritant contact dermatitis is a very common 
event, considered in all statistics to be more 
common than allergic contact dermatitis. 
Nevertheless, the diagnostic criteria of irritant 
contact dermatitis are rarely reported or dis-
cussed, and the tendency to make a diagnosis of 
irritant contact dermatitis on the basis of nega-
tive patch tests is clearly unacceptable.

In general, the diagnosis of contact irri-
tation seems to pose less difficulties in the 

Table 6.15  Criteria for diagnosing irritant contact dermatitis (modified from [136])

Subjective Criteria
A. Major
1. Onset of symptoms minutes or hours after exposure
2. Pain, burning and stinging more prevalent than pruritus, in particular in the initial phases of the dermatitis
B. Minor
1. Onset of the dermatitis in the course of 2 weeks after the exposure. This point may emerge only in cases of rela-
tively new or special irritants, but is difficult in cases of ubiquitous substances
2. Many of the exposed subjects are affected. Naturally, this fact must by directly verified by the physician not taken 
on trust as recounted by the patient
Objective Criteria
A. Major
1. Erythema, hyperkeratosis or fissuration more predominant than vesiculation. In cases of dermatitis due to strong 
irritants, however, vesicles may be present together with blisters. Vesiculation in small elements uniformly distributed 
all over the involved area suggests allergic contact dermatitis. Vesicles mixed with blisters can be evident also in 
cases of contact allergy to particular substances such as NSAIDs and sulfamide
2. The damaged skin appears pellucid and burnt
3. The healing process occurs without a “plateau” after the cessation of exposure
4. Patch tests are negative to all known environmental allergens
B. Minor
1. Clearcut limits of the dermatitis
2. Evidence of a gravitational effect, like dripping
3. No tendency of the dermatitis to spread. Of course, this fact can emerge only after patient observation over time
4. Vesicles mixed with erythema, ample erosions and blisters, depending on the concentration and time of contact 
with the irritant. See also point 1 of major objective criteria
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occupational field, where the conditions of 
exposure are normally under close control. 
When an epidemic of irritant contact dermati-
tis appeared, due to contact with diallyl-glycol 
carbonate, affecting 70% of the workers in an 
optical industry, the following diagnostic cri-
teria were established [134]: dermatitis in sites 
exposed to the contactant, lesions of erythema-
tous rather than vesicular type, burning more 
prevalent than pruritus, onset of the symptoms 
after 15–30 minutes from the contact, symptoms 
aggravated by cold water and soothed by warm 
water, and first exposure or repeated exposures 
within 14 days before the epidemic episode. 
In a comparable situation in workers at a blast 
furnace, the diagnostic criteria were [135]: fol-
licular lesions, reactions in covered sites, and 
in particular the thighs, where the irritant pen-
etrated through clothing, dust present every-
where at the workplace, highly alkaline material 
involved, poor hygiene and negative patch tests.

6.5.1  Clinical Diagnosis

According to Malten [8], the criteria that can 
suggest the diagnosis of skin irritation are as 

follows: the most susceptible sites are the eye-
lids, cheeks, forehead, lateral faces of the neck, 
flexory surfaces of the forearms, backs of the 
hands, internal faces of the thighs and anterior 
surface of the legs. The symptoms range from 
ragades of the hands and burning to diffuse der-
matitis with no signs of eruptive polymorphism. 
Patch tests are negative and the clinical history 
is negative for a preexisting dermatitis. The his-
tory suggests friction, exposure to wet work, 
soaps and detergents, organic or alkaline sol-
vents and/or a relative environmental humidity 
of less than 35%.

Because irritant contact dermatitis is gener-
ally the outcome of exposure to different con-
tactants, and can manifest with different clinical 
pictures, it is best to consider the diagnosis in 
the same way as in other multifactorial diseases. 
In agreement with other authors [136], the sub-
jective and objective diagnostic criteria can 
be subdivided into “major” and “minor”. The 
greater the number of criteria identified the more 
certain the specialist can be of the diagnosis of 
irritant contact dermatitis. Naturally, these crite-
ria (Table 6.15) are not needed if the onset of a 
dermatitis due to strong contactants is observed 
a few minutes after the contact, whereas they 
can be useful in subacute or chronic forms 
where the diagnosis is doubtful, or when a 
 medico-legal judgment is required.

6.5.2  Clinical Tests

In general, it is not easy to study the irritant 
potential of a given substance in the general 
population, and since there are many variables, 

Table 6.16  Reading scale of reactions to irritant 
substances

0     No signs of inflammation; normal skin
±     Barely perceptible erythema
1     Weak erythema
2      Modest erythema, possibly with scarse edema at the 

margins
3     Modest erythema with diffuse edema
4     Intense erythema and edema

Table 6.17  Morphologic characteristics of an irritant type reaction at patch tests reading

Erythema
Erythema and edema
Cigarette paper skin
Follicular papules
Petechiae
Pustules and papulo-pustules
Blisters
“Border effect” (or “ring”) (more intense erythematous or erythemato-edematous, or erythemato-bullous reaction 
present only at the edge of the test area, due to a greater concentration of the contactant in that site)
Necrosis
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and responses to several different irritants may 
not be correlated, it must be acknowledged that 
it is not possible to predict the reactivity to an 
irritant on the basis of reactivity to a different 
irritant. Even today, we still have no standard 
method for use in humans to study the irritant 
power of a substance, and the various experi-
mental models proposed up to now have not 
gained universal acceptance.

Patch Tests. The patch test method usually 
involves a single application of the test sub-
stance. The most common sites are high on 
the back or on the external surface of the arm. 
Exposure time is 4 hours but may range, accord-
ing to the substance, from 20 minutes-1 hour 
up to 48 hours. Readings are made after 20 
minutes-1 hour, 24 and 48 hours from removal 
of the patch. No standardized scale is available 
for reading and interpreting the reactions, being 
generally limited to considering erythema and 
edema; the scale shown in table 6.16 could be 
integrated with a similar score range for desqua-
mation, blisters, follicular papules and necrosis. 
When reading patch tests, differential diagno-
sis must be made between irritant and allergic 
reactions. An irritant type reaction is character-
ized by different structure types (Table 6.17) 
with various characteristics (Table 6.18), also 
depending on the contact with the different irri-
tants (Table 6.19). It is not always possible to 
differentiate accurately between allergic and 
irritant type reactions on the basis of the mor-
phology. However, in general a rapidly declin-
ing response within 48 and 96 hours is most 
likely a reaction of irritant type. Pustulous type 

responses can be observed in particular in atopic 
subjects tested with metals. A response featuring 
a greater reaction at the borders of the test sur-
face than in the center (“border effect”) is con-
sidered to be of irritant type, is more often due 
to liquids and resolves rapidly after removal of 
the patch [137].

Other Tests. The open test is frequently 
employed for products or single chemical sub-
stances with a suspected irritant action before 
going on to perform the standard patch test. The 
substance is applied on a specific skin zone with 
no occlusion. The application can be repeated 
twice a day for two or more days without wash-
ing the test zone. The reading and interpretation 
of the responses is the same as for patch tests. 
The site recommended for an open test is the 
external face of the arm, but the high part of the 
back is also commonly used.

Cumulative irritation due to weak irritants, 
as occurs spontaneously, can also be obtained 
in various ways: by repeated applications of the 
patch test, the use test (test material spread daily 
on the same site, in general the flexory face of 
the forearm), skin “washing” procedures or 
“immersion” of the hands and forearms. The test 
times depend on the method employed.

To study skin toxicity, in order to quantify 
the irritant type response, non invasive methods 
are used nowadays: evaporimetry to measure 
the transepidermic water loss (TEWL) and laser 
Doppler flowmetry to study blood flow. Both 
techniques are highly sensitive and the meas-
urements are rapidly obtained (within minutes) 
without damaging the skin or needing to do a 

Table 6.18  Morphological 
characteristics of an irritant 
type reaction when reading 
patch tests

Homogeneous structure of the test area
Clearcut margins of reactions in most cases
Reduced intensity and size of response in the days after the readings at 48 hours
Regression of the reaction in 2–3 days

Table 6.19  Morphology of irritant type reactions according to the different irritants and skin types

Detergents: pinkish erythema (“soap effect”)
Shampoo: erythema and edema
Strong irritants: blisters
Metals (nickel, chromium): papulo-pustules (isolated or confluent, often at follicular sites, amicrobic) especially 
frequent in atopics or on skin already affected by dermatitis
Cobalt: punctiform petechiae
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biopsy. They can be performed simultaneously, 
also in order to differentiate an allergic from 
an irritant reaction, obviously in cases of weak 
reactions (only weak intensity erythema, that is 
not in itself discriminant). In most reactions of 
irritant type there is a relative rise in TEWL, 
with little or no alteration of the blood flow. In 
cases of weak allergic reactions, vice versa, a 
normal TEWL is seen together with a relative 
increase in blood flow. Another non invasive 
method that is becoming increasingly popular is 
colorimetry [138] (see Chap. 25).

6.6  Treatment and Prognosis

A fundamental aspect underlying the treatment 
of irritant contact dermatitis is, of course, avoid-
ing the irrritants. In particular in occupational 
settings, technical measures need to be adopted 
(changing harmful substances, adopting closed 
work cycles), as well as individual protection 
(gloves, suitable overalls, protective creams) 
and, when necessary the worker must be kept 
away from the work place until the skin barrier 
has completely recovered, which may take a 
long time, especially if he suffers from cumula-
tive irritant contact dermatitis [1].

The use of topical corticosteroids is accepted, 
albeit for brief periods. Other therapeutic 
options are topical tars and phototherapy (ultra-
violet B or psoralen plus ultraviolet A). In 
cases of chronic contact irritation of the hands, 
radiation may be indicated [139]. Any bacterial 
superinfection must be treated with topical or 
systemic antibiotics (see Chap. 26).

The prognosis of acute irritant contact derma-
titis is good if the irritant contactant is avoided. 
That of cumulative irritant dermatitis, instead, 
has a doubtful prognosis. According to some 
authors, in both occupational and non occupa-
tional settings the prognosis of irritant contact 
dermatitis and allergic contact dermatitis is simi-
lar, and changing the job does not change the 
course of the disease [140]. According to others, 
instead, patients with irritant contact dermatitis 
have a poorer prognosis than those with allergic 
contact dermatitis [141]. This is because in the 
case of contact allergy the causal agent is known 

and can be avoided, whereas that of irritation 
is often unknown. One of the factors causing a 
poor prognosis of irritant contact dermatitis is 
the presence of atopic dermatitis [142].

6.7  Prevention

Bearing in mind the high incidence of irritant 
contact dermatitis, some prevention rules must 
be recognized as very important. First of all, 
adequate instruction on health and safety regula-
tions at the work place is essential. The primary, 
secondary and tertiary rules of prevention must 
therefore be properly established [143–145]. In 
this setting, a multidimensional approach has 
been proposed, with eight basic elements of pre-
vention planning: recognition of potential skin 
irritants and allergens, engineering controls or 
chemical substitution, personal protection with 
appropriate clothes or protective creams, per-
sonal and environmental hygiene, regulation of 
potential allergens and irritants within the work-
place, educational rules for prevention, motiva-
tional techniques to ensure safe work conditions, 
and pre-employment and periodic health screen-
ing [143].

In addition to technical measures, focused on 
the risks associated with contact with specific 
substances at work, and noninvasive bioengineer-
ing techniques [1, 146], the use of suitable, well-
fitting and irritant-resistant protective gloves and 
clothing is essential. The selection of gloves for 
the specific working situation must be appropri-
ate [147–149]. Finally, the periodical use of skin-
care products is essential, ensuring pre-exposure 
protection by using protective creams, removing 
irritants with mild cleaning agents, and enhanc-
ing the barrier function using emollients and 
moisturizers [150] (see Chap. 27).
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susceptible to sensitization to one substance pre-
sented low or no sensitization to other substances 
[4, 5]. Subsequent studies revealed that individual 
susceptibility occurs by a non-antigen-specific 
amplification of immune sensitization [6].

Studies of the reactivity to DNCB and tubercu-
lin conducted in twins did not show differences in 
the concordance rate for dizygotic and monozy-
gotic twins [7]. A study of nickel allergy in twins 
demonstrated a possible genetic influence on con-
tact sensitization [8]. The various studies of HLA 
genes in contact sensitization did not identify 
any particular pattern [9], although this does not 
exclude the importance of genetic factors.

In short, it seems that some subjects are 
genetically more prone to sensitization to envi-
ronmental allergens than others, even if the total 
number of sensitized individuals in a population 
depends on the degree of skin exposure [10].

In clinical patch test studies, the number of 
sensitized people is generally higher among 
women than men [11], although a study of sen-
sitization to DNCB showed a greater susceptibil-
ity among men than women [12]. Instead, other 
studies conducted with para substances (p-amino-
diphenylamine and isopropyl-p-diphenylamine) 
demonstrated a significantly greater sensitization 
among women, likely due to their more frequent 
contact with para substances [13]. In another 
study, an increased reactivity to challenge with 
DNCB was reported in DNCB-sensitized women 
as compared to DNCB-sensitized men [14].

© Springer Nature Switzerland AG 2021 
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Allergic contact dermatitis is an inflammatory 
skin process that develops owing to a delayed 
type cell-mediated sensitization to contact with 
exogenous agents, as a result of the intervention 
of various pathogenic cofactors. It is essentially 
localized at the site of exposure to the noxa, and 
is accompanied by variable pruritus, and often 
recurrence. It can be occupational or non occu-
pational. In terms of frequency, among the vari-
ous forms of contact dermatitis, allergic contact 
dermatits is in second place, after irritant contact 
dermatitis [1–3].

7.1  Predisposition to Contact 
Sensitization

Experimental studies of human sensitization 
with p-nitroso-dimethylaniline (NDMA) and 
2,4-dinitrochlorobenzene (DNCB) demonstrated 
a variable individual susceptibility to contact sen-
sitization, and also that people who were highly 
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However, other authors did not find relevant 
difference in the two different phases of the 
menstrual cycle [23, 24]. Some experimental 
data indicate that, in vitro, oestrogens can affect 
the immune system, by inhibiting all-mediated 
hypersensivity reactions, probably acting indi-
rectly on cells with a regulatory function in 
 cell-mediated immunity [26, 27].

To investigate any inhibitory effect of the 
ovulatory phase of the menstrual cycle on con-
tact sensitization, we enrolled 30 fertile women, 
allergic to nickel and with a regular men-
strual cycle lasting between 25 and 32 days 
[28]. Patch tests were performed with 10 serial 
aqueous dilutions of nickel sulfate, from 5 to 
0.0013%. The 30 women were tested at 2 dif-
ferent times, in the ovulatory phase (demon-
strated by transvaginal ultrasound) and the 
progestinic phase; they were subdivided into 
2 groups of 15 women. In one group, the tests 
were made first in the ovulatory phase, and in 
the other, first in the progestinic phase of the 
menstrual cycle. There was a minimum inter-
val of 5 weeks between the 2 test phases. The 
study showed that during ovulation the patch 
tests elicited significantly less intense responses 
than in the progestinic phase [28]. On the basis 
of our findings, it can be concluded that in clini-
cal practice, in fertile women it is possible to 
observe a recurrence or exacerbation of aller-
gic contact dermatitis during the premenstrual 
phase, and that, as also reported in other stud-
ies, delayed type immunological responses are 
lower or temporarily absent during the ovula-
tory phase. For this reason, negative responses 
to patch tests executed in this phase could likely 
be false-negatives and after careful evaluation 
of the phenomenon, the clinical condition and 
patient’s history, it may be considered advisable 
to repeat the tests during the progestinic phase 
of the menstrual cycle.

The pattern of exposure to environmental 
allergens varies according to age. In children 
the most common allergens are thimerosal, fra-
grance mix, and Kathon CG [29] and, in the 
USA, poison ivy and oak. Young people are 

The female preponderance in clinical patch 
test studies is linked to sensitization to nickel 
and cobalt, that is more common in women due 
to pierced ears. Nevertheless, the frequency of 
nickel allergy in men with pierced ears is lower 
than in women [15].

As regards the influence of sex hormones on 
the induction of contact dermatitis, data in lit-
erature have demonstrated the following find-
ings. The skin seems to be more prone to contact 
irritation during the premenstrual phase, as 
shown by a more intense response to patch test 
with sodium lauryl sulfate in this phase as com-
pared with the follicular phase of the cycle; this 
greater irritability could be partly due to a lower 
efficacy of the skin barrier [16–19].

In any case, only few studies have been 
conducted on the role of the menstrual cyle in 
patients suffering from contact sensitization, and 
the results obtained are contradictory [20–25]. 
The first report in the literature was that of a 
woman who was patch tested twice by accident, 
at different times of the menstrual cycle. The 
first test, performed in the premenstrual phase, 
elicited a positive reaction to fragrance mix, 
whereas the second, in the follicular phase, did 
not confirm these findings [20]. Another case 
was reported in the same article, of a woman 
whose allergic contact dermatitis to her watch-
case was only clinically evident during the pre-
menstrual phase. Patch testing to nickel was 
positive in this phase, but negative when per-
formed at about the 10th day of the cycle [20].

Hindsén and Coll. [22] applied patch tests with 
10 serial dilutions of nickel sulfate in 30 women 
with nickel allergy; the tests were repeated 4 
times in each patient, at intervals ranging from 
2 to 2.5 months. At each of the 4 patch test 
applications, the women provided informa-
tion about the regularity of the cycle and the 
exact day menstruation had started; the results 
of the research showed a significant increase in 
the reactions to nickel (expressed as a reduc-
tion in the concentration required to elicit a 
reaction) during the days immediately before 
menstruation.
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more exposed to nickel, cosmetics and industrial 
chemicals, while the elderly more commonly 
develop contact allergy to topical medicaments 
(apart from reactions of purely historic inter-
est linked to contact allergies that started many 
years before). The prevalence of contact allergy 
should, in any case, increase with age.

In a study made in 1966, black-skinned 
 people were shown to be less susceptible to 
contact allergy to poison ivy and DNCB than 
white-skinned [30].

An important factor determining contact 
sensitization is regional variation: the barrier 
action varies from one region to another, as 
demonstrated by differences in TEWL values 
[31], and also there are different possibilities of 
penetration of the various allergens. Occlusion 
and traumatized skin promote penetration, as 
occurs in cases of stasis dermatitis, for example. 
As is well known, reactivity to patch tests var-
ies according to the site: reactions are more pro-
nounced on the back than the arms and thighs, 
which is why the upper back is the recom-
mended site for routine patch testing.

7.2  Medical Clinical History

A family history of contact dermatitis has only 
a relative importance. For more detail about the 
relation between atopy and contact sensitization 
the reader should refer to Chap. 19. It is fairly 
infrequent for a patient to have a family history 
of contact allergy. Although there seems to be a 
significant relation in twins with nickel allergy, 
hereditary factors are undoubtedly less impor-
tant than environmental factors. In cases of dif-
ficulty in making a differential diagnosis with 
psoriasis, instead, a family history of psoriasis 
may be important. In any case, lesions at pal-
mar level can feature hyperkeratotic lesions and 
these conditions can be exacerbated by physical 
trauma.

The patient’s general medical history may be 
particularly important. To make a diagnosis of 
systemic contact dermatitis, the complete his-
tory of all drugs taken needs to be ascertained. 

In fact, sensitization to a drug can give rise to a 
symmetrical dermatitis when the same drug, or 
one with a chemical affinity, is taken orally, or 
injected. The same applies in some cases of con-
tact photodermatitis.

A history of a previous allergic contact der-
matitis to nickel, fragrances or topical medica-
ments, for example, could justify the suspicion 
of some contact with the same hapten that went 
unnoticed, when the physician is faced with an 
otherwise unexplained eruption clearly due to 
contact. A history of a previous eczema in the 
sites of leg ulcers can raise the suspicion that 
topical medicaments could be the culprits of a 
dermatitis in those sites or elsewhere.

Owing to the long clinical course that gener-
ally characterizes contact dermatitis, the precise 
time of onset is not usually useful for the pur-
poses of the final diagnosis. Instead, if the der-
matitis is of very recent origin, the cause may 
be established by a close medical history prob-
ing contacts in the days preceding the eruption, 
including occupational and non occupational 
contacts in the home or connected to hobbies.

In cases of chronic contact dermatitis, the 
medical history should take into account con-
tactants that could be related to an exacerbation 
of the dermatitis, that may be acute (the patient 
may be able to report all the types of exposure 
occurring in the previous days) or seasonal. 
In cases of photoexposure, the patient needs to 
clearly understand that ultraviolet rays can irra-
diate even through window glass, both in the car 
and through thin clothing. On the other hand, 
the patient should also know that an excerba-
tion during outdoor activities is not necessarily 
linked to exposure to the sun but may be due 
to airborne irritants and allergens present in 
the environment (dust particles, aerosols, plant 
material) [32, 33].

For the purposes of differential diagnosis 
with irritant contact dermatitis, information 
about the course of the disease is important: 
allergic contact dermatitis usually recurs imme-
diately after re-exposure to the causal agent, 
whereas contact irritation tends to recur more 
slowly [34].
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7.3  Clinical Features

Pruritus is the essential subjective symptom 
characterizing allergic contact dermatitis. The 
onset is immediate, already on the first day, 
whereas the intensity can vary remarkably, 
depending on individual factors and the extent 
of the dermatitis. Apart from some exceptions, 
burning, pricking and pain suggest contact 
irritation.

7.3.1  Objective Symptoms

The morphological picture of allergic contact 
dermatitis features a remarkable polymorphism 
as regards the clinical signs, type of eruption 
and evolution. There are many reasons for the 
different clinical variants. They can depend on 
individual susceptibility, the evolutionary phase 
of the disease, the type of hapten (particular 
substances can give rise to pathognomonic clini-
cal pictures), the type of exposure (direct, cir-
cumscribed or diffuse contact, airborne contact 
in cases of haptens that are widespread in the 
environment), route of exposure to the hapten 
(cutaneous or systemic), degree of sensitization, 
anatomo-physiologic characteristics of the skin 
sites involved. Even subjective differences in 
pruritus and hence different amounts of scratch-
ing, as well as a possible simultaneous irritant 
activity of the noxa, environmental factors (UV 

rays, humidity, temperature), and systemic and 
above all topical treatments in progress can con-
tribute to the clinical polymorphism (Table 7.1). 
All these concauses can explain the existence of 
eczematous and noneczematous forms of con-
tact allergy.

The objective manifestations of classic aller-
gic contact dermatitis are polymorphic lesions 
(eruptive polymorphism) that differ according 
to the clinical phase of the disease (evolutionary 
polymorphism) (Table 7.2).

7.3.2  Acute Contact Dermatitis

Acute contact dermatitis manifests with erythe-
mato-edemato-vesicular lesions (Figs. 7.1, 7.2, 

Table 7.1  Factors contributing to the peculiar clinical polymorphism of allergic contact dermatitis

Eruptive polymorphism (various elementary lesions)
Evolving polymorphism (various clinical phases)
Individual susceptibility
Type of substance involved
Type of exposure to the noxa (direct skin contact, circumscribed or diffuse, or airborne)
Route of expsoure to the noxa (cutaneous or systemic)
Patient’s degree of sensitization
Anatomo-physiological characteristics of the skin site involved
Subjectivity to pruritus and hence amount of scratching
Possible simultaneous irritant activity of the noxa
Environmental factors (UV rays, temperature, humidity)
Systemic and above all topical treatment administered

Preexisting dermatitis on which contact allergy developed

Table 7.2  Objective signs of allergic contact dermatitis 
depending on the clinical phase

Acute phase Erythema with blurred 
borders
Edema
Vesiculation
Exudation

Subacute phase Serum-hematic scabs
Dandruff desquamation
Erythema (attenuated)

Chronic phase Accentuated skin folds
Infiltration
Hyperkeratosis
Fissuring

Erythema (attenuated)
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7.3, 7.4, and 7.5). The erythema is pinkish-red 
or bright red and diffuse or, less frequently, 
appears as circumscribed patches; blurred 
margins against the healthy surrounding skin 
are characteristic. The intensity of the edema 
varies (Figs. 7.6, and 7.7), being particularly 

evident in cases of dermatitis of the face 
(eyelids, lips), hands, feet, forearms, legs and 
genitals.

After the erythema and edema, some hours 
later vesiculation develops. The vesicles are 
minute, punctiform (the size of pinheads), barely 

Fig. 7.1  Acute allergic contact dermatitis due to colophony in adhesive plaster (Reproduced by Meneghini and 
Angelini [1])

Fig. 7.2  Acute allergic contact dermatitis
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Fig. 7.3  Acute allergic contact dermatitis

Fig. 7.4  Acute exudative allergic contact dermatitis

raised, translucid and have a pale serous content. 
They are typically in clusters and short lasting: 
because they are superficial as compared to the 
more distal epidermal layers and itchy, causing 
scratching, they tend to rupture giving rise to 
confluent, exudative erosions.

Allergic contact dermatitis linked to some 
particular haptens (sulfamide, NSAIDs) can 
also present with bullae that are again super-
ficial (intraepidermic), with a pale serous 
content.
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Fig. 7.5  Erosions in acute allergic contact dermatitis (Reproduced by Meneghini and Angelini [1])

Fig. 7.6  Allergic contact dermatitis with intense edema 
of the eyelids by paraphenylenediamine in hair dyes

Fig. 7.7  Allergic contact dermatitis with intense edema 
of the eyelids due to eyewash
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7.3.3  Subacute Contact Dermatitis

In the subacute phase, punctiform scabs appear, 
that are friable and non adherent, with desqua-
mation forming small dandruff-like lamellae 
(Figs. 7.8, 7.9, 7.10, 7.11, and 7.12).

The erythema and exudation decline. Owing 
to superimposition of the two evolutionary 
phases the clinical aspects are polymorphic and 
differ according to the site. The regression of 
eczematous manifestations occurs as the ery-
thema subsides, exudation ends and a gradual 
reduction of the desquamation occurs.

7.3.4  Chronic Contact Dermatitis

If exposure to the noxa persists the disease 
will enter the chronic phase. Hyperplasia of 
the epidermic layers and infiltrative plaques 
(lichenified eczema) will appear, with possi-
ble hyperkeratosis and ragades. The erythema 
reduces, the vesiculation and exudation disap-
pear and the margins of the lesions become 
more clearcut (Figs. 7.13, and 7.14).

In cases of frequent recurrence, intense ery-
thema, vesiculation, exudation and serohematic 
scabs can reappear on the lichenified lesions. 

Fig. 7.8  Subacute allergic contact dermatitis
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In clinical practice, therefore, it is common to 
observe a combination of the three phases, per-
haps with one prevailing over the others.

7.4  Clinical-Morphologic Varieties 
(Table 7.3)

7.4.1  Lichenified Eczema

The persistence of exposure to the culprit sub-
stance and continued scratching and rubbing of 
the lesions can cause the dermatitis to become 
chronic, taking on the appearance of a lichen 
simplex dermatitis. The picture includes raised, 
infiltrative, very pruriginous patches with 
clearcut margins, that can range in color from 
dark red through greyish to purple. The skin 
folds are strongy accentuated and the lesions are 
figured, featuring squares, rectangles, or small 
irregular lozenges. On the surface of the raised 
patches there are hyperkeratosis and  excoriations 
due to scratching, and so scabbing.

Allergic lichenified eczema can be dif-
ferentiated from lichen simplex by the 
 presence of symmetrical patches character-
ized by prevalent peripheral papulo-vesicular 
lesions. The involvement of particular sites 
is also characteristic, suggesting allergizing 

Fig. 7.9  Subacute allergic contact dermatitis

Fig. 7.10  Subacute allergic contact dermatitis



102 C. Foti et al.

Fig. 7.11  Subacute allergic contact dermatitis (Reproduced by Meneghini and Angelini [1])

Fig. 7.12  Subacute allergic contact dermatitis
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contacts (posterior region of the neck due 
to nickel sensitization to necklace hooks, 
or shampoo additives; arches of the feet 
due to allergy to chromium or shoe dyes; 
antero-lateral face of the thighs due to sen-
sitization to phosphorus sesquisulfide in 
matches or other objects carried in the trouser  
pockets).

7.4.2  Hyperkeratotic Eczema

This clinical variant affects the palmar and plan-
tar regions. The clinical picture features marked 
hyperkeratosis with deep ragade-like splitting 
of the skin. There is nearly always also nail 

dystrophy. The dermatitis can affect a part or the 
entire palmar or plantar surface.

This picture shows a chronic, particularly refrac-
tory course, and may not be preceded by a vesicular 
phase. The irregular, blurred margins of the patches, 
the pruritus, evolution as recurrent ‘poussées’ and 
improvement if the harmful contact is removed, 
as well as any presence of eczematous lesions in 
other sites, can be helpful in the differential diag-
nosis with psoriasis or palmo-plantar ringworm. 
Differential diagnosis with irritant hperkeratotic 
dermatitis can be clarified by patch testing.

Hyperkeratotic allergic palmar eczema is not 
infrequently observed in dentists. Contact with 
vegetables (tulip bulbs, garlic) and epoxy resins 
can induce the same picture.

Fig. 7.13  Chronic allergic contact dermatitis
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7.4.3  Nummular (Discoid) Contact 
Dermatitis

Allergic contact dermatitis can also present 
with a picture of nummular, or discoid eczema 
(Figs. 7.15, 7.16, and 7.17) [35, 36]. Unlike 
forms of endogenous origin, that are gener-
ally diffuse, nummular contact eczema mainly 
affects the backs of the hands and the forearms. 

The lesions are of various sizes, ranging from 
1 to 5 cm, and have clearcut margins; they are 
raised, papulo-vesicular and scabbed.

The course of the disease is chronic and 
recurring and it features intense pruritus. It is 
not caused by any haptens in particular, although 
in rare cases it can be linked to nickel allergy 
[35].

7.4.4  Eczema Prurigo

Allergic contact dermatitis of eczema prurigo 
type was described by Meneghini [1, 37, 38]. 
It is observed above all in builders, known as 
“cement scabies”, in nickel-workers, and those 
handling epoxy resins and phenol-formaldehyde 
products, as well as those exposed to hyacinth 
bulbs (“hyacinth itch”). It usually affects elderly 
subjects with an emotional, neurotic tempera-
ment. A warm, damp climate, overheated envi-
ronments and intense sweating seem to be 
favoring factors.

The initial objective lesions are quite mild, 
of erythemato-papulo-vesicular type and punc-
tiform (Fig. 7.18), but the morphological picture 

Fig. 7.14  Chronic allergic contact dermatitis

Table 7.3  Clinical-morphologic varieties of allergic 
contact dermatitis

Lichenified eczema
Hyperkeratotic eczema
Nummular (discoid) contact dermatitis
Eczema prurigo
Nodular prurigo
Airborne allergic contact dermatitis
Fingertip eczema
Secondary infected contact dermatitis
Noneczematous contact dermatitis
Chemical eczematous lymphangitis
Eczema of the nails
Systemic contact dermatitis

Pigmented contact dermatitis
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is soon complicated by scratching, that causes 
abrasions and serohematic scabs (Fig. 7.19). The 
dermatitis is widespread, with bilateral sym-
metrical involvement of the limbs (above all the 
arms, at the elbow folds) and the trunk, not nec-
essarily preceded by a primary localization on 
the hands or forearms.

The complaint, that sometimes acquires the 
clinical aspects of adult prurigo simplex, and 
also mimics the objective signs of scabies, 
progressively becomes polymorphic, featur-
ing different elements according to the various 
stages of evolution: papules, blisters, abrasions, 
exudation, scabs, lamellar or dandruff-like 
desquamation, lichenification. Bacterial com-
plications frequently ensue, with lymph node 
involvement.

7.4.5  Prurigo Nodularis

Positive patch test results related to both occu-
pational and non occupational exposure are 

obtained in 78% of subjects with prurigo nodu-
laris. Avoidance of the hapten yields an evident 
improvement of the dermatitis [39].

Apart from cases of contact allergy in subjects 
with prurigo nodularis, generallly linked to topical 
medicaments used to treat the dermatitis, in some 
subjects with allergic contact dermatitis that started 
with leg ulcers, we have observed idic manifesta-
tions of prurigo nodularis type (Fig. 7.20).

7.4.6  Airborne Allergic Contact 
Dermatitis

The clinical symptoms of airborne allergic con-
tact dermatitis are those of common allergic 
contact dermatitis. It has a peculiar localization, 
the most commonly affected sites being those 
exposed to the air: face, décolleté, neck, hands, 
forearms, and legs in women. On the face, the 
dermatitis particularly affects the eyelids, some-
times featuring intense edema. The conjunctiva 
are also often involved (see Chap. 11).

Fig. 7.15  Nummular allergic contact dermatitis by chromium
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In such cases differential diagnosis must 
be made with allergic contact photodermatitis, 
although in the latter the ‘shaded’ areas typically 
involved, like the triangle under the chin, poste-
rior face of the neck, retroauricular regions and 
scalp, are spared. In cases of airborne contact 
allergy, moreover, the margins of the dermatitis 
are blurred rather than clearcut like they are in 
photodermatitis.

In cases where solid particles (dusts, resins) 
penetrate or slip beneath clothing, the dermatitis 
also affects covered areas and especially the skin 
folds. In occupational settings, airborne allergic 
contact dermatitis is generally associated with 
direct contact dermatitis of the hands [32, 33]. 
A peculiar picture of airborne allergic contact 
dermatitis is diffuse, symmetrical exanthema 

primarily localized in the skin folds (axillae, 
popliteal and antecubital folds) and the internal 
face of the thighs (“baboon syndrome”) [40].

7.4.7  Dry Eczema of the Hands

The palms and flexory faces of the fingers, 
or only the latter, can present allergic con-
tact dermatitis as from the first contact, with 
poorly delimited patches of dry, finely scaling 
skin; this is sometimes associated with a weak 
underlying erythema. The dermatitis can also 
affect only the fingertips (“fingertip eczema”), 
that will appear grooved by small ragade-like 
fissures. This picture is quite often observed 
in housewives (Fig. 7.21), cooks and dental 
technicians, and can be difficult to differenti-
ate from cumulative irritant contact dermatitis. 
However, patch tests will show positive reac-
tions to nickel, chromium (Fig. 7.22) garlic and  
acrylates  [41].

7.4.8  Secondary Infected Contact 
Dermatitis

Although only infrequently, allergic contact 
eczema can become infected due to superim-
posed pyogenic, staphylococcal or streptococ-
cal germs. The clinical picture is complicated 
by pustules or cellulitis; in both cases the picture 
is associated with lymphangitis, and satellite 
lymphadenitis; fever and generalized malaise 
are common. The erythema underlying the con-
tact dermatitis is accentuated and a yellowish 
exudate appears, that collects in honey-colored 
scabs. This picture needs to be differenti-
ated from microbial eczema. Occasionally, a 
symptoms triad can be observed on the hands, 
consisting of eczema, lymphedema and lym-
phangitis. This follows recurrent streptococcal 
complications and repeated lymphatic involve-
ment. Over time, both the eczematous dermatitis 
and lymphedema become chronic and worsen 
at each subsequent lymphangitis episode. The 
edema is initially intermittent but becomes irre-
versible, extending to the forearms [42, 43].

Fig. 7.16  Nummular allergic contact dermatitis by 
sulfamide
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7.4.9  Chemical Eczematous 
Lymphangitis

The risk of penetration of harmful substances in 
the skin, that can provoke ‘chemical lymphangi-
tis’ must be borne in mind. This can be differen-
tiated from bacterial lymphangitis by the absence 
of systemic symptoms and adenopathy. Chemical 
lymphangitis can be the first sign of a contact 
allergy developing on a preexisting irritant contact 
dermatitis (Fig. 7.23). It can also follow allergic 
contact dermatitis (Figs. 7.24, and 7.25), albeit 
exceptionally, or yield a positive intradermic test, 
to metals for example (Figs. 7.26, and 7.27).

7.4.10  Eczema of the Nails

Allergic contact dermatitis of the fingers is often 
accompanied by nail involvement due to inflam-
mation of the nail matrix. The most common 
lesions of this onychopathy are cribbing and 

Fig. 7.17  Nummular allergic contact dermatitis by nickel

Fig. 7.18  Eczema prurigo: erythemato-papulo-vesicular 
lesions
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a rough surface of the nail, transverse grooves 
(the number of these may reflect the number 
of recurrences of the dermatitis), disappear-
ance of the lunula, subungual hyperkerato-
sis, distal and lateral onycholysis, and even a 
more or less complete, irreversible destruction 
of the nail. Allergic contact dermatitis from 
formaldehyde-based hardening resins in nail 
polish and acrylates used to build up artificial 
nails can cause severe damage to the nails, that 
may well be irreversible [44].

7.4.11  Consort and Connubial 
Dermatitis

Contact with rubber condoms can cause genital 
eczema in women. In males, contact dermatitis 

of the penis can develop due to contraceptive 
creams used by the partner.

Women can develop allergic contact dermati-
tis on the face due to contact with the partner’s 
aftershave lotion [45]. Fresh hairdye can induce 
sensitization in the other partner. This is the 
so-called ‘procured’ allergy phenomenon.

7.4.12  Miscellanea

All forms of noneczematous contact dermatitis 
[46] (see Chap. 10) and systemic contact der-
matitis [47–49] (see Chap. 13) must be added 
to the above clinical pictures. These forms 
can also be associated with classic eczema 
foci (that are generally superimposed on the 
dermatitis).

Fig. 7.19  Eczema prurigo: papules, abrasions and serohematic scabs
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7.5  Clinical Features in Specific 
Groups of Individuals

Particular groups of subjects can present some 
clinical peculiarities.

Allergic contact dermatitis is common in 
children [29, 50–52]. The sensitization pattern 
is the same as in adults (see Chap. 18). A com-
monly involved site is the feet, related to aller-
gens present in shoes or colored socks.

In the elderly, contact allergy is more often 
linked to topical medicaments [53]. The clinical 
picture is usually less inflammatory and exuda-
tive than in younger subjects, and desquamation 

is the most prominent aspect. Dry skin associ-
ated with the commonly poor moisturization in 
the elderly can cause a peculiar cracked eczema 
craquelé (asteatotic) with superficial breaks in 
the skin surface and modest erythema.

Black and dark-skinned individuals in 
 general can develop infiltration and hyper-
pigmentation, especially in cases of chronic 
contact dermatitis, to a much greater extent than 
 fair-skinned subjects. The dermatitis often takes 
on aspects of lichen simplex chronicus [54].

Subjects with atopic dermatits who then 
develop contact allergy often show worsening of 
the dermatitis, together with the superimposed 

Fig. 7.20  Allergic contact dermatitis on stasis eczema and idic eruption prurigo nodularis-like
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picture of allergic contact dermatitis. As regards 
the much debated question of a relation between 
atopy and contact sensitization, data in litera-
ture show that there is no difference between the 
proportion of atopic subjects developing contact 
allergy as compared to non atopic subjects [29, 
55] (see Chap. 19).

7.6  Clinical Features Associated 
with Specific Allergens

It is not usually easy to trace the substance that 
induced the allergic contact dermatitis based 
on the clinical-morphological picture, although 
some clinical patterns can indicate a particular 
group of substances, or even a specific allergen 
(Table 7.4).

Erythemato-Micropapulo-Vesicular Pattern. 
This is the pathognomonic pattern of allergic 
contact dermatitis due to nickel (Figs. 7.28, 
and 7.29). The pinhead-sized, or sometimes 
 millet-sized eruptions are pinkish, only slightly 
raised and scarcely exudative. These elements 
tend to remain isolated and are often located in 
follicular sites [1, 56, 57]. They can surround the 
starting focus, that features the classic aspects 

Fig. 7.21  Fingertip allergic eczema in housewive

Fig. 7.22  Dry allergic contact dermatitis of the palms to 
chromium
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of eczema, but are sometimes observed at a dis-
tance from it.

Erythemato-Papulo-Vesicular Pattern. This 
is pathognomonic to allergic contact derma-
titis to sulfamide (Figs. 7.30, 7.31, and 7.32). 
The  lesions appear at a distance from the start-
ing focus, are the size and shape of lentils, and 
intensely erythematous, fairly infiltrated and 
highly exudative. They tend to remain isolated 
[1, 58–62].

Erythemato-Bullous Pattern.  Palmo-plantar 
dyshidrotic eczema can present bullous 

lesions. Bullae can also be observed in cases 
of allergic contact photodermatitis to sulfa-
mide.  Non-steroid anti-inflammatory drugs 
(NSAIDs) for topical use nearly always induce 
 erythemato-vesico-bullous pictures (Fig. 7.33) 
[58, 59, 62].

Erythemato-Edematous Pattern. Allergic con-
tact photodermatitis to topical anti-histamines, 
especially with promethazine, is characterized 
by intensely erythemato-edematous lesions, 
while the exudative component is scarse or lack-
ing; bullae can exceptionally be observed. The 

Fig. 7.23  Chemical lymphangitis as sign of contact allergy on pre-existing irritant contact dermatitis of the hands
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affected skin is very smooth and shiny, and of 
a peculiar, homogeneous bright red or lilac hue 
(Fig. 7.34) [1, 58, 59, 61–63].

Erythema Multiforme-like Pattern. Various 
substances for topical but above all systemic 
use (see Chap. 10) can induce noneczematous 

contact dermatitis of erythema multiforme-like 
type (Fig. 7.35) [45, 59, 62]. The topical medic-
ament pathognomonically inducing this type of 
eruption alone is pyrrolnitrin. The lesions are 
firstly limited to the contact area but rapidly 
spread away, sometimes over the entire skin 

Fig. 7.24  Chemical lymphangitis starting from allergic contact dermatitis of the hands

Fig. 7.25  Chemical lymphangitis of the legs starting from allergic contact dermatitis to mercaptobenzothiazole in 
elastic of pants
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surface. Cockade lesions, isolated or confluent, 
feature little exudation [64, 65].

Streaked Pattern. Linear contact dermatitis in 
exposed sites is linked in particular to chemical 
agents (caustics, bergamot essence, plants) or 
biotic (Coelenterates) irritant or phototoxic sub-
stances [63, 66].

Some plants, like poison ivy and oak [67] and 
Ficus carica [68, 69] can induce linear variously 
figured erythemato-vesico-bullous lesions due 
to an allergic mechanism. Resolution of the der-
matitis is followed by marked hyperchromia that 
can last some months.

Contact Pattern. In many cases the allergic 
eczematous reaction occupies exactly the same 
site as the contact with the causal agent. This 
clinical variety, whose aetiology is often rec-
ognized by the patient, too, presents with clas-
sic lesions indicating particular substances. 
The most typical example is nickel dermatitis 
often affecting only the site of contact with the 
metal object (spectacle frames, bracelets, watch 
bands and cases, rings, jeans buttons, earrings) 
(Figs. 7.36, 7.37, and 7.38). In the past, sites of 

contact with nickel-plated stocking suspender 
clasps and the metal hooks on brassieres were 
involved for the same reasons.

The contact pattern of nickel dermatitis also 
depends on cultural tradition, the patients group 
studied, as well as climatic factors. Sweating 
at high temperatures, for example, increases 
the release of nickel from nickel-plated items 
[70]. In Kuwait, the most typical site of nickel  
dermatitis in men is where the skin comes in 
contact with metal studs in undergarments [71]; 
other very common sites in men are under blue 
jeans buttons and under watch-bands [72]. Less 
usual sites are those of a Dermojet injection 
[73] and of closure of surgical wounds with skin 
clips [74].

Leather, plastic or rubber watch bands, 
wooden bracelets and elastics in clothing can 
also give rise to this clinical pattern, as can 
chemicals contained in medicament supplies 
like adhesive plasters and antirheumatism strips 
(see Chap. 8). Ornamental tattoos can also give 
rise to typical contact patterns (Figs. 7.39, 7.40, 
and 7.41).

Fig. 7.26  Chemical lymphangitis from intradermal test with nickel
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7.7  Ectopic Dermatitis

Depending on the site of the primitive allergic 
contact dermatitis focus, it is usually possible to 
trace back to the triggering noxa, although not 
always. The relation between the primitive site 
and the causal substance is not evident in the 
case of ectopic contact dermatitis, for instance, 
as in the classic example of nail polish derma-
titis. The nails are not permeable to the allergen 
and eczema around the fingernails is occasion-
ally observed. A common habit of scratching 
the eyelids or neck, or the external genitals, 

even when nail varnish has only recently been 
applied can induce contact dermatitis in these 
sites. Another example is the male genitals, due 
to transferring occupational allergens present on 
the hands during micturition.

7.8  Eczematous Eruptions  
at a Distance

These are also known as ‘idic’ eruptions, and 
are a peculiar characteristic of allergic con-
tact dermatitis (Figs. 7.42, 7.43, and 7.44). 

Fig. 7.27  Chemical lymphangitis from intradermal test with chromium
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Symmetrical lesions of a greater or lesser exten-
sion appear at a distance from the primitive 
focus where the original contact with the hapten 

occurred. Idic manifestations can be of eczem-
atous type like those at the primary site, or 
show non classically eczematous morphologic 

Fig. 7.28  Erythemato-micropapulo-vesicular contact dermatitis due to nickel

Fig. 7.29  Erythemato-micropapulo-vesicular contact dermatitis due to nickel (Reproduced with permission from 
Bonamonte and Coll [46])
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Table 7.4  Clinical varieties of allergic contact dermati-
tis associated with specific allergens

Clinical variety Allergen
Erythemato-micropapulo-vesicular Nickel
Erythemato-papulo-vesicular Sulfamide
Erythemato-bullous Sulfamide

NSAIDs
Erythemato-edematous Promethazine
Erythema multiforme-like Pyrrolnitrin

Various 
substances

Streaked dermatitis Plants
Contact pattern Various 

substances

Fig. 7.30  Erythemato-papulo-vesicular contact dermatitis due to topical sulfamide

aspects, such as an erythema multiforme-like 
appearance [60, 75].

7.9  Occupational Allergic Contact 
Dermatitis

Occupational allergic contact dermatitis is the 
typical example of a disease with a biphasic 
aetiology. In fact, in most cases it precedes a 
predisposing non allergic inflammatory phase 
due to irritant stimuli, often combined, or of a 
traumatic (pressure, friction, abrasion), chemical 
(solvents, detergents, alkalis, acids) or physical 
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Fig. 7.31  Erythemato-papulo-vesicular contact dermatitis due to topical sulfamide

nature (heat, a warm damp climate, maceration, 
radiation, cold). Then the contact allergy to vari-
ous allergens develops, whose type depends on 
the occupation.

This dermatitis has a clear predilection for 
the hands (especially the backs of the hands) 
and flexory faces of the forearms. It is less fre-
quently localized on the palms. A primary 
localization on the face is also possible, due to 
airborne allergens.

As regards the clinical-morphological 
aspects, polymorphic erythemato-vesicular 
aspects are the most common, being scaly and 
scabbing, ragade-like and/or hyperkeratotic, 
often infiltrative, and the lesions are diffuse or in 
confluent patches.

7.10  Erythroderma

The spread of contact dermatitis, that can even 
progress as far as a picture of erythroderma, can 
be caused by multiple individual factors that 
are often obscure at pathogenic assessment. 
Continuous contact with the allergens respon-
sible for the sensitization, or else inappropriate 
systemic or topical treatment can cause this grave 
but fortunately rare complication, observed in less 
than 1% of cases. Adult and elderly males are 
most often affected (85% vs. 15% in females) [1].

The causes can be those that determined the 
first contact allergy, but are often due to various 
topical treatments with an irritant or sensitizing 
action. These same medicaments can also give 
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Fig. 7.32  Erythemato-papulo-vesicular contact dermatitis due to topical sulfamide (Reproduced with permission 
from Bonamonte and Coll [46])

rise to cross sensitization or polysensitization, 
wreaking further harm. Systemic drugs can 
also be the culprits in subjects with a prior 
contact allergy to the same substances (sys-
temic contact dermatitis), or else haptens that 
are widespread in particular work environ-
ments (resins in powder form) (airborne contact  
dermatitis).

The result in all these cases is the spread of 
the dermatitis at a variably rapid rate. Clinically, 
the evolution is from a marked exudative 
phase with the erythemato-vesicular features 
of eczema, through a more congested, dry and 
scaly phase, to the loss of large quantities of cor-
neal laminae (Figs. 7.45, 7.46, and 7.47). The 
onset of dystrophy of the nail laminae and hairs, 
and hyperplasia of the superficial lymph nodes 
also occurs (Fig. 7.48). In the last phase, the 
scaling is reduced, the skin appears infiltrated 
and the skin tone becomes reddish-brown.

The subjective symptoms are intense shiv-
ering due to heat loss, and crises of pruritus or 
erethism. In the long term, the patient develops 
complications: frequent diarrhea, episodes of 
bronchitis and lung trouble with fever, hypoten-
sion and cardiocirculatory collapse, that can lead 
to exitus within about 5–10 years from the start 
of the erythroderma process.

Laboratory tests show severe generalized 
damage: albuminuria, dysprotidemia, high 
ESR, reduced complement activity, electrolytic 
imbalances.

7.11  Concomitant Sensitization

When making the aetiopathogenic assessment of 
allergic contact dermatitis it is important to take 
into account particular factors such as polysensi-
tization, co-sensitization, and cross-sensitization.
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Fig. 7.33  Erythemato-bullous photocontact dermatitis due to topical non-steroid anti-inflammatory drugs

7.11.1  Polysensitization 
and Co-sensitization

Polysensitization is quite frequently observed. 
This is a positive patient reaction to various hap-
tens that are not chemically correlated, present 
in different products (e.g. metals and topical 
medicaments). It is more often seen in subjects 
with recurrent dermatitis.

Co-sensitization is a variety of polysensitiza-
tion linked to different products containing the 
same hapten (e.g. cosmetics and plants contain-
ing the same essence), or the same product con-
taining several different haptens towards which 
the patient develops sensitization simultaneously 

(e.g. chromium and cobalt in cement, nickel and 
chromium in nickel chrome plating, nickel and 
cobalt in costume jewelry).

The multiple concomitant positive reactions 
observed in excited skin syndrome must be con-
sidered ‘aspecific’ until their relevance has been 
demonstrated.

7.11.2  Cross-Sensitization

In a subject initially sensitized to one hapten, 
named the “primary” allergen, relapse of the 
dermatitis can occur due to contact (direct, air-
borne or systemic contact) with another allergen 
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Fig. 7.34  Erythemato-edematous photocontact dermatitis due to topical promethazine

with a chemical and immunologic affinity. In 
such cases the new allergen is named the “sec-
ondary” cause.

The chemical, functional and/or structural 
analogies between the two substances will be 
such that the immune competent cells do not 
distinguish the secondary from the primary 
allergen. This phenomenon is denominated 
cross-sensitization or group sensitization [1, 76].

Comparison of the chemical functional and/
or structural analogies of the different mol-
ecules, and the results of comparative tests, 

if made in a sufficient number of cases, make 
it possible to classify certain allergens in the 
cross-reaction allergy groups (Table 7.5). These 
studies also take into account any degradation 
products; for example, in cases of allergy to 
Disperse Orange 3, tests are usually positive to 
paraphenylenediamine, owing to the degrada-
tion of this dye in the latter substance. Following 
systemic studies of cross-sensitization, in 1954 
Baer established some possible immunochemi-
cal relations between primary and secondary 
allergens [77]:
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Fig. 7.35  Erythema multiforme-like contact dermatitis to topical sulfamide

Fig. 7.36  Erythemato-micropapulo-vesicular contact der-
matitis due to nickel in surgical pins

1. The structural similarities between the pri-
mary and secondary allergen are so close that 
the immune system reacts against both as if 
they were identical.

2. The primary allergen is converted in vivo 
to a compound identical to the secondary 
allergen, and so closely correlated that the 
immunocompetent cells cannot differentiate 
between them.

3. The secondary allergen is transformed in vivo 
to compounds that are closely correlated to 
the primary allergen, so the immune system 
is stimulated to the same extent by both.

4. Both the primary and the secondary allergen 
are converted in vivo to the same chemical 
compound.
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Fig. 7.37  Contact pattern from nickel in watch buckle and earrings

Fig. 7.38  Contact pattern from nickel in buckle (Reproduced by Meneghini and Angelini [1])
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Fig. 7.39  Allergic contact dermatitis from paraphenylenediamine in ornamental tattoo

Fig. 7.40  Allergic contact dermatitis from paraphenylenediamine in ornamental tattoo

A fifth possibility can be added to the above, 
considering that haptens must not only be con-
sidered as isolated molecules but also as a part 
of the hapten-carrier complex [77]:

5. Primary and secondary haptens combine 
in vivo with a carrier and are then modified 
to an antigen with similar determinants.

It is not easy to define the frequency of cross 
sensitization, although it is estimated to affect 
about 10% of patients with contact allergy.

Group allergies are subdivided into two sec-
tors: those based on a ‘functional’ analogy and 
those based on a ‘structural’ analogy. From 
the immunologic standpoint, some substances 
have a dual relation: for instance chlorothiazide 
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Fig. 7.41  Allergic contact dermatitis from paraphenylenediamine in ornamental tattoo

where one part is close to sulfamide and the 
other to phenothiazine. In the first case the anal-
ogy is functional (SO2NH2 in the “para” posi-
tion vis-à-vis the amine group) and in the second 
case structural [78, 79].

7.11.2.1  Functional Analogies
Para Amino Group. These substances, that 
include procaine, sulfamide, paraphenylen-
ediamine and benzocaine (compounds of 
NH2–C6H4–R type) are primary para-amine 

compounds (aromatic amines 1,4-bisubstituted) 
with a strong allergenic potential. In the case of 
secondary or tertiary para-amine compounds, 
instead, the allergenic potential is often mark-
edly diminished or disappears, apart from some 
exceptions (pantocaine or tetracaine, that are 
secondary para-amine substances). It should be 
stressed that substitution of the NH2 group with 
another chemical group can lead to a reduc-
tion or suppression of the allergizing activity. 
For example, 50% of subjects with a positive 
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Fig. 7.42  Idic eruption from allergic contact dermatitis of the forearm

reaction to paraphenylenediamine react to ani-
line but not to dimethylaniline. Moreover, the 
para-amine group loses allergenic power when 
it is not directly bound to the aromatic ring, and 
the further it is from the ring, the more it loses 
its cross-reactive allergenic potential.

Aniline (where R = H), although chemi-
cally and immunologically correlated to the 
para-amine group substances, is not a “para” 
compound. The term “para” is sometimes used 

incorrectly, whereas it should be taken to spe-
cifically label those substances with two sub-
stitutions in positions 1 and 4 of the benzene 
nucleus. Some synthetic azoic dyes used in 
foods, cosmetics and the textiles industry can 
react not only among themselves but also cross 
react with paraphenylenediamine.

Para Nitro Group. Common para-nitro sub-
stances include paranitrophenol, chlorampheni-
col, 2,4-dinitrochlorobenzene (DNCB), and 
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Fig. 7.43  Idic eruption from allergic contact dermatitis of the forearm

paranitrobromacetophenone. Allergy to sub-
stances with para NO2-functions is less frequent 
than that with para-amines.

Phenol Group. Cross-allergy betwen phe-
nols has been known since the 1920s. The aller-
genic potential of diphenols seems to be linked 
to their oxidation to quinones. Hydroquinone 
(para diphenol) is more sensitizing than ortho 
diphenol (catechols) and above all meta diphe-
nol (resorcins). The latter compound cannot be 
oxidized to a quinone. Monobenzyl ether of 
hydroquinone, used to treat hyperpigmentation, 
is a strong sensitizer, partly due to its possible 
hydrolysis to hydroquinone. As depigmenting 
agent, monobenzyl ether of hydroquinone has 

been replaced by monomethyl ether of hydro-
quinone, whose methyl group is not as easily 
removed as a benzyl group [80].

Two subgroups of phenols can crossreact 
with diphenols and monophenols. Substituted 
para diphenols, including diethylstilbestrol 
that crossreacts with dienestrol, hexestrol 
and bisphenol A, belong to the first subgroup  
[80, 81]. The second subgroup includes para 
substituted monophenols like the parahydroxy-
benzoates (parabens). These parahydroxyben-
zoic acid esters, that have a strictly correlated 
chemical structure, are widely used as preserv-
atives [82]. Derivatives of poison ivy catechol 
(Anacardiaceae) are among the most powerful 
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Fig. 7.44  Idic eruption from allergic contact dermatitis of the feet

sensitizers on earth. There can be cross reac-
tions among the various alkylates catechols 
(on the benzenic ring), such as 3-pentadecyl-
catechol, dimethyl ether urushiol, 3-geranyl-
catechol, 3-methylcatechol and various 
diphenols, like ginkgolic acid from ginkgo.

Hydrazine Group. Cross reactions occur 
between hydrazine, phenylhydrazine and 
other medicaments with a hydrazine function 
(hydralazine, isoniazid). Subjects sensitized to 
hydrazine generally react to phenylhydrazine, 
and rarely to isoniazid.
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Fig. 7.45  Eczematous erythroderma

Sesquiterpene Lactones. These substances are 
the major allergenic constituents of many plants 
of the Compositae family. The presence of an 
α-methylene group conjugated to γ-lactone 
is necessary for all the compounds that yield 

positive reactions in sensitized subjects. The 
presence of a lactone ring is also important [76, 
83]. The metabolism of these compounds is not 
known and so it is not possible to state whether 
and how they become modified in vivo. Among 
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Fig. 7.46  Eczematous erythroderma

Fig. 7.47  Eczematous erythroderma with scaling

the best known of these substances are alantol-
actone, isoalantolactone, frullanolide, parthe-
nolide, and some others.

7.11.2.2  Structural Analogies
Phenothiazine Derivatives. These substances 
(promethazine, chlorpromazine, perphena-
zine) with an antihistamine, psychotropic and 
sedative action are known to have a sensitizing 
power that is activated and boosted by exposure 
to light. The sensitizing power is likely linked to 
nitrogen in the para position (to which the side 
chain that characterizes the substance is bound), 
and there is a possible amine transformation 
caused by hydration processes.

Antibiotics Derived from Neamine. The bio-
chemical basis of cross sensitization among 
these wide spectrum antibiotics (neomycin, 
framycetin, kanamycin, gentamycin, paromo-
mycin, streptomycin) is the presence of deox-
ystreptamine in all of them [84].

Halogenated Derivatives of Salicylanilide. 
These substances have a well known sensi-
tizing and above all photosensitizing power. 
Tetrachlorosalicylanilide, tribromosalicylanilide, 
bithionol, and trichlorocarbanilide (with little 
sensitizing power) are particularly important.
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Fig. 7.48  Eczematous erythroderma with hyperplasia of the lymph nodes

Piperazines. Allergy to piperazine, or dieth-
ylenediamine is more likely in occupational 
settings. Intolerance to piperazine derivatives is 
linked to the simultaneous presence of two free 
NH groups in the 1,4 position. When one or both 
of the NH groups are blocked by methyl groups 
the reactivity declines or disappears.

Quaternary Ammonium Salts. Allergy to 
these compounds is rare and group sensitization 
inconstant. The formula is [RRIRIIRIIIN]+X−, 
where R is a long saturated chain with 12 or 18 
carbon atoms and the other groups are simpler 
substituents (CH3, CH2–CH3, CH2–C6H5, etc.).

Quinolines. These have an antibacterial 
and antimycotic action and are used topi-
cally and systemically. Patients allergic to 
the dichloride derivative are also sensitive to 
 7-chloro-8-hydroxyquinoline. The allergenic 

power disappears when the OH group is blocked 
or when the nitrogen is oxidized.

7.11.2.3  Cross-Sensitization Theories
There are basically two theories that may 
explain cross-sensitization:

1. Through the formation of the primary sen-
sitizing product via an in vivo oxidation, 
reduction and hydrolysis reaction (explain-
ing the cross reaction between paraphenylen-
ediamine and paraaminoazobenzene and 
between amines and nitro derivatives).

2. Through oxidation yielding common metab-
olites; this may explain the cross reac-
tion between paraphenylenediamine and 
hydroquinone.
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Table 7.5  Groups of substances inducing cross-reactions

Para amino group (paraphenylenediamine, sulfamide, benzocaine, aniline, azodyes)
Dithiocarbamates (zinc ethylene-bis-dithiocarbamate, zinc dimethyldithiocarbamate, sodium methyldithiocarbamate)
Thiurams (tetramethylthiuram disulfide, tetraethylthiuram disulfide)
Phenothiazine group (promethazine, chlorpromazine, perphenazine)
Ethylenediamine group (diethylenediamine, triethylenediamine)
Quinolines (8-hydroxyquinoline, 5,7-dichloro-8-hidroxyquinoline)
Mercaptans (mercaptobenzothiazole, 4-morpholynylmercaptobenzothiazole)
Parabens (butyl, ethyl, methyl, and propyl of p-hydroxybenzoic acid)
Catechols (3-pentadecylcatechol, resorcinol)
Sesquiterpene lactones (alantolactone, isoalantolactone, frullanolide)
Paranitro group (chloramphenicol, paranitrophenol, 2,4-dinitrochlorobenzene)
Phenol groups (diethylstilbestrol, bisphenol A, monobenzyl hydroquinone ether)
Quinones (chloranil, dichlone)
Halogenated salicylanilides (bithionol, dibromosalicylanilide, tetrachlorosalicylanilide)
Hydrazine group (isoniazide, phenylhydrazine)
Antibiotics derived from neamine (neomycin, kanamycin, gentamycin)
Imidazole compounds
Mercurials
Thioureas (ethylbutylthiourea, diethylthiourea,dimethylthiourea)
Penicillin derivatives (penicillin, cephalosporins)
Hydrazine group (isoniazide, phenylhydrazine)

Corticosteroids

Table 7.6  Differential diagnosis of allergic contact 
dermatitis

Other eczemas

     Irritant contact dermatitis
     Atopic dermatitis
     Seborrhoeic dermatitis
     Pityriasis alba
     Pompholyx
     Neurodermatitis
     Nummular eczema
     Microbial eczema
     Asteatotic eczema
    Juvenile plantar dermatosis
Noneczematous dermatoses

     Psoriasis
     Erythema multiforme
     Epidermomycoses
     Erysipelas
     Mycosis fungoides
     Palmo-plantar keratoderma
     Lichen planus
     Pityriasis rubra pilaris
     Scabies
     Intertrigo
     Hailey-Hailey disease

     Chronic lupus erythematosus

However, neither of these two theories can 
explain the cross reaction between the various 
diphenols, for example.

Thus, the cross-sensitization phenomenon is 
currently an interesting field of research as well 
as a notable clinical problem. Today, clinicians 
need to base assessment of the phenomenon 
on their personal experience and knowledge 
of the structural chemical similarities among 
the haptens. Of course, in all cases when com-
paring chemical compounds it is important 
to make an accurate determination of their 
purity. In this regard, it should be remembered 
that contaminants can be due to the synthesis 
processes or even to the instability of the sub-
stances themselves. A contaminant may or may 
not have a sensitizing power. Moreover, a non 
sensitizing substance can acquire a sensitizing 
power after various transformations (degrada-
tion, irradiation, oxidation in the air, chemical 
rearrangement). This is the case of ∆3-carene, 
for instance, a constituent of turpentine: fresh 
distilled turpentine is not allergenic, whereas 
when it is “old” (oxidated) it is a strong sensi-
tizer [85].
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Table 7.7  Differential diagnosis between irritant contact dermatitis (ICD) and allergic contact dermatitis (ACD)

ICD ACD

Initial localization of lesions In the sites of contact with irritant 
substances

In the sites of contact with sensitizing 
substances

Secondary localization of lesions Absence of separate lesions or mild 
lesions near the primary focus

Presenting after a variable period, also 
in sites not apparently exposed to the 
allergen

Subjective symptoms Burning or heat, sometimes with vari-
able pruritus

Variable pruritus

Morphological characteristics Eythematous, erythemato-vesico-bul-
lous, desquamative and erosive lesions 
in general, limited to the sites of injury 
or nearby sites

Erythemato-edemato-vesicular, 
squamo-scabbing or diffuse desqua-
mative lesions with a tendency to 
evolve or extend to sites not apparently 
involved in the contact with the causal 
agents

Histopathology Generally more superficial lesions with 
necrotic phenomena of the first epider-
mic layers; diapedesis of polynucleates 
in intercellular spaces; modest lympho-
monocytic elements in the derma

Generally deeper lesions at the epider-
mic level with exoserosis, spongiosis, 
lymphocytic exocytosis; affecting the 
derma: papillary edema and perivas-
cular lymphomonocytic infiltrates, 
sometimes deep

Allergologic tests Patch tests negative Patch tests positive, possible polysensi-
tization and cross reacting sensitization

Table 7.8  Differential dagnosis between allergic contact dermatitis (ACD) and atopic dermatitis (AD)

ACD AD

Age Young, adult Starting at 2–3 months; can also develop 
in adulthood

Familial allergic precedents Infrequent Frequent
General skin signs Not relevant Dry skin, accentuated follicular figuring, 

accentuated late white dermographism 
and other stigmata

Initial localization of lesions Sites vary according to the contact Face
Subsequent localizations Subsequent localizations vary according 

to the initial site of contact
Elbow folds, popliteal folds, neck, hands

Morphological characteristics Erythemato-edemato-exudative or poly-
morphic lesions depending on the phase 
of evolution

Lesions are generally not very con-
gested with scarce exudative foci or 
lichenification

Subjective symptoms Pruritus generally not intense, localized at 
the site of the lesion

Pruritus is intense and diffuse

Evolution Possibility of regression after eliminat-
ing harmful agents; recurrences if further 
contacts occur

Becomes chronic

Epicutaneous reactivity Positivity to sensitizing agent Possible superimposition of contact 
allergy

Circulating antibodies Not demonstrable Increased IgE

t.12  Evolution

As regards the evolution over time of allergic 
contact dermatitis, there are various possibilities.

1. The primary localization of the clinical mani-
festations can be at the site of contact, most 
frequently the hands, face and legs, and per-
sist in this site for months or years without 
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spreading elsewhere, despite subsequent con-
tacts with the allergizing noxae.

2. Otherwise, after the initial clinical episode, 
the manifestations can regress over days or 
weeks and not reappear, owing to avoidance 
of contact or the acquisition of tolerance to 
the substance at further contacts.

3. Due to persistence of exposure to the sensi-
tizing chemical agents, at sufficient quaniti-
ties, the manifestations can spread beyond 
the primary site to affect other skin regions. 
In such cases, secondary localizations follow 
an order of distribution that generally repeats, 
both in acute rapidly evolving forms and sub-
acute relapsing forms.

4. Another possible observation is an eruption 
with circumscribed foci in nummular patches.

Allergic contact dermatitis can relapse, even in 
the absence of obvious further contact with the 
chemical substances initially responsible for the 
sensitization. It should also be borne in mind 
that the relapse or recurrence of clinical mani-
festations can occur due to the ingestion of aller-
gens or to contact with chemical substances with 
a structural affinity to the primitive allergen.

7.13  Diagnosis

The diagnosis of allergic contact dermatitis is 
based on clinical criteria, the medical history 
and allergologic criteria. A generic diagnosis of 
eczema will stem from the observation of a pru-
riginous dermatitis with localized foci, blurred 
margins, and erythemato-vesicular or abraded 
and exudative elements, scabbed or scaly or 
lichenified aspects, often in combinations draw-
ing a polymorphic picture and with a tendency 
to recurrence.

The medical history and the sites of exposure 
will suggest the possibilities and means of con-
tact with the various sensitizing chemical noxae.

Clinical criteria will orient the diagnosis 
both on the basis of the localization of the initial 
lesions and of the distribution and types of the 
lesions.

7.13.1  Differential Diagnosis

Two vast disease groups must be considered in 
the diagnosis of allergic contact dermatitis: other 
eczematous diseases and noneczematous derma-
toses (Table 7.6).

7.13.1.1  Eczematous Dermatoses
The differential diagnosis with irritant contact 
dermatitis is not always easy (Table 7.7). Both 
in the acute and the chronic phase, it may not be 
possible to differentiate the two pictures on the 
basis of the morphological findings. Forms that 
have been clinically interpreted as irritant con-
tact are then found at patch testing to be aller-
gic, and vice versa. However, it is important to 
consider two points: 1. negative patch tests do 
not always exclude the allergic nature of the der-
matitis, for various reasons (failure to test the 
culprit substance, false negatives); 2. positive 
patch tests may not be referred to the dermatitis 
in course (that remains of irritant type), but to a 
previous episode. This can be clarified via accu-
rate medical history taking and correct assess-
ment of the relevance of the positive reactions.

In general, the clinical picture of contact 
allergy is more polymorphic than that of irrita-
tion. As to the eruptions, the lesions (erythema, 
edema, vesiculation) of allergic dermatitis 
are synchronic, appearing at the same time, 
whereas those of irritant contact tend to be 
metachronic, succeeding one another over the 
space of a few days. A tendency to spread also 
to sites not apparently involved in the contact 
with the harmful agent suggests allergic der-
matitis. Except in rare cases, (contact allergy 
to NSAIDs, sulfamide and plants), a grossly 
vesico-bullous picture with ample erosions 
and very intense erythema is induced by a non 
immunologic mechanism.

Histopathologic findings can be of great aid 
in the differential diagnosis: intraepidermic 
neutrophilic exocytosis is typical of irritation, 
whereas exocytosis and a perivasal lymphocytic 
infiltrate characterize contact allergy.

Atopic dermatitis shares various clinical 
findings with contact dermatitis, and the latter 
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may be superimposed on an atopic dermatitis. 
Differential diagnosis between the two clini-
cal entities (Table 7.8) depends above all on the  
observation of limited forms in both young 
people and adults, especially on the hands. 
Localized atopic dermatitis in the adult can be 
differentiated by the presence of only mildly 
erythematous, lichenified patches with clearcut 
margins, that are highly itchy and preferentially 
localized on the lateral regions of the neck, the 
antecubital and popliteal folds, the backs of the 
hands and the feet. On the eyelids, atopic derma-
titis must be differentiated from airborne  contact 
dermatitis. Inevitably, differential diagnosis 
is more difficult in cases of a superimposition 
of contact allergy on a constitutional eczema, 
which is fairly commonly observed.

Seborrhoeic dermatitis usually has such 
peculiar characteristics that there is no diffi-
culty in making a differential diagnosis; how-
ever, in cases of genital and facial involvement, 
distinguishing it from contact dermatitis can 
be difficult. The presence of blisters and pap-
ules preceding the desquamation, and the cyclic 
course related to contacts and not to the seasons, 
will clarify the diagnosis.

The patches of exogenous nummular allergic 
contact dermatitis are generally papulo-vesicular 
with a partial central resolution. The lesions are 
few, asymmetrical, and above all more irregular 
in shape, with less distinct margins; they regress 
when the harmful contact is avoided, unlike 
those of endogenous nummular eczema.

Microbial eczema is prevalently localized in 
certain sites (the retroauricular region, interdig-
ital spaces and dorsi of the feet), that can also 
be affected by contact allergy. Infective forms 
can be delimited by an epidermic collar, are 
pustulous with damp, honey-colored scabs, and 
resolve with topical antibiotic treatment.

Pompholyx is an acute vesicular non ery-
thematous or only mildly congested eruption 
with ‘poussées’ that are often seasonal, local-
ized on the internal faces of the fingers, and 
palmo-plantar sites. The vesicles are deep and 
when reabsorbed, give rise to fairly adherent 
desquamation.

Pityriasis alba (with the characteristic patches 
of dry or hypochromic eczema of the face and 
roots of the arms), asteatotic eczema (evident 
above all in the elderly due to dry skin), and 
neurodermatitis (where there is generally only 
one patch with clearcut margins and the course 
is stable and chronic), do not normally pose 
problems of differential diagnosis.

7.13.1.2  Noneczematous Dermatoses
Episodes of angioedema of the eyelids and geni-
tals can present problems of differential diag-
nosis with acute allergic contact dermatitis; a 
rapid regression and the medical history will 
clarify the nature of the complaint. Sometimes, 
on the legs and face an acute allergic dermati-
tis can present erysipelas-like aspects; the con-
stantly clearcut margins of the lesion, absence 
of pruritus, symptoms at local level (tension) 
and systemic level (fever, malaise) will indicate 
erysipelas.

Palmo-plantar psoriasis must be differenti-
ated from contact dermatitis. Bilateral, symmet-
ric lesions, the absence of pruritus, the clearcut, 
rounded and hyperkeratotic margins that are non 
desquamative or only slightly, the dark erythema 
and the presence of a specific onychopathy will 
orient the diagnosis toward palmo-plantar pso-
riasis. Pustulous palmo-plantar psoriasis is char-
acterized by pustulous lesions that turn from 
yellowish to brown and then resolve with des-
quamation, no pruritus but involvement of the 
thenar and hypothenar eminences of the hands 
and plantar arches (these are only exception-
ally or never affected by contact dermatitis) and 
lateral and medial sides of the feet. If affecting 
the folds, the diagnosis is more difficult because 
the psoriasis presents with bright, shiny red ery-
thema, and no hyperkeratosis nor desquamation. 
All the same, the lack of pruritus, vesicles or 
papules and the clearcut margins of the lesions 
will suggest psoriasis.

Differential diagnosis with dermatophyto-
sis must be made at the level of the hands, feet 
and folds. Tinea manuum manifests with diffuse 
palmar hyperkeratosis and the typical accentua-
tion of the folds; it is unilateral, at least initially, 
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does not resolve when contact ceases and shows 
positivity at mycological tests. Mycosis of the 
feet generally affects not only the soles but also 
the interdigital spaces and internal faces of the 
fingers, sites that are rarely affected by contact 
dermatitis caused by shoes or socks.

Differential diagnosis may be necessary 
also with a premycotic dermatitis or a stage T1 
mycosis  fungoides in plaques. In these cases the 
patches are prevalently localized on the trunk, 
being erythemato-desquamative but nearly never 
exudative, rounded, oval or circinate and polycy-
clic with clearcut margins. They are also chronic 
and persistent, despite the avoidance of possible 
harmful contacts. More than on patch tests, the 
diagnosis may need to rely on histopathologic 
examination.

Lichen planus can pose problems of differen-
tial diagnosis only in cases of isolated palmo-plan-
tar involvement, with symptomatic keratodermia, 
that may be accentuated by mechanical occupa-
tional stimuli due to the Koebner phenomenon. 
Lichenoid contact dermatitis is characterized by 
an acute, difffuse eruption of erythematous pap-
ules with purplish nuances, that are conical, small 
and may show moderate exudation. The typical 
Wickham’s striae are absent on the surface of the 
lesions, and the course rapidly resolves when the 
cause is eliminated, while histopathology shows 
peculiar findings.

The keratoderma of pityriasis rubra pila-
ris is accompanied by hyperkeratotic follicular 
papules and erythema with clearcut margins. 
Scratching and the use of topical medicaments 
can modify the picture of the scabies, determin-
ing eczematization that can lead to a diagnostic 
error, being confused with contact dermatitis. 
The nocturnal pruritus, presence of burrows and 
any involvement of other members of the family 
will clarify the diagnostic doubt.

Erythema multiforme due to contact must 
be differentiated from the classic form. The lat-
ter may be accompanied by general symptoms, 
is not preceded by the typical eczematous der-
matitis focus at the start and consists only of tar-
get lesions with a possible bullous component. 
It may have an acral distribution and the onset 
of the lesions may be in groups; it can affect the 

oral and genital mucosa, has a shorter spontane-
ous course and the histopathology findings are 
different.

7.14  Disease Course

The possible developments in subjects occupa-
tionally or non occupationally exposed to chem-
ical substances potentially able to induce contact 
sensitization are as follows:

1. In most cases sensitization does not develop.
2. Some subjects can become sensitized without 

objective signs, or with such mild reactions 
that they go unnoticed and are not therefore 
referred by the patient; in such cases sensiti-
zation may be discovered only during aller-
gological tests.

3. They can become sensitized and after a 
more or less circumscribed initial episode, 
they may recover and become inured to fur-
ther contacts with the causal substances, 
with no apparent relapses. Resolution is, of 
course, facilitated by avoidance of the harm-
ful noxae. The state of allergic reactivity can 
persist for years or decline, or else disappear 
within months or years [86, 87].

4. They can become sensitized, developing 
skin manifestations that remain confined 
to the site of major exposure to the noxa, or 
else spread over time to the entire skin and 
become recurrent.

The occurrence in point 1 has only been dem-
onstrated in artificially induced contact allergy, 
using dinitrochlorobenzene, for instance, both 
in man and laboratory animals, evincing even 
very high percentages of sensitization, reach-
ing 80–90% or more. Investigations carried out 
at building sites in northern Italy have dem-
onstrated that eczematous morbidity ranges 
from 1 to 8% depending on the worksites [88]. 
Subsequent invesigations in southern Italy 
showed a morbidity of 1.33% at building sites 
and 1.27% in cement factories [89].

Many studies have been published illus-
trating point 2. Allergologic examination with 
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ample series of patch tests during medical vis-
its for employment yielded positive reactions, 
in the absence of clinical manifestations, medi-
cal history or evident reactions, in 2.5% of 3691 
young apprentices [90]. Allergologic control 
in 100 patients with non eczematous derma-
titis demonstrated a latent allergy in 5 cases, 
unconnected with the disease under examina-
tion [91]. In another investigation conducted 
personally, allergologic controls of a group of 
180 randomly selected healthy subjects work-
ing at different building sites for at least 5 years, 
latent hypersensitivity was demonstrated in 15 
cases. Observations of the frequency of latent 
allergy to chromium and the other haptens 
reported in the literature bear out these personal 
observations [1].

These findings underline the facts that: 
(a) even in cases of occupational, and hence 
repeated, intense contact of ample skin zones 
with potentially sensitizing chemical substances, 
most subjects do not become sensitized and do 
not develop disease. (b) A certain number of 
subjects with the same conditions of exposure 
can show a latent allergy without ever having 
suffered particular clinical manifestations wor-
thy of note. (c) Healthy subjects, or at any rate 
not suffering from eczema, chosen randomly 
for an allergologic investigation, demonstrate a 
latent sensitization without any evident clinical 
signs of contact dermatitis.

As regards point 3, many reports consider-
ing the loss of sensitization have been pub-
lished in the literature [86, 87]. The loss of 
contact  sensitization can be due to the absence 
of  subsequent harmful contacts thanks to the 
implementation of preventive norms, or to 
the onset of tolerance, in turn correlated to the 
chemical nature of the hapten. In fact, in our 
works and others, a greater persistence over 
time has been noted for sensitization to met-
als, and above all nickel [86, 87]. The immune 
mechanisms responsible for the loss of contact 
sensitization are not known. In man, tolerance 
has been induced via oral pretreatment with 
low doses of the hapten [92]. In guinea pigs tol-
erance to metals was induced with metal oral 

prostheses, and in nurses wearing dental pros-
theses, a low incidence of allergy to metals has 
been found [93]. It is therefore believed that oral 
or systemic contact with the hapten reduces the 
response in subsequent skin contacts with the 
same substance, perhaps due to the induction of 
a specific cells suppressant clone [93–95].

7.15  Prognosis

The evolution of allergic contact dermatitis 
is highly variable. It may resolve, relapse in 
the same site, extend or unexpectedly become 
chronic. Albeit rarely, it can be complicated by 
an erythrodermic condition, that is often irre-
versible, has a poor prognosis and can even be 
fatal.

Excluding this rare, serious complication, 
the prognosis of allergic contact dermatitis, in 
its different clinical expressions, is favorable, 
also in terms of the patient’s quality of life. By 
adopting suitable prevention measures, avoiding 
contact with the noxae and instituting adequate 
therapy, the clinical course of the episode can be 
markedly abbreviated in most cases.

Chronicity and relapse of the dermatitis 
depend on various combinations of factors:

1. Persistence of contact with the allergen.
2. Subsequent allergy to other substances 

(polysensitization).
3. Cross allergy to substances with a compara-

ble chemical structure.
4. Microbial or mycotic complications.
5. The intervention of aspecific agents, trauma, 

pressure, friction, irritant substances, inap-
propriate medicaments.

6. Individual factors that are not easy to assess.

When the manifestations persist or recur, it 
is difficult to exclude a further contact with 
the allergen in cases of some substances that 
are widespread in nature, such as metals, bal-
sam of Peru, paraphenylenediamine. In fact, 
recurrences are most frequently observed in 
subjects who are allergic to these ubiquitous 
substances.
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(forehead, eyelids, ear pavilions, neck) than the 
scalp, that may actually remain unaffected.

Hair care products are the most common 
causative agents of scalp contact dermatitis. 
Thioglycolates in permanent wave solutions and 
dyes used to colour the hair more often cause 
contact dermatitis in hairdressers than eczema in 
the people on which they are applied. Bleaching 
the hair and the use of some medicaments such 
as calcipotriol and tar may induce irritant con-
tact dermatitis. A severe irritant dermatitis of the 
scalp in the form of a chemical burn has been 
reported, caused by highlighting procedures [7].

Rinse-off products like shampoos rarely induce 
allergic contact dermatitis of the scalp, also 
because only small quantities are applied [8–10].

The nickel in hairpins and curlers can induce 
dermatitis on the sites of contact. Hair dye chemi-
cals with a paraphenylenediamine or paratoluene-
diamine base are among the most common causes 
of allergic contact dermatitis of the scalp, together 
with perfumes, preservatives and bleaching prod-
ucts containing ammonium persulfate [11].

The scalp may also be involved in cases of 
airborne allergic contact dermatitis.

8.2  The Face

The face, neck, décolleté and back of the hands 
are photoexposed zones and therefore the prime 
target of contact photodermatitis. In typical 
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Except in cases of involvement of the hands, it 
is usually possible to trace back from the ini-
tial site of the dermatitis to the causal agent 
(Table 8.1) [1–5]. On the basis of computer 
analyses, in fact, statistically significant corre-
lations have been observed between nickel and 
cobalt and various sites on the fingers and palms, 
for example, and between lanolin and the lower 
legs. Contact allergy to fragrances is correlated 
with dermatitis of the axillae, and sensitivity to 
neomycin and a “caine” mix with dermatitis of 
the legs [6]. It is also possible that the dermatitis 
may take on characteristic clinical-morphologic 
aspects depending on the site affected.

8.1  The Scalp

Contact dermatitis of the scalp is not so fre-
quently observed, even if the level of percutane-
ous absorption of the scalp is higher than that of 
other areas of the body. When present, it may be 
of irritant or allergic type, and in both cases the 
affliction most often affects the adjacent sites 
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Table 8.1  Most frequent localizations and causes of allergic contact dermatitis
Sites Substances
Scalp Hair products (perms, dyes), cosmetics (lotions), hairpins, shampoo, topical 

creams/lotions
Face Cosmetics, photosensitizing allergens, airborne substances, masks
Forehead Hat bands, bath caps, hairnets, helmets, rubber masks

See also Scalp
Eyelids Topical medications (eye drops, eye creams), cosmetics for eyes and cheeks, 

liquids for cleaning and preserving contact lenses, metal (nickel) or plas-
tic frames for glasses, nail varnish (ectopic contact dermatitis), airborne 
substances
See also Scalp

Ears and retroauricular region Topical products (drops and creams), earrings (nickel), fur collars, goggles, 
metal (nickel) or plastic frames for glasses, hearing aids, scents, phonendo-
scope, insertion of metal objects or matches in the external ear canal, helmets, 
bath caps, nail varnish (ectopic contact dermatitis), earphones, hairnets
See also Scalp

Lips Foods, cosmetics, topical drugs, toothpastes, mouthwashes, chewing gum, 
dental prostheses, rubber breathing tubes, lipsticks, lip salves, metal objects 
(needles, pins, clips) held between the lips, nail varnish (ectopic contact 
dermatitis), topical drugs for rhinitis, cigarette holders, mouthpieces of wind 
instruments, pipes

Nose and nostrils Metal (nickel) or plastic frames for glasses, rubber masks, topical drugs for 
rhinitis, earrings (nickel)

Neck and décolleté Clothing, hairdyes, jewels (nickel), leather necklets (chromium), necklaces 
made of exotic woods, cosmetics, scents, shampoo, hair products, leather or 
fur collars (tanned with chromium), nail varnish (ectopic contact dermatitis), 
airborne substances, violin chin rest

Armpits Dark clothing (dyes), depilatory creams, soaps, deodorant sprays or powders, 
antiperspirant creams, thermometer disinfectants

Trunk Clothing: dyes or starches, leather (chromium), rubber or metal (nickel) 
patches, brassiere hooks and zips (nickel), cosmetics, matchboxes and 
matches in shirt pocket

Umbilical and periumbilical regions Belt buckles (nickel), metal jeans buttons, umbilical piercing ring
Arms and antecubital folds Clothing (dyes, starches, detergents), metal bracelets (nickel), leather bracelets 

(chromium), bracelets in exotic woods, elastic braces (rubber), airborne sub-
stances (resins, fibreglass fibers)

Forearms and wrists Metal watch cases (nickel), watchstraps (chromium, nickel, dyes, rubber), 
bracelets (nickel), bracelets in exotic woods, clothing, cement (chromium), 
gloves (rubber, chromium, dyes)

Hands Occupational substances, gloves (rubber, chromium, dyes), bracelets (nickel, 
chromium), rings (nickel), cosmetics, detergents (metals and tensioactives), 
substances used during various hobbies

External genitals Condoms (rubber, latex, spermicide substances), contraceptive devices (dia-
phragm, spiral) and other measures, detergents, disinfectants, topical drugs, 
underwear (detergents, dyes), braces, scents, sanitary towels, deodorants, 
rubber catheters

Anal-perianal region Loo paper (dyes, fragrances, formaldehyde), detergents, suppositories, disin-
fectants, topical drugs (antihemorrhoids), condoms
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cases, this complaint is accompanied by burn-
ing, pricking and pruritus. It is intensely erythe-
matous, spares “shaded” sites (under the chin, 
behind the earlobes) and can leave pigmentation 
of a more or less persistent nature, especially 
when caused by furocoumarins [12].

In cases of contact photodermatitis with a 
chronic course and unknown etiology, or caused 
by substances that are difficult to avoid, the first 
suspicion may be actinic reticuloid. It should be 
borne in mind that even when the culprit sub-
stances have been eliminated some subjects can 
remain permanently light-sensitive.

The face, as well as the other airexposed 
sites (neck, scalp, hands, and legs in women) is 
a classic site of airborne contact dermatitis, that 
also involves the “shaded” sites (including the 
eyelids) spared by contact photodermatitis.

Airborne contact dermatitis may be caused 
by various substances present in the environ-
ment in different physical-chemical form (drop-
lets, dust, fibers, vapors, gases, fumes, solid 
particles of animal or vegetable origin). The 
most common culprit substances are various 
sprays, fiberglass, and plants (Compositae fam-
ily). A study by Hausen and Oestmann showed 
that 50% of 64 flower vendors with contact 
dermatitis from plants had dermatitis of the 
face [13].

Cosmetics are common causes of facial con-
tact dermatitis, while fragrances, preservatives, 

hair-coloring agents, and permanent wave solu-
tions are the most common sensitizers.

Facial contact dermatitis can be due to aller-
gens and irritants in face masks (surgical masks, 
scuba-diving masks, and masks used in particu-
lar work environments as protection against dan-
gerous substances) [14]. Characteristically, the 
contact pattern of the dermatitis follows the out-
line of the mask (Figs. 8.1, and 8.2).

In general, cosmetic facial dermatitis is bilat-
eral; however, some cases of unilateral facial 
dermatitis have been reported, such as nail pol-
ish dermatitis and connubial or consort contact 
dermatitis due to hair dyes, perfumes, and topi-
cal drugs used by the partner.

Allergic airborne facial dermatitis due to 
phosphorus sesquisulfide fumes in matches 
(Italian “zolfanelli”) when lighting a cigarette 
is commonly bilateral [15] but this, too, can be 
unilateral, as observed in the case of “strike any-
where” matches (see Chap. 11) [16].

The face can also be affected by a pigmented 
contact dermatitis, that is a form of noneczema-
tous contact dermatitis. The most common 
culprits are cosmetics. The brown hyperpigmenta-
tion, particularly common in dark-complexioned 
subjects, is most pronounced on the forehead and 
zygomatic or temporal regions.

Stinging, without any objective clinical signs, 
develops especially on the face of fair-skinned 
subjects, and is linked to cosmetics.

Table 8.1  (Continued)

Sites Substances
Thighs Suspender belts (nickel in metal hooks, rubber in elastics), depilatory 

products, objects in pockets (scented tissues, lighters, keys, matches, key 
rings, coins), stockings (dyes, rubber in elastics), cosmetics (toning creams, 
anticellulite products), dyes in trousers or linings, overalls impregnated with 
chemical substances (oils)

Popliteal cavities and legs Socks (dyes, rubber in elastics), depilatory products, boots (chromium in 
leather, rubber), metal chains (nickel), anklets and knee straps (rubber in 
elastics), topical drugs (benzocaine, neomycin, chloramphenicol, sulfonamide) 
and additives (lanolin, parabens, balsam of Peru) in cases of gravitational 
or ulcerative dermatitis due to vascular disorders, overalls impregnated with 
chemical substances (oils), garters

Feet Socks (dyes), shoes (chromium in leather, rubber, plastic, nickel in metal 
buckles, dyes, glues), antiperspirant powders and creams, topical antimy-
cotics, chromatin for shoes, galoshes (fur linings)
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8.2.1  The Forehead

Substances that come in contact with the 
scalp can give rise to contact dermatitis of the 

forehead (Fig. 8.3). The complaint can also be 
linked to the use of bathing caps, rubber hair-
nets, helmets, rubber masks and hat bands (chro-
mium in the leather) (Figs. 8.4, and 8.5).

On the forehead, comedons and papulo- 
pustules (pomade acne) can also develop due to 
the use of hair products with a paraffin and pet-
rolatum base.

The Hindu practice of wearing a central fore-
head dot of color (“bindi”) can induce chemical 
leukoderma due to paratertiary butylphenol resin 
in the adhesive [17–19].

Fig. 8.1  Allergic contact dermatitis from rubber mask 
(Reproduced with permission by Bonamonte and Coll [14])

Fig. 8.2  Allergic contact dermatitis to rubber mask 
(Reproduced with permission by Bonamonte and Coll 
[14])

Fig. 8.3  Allergic contact dermatitis of the forehead 
from hair cosmetics

Fig. 8.4  Allergic contact dermatitis to chromium in hat 
leather band
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8.2.2  The Ear

The ear pavilions can be affected by contact 
allergy attributable to various causes. Dermatitis 
of the inner pavilion can be due to helments, 
rubber bathing caps and medications used to 
treat seborrhoeic dermatitis. Nail varnish can 
induce dermatitis (ectopic contact dermatitis) in 
any area of the ear pavilion. Allergenic products 
applied on the scalp or hair, like dyes, sprays 
and shampoo, can firstly affect the helixes. 
These can also be affected by contact with rub-
ber caps, hairnets, fur collars, ear phones in 
phone operators, goggles.

The folds behind the ears most often come 
in contact with the plastic or metal endpieces of 
glasses (Fig. 8.6), and plastic components of ear 
phones of various types, as well as fragrances.

Dermatitis of the ear lobes is the main sign of 
nickel allergy due to earrings. The pierced lobe 
is the precipitating cause of nickel sensitization.

Otitis of the external canal can be due to the 
habit of inserting metal objects (hairpins, pens 
and matches) into the canal (Fig. 8.7). The use 
of ear phones of various types can contribute 
to the onset of this dermatitis. Cases of patients 

Fig. 8.5  Allergic contact dermatitis to chromium in hat 
leather band

Fig. 8.6  Allergic contact dermatitis to nickel in metal 
endpiece of glasses

Fig. 8.7  Allergic contact dermatitis to nickel in metal 
object
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using match heads to clean or scratch their ears 
have also been reported, giving rise to a conse-
quent contact dermatitis from “strike anywhere” 
matches containing phosphorus sesquisulfide 
[20]. This dermatitis is very often complicated 
by superimposed infections, and the treatment 
thereof can easily lead to further sensitization to 
topical medications.

8.2.3  The Eyelids

The eyelids are one of the most sensitive skin 
sites on the body, and eyelids contact dermatitis 
is one of the most common complaints. Owing 
to their minor thickness (0.5 mm compared to 
about 2 mm on the rest of the face skin), the 
eyelids skin is highly subject to aggression by 
irritants and sensitizers. Even just rubbing the 
eyelids can convey harmful substances from the 
hands to the eyelids. The very lax subcutaneous 
zone of the eyelids is the reason for the marked 
edema that characterizes contact dermatitis on 
this site.

Cosmetics are the most common cause of 
dermatitis, including both specific products for 
the eyes, and those applied on the scalp or face 
(Figs. 8.8, and 8.9). Even nail varnish can have 
this effect (ectopic contact dermatitis). Indeed, 

it should be remembered that the intended sites 
of the cosmetics may not develop dermatitis; 
this is particularly true of hair dyes and nail var-
nishes. At the eyelid level, instead, such cosmet-
ics can induce either irritation or contact allergy. 
Differential diagnosis between the two forms is 
not possible based on the clinical- morphological 
findings because the degree of inflamma-
tion may be the same, as also the time interval 
between the exposure to the harmful agent and 
the onset of the dermatitis. However, it may be 
helpful to remember that the irritant potential of 
cosmetics for the eyes, and for general use, is 
usually weak and so only repeated exposure will 
finally induce a reaction.

There are many causes of contact dermati-
tis of the eyelids (Table 8.2), so the etiological 
approach tends to be complex. If several cosmet-
ics are suspected to be implicated, it may be use-
ful the use test: the product may be applied 2–3 
times a day for 4–5 days on the flexor surface 
of the forearm. A positive result, in the sense 
of induction of the dermatitis, is significant but 
cannot discriminate between an allergic and an 
irritant reaction. Instead, a negative result does 
not necessarily exclude a causal role of the prod-
uct being tested. Patch tests must be done with 
each ingredient in the cosmetics.  Water-based 
mascara can contain irritant emulsifiers, so in 

Fig. 8.8  Allergic contact dermatitis from eyewash
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such cases it is better to use anhydrous or water-
proof types. Cosmetics for the eyes contain vari-
ous preservatives, such as quaternium 15 and 
imidazolidinyl urea, for example (both formal-
dehyde donors).

Ectopic contact dermatitis is generally linked 
to fresh nail varnish, while dry polymerized var-
nish does not induce sensitization [21]. A severe 

inflammatory reaction with intense  eyelid edema 
is more usually due to hair products. The most 
common preservatives in ophthalmic medica-
ments are benzalkonium chloride, thimerosal, 
chlorhexidine, chlorobutanol, phenylmercuric 
nitrate and acetate. In nickel-sensitized subjects 
the dermatitis may be due to nickel in the mas-
cara brush. The rubber latex strip serving to 
attach false eyelashes can in rare cases irri-
tate the eyelids. The eyelids are also the most 
common site of airborne contact dermatitis, 
linked to innumerable chemicals, including 
the fumes from plants undergoing combustion 
(Toxicodendron genus: poison ivy, poison oak, 
and poison sumac), and phosphorus sesqui-
sulfide in matches (Italian “zolfanelli” and 
“strike anywhere”), as well as household sprays, 
insecticides, animal hairs and occupational 
volatile chemicals. Matches dermatitis usually 
affects the eyelids and face, in particular on the 
left side [15].

8.2.4  The Lips and Oral Mucosa

The oral mucosa and lips pseudomucosa can 
be affected by various types of local con-
tact reactions [22]. The mucosa is gener-
ally fairly resistant to irritants and has a lesser 

Fig. 8.9  Allergic contact dermatitis from eyewash

Table 8.2  Most common causes of contact dermatitis 
of the eyelids

Mascara
Preservatives in cosmetics
Toluene-sulfonamide formaldehyde resins (nail varnish)
Cosmetics for hair
                   Dyes
                   Oxidizing agents
                   Sprays
                   Lotions
                   Shampoo
Preservatives in eyedrops
Adhesives for false eyelashes
Nickel in mascara brushes
Scents and preservatives in face tissues
Plants (especially of the Rhus family)
Airborne contactants
                   Domestic sprays
                   Insecticides
                    Volatile chemical substances in occupational 

use
                   Spray perfumes
Phosphorus sesquisulfide (vapors)
Products for contact lenses
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tendency to become sensitized than the skin and 
pseudomucosa. This behavior is explained by a 
series of specific characteristics, some of which 
have a primary importance (the lack of corneal 
layer; saliva and its specific enzymes, amyl-
ase and maltase, that can modify the chemi-
cal structure of contactants; the saliva pH, that 
has a buffer action and neutralizes the acid and 
alkaline nature of substances, thereby modify-
ing their irritant action). Others play a second-
ary role (the duration of contact with irritants 
and sensitizers is usually brief, and the abundant 
vascularization causes rapid dispersion of aller-
gens; in addition, saliva dilutes contactants).

A series of applications of dinitrochloroben-
zene on the oral mucosa has been reported to 
induce a mild sensitization in some subjects 
but no reaction in others. However, all the sub-
jects were then refractory to attempts to induce 
allergy, or else showed a rise in the previously 
induced sensitization threshold [23]. This partial 
tolerance to dinitrochlorobenzene could explain 
the low incidence of contact allergy initiating in 
the oral mucosa.

In cases of a primary localization of the 
dermatitis on the lips or perioral skin, the oral 
mucosa may or may not be clinically involved. 
Instead, when the primary sensitization is of the 
mucosa, there is almost always simultaneous 
clinical involvement of the lips, perioral skin 
and often other sites, too.

Stomatitis from Contact with Irritants. The 
symptoms of stomatitis are generally the same 
regardless of whether the complaint is an irri-
tant or an allergic form. Often only subjective 
symptoms are present, but in any case these are 
always more marked than the objective signs. 
Patients complain of loss of the sense of taste, as 
well as torpor or a feeling of burning and pain. 
Clearly, the mucosa may appear mildly erythe-
matous, with or without edema but the erythema 
is rarely intense. The tongue papillae may disap-
pear. If there is marked edema, the mucosa will 
look smooth and shiny; in more severe cases 
there can also be difficulties in swallowing and 
even breathing. Exceptionally, there may be 
vesicles, and these will easily rupture and form 
erosions. In both allergic and irritant reactions 

due to false teeth there is often a clear margin 
between the erythematous mucosa covered 
by the prosthesis and the adjacent unaffected 
mucosa.

Contact irritation of the oral mucosa can be 
due to physical stimuli, like the ingestion of 
boiling liquids or foods. In such cases no objec-
tive alteration may be present, or else there may 
be vesicles or blisters, like after eating melted 
cheese in sandwiches or a very hot pizza (ther-
mal burns).

Stomatitis may be caused by repeated use of 
acetylsalicilic acid tablets held against a painful 
tooth; the prolonged contact can induce ulcera-
tion of the mucosa.

A fairly frequent observation is stomatitis 
induced by chemical substances (phenol, silver 
nitrate, nitric acid) used during dental proce-
dures, but there is a higher incidence of irritant 
reactions to substances contained in detergents 
for dental fittings, available as powder, tablets 
or creams. After using these, prostheses must 
be carefully washed before inserting them in the 
mouth.

Allergic Contact Stomatitis. Contact allergy 
of the oral mucosa is more frequent than it 
appears in the literature. This underestimation is 
linked to the possible absence of objective signs 
and to failure to test the numerous chemical sub-
stances that can come in contact with the oral 
mucosa in some way or another. The most fre-
quent causes of contact allergy are toothpastes, 
mouthwashes, metals, substances used in den-
tistry, false teeth, oral medications, rubber and 
food additives [24–29].

Toothpastes and mouthwashes, either in pow-
der or paste form, contain numerous substances 
(Table 8.3). Among the potential sensitizers, 
even if the incidence is low, are detergents, fluo-
rides, quaternary ammonium compounds and 
dyes; instead, allergy is more often due to pre-
servatives and refiners. Toothpastes and mouth-
washes must not be patch tested as is because 
the detergents they contain are primary irritants.

Various metals are used in dentistry for fill-
ings and prostheses (Table 8.4). Among them, 
mercury and gold are most frequently the cause 
of stomatitis allergic reactions, including lichen 
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planus [30, 31]. Currently, metals are being 
partly replaced by plastics.

A number of other chemicals and medica-
ments are common in dental practice, including 
rubber and plastic gloves [32–36], all of which 
have an allergizing potential (Table 8.5).

Irritant Contact Cheilitis. The pseudomucosa 
of the lips is more prone to the development 
of irritation and contact allergy than the oral 
mucosa.

Irritant contact cheilitis can affect only the 
lips, often featuring desquamation and lip fis-
suring, and sometimes erythema and crusting or 
perlèche; it may also involve the perioral skin 
[37]. The most frequent causes are of a physi-
cal (the cold, tick bites or pinching) or chemi-
cal nature (toothpastes, mouthwashes, dental 
medications, cosmetics, saliva). Among chemi-
cal stimuli, the salivary enzymes (amylase, 

maltase), that contribute to food digestion and 
to other organic functions (cholinesterase, alka-
line phosphatase, sulfatase, galactosidase, lipase, 
lysozyme, catalase, glycogenase, hyaluronidase, 
mucinase, and carbonic anhydrase) certainly 
have an irritant action on the skin. Any spon-
taneous or deliberate process (using tobacco, 
chewing gum) that induces an increased saliva-
tion can cause perlèche, as can altered dentition 
conditions (loss of teeth in the elderly), prosthe-
sis mobility and macroglossia (Down syndrome). 
Continually moistening the corners of the mouth, 
lips and perioral skin, that is a frequent habit in 
children, can cause cheilitis and perioral irritant 
contact dermatitis (see Chap. 18).

Allergic Contact Cheilitis. This clinical 
picture is often frankly eczematous, with ery-
thema, edema, vesicles and crusting. There are 
numerous causes: apart from those responsible 
for allergic stomatitis, lipsticks, lip salves, sun 
protection products, dental materials, nail var-
nish, cigarettes, foods, topical medications (for 
candidosis perlèche or labial herpes treatments), 
metals (nickel) and rubber objects should all be 
taken into account.

In toothpastes and mouthwashes, the  culprits 
are mainly essential oils (clove oil, cinnamon 
oil), geraniol, menthol, balsam of Peru and 
guaiazulene (Figs. 8.10, and 8.11) [26].

Guaiazulene (1,4-dimethyl-7-isopropylazulene), 
a derivative of azulene (cyclopentacycloheptane, 
a terpene bicyclic hydrocarbon), is contained in 

Table 8.3  Main ingredients of toothpastes and mouthwashes

Abrasives (not sensitizing)
Chalk, calcium carbonate, pumice, bentonite, aluminium hydroxide, calcium phosphate, zinc oxide, sodium chloride, 
sodium bicarbonate, magnesium salts
Detergents (rare sensitizers)
Synthetic foams: alkyl sulfates, sarcosinates, sulphonates
Fluorides (rare sensitizers)
Quaternary ammonium compounds (irritants)
Dyes (sensitizers)
Anylines or azo-derivatives
Flavorings (sensitizers)
Cinnamic aldehyde, also contained in foods and cosmetics (perfumes, soaps, deodorants); risk of flare–ups with cin-
namon and derivatives (foods). Essential oils, menthol, eugenol

Antiseptics and preservatives (sensitizers)
Parabens, dichlorophene, hexachlorophene, polymercuric nitrate, ethylenediamine hydrochloride, benzyl benzoate, 
formaldehyde, merthiolate (thimerosal), phenylmercuric nitrate, gallates

Table 8.4  Metals used in dentistry

Aluminium
Antimony
Beryllium
Bismuth
Cadmium
Chromium
Cobalt
Copper
Gallium
Gold
Indium
Iridium
Magnesium

Mercury
Nickel
Osmium
Palladium
Platinum
Rhodium
Ruthenium
Silicon
Silver
Tin
Tungsten
Zinc

https://doi.org/10.1007/978-3-030-49332-5_8
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the essential oils of geranium and cubebe (Piper 
cubeba), an Indian pepper. Other derivatives of 
azulene, present in various plants, include cama-
zulene (contained in Achillea millefolium and 
matricaria and Roman chamomile), vetivazu-
lene (contained in vetiver and elemi oil; it is not 
used in cosmetics) and zierazulene (contained 
in zierone). Guaiazulene is used in cosmetic 
products like soaps, toothpastes, mouthwashes, 
shampoo, creams and lotions, owing to its sooth-
ing and anti-inflammatory properties. It is also 
present in some inhalants and dental prosthesis 
fixatives. We observed five patients with allergic 

contact cheilitis due to guaiazulene; two also 
complained of damage to the oral mucosa, with 
loss of the sense of taste, and burning [26]. One 
case of allergy to azulene used as an anti-irritant 
in lipstick has been reported [37].

Among cosmetics, lipstick, that can con-
tain eosin dyes (that is also photosensitizing), 
lanolin, antioxidants, cinnamon and fragrant 
essences, and lip salves, are the most frequent 
causes of allergy.

One form of ectopic contact dermatitis is 
cheilitis and perlèche due to nail varnish (that 
contains a sulfamide formaldehyde resin), that 
are provoked when the fresh varnish comes in 
contact with the lips.

Among foods, raw and cooked carrot can 
induce cheilitis and allergic perioral dermatitis 
[38]. The catechol in mango can have a sensitiz-
ing action, and crossreact with the oleoresins of 
poison ivy. Subjects that peel citrus fruits with their 
teeth can develop allergy to lemonene, an essential 
oil contained in the peel [39]. Cases of persistent 
cheilitis due to coffee have also been reported [40].

In subjects who are allergic to nickel, the 
habit of holding nickel-covered objects between 
the lips (pens, pins, hair curlers, hairpins) can 
precipitate cheilitis. It can also develop due to 
contact with metal lipstick containers.

Sensitized subjects that have the habit 
of chewing the rubber at the end of pen-
cils can develop allergic cheilitis due to 
mercaptobenzothiazole.

Table 8.5  Chemicals and medicaments used in dentistry

Dental impression compounds (irritants, rarely sensitizers)
Stearin, stearic acid, paraffin wax, resins
Resinous substances
Balsam of Peru, colophony, menthol, eugenol, clove oil, lauryl oil
Plastics (in dental prostheses)
Methacrylates, acrylates, epoxy resins, and various substances in polymerization processes (benzoyl peroxide, hydro-
quinone, camphoroquinone, phthalates, tertiary aromatic and aliphatic amines, ultraviolet stabilizers, antioxidants)
Topical anesthetics
Amides (lidocaine, mepivacaine, prilocaine: rarely sensitizers) and esters (benzocaine, tetracaine, procaine)
Antimicrobials
Formaldehyde and formaldehyde releasers, glutaraldehyde, benzalkonium chloride, chlorhexidine, otyl gallate, 
povidone-iodide, potassium persulfate, glyoxal

Rubber chemicals
Gloves (common causes of allergic contact dermatitis in dental personnel). Risk of immediate allergic reactions 
(contact urticaria) from natural rubber latex

Fig. 8.10  Allergic contact cheilitis to guaiazulene in 
toothpaste
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In one of our reported series, patch tests were 
performed in 273 subjects with contact cheilitis 
using a very extensive series of substances in 
addition to the standard European series, includ-
ing the dental series, foods, cosmetics and drugs 
[25]. In 22 subjects (8%) a perioral dermati-
tis was also present, while in 91 (33.3%) the 
cheilitis was associated with stomatitis, featur-
ing objective signs and/or subjective symptoms. 
A positive history of atopy was elicited in 63 
subjects (23%). The cheilitis was of an allergic 
nature in 106 patients (48.6%), while in 112 
(51.4%) it was not possible to demonstrate an 
allergic reaction. The substances that most often 
provoked positive reactions were balsam of 
Peru, fragrance essences and the components of 
toothpastes (Fig. 8.12) and mouthwashes.

Contact Photocheilitis. Lipsticks with eosin 
or fluorescein dye bases can induce irritation 
and contact photoallergy. Erythrosin, contained 
in compounds used to show plaque, is a photo-
sensitizer that can induce allergic photocheilitis 
after contaminating the lips if it is not removed. 
Photocheilitis can develop due to contact with 
fruit and vegetables containing photosensitizers 
like psoralens [41]. The waxy starch on oranges 
induces a delayed eczematous reaction of the 
lips in subjects that peel oranges with their teeth 

[42]. In subjects that bite or suck bergamot, we 
have often observed the onset of a pigmented 
perioral photodermatitis due to the psoralens 
present in the fruit [41, 43].

Other Forms of Cheilitis. Contact cheilitis 
must be differentiated from atopic cheilitis that, 
associated with perioral dermatitis, frequently 
affects subjects with atopic dermatitis. They 
suffer very intense pruritus, that makes them 
moisten and bite their lips very frequently, thus 
worsening the clinical picture. Differential diag-
nosis with contact dermatitis is difficult and 
requires a close examination of the personal and 
familial clinical history in cases exclusively fea-
turing atopic involvement of the lips and perio-
ral skin. Clearly, all exogenous chemical stimuli 
can aggravate the clinical picture, inducing a 
possible overlap of irritation and contact allergy.

Other contact-induced forms are urticar-
ial contact cheilitis and cold urticarial cheili-
tis. The former develops a few minutes after 
contact with chemical, vegetable or animal 
substances, and is caused by a direct histamin-
ergic or IgE-mediated immunologic mechanism. 
Cheilitis and/or edematous stomatitis can also 
develop in subjects suffering from cold urticaria, 
due to contact with cold foods (icecream) or 
drinks [44].

Fig. 8.11  Allergic contact cheilitis to guaiazulene in toothpaste
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8.2.5  The Nose

The nose can be affected by contact allergy to 
nickel in earrings (at the level of the septum 
or nostril wings) and metal eyeglass frames 
(Fig. 8.13). Contact sensitization can also be 
induced by the plastic nosepads of eyeglasses, 
rubber masks and topical medications used for 
rhinitis of various origins.

8.3  The Neck

All the above-mentioned causes of contact der-
matitis of the scalp and face can also induce 
contact eczema of the neck. One of the most 
common causes is the nickel in jewelry, in zip-
pers or the metal parts of stethoscopes; the chro-
mium in leather necklets or leather garments can 
also be the culprit, as can exotic woods used in 
jewelry [45].

Ectopic contact dermatitis of the neck is due 
to fresh nail polish. In the past, berloque der-
matitis was observed on the lateral faces of the 
neck bilaterally, with hyperpigmented spots 
due to “dribbling” of perfumes. Nowadays, this 

dermatitis should no longer be observed because 
by European directive psoralens cannot be 
employed in fragrances unless they have under-
gone prior defurocoumarinization [43].

“Fiddler’s neck” is a common sign in profes-
sional violin and viola players (Fig. 8.14). This 
complaint is an area of cutaneous lichenification 
on the left side of the neck, just under the angle 
of the jaw, where the chin rest of the instrument 
comes in contact with the neck [46].

8.4  The Axillae

The most common cause of allergic contact der-
matitis in the axillary region is the fragrances 
in deodorants and antiperspirants (Fig. 8.15). 
In such cases the dermatitis affects the entire 
axillary region. Despite the widespread use of 
antiperspirant products containing aluminium, 
aluminium allergy is rare. Contact dermatitis 
due to textile resins and dyes is most intense in 
the axillary folds and often spares the central 
area of the axilla (Fig. 8.16). Chemical depila-
tory agents or the various mechanical means of 
hair removal induce contact irritation.

Fig. 8.12  Allergic contact cheilitis from guaiazulene in toothpaste
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Unilateral axillary dermatitis can be induced 
by nickel in a side zip, in nickel-sensitized 
 subjects, or else it can be a manifestation of a 
so-called “connubial dermatitis” due to hairdye, 
if the couple has the habit of sleeping with one 
spouse’s head in the other’s armpit.

8.5  The Trunk

The main causes of contact dermatitis of 
the trunk are the nickel in brassiere straps 
(Fig. 8.17), zippers and buttons; rubber in under-
garments elastic and other clothing (especially at 

Fig. 8.13  Allergic contact dermatitis of nose and cheeks from nickel in metal eyeglass frame (Reproduced by 
Meneghini and Angelini [1])

Fig. 8.14  “Fiddler’s neck” due to contact with violin chin rest



154 C. Foti et al.

the beltline) (Figs. 8.18 and 8.19); fragrances in 
soaps, detergents and other skin-care products; 
and fabric dyes and resins.

Dermatitis caused by textiles (fibers and 
dyes) is generally more evident at sites of per-
sistent close contact with the fibers and at sweat 
retention sites, like the axillary folds, sides of 
the neck, wrists, inner aspects of the thighs, and 
gluteal folds [47–50]. It should be noted that the 

incidence of textile dermatitis due to the release 
of formaldehyde has decreased over the years, 
thanks to the reduction in the tendency of these 
materials to release the substance [51].

An important characteristic of dermatitis 
from textile azo dyes is that it often presents in 
the form of purpuric contact dermatitis. We have 
often observed this noneczematous contact der-
matitis, that generally affects the entire skin, 
manifesting with erythematous-purpuric lesions 
[52]. The purpuric nuance is linked to a heavy 
extravasation of red blood cells, showing that 
azo dyes involve the vessels [52, 53].

Woollen and artificial synthetic fibers cause 
irritation, especially in atopic subjects, in whom 
the worst culprits of mechanical irritation are the 
clothes labels at the top of the back in the central 
area.

At the umbilical and periumbilical level, 
contact allergy to nickel is a frequent observa-
tion, due to metal buckles and jeans buttons 
(Figs. 8.20, and 8.21).

A peculiar type of clothing dermatitis can 
be observed in subjects who wear undergar-
ments that have been washed together with tex-
tiles containing fiberglass, for example curtains 
or work clothes contaminated with glass fib-
ers. Fiberglass may cause an intensely pruritic 
mechanical dermatitis at the sites of contact [54].

Fig. 8.15  Allergic contact dermatitis to fragrances in 
deodorants

Fig. 8.16  Allergic contact dermatitis to textile dyes



1558 Regional Contact Dermatitis

A rare cause of dermatitis of the trunk is the 
electrode jelly used for electrocardiograms, as 
well as the rubber in electrodes used for electro-
cardiograms [55], transcutaneous drug delivery 
systems and ostomy bags.

A highly pruritic papular dermatitis under swim-
wear is “seabather’s eruption” caused by larvae of 
the sea anemone Edwardsiella lineata [56, 57].

In subjects who bathe in hot sulphur springs, 
the onset of an irritant contact dermatitis can be 

observed, with papular lesions due to the sul-
phur or the acidity of the baths [58].

8.6  The Anogenital Region

The anogenital region is a common site of con-
tact dermatitis [59–61], caused among other 
things by the fact that irritants and allergens 
very easily penetrate the delicate skin of this 

Fig. 8.17  Allergic contact dermatitis to nickel in brassiere hooks

Fig. 8.18  Allergic contact dermatitis to rubber elastic



156 C. Foti et al.

zone, that is normally occluded (Figs. 8.22, 8.23 
and 8.24). Age also plays an important role: irri-
tation by urine and feces is common in young 
children and incontinent elderly subjects [62]. 
Diapers can also induce irritation and, excep-
tionally, contact allergy.

In sexually active subjects, connubial der-
matitis can affect the vulva, penis and scro-
tum. Characteristically, the dermatitis activity 

fluctuates with the intensity of the sexual activ-
ity. If in the man the affliction can be solved 
with the use of condoms, this means that it is 
due to the use of vulvovaginal products, such as 
vaginal plugs, spermicide creams, various gels, 
fragrances in creams, detergents and rubber in 
diaphragms. Vice versa, the condom rubber can 
induce dermatitis in the partner. Moreover, vagi-
nal microbial flora and Candida albicans can 
cause a transient balanitis in the man. Women 
can be affected by contact urticaria from sperm 
[63, 64]. Other problems associated with sexual 
activity are traumatic lesions, such as ragades, 
erosions and ulcers due to intense friction, poor 
lubrification or bizarre sexual practices.

In addition to problems related to sexual 
activities, contact dermatitis in both sexes can 
be caused by substances, both occupational and 
non, transported to the genitals on the hands 
(ectopic contact dermatitis).

A contact eruption of the anoperianal region 
can develop in cases of systemic contact derma-
titis (“baboon syndrome”) or airborne contact 
dermatitis, or else due to contact with marine 
flora and fauna [56, 57], and with topical medi-
cations used against intertrigo, tinea cruris and 
candidosis.

Fig. 8.19  Allergic contact dermatitis to rubber elastic

Fig. 8.20  Periumbelical allergic contact dermatitis to 
nickel in buckle
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Fig. 8.21  Periumbelical allergic contact dermatitis to 
nickel in buckle

Fig. 8.22  Allergic contact dermatitis to rubber truss

Contact Vulvo-Vaginitis. Vulvovaginitis can 
be linked to contact with nail varnish (ectopic 
contact dermatitis), female hygiene sprays, 

detergents, deodorants and medicaments. 
Preservatives, antibacterial agents and fragrance 
essences are the commonest causes.

Chemical contraceptives (vaginal spermi-
cides) are rare causes of irritation or contact 
allergy. Vulvar and suprapubic irritation can 
develop after the use of depilatories. Vaginitis 
and vulvitis may be due to rubber articles; the 
patient should be advised that these rubber items 
can be replaced by plastic pessaries and contra-
ceptive devices.

Other causes of allergic contact vulvitis are 
nickel (pins, zippers, clips), perfumes, medi-
cated soaps, dyes and synthetic resins in under-
clothing, and medicaments (for neurodermatitis).

Contact Balanoposthitis. The most common 
cause is condoms made of rubber (antioxidants 
and accelerators) or natural latex. Edema of the 
foreskin may be the first sign of the allergic 
reaction, which will often also affect the shaft 
of the penis, the scrotum, inguinal regions, and 
inner aspects of the thighs. Patch tests should be 
performed also with the suspect condom and its 
powders and lubrificants [65]. In cases of sus-
pected natural rubber latex sensitivity, prick tests 
and RAST are indicated, since in this case the 
symptoms arise immediately (within minutes of 
contact). Rubber condoms can be replaced by 
the non rubber type, made of processed lamb 
cecum (“fish skins”) or polyurethane.

Contact Proctitis. This is provoked by topical 
medications used to treat anal pruritus and anti-
hemorrhoid products (benzocaine, neomycin, 
Peru balsam), perfumed and colored toilet paper 
(dyes and essences), rubber condoms and lubri-
ficants used during rectal intercourse.

8.7  The Limbs

Contact Dermatitis of the Arms. The antecubital 
fossae are typical sites of nickel dermatitis (as a 
secondary idiopathic manifestation), textile azo 
dyes dermatitis (Fig. 8.25), systemic contact 
dermatitis, and airborne contact dermatitis [54], 
as well as atopic dermatitis.

Eczema of the forearms can be secondary to 
the spread of a contact dermatitis of the hands, 
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Fig. 8.23  Allergic contact dermatitis due to topical antimycotic drugs

Fig. 8.24  Allergic contact dermatitis due to topical antimycotic drugs

or primary owing to the use of metal or wooden 
bracelets (Figs. 8.26, and 8.27), leather belts, the 
metal case of watches, and rubber gloves.

Contact Dermatitis of the Hands. The hands 
are inevitably the most common site of contact 
dermatitis. Irritant contact dermatitis is more 
frequent than allergic contact dermatitis [66], 
although the two forms can also coexist [67]. 

Indeed, the two forms can be clinically and 
morphologically comparable, and only in some 
cases is differential diagnosis possible based 
only on the clinical criteria. As a rule of thumb, 
involvement of the dorsal surface of the hands 
may indicate contact irritation, in particular in 
occupational cases.



1598 Regional Contact Dermatitis

Fig. 8.25  Allergic contact dermatitis from textile azodyes

Fig. 8.26  Allergic contact dermatitis from wooden bracelet

Patients must be patch tested not only with 
the standard series but also with some of the 
other series, depending on the work activity. 
Even when the incriminated allergen has been 
identified on the basis of its specific current 
relevance [68], the dermatitis does not gener-
ally resolve when direct exposure to this is 

eliminated because the hands are continually 
exposed to various irritant substances during 
everyday activities.

There are countless allergens involved in 
hand contact dermatitis, in both occupational 
and non occupational settings. It is not always 
possible to link a positive patch test to hand 
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Fig. 8.27  Allergic contact dermatitis from metallic 
bracelet

Fig. 8.28  Allergic contact dermatitis of right wrist due to chromium in cement

eczema, in cases of nickel allergy for example, 
because this is a ubiquitous allergen present in 
a multitude of objects encountered every day. 
Allergy to chromium and cobalt, present in 
leather gloves and in various working activities, 
is also common (Fig. 8.28).

To diagnose protein contact dermatitis and 
contact urticaria of the hands it is necessary to 
perform prick tests or prick-by-prick tests with 
selected allergens, especially in women, and 

cooks in general, owing to contact with food 
items or latex protein in gloves.

Contact Dermatitis of the Legs. Allergic con-
tact dermatitis of the antero-lateral face of the 
thighs is due to carrying objects in trouser pock-
ets, like matches (“strike-anywhere”) containing 
phosphorus sesquisulfide [15] or matches with 
heads containing chromium, as well as keys, 
coins, scented tissues, keyholders and purses 
(chromium in leather). In women, there is a 
lesser incidence, attributable to nickel in sus-
pender belts (Fig. 8.29) and the rubber in sock 
elastic.

The most common causes of contact der-
matitis of the legs are topical medications used 
for stasis dermatitis and stasis ulcers (Fig. 8.30) 
[59, 69, 70]. Since these are chronic disorders, 
the use of occlusive bandages applied to the 
afflicted legs makes this area the major site of 
contact allergy from topical medicaments [70]. 
Other possible allergens are present in metal 
or rubber anklets, suspender belt hooks, rubber 
sock elastic and boots (leather or rubber).

Dermatitis provoked by nylon stockings 
in women, and by textile dyes in trousers, is 
observed in zones where they are in closest con-
tact with the skin, like the internal face of the 
thighs and the popliteal cavities.
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Fig. 8.29  Allergic contact dermatitis to nickel in suspender belt

Fig. 8.30  Allergic contact dermatitis to neomycin on 
leg ulcers

Contact Dermatitis of the Feet. The most fre-
quent etiological agents are socks and shoe dyes, 
chromium in leather, rubber shoes (Fig. 8.31), 
shoe fixatives (p-tert-butylphenolformaldehyde 
resin), antiperspirant creams and powders and 
topical medications used to treat dyshidrosis.

Shoes dermatitis characteristically involves 
the dorsal aspect of the feet and toes and the 
sides of the feet. It rarely involves the soles of 
the feet [71, 72], and the interdigital spaces are 
also normally spared.

8.8  The Nails

In various working activities, the nails and sur-
rounding skin develop some disease (onychia, 
koilonikia, dystrophy, and discolorations) due to 
chemical and physical stimuli.

Onychia (a spoon-shaped deformity) can be 
induced by organic solvents and engine oils [73, 
74]. Nail dystrophy may result from trauma, 
solvents and permanent wave solutions in hair-
dressers. Food handlers may have chronic paro-
nychia [75]. Nail changes occur in professional 
or occasional athletes [76]. Onycholysis can also 
be linked to formaldehyde, that may be present 
in nail hardeners.

Discoloration of the nails (chromonychia) 
can develop with or without an inflammatory 
process due to exposure to various chemicals. 
Insecticides and weed killers produce a yellow 
or whitish discoloration of the proximal part of 
the nail. Nail enamels cause a yellowish-brown 
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Fig. 8.31  Allergic contact dermatitis from rubber shoes

discoloration of the nail plate surface, whereas 
nail hardeners may cause a yellow to red-blue 
and brown discoloration of the distal part of the 
nail, associated with punctate subungual hem-
orrhage, subungual hyperkeratosis, and distal 
onycholysis. Bleaching creams, containing hyd-
roquinone used to treat chloasma, freckles and 
post-inflammatory hyperpigmentation, induce a 
yellowish-brown discoloration of the fingernails 
[77, 78].

Acrylates may induce allergic contact der-
matitis in occupational (dentistry workers, nail 
technicians, some industrial workers, and hospi-
tal personnel) and non occupational settings, as 
in patients with dental problems (prostheses and 
tooth fillings) as well as users of artificial nails 
[79–90]. Sculptured acrylate nails can induce 
severe onychia and paronychia, sometimes caus-
ing permanent destruction of the nails.

Indeed, the problem of nail esthetics has 
assumed huge proportions in most countries, 
bearing in mind that these same esthetics are 
responsible for 67.3% of positive patch tests 
reactions to acrylates [90]. Allergic contact der-
matitis from nail acrylates is a problem in all 

age groups, but in particular in young females 
all over Europe [88], who have adopted a 
fashion which involves repeated exposure to 
acrylates. It should also be borne in mind that in 
the occupational setting, acrylates easily pene-
trate gloves, and so the gloves must be regularly 
changed to reduce exposure. The substances 
most highly implicated in contact sensitiza-
tion are 2-hydroxyethyl methacrylate (HEMA), 
2-hydroxypropyl methacrylate, and ethylene 
glycol dimethacrylate (EGDMA); the first 2 sub-
stances account for 91.9% and 83.2%, respec-
tively, of allergic cases from nail acrylates, 
among which cross-reactions are also possible 
[90]. Skin lesions are localized both on areas in 
direct contact with the acrylates (fingers, hands, 
wrists), and on ectopic or air-exposed areas 
(eyelids, face, neck). This second possibility 
is due to transport of the allergen on contami-
nated tools or hands and also to the evaporation 
of acrylates, which may trigger the respira-
tory complaints reported in a few occupational 
cases [91]. It should be noted that nail acrylates 
can in some cases cause contact allergy exclu-
sively of the face and neck: such cases may be 
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overlooked if acrylates are not included in the 
cosmetic series or in the baseline series [90]. In 
view of this issue, stricter regulations on the use 
for esthetic purposes of these highly sensitizing 
chemicals are warranted [90].

Preformed plastic nails, made with com-
pletely cured plastic, do not cause sensitization; 
however, the adhesive used to stick the false nail 
to the nail plate may cause nail discoloration, 
subungual hyperkeratosis and hemorrhage.

8.9  Contact Dermatitis 
from Devices Inside the Body

Implanted devices (pacemakers) can induce 
widespread pruritic eczema on the overlying 
skin. Traces of metals or epoxy resin are likely 
released from such items, causing these rare 
reactions [92, 93]. Copper intrauterine devices 
can induce a similar dermatitis [94].

Nickel wiring left in the tissues following 
surgery can cause dermatitis of the skin above 
these tissues, or vesicular hand eczema [95].

Diffuse eczema and vesicular hand eczema 
have been observed in patients who ingested 
coins containing nickel; the dermatitis resolved 
after the removal of the coins [96].
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has been arbitrarily subdivided on the basis of 
its wavelengths into UVC (200–280 nm), UVB 
(280–320 nm), UVA (320–400 nm) and visible 
light (400–800 nm). The wavelengths that pro-
voke the activation of most photocontactants lie 
in the UVA range. In fact, they penetrate more 
deeply into the skin than UVB rays, and can 
interact with drugs and other substances that dis-
tribute in the more proximal skin layers. For some 
substances, such as halogenated salicylanilides, 
the spectrum of action also extends to the UVB 
band [12], while the spectrum of action of others, 
like diphenhydramine, is exclusively in the UVB 
range [13]. Naturally, visible light, by penetrating 
down to the subcutaneous tissue, can also photo-
activate various substances.

9.1.1  Phototoxic Reactions

It is necessary, for a phototoxic reaction to 
develop, (a) that the contactant reaches vital 
cells, (b) that light of an adequate wavelength 
penetrates the skin and (c) that energy pho-
tons be absorbed by the photocontactant [14]. 
Theoretically, all subjects exposed to sufficient 
quantities of phototoxic substances and to light 
of an adequate wavelength can develop a pho-
totoxic dermatitis [15]. In practice, however, 
such manifestations are not observed in 100% 
of subjects, due to both host and environmental 
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Photocontact dermatitis is an adverse reaction 
caused by a chemical substance coming in con-
tact with the skin, that elicits an inflammatory 
response after exposure to ultraviolet rays (UV) 
and/or visible light [1–10]. This includes forms 
of contact irritation and forms of contact allergy.

9.1  Physiopathomechanism

In general, for a photochemical reaction to occur, 
the radiating energy needs to be absorbed by a 
molecule (a chromophore). The chromophores 
present in the skin are both endogenous (DNA, 
melanin) and exogenous (drugs and other pho-
tosensitizing contactants). Each chromophore 
absorbs a given wavelength (absorption spectrum) 
determined by the arrangement of its atoms. The 
range of action of a molecule is governed by the 
capacity of a given wavelength to provoke a bio-
logical response [11]. It is well known that light 
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thereby damage cellular components. Unlike 
type I reactions, in which the chromophore 
is chemically charged, in the second type the 
chromophore is not chemically altered.

Most phototoxic substances very likely act 
through the photodynamic mechanism and 
cause damage along various routes. The cel-
lular target of photodynamic substances varies: 
topical products are more likely to damage the 
keratinocytes, whereas drugs administered orally 
or parenterally act on the mast cells and dermal 
endothelial cells. The type of subcellular target 
depends on the characteristics of the phototoxic 
substance: hydrophilic substances harm the cell 
membrane, whereas hydrophobic substances 
spread in the cell and damage the cytoplasmic or 
nuclear substances [23].

9.1.2  Photoallergic Reactions

Photoallergic contact dermatitis can be defined 
as an acquired photoreactivity, depending on 
a cell-mediated hypersensitivity reaction to 
photosensitizing contactants. The quantity of 
substance capable of eliciting a photoallergic 
reaction is less than that needed to induce a pho-
totoxic reaction and often does not induce the 
chemical reaction on first exposure. The histol-
ogy and morphology of a photoallergic contact 
dermatitis are similar to those of an ordinary 
allergic contact reaction [24], and on immuno-
histological examination, lymphocytes of the 
CD4+ type are present in the infiltrate [25].

Photoallergic reactions are a particular type 
of cell-mediated hypersensitivity because energy 
is needed to produce a photoantigen, that then 
triggers the immune response. It is thought 
that light converts the photocontactant into an 
immunologically active product via various 
mechanisms [26]. After the absorption of lumi-
nous energy, some substances, like halogen-
ated salicylanilides, chlorpromazine, bithionol, 
and paraaminobenzoic acid, reach an unstable, 
excited state that leads to the formation of free 
radicals. The latters can combine in complexes 

factors. The quantity of substance present in the 
skin is very important, for instance, and in the 
case of drugs this depends on the administra-
tion route, degree of intestinal absorption, and 
on the distribution and metabolism of the drug 
itself. Another important factor is the quantity 
of radiations that reaches the skin, that var-
ies according to the skin pigment, quantity of 
hairs and thickness of the corneum. Moreover, 
an increased humidity, temperature and strong 
winds will also contribute to worsen the skin 
damage [16].

The transfer of energy from light to a 
chromophore in the skin causes electron excita-
tion, that in turn triggers the formation of lay-
ers of unstable atoms with unpaired electrons 
or electron triplets. Naturally, therefore, mol-
ecules with a particular structure, often with 
double bonds alternating with single bonds or 
with aromatic rings, are those prone to trigger 
photodynamic reactions [17]. Excited molecules 
can return to the basal state following the emis-
sion of light (fluorescence or phosphorescence), 
release of heat, or transfer of energy to other 
molecules. This energy release can provoke 
damage to macromolecules and cellular organ-
ules, as well as the formation of inflammation 
mediators.

The phototoxicity mechanism is a dual one, 
being both direct (oxygen-independent) and 
indirect (oxygen-dependent) [1, 18, 19]. In turn, 
direct phototoxicity ensues in two ways: (a) by 
direct interaction of an excited chromophore 
with a target site through a covalent bond (furo-
coumarins,  for example, combine with a pyrimi-
dinic DNA base) [20]; (b) through the formation 
of a stable phototoxic product, as occurs with 
chlorpromazine [21, 22]. Indirect or photody-
namic phototoxicity can develop in two forms: 
(c) a type I reaction, in which excited chromo-
phores, in their triplet state, react with oxygen to 
form highly reactive free radicals that can cause 
the skin damage; (d) in type II reaction, instead, 
the activated chromophores transfer energy to 
oxygen atoms, forming singlet oxygen. The 
latter has a remarkable power to oxidize and 
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with covalent bonds that have a possible hap-
tenic action. Otherwise, in the presence of 
albumin, free radicals can form photoadducts 
with proteins, producing a complete antigen. 
Alternatively, the photocontactant reaction with 
UVA rays can give rise to stable photoprod-
ucts that act as haptens. Then the haptens bind 
to protein vectors to form a complete antigen. 
Moreover, light absorption can provoke further 
alterations in the hapten-protein complex, form-
ing yet other antigens. Further exposure to light 
can even cause the formation of the same pho-
toproducts, or similar compounds, from endo-
geous substances. The latter mechanism could 
explain the persistent reactivity to light phenom-
enon [27, 28].

After the complete antigen has formed, the 
pathogenic mechanism is the same as for ordi-
nary contact allergy [29–32].

9.2  Phototoxic Contact Dermatitis

9.2.1  Etiology

The substances responsible for phototoxic con-
tact dermatitis are reported in Table 9.1.

Furocoumarins. Furocoumarins are tricy-
clic hydrocarbons with a furan ring condensed 
to a coumarin ring. They are present in various 
types of plants belonging to the Umbelliferae, 
Rutaceae, Moraceae, Leguminosae, and Rosaceae 
families [24] (see Chap. 16). Among the various 
furocoumarins isomers (denominated psoralens), 

only those with a linear structure like psoralen 
are photoactive; the angular structure, like that of 
pimpinella and angelicin, annuls or reduces the 
photoactivity of the compound, interfering with 
the molecule binding sites (only single function 
photoadducts are formed). The photoactive action 
of furocoumarins is due to their ability to absorb 
photons in order to form photoadducts with the 
DNA pyrimidinic bases cytosine, uracyl and 
thymine, above all through the 3’ and 4’ bonds 
of the coumarin ring and 4’ and 5’ bonds of the 
furan ring. Such a bond is an instance of cycload-
duction, in which rich but short-lasting states of 
energy are formed, and their dissipation is what 
causes the cellular damage. The phototoxicity of 
furocoumarins can also be correlated to damage 
to the cell membrane caused by the production 
of singlet oxygen, i.e. through a type II photody-
namic mechanism [33].

Tar and Pitch. Coal-tar derivatives, such as 
acridine, anthracene, benzopyrene, phenan-
threne, and pyridine, are common photosensi-
tizing substances. Their spectrum of action is 
between 320 and 430 nm. They provoke pho-
totoxicity by means of an oxygen-dependent 
mechanism. Phototoxic tar dermatitis is most 
frequently observed in workers using substances 
to impermeabilize roofs and in road work-
ers laying asphalt. Wood tars are not generally 
photosensitizers.

Dyes. The dyes responsible for phototoxic 
contact dermatitis include methylene blue, fluo-
rescein, eosin, acridine orange, acriflavin, neu-
tral red, anthraquinone, toluidine blue [34, 35]. 
Through the absorption of visible light and UVA, 
dyes cause oxidation via a type II photodynamic 
mechanism and hence cell membrane damage.

9.2.2  Clinical Features

Photocontact irritant reactions are actually an 
exacerbation of the normal skin response to 
exposure to the sun. The resulting lesions are 
intensely erythematous, sometimes edematous 
or erythemato-bullous, and are strictly localized, 

Table 9.1  The most common topical phototoxic substances

Furocoumarins
Coal and derivatives (acridine, anthracene, 
 phenanthrene, pyrene)
Dyes (acridine orange, eosin, acriflavin)
Buclosamide
Chlorpromazine
Fenticlor
Halogenated salicylanilides
Essential oils (bergamot, cedar, citron, sandalwood, 
lavender, lime, neroli)



170 D. Bonamonte et al.

the margins being confined to photoexposed 
skin sites that have come in contact with the 
causal agent. The patient’s subjective symptoms 
are pain and burning. Hyperpigmentation is a 
common sequela and can persist for weeks after 
the resolution of the dermatitis, that generally 
lasts a few days. Differential diagnosis must be 
made with photocontact allergic dermatitis and 
airborne contact dermatitis (Table 9.2) [36].

It should be remembered that window glass, 
which absorbs UV radiation of wavelengths 
shorter than 320 nm, will protect subjects from 
phototoxic reactions linked to an action spec-
trum below 320 nm, but not from phototoxic con-
tactants with a higher action spectrum, such as 
tar-derivatives and furocoumarins. Apart from the 
above classic clinical picture, photocontact irri-
tant reactions can present with particular morpho-
logical aspects depending on the etiological agent.

9.2.2.1  Phytophototoxic Contact 
Dermatitis

Such forms are generally observed in warmer 
months, due both the greater intensity of the 
sunrays and to the greater quantity of plant 
photoactive compounds. The intensity of the 
response to photoactive agents varies according 
to various factors, such as the chemical nature 
and concentration of the substance, the intensity 

and duration of the exposure to light, and the 
skin absorption of light, that in turn depends on 
the thickness of the corneum, and the quantity of 
melanin and of body hairs.

The clinical pictures, both occupational and 
non occupational, are prevalently erythemato-
vesico-bullous, most often localized on the 
hands and forearms (Fig. 9.1), or else striped 
erythemato-edematous lesions scattered over 
the limbs and trunk. These lesions appear after 
a latent period of about 10–24 hours, and reach 
the maximum expression after 1–3 days from 
the harmful contact. During the autumn, the 
lesions are only erythematous, featuring little or 
no exudation.

Other phytophototoxic reactions include der-
matitis bullosa striata pratense and berloque 
dermatitis (see Chap. 16). The former is linked 
to contact with plants containing furocoumarins 
and occurs if two conditions are present: the skin 
must be wet, and must be exposed to the sun. The 
complaint therefore develops more commonly 
after sunbathing in meadows. The onset of the 
eruption occurs a few hours after the contact, and 
features striped erythematous and vesico-bullous 
lesions in various sites, showing a bizarre distri-
bution. It persists for 8–10 days and leaves hyper-
chromic sequelae that are slow to heal. The plants 
implicated vary from one nation to another.

Table 9.2  Clinical features of photocontact dermatitis

Features Phototoxic reaction Photoallergic reaction
Incidence High Low
Dose Large doses needed Small doses are enough
Occurrence on first exposure Yes No
Onset after UV exposition Minutes to hours 24–48 hours
Clinical presentation Sunburn-like eruption: erythema, edema, 

vesicles, bullae
Eczematous lesions

Sites Exposed areas with sharp limits Exposed areas, with possible extension to 
non exposed areas

Residual hyperpigmentation Intense and persistent for months Unusual and modest, lasting few days
Histology Necrotic keratinocytes, dermal infil-

trate of lymphocytes, macrophages, and 
neutrophils

Spongiotic dermatitis, dermal lymphohis-
tiocytic infiltrate

Cross-reactivity None Common
Regression Quick Possible persistence/recurrence
Diagnosis Clinical Clinical and photopatch tests
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Berloque dermatitis is characterized by the 
presence of ‘pendant’ or ‘drop’ lesions, and is 
caused by cosmetics (cologne, other perfumes) 
with a fragrance base that usually contains ber-
gamot oil. There is certainly an individual sus-
ceptibility to this form of dermatitis, even if 
all the aspects are not entirely clear. The clini-
cal manifestations are hyperchromic and reflect 
the way the perfume dribbled down the skin. 
The sites most often affected are the sides of 
the neck and the arms; the trunk may also be 
involved. The hyperchromic lesions, that have 
a more accentuated pigmentation at the mar-
gins, have a bizarre distribution and last for 
months. Diffuse forms are also possible, due 
to the use of tanning creams with a furocou-
marin base. The interval between the applica-
tion of the perfume and exposure to the sun is 
not more than 1–2 hours. The residual hyper-
pigmentation in phytophotocontact reactions is 
due to an increased melanocytes mitotic activity, 
increased number of functioning melanocytes 
and increased production of melanosomes.

Workers exposed to coal tar and its derivatives 
can present tar “smarts”: a reaction consisting 

of burning and smarting of photoexposed sites, 
associated with erythema and residual hyperpig-
mentation. The disorder, that is observed in sum-
mer months due to the higher degrees of UVA 
exposure, can be caused both by volatile fumes 
and by direct contact.

9.3  Photoallergic Contact 
Dermatitis

9.3.1  Etiology (Table 9.3)

Antimicrobials. In the 1960s and ‘70s, the 
most common photoallergens were the anti-
microbials, and foremost among these, halo-
genated salicylanilides and other halogenated 
phenols (tetrachlorosalicylanilide, tribromosal-
icylanilide, dibromosalicylanilide, trichloro-
carbanilide, bithionol, hexachlorophene) added 
to soaps and cosmetics. These substances are 
no longer used nowadays: halogenated salicy-
lanilides cross-react among themselves and 
with bithionol and hexachlorophene.

Fig. 9.1  Irritant phytophotocontact dermatitis due to furocoumarins in Ficus carica
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Photosensitizing antimycotics are mainly 
buclosamide, fentichlor, and bromosalicylchlo-
ranilide. Fentichlor cross-reacts with bithionol 
and hexachlorophene, bromosalicylchloranilide 
with tribromosalicylanilide, and buclosamide with 
antidiabetics and diuretic sulfamide-derivatives 
[37–39].

Sulfanilamide is also a cause of photoal-
lergy. It is currently much less commonly used 
as a topical agent than in the past. Subjects 
who have been allergized to sulfanilamide by 
topical route must be warned never to take 
 sulfamide-derivatives used as drugs for systemic 
use, like hypoglycemic sulfonamides (chlor-
propamide, tolbutamide) and thiazide diuret-
ics (chlorothiazide, hydrochlorothiazide) due to 
cross-reactivity [40, 41]. The spectrum of action 
of sulfanilamide is the UVB range.

Furocoumarins. Furocoumarins, that have 
a prevalently phototoxic activity, can also 
 induce photocontact allergy. Some subjects 
suffering from phytophoto dermatitis from 
Ficus carica, after patch tests with ethanol 
extract of fig leaf and with three pure psoralens 
 (5-methoxypsoralen, 8-methoxypsoralen, and 
4’-5’-8- trimethylpsoralen) in serial dilutions 
from 0.1 to 0.0001% and subsequent irradiation 
with UVA, presented positive reactions to the 
fig leaf and to 8-methoxypsoralen down to the 
0.0001% dilution [24, 42]. Apart from cases of 
spontaneous photoallergy, cases of photoallergy 
to furocoumarins after PUVA therapy have been 
reported in the literature [43–49]. Finally, some 
authors succeeded in eliciting self-induction of 
phytophotoallergy after repeated exposure to 
psoralens and to parts of the Heracleum lacinia-
tum plant [50].

Fragrances. Photoallergic contact derma-
titis due to fragrances is much more rare than 
the common contact allergy. Musk ambrette, 
a synthetic fragrance fixative used in both the 
food and cosmetic industries, has caused numer-
ous cases of photoallergy. Like the halogenated 
salicylanilides, musk ambrette has also pro-
voked a persistent reaction to light in several 
individuals [51, 52]. 6-Methylcoumarin (no 
longer used in cosmetics), a synthetic organic 

lactone structurally related to the furocoumarins, 
induced rare cases of photocontact allergy, 
together with oak moss, eugenol, and cinnamic 
aldehyde [53].

Sunscreens. In previous years, in particular in 
the USA, Scandinavia and Germany, the ingre-
dients in suncreens were among the most com-
mon photosensitizing agents [54–56]. Instead, 
in a multicentric Italian study, the incidence 
of photoallergy to sun filters was down in fifth 
place, after topical medicaments, additives of 
cosmetics, perfumes and antimicrobials [57]. 
These chemicals can also induce regular con-
tact allergy. Many sunscreen lotions contain two 
or more active ingredients to provide a broader 
spectrum of photoprotection. In the past, PABA 
derivatives were the most common sensitiz-
ing sunscreens but nowadays oxybenzone is the 
most common [54, 58].

Suncreens can be subdivided into two groups, 
namely chemical filters that absorb ultravio-
let rays and reflective screening agents that 
act as a physical barrier. The former, in turn 
are distinguished according to their absorp-
tion spectrum into UVA filters (benzophenones, 
dibenzoylmethanes) and UVB filters (PABA 
derivatives, benzophenones, cinnamates, salicy-
lates). Currently, cinnamates and salicylates 
are the most widely used, and reports of aller-
gic reactions to these are relatively low. Since 
the late’90s, several new filters have been 
developed and to date, only sporadic reports 
of photocontact allergy and contact sensitiv-
ity have been made [9, 59–68]. Such reports are 
increasing over time, however, because today 
many cosmetic products, such as moisturiz-
ing,  anti-wrinkle, and facial creams and other 
makeup (e.g., lipstick), nail varnish, shampoo 
and other cleansing products, and hair products, 
contain sunscreen agents [67]. At present, the 
main sunscreens responsible for photoallergic 
contact dermatitis are oxybenzone or benzo-
phenone 3, octocrylene, butymethoxydibenzoyl 
methane, and cinnamates [63, 64, 66, 68, 69]. 
Newer filters, such as Mexoryl SX® (terephtha-
lylidene dicamphor sulfonic acid), Tinosorb M®  
(methylene bis-benzotriazolyl tetramethylbu-
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tylphenol or bisoctrizole), and Tinosorb S®  
(bis-ethylhexyloxyphenol methoxyphenyl tria-
zine), rarely cause photoallergy. This is because 
they are mostly photostable molecules used in 
sunscreen mixtures. Moreover, they photosta-
bilize older photo-unstable filters, like diben-
zoyl methanes. This is why, despite the growing 
employment of products containing UV filters, 
there has been no parallel increase in photoal-
lergic contact dermatitis [4]. Nevertheless, some 
of them can induce allergic contact dermatitis, in 
particular Tinosorb M®, owing to the surfactant 
decyl glucoside, used to solubilize the active 
molecule of bisoctrizole [70, 71].

Non-steroidal Anti-inflammatory Drugs 
(NSAIDs). NSAIDs, increasingly used in topi-
cal form for the relief of musculo-skeletal pain, 
can be subdivided into different classes: pro-
pionic acid derivatives (ketoprofen, ibuprofen, 
suprofen, tiaprofenic acid), arylacanoic acid 
(diclofenac, etofenamate), oxicam (piroxicam), 
and indomethacin and benzydamine [9]. The 
arylpropionic derivatives have been reported to 
be the group responsible for the largest num-
ber of allergic and photoallergic contact der-
matitis reactions [57, 72–75]. In particular, 
ketoprofen, and related drugs (piketoprofen, 
dexketoprofen) or cross-reactive substances 
are those mainly responsible [66]. Ketoprofen, 
recently used also in transdermal patches, often 
induces severe forms of photocontact allergy, 
that develop immediately after the start of treat-
ment, and can persist or recur after exposure to 
the sun without any apparent further contact with 
the drug: this may be explained by the fact that 
after topical exposure, the drug persists in the 
skin for more than two weeks [76]. There have 
also been reports of cases of ectopic, connubial, 
or “by proxy” contact dermatitis due to contact 
with other people’s skin/hands contaminated by 
ketoprofen gel or by contact with contaminated 
objects, such as clothes that retain the drug even 
after washing [77–81]. Photocontact allergy due 
to ketoprofen is frequently associated with vari-
ous photopatch test cross-reactions: with other 

arylpropionic NSAIDs (tiaprofenic acid, supro-
fen); benzophenone UV filters, mainly oxy-
benzone; fentichlor; and systemic hypolipemic 
fenofibrates that induce systemic photosensitiv-
ity. Positive photopatch tests to octocrylene (UV 
filter) and patch tests to fragrance mix I and to its 
constituent, cinnamic alcohol, are also associated 
with photoallergy to ketoprofen [63, 82–89].

Another NSAID that induces allergic and 
photoallergic contact dermatitis is piroxicam, 
mostly after previous contact allergy to thi-
merosal and its moiety thiosalicylic acid, since 
photoproducts of piroxicam are chemically 
similar to these allergenic chemicals [63, 90]. 
Benzydamine, used mainly in mouthwashes or 
genital soaps, induces photocontact allergy that 
manifests as cheilitis and dermatitis of the chin 
or of the hands, respectively [63, 91].

Phenothiazine Derivatives. These are used 
in some European countries as topical antihista-
mines (promethazine, isothipendyl chlorhydrate) 
or muscle relaxants (chlorpromethazine), as also 
chlorpromazine. The latter is used as a tran-
quilizer, but can induce photocontact allergy in 
health staff handling the substance [57, 92–102].

9.3.2  Clinical Features

Photocontact allergy can develop in subjects 
of all ages. The predominant clinical aspect is 
eczematous: in the acute phase the lesions are 
of erythemato-edemato-vesicular, and some-
times bullous type (Figs. 9.2, and 9.3); in the 
subacute or chronic phases, erythema, desqua-
mation and lichenification are most commonly 
observed. The sites affected are photoexposed 
areas (Fig. 9.4), although after repeated injury 
even covered sites can be involved. In most 
cases, avoidance of the photoallergen and of 
substances that cross-react with it induces 
remission of the dermatitis. However, in some 
cases photosensitization persists and can lead to 
chronic photodermatitis (a persistent reaction to 
light).
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Since phototoxic and photoallergic reactions 
can manifest similar clinical characteristics, dif-
ferential diagnosis can be difficult, especially 
bearing in mind that many substances can pro-
voke both types of reactions. Table 9.2 lists 
some differential diagnosis elements.

9.3.2.1  Contact Phytophotoallergy
Contact phytophotosensitization to the furo-
coumarins contained in plants is not a common 
observation. Nor is differential diagnosis with phy-
tophototoxic reactions always easy; in our experi-
ence, the clinical picture is comparable [24, 42]. 
Relative clinical differences include any involve-
ment of unexposed sites and a more modest resid-
ual pigmentation in cases of allergy. Therefore, it 
is on the basis of photopatch tests that the patho-
genic mechanism needs to be identified.

9.3.2.2  Allergic Photocontact 
Dermatitis Due to Promethazine 
and Sulfanilamide

In some cases, photoallergizing substances 
induce peculiar clinical pictures. Allergic pho-
tocontact dermatitis from promethazine features 
erythematous manifestations in photoexposed 
sites, that are purplish-violet in color, edema-
tous, with little or no exudation (Figs. 9.5, 9.6, 
and 9.7), smooth and with minor desquamation 
[93–95].

Allergic photocontact dermatitis due to 
sulfamide is recognizable not only by the 
intensely erythematous lesions in exposed 
sites but also by large, scattered papulo-
vesicular lesions in non exposed sites and 
 erythemato-edemato-vesico-bullous lesions in 
exposed sites (Figs. 9.8, and 9.9) [93–95].

Fig. 9.2  Bullous photoallergic contact dermatitis from topical non-steroidal anti-inflammatory drugs (Reproduced 
with permission by Angelini and Coll [94])
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9.4  Chronic Actinic Dermatitis

This is a contact dermatitis-like reaction, with 
an immune-mediated basis, to sunlight-induced 
endogenous cutaneous antigens [103, 104]. 
Chronic actinic dermatitis, first described 
40 years ago by Hawk and Magnus [105], 
denominates a combination of various differ-
ent presentations of the same condition, such 
as persistent light reactivity, actinic reticuloid, 
photosensitive eczema, photosensitivity der-
matitis, and actinic reticuloid syndrome. What 
these various observations have in common is 
a chronic photosensitivity, progressively wors-
ening over several years with no tendency to 

regression. There are three diagnostic criteria 
of this complaint: (a) a persistent eczematous 
eruption, associated with papules and plaques 
infiltrates, affecting sun-exposed skin and some-
times extending to covered sites; (b) histology 
shows a chronic eczema with or without cutane-
ous lymphoma-like changes; and (c) phototest-
ing shows a reduction in the minimal erythema 
dose (MED) to UVA, UVB, and/or the visible 
light range.

This condition mainly affects men aged 40 to 
80 years, women accounting for only 10–22% of 
cases [106]. In a study of 178 patients, the age 
distribution was 6% in subjects under the age of 
40, 43% in 40–59 year-olds and 51% in those 
over 60 [107]. All races can be affected but in 
particular Caucasians [108], and it has also been 
described in association with allergic contact 
dermatitis to common or airborne allergens (in 
particular plant antigens, fragrances, and topical 
medications), human immunodeficiency virus 
(HIV) [109], and atopic dermatitis [110].

The pathogenic mechanism is not yet entirely 
known. It is certainly an acquired disease, in 
which environmental rather than genetic factors 
play a role. Chronic actinic dermatitis is likely 
a contact allergy-like, delayed-type hypersensi-
tivity response to sunlight-induced endogenous 
cutaneous allergens, probably as a result of an 
increased immunological reactivity induced by 
airborne contact dermatitis or else a reduced 
immune-suppressive capacity of photodam-
aged skin, or perhaps both factors, especially 
in  subjects with long term hypersensitivity to 
light and airborne contactants [103]. The pres-
ence of CD8+ T-cell infiltrates in damaged 
skin fosters a delayed-type immune reaction, 
likely to photo-induced cutaneous autoantigens. 
These could be due to an altered carrier protein, 
nuclear material (RNA or DNA), or a native skin 
antigen (such as histidine) altered by UV radia-
tion [104].

The classic clinical picture of chronic 
actinic dermatitis is that of a pruriginous 

Fig. 9.3  Allergic photocontact dermatitis from topical 
non-steroidal anti-inflammatory drugs
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dermatitis, with eczematous lesions, often with 
scaly lichenification and infiltrated plaques, 
in exposed sites, largely the face, scalp, neck 
(Figs. 9.10, 9.11, and 9.12), upper chest, dorsal 
surfaces of the arms and the hands. In general, 
the margins of the dermatitis are distinct, delin-
eating the covered skin limits, and shadowed 
areas, like the depths of skin furrows, upper eye-
lids, scalp under the hair, skin under the chin, 
and behind the ears, are spared. Over time, non 
exposed areas may become involved. In rare, 
severe cases there may also be a tendency to a 
leonine face [111]. Palmar and plantar eczema 
are not unusual, and in severe cases generalized 
erythroderma may develop [111].

Chronic actinic dermatitis can manifest on 
normal skin but is more often observed in sub-
jects with previous allergic or photoallergic 

contact dermatitis; occasionally, the onset may 
be observed after photosensitization due to sys-
temic drugs or after a polymorphous light erup-
tion [112].

In many cases contact allergy to oleoresins of 
Compositae plants (especially chrysanthemum), 
phosphorus sesquisulfide, rubber, colophony, 
fragrances, and sunscreens is also present [111]. 
Photoallergic contact dermatitis is possible, but 
more rarely observed.

The disease has a chronic course, and the 
probability of resolution after 5 years is 10%, 
after 10 years 20% and after 15 years 50% 
[113]. Contact allergy, with positive patch tests 
to 1 or more substances, aggravates the progno-
sis. In the most serious cases there are also psy-
chological disturbances, and even suicide has 
been reported [111]. There does not seem to be a 

Fig. 9.4  Allergic photocontact dermatitis
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risk of evolution to lymphomas [114], although 
this risk could be increased if the disease is 
treated with immunosuppressants [115].

Histology shows epidermal spongiosis, acan-
thosis and sometimes hyperplasia, with perivas-
cular lymphocytic infiltrates in the upper dermis. 
Immunophenotypic markers are helpful to dif-
ferentiate chronic actinic dermatitis from cuta-
neous T-cell lymphoma: in the former there is a 
predomination of CD8 + cells, and in the latter of 
CD4 + cells [103].

The diagnosis relies on the clinical history, 
examination, phototests and patch tests. As 
regards phototests, a reduction of the MED to 
UVB is observed in nearly all patients, in many 

patients to UVA, and only in few cases to vis-
ible light. Photopatch tests may be done if there 
is suspected allergy to sunscreens, but must not 
be performed in patients in whom a very low 
dose of UVA, as is usually employed for these 
tests (below 5 J cm2), causes an abnormal ery-
thematous response [107]. Differential diagnosis 
must be made with allergic, photoallergic and 
airborne contact dermatitis and with photoaggra-
vated skin diseases.

The clinical management involves topical 
treatments, informing the patient of the need to 
avoid sunlight and various allergens as much as 
possible, and in severe cases, phototherapy or sys-
temic immunosuppressive treatment [107, 116].

Fig. 9.5  Allergic photocontact dermatitis from promethazine: purplish-violet edematous lesions (Reproduced with 
permission by Meneghini and Angelini [102])
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9.5  Diagnosis and Management

The diagnosis of photocontact dermatitis is 
based on clinical-morphological criteria and 
on a history of exposure to photosensitizing 
agents. For diagnostic-etiopathogenic purposes 
phototests and photopatch tests are essential 
[117–119]. The latter must be performed in all 

patients, including children, with photoderma-
titis, photoaggravated dermatitis, intolerance 
to sunscreens, or exposure to NSAIDs [4, 66, 
68]. In subjects with chronic actinic dermatitis, 
polymorphic light eruption, and cutaneous lupus 
erythematosus, photopatch tests serve to exclude 
allergies, to UV filters for example. In these 
cases with a reduced UV sensitivity threshold, 

Fig. 9.6  Allergic photocontact dermatitis from promethazine: purplish-violet edematous lesions (Reproduced with 
permission by Bonamonte and Coll [101])
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Fig. 9.7  Allergic photocontact dermatitis from promethazine used to treat the hands eczema

Fig. 9.8  Allergic photocontact dermatitis due to sulfamide used to treat a skin wound
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Fig. 9.9  Allergic photocontact dermatitis due to sulfamide used to treat a skin wound (Reproduced with permission 
by Angelini and Coll [94])

Fig. 9.10  Chronic actinic dermatitis



1819 Photocontact Dermatitis

Fig. 9.11  Chronic actinic dermatitis

Fig. 9.12  Chronic actinic dermatitis
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Table 9.3  Topical photoallergens

Halogenated antimicrobials
Chlorhexidine
Hexachlorophene
Chlorosalicylamide
Buclosamide
Fenticlor (bis-(2-hydroxy-5-chlorophenyl) sulphide
4’,5-Dibromosalicylanilide
Tetrachlorosalicylanilide
Bithionol (2,2’-thiobis (4,6-dichlorophenol))
Tribromosalicylanilide
Trichlorocarbanilide
Triclosan

Plants
Ficus carica
Compositae
Lichens
Frullania

Furocoumarins
Psoralen
8-Methoxypsoralen
5-Methoxypsoralen

Sunscreens
PABA (p-aminobenzoic acid)
Benzophenone-3
Benzophenone-10
Butylmethoxydibenzoylmethane (Parsol 1789)
Dimethoxane
2-Ethoxyethyl-p-methoxycinnamate
Glyceril-p-aminobenzoate
4- Isopropyldibenzoylmethane (Eusolex 8020)
3-(4-Methylbenzylidene)-camphor (Eusolex 6300)
Octylmethoxycinnamate (Parsol MCX)
Octocrylene (Eusolex OCR)

Fragrances
Musk ambrette
Musk xylol
Methyl coumarin
Oak moss
Eugenol
Cinnamic aldehyde

Non steroidal anti-inflammatory drugs
Ketoprofen
Ibuproxam
Tiaprofenic acid
Surprofen
Piroxicam
Benzidamine
Diclofenac

Colors
Brilliant lake red R
Erythrocin-AL
Lithol red-CA
Permanent orange
Toluidine red

Fenothiazines
Chlorpromazine
Promethazine

Others
Sulphanilamide
Benzocaine
Benzidamine
Chlormercaptodicarboximide
Coal tar derivatives
Dibucaine
Diphenhydramine
Quinine sulphate
Stilbenes
Thiourea
Dimethylthiourea

photopatch tests must be performed together 
with phototests, in order to plan an adequate UV 
dosage for the photopatch tests [120].

Apart from treating the dermatitis, patients 
must avoid exposure to the sun, and are recom-
mended to wear photoprotective clothing/devices 
since photosensitizing substances can persist in 
the skin for days. The use of UV filters, being 
one of the commonest causes of photoallergy, 
is not advised unless they are just physical fil-
ters (titanium dioxide and zinc oxide) that do not 
induce contact allergy or photoallergy.

Once the allergen implicated has been identi-
fied, all the substances that may cross-react with 
it must also be avoided. This is a major problem 
if it includes all substances with a benzophenone 
ring, namely ketoprofen, other arylpropionic 
derivatives, UV filters (oxybenzone, octo-
crylene) and oral fenofibrates: particular care 
must therefore be taken when selecting cosmet-
ics and all products containing UV filters.

Usually, window glass does not protect 
against phototoxic and photoallergic reactions, 
since ordinary glass (3 mm thick) only protects 
against UV rays at less than 320 nm. Patients 
are advised to wear dark clothing with a weave 
pattern of the fabric.  The sunless tanning agents 
are not protective despite the fact that they make 
the skin tone a little darker.

Photocontact dermatitis can be very dis-
tressing for patients, especially if the substance 
implicated is not identified or else is ubiquitous 
in the environment, in which cases the dermati-
tis may have a significant impact on their quality 
of life .
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Noneczematous Contact 
Dermatitis
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and Gianni Angelini

are targeted by the causative agents and the type 
of exposure, cutaneous or systemic; other rel-
evant factors are the individual susceptibility 
and the patient’s level of sensitization. Various 
clinical patterns of noneczematous contact der-
matitis have been described: some are linked to 
topical use of specific haptens and others most 
often depend on systemic administration of the 
allergens (Table 10.2).

10.1  Erythema Multiforme-like 
Contact Dermatitis

Of all the noneczematous clinical variants, ery-
thema multiforme-like contact dermatitis (or 
“contact erythema multiforme”) is the most 
common. It can be elicited by different sub-
stances, particularly exotic woods, medicaments, 
and ethylenediamine (Table 10.3).

10.1.1  Causes

Woods and Plants. Among exotic woods, 
Brazilian rosewood (Dalbergia nigra), pao ferro 
(Machaerium scleroxylon), and Eucalyptus 
saligna are occupational causes of erythema 
multiforme-like eruptions in carpenters, forest-
ers, and cabinet makers. The antigens in pao 
ferro and Brazilian rosewood are crossreacting 
quinones, namely R-3, 4-dimethoxy-dalbergione, 
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Clinical manifestations of contact dermatitis are 
generally polymorphic. Irritant and allergic con-
tact dermatitis usually present as an eczematous 
process, clinically characterized by erythemato-
edemato-vesicular lesions in the acute phase. 
The manifestations become erythematous-
scaly as the condition progresses to the suba-
cute phase, and then papular-hyperkeratotic in 
the chronic phase. Besides classic eczematous 
forms, however, different noneczematous clini-
cal variants are possible [1–6]. Indeed, in our 
experience (unpublished), among about 32,000 
patch tests subjects consecutively observed for 
contact dermatitis over a 15-year period, non-
eczematous forms were slightly more common 
(52%) than the classic eczematous pictures 
(48%). There are many causes of such a wide 
variety of clinical aspects of contact dermatitis 
(Table 10.1). Of the utmost importance in deter-
mining this variability is which tissue structures 
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multiforme-like reaction in a plant nursery 
worker who had handled P. obconica plants. The 
dermatitis involved the hands, forearms, and face. 
Patch tests were positive to primin (0.01% in pet), 
leaves and the flower. Histology showed hyper-
keratotic orthokeratosis foci, mild spongiosis, 
exocytosis, and a few isolated necrotic keratino-
cytes; a largely perivascular lymphocytic infiltrate 
was present in the superficial and mid dermis 
[24].

Topical Medicaments. A case of erythema 
multiforme-like contact allergic dermatiis has 
recently been reported, due to Geranium rob-
ertianum [25] and two cases due to laurel oil, 
the essential oil of Laurus nobilis, widely used 
in massage therapy for its anti-inflammatory 
and analgesic effects [26, 27]. Turmeric essen-
tial oil, a spice containing curcumin (Curcuma 
longa) used for osteoarthritic pain, may also be 
a cause of the affliction [28]. Two cases of ery-
thema multiforme-like allergic contact derma-
titis have been reported in the context of herbal 
traditional remedies used to treat dermatological 
problems, by Lysimachia clethroides Duby and 
Agastache rugosa, respectively [29]. The first 
of these herbal remedies, used to treat herpes 
zoster, belongs to the same family as Primula 
obconica, while the second, that was used 
after an itchy insect bite, contains anethole. In 
both cases patch tests with mashed fresh plants 
yielded positive reactions [29]. A great number 
of topical drugs have been reported as causes 
of erythema multiforme-like contact dermatitis, 
the vast majority being antimicrobial. According 
to our observations, pyrrolnitrin can trigger 
this kind of eruption [30, 31]. Other causative 
drugs include sulfonamide [30, 32, 33], promet-
hazine [30], neomycin [30], mafenide acetate 
[34], ethylenediamine [30, 35] and mephenesin 
[36, 37]. Among nonsteroid anti-inflammatory 
drugs, phenylbutazone [38], bufexamac [39], 
and mofebutazone [40] have been reported. 
Among corticosteroids, budesonide [41] and tri-
amcinolone acetonide [42, 43] caused analogous 
reactions.

Miscellanea. Erythema multiforme-like erup-
tions can be the expression of contact allergy to 
nickel [44–47] and cobalt [45]. 9-Bromofluorene 

and R-4-methoxy-dalbergione, respectively [7, 8].  
In the literature there are also descriptions of 
extraoccupational cases from wooden brace-
lets [9] and pendants [10] made of D. nigra. M. 
scleroxylon has been observed to cause a simi-
lar eruption in hobbyists handling this type of 
wood to build boxes [11]. Other reported causes 
of erythema multiforme-like reactions include 
Artemisia vulgaris [12, 13], poison ivy [14, 15], 
Hypericum erectum [16], and terpenes [17]. 
Tincture of capsicum caused an analogous reac-
tion in a woman who used the concoction to 
treat her knee arthritis [18]. Inula helenium, con-
tained in a mixture used to treat back pain, has 
also induced an erythema multiforme-like erup-
tion, with positive patch tests to sesquiterpene 
lactone mix and alantolactone [19]. Notably, 
Primula obconica can also induce comparable 
eruptions [20–23]. We observed an erythema 

Table 10.1  Factors determining the polymor-
phic clinical features of contact dermatis
Eruptive polymorphism
Evolutive polymorphism
Causative agent
Patient sensitization level
Type of exposure (cutaneous, systemic)
Means of cutaneous exposure (direct, aeromediated)
Tissue structures targeted by the causative agent
Anatomophysiology of the cutaneous region involved
Causative agent with a possible concomitant irritant 
action
Variable intensity of the itchiness
Environmental factors (UV, temperature, humidity)

Pre-existing dermatitis underlying the contact allergy

Table 10.2  Different types of noneczematous 
contact eruptions
Erythema multiforme-like contact dermatitis
Purpuric contact dermatitis
Lichenoid contact dermatitis
Lymphomatoid contact dermatitis
Pigmented contact dermatitis
Chemical leukoderma
Pustular contact dermatitis
Dyshidrosiform contact dermatitis

Nodular reactions
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induced an acute skin reaction in several chem-
istry students who were exposed to the product 
during its synthesis process [48, 49]. Finally, 
many other compounds have been associated to 
erythema multiforme-like reactions, although 
these were exceptional, isolated reports [1, 2, 
50, 51].

10.1.2  Clinical Features

Early lesions show an eczematous morphol-
ogy and are localized at the allergen contact 
site. After a delay of 1 to 15 days, the erythema 
 multiforme-like eruption will follow, affect-
ing the area around the original lesions or 
else extending to the whole cutaneous sur-
face (Figs. 10.1, 10.2, and 10.3). The latter 
occurrence generally ensues after systemic 
exposure to drugs to which the patient had 
previously been topically sensitized. Target-
like, erythemato-vesicular, or urticarial lesions 
are characteristic. Resolution is slow, and 
these manifestations usually persist for much 
longer than the original eczematous lesions (or 

sometimes appear after regression of the latter). 
Itching is also typically present in polymorphic 
reactions. Patch tests generally elicit eczematous 
positive reactions, and exceptionally, vesico-bul-
lous or urticarial lesions.

Differential diagnosis needs to be made with 
true erythema multiforme (Table 10.4), which 
will feature almost all target-like lesions with a 
typical acral distribution.

10.1.3  Histopathology

The histology is generally aspecific. Epidermis 
shows spongiosis and exocytosis. Mild upper 
dermis edema and perivascular lymphohis-
tiocytic infiltration are noticeable. Vacuolar 
degeneration of basal cells is rarely present, 
while epidermal necrosis is very mild or absent 
(Fig. 10.4). When bullae are present, they are 
intraepidermal [1]. The histopathology of true 
erythema multiforme shows frank epidermal 
necrosis and vacuolar basal cells degeneration, 
while the bullae are subepidermal [1].

Table 10.3   Causative allergens in erythema multiforme-like eruptions

Plants and woods Medicaments Miscellanous chemicals 
Dalbergia nigra (Brazilian rosewood) Ethylenediamine Brominated compounds
Toxicodendron radicans (poison ivy) Pyrrolnitrin Phenylsulphone 

derivatives
Primula obconica Sulfamide Epoxy resin
Machaerium scleroxylon (pao ferro) Econazole Formaldehyde
Artemisia vulgaris Promethazine Disperse Blue 124
Eucalyptus saligna (gum) Balsam of Peru Trichloroethylene
Inula helenium Scopolamine Dinitrochlorobenzene
Geranium robertianum Mafenide acetate Diphenyl cyclopropenone
Laurus nobilis Proflavine Propolis
Capsicum Neomycin Iodoacetonitrile
Terpenes Mephenesin
Pyrethrum Vitamin E
Lysimachia clethroides  Duby Budesonide

Bufexamac
Agastache rugosa Clioquinol (vioform)

Curcuma longa Ketoprofen
Triamcinolone acetonide
Idoxuridine
Phenylbutazone
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10.2  Purpuric Contact Dermatitis

This particular form of noneczematous contact 
dermatitis is a failry rare observation, and many 
cases remain undiagnosed. The eruption evolves 
over several weeks after the withdrawal of the 
offending agent and resolves leaving a more 
or less persistent pigmentation. The purpuric 
aspects of contact dermatitis, and the respective 
patch test reactions can be secondary to irritant 
or, more frequently, allergic mechanisms [52].

10.2.1  Causes

The most frequent causative factors are listed in 
Table 10.5. Certain components of rubber and 
textile have often been reported in the literature.

Rubber. The first reported cases date back 
to 1968: 9 women developed purpura from 

elastic cloth inserts; in every instance patch 
tests were positive to N-isopropyl-N’-phenyl-
paraphenylenediamine (IPPD), a rubber anti-
oxidant [53]. A further 2 cases, showing diffuse 
purpuric reactions with negative blood tests, 
were associated to IPPD and specifically to 
the use of rubber boots [54]. Fisher reported 
3 cases from a rubber diving suit, elasticized 
shorts, and a rubberized support leg bandage, 
respectively; in all 3 patients patch tests were 
positive to IPPD [55, 56]. The author therefore 
coined the term the “PPPP syndrome,” defined 
as an allergic contact dermatitis characterized 
by pruritus, petechiae, and purpura, caused 
by IPPD. IPPD also prompted a similar erup-
tion in a woman, that followed the pattern of 
her brassiere [57] and in a man, at the contact 
sites of rubber boots [58]. PPPP syndrome has 
also been described following the use of ortho-
pedic elastic bandages [59] and rubber gloves 

Fig. 10.1  Erythema multiforme-like contact dermatitis from ethylenediamine
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[60]; in the latter case patch tests were positive 
not just to IPPD but also to N-cyclohexyl-N′- 
phenyl-paraphenylenediamine and N,N′-diphenyl- 
paraphenylenediamine.

Textiles. From 1969 to 1972, Osmundsen 
gathered 167 cases of purpuric reactions to an 
optical whitener contained in washing pow-
ders [61, 62]. The petechial and itchy derma-
titis affected those areas which are typically 
 subject to tighter contact with clothes (the 
armpits, arms, arm folds, neck and thighs). 
The offending agent was Tinopal CH 3566, 
a mixture of 2 non crossreactive pyrazolines 
(monochlorobiphenyl-pyrazoline and dichlo-
rodiphenyl pyrazole). Tinopal CH 3566 was 
used to bleach nylon fibers and caused a simi-
lar epidemic outbreak in Spain, where 103 cases 
were reported [63]. From that time on, the prod-
uct was discontinued and no more cases have 

since been reported. Nowadays, risk-free stil-
bene-based optical whiteners are employed.

A sailor developed a generalized purpuric 
lesion with pigmentary outcomes at the sites of 
contact with the blue military uniform. Patch 
tests evidenced a positive reaction to Disperse 
Blue 85, while histology demonstrated the 
Schamberg disease sign [64]. We observed a 
case of purpuric allergic contact dermatitis to 
Disperse Yellow 27 (Serisol Fast Yellow 6DW), 
an azoic dye used in acetate and polyester fibers, 
a result of para-amino acetanilide and paraphe-
nyl phenol. The dye was on the inner lining part 
of a pair of trousers, and the dermatitis, although 
it affected the whole skin surface, started from 
the thighs and was particularly pronounced in 
that area. Thin layer chromatography from a 
textile extract revealed only one component, 
Disperse Yellow 27. Histology demonstrated the 

Fig. 10.2  Erythema multiforme-like contact dermatitis from pyrrolnitrin
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traditional aspects of allergic contact dermatitis, 
with a lymphocytic infiltrate and intense perivas-
cular edema, associated to noticeable erythro-
cyte extravasation [65]. Purpuric eruptions have 
also been described in a black hats vendor, due 
to paraphenylenediamine [66], in British sol-
diers from formaldehyde resins contained in 
khaki wool shirts [67], and in a man harvesting 
mixed wool-synthetic residues [68].

Plants. Frullania was reported to induce a 
diffuse purpuric reaction; histology showed 
signs of leukocytoclastic vasculitis; however, 
circulating immune complex and comple-
ment deposition assays were also positive [69]. 
Agave americana L, of Agavaceae family, can 
induce purpuric contact dermatitis with histo-
logical features of leukocytoclastic vasculitis 
[70]. We also observed a similar case, second-
ary to plant latex contact [71]. Other rare cases 
have been reported in the literature [72–75]. 
Histopathology results in a patient with a his-
tory of contact with fragments from the sticky 
agave plant, that forcefully splattered his 
exposed legs during trimming of the plants, 
showed a perivascular and periadnexal neutro-
philic inflammatory infiltrate with mild leuko-
cytoclasia, scattered eosinophils, and numerous 
extravasated erythocytes. In the epidermidis, 
spongiosis and parakeratosis were evident, with 
scattered necrotic keratinocytes. Some faint 

Fig. 10.3  Erythema multiforme-like contact dermati-
tis from topical sulfamide used to treat a skin wound of 
the right foot (Reproduced by Meneghini and Angelini 
[163])

Table 10.4   Differential diagnosis between true erythema multiforme (EM) and erythema multiforme-like contact 
dermatitis

Criteria EM EM-like contact dermatitis
Etiology Virus, bacteria, systemic drugs Various topical chemicals
Clinical features Erythemato-edematous lesions with a cockade

appearance, sometimes bullous, with an acral
localization (face, hands, forearms, thighs)

Polymorphic lesions located
peripherally to the contact 
site with sensitizing agent

Fever Often present Absent
Mucosal involvement Frequent Rare
 Histology Epidermis: basal cells necrosis,

subepidermal vesico-bullae
Epidermis: spongiosis,
exocytosis

Dermis: edema, capillary vasodilation,
vasculitis signs

Dermis: edema,
lymphohistiocytic infiltrate

Pathogenesis Immunocomplexes Type IV hypersensitivity
Patch tests Negative Positive
Course Self-limiting in 3 weeks Favorable after allergen

avoidance
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vascular fibrin deposits in dermal blood vessel 
walls were noted, suggesting an evolving leu-
kocytoclastic vasculitis; prominent syringosqua-
mous metaplasia was also present [75]. One of 
the reported cases described systemic symp-
toms of fever, malaise, and myalgia associated 
with the purpuric eruptions [72]. The mecha-
nism underlying a purpuric agave eruption is 
not entirely known. One proposed mechanism 

is the embedding of oxalic acid crystals in the 
dermis, resulting in oxalic acid toxicity and con-
sequent vascular damage [72]. Direct vascular 
damage due to trauma when the plant particles 
are forcefully embedded in the skin has been 
proposed by other authors [73]. Zea mais (corn) 
has been shown to induce irritant purpuric phy-
todermatitis some hours after contact with the 
green leaves. Patch, photopatch, and scratch 
tests with alcohol extracts of different plant 
parts (leaves, trunk, efflorescences) all resulted 
negative [76]. Two-hour experimental exposure 
to 98% d-limonene provoked a severe purpuric 
reaction 6 hours after contact, that persisted for 
several weeks [77].

Miscellanea. Fiberglass can induce direct or 
aeromediated contact dermatitis, with prurigi-
nous lesions measuring 0.1–0.5 mm in diam-
eter, mostly consisting of follicular purpuric 
papules. Exposed and non exposed areas are 
both affected, since these fibers are able to pass 
through clothing [78, 79]. Clothes contaminated 
in a wash together with fiberglass curtains can 
also induce purpuric dermatitis [80].

Vasculitic purpuric eruptions to Peru balsam 
[6, 81], ethylenediamine [1, 6, 82], benzoyl per-
oxide [83], and proflavine [84] have also been 
reported.

10.2.2  Patch Tests Purpuric Reactions

As is well known among those who practice 
dermatoallergology, petechial reactions to the 
cobalt patch test, without edema, vesicles and 
infiltration, can be observed. These are toxic 

Fig. 10.4  Histopathology of erythema multiforme-like 
contact dermatitis: mild spongiosis, exocytosis, and some 
isolated necrotic keratinocytes (Reproduced with permis-
sion by Bonamonte and Coll [24])

Table 10.5  Causative agents in purpuric contact dermatitis

Rubber compounds Textile compounds Plants Miscellanea
N-isopropyl-N’-phenyl-
paraphenylenediamine

Optical whiteners (Tinopal CH 
3566)

Agave americana Paraphenylenediamine

Mercaptobenzothiazole Azoic dyes Zea mais Fiberglass
Rubber compounds Frullania Peru balsam
Formaldehyde resins d-Limonene Epoxy resin

Oxyquinoline
Proflavine
Cobalt
Benzoyl peroxide
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in nature rather than allergic. Schmidt et al. 
observed 123 cases (4.7%) of cobalt petechial 
reactions in a total of 2594 patch-tested patients 
over a 4-year time span. Twenty-three patients 
were retested, and developed new petechial 
responses in 60% of cases. In these authors’ 
experience, the incidence of positive allergic 
reactions to cobalt was lower (2.9%) than the 
incidence of primary irritant reactions [85]. 
Judging by our practice, cases of petechial  
non allergic reactions to cobalt are indeed 
numerous and frequently reproducible.

10.2.3  Clinical Features

Purpuric contact dermatitis can be either toxic or 
allergic in nature. From a clinical-morphological 
perspective, the differential diagnosis is not 
straightforward: both present palpable purpuric 
elements, evolve slowly and are followed by a 
variably intense and persistent pigmentation. At 
times, the clinical extension is a useful feature 
in differentiating the 2 forms, since the irritant 
form is strictly limited to contact sites. Moreover, 
lesional elements resolve more rapidly and are 

less infiltrated in the irritant as compared to the 
allergic form. Diffuse contact irritation from 
fiberglass must be distinguished from scabies, 
eczema (prurigo-like), animal and vegetable 
acariasis and, if persistent, from Hodgkin dis-
ease. Data on epidemic outbreaks in industries 
or bureaus (fibers dispersed from defective air 
conditioners) greatly aid the diagnosis. The aller-
gic form of purpuric contact dermatitis generally 
features diffuse and polymorphic manifestations: 
papulo-purpuric and papulo-vesicular lesions 
parallel classic eczematous foci (Figs. 10.5, 10.6, 
and 10.7). The latter are limited to the original 
contact site with the offending noxa. Secondary 
distant lesions can also present polymorphic 
or vasculitic aspects (Fig. 10.8), as we have 
observed. Purpuric patch tests reactions are obvi-
ously vesicular and infiltrated [52] (Fig. 10.9).

10.2.4  Pathogenesis 
and Histopathology

The pathogenic mechanism of purpuric contact 
dermatitis is currently unknown. Hemostasis or 
complement system alterations are not generally 

Fig. 10.5   Purpuric contact dermatitis by textile dyes
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described in reported cases, nor are immune 
complexes commonly isolated. In every case 
we observed, among which 3 severe cases from 
Peru balsam with frankly vasculitic and bul-
lous lesions, and various cases from ethylenedi-
amine (in which the rash had followed systemic 
administration of aminophylline), specific 
laboratory tests were in the normal range [30, 
52]. Since endothelial cells degeneration is evi-
dent at electron microscopy, a selective effect 
on these cells has been hypothesized. In detail, 
specific toxic or allergic substances, as well as 
certain mechanical stimuli (fiberglass), could 
exhibit an affinity for the vessels endothelium 
[55, 65, 66]. Alternatively, a primary lympho-
cytic reaction in response to the antigen at the 
perivascular site could free toxic lymphokines, 
ultimately responsible for the endothelial dam-
age [83]. Comparable histopathology results 
have been described in most reported cases. In 
the epidermis, spongiosis and lymphocytic exo-
cytosis are constant features, along with possible 

bullae formation. In the upper dermis the signs 
of leukocytoclastic vasculitis (vessels fibrinoid 
degeneration, edematous endothelium, a scarce 
perivascular lymphomonocytic and neutrophilic 
infiltrate, erythrocytes extravasation (Fig. 10.10), 
and karyorrhexis) are visible. The same features 
are present when examining a patch test response 
lesion (Table 10.6) [55, 85]. Blood tests, his-
tologic and patch test examinations are valid to 
differentiate the condition from vascular, hemo-
static, and idiopathic purpuric complaints.

10.3  Lichenoid Contact Dermatitis

A particularly uncommon form of noneczema-
tous contact dermatitis presents with clinical 
features resembling those of lichen planus. It 
affects both the skin and mucosal membranes.

10.3.1  Causes

Color developers, substances derived from 
paraphenylenediamine, are the most common 
cause of allergic contact lichenoid eruptions. 
Among these compounds, Kodak CD2 (4-N,N- 
diethyl-2- methylphenylenediamine), Kodak CD3 
(4-N-ethyl-N-2-methanesulfonylaminoethyl-
2-methyl-phenylenediamine sesquisulfate 
monohydrate), Kodak CD4 (2-amino-5-N-ethyl-
N-(hydroxyethyl)-aminotoluene sulfate), Ilford 
MI 210 (N-ethyl-N-(5-hydroxy-amyl) para- 
phenylenediamine hydrogen sulfate), and Agfa 
TSS (4-amino-N-diethylaniline sulfate) have 
been described [86]. Other cases of lichenoid 
contact dermatitis were reported by Mandel, in 
9 of 11 workers with contact allergy to a color 
developer [87], and by Fry in 7 of 20 patients 
with an analogous sensitization mechanism 
[88]. High speed, black-and-white film process-
ing involves the use of similar chemicals, which 
can induce lichenoid reactions [89]. As a general 
rule, the eruption from color developers spares 
the oral mucosa [90]. Cases from paraphenylen-
ediamine in hair dyes [91], P. obconica [92], 
nickel [93], epoxy resins [94], aminoglycoside 
antibiotics [95], and methacrylic acid esters 

Fig. 10.6  Purpuric contact dermatitis due to balsam of 
Peru (Reproduced with permission by Bonamonte and 
Coll [102])
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for industrial use [96] have also been described 
(Table 10.7). A case of photo-aggravated 
lichenoid contact dermatitits has been reported 
secondary to methylisothiazolinone present in a 
rinse-off personal care product. The histopathol-
ogy findings showed predominant spongiosis 
with some patchy basal cell vacuolar changes, 
an occasional apoptotic cell, and some associ-
ated pigment incontinence. Staining for IgG, 
IgM, IgA and fibrinogen was negative. Positive 
reactions to patch tests were seen to methyliso-
thiazolinone and methylchloroisothiazolinone 
[97]. A Chinese man presented with a lichenoid 
contact dermatitis induced by an acupuncture 
herbal patch containing Semen Synapis alba, 
a member of the Brassicaceae family that is 
widely used as a seasoning and spice, but also 
as a medicinal plant. Skin biopsy displayed par-
akeratosis, acanthosis, and focal spongiosis in 

the epidermis. An infiltration of band-like mon-
onuclear cells was visible along the dermoe-
pidermal junction. There was no evidence of 
liquefaction of the basal cell layer or hyaline 
bodies [98]. Forms involving the oral mucosa 
can be due to copper [99], zinc [100], and mer-
cury [101] contained in dental restorations.

10.3.2  Clinical Features

Eczematous lesions evolve or are associated 
with papulous lesions featuring a peculiar lilac-
red hue. The eruption mostly involves contact 
sites, later spreading widely but sparing the 
mucosa (Figs. 10.11, 10.12, 10.13, and 10.14). 
The course is prolonged and leaves variably 
intense pigmentary changes lasting up to some 
months. Lichenoid contact dermatitis needs to 

Fig. 10.7  Purpuric contact dermatitis by textile dye
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be differentiated from lichen planus, with its 
characteristic lilac-hued papulous polygonal 
lesions. The onset of lichenoid contact derma-
titis is almost invariably acute and the eruption 

spreads rapidly. Frankly eczematous lesions at 
the primitive site are noticeable in many cases. 
Positive reactions to patch tests are eczematous 
in nature, but might turn lichenoid.

10.3.3  Pathogenesis 
and Histopathology

The pathogenesis of contact lichenoid dermati-
tis is unclear. Systemic absorption of offending 

Fig. 10.8  Purpuric contact dermatitis with vasculitic 
aspects from balsam of Peru

Fig. 10.9  Purpuric positive patch reaction to a textile dye

Fig. 10.10  Histopathology of purpuric contact dermati-
tis: erytrocytes extravasation in the upper dermis

Table 10.6  Histopathological characteristics of purpu-
ric contact dermatitis (PCD) and vasculitis (V)

Criteria PCD V
Spongiosis + + Negative
Subpapillary edema + ++
Leukocytoclasia Negative ++
Erythrocyte extravasation + +++
Neutrophilic perivascular infiltrate + +++
Vasal involvement + +++
C3-direct immunofluorescence Negative ++
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agents can elicit skin lesions far from the origi-
nal site of contact. In 5 cases that we observed 
(3 from color film developers and 2 from para-
phenylenediamine), the histology displayed 
a lack of hypergranulosis, moderate spon-
giosis foci, and focal basal layer vacuolization 
(Fig. 10.15). A patchy mononuclear infiltrate 
was evident in the upper dermis [1]. Basal cell 
vacuolization is the cause of incontinentia pig-
menti, which could explain the peculiar color 
of the skin lesions, a blend of red due to inflam-
mation with blue from dermal melanin [102]. 

Table 10.8 compares the different histopatholog-
ical characteristics of lichenoid contact dermati-
tis and lichen planus.

10.4  Lymphomatoid Contact 
Dermatitis

Lymphomatoid contact dermatitis can be defined 
as a benign pseudolymphomatous allergic con-
tact dermatitis with clinical and histological fea-
tures suggestive of cutaneous T cell lymphoma; 

Table 10.7  Causative agents in lichenoid contact dermatitis

Color developers:
4-N,N-Diethyl-2-methylphenylenediamine (Kodac CD2)
4-N,Ethyl-N-2-methanesulfonylaminoethyl-2-methyl-phenylenediamine sesquisulfate monohydrate (Kodac CD3)
2-Amino-5-N-ethyl-N-(hydroxyethyl)-aminotoluene sulfate (Kodac CD4)
N-ethyl-N-(5-hydroxy-amyl) paraphenylenediamine hydrogen sulfate (Ilford MI 210)
4-Amino-N-diethylaniline sulfate (Agfa TSS)

Paraphenylenediamine and derivatives
Nickel
Epoxy resins
Aminoglycoside antibiotics
Methacrylic acid esters
Methylisothiazolinone
Primula obconica

Semen Sinapis alba

Fig. 10.11  Lilac-red lichenoid allergic contact dermatitis due to color film-developing agent (Reproduced with per-
mission by Bonamonte and Coll [102])
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however, the affliction generally remains respon-
sive to consecutive topical therapy and aller-
gen avoidance. It is an uncommon dermatitis 
which manifests with the clinical features of 
plaque parapsoriasis or an early stage of myco-
sis fungoides (Figs. 10.16, 10.17, and 10.18) 

[1, 6, 103]. Described by Orbaneja et al. in 1976 
[104], lymphomatoid contact dermatitis usu-
ally presents with localized forms in the aller-
gen contact area, but more or less generalized 
forms may sometimes be observed. Different 
allergens are responsible, such as metal com-
pounds (nickel sulfate, cobalt naphthenate, gold 
sodium thiosulfate), phosphorus sesquisulfide, 
paraphenylenediamine and derivatives, methyli-
sothiazolinone and methylchloroisothiazolinone, 
ethylenediamine, preservatives and acrylates 
(Table 10.9) [105–126]. Lymphomatoid con-
tact dermatitis is probably an under-reported 
condition. In 2014, from a literature review of 
23 cases the affliction risulted more frequent 
in male subjects (median age: 58.5 years) and 
14 different haptens were identified. The sites 
most frequently affected were the thighs, head 
and neck, buttocks, and groin [112]. In most 
cases (80%), recovery was achieved with topical 
steroids and allergen avoidance [112]. In other 
recent individual cases reported in literature, 
again the dermatitis resolved with avoidance of 
the allergen [115, 116, 118].

Although the histological findings of 
lymphomatoid contact dermatitis may be 

Fig. 10.12  Lilac-red lichenoid contact dermatitis

Fig. 10.13  Lilac-red lichenoid contact dermatitis
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indistinguishable from those of cutaneous lym-
phoma and pseudolymphoma, the absence 
of acanthosis, prominent epidermotropism, a 
deep monomorphic infiltrate of atypical lym-
phocytes, and gene rearrangement polyclonal-
ity are findings suggestive of lymphomatoid 
contact dermatitis. If present, spongiosis or 
spongiotic microvesiculation may also indicate 
lymphomatoid contact dermatitis (Table 10.10) 
(Fig. 10.19). According to various authors, the 
definitive dignosis of lymphomatoid contact 
dermatitis is made by correlating data from the 
clinical history, histology and immunohisto-
chemistry, gene rearrangement, and positive 
patch test results [103, 112]. The pathogenic 
mechanism is unknown. The hypothesis that 
a chronic antigenic stimulus may produce an 
accumulation of activated lymphocytes, clonal 
selection and lymphoid proliferation, with pos-
sible transformation into blast cells and the 

development of a true cutaneous lymphoma 
[103], may be supported by the progression of 
lymphomatoid contact dermatitis to cutaneous 
lymphoma or leukemia reported in some cases 
[113, 117]. However, a large case-control study 
did not support a relationship between chronic 
allergenic contact stimulation, chronic inflam-
mation, and the development of mycosis fungoi-
des [127].

10.5  Pigmented Contact Dermatitis 
(See Chap. 17)

Described by Osmundsen in 1970, this is a 
primitive melanin hyperpigmentation, usually 
observed in dark phototypes and mostly of an 
occupational nature [128]. The author observed 
an intense, bizarre skin hyperpigmentation due 
to contact with an optical whitener (Tinopal CH 

Fig. 10.14  Lilac-red lichenoid contact dermatitis



20110 Noneczematous Contact Dermatitis

3566) used in washing powders and made up of 
a combination of two pyrazolone derivatives, 
now discontinued. Clinically, the sites involved 
were those of textile contact dermatitis, featur-
ing brownish-blue to gray hyperchromia. The 
same occurred at patch test application sites. 
Histology evidenced melanin deposits inside 
and outside melanophages in the upper der-
mis. Pigmented contact dermatitis can also be 

induced by azoic dyes. An epidemic outbreak 
from contact with naphthol AS was reported in 
a textile business [129]. Hyperpigmentation was 
noticeable in dark skinned individuals, while 
fair skinned subjects showed the signs of clas-
sical eczema. Sudan I, Vacanceine Red [130], 
and Brilliant Lake Red R [131] are other pos-
sible culprit dyes. Isolated occupational cases 
from insoluble cutting oils [132], paraphe-
nylenediamine [133], and other substances have 
also been described (Table 10.11) [134–137]. 
Nowadays, Riehl’s melanosis is also considered 
a pigmented contact dermatitis, mostly from 
sensitizing cosmetic fragrances and chemicals 
[138].

10.6  Chemical Leukoderma (See 
Chap. 17)

Chemical leukoderma, often clinically mimick-
ing idiopathic vitiligo and other congenital or 
acquired hypopigmentation complaints, is an 

Fig. 10.15  Histopathology of lichenoid contact derma-
titis: mild spongiosis and focal basal layer vacuolization

Fig. 10.16  Lymphomatoid contact dermatitis

Table 10.8  Histopathological characteristics of lichenoid 
contact dermatitis (LCD) and lichen planus (LP)

Criteria LCD LP
Spongiosis ++ Negative
Hypergranulosis −/+ +++
Basal cells vacu-
olar degeneration

+ +++

Incontinentia 
pigmenti

+ +++

Civatte bodies Negative ++
Dermal papillae Lengthened Broadened, 

dome shaped
Lymphohistiocytic 
infiltrate

Mild perivascular Band-like



202 D. Bonamonte et al.

Fig. 10.17  Lymphomatoid contact dermatitis of the neck

Fig. 10.18  Lymphomatoid contact dermatitis of the 
neck

Table 10.9  Causative agents in lymphomatoid contact 
dermatitis

Metal compounds
Nickel sulfate
Cobalt naphthenate
Gold sodium thiosulfate

Phosphorus sesquisulfide
Isopropylamine diphenylamine
Textile azodyes
Paraphenylenediamine and derivatives
N-isopropyl-N’-phenyl-paraphenylenediamine
Methylisothiazolinone
Methylchloroisothiazolinone
Limonene hydroperoxides
Para-tertyl-butyl phenol resin
Exotic woods
Benzydamine hydrochloride
Acrylates
Ethylenediamine
Rubber chemicals
Moist wipes
Dimethyl fumarate

Preservatives
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acquired form of cutaneous pigment loss caused 
by exposure to a variety of chemicals that act 
through selective melanocytotoxicity. Most of 
these chemicals are phenols and aromatic or 
aliphatic catechols derivatives. Today, chemi-
cal leukoderma is a fairly common observa-
tion, caused by common domestic products. 
The presence of numerous confetti- or pea-sized 
macules is clinically characteristic of chemical 
leukoderma, albeit not diagnostic. Other relevant 
diagnostic elements are a history of repeated 
exposure to a known or suspected depigmenting 

agent at the sites of onset and a macular distri-
bution corresponding to the sites of chemical 
exposure. Spontaneous repigmentation has been 
reported when the causative agent is avoided; 
the repigmentation process is perifollicular and 
gradual, taking place over a variable period of 
weeks or months [139].

Table 10.10  Histopatho-
logical characteristics of  
lymphomatoid contact der-
matitis (LCD) and mycosis  
fungoides (MF)

Criteria LCD MF
Spongiosis +++ +
Exocytosis −/++ +++

Inflammatory cells Atypical lymphoid 
cells (microabscesses)

Lymphocytic infiltrate Perivascular Band-type
Lymphocytes with cerebriform nuclei −/+ +++

Fig. 10.19  Histopathology of lymphomatoid con-
tact dermatitis: spongiosis with mild lymphocytes 
epidermotropism

Table 10.11   Causative agents in pigmented contact 
dermatitis

Optical whitener Tinopal CH 3566
Dyes Naphthol AS

Sudan I
Brilliant lake red
Vacanceine red
Solvent orange 8

Pigments Pigment orange 3 
Pigment red 3 
Pigment red 49 
Pigment red 53 
Pigment red 64 

 Cosmetics Azoic solvents
Solvent orange 2
Solvent orange 8
Paraphenylenediamine and 
derivatives
Henna

Fragrances Jasmine
Hydroxycitronellal
Ylang-ylang
Patchouli
Cananga

Antiseptics Carbanilide
Miscellanea Formaldehyde

Benzyl salicylate
Nickel
Rubber
Primula obconica

Musk ambrette
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10.7  Pustular Contact Dermatitis

Pustular allergic contact dermatitis (PACD) is a 
rare clinical form of noneczematous contact der-
matitis featuring the appearance of multiple small 
non follicular sterile pustules on a background 
of erythema and edema [140]. The most com-
mon causative agents reported in literature are 
nitrofurazone [141], isoconazole nitrate [142], 
minoxidil [143–145], black rubber [146], mer-
bromin [147], fragrances [140], and trichloro-
ethylene [148] (Table 10.12). In a case due to 
Disperse Yellow 3 in a dark blue dress, the patient 
developed a widespread edematous erythema with 
pustules, measuring 0.5–1 mm in size, at the sites 
where the dress fitted most snugly (chest, abdo-
men, back, axillae, and thighs) [149]. The patient 
did not exhibit any systemic symptoms. Histology 
showed spongiosis, acanthosis, and intraepider-
mal lymphocytic infiltration, liquefaction degen-
eration at the dermal-epidermal interface, and an 
infiltrate consisting of several lymphocytes and 
a few eosinophils around the small vessels in the 
upper dermis. No fungal or bacterial infection was 
detected by Gram staining [147]. The incidence of 
PACD caused by disperse dyes was found to be 
0.7% in an Italian multicentric study [150]. PACD 
must be differentiated from the acute generalized 
exanthematous pustular eruption (AGEP) induced 

by systemic drugs, characterized by an erythe-
matous rash with non follicular sterile pustules 
and systemic symptoms with fever and peripheral 
blood leukocytosis [151, 152].

Cases of AGEP-like dermatitis without sys-
temic symptoms have also been reported in 
literature, linked to topical agents such as corticos-
teroids [153, 154], methylchloroisothiazolinone 
[155], and others [156]. The pathological mecha-
nisms underlying PACD are not fully uderstood. 
The histopathological finding of PACD can be 
differentiated from AGEP, which displays pustules 
filled with vast numbers of neutrophils, and mini-
mal epidermal acanthosis.

10.7.1  Pustular Patch Test Reactions

Pustular reactions to contactants are frequently 
observed at patch test readings. Hjorth stated 
that atopic subjects are predisposed to such 
reactions [157]. Metal salts, particularly nickel, 
copper, arsenic, and mercury, are the most com-
mon causes of these reactions, which are irritant 
in nature [158, 159]. Indeed, pustular responses 
to nickel patch tests are widely observed when 
testing skin lesions of atopic subjects showing 
follicular papules, erythema, or lichenification 
[160]. This further supports the irritant nature of 
the phenomenon. In subjects affected by atopic 
dermatitis, we often observe such pustular fol-
licular reactions when patch testing with nickel 
but also with potassium dichromate. Pustules are 
always sterile, dry promptly, and resolve rapidly. 
The erythema is mild and the reaction is not 
pruriginous. Histology, documented in various 
cases, has always demonstrated intraepidermal 
aggregations of neutrophils, without signs of 
lymphomonocytic exocytosis or spongiosis. In 
our own experience, we have always considered 
these reactions irritant in nature [161, 162].

10.8  Dyshidrosiform Contact 
Dermatitis

This dermatitis retains frankly clinical-histologic 
eczematous aspects, and a proper differential 
diagnosis needs to be made with pompholyx,  

Table 10.12  Causative allergens in pustular contact 
dermatitis

Nitrofurazone
Isoconazole nitrate
Bufexamac
Black rubber
Minoxidil
Trichloroethylene
Disperse dyes
Fragrances
Merbromin
Topical corticosteroids
Methylchloroisothiazolinone
Hexafluorosilicate
Metallic mercury
Lindane

Balsam of Peru
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an endogenous eczema [163]. According to our 
observations, dyshidrosiform allergic contact 
dermatitis can be primitive or secondary [82, 
164, 165]. The latter is defined as a contact sen-
sitivity which complicates a preexisting primi-
tive palmoplantar pompholyx. The latter tends 
to show a chronic recurrent course, thus consti-
tuting a factor predisposing to occupational and 
extra-occupational contact allergy [166, 167]. 
From studies we carried out in 354 subjects with 
genuine pompholyx lesions, observed during 
a 5-year period, the incidence of positive patch 
tests reactions was 29.6%. Topical medicaments 
(used to treat the original pompholyx) and other 
substances, among which paraphenylenediamine 
(31.5% positive reactions), chrome (25%), 
cobalt (10.2%), mercaptobenzothiazole (9.3%), 
nickel (6.5%), and para-tert-butylphenol for-
maldehyde resin (2.7%), were the haptens most 
often implicated. The patch tests relevance was 
related to specific occupational activities, and 
particularly the use of gloves rather than shoes 
[164]. More recently, a study we conducted on 
45 individuals affected by palmoplantar pom-
pholyx confirmed a  contact allergy incidence 
of 31% [165]. Primitive dyshidrosiform  allergic 
contact dermatitis is, instead, an expression of 
systemic contact allergy, a common observation 
in nickel-sensitized patients. Oral challenge test 

with nickel reproduces the dyshidrosiform erup-
tion in these subjects (Fig. 10.20) [168–171], 
although this phenomenon has not been widely 
confirmed [172, 173]. Table 10.13 outlines the 
differential diagnosis between dyshidrosiform 
allergic contact dermatitis and pompholyx. 
Intense erythema and constant involvement of 
the backs of the hands in the former are useful 
discerning characteristics. Histologically, spon-
giosis and exocytosis are much more marked in 
allergic contact dermatitis than in pompholyx 
(Fig. 10.21).

Fig. 10.20  Dyshidrosiform contact dermatitis following the oral challenge test with nickel

Table 10.13  Differential diagnosis between dyshidrosi-
form allergic contact dermatitis (ACD) and pompholyx
Characteristics Dyshidrosiform 

ACD Pompholyx
Palms/soles +++ +++
Hands/feet 
(dorsum)

+++ +

Erythema +++ +
Hemorrhagic 
vesicles

+ −

Bullae ++/- +/+++
ACD primary 
locus

Present Absent

Spongiosis +++ +
Exocytosis +++ +
Vesicles Minute Large, 

coalescing
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10.9  Nodular Reactions

In 78% of subjects with prurigo nodularis, 
positive reactions to patch tests related to occu-
pational or non occupational contact were 
recorded. Avoidance of the allergen led to a 
marked improvement of the dermatitis in some 
cases [174]. In 4 subjects with allergic con-
tact dermatitis starting from stasis leg ulcers, 
we observed prurigo nodularis type manifesta-
tions (unpublished data). Contact allergy to gold 
may present with nodular or papular lesions on 
pierced earlobes in subjects wearing gold ear-
rings; usually, these lesions persist for months 
after the avoidance of contact with metallic 
gold [108, 175–179]. Sometimes, even a posi-
tive patch test elicits an infiltrative lymphoblas-
tic reaction that persists for months [122, 180]; 
the dense lymphomonocytic infiltrate consists 
mainly of suppressor-cytotoxic T cells [180].
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afflictions are reported all over the world, reflect-
ing the complexity and diversity of the problems 
encountered as a result of new causal agents and/
or particular technical procedures.

Airborne dermatoses can be subdivided into 
two groups [4, 5]:

1. Airborne contact dermatoses, directly linked to 
skin contact with environmental causal agents 
carried through the air. These forms are by far 
the most common and well documented.

2. Dermatoses brought on by inhaling sub-
stances that are then absorbed into the sys-
tem. These are rarer, less documented forms.

Within each group, mixed forms can also be 
observed linked to different pathogenic mecha-
nisms. In the first group, for example, pictures 
induced by contemporary airborne and direct 
skin contact with the causal agent are very fre-
quent, especially in industrial settings. Such situ-
ations are observed in cases of contact dermatitis 
due to epoxy resins in powder form, as well as 
to fiberglass and to phosphorus sequisulfide.

Instead, in the second group the skin mani-
festations follow airborne contact skin as well as 
inhalation and/or ingestion of the causal agent, 
as occurs in the case of chloracne induced by 
dioxin. Skin forms induced by a triple patho-
genic mechanism (direct contact, airborne 
contact and contemporary inhalation) are also 
possible as after exposure to powdered mercury, 
for instance.
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Airborne dermatoses are complaints linked to 
external environmental, chemical and biotic 
agents carried through the air (Table 11.1) 
[1–12]. In general, because they are so common 
in work environments, airborne dermatoses tend 
to cause diagnostic problems that are challeng-
ing for both the patient and the doctor. It should 
also be borne in mind that since the external cul-
prit agents are present in the environment, they 
do not only come in contact with the skin and 
mucosa, but can also be inhaled or ingested, thus 
also causing respiratory (bronchitis, asthma, rhi-
nitis) and systemic symptoms [4, 6–8, 10].

The occurrence of airborne dermatoses was 
underestimated in the past. In 1950, Pirilä was the 
first to introduce the concept of airborne derma-
toses, describing cases of thiokol dermatitis that 
he had observed in Finland after the Second World 
War [13]. In 1963, the same author reported cases 
of occupational dermatoses due to airborne skin 
offenders [14]. Nowadays, cases of airborne skin 
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11.1.2  Droplets

Liquid products present as droplets in the air 
are a major source of harmful airborne agents. 
There are numerous examples on the market, 
such as sprays, paints, cosmetics (perfumes), 
insecticides, pesticides, and other hairsprays.

11.1.3  Solid Nonbiotic Particles

This group includes dust particles and fibers. 
In most cases, the agents responsible are in 
the form of “dust” of various chemical origins. 
These may be substances in a pure state or else 

11.1  Airborne Agents

There is considerable variation in the nature of 
airborne contactants, especially at work but also 
in non occupational environments, and in their 
form of presentation (Table 11.2).

11.1.1  Vapours and Gases

Chemical substances that come in contact with 
the skin may be in the form of vapours or gases. 
Vapour is defined as a diffuse, poorly visible 
substance suspended in the air, like mist, fumes 
or smoke. Gas has a more restricted meaning.

Table 11.1  Airborne skin diseases
A. Chemical agents
Airborne contact dermatitis
Airborne photocontact dermatitis
Noneczematous erythema multiforme-like eruptions (tropical wood dust and fumes of combusted plants)
Chloracne (chlorinated compounds)
Extrinsic aging
Atopic dermatitis (in some cases)
Occupational skin cancer
Occupational scleroderma-like diseases (vinyl chloride, epoxy resins, pesticides)
Contact urticaria
Subcorneal pustular eruptions (trichloroethylene)
Purpura (epoxy resin)
Fixed drugs eruption (pyrazolones)
Paresthesia (pyrethroids)
Telangiectasia (corticosteroids)

B. Biotic agents
Atopy (animal epidermal derivatives)
Papular and urticarial dermatitis (pine caterpillar)
Miscellanea

Table 11.2  Examples of the most common airborne agents

1. Vapours and gases
Formaldehyde, fumes of burning plants, metal soldering fumes, phosphorus sequisulfide fumes, mustard gas
2. Droplets
Sprays such as insecticides, perfumes, paints, hairsprays
3. Solid non biotic particles
Dust particles: resins, cement, anhydrite
Fibers: fiberglass, rock wood, carbon fibers

4. Solid biotic particles
Particles of vegetal origin: pollen, exotic woods dust
Particles of animal origin: scales, caterpillar hairs



21511 Airborne Skin Diseases

particles with a complex chemical composition 
(compounds with numerous constituents). Dust 
particles are ubiquitous in work environments: 
they are transported by air and can agglomerate, 
visibly or invisibly, on the surface of the skin. 
Some dust particles are chemically inert and 
provoke only mechanical (friction) injury to the 
skin, whereas others have a chemical base that 
may be dissolved by sweat and cause irritation 
or chemical allergy. Some examples of dust par-
ticle are cement, resins, and anhydrite [2].

Various types of fibers can be involved [15]. 
The classic example is fiberglass; others include 
rock wool, carbon fibers, and plastic materials 
(polypropylene fibers). Many fibers are chemically 
inert but they can still cause harm through mechan-
ical trauma of the skin. Others, such as epoxy-
coated fiberglass, can induce allergic reactions.

11.1.4  Solid Biotic Particles

In some cases, airborne agents can be solid biotic 
particles of vegetable (pollen, dust from exotic 
woods) or animal origin (scales, caterpillar hairs).

11.2  Predisposing Physical 
and Constitutional Factors

Particular physical conditions can often pre-
dispose to the development of airborne derma-
toses (Table 11.3) [4, 16]. Low environmental 

humidity alters the skin barrier as a result of 
reduced ceramide levels in the stratum corneum 
[17]; when it is lower than 35%, it fosters the 
spread of the substances in the environment 
[18]. At high temperatures there is increased 
perspiration, that facilitates the adhesion and 
absorption of harmful contactants through the 
skin. High temperatures also make some sub-
stances volatile (dimethylthiourea) [19], pro-
mote the passage from the liquid to the gas 
state (liquid mustard gas) and the desiccation of 
plants, dispersing their particles. In this regard, 
in fact, airborne contact dermatitis from plants is 
reported above all in hot countries where plants 
wither very easily and the dry fragments become 
volatile. The same dermatitis is infrequent in 
Europe, and in more humid countries in general 
[20–22].

In particular in cases of persistent atopic 
dermatitis, airborne proteins (house dust mites, 
cockroaches, pet dander, and plant pollen) can 
act as exacerbating factors. The impairment 
of the natural skin barrier present in the same 
complaint induces a greater penetration of the 
airborne particles in the epidermis and conse-
quently leads to airborne contact dermatitis [23].

Seborrhoeic dermatitis of the face and der-
mographism can also favor skin penetration 
of substances dispersed in the environment. 
Finally, a facial eruption has been reported in 
visual display operators, which favours the onset 
of airborne contact dermatitis from particles pre-
sent in the workplace [24].

Table 11.3  Risk factors in airborne dermatoses

1. Environmental factors
Low humidity (<35%) alters the skin barrier, reducing ceramide values in the stratum corneum, and favours dispersion 
of substances in the environment
High temperatures increase perspiration, make some substances volatile, promote the passage from liquid to gas and 
favour plant dehydration
2. Constitutional factors
Sweating favours substance agglutination and absorption
Atopic dermatitis
Seborrhoeic dermatitis of the face
Dermographism

3. Physical factors
Friction
Pressure
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11.3  Airborne Contact Dermatitis

Airborne contact dermatitis is an inflammatory 
reaction linked to various contactants suspended 
in the air. The diagnosis of this complaint is 
based on the patient history and on follow-up, 
observation of the presence of dust or of vola-
tile causative agents, on the distribution of the 
lesions and on the results of patch tests [25]. 
Although the clinical-morphological diagnosis 
of airborne contact dermatitis is not generally 
difficult, identifying the causative contactant and 
selecting appropriate treatment often pose a con-
siderable challenge for the dermatologist.

Epidemiology and Pathogenic Mechanism. 
The prevalence of airborne contact dermatitis is 
difficult to estimate, for various reasons. First 
of all, detailed organic descriptions of the com-
plaint date back only to the end of the 1980s and 
early ‘90s [1–4]. The etiological diagnosis is 
usually challenging as it involves recomposing a 
puzzle; sometimes the clinical diagnosis is diffi-
cult too, especially in cases where not only sites 
exposed to airborne contact are affected but also 
covered sites, as frequently occurs.

Further complicating the situation, differ-
ent pathogenic mechanisms may be triggered, 
depending on the various types of contact with 
the particles suspended in the air. As stated 
above, in fact, the same substance very often 
comes in contact with the skin contemporarily 
via direct and airborne contact, thus confusing 
the clinical picture and making an immediate 
diagnosis very difficult. Sometimes, for exam-
ple, when the hands are affected by direct con-
tact and the face by airborne contact with the 
same substance (e.g. various dusts and pow-
ders), there may be a tendency to interpret the 
disorder as a primitive contact dermatitis of the 
hands with id-like manifestations on the face, 
excluding the diagnosis of airborne contact 
dermatitis. Moreover, the same substance sus-
pended in the air can be simultaneously inhaled 
and/or ingested, causing systemic symptoms in 
various organs as well as objective skin manifes-
tations that may be attributed to a systemic con-
tact dermatitis.

From the epidemiologic standpoint, airborne 
contact dermatitis can be classified as occupa-
tional and non occupational. The common belief 
is that occupational forms are more frequent 
than non occupational, in the same way as air-
borne irritant contact dermatitis is thought to 
be more common than allergic form of airborne 
contact dermatitis. Although the disorder can 
be caused by a great number of agents, many 
of which have been reported in the literature as 
case reports or small case series, the prevalence 
of a particular etiological agent varies widely 
from nation to nation, depending also on the 
degree of industrialization and the climatic con-
ditions. For all these reasons, it seems evident 
that the incidence of airborne contact dermati-
tis is likely underestimated. Indeed, bearing in 
mind the great variety and notable ubiquity of 
causal agents present in the environment, it is 
bound to be more common than would appear 
from the literature.

As regards airborne skin diseases, another 
important problem is that of percutaneous 
absorption: it is not clear why a substance that 
simply settles on the skin should be absorbed 
without any appropriate vehicle. However, 
recent studies in vivo and in vitro have inequiv-
ocably demonstrated that apart from the clas-
sic passive horizontal absorption through the 
multilayer intercellular lipid structures and the 
transcellular corneocytes route, there is a third 
absorption route, this time vertical, through the 
appendices (follicular apparatus of air follicles 
and sweat glands) and through microlesions in 
the interfollicular horny layer [26–31]. These 
structures can offer a vertical pathway for per-
cutaneous absorption, i.e. a “shunt”. In the past, 
hair follicles and sweat glands were considered 
of little importance since they account for only 
a small and insignificant percentage of the skin 
surface: only approximately 0.1% of the skin 
surface area [26]. But actually, the hair follicle 
shows a surprisingly high influence on the pen-
etration process, that may serve in particular in 
the case of airborne contactants [26].

Clinical Features. The skin symptoms 
of airborne contact dermatitis do not gener-
ally have any special or peculiar morphologic 
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characteristics and can thus be confused with 
those of common contact dermatitis of the cor-
responding category. The clinician must base the 
diagnosis of the airborne origin of the dermati-
tis mainly on two factors: the case history and 
the site of the lesions. It must be remembered 
that airborne contact can affect both exposed 
and covered sites, whatever the chemical-phys-
ical nature of the contactants, because all such 
agents (droplets, gases, dust, powder) can cross 
or impregnate clothing (Table 11.4).

The most common sites for airborne con-
tact dermatitis are the parts of the body that are 
exposed to the air: the face (Fig. 11.1), neck 
(Figs. 11.2, and 11.3), upper aspect of the chest 
(“V” region of the neck), hands, wrists, under-
arms, and sometimes lower legs in women. 
Dermatitis affecting these sites must firstly be 
differentiated, often with some difficulty, from 
photocontact dermatitis. In photocontact der-
matitis, however, “shadowed” anatomic areas 
such as the upper eyelids, behind the ears 

(“Wilkinson’s triangle”), the submandibular 
region and under the hair (scalp and nape of 
the neck) are not affected [1, 2, 4, 5, 9, 10, 12]. 
The nature of the causal agent and the results of 
photopatch tests can guide differential diagnosis 
with classical contact photodermatitis.

The upper eyelids are particularly suscepti-
ble to airborne irritants or allergens, which can 
easily become trapped and so accumulate in this 
area. Moreover, the skin of the eyelids is particu-
larly thin and so easily penetrated by chemicals. 
The upper eyelids are sometimes the only area 
affected and, on occasion, are associated with 
acute conjunctivitis. In cases of nickel allergy, 
for example, skin lesions around the eyes only 
can be observed. These lesions are sometimes 
so symmetrical that it is difficult to believe the 
allergen is simply carried on the hands, as is nor-
mally postulated. Apart from the possibility that 

Table 11.4  Clinical diagnosis of airborne contact dermatitis

No peculiar clinical-morphologic characteristics
History of airborne origin of the dermatitis
Sites of lesions:
1. Sites exposed to the air
a. Face (“shaded” areas): upper eyelids, behind the ears, submandibular region, nasolabial folds
b. Neck, nape of neck, scalp, hands, wrists, forearms, lower legs (in women)
2. Non exposed areas
a. Major body folds (axillae, groin, popliteal and antecubital fossae)
b. Occluded sites (gloves, shoes, boots, rings, glasses)
Generally symmetrical lesions with faint edges
Possible conjunctivitis, systemic symptoms, prevalently of the airways

Fig. 11.1  Airborne contact dermatitis

Fig. 11.2  Airborne contact dermatitis of the 
“Wilkinson’s triangle”
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they may be an id-like manifestation from hema-
togenic spread of the allergen, it is likely that 
nickel present in the air as dust may contribute to 
the onset of this clinical picture [1, 14, 32–34]. 
In fact, in working environments the monitoring 
of nickel and chrome in the air in plants working 
areas processing these metals has revealed levels 
well beyond those recommended [32].

Apart from photoinduced contact dermatitis, 
the differential diagnosis of facial and neck air-
borne contact dermatitis must include contact 
dermatitis due to directly applied agents, connu-
bial (consort) dermatitis, an id-like spread of a 

dermatitis elsewhere on the body, systemic con-
tact dermatitis limited to the face, and an ectopic 
dermatitis (usually an asymmetric dermatitis, 
displaced from its usual site due to the transfer 
of allergenic particles from other sites of the 
body). Other eczematous diseases that must be 
taken into consideration in the differential diag-
nosis are atopic dermatitis and seborrhoeic der-
matitis limited to the face (Table 11.5).

The skin lesions can also occur on parts of 
the body not exposed to the air. Volatile sub-
stances (dust, gases, solid particles of animal 
and vegetal origin) and droplets can, in fact, 
penetrate the clothes. Dust particles accumulate 
in occluded sites, such as the genital area, and 
particularly in the major body folds (axillae, 
poplital and antecubital fossa). Of course, these 
cases need to be differentiated from atopic der-
matitis, clothing dermatitis, or an id-like spread 
of contact dermatitis from other areas, all events 
that can also affect the major body folds.

In some exceptional cases, the clinical lesions 
can even be generalized, resembling erythroder-
mia, as a result of the high concentration of the 
causal agent in the air (for example, the expres-
sion of a Compositae dermatitis) [36], or as a 
result of heavily contaminated articles of cloth-
ing. In cases of contemporary inhalation of the 
causal agents, (sub)erythrodermic cases can be 
observed, simulating a systemic contact derma-
titis  [37].

Apart from the above-described skin symp-
toms, there can often be involvement of the 
mucosa (conjunctivitis, for example) and airways 
(in cases of inhalation of the same substances). 
Systemic symptoms are also possible (fever and 
the involvement of various internal organs) in 
cases of ingestion of the airborne agents.

Fig. 11.3  Airborne contact dermatitis with irregular bor-
ders on the neck (Courtesy of Prof. Jean-Marie Lachapelle)

Table 11.5  Differential diagnosis of airborne contact dermatitis of the face and neck

Contact dermatitis from directly applied agents
Photocontact dermatitis from directly applied agents
Connubial (consort) dermatitis
Ectopic contact dermatitis
Id-like spread of contact dermatitis from elsewhere on the body
Systemic contact dermatitis
Atopic dermatitis
Seborrhoeic dermatitis (worsened by work conditions: irritant fumes or dusts, increased sweating)
Polymorphic light eruptions
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At clinical observation it is important to 
remember that it is fairly common to see 
patients who are affected contemporarily by 
direct contact dermatitis and by airborne con-
tact dermatitis. This event is more commonly 
observed in occupational settings, when workers 
come in contact with the same substance both 
directly (while manipulating it) and in an aero-
mediated manner (because it is present in the 
environment). In this context, the most common 
culprit substances are epoxy resin dusts, metal 
dusts, cement powder, fiberglass and medica-
ments in powder form. The same substance 
may also be present in the environment in dif-
ferent forms (powder and vapour, solid form 
and smoke, liquid form and gas), passing from 
one form to the other for natural reasons (tem-
perature) or due to particular processing: various 
such examples are described below.

Apart from classic eczematous lesions 
(acute, subacute or chronic), airborne con-
tact dermatitis can manifest with peculiar 
papulo-follicular pictures (fiberglass dermatitis) 
or as multiforme-like erythema (wood dust and 
the fumes of plants in combustion). In rare cases 
the disease can present as actinic reticuloid (par-
thenium dermatitis) [38] or prurigo nodularis 
(parthenium dermatitis) [39]. Airborne drop-
lets from acids or alkalis can cause burns in 
exposed areas [7].

Finally, again from the clinical standpoint, 
it should be borne in mind that the same agent 
can induce different clinical pictures. Thus, air-
borne formaldehyde can cause contact urticaria 
[40], irritant reactions, and allergic contact der-
matitis [41]. Airborne particles from Parthenium 
hysterophorus can cause both allergic and pho-
tocontact dermatitis [42]. Finally, airborne phos-
phorus sesquisulfide can cause contact urticaria 
[43] and allergic contact dermatitis [44].

11.3.1  Airborne Irritant Contact 
Dermatitis

Great numbers of airborne irritant contact agents 
have been identified up to now, nearly all in 
occupational environments (Table 11.6) [1–8, 

10–12, 16]. In many cases, they are highly alka-
line substances (pH > 10) whose irritant effect is 
both chemical and mechanical. Some examples 
of airborne contact irritation are reported below.

11.3.1.1  Fiberglass Dermatitis
This is a classic and common example of irritant 
airborne contact dermatitis. Today, fiberglass 
is used in many different fields [45, 46]: prin-
cipally for thermal and acustic isolation pur-
poses in the building industry, for fireproofing, 
as chemical filters, as an “armature” for plastic 
items, as “reinforcement” for rubber materials, 
in air conditioning filters, supports of electric 
circuits, in the textiles industry (in draperies and 
curtains, for instance).

Fiberglass is obtained by means of various 
processing systems, through fusion and the sub-
sequent spinning of vitrifiable raw materials, 
such as silica sand, kaolin, calcium carbonate, 
dolomite and feldspar [46]. Various additives 
can be mixed with the glass fibers depending on 

Table 11.6  Common airborne irritants

Acids and alkalis
Urea-formaldehyde insulating foam
Glass fibers
Epoxy resins
Rock wool fibers
Calcium silicate
Formaldehyde
Domestic cleaning products
Cement dust
Industrial solvents
Aluminium powder
Phenol-formaldehyde resins
Tropical wood dusts
Anhydrite
Perchloroethylene
Arsenical dust
Mica dust
Dyes
Mustard gas
Food additives
Caterpillar hairs
Sewage sludge
Paper, no carbon required (NCR) paper
Slag
Benzoyl peroxide
Trona
Trichloroethylene
Ammonia
Pesticides
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the various uses: phenol-formaldehyde resins, 
epoxy resins, melamino-formaldehyde resins, 
polyvinyl acetate, silicones, urea, dyes, mineral 
oils.

The glass fibers that can provoke skin lesions 
are those with a diameter exceeding 4.5 μ [2, 
47]. In the epidemics reported in work environ-
ments, the diameter of the incriminated fibers 
ranges from 8 to 20 μ. In fact, the pathogenic 
effect on the skin of glass fibers is directly pro-
portional to the diameter (>4.5 μ) and inversely 
proportional to the length. By contrast, the risk 
of bronchopneumonia is inversely proportional 
to the diameter and length. Fiber glass-induced 
dermatitis is one of the most common occupa-
tional pictures of mechanical irritation. It gen-
erally arises in subjects after brief exposure, 
whereas in subjects with routine contact with 
fiberglass a certain tolerance seems to develop, 
that allows these workers to continue with their 
working activities without developing problems. 
In fact, very few of these workers apply for a job 
change [46].

The entity of the dermatitis differs accord-
ing to various factors: individual susceptibil-
ity (in comparable working conditions, atopics 
are more prone to develop the dermatitis; there 
is a good correlation between the symptoms of 
fiberglass friction and the intensity of the der-
mographism; phototype I subjects are more 
susceptible); environmental conditions (high 
temperatures, low humidity, poorly aired envi-
ronments and the concentration of fibers in the 
air foster the onset of the dermatitis); the dura-
tion of the exposure; the mode of contact of the 
fibers with the skin (direct, localized contact or 
indirect airborne contact, so more extended); 
the pathogenic mechanism of the dermatitis 
(mechanical-traumatic irritation through contact 
or intracutaneous penetration of the fibers, or 
else contact allergy to the resins employed in the 
fiber glass work process).

In an occupational setting, the skin manifes-
tations can follow direct manipulation of the 
fibers; in these cases the dermatitis will feature 
pruritus and punctiform excoriations on the 
backs of the hands. The penetration of the fib-
ers under the peronychium can cause chronic 

paronychia, and under the nailbed, onycholy-
sis. Other clinical signs have sometimes been 
reported: eczematous lesions or others of num-
mular eczema type, purpura, folliculitis, urti-
caria and telangiectasia.

Most often, fibers suspended in the air reach 
the uncovered sites, but also some particular 
covered sites by insinuation under workers’ 
clothing. The subjective signs of the dermatitis 
will be pruritus and pricking sensations; objec-
tive signs are erythematous papules measuring 
0.1–0.5 mm in diameter, excoriations, lesions 
due to scratching and occasionally pustules. The 
same micropapules, with a purpuric hue, can 
also interest the hair follicles. The preferential 
sites are the skin folds (axillae, groin, popliteal 
fossae, elbow folds), the extensory faces of the 
limbs and the belt zone (Figs. 11.4, and 11.5). 
Sweating fosters agglutination of the fibers.

The dermatitis sometimes follows the release 
into the environmental air (in both occupational 
and non occupational settings) of fibers released 
from defective air conditioners. The symptoms 
are largely subjective, consisting of pruritus of 
the face and neck. Small epidemics due to this 
problem can arise in office, schools and fami-
lies. A pruritus that affects small groups of sub-
jects must always suggest the possible diagnosis 
of a fiberglass dermatitis.

Exceptionally, glass fibers can penetrate into 
the derma and provoke the formation of foreign 
body granulomas. Sensitization to the resins 
covering the fibers is rarely observed. The onset 
of fiberglass dermatitis occurs after 2–3 hours 
from the contact and it resolves within a few 
days if exposure is eliminated; a chronic course 
is rarely observed.

Histopathologic examination demonstrates 
erosion of the distal epidermal layers and the 
formation of scabs, the presence of fiberglass 
fragments in the stratum corneum and spino-
sus, subepidermic detachment and a perivasal 
mononuclear lymphocytes infiltrate. In rare 
cases, some aspects of spongiforme dermatitis 
are observed, more frequently in atopics, and the 
picture of a foreign body granuloma. Polarized 
light inspection of slides allows a better identifi-
cation of the fiberglass fragments.
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The diagnosis relies largely on the medical 
history and clinical examination. A search for 
glass fibers is made by surface biopsy, consist-
ing of stripping of the corneal layer by chemi-
cal (with one or two drops of 20% potassium 
hydroxide) or physical means (using adhesive 
tape), that is then directly observed at the micro-
scope. Differential diagnosis needs to be made 
with various other pruriginous and extensive 
forms of dermatitis due to exogenous causes 
(Table 11.7) and sometimes, especially in 

chronic and peculiar cases, with Hodgkin’s dis-
ease and aspecific chronic leukemia pictures.

In general, workers fitting fiberglass products 
are those most exposed and hence at risk of the 
disease, more so actually than those working at 
fiberglass factories, because the fiberglass con-
centrations in the environmental air can vary 
greatly depending on the application method and 
the air saturation in the work area. Table 11.8 
[48] lists some fiberglass dermatitis prevention 
criteria. Treatment is based on low potency cor-
ticosteroids. Barrier creams, siliconated or not, 
are not found to offer efficacious prevention of 
the dermatitis.

It should be remembered that patch test 
reactions to mineral fibers, although second-
ary to mechanical irritation, can simulate an 
apparently allergic reaction [49] and so are 
not recommended. Possible allergy to min-
eral fibers is more often linked to epoxy and 
 phenol-formaldehyde resins. Nevertheless, in 
many cases it may be necessary to analyze the 
chemical substances in the fibers to ensure a cor-
rect diagnosis of the related contact allergy [49].

11.3.1.2  Dermatitis Due to Other Fibers
Rock wool dermatitis is comparable to fiberglass 
dermatitis. Rock wool is composed of miner-
als, coal and limestone, added with mineral oils, 
silicone compounds and phenol-formaldehyde 
resin.

Other types of fibers that can induce derma-
titis, generally of milder type, are cellulose and 
cardboard fibers, used in packaging, mica fibers 
and synthetic polypropylene fibers (synthesized 

Fig. 11.4  Airborne irritant contact dermatitis due to 
glassfibers

Fig. 11.5  Airborne irritant contact dermatitis due to 
glassfibers

Table 11.7  Differential diagnosis of fiberglass 
dermatitis

Eczema prurigo
Animal acariasis
Pediculoses
Epidermal zoonoses
Papular urticaria
Actinic prurigo
Scabies
Phytodermatoses
Hodgkin’s disease
Cutaneous lesions in chronic leukaemia
Cereal acariasis
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as fiberglass replacements for some uses; the 
fiber particles are 10 μ in diameter). Carbon 
fibers can also be used as partial or complete 
substitutes of fiberglass, as already done for ten-
nis rackets, for instance. They induce a derma-
titis characerized by pruritus of a more or less 
intense type and excoriated papules; they too 
have a diameter of about 10 μ.

11.3.1.3  Dust Dermatitis
In such cases the dust consists of a pulverulent 
blend of solid particles light enough to remain 
suspended in the air. They can be chemically 
inert (such as aluminium dust) or else, after 
agglutinating on the skin, they release irritant 
chemical substances (such as cement). Some 
have a crystalline structure with sharp edges, 
others an amorphous appearance. The most 
common dusts mentioned in the literature are 
listed in Table 11.6. The clinical picture is com-
parable to that induced by glass fibers.

Cement dust dermatitis is fairly common 
in cement factories. Being very pulverulent, 
cement insinuates under workers’ clothing 
and overalls, and also agglutinates on the face. 
Irritation is particularly severe in cases of exces-
sive sweating, that dissolves some alkali cement 
components. Dry cement irritation is frequent 
in cement factories but less so at building 
sites, where damp cement diseases are preva-
lent (burns, irritant contact dermatitis, allergic 
contact dermatitis). In all cases, air-induced 
irritation is favored by a relatively low rate of 
environmental humidity in the air.

Trona dermatitis has been described in min-
ers and trona workers [50]. Trona, or sodium 
sesquicarbonate, is extracted from mines in 
Wyoming in the USA and processed to make 
glass, paper, detergents, as well as for chemical 
applications. It is an alkaline dust (pH 10.5) and 
can have irritant effects on the airways, mucosae 
and skin. Trona dermatitis is characterized by 
pruritus, and dry erythematous lesions of the 
hands (direct contact), face and limbs (airborne 
contact).

Anhydrite is an anhydrous calcium sulfate 
dust with traces of calcium fluoride and hydro-
fluoric acid. It is very highly alkaline (pH 11.2), 
and is used in coal mines to fix metal railings to 
the rock. Anhydrite-induced skin irritation has 
been observed in coal miners performing this 
procedure. The only manifestation is subjective 
signs of pruritus or burning of the face, neck, 
forearms and thighs. No erythema or eczema-
tous lesions develop [51]. The irritant action 
of alkaline anhydrous paste has been demon-
strated by laser Doppler flowmetry: repeated 
application of the substance on the flexory face 
of the forearm in healthy volunteers induced 
an increased blood flow in the more distal der-
mal layers. This dermatitis is a classic example 
of a purely subjective airborne irritant con-
tact dermatitis with no objective clinical signs. 
Replacing anhydrite by a less alkaline paste 
(hemihydrate) was successful in solving the 
problem.

Slag  dermatitis is observed in the metallurgic 
industry [52]. Slag (a mixture of silicium and 

Table 11.8  Criteria for the prevention of fiberglass dermatitis

1. Closed cycle production must be ensured, to minimize dispersion of the fibers and hence exposure
2. Storage and transport of fiberglass products must be done in special sealed containers
3. Products must be prepared in advance in the forms required for installation, to reduce to a minimum the subse-
quent dispersion during cutting and modeling
4. Felts must be applied using suitable tools and must be cut at the application site with hand tools not electric 
machinery
5. Except when specifically stated otherwise, spray isolation procedures must be done using wet not dry techniques
6. The working areas, both for production and processing, must be regularly cleaned with a proper aspiration system 
or vacuum cleaning. Normal cleaning can leave glass fiber residues in the environment
7. Perfectly sealed plastic containers must be used for the transport of fiberglass products and processing residues
8. It is essential that the removal of isolation materials comply with the above-stated norms, especially as regards 
wetting the materials and vacuum cleaning work areas
9. Appropriate overalls ensuring proper protective isolation must be used, and properly cleaned, frequently and sepa-
rately from other clothing to avoid contamination
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calcium oxides, or other oxides) is poured onto 
melted steel in the procedure known as continu-
ous steel casting. While the slag is poured, being 
extremely pulverulent it raises a thick cloud of 
dust. The particles insinuate under workers’ 
overalls from the wrists or ankles and accu-
mulate in the skin folds and extensory faces of 
the limbs. The objective and subjective clini-
cal signs are comparable to those of fiberglass 
dermatitis. Microscopic examination of the 
dust particles shows crystals in various sizes 
and shapes (about 10–80 μ long) and cutting 
edges. The latter characteristic suggests a skin 
insult of mechanical type. Replacing these with 
larger, rounded slag particles resolves the prob-
lem. Cases of airborne irritation due to sewage 
sludge [53], indigenous and exotic woods dust, 
and food additives dusts [54] have also been 
reported.

The diagnosis of airborne dusts-induced der-
matitis is based on the medical history, clini-
cal examination and other specific procedures 
(Table 11.9). Microscopic examination of the 
dusts is done under polarized light. In the case 
of dusts in crystal form or with sharp edges, 
the shape itself may play an irritant role, even 
if this has not yet been experimentally verified. 
The presence of dust particles on the skin can be 
established using the stripping method and sub-
sequent polarized light examination. It is essen-
tial to determine the dusts pH, by suspending 
the particles in bidistilled water and determin-
ing the pH of the supernatant. Some dusts are 
highly alkaline (cement, dyes in powder form) 
but, more rarely, they can be acid. The acid-
ity or alkalinity is an important irritation factor. 
Finally, it is essential to control the percentage 
of environmental air humidity.

The treatment is the same as for fiberglass 
dermatitis, while prevention relies on proper 
aspiration systems, ventilation and hygrother-
mal control of the work area, and when possible, 
automation of the work cycles. Individual pre-
vention measures are only appropriate overalls 
because barrier creams are inefficacious.

11.3.1.4  Airborne Dermatitis 
from Sprays, Vapours, and Gases

A less frequent observation is airborne irritation 
due to vapours and gases. In general, the derma-
titis affects the face; however, some vapours and 
gases impregnate clothing and so are responsible 
for lesions on covered body areas.

Dermatitis from Vapours
Among vapours, some acid and alkali sub-
stances producing them are well known and 
common irritants. Ammonia is widely used. 
Exposure to formaldehyde can occur in indus-
trial, crafts and domestic environments. 
Emanations of formol stem from various 
preservatives present in soluble oils and isola-
tion materials with a urea-formaldehyde resins 
base [55]. Peroxides, like benzyl peroxide, are 
released into the air during the manufacture of 
plastic materials, and are particularly irritant.

Some organic solvents used to dry clean 
clothing can also be culprits. Those best known 
are perchloroethylene (tetrachloroethylene: 
Cl2C=CCl2), the solvent most commonly used 
in closed cycle machines, trifluorotrichloro-
ethane (F2 Cl CC Cl2 F) and trichloroethylene 
(Cl HC=CCl2), that is least used owing to its 
high toxicity. Occupational dermatitis forms 
caused by organic solvents are due to defective 
machines at laundries, giving rise to perchloro-
ethylene emanation or to perchloroethylene resi-
dues from clothes that have been dry cleaned [5].

It is no rare occurrence for vapours and 
gases to be released from solid substances at 
high temperatures. To disinfect rubber pacifiers, 
for example, they are usually boiled but rub-
ber chemicals can become volatile and cause 
airborne contact dermatitis in sensitized sub-
jects. In fact, a substance that is not harmful at 
normal temperatures can become very volatile 

Table 11.9  Diagnostic procedures in dust-carried air-
borne irritant contact dermatitis

Microscopic examination of the dusts (polarized light)
Determination of dusts on the skin (stripping with 
adhesive tape)
Determination of dusts pH
Control of environmental humidity percentage
Exposure tests
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and hazardous at higher temperatures. Indeed, 
if plastics are heated, they may decompose into 
approximately 50 different products, some of 
which are irritants and/or allergens [7]. In the 
paint and printing industries, various solutions 
of paints and printing inks are spread, casting 
vapours and droplets in the air [7].

In the literature, there have been reports of 
skin damage due to self-defence sprays, that 
are sometimes wrongly used as weapons. In 
many countries these tear gases are freely avail-
able on the market; they are considered not to 
induce severe complications, and their effects 
are assumed to last about half an hour and leave 
no sequela. This is not actually true. Some tear 
gases (lachrymators) contained in them are the 
same as those used for military and civilian 
(by the police force) defence purposes in order 
to neutralize a subject through the immediate 
lachrymogenic effect, and ensure his immobili-
zation for a few minutes. About fifteen different 
substances are used for lachrymogenic purposes 
in self-defence sprays [56]. The most com-
mon and harmful are chloroacetophenone (CN) 
(C6H5COCH2Cl) and ortho-chlorobenzylidene 
malonitrile (CS). Other synthetic tear gases, 
much less commonly used, include bromobenzyl 
cyanide (CA), ethyliodoacetate, bromoacetone, 
benzyl iodide, benzyl bromide and some others.

The oleoresin of capsicum (Cayenne pepper 
from Capsicum frutescens, or “poivre rouge” 
in French) is a natural lachrymogenic used in 
sprays. For some times, the US government 
has issued aerosol sprays containing this oleo-
resin to postal carriers for their defence against 
animals, especially dogs. It is also contained in 
self-defence ‘objects’ (like lipstick or a foun-
tain pen) present on the market. Oleoresin is a 
dark red liquid, extremely bitter and pungent, 
that irritates the conjunctivae and nasal and oral 
mucosa; it is also an efficient repellent against 
man and beast (organic or synthetic lachryma-
tors do not affect animals).

CN (or phenacyl chloride), that has been 
known since the First World War, is a powder 
that is insoluble in water but soluble in alcohol 
and ether; it is very irritant for the skin, eyes 
and respiratory tract. In self-defence sprays it is 

dissolved in 1,1,1-trichloroethane. CS (named 
after Carson and Stoughton who invented it in 
1928), that is also insoluble in water, is an irri-
tant with a faster action than CN, but is less 
toxic; in sprays it is present in concentrations 
of 2–8% and dissolved in methylethylketone. 
The effects of CN and CS have been studied 
in animals and in man [56]. Skin irritation or 
sensitization phenomena have been observed 
in industrial environments among workers at 
a chemical factory producing them [57] and in 
subjects sprayed with a lachrymogenic [56–62].

In fact, lachrymogens can have two skin 
effects: most cases are due to airborne contact 
irritation, but some are due to airborne contact 
allergy. In the case of subjects sprayed with 
a lachrymogen in the street, the skin lesions 
appear immediately, and immmobilize the sub-
ject due to erythema and intense burning of the 
face, which is often affected only on one side 
because the spray is activated from the side. By 
the next day there is remarkable facial edema, 
especially of the eyelids, of Quincke type, and 
blisters with skin detachment. The dermatitis 
resolves within about two weeks.

However, a different clinical evolution has 
also been described: after an initial improve-
ment, by the fifth to the eighth day the skin 
manifestations reappear in the previous sites 
and also at a distance. Perhaps an immunoaller-
gic mechanism can be attributed to the event in 
such cases, arising from systemic effects of the 
lachrymogen, or else a situation comparable to 
the allergic dermatitis induced by dinitrochlo-
robenzene owing to intrinsic properties of the 
substance itself. The phenomenon could also be 
linked to the persistence of the lachrymogens in 
powder in the hair or on clothing, or else in the 
pilosebaceous follicles. Because CN and CS are 
not hydrosoluble, and CS has some affinity for 
oily substances, it is important that the initial 
copious washing be done with solvents of grease 
and oily substances.

Ocular complications, that can be of vari-
able severity and persistence, are frequent, such 
as conjunctivitis, corneal lesions and even sight 
disturbances. In black-skinned subjects CN can 
provoke skin depigmentation.
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Skin tests, even if they are not recommended, 
can be done with CN and CS crystals in a pure 
state; the substances are solubilized in acetone 
at a dilution of 1:100.000. The tests must defi-
nitely not be done with substances present in the 
sprays available on the market.

Lachrymogens released in the air deposit in the 
form of powder, so it is necessary to change all 
clothing, accurately cleanse the eyes, and the skin 
with a facial milk or detergent. Lesions can be 
treated with corticosteroid and antibiotic creams.

Mustard Gas Dermatitis
We observed an exceptional, practically 
unthinkable irritant airborne contact derma-
titis in 12 deep-sea fishermen [4, 8, 63, 64]. 
The disease was due to mustard gas or yperite 
(2,2’-dichlorodiethylsulfide, C4H8Cl2S), one of 
the most aggressive war gases. The name derives 
from the city of Ypres (Belgium), where it was 
used for the first time in bombs in July 1917. 
The British and Americans call it mustard gas 
because of the characteristic smell. Yperite is 
an oily, odorless and colorless liquid in the pure 
state, and it is the impurities (ethylsulphides) 
that cause the yellowish-brown color and the 
smell of mustard. Poorly soluble in water, it 
dissolves readily in organic solvents and fats. 
This feature facilitates its penetration in the 
cells, where it has toxic effects. Mustard gas 
evaporates slowly owing to the low tension of 
the vapour, even if it increases as the tempera-
ture rises. It is toxic in both liquid and vapour 
form; in the first case it damages the skin; in the 
second, the skin, conjunctivae and respiratory 
mucosa. Its effects appear after a latency period 
ranging from 4 to 6 hours up to 24 hours.

Since the First World War, intoxication by 
yperite has been almost exclusively associated 
with occupational contact in producers, except 
for its wide use in the Iraq-Iran war (1980–
1988) [65]. In the 1950s, cases of acute or 
chronic intoxication were reported in workers at 
factories producing yperite or at retrieving fer-
rous residues of unused war materials [66, 67].

The 12 cases of yperite dermatitis we 
observed were fishermen in the Adriatic sea, 
working in deep waters off the coast of Molfetta, 

30 km to the north of Bari. More than one hun-
dred cases of dermatitis of variable severity have 
been reported to the Coastguard at the port of 
Molfetta. The concentration of such cases in 
the same Adriatic zone is due to the fact that a 
company packaging and depackaging war weap-
onry was located in Molfetta. After the Second 
World War, war surplus weaponry was thrown 
into the sea a few miles off the coast. These 
residues are brought back up to the surface by 
fishermen in their trawling nets during the sum-
mer months when this fishing activity is prac-
ticed. All the fishermen tell the same story. They 
find bombs in their nets together with the fish 
(in fact, the risk is well known in the profes-
sion) and throw them back in the sea. However, 
owing to erosion, the bombs leak non hydro-
soluble liquid that impregnates the nets and after 
a few hours, direct irritant contact dermatitis of 
the hands and forearms develops. This features 
erythemato-vesico-bullous lesions of various 
sizes, with a pale serous content (Fig. 11.6). 
Owing to the high summer temperatures, the 
liquid evaporates and also induces an irritant air-
borne contact dermatitis of exposed sites (facial 
erythema and blisters, eyelids edema and severe 
conjunctivitis with lachrymation and photofo-
bia), as well as some covered sites because mus-
tard gas clings to clothes (Figs. 11.7, and 11.8). 
In three cases we observed intense erythema and 
edema of the genitals, and the subsequent onset 
of bullous lesions with a necrotic and escharotic 
evolution (Fig. 11.9). Intense pruritus and burn-
ing accompany these skin lesions.

Fig. 11.6  Blistering direct irritant contact dermati-
tis from mustard gas (Reproduced with permission by 
Bonamonte and Coll [68])
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In six patients, the skin symptoms were 
associated with headache, coughing, nausea 
and vomiting [68]. The dermatitis resolved in 
10–15 days leaving hyperchromic marks. In one 
case localized on the genitals, scars were left. 
The conjunctivitis resolved with washing using 
2% sodium bicarbonate and antiseptic eye-
drops. Systemic symptoms, due to inhaling the 

gas, regressed rapidly with symptomatic treat-
ment. Controls after 20–30 days excluded any 
 re-presentation of the dermatitis [68].

Although chemical bombs are present in 
all European seas, similar cases of dermatitis 
from mustard gas have only occasionally been 
reported [69, 70], probably because it is prac-
tically impossible to connect the disease with 
contamination by fishing nets unless the bombs 
are actually seen in the nets. Otherwise, the 
skin symptoms may be attributed to the harmful 
action of some marine flora and fauna [71].

Fishermen should be informed of the risk of 
fishing up bombs in particular areas, and must 
be instructed to throw them back into the water 
without opening them and in cases of inadvert-
ent contamination, to go straight to hospital for 
proper treatment. All the contaminated areas 
of the boat must be thoroughly cleaned and the 
fishermen’s clothes and personal effects must be 
destroyed. Mustard gas can impregnate clothes 
and leather objects and persist for a long time. 
In fact, we have also observed cases of contami-
nation of members of the family due to contact 
with the fisherman’s clothing.

Fig. 11.7  Blistering airborne irritant contact dermatitis from mustard gas (Reproduced with permission by 
Bonamonte and Coll [68])

Fig. 11.8  Blistering airborne irritant contact derma-
titis from mustard gas (Reproduced with permission by 
Bonamonte and Coll [68])
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Volatile Products of Photocopying 
Paper
The symptoms provoked by emanations of vola-
tile products from photocopying paper include 
irritation of the skin, eyes and respiratory tract 
(obstruction of the upper airways), asthenia, 
nausea and headache. At skin level there is 
pruritus and burning, above all of the face but 
sometimes also of the oral and nasal mucosa. 
These complaints are observed in office work-
ers. The nature of the irritant substances varies 
according to the types of paper [5, 72, 73].

In some cases formol emanations occurred 
while handling photocopying paper. Tests with 
various constituents of the paper were nega-
tive. It was observed that the symptoms devel-
oped above all when handling new packs of 
paper, likely due to the release of an organic 
solvent still present in the freshly opened paper 
[5]. Occasionally, such symptoms are observed 
in workers at photocopying paper factories. On 
one occasion, whose physiological agent was 
not identified, the pruritus was accompanied by 
irritation of the upper airways, asthenia, contact 
urticaria and increased PGF-2 prostaglandins 
[74].

Propellant and Ethylene Oxide 
Dermatitis
Halogenated hydrocarbons (freons) were widely 
used in the past but have now been replaced 
by various other substances because they were 
poorly biodegradable and so concentrated in 
the atmosphere, lasting for hundreds of years. 
They were rarely sensitizing (trichloromono-
fluoromethane, dichlorodifluoromethane, tetra-
fluoromethane) [75–77] but highly irritant. The 
propellents most commonly used nowadays are 
butane, propane, isobutane liquified petroleum 
gases (LPGs) gelled propellants, and com-
pressed gases (nitrogen or carbon dioxide) [76].

Ethylene oxide is a colorless, gaseous, sim-
ple epoxy compound whose sterilizing action 
is due to an irreversible toxic effect on living 
cells. It is therefore essential to remove any trace 
of ethylene oxide from sterilized items before 
the products come in contact with human tis-
sue [78]. Gaseous ethylene oxide is one of the 
most common sterilizing agents used for medi-
cal equipment and materials. Given its harmful 
properties (it is also genotoxic) [79], in the US 
precise recommendations are made regarding its 
use [78]. Various cases of irritation and burns, 
and of contact allergy from ethylene oxide have 
been reported in hospital and industrial settings 
[80–82].

11.3.2  Airborne Allergic Contact 
Dermatitis

Airborne contact allergy has a lower inci-
dence than airborne irritation but is more often 
reported owing to the notable symptoms. These 
are those of common allergic contact derma-
titis. The lesions are generally symmetrical, 
with an acute or chronic evolution, depending 
on the nature and concentration of the aller-
gen and the frequency of airborne contact. The 
localization of the dermatitis is fairly charac-
teristic. The sites most often affected are those 
exposed to the air: the face, neck, décolleté, 
hands, forearms and legs in women. On the face, 
the lesions affect the eyelids most severely, in 
the form of edema, the conjunctiva (pruritus, 

Fig. 11.9  Erythemato-edematous airborne irritant con-
tact dermatitis from mustard gas (Reproduced with per-
mission by Bonamonte and Coll [68])
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reddening, lachrymation, photofobia), retroau-
ricular regions and submandibular region. In 
some cases only the eyelids and conjunctiva are 
involved but covered areas can also be affected, 
such as the folds, where solid particles can 
insinuate under clothing and accumulate.

There are many culprit agents (Table 11.10) 
[1–11]. Classic examples of the most com-
monly observed causal agents of airborne con-
tact allergy are epoxy resins, present in many 
industrial sectors in the form of dusts or droplets 
(in the metalmechanical industry). Cement dust 
(Fig. 11.10), in particular in cement factories, 
can cause allergic airborne contact dermatitis 
owing to its chromium or cobalt content. Such 
cases affect the face, generally inducing a dry, 
lichenified dermatitis associated with conjuncti-
vitis (Figs. 11.11, 11.12, and 11.13).

Dermatitis from vapours, usually of occu-
pational origin, can be induced by amines used 
as epoxy hardeners and resins [83, 84]. In the 
past dermatitis of the face caused by vapours 
from turpentine, a solvent used in various occu-
pational sectors, including woodworking, was 
common. The picture, that features intensely 
erythemato-edemato-exudative lesions, is rarely 
seen today (Figs. 11.14, and 11.15).

Additionally, rubber, glues, metals, pesticides 
and insecticides, and many other industrial and 
pharmaceutical substances have been reported 
as causes of airborne dermatitis. Forms due to 
pesticides droplets sprayed on plants are often 
observed in agriculture, showing clinical mani-
festations in both exposed and covered sites, 
since the drops impregnate clothing. The main 
culprits are thiourams, that can also be used in 
the production of medicaments. Nobecutane® 
spray, containing tetramethylthiouramdisulfide, 
a fungicidal and bactericidal aerosol whose use 
was recommended for disinfecting the skin and 
protecting wounds, could induce airborne aller-
gic reactions on the face in subjects previously 
sensitized to thiourams by direct contact. We 
have observed two such cases, in a mechanic 
(Fig. 11.16) and a housewife who developed 
facial rashes after using the spray to treat contact 
dermatitis of the hands due to thiourams [8].

Among non occupational forms, airborne 
contact dermatitis can develop due to fragrances 
in sprays. We observed two young women 
with contact allergy at the axillae caused by 

Table 11.10  Most common airborne allergizing 
substances

1. Metals
Chromates in cement and welding fumes
Cobalt
Nickel
Silver
Mercury
Gold
Arsenic salt
Beryllium
2. Solvents
Formaldehyde
Turpentine
3. Pharmaceutical chemicals
Albendazole
Chloroquine sulfate
Spiramycin
Chlorpromazine
Semisynthetic penicillins
Streptomycin
Virginiamycin
Quinolone compounds
8-Methoxypsoralen
Benzalkonium chloride
Apomorphine
Chloracetamide
Chloroquine sulfate
Quinoline compounds
Vincamine tartrate
Diphencyprone
Ethylenediamine
Paracetamol
Propacetamol
4. Insecticides and animal feed additives
Carbamates
Pyrethrin
Pesticides
Captan
Captafol
Dyrenium
Ethoxyquin (antioxidant)
Oxytetracycline
Penicillin
Tetrachloroisophthalonitrile
Tetrachloroacetophenone
Tylosin
5. Aquatic animals
Bryozoans
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fragrances (intense positive patch tests reac-
tions to cynnamic aldehyde). They developed 
an intense erythemato-edematous reaction on 
the face and especially the eyelids, after visiting 
a perfumery where fragrances were continually 
sprayed into the environment (Figs. 11.17, and 
11.18). In one of the two cases, an exposure test 
to a perfume containing cynnamic aldehyde was 
followed by eyelids erythema and edema [8]. 
In both cases, the women were, of course, sub-
jects with a very low sensitization threshold to 

fragrances. Similar cases have been reported by 
other authors [1].

Cleaning products [1] often trigger allergic 
airborne contact dermatitis together with various 
other household products. A notable example is 
the dermatitis from isothiazolinone, increasingly 
used as a preservative in many household prod-
ucts [16, 85].

11.3.2.1  Plants and Woods in Airborne 
Dermatitis

Woods and plants are often causal of airborne 
contact dermatitis: the allergens are dried botan-
ical material and smoke from burning plants. 
The plants families most often responsible 
for airborne allergic contact dermatitis are the 

Table 11.10  (Continued)

8. Miscellanea
Color developers
Bromophthalide
Hydrogen sulfide
Cytosine arabinoside
Bromomethyl-4-nitrobenzene
Cigarettes and matches
Phosphorus sesquisulphide
Pig epithelia
Penicillium
Isothiazolinones
Methyl red
Isofluorene
Hydroxylammonium chloride
Pyritinol
Pyritinol hydrochloride
Tyrophagus putrescentiae
Glutaradehyde
Chloracetamide
Propolis
Colophony
Hair sprays
Deodorants
Chloroacetophenone
Fragrances
Halogenated compounds
NCR paper
Dimethylthiourea
Persulfates
Allylphenoxyacetate
Dimethoxane
Paraphenylenediamine
Persulfates
Thiourea
Dimethylthiourea

Table 11.10  (Continued)

6. Plastics, rubbers, glues
Acrylates
Cyanoacrylate
Benzoyl peroxide
Diaminodiphenymethane
Dibutylthiourea
Epoxy acrylates
Epoxy resins
Formaldehyde resins
Phenolformaldehyde resins
Isocyanates
Rubber additives
Unsaturated polyester resins
Polyurethane
7. Plants and wood allergens
Lichens (d-usnic acid)
Compositae (sesquiterpene lactones)
Frullania (sesquiterpene lactones)
Poison ivy (urushiol)
Poison oak
Poison sumac
Parthenium hysterophorus
Acacia melanoxylon
Alstroemeria (tulipalin A)
Apuleia leiocarpa (wood)
Citrus fruits (lemon essential oils)
Pine dust
Dalbergia latifolia
Essential oils
Garlic
Helianthus annuus
Primula obconica
Chlorophora excelsa (iroko)
Machaerium scleroxylon
Barley dust
Sawdust
Tulipalin A in tulip bulbs
Soybean
Tea tree oil
Tropical woods
Anthemis nobilis
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Compositae family and the Anacardiaceae fam-
ily [11, 86–88]. Among the Compositae, well 
known causal plants are ragweed, sunflowers, 
goldenrod and chrysanthemums. Their flowers, 
leaves, stems, and pollens contain sesquiterpene 
lactones, responsible for the allergic reactions.

Airborne allergic contact dermatitis is com-
monly caused in the USA by plants of the 

Toxicodendron genus of the Anacardiaceae 
family: poison ivy, poison oak, and poison 
sumac. These plants exude a sap which con-
tains a highly allergenic oil, urushiol [16], pre-
sent in various portions of the plants (including 

Fig. 11.10  Ciment dust as cause of airborne contact dermatitis

Fig. 11.11  Airborne allergic contact dermatitis due to 
chromium in ciment dust

Fig. 11.12  Airborne allergic contact dermatitis and con-
junctivitis due to chromium in ciment dust
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Fig. 11.13  Airborne allergic contact dermatitis due to chromium in ciment dust

Fig. 11.14  Intensely erythemato-edematous airborne 
allergic contact dermatitis from turpentine vapours

Fig. 11.15  Intensely erythemato-edemato-exudative 
airborne allergic contact dermatitis from turpentine 
vapours
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the roots, stems and leaves), even when they 
are dried. Dead poison ivy plants are still 
toxic, because urushiol remains active for sev-
eral years. Although poison ivy rash is usually 
a summer complaint, cases sometimes occur 
also in winter, when people burn wood contain-
ing urushiol or cut poison ivy vines for wreaths 
[87]. In short, these plants are toxic in all sea-
sons. Urushiol penetrates the skin a few minutes 
after contact, and in allergic subjects the reaction 
appears within 12–48 hours. In cases of airborne 
contact dermatitis, the rash affects both sites 
exposed to the smoke, and covered sites because 
urushiol clings to clothing, which must be imme-
diately removed and machine washed or else dry 
cleaned. The rash lasts 10–15 days, and is par-
ticularly severe on the face, with intense eyelid 
edema. It is often of erythema multiforme-like 
type. Exposed sites must be washed with running 
water and soap within a few minutes of contact. 
For preventive purposes, barrier creams used 
on uncovered sites are sometimes helpful [87]. 
Some patients’ claims that they developed a reac-
tion to poison ivy simply by walking through the 
woods are absolutely true. It is important to be 

Fig. 11.16  Airborne allergic contact dermatitis from a 
thiurams-based spray in mechanic with contact dermati-
tis of the hands by tetramethylthiouramdisulfide

Fig. 11.17  Airborne allergic contact dermatitis to fra-
grances sprayed in the environment

Fig. 11.18  Airborne allergic contact dermatitis to fra-
grances sprayed in the environment



23311 Airborne Skin Diseases

aware of the fact that patients allergic to plants 
of the genus Toxicodendron may develop cross-
reactions to various other substances, including 
mango skin, cashew nut oil, and the fruit of the 
ginkgo biloba tree [16].

Poison ivy, poison oak and poison sumac 
grow almost everywhere in the USA, except 
Hawaii, Alaska and some desert areas of 
Nevada. Poison ivy usually grows east of the 
Rocky Mountains and in Canada. Poison oak 
grows in the Western US, Canada, Mexico, and 
in the southweastern states. Poison sumac grows 
in the eastern states and Southern Canada [87].

Florists are often exposed to various plants 
families, including the Compositae (Asteraceae), 
the plants most often causal of airborne contact 
dermatitis [21]. A study by Hausen and Oestmann 
showed that 50% of florists have dermatitis of the 
face; the plants most often to blame are chrysan-
themums, tulips, and Alstroemeria [88].

Florists and homemakers are also exposed 
to plant oil sprays, which are used to make the 
leaves look more shiny. These sprays contain a 
rubber chemical, tetramethylthiuramdisulfide, 
which may cause allergic airborne contact der-
matitis in pre-sensitized people [7].

Various airborne dermatitis forms due to con-
tact with woods are occupational in carpenters, 
joiners, cabinet makers, and associated trades 
subjects [89]. The most sensitizing woods are of 
tropical and subtropical origin; dusts from these 
woods can cause airborne contact dermatitis as 
well as an erythema multiforme-like eruption [90].

In hot and dry regions, pulverized parts of 
dead plant material become windborne and can 
induce dermatitis of the exposed skin, that may 
be mistaken for a photocontact dermatitis [91]. 
Although in many cases pollens are inculpated, 
in the case of ragweeds and related members of 
the Asteraceae family finely pulverized mate-
rial from dead plants is more likely the causa-
tive agent [36, 92]. Various species of lichens 
(consisting of a fungus and an algae growing 
together in symbiosis), present on walls, roofs, 
trees, and rocks, are sensitizing: an airborne 
contact dermatitis of the face was reported in 
subjects allergic to these lichens [93].

11.3.2.2  Airborne Skin Lesions Due 
to Pesticides

Pesticides are the only toxic substances inten-
tionally released into environments to kill living 
things [94]. As well as their use in agriculture 
for the control of pests (pesticides), weeds (her-
bicides), fungi (fungicides), and rodents (roden-
ticides), they are also used in horticulture, 
forestry, and livestock production, but their use 
is not limited to these sectors, and also com-
prises homes, schools, buildings, roads, and 
parks: indeed, it is difficult to find any place 
where pesticides are not used. They can also be 
present in the air, in foods and in the water we 
drink. Pesticides, herbicides and fungicides are 
the major groups (Table 11.11) [94–98].

Many pesticides are potentially very harm-
ful to human health (Table 11.12) [94–102]. 
They have been linked to a wide range of health 
hazards, ranging from short-term impact (head-
aches, diarrhea, fatigue, nausea) to chronic 
impact (cancer, reproductive harm, endocrine 
disruption). They are potentially hazardous to 
other organisms in the environment and may 
also cause damage to ecosystem.

Pesticides are normally classified according to 
their specific activity, while the active ingredients 
are often indicated by their common name or 
even a trivial name. The WHO classification by 
the degree of acute hazard to humans is widely 
used: class Ia (extremely hazardous), Ib (highly 
hazardous), II (moderately hazardous), and III 
(slightly hazardous). They are formulated in dif-
ferent ways: solid or liquid concentrates, solu-
tions or emulsion in water or organic solvents, 
aerosols, granules, powders, mixed with sand, 
dusts and fumigants [97]. Together with the 
active ingredients, pesticides contain other non 
active ingredients and possibly contaminants, 
many of which are toxic substances while some 
are known skin irritants and allergens (organic 
solvents, formaldehyde, isocyanates) [97].

Many subjects suffer skin exposure to pesti-
cides at work, above all sprayers, mixers, load-
ers, packers, and mechanics. Workers may 
be exposed to pesticide residues on treated 
plants and wood, because although some are 
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rapidly degraded others persist in the air for 
variable periods of time. Various different meth-
ods are employed to assess exposure [103]. 
Cholinesterase activity in erythrocytes or in 
plasma must be determined in workers using 
organophosphorus compounds. Some pesticides 
and their metabolites need to be measured in 
the urine. Skin exposure can be assessed by the 
fluorescent tracer technique, and by analyzing 
pesticide levels in patches on the skin. The body 
sites most strongly exposed are the face and 
hands but all unprotected areas can be affected 
(Figs. 11.19, and 11.20). Percutaneous absorp-
tion of pesticides varies remarkably from one 
product to another. The sites of greatest absorp-
tion are the scrotal skin, head and neck. The 
degree of percutaneous absorption also relies on 
occlusion, the duration of contact, the concentra-
tion, preexisting skin damage, humidity and the 
environmental temperature.

Table 11.11  Most common pesticides and repellents

Insecticides and acaricides
Organophoshate compounds (malathion, parathion)
Pyrethroids
Pyrethrum (natural compound from Chrysanthemum cinerariaefolium)
Methylcarbamates
Organochlorates (lindane)
Herbicides and desiccants
Thiocarbamates
Organonitrogens (triazines, phenylureas, nitroanilines, anilides)
Dipylidium compounds (paraquat)
Aliphatic chloroacids (diquat)
Dinitrophenols
Phenoxycarboxylic acids
Fungicides
Inorganic compounds (sulfur, copper, iron sulfate, barium polysulfide)
Dithiocarbamates (zineb, ziram, maneb, mancozeb)
Organonitrogens (benomyl)
Thiophthalimides (captan, captafol, difolatan, folpet)
Rodenticides
Coumarin compounds (warfarin, ANTU)
Fumigants
Halogenated hydrocarbons
Repellents
N,N-diethyl-m-toluamide (DEET)

Wood preservatives
Chlorothalonil (also a fungicide)
Tributyltin oxide
Glutaraldehyde (also slimicide)
Methylchloroisothiazolinone/methylisothiazolinone (together with arsenic, chromium, and copper compounds, also 
slimicide)

Table 11.12  Health hazards of pesticides

Bone-marrow effects (leukemia, Hodgkin’s disease, 
non-Hodgkin lymphoma)
Cancer (brain, bone, breast, ovarian, prostate, testicular, 
liver)
Endocrine system effects
Reproductive system effects
Birth defects
Behavioral disorders
Enzymes induction
Eye lesions
Respiratory effects
Systemic poisoning
Immunological effects
Skin diseases

· Chloracne
· Chemical burns
· Contact dermatitis (irritant and allergic)
· Hyperpigmentation
· Hypopigmentation
· Photosensitivity
· Nail dystrophy
· Porphyria cutanea tarda
· Squamous cell carcinoma
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The prevention of skin exposure must take 
into account various important rules, espe-
cially in subjects at high risk, such as pesticides 
applicators, mixers, and producers. Protective 
equipment must be properly used, cleaned and 
maintained in good shape. The gloves offering 
the best protection are nitrile/butyl rubber gloves 
or laminate gloves. Barrier creams are not effec-
tive as protection measures [97]. Protection 
norms vary in different parts of the world and 
are, of course, worst in the poorest developing 
countries, where the most harmful pesticides are 
often used without any protective measures at 
all. Aerial application can be extremely harmful 
in various occupations (pilots, ground crew, field 
workers) and for residents near sprayed fields. In 
this regard, it is important to reduce the duration 
of the spray season, ban the use of “flaggers” 
(workers in the fields who guide the pilot dur-
ing spraying) and favor tractor spraying [102]. 
Guidelines for personal protection and for field 
surveys have been published by the WHO and 
other organizations.

The prevalence and incidence of skin reac-
tions to pesticides are not known but are surely 
higher than reports in the literature would sug-
gest [104–107]. Irritant contact dermatitis is 
believed to be more frequent than allergic con-
tact dermatitis (linked particularly to insecticides 
and fungicides). Fatal effects have been linked to 
acute toxic reactions to the percutaneous absorp-
tion of organophosphorus compounds.

Patch tests must be carried out with active 
ingredients and with other ingredients the 
patient is known to be exposed to, but it may be 
extremely difficult to obtain the various ingre-
dients. In general, some patch test clinics have 
their own pesticides series, related to the pesti-
cides most commonly used in that geographic 
area [107]. A pesticide can be tested at appropri-
ate dilutions from 1 to 0.1% in water or petrola-
tum. The active and other ingredients sometimes 
need to be further diluted. In any case, it is man-
datory to check the pesticides implicated in the 
most recent reports and reviews to ascertain the 
safety and proper dilutions of the single ingre-
dients. It is also important to patch test the same 
substances on control persons.

Fig. 11.19  Airborne allergic contact dermatitis of 
uncovered and not well covered areas due to pesticides

Fig. 11.20  Airborne allergic contact dermatitis of 
uncovered areas due to pesticides
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The health hazards from pesticides do not 
only depend on the toxicity of these chemicals 
but also on other factors, such as environmental 
conditions (hot weather, humidity, wind), meth-
ods of application, incorrect use of formulations, 
and failure to use adequate skin protection. 
Therefore, it is essential to promote specific 
widespread campaigns providing information 
and warnings in order to reduce the risk of skin 
and systemic damage in the various workers 
who come in contact with these substances in 
one way or another.

11.3.2.3  Airborne and Direct Allergic 
Contact Dermatitis

Very frequently, airborne and direct skin con-
tact occur simultaneously. This is due to the fact 
that especially in occupational sectors, workers 
can come in contact with the same substance via 
different routes, particularly in the case of sub-
stances in powder form. Practical examples are 
dermatitis due to cement and powdered resins: 
the workers have both direct and airborne con-
tact with these, owing to the strong concentra-
tions in the air.

Sometimes the same substance can be 
present in the environment in different 
 chemical-physical forms, for instance in solid 
form but also as fumes, or both in solid form 
and in droplets. A classic example of the first 
type is dermatitis due to phosphorus sesqui-
sulfide contained in a particular type of matches 
(called “zolfanelli” in Italy, that are similar to 
the “strike anywhere” type) [8, 44, 108, 109]. 
The most common and well known complaint is 
allergic contact dermatitis due to direct contact, 
affecting the anterolateral face of the thighs and/
or the anterior region of the chest, attributable to 
the habit of carrying the matches in a trouser or 
shirt pocket (Figs. 11.21, and 11.22). This pic-
ture is observed largely in males, usually agri-
cultural workers and manual workers in general. 
Allergic airborne contact dermatitis, instead, 
affects the face and is linked to the phospho-
rus sesquisulfide fumes rising when lighting 
a cigarette (Figs. 11.23, and 11.24). The latter 

Fig. 11.21  Direct allergic contact dermatitis to phos-
phorus sesquisulfide in matches carried in trouser 
pockets

Fig. 11.22  Direct allergic contact dermatitis to phos-
phorus sesquisulfide in matches carried in trouser and 
shirt pockets
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observation has also been described in women in 
Anglosaxon countries, provoked by “strike any-
where” matches (for pipes) [110]. Facial forms 
include erythema, often accompanied by eye-
lids edema, that can be asymmetrical, affecting 
only one side of the face. The affliction can in 
rare cases also affect the palms, again in asym-
metrical fashion, due to the habit of cupping 
the hands around the flame when lighting a 
cigarette.

An example of the second type is contact 
dermatitis from Bryozoans [111]. It affects 
fishermen and was first observed in the North 
Sea (hence its first name “Dogger Bank Itch”, 
from the Dogger Bank area in the North Sea) 
and then reported also in the eastern part of the 

Channel [112–114] and in the Bay of the Seine 
[115, 116]. Fishermen come in contact with “sea 
moss" or “seamats” when they pull their nets on 
board the boat and find them jumbled in with the 
fish. The hands and forearms are first affected 
through direct contact with the Bryozoans; the 
face and neck may be involved through airborne 
contact with drops of sea water containing the 
allergenic material. The allergen responsible is 
2-hydroxyethyl dimethylsulphoxonium present 
in Alcyonidium gelatinosum, a filament-like 
zooarium that looks like a yellow-green-brown 
alga and that lives in colonies attached to hard 
substrates (rocks, shells, gravel, stones) in fila-
ments about 20–30 cm long [106]. Patch tests 
can be made with fragments of live Bryozoans 
just after harvesting, with seawater containing 
the allergen and aqueous and acetonyl extracts 
of seamoss.

Fig. 11.23  Direct (right thigh) and airborne (face 
and neck) allergic contact dermatitis to phosphorus 
sesquisulfide

Fig. 11.24  Direct (thighs and left breast) and airborne 
(face and neck) allergic contact dermatitis to phosphorus 
sesquisulfide (Reproduced with permission by Angelini 
and Coll [44])
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11.3.2.4  Direct and Airborne Contact 
Dermatitis Associated 
with Inhalation

Pulverulent substances, present in both occupa-
tional and non occupational settings, can come 
into direct or airborne contact with the skin 
while also being inhaled. In this event, owing 
to the multiple pathogenic mechanism, derma-
titis is usually accompanied by systemic symp-
toms that can also be severe. Various examples 
include that of mustard gas in liquid form and 
giving off vapours, as already described [63, 
64], while another example is chloric acne as 
described below.

A particular dermatitis caused by contact 
with mercury was observed [37]. This form 
had a triple underlying pathogenic mechanism, 
observed in subjects following the use of MOM ® 
in powder form (with an ammoniated mercury 
and metallic mercury base) for pubic phthiria-
sis. The intense erythemato-exudative lesions of 
the genitalia, pubic region, and internal plane 
of the thighs (due to direct contact during the 
application of the powder), were associated with 
involvement of the face, neck, folds, and trunk 
(airborne contact resulting from airborne spread 
of the powder) (Figs. 11.25, 11.26, 11.27, and 
11.28) and with systemic clinical signs (fatigue, 
high temperature and leukocytosis) due to inhal-
ing the powder [37, 117]. 11.3.3  Airborne Photocontact 

Dermatitis

Airborne photocontact reactions affect sites 
exposed to light. In theory, there are no clini-
cal signs enabling a clear differentiation between 
photodermatits due to direct or to airborne con-
tact. In practice, however, in non airborne forms 
some parts of the face are relatively or completely 
spared (region under the chin, retroauricular 
regions, upper eyelids), whereas in airborne forms 
no part of the face is spared. Nevertheless, there 
are many exceptions to this rule, so the diagno-
sis must be based on an accurate medical history, 
analysis of subjective symptoms and objective 
signs, and the results of patch and photopatch tests.

Among the occupational phototoxic agents 
that can induce airborne contact dermati-
tis, polycyclic hydrocarbons and psoralens or 

Fig. 11.25  Direct and airborne allergic contact dermati-
tis due to ammoniated mercury used for pubic phthiriasis

Fig. 11.26  Direct and airborne erythema multiforme-
like eruption due to ammoniated mercury used for pubic 
phthiriasis (Reproduced with permission by Angelini and 
Coll [117])
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furocoumarins are particularly important. The 
former (anthracene, pyrene, benzopyrene, and 
phenantrene) are present in carbon fossil tars, 
pitch and creosote. When heated, these com-
pounds become volatile and on sunny days, can 
induce airborne phototoxic reactions in workers 
with asphalt, builders and railway workers. The 
eruptions, that sometimes appear in the form of 
small epidemics, can be prevented by applying 
total sunscreen products before starting work.

Furocoumarins are present in many plants. 
The presence of dry vegetable particles in the air 
during the summer favors the onset of the derma-
titis (airborne phytophotocontact dermatitis) on 
uncovered skin sites. In a gardening concern sown 
with medicinal plants, an airborne phototoxic 
eruption due to Heracleum sphondylium, that 
contains methoxypsoralen, bergapten and imper-
atorin, was observed in a gardener [5]. Airborne 
phototoxic reactions to 8-methoxypsoralen were 
observed in three female workers confectioning 
tablets at a pharmaceutical company. After pro-
longed sunbathing at the end of the work, pho-
totoxic lesions developed in the skin areas that 

were uncovered during work. The reaction was 
of mixed type, involving the hands (as a result of 
direct contact) and the face, décolleté, and arms 
(as a result of airborne contact). The airborne 
spread can be explained by the powdery nature of 
8-methoxypsoralen tablets [118].

Airborne photoallergic contact reactions are 
very rare. Possible culprits are fragrance ingre-
dients (in the cosmetic industry), coaltar deriva-
tives, olaquindox, and several drugs (in the 
pharmaceutical industry).

Combined airborne and photoaggravated 
 contact allergies are also possible, as observed 
for Compositae and lichens [119]. Vegetable 
particles of plants containing furocoumarins 
could also be implicated. In fact, in cases of 
direct contact dermatitis from Ficus carica, we 
also observed photoallergic reactions due to 
8-methoxypsoralen [120].

Fig. 11.27  Direct and airborne allergic contact dermati-
tis due to ammoniated mercury used for pubic phthiriasis

Fig. 11.28  Direct and airborne erythema multiforme-
like eruption due to ammoniated mercury used for pubic 
phthiriasis (Reproduced with permission by Angelini and 
Coll [117])
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11.4  Airborne Contact Urticaria

Among the various substances that can induce 
contact urticaria (immunological or non immu-
nological), some are volatile or pulverulent, and 
these can undoubtedly cause airborne contact 
urticaria. Nevertheless, this mode of transmis-
sion has rarely been reported in the literature.

Allergy to natural rubber latex (usu-
ally derived from Hevea brasiliensis, of the 
Euphorbiaceae family) is an important health 
care issue today. Direct contact urticaria due to 
latex gloves involves the hands because natural 
rubber latex proteins are absorbed onto the corn-
starch powder (derived from Zea mais L., family 
Graminaceae) in the gloves. When the packets 
are opened or the gloves are pulled out of multi-
pack boxes, the proteins are released into the air 
and can induce various clinical problems, such 
as airborne contact urticaria of the face, con-
junctivitis, rhinitis and even asthma [121, 122].

Other agents responsible for occupational 
airborne immunological contact urtcaria are 
cosmetics, vegetables, fruit, ammonium persul-
phate, animal hair, anhydrides [123]. Airborne 
contact urticaria reported in a warehouse worker 
resulted from exposure to dust derived from cin-
chona bark (Cinchona spp, family Rubiaceae) 
[124]. Processionary caterpillars can provoke 
various airborne reactions, mainly of urticarial 
type, both non immunological and immunologi-
cal. The disease is common among foresters and 
also in non occupational situations (trappers and 
campers). Veterinarians, furriers and labora-
tory personnel working with furry animals can 
develop airborne contact dermatitis and airborne 
contact urticaria [7].

11.5  Airborne Atopic Dermatitis

The airborne nature of atopic dermatitis seems 
to be supported by some data, at least in a cer-
tain percentage of subjects, but the issue is still 
controversial [125].

Occasionally, the inhalation of dusts, pol-
lens, and animal hair causes a flare-up of atopic 
dermatitis, and in some instances airborne 

allergens (dermatophagoides) produce positive 
patch tests reactions. Moreover, an alleviation 
of atopic dermatitis has been reported follow-
ing the avoidance of aeroallergens [126]. In one 
study, a positive correlation was found between 
the severity of atopic dermatitis and the concen-
tration of house dust mites in the home envi-
ronment [127]. An exacerbation was observed 
following the inhalation or direct contact with 
algae and lichens [128]. In another study the 
inhalation of dermatophagoides was clearly cor-
related with worsening of the atopic dermatitis 
[129].

Langerhans cells express an IgE  high-affinity 
receptor complex (FCεRJ) that is more than 
four-fold greater in the normal-appearing 
skin of subjects with atopic dermatitis than in 
non atopic control individuals [130]. This recep-
tor activation leads to complete activation of 
Langerhans cells in atopic patients, but not in 
non atopic subjects.

11.6  Diagnostic Procedures 
and Prevention

Because there are huge numbers of irritant and 
allergizing agents carried through the air, and 
scattered widely in both outdoor and indoor 
environments, the skin diseases they induce 
are presumably very much more frequent than 
would appear from the literature. The problem is 
that the diagnosis of airborne contact dermatitis 
can be very difficult to make for various reasons. 
The approach to each individual case consists 
of various steps, that must take into account 
the physical-chemical environment (outdoor or 
indoor) for each patient and the availability of 
specific tests at the laboratory.

The classical tools available for diagnosing 
an airborne contact dermatitis include the medi-
cal history, clinical symptoms, any exacerbation 
of symptoms during work activities, determina-
tion of the presence of all possible causal agents 
at the workplace or in various outdoor environ-
ments, and a knowledge of the physical-chemical 
nature of these agents, as well as specific tests to 
be done in the patient or at the laboratory.
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In general, as regards  clinical-morphological 
aspects, airborne contact dermatitis should be 
suspected when faced with symmetrical lesions 
in sites exposed to the air, if the patient denies 
any use of topical agents and the symptoms 
improve or resolve when in a different envi-
ronment. Meticulous inspection of the distri-
bution of an eruption is critical for a correct 
diagnosis. “Exposed sites” in cases of airborne 
contact dermatitis are different from the “pho-
toexposed sites” of photocontact dermatitis 
[131]. When observing a facial dermatitis, as a 
rough-and-ready rule, in non-airborne forms 
some parts of the face may be spared whereas 
no part will be spared in airborne forms but this 
is not an absolute rule and there are a number 
of  exceptions, some of which are common. For 
example, allergic contact dermatitis to cosmetic 
products (fragrances, lotions, hair days) can 
mimic an airborne contact dermatitis, involv-
ing both exposed sites and photo-exposed sites. 
It can often be difficult to make a differential 
diagnosis between airborne contact dermatitis 
and atopic dermatitis limited to the face, bear-
ing in mind that facial signs of atopic dermatitis 
could be triggered, worsened or even provoked 
by various allergens of high molecular weight 
(mainly proteins) present in house dust, pollens, 

moulds, etc., and it is also common to see con-
tact allergy to topical medicaments or cosmetics 
superimposed on atopic dermatitis [132, 133]. In 
subjects allergic to liverworts or to lichens, the 
area under the chin may be spared, giving the 
appearance of a so-called pseudo-photodermati-
tis [7]. In doubtful cases a careful medical his-
tory should resolve the problem.

Individuating the etiological agent is a major 
problem, particularly in occupational settings [7, 
10]. In this regard, the recommended steps are 
detailed in Table 11.13. In the occupational field, 
visiting the work place is of crucial importance, 
and should be conducted in cooperation with 
the factory doctor and occupational hygienists, 
to analyze the technical aspects of procedures 
carried out, and the work conditions. Samples 
of the airborne contaminants should be col-
lected, namely air samples (to check for vapours 
and gases) and various other substances (fib-
ers, dusts, liquids sprayed in the air). Different 
methods (gas chromatography, high perfor-
mance liquid chromatography, ion exchange 
chromatography, infrared- and ultraviolet-spec-
trophotometry, nuclear magnetic resonance 
spectrometry or phase contrast microscopy) are 
adopted to analyze the samples (pH, physical-
chemical properties of the substances).

Table 11.13  Diagnostic procedures in airborne contact dermatitis

Visit to the workplace
Analysis of technical aspects of the work procedure
Analysis of the work conditions
Collection of air samples (presence of vapours and gases) using specific absorption devices
Collection of samples of contaminants (fibers, dusts, liquids)
Evaluation of relative humidity in the air
Patient examinations
Patch and photopatch tests with the standard series, other relevant test batteries and with suspected products and 
chemicals from the work environment according to the patient’s medical history and occupation
Open tests, repeated open-application tests, use tests
Atopy patch tests (in atopic subjects)
Prick tests (in suspected airborne contact urticaria)
Evaluation of irritant materials on the skin by means of non invasive techniques (transepidermal water loss, erythrom-
etry, laser—Doppler flowmetry)
Determination of the presence of causal chemicals in the skin by skin surface biopsy

Laboratory tests
Analyses of samples of substances (pH and physical-chemical properties) by gas chromatography, high performance 
liquid chromatography, ion exchange chromatography, infrared- and ultraviolet-spectrophotometry, nuclear magnetic 
resonance spectrometry, phase contrast microscopy
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The diagnostic procedures performed in 
patients are as follows (Table 11.13). Patch tests 
and/or photopatch tests, performed in the usual 
way, must include all the suspected substances 
(that are not always easy to obtained in a pure 
state) at suitable concentrations. Epicutaneous 
tests must include additional procedures: open 
test, repeated open-application tests and, obvi-
ously adopting proper precautions, use tests. In 
cases of airborne contact urticaria prick tests are 
warranted.

To evaluate the irritant potential of materials 
collected on the skin of patients or volunteers, non 
invasive techniques, such as transepidermal water 
loss, erythrometry, laser-Doppler flowmetry and 
others, are useful. The determination of the pres-
ence of particles (and, if necessary, of chemicals) 
in the skin can be done by skin surface biopsy 
[134]. Being a coadjuvant physical factor in 
determining airborne contact dermatitis, the rela-
tive rate of humidity in the air needs to be evalu-
ated. In skin and respiratory diseases induced by 
airborne agents, the use of an exposure chamber 
designed for experiments with controlled expo-
sure to airborne particles, mainly irritants, is the 
best solution. The aim is to study skin effects 
and to develop methods for the measurement of 
the deposition of the particles on the skin [135]. 
Finally, continual updating by means of reviewing 
the relevant literature is fundamental.

In general, prevention measures commonly 
used in occupational and non occupational der-
matology can be applied to airborne dermatoses 
(Table 11.14). First of all, great attention must 
be paid to the chemical-biotic environment, 
both indoor (workplace, houses, schools, gyms) 

and outdoor. The severity of contact dermatitis 
depends on the degree of contact hypersensitivity 
and the quantity of antigen the patient is exposed 
to. These two factors need to be reduced, and 
since it is impossible to reduce the hypersen-
sitivity, then one must operate on the quantity 
of antigen in the environment. Therefore, the 
ventilation and temperature in closed environ-
ments must be adjusted and monitored at work 
and elsewhere (houses, schools, gyms). In cases 
of airborne contact dermatitis due to parthe-
nium, for example, the patient must avoid going 
outdoors on days when pollens are present in 
high concentrations in the air. Air conditioning 
decreases indoor pollens counts. Simple routines 
like bathing after coming indoors, wearing fresh 
clothes and eliminating weeds and grasses in the 
garden can be helpful. The use of barrier creams 
on exposed sites can contribute to slow down the 
skin penetration of the antigen, as also the use of 
sunscreens in cases of photosensitivity.

In the work environment vapours, gases and 
pollen need to aspirated. When doing some jobs 
indoors or outdoors, suitable masks, gloves and 
overalls should be worn. In extreme cases it may 
be necessary to consider a change of job.

11.7  Processionary Dermatitis

11.7.1  Pine Caterpillar Dermatitis

In Mediterranean coastal regions, each year pine 
trees are assaulted by an apparently inoffen-
sive insect, the pine caterpillar Thaumetopoea 

Table 11.14  Prevention methods in airborne skin diseases

Greater information about, and attention paid to physical and chemical-biotic environment (indoor and outdoor)
Proper ventilation (indoor)
Adjustment of temperature (indoor)
Adjustment of environmental humidity (indoor)
Avoidance of outdoor activities
Absorption of vapours, gases and pollens (indoor)
Use of appropriate masks, gloves and overalls (indoor and outdoor)
Frequent changes of clothing
Frequent washing, personal and clothing
Use of barrier creams, sunscreens
Change of job
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pityocampa Schiff. Being strictly phyto- and 
xylophagous, this insect survives by eating parts 
of pine trees, destroying their branches and 
delaying their growth. The disruptive effects 
of the pine caterpillar extend to man and pets, 
inducing various pathological conditions. Pine 
caterpillar hairs can cause adverse reactions at 
the skin, ophthalmic and respiratory levels.

Many French [136, 137] and Italian [4, 8, 
138–140] authors have examined the problem 
since it is widespread in certain areas of these 
countries. In Italy, the Apulia region is particu-
larly burdened by these insects, so much so that 
they are sometimes referred to by the media as a 
true “nightmare”. Today, the pine processionary 
is also expanding northwards as a direct effect of 
global warming [141].

The pine caterpillar is not the only urti-
carial species of the Lepidoptera order [142] 
(Table 11.15). Other caterpillar species are also 
urticarial (hence the term “erucism”, from the 
Latin eruca=caterpillar), as also moths (hence 
the term “lepidopterism”, from the Greck 
lepìs=scale and ptéron=wing). In the majority 
of cases, however, damage to human skin and 
mucosa occurs as a result of the penetration of 
caterpillar hairs. The Thaumetopoeidae family 
numbers 3 urticarial caterpillars with different 

biological cycles but indistinguishable clinical 
symptoms.

T. pityocampa (the term comes from the Greck 
cámpa=caterpillar, pìtys=pine, poieo=does, 
thàuma=wonders) has a biological cycle con-
sisting of 2 phases: an aerial phase (larvae) and 
a ground phase (when the chrysalis transforms 
to a moth). While devouring the pine needles, 
the caterpillars weave a net creating “tent” nests, 
typically placed on tree tops (Fig. 11.29). The 
caterpillars move along branches and also among 

Table 11.15  Common Lepidoptera responsible for skin 
damage

Family Species
Saturniidae Hylesia species
Lasiocampidae Dendrolimus punctatus

Arctiidae Hyphantria cunea

Lymantriidae Euproctis crysorrhoea
E. edwardsi
E. similis

Megalopygidae Megalopyge 
opercularis

Cochlididae Sibine stimulea

Thaumetopoeidae 
(Processionary caterpillars)

Taumetopoea 
pityocampa

T. pinivora

T. processionea

Fig. 11.29  Nest of the caterpillar Thaumetopoea pityocampa on cluster pine (Reproduced by Bonamonte and Coll 
[139])
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trees in order to feed; these movements occur in 
procession fashion (nose to tail columns), usu-
ally at night (Fig. 11.30). During the aerial phase, 
the pine processionary evolves through 5 instar 
stages (L1–L5). Climatic conditions are essential 
to larval development: the pine caterpillar does 
not tolerate temperatures above 25 °C or below 
5 °C, the optimal temperature ranges between 20 
and 25°C. For this reason, the aerial larval phase 
ends between March and June, and the biologic 
cycle is generally annual [139].

For protective purposes, processionary lar-
vae have developed an urticarial apparatus. At 
the fourth and fifth instar stages, their tegument 
comprises two different kinds of hairs: true non 
removable hairs and removable urticarial hairs 
(setae) growing dorsally and medially on the 
first 8 abdominal larva segments. The setae, dis-
placed on a “mirror-like” morphology appara-
tus, are laid out on the segments of 4 articular 
larva scales with a density of about 60,000/mm2 
per side, or 120,000 in all, and 1 million for 
each caterpillar [142]. The setae vary in length 
from 100 to 200 nm and present pointed spikes 
towards the distal end and a proximal extremity 
normally infixed in cuticular pads.

Urticarial hairs penetrate through human 
skin by means of the proximal extremity. They 
do not show any superficial holes but are hollow 
along most of their axis. They have a defensive 

action and are expelled in great quantities when 
the caterpillar is in any way threatened, through 
the contraction of intersegmental muscles. Given 
their size, these hairs are invisible; in such mus-
cle contractions, thousands are projected into the 
air as a fine powder.

Clinical Symptoms. The pathogenic effects of 
pine processionary extend to the skin, eyes and, 
more rarely, to the respiratory system. The dual 
pathogenic mechanism includes direct contact 
with nests or caterpillars (that will only involve 
the skin) and airborne contact with urticarial 
hairs dispersed in the air, that causes skin, ocu-
lar and respiratory affections. Contamination is 
common in pine foresters (70% of cases), less 
frequent outside forests (26.8%), and excep-
tional in urban environments [138, 140].

Airborne contact forms are the most com-
monly observed; they take place in our region in 
spring from March to June, reaching a peak in 
April and May. Obviously, this pattern may dif-
fer in relation to weather and caterpillar biologi-
cal cycle variations.

Processionary dermatitis is observed in occu-
pational settings (forestry personnel, residential 
gardeners, lumberjacks, woodcutters, resin col-
lectors, stockbreeders, and entomologists) and 
even more commonly in non occupational situa-
tions (tourers and campers).

Fig. 11.30  Caterpillars (Thaumetopoea pityocampa) in procession
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Based on the mode of contact, there are two 
clinical forms. One with limited, figured lesions 
due to direct skin contact with a caterpillar, 
that is observed especially in children who play 
with the larvae and let caterpillars stroll on their 
skin (Fig. 11.31). Another form, with extensive 
lesions, is due to airborne skin contact with the 
hairs dispersed in the air, that can pass through 
clothes (Figs. 11.32, 11.33, 11.34, 11.35, and 
11.36). The last form is favored by the wind. The 
face, neck, forearms, and backs of the hands are 
the body areas most commonly involved. The 
onset of the eruption occurs 1–12 hours from 
contact, or rarely, days after. Clinically, it mani-
fests with pinkish to bright red, round macules 
and papules, 3–8 mm in diameter, overlapping 
an urticarial base. Papules can be surmounted 
by vesicles. Oftentimes, clinical characteris-
tics mimic those of strophulus, sometimes with 
bullous lesions. At the eyelids there can be evi-
dent edema, of a more or less conspicuous type. 
Itching is intense and continuous; purpuric and 
scratching lesions are common findings.

Albeit rarely, the skin manifestations can 
parallel systemic symptoms, such as malaise, 
fever, and anaphylactic syndrome [143, 144]. 

Cutaneous lesions evolve in 3–4 days and leave 
a brownish macule which resolves in 1–2 weeks. 
An atypical case has been reported in the Italian 
literature and cited in an international journal: a 
farmer who had developed an ulcerative derma-
titis of the penis after he had manipulated pine 
processionary nests (Cnethocampa pinivora) 
and later masturbated [145].

In approximately 10% of cases, there is ocu-
lar involvement [138, 139] with early (a burn-
ing sensation, almost invariably unilateral, 
hyperemia and conjunctival edema) or late Fig. 11.31  Direct papulous contact dermatitis due to 

caterpillars

Fig. 11.32  Papulous airborne dermatitis due to the 
air-dispersed hairs of caterpillars (Reproduced by 
Bonamonte and Coll [139])

Fig. 11.33  Papulous airborne dermatitis due to the 
air-dispersed hairs of caterpillars (Reproduced by 
Bonamonte and Coll [139])
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(photophobia, profuse tearing, and the forma-
tion of conjunctival yellowish nodules: ophthal-
mia nodosa) lesions. If there is hair migration 
towards the inner structures, sclera involvement, 
iris nodules, glaucoma, keratitis, uveitis, cata-
ract, and panophthalmitis can be observed [137, 
141, 146–151].

Respiratory involvement associated with pine 
processionary inhalation is rare, but the upper 
airways may be affected, with rhinitis, cough, 

dysphagia, and dyspnea. Asthma crises and the 
risk of asphyxia are possible, although rare, and 
require urgent treatment [137, 141, 146, 149].

Pathogenic Mechanisms. The mechanism is 
dual, being mechanical (skin infixion by hairs) 
and pharmacological [146, 152, 153]. It is likely 
that the mechanisms are valid for all the proces-
sionary species, although the hair venom com-
position in various Lepidoptera families has 
yet to be completely recognized. Shared venom 
components include histamine, histamine releas-
ers, serotonin, and proteases [154, 155]. In 1986, 
Lamy and Coll isolated a protein,  thaumetopoein 
(P.M. 28.000 D), from pine processionary hairs 
[156]. This protein acts directly on mast cells, 
inducing degranulation, validating a non specific 
urticarial effect of these caterpillars.

However, besides the direct histaminergic 
mechanism, reations to T. pityocampa have long 
been suspected to be associated to IgE-mediated 
hypersensitivity [157]. As a matter of fact, 
recently published studies have demonstrated 
through in vitro and in vivo tests that an IgE-
mediated mechanism is involved in most T. pit-
yocampa cases in adults [148, 149] and that the 
allergenic potency dramatically increases dur-
ing larval development, peaking at the L5 instar 

Fig. 11.34  Papulous airborne dermatitis due to the 
air-dispersed hairs of caterpillars (Reproduced by 
Bonamonte and Coll [139])

Fig. 11.35  Papulous airborne dermatitis due to the air-
dispersed hairs of caterpillars

Fig. 11.36  Airborne papulo-bullous lesions due to 
the air-dispersed hairs of caterpillars (Reproduced by 
Bonamonte and Coll [139])
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stage [158]. In particular, a 2012 study showed 
that setae contain a complex mixture of at least 
70 proteins including 7 allergens, which are 
delivered to the skin by penetration of the setae 
[159]. The latter comprise minute amounts of 
proteins enclosed in a chitin-based envelope. 
Chitin exposure has been shown to induce the 
expression of interleukin (IL)-4 and IL-13 and 
so of eosinophils and basophils. Therefore, expo-
sure to chitin has been proposed as the primary 
trigger in the development of the allergy [160]. 
In addition, data show that T. pinivora setae are 
able to penetrate the outer skin layer and remain 
there for up to 3 weeks, potentially releasing 
allergens that could trigger and/or enhance an 
immune allergic reaction in the host [161].

Diagnosis and Therapy. A history of resid-
ing, passing through or nearby pine forests 
is of prime importance, as also a history of 
direct contact with caterpillars, the presence of 
strophulus-like lesions, the distribution of the 
latter, and the development of dermatitis in the 
patient’s friends and family (Fig. 11.37).

Stripping the lesions with tape and subse-
quent microscopic examination can demon-
strate the presence of caterpillar hairs [162]. 
Histological studies on spontaneous lesions are 
scarce [163]. Focal disruption of the stratum 
corneum, along with epidermis cell lysis and 
consequent intraepidermic vesicles, has been 
described in experimentally induced lesions. 
Hair fragments are usually visible. Perilesional 
skin appears spongiotic, while edema and a 
perivascular lymphocyte, neutrophil, and eosin-
ophil infiltrate are apparent in the dermis. In a 
later stage the same features become more dis-
cernible, with intense spongiosis and intraepi-
dermic bullae formation; in the dermis the 
infiltrate extends to the hypodermis and becomes 
lymphohistiocytic in composition [163].

Patch tests with ether, alcohol, and saline fil-
trates result negative. Prick tests with a ground 
hair filtrate are positive, showing an urticarial 
reaction. These tests support the histaminergic 
urticarial activity of the substances, the need 
for skin scarification for the reaction to take 

Fig. 11.37  Papulous airborne dermatitis due to the air-dispersed hairs of caterpillars in a family (Reproduced by 
Bonamonte and Coll [139])
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place, and the need for crushing of the hairs to 
release the phatogenic substances. In vitro tests 
(IgE-immunoblotting) can be performed in 
patients with a positive prick test to confirm the 
allergenic nature of the cutaneous reaction.

Treatment shows scarce efficacy. Systemic 
antihistamines do not reveal any great utility. 
Topical steroids can accelerate resolution of the 
lesions, while systemic steroids may be admin-
istered in severe cases. Topical anti-itching 
products containing menthol or phenol can be 
helpful in relieving the pruritus. Topical potas-
sium dobesilate 5% cream has recently been 
reported to provide some benefit [164].

11.7.2  Oak Caterpillar Dermatitis

The causal caterpillar is T. processionea, whose 
biological cycle differs from that of the pine 
species (larval life is considerably shorter in 
the former). The infestation occurs similarly to 
that of T. pityocampa. Holiday makers and for-
estry workers are at high risk. In this case, too, 
the substances responsible for the dermatitis are 
histamine-releasing proteins. The symptoms, 
diagnosis and treatment are the same as for the 
pine caterpillars form [165].

11.7.3  Moth Dermatitis

In some species of Lepidoptera, irritant setae 
are carried by the adults, for example moths of 
the genus Hylesia (Saturniidae family). They 
provoke various symptoms: urticarial lesions, 
papules of strophulous type surmounted by vesi-
cles and eczematiform lesions. The complaint, 
that follows direct or more often airborne con-
tact, resolves in about one week. In this case, 
too, ocular and respiratory involvement has been 
reported.

Owing to the particular reproduction cycle 
of this species, four epidemics per year are 
possible. The genus is notorious for caus-
ing outbreaks of “butterfly itch” or “moth 
dermatitis”: the complaint is also known as 
“Guyane papillonite” or “Caripito itch” (from 

an epidemic form that broke out in the Caripito 
docks in Venezuela) in tropical South America 
(Argentina, Brazil, Peru) [166–173].

11.8  Chloracne

Together with acne due to coaltar products 
and petrolatum and its derivatives, chloracne, 
caused by halogenated aromatic hydrocarbons, 
is a variety of occupational acne (Table 11.16) 
[174–180].

Chloracne, a classic example of the impact 
of environmental pollution on human health, 
was first described in Germany by Von Bettman 
in 1887 [181] and then by Herxheimer in 1899 
[182], who suggested the etiology to be chlorine 
exposure and also coined the name “chloracne” 
in view of its clinical similarity to acne vulgaris.

11.8.1  Etiology

The most potent acnegens are chloro- and 
bromo-substituted aromatic hydrocarbons. The 
culprits are most often chloronaphthalenes and 
bromonaphthalenes (used as electricity isola-
tors), polychlorodiphenols (contained in closed 
electrical systems, transformers, and used in 
small quantities as plasticizers in cellulose, 
vinyl resins and rubber), some accidental con-
taminants of chlorphenolic herbicides (i.e. the 
dioxins tetrachlorodibenzodioxin and hexachlo-
rodibenzodioxin and tetrachlorodibenzofuran), 
and some contaminants of herbicides, deriva-
tives of 3,4-dichloroanyline (tetrachloroazoxy-
benzene, tetrachloroazobenzene) (Table 11.16).

All chloroacnegenic compounds share par-
ticular structural features including molecu-
lar planarity and 2 benzene rings with halogen 
atoms occupying at least 3 of the lateral ring 
positions. The position of the halogen substitu-
tions is critical, since substitutions leading to 
molecular non-planarity greatly diminish the 
chloracnegenic activity [183]. Polychlorinated 
dibenzo-dioxins (PCDDs) and polychlorin-
ated dibenzofurans (PCDFs) consist of 2 ben-
zene rings bound by oxygen atoms. In PCDDs, 
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2 rings are joined by 2 oxygen bridges, and in 
PCDFs, by a carbon bond and an oxygen bridge. 
Chlorine atoms can be bound at 8 different 
places on the molecule, numbered from 1 at 8 
(Fig. 11.38) [177]. Of the 210 dioxin and diben-
zofuran congeners, only 17 are toxic. 2,3,7,8. 
Tetrachlorodibenzo-para-dioxin (TCDD), with 4 
chlorine atoms, is the best known and most toxic 
dioxin [175] (Fig. 11.38).

Dioxins have no uses. The natural sources 
of dioxins are forest fires and volcanic activi-
ties. They are mostly formed and released as 
by-products of human activities, in particular 
of industrial processes and incomplete combus-
tion processes like waste incineration. Other 
sources in the air are emissions from oil- or 
coal-fired power plants, and burning chlorinated 
compounds such as polychlorinated biphenyls 
(PCBs). Dioxins are released in waste waters 
from pulp and paper mills that employ chlo-
rine or chlorinated substances in the bleaching 
process [177]. In any case, the most important 
sources of industrial emissions are waste incin-
erators, ferrous and nonferrous metal production 
and power generation, as well as heating, that 
contribute 45% of the total emissions. About 
another 40% of the total emissions are released 
by uncontrolled combustion processes [184].

Combustion-derived dioxins are linked to 
particles such as ashes, and small particles 
can be carried very far from the source of the 
emissions. They are hydrophobic and strongly 
lipophilic; their solubility in organic solvents 
increases with the chlorine content. Dioxins are 
not soluble in water, and in aquatic environ-
ments they mostly bind to any materials with a 
high organic content, such as microscopic plants 
and animals (plankton) eaten by larger animals. 
For this reason they circulate and accumulate 
at each step of the food chain (the biomagni-
fication phenomenon) [177]. The toxicity of 
dioxins, their diffusion and production and the 
means for reducing and identifying them are 
reported in various specific works [175, 177, 
178, 182–188].

In the 20th century there were at least 20 
episodes of exposure to TCDD reported in the 
world at large, affecting industrial populations 
and more recently, also of non occupational type 
[174, 176, 177, 180]. Among the best known 
accidents, in the US already by the 1930s there 
had been observations of chloracne and various 
other symptoms in workers at factories produc-
ing pesticides, herbicides and other products 
with a high TCDD content. Among herbicides, 
the defoliant Agent Orange, used by the US 
army in the Vietman War from 1961 to 1971, 

Table 11.16  Most common chloracnegens

Substances Use
1. Polyhalogenated naphthalenes
Polychloronaphthalenes
Polybromonaphthalenes

Materials for electric and thermal 
isolation

2. Polyhalogenated biphenyls
Polychlorobiphenyls
Polybromobiphenyls

Closed electric circuits (transformers)
Cellulose plasticizers
Vinyl resins

3. Polyhalogenated dibenzofurans
Polychlorodibenzofurans
(Tetrachlorodibenzofuran)
Polybromodibenzofurans
(Tetrabromodibenzofuran)

Herbicides

4. Contaminants of polychlorophenyl compounds
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCCD)
Hexachlorodibenzo-p-dioxin
Tetrachlorodibenzofuran

Herbicides

5. Contaminants of 3,4-dichloroaniline
3,4,3’,4’-Tetrachloroazoxybenzene
3,4,3’,4’-Tetrachloroazobenzene

Herbicides
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was notorious. Severe consequences, in the form 
of persistent chloracne lesions, were observed 
in 11.5% of Vietnam Veterans with a remote 
(17–22 years) history of exposure [189, 190]. In 
a study of 109 workers at a pentachlorophenol 
plant, the prevalence of chloracne was 73.4% 
of cases [191]. In another study of 3,538 work-
ers with factory exposure to TCDD, 11% were 
found to have chloracne [192].

In July 1976, an explosion occurred in a 
2,4,5-trichlorophenol reactor at the ICMESA 
chemical plant in Seveso (25 km north of Milan, 
Italy). In a vast residential area surrounding 
the town, 2 kg of TCCD were discharged into 
the atmosphere. Between September 1976 and 
February 1978, in 193 subjects, 170 of them 
(88%) under the age of 14 years, chloracne was 
diagnosed [193–196]. Another well known inci-
dent was the widespread ingestion of tainted rice 
cooking oil contaminated with PCBs in Yucheng 
in Taiwan: 17.5% of the exposed subjects devel-
oped chloracne [197].

The most notorious case of dioxin poison-
ing is that of the Ukrainian President Viktor 
Yushchenko during a dinner in Kiev on 
September 5, 2004 [198–201]. Serum levels 
were 108,000 pg/g lipid weight, so 50,000 times 

the average levels of TCDD in the general pop-
ulation [201]. Mr Yushchenko suffered severe 
health problems and chloracne.

Sporadic cases of chloracne have recently 
been reported in the literature. A 27-year-old man 
presented chloracne after he had been working 
for three months in a chemical laboratory where 
he had handled only o-dichlorobenzene [202]. 
Chloracne due to o-dichlorobenzene has also 
been reported in 9 factories producing chemicals 
based on monochlorobenzene, o-dichloroben-
zene, and p-dichlorobenzene [203]. A further 8 
cases were described in subjects all staying at the 
same holiday resort in the Appennines outside 
Bologna, Italy, and in a patient occupationally 
exposed to halogenated compounds [204].

11.8.2  Exposure Pathways 
and Pathogenic Mechanism

Human exposure to dioxins can occur due to 
environmental, occupational, or accidental pol-
lution. Most such exposure is secondary to eat-
ing foods of animal origin or other products 
containing dioxin. According to the WHO, the 
major sources of dioxins in humans are meat, 

Fig. 11.38  Chemical structure of polychlorinated dibenzodioxins (PCDD) and dibenzofurans (PCDF). Chemical 
structure of 2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD) and 2,3,7,8-tetrachlorodibenzofuran (TCDF): two most 
potent chloracnegens
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fish and eggs [205]. Exposure can also be due 
to inhalation, drinking water, soil ingestion, and 
skin absorption. In the human organism, dioxins 
are partly metabolized and eliminated and partly 
stored in body fat. To be eliminated, dioxins 
must be converted to polar derivatives. The bio-
logical half-life differs in the various congeners; 
the TCDD half-life is between 5 and 10 years 
[206], or 7 and 11 years [207]. The elimination 
of dioxins depends on the dose (the elimination 
rate of TCDD is much greater at higher than 
lower levels) [178], age, gender (it is quicker in 
men and younger people), and quantity of body 
fat. According to the WHO, the standard toler-
able daily intake of dioxins is at TEQ = (1 to 
4) pg/kg-1 body weight per day or (10 to 30) 
pg/g-1 serum lipid [208]. However, even taking 
into account the variable individual sensitivity 
to dioxins, it seems to be difficult to diagnose 
chloracne on the sole basis of serum values. 
Analyses of various sporadic cases of chloracne, 
diagnosed on acceptable clinical and histologi-
cal criteria, demonstrated, in fact, that the serum 
values were in the normal range [204]. This 
underlines the need for new biomarkers to evalu-
ate contamination and make a more precise defi-
nition of the “no-effect level” [178].

The precise pathogenic cellular and molecu-
lar mechanisms underlying chloracne have not 
been entirely clarified, and are the object of 
various studies [175, 177–209]. TCDD induce 
a broad spectrum of effects at very low con-
centrations. The toxicity spectrum is known to 
be mediated by the binding and activation of 
the aryl hydrocarbon receptor (AHR), located 
in the cytoplasm of most cells, including all 
major cell types of the immunogenic system 
(B cells, T cells, dendritic cells, macrophages, 
granulocytes, and natural killer cells) [209, 
210]. AHR forms a receptor complex with sev-
eral proteins, including a 90-kD heat shock 
protein dimer [211]. Once bound by the ligand, 
the ligand-receptor complex translocates to the 
nucleus, where it binds cis elements of DNA 
known as xenobiotic- or dioxin-responsive ele-
ments [210]. The activation of AHR induces a 
variety of drug-metabolizing enzymes (“AHR 
battery”). Unlike most AHR ligands that induce 

their own metabolism, TCDD is resistant to 
these enzymes and its persistent occupancy of 
AHR is believed to be responsible for its strong 
toxicity [210]. The most common biomarker for 
AHR activation is the induction of cytochrome 
P450, of the enzyme superfamily that plays a 
critical role in the oxygenation of xenobiotics, 
including environmental and occupational pol-
lutants such as dioxin [212, 213].

In the skin, different epithelial structures 
respond to TCDD in different ways: the epi-
dermis and infundibulum undergo prominent 
hyperplasia; sebaceous glands and sweat glands 
lose their secretory activity and are replaced by 
keratinizing cells, while the lower portion of the 
follicle (hair bulb) undergoes a gradual invo-
lution [175]. Underlying these pathways are 
alterations of stem cell homeostasis induced by 
TCDD, resulting in hypoplasia of some skin epi-
thelial structures and hyperplasia of others. The 
altered stem cell homeostasis thus brings about a 
shift from a pilosebaceous differentiation pattern 
to an epidermal one, as a result of an imbalance 
in early multipotent cells commitment [175]. 
This model of prefential differentiation towards 
an epidermal lineage and consequent diminu-
tion of the sebaceous lineage is consistent with 
the morphological skin alterations observed in 
patients [177, 214, 215] and in animal models 
with chloracne [216].

Hyperplasia of the infundibulum, with a 
switch of its content from semiliquid sebum to 
solid keratin, could explain the infundibulum dil-
atation and the development of comedones. The 
same mechanism could underlie the transforma-
tion of the eccrine sweat glands [175, 217].

The involvement of multipotent stem cells 
could also explain the delayed onset of chlo-
racne after exposure to the causal chemicals, and 
its chronic course. In addition, the intervention 
of these same cells could explain the histologic 
differences between chloracne and acne vul-
garis: the latter is associated with an exaggerated 
sebogenesis, while the former is characterized 
by the gradual transformation of sebocytes into 
keratinizing cells and consequent squamous 
metaplasia of the sebaceous glands [217].
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11.8.3  Clinical Features

The skin is a key organ indicating exposure to 
various environmental poisons, and especially 
the group of dioxin chemicals. This “sentinel 
role” is likely linked to the fact that various poi-
sons, absorbed either by cutaneous or systemic 
route, are metabolized in the skin.

Apart from the intensity and duration of the 
exposure, and the chloracnegenic power of the 
dioxins, the severity of chloracne also depends 
on individual susceptibility, that is highly vari-
able. Developing fetuses and newborn babies 
are the most sensitive, especially those exposed 
to high levels of dioxins through mothers’ milk. 
Experimental topical application of a mixture 
of hexa- and penta-chloronaphthalenes on the 
skin of healthy volunteers demonstrated that 
some subjects develop severe chloracne while 
others have no skin effects at all. Older females 
seem to show a weak response or none, even to 
chronic applications of high concentrations of 
chloracnegenics [179]. In some individuals, the 
onset of chloracne occurs within days, but in 
others it takes 2–3 months since the last known 
exposure. Younger men, especially if blonde, 
are the first to be affected. In some subjects the 
complaint is prevalently cystic, and in others 
comedonic, affecting all the pores [218].

Some studies have shown that in a certain 
proportion of cases, apart from chloroacne there 
are signs of systemic intoxication; it is interest-
ing to note that only one patient with this sign 
failed to develop chloracne, so resistance in such 
cases seems to be rare [219, 220]. To elucidate 
the reasons for the highly variable susceptibility 
studies of genetic factors are needed [201].

The key clinical feature of chloracne is a non 
inflammatory alteration of the keratinization 
of the pilosebaceous unit [174, 221], leading to 
the formation of comedones, cysts, pustules and 
various symptoms, but rarely pruritus [222]. In 
any case, it is important to underline that there is 
no clinical sign specific only to chloracne [178].

The skin manifestations generally appear 
about two weeks after the harmful exposure, 
reach a peak after about 6–10 months and can 

persist for years due to the very slow decrease of 
TCDD in skin, unlike in serum [201]. Usually, 
chloracne starts as an acute marked erythema 
of the face sometimes associated with intense 
edema. After 15–20 days, the formation of fine 
comedones (blackheads and whiteheads), one 
of the most characteristic clinical features, is 
observed. The comedones involve almost every 
follicle of the exposed part, giving the skin a 
slate-gray appearance. In modest cases, these 
comedones are the only clinical sign. The come-
dones start to shed hairs, while sebaceous lob-
ules are still active, although involuted, and 
continue to secrete sebum [214].

Initially, straw-colored cysts are less common 
than comedones, and mainly affect the face and 
neck. In more serious cases non inflammatory 
infundibular cysts predominate over come-
dones, being the peculiar lesions of advanced 
chloracne. Cysts with a central orifice or pores 
that may also not be obvious, range in size from 
1 mm to 1 cm in diameter. Unlike with primary 
comedones, the pylar portion of infundibular 
cysts is almost always destroyed and few or no 
hairs remain within the cavity [175]. The cystic 
lesions are virtually sterile, but occasionally a 
secondary infection can occur [218].

Chloracne is not associated with cutaneous 
inflammation, but in severe cases, non-infectious 
folliculitis may occur: in this event the clinical 
picture can be comparable to that of a severe 
nodulo-cystic acne. The nodulo-cystic lesions are 
evident in particular on the back and legs [223]. 
At the palmoplantar level, hyperkeratotic lesions 
of sweat glands origin (acrosyringial plugging), 
similar to the plugging in comedones of follicu-
lar origin, can be seen [196, 215, 224, 225].

The distribution of chloracne lesions is 
highly characteristic. Comedones most often 
develop on the face and neck (in 90–100% 
of affected subjects) (Figs. 11.39, 11.40, and 
11.41), and forearms (47%). At facial level, 
the sites most often affected are below the eye 
toward the outer side (the malar zone) and the 
post-auricular triangles. The ear lobes, suboccip-
ital hairline and groin are often involved. There 
are fewer cysts on the cheeks, forehead and 
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(mid-portion), and sometimes on the outer sur-
faces of the forearms and anterior thighs. At the 
genital level, the penis is affected by comedones 
and the scrotum by cysts. The axillae can also be 
involved. Although all follicles can be affected, 
the vellus follicles are generally more sensitive 
than the scalp follicles [226].

sides of the neck (Fig. 11.42), while the nose, 
perioral zone and supraorbital regions are gen-
erally spared. The pustulous component is more 
evident on the neck. Comedones and cysts can 
also be present on the shoulders, back and chest 

Fig. 11.39  Comedones of chloracne

Fig. 11.40  Comedones of chloracne

Fig. 11.41  Comedones and sterile pustules of chloracne

Fig. 11.42  Comedones and cysts of chloracne
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Table 11.17  Clinical features of chloracne

Skin symptoms
Erythema and edema of face (acute signs)
Comedones (blackheads and whiteheads)
Slate-grey appearance of involved skin
Straw-colored cysts
Follicular hyperkeratosis
Pustules
Nodulocystic lesions
Skin thickening
Palmoplantar punctate keratoderma-like lesions
Absence of vellus follicles
Porphyria cutanea tarda
Skin xerosis
Decreased sebum secretion
Depressed scars (due to healing of nodulocystic lesions)

Systemic disturbances
Anorexia
Fatigue
Headache
Nausea
Vomiting
Conjunctivitis
Arthritis
Pancreatitis
Neuropathy
Impotence
Liver dysfunction
Hyperlipidemia
Anemia
Thyromegaly
Ophthalmitis
Impaired cell-mediated immunity
Teratogenicity
Porphyrinopathy
Diabetes
Hypertension
Atherosclerosis
Gastrointestinal, lymphatic, breast and hematopoietic 
cancers
Soft-tissue sarcoma

It is essential to understand that chloracne 
is not only a skin disease but in particular, a 
systemic intoxication disease. The skin symp-
toms are accompanied by systemic symptoms, 
some of which precede the skin involvement 
(Table 11.17) [201].

11.8.4  Histopathology

As already pointed out, there are no absolutely 
specific clinical signs for chloracne. Histology, 

instead, seems to provide a key sign that is both 
reproducible and pathognomonic, namely the 
disappearance of sebaceous glands [175, 178, 
201, 204].

There are two major histologic findings, one 
being “structure loss” and the other “structure 
addition”, with the preservation of other normal 
skin structures, and thereby compatible with 
hamartomas [179, 202]. The so-called “structure 
loss” was referred to the disappearance of the 
sebaceous glands, a crucial finding that was con-
stantly evident in 252 histological slides studied. 
In human disease, there are no other examples 
of disappearance of the sebaceous glands. The 
term “chloracne” is therefore a misleading mis-
nomer, since in acne there is hypertrophy of 
these same glands.

The “structure addition” is the presence 
of epidermal cysts, both superficial, with an 
open comedone-like aspect, and deeper in the 
derma. These cysts have specific characteristics: 
mantle-like columnar epithelial downgrowths, 
showing a high proliferative activity, and 
focal expression of CYP1A1 (the major dioxin-
metabolizing CYP enzyme) in the epithelial 
walls. On the basis of these observations, made 
in a case of massive dioxin poisoning [200], 
the authors proposed that these cysts be called 
“metabolized acquired dioxin-induced skin 
hamartomas” [200, 201].

The crucial importance of these histological 
findings allowed a diagnosis of chloracne to be 
made in some cases, even if the serum dioxin 
titers were within normal range [204]. Apart 
from the absence of sebaceous glands, in this 
last study, too, follicular hyperkeratosis was pre-
sent, with marked proximally infundibular dila-
tation giving the follicle a bottle-shaped aspect 
[214, 217–233] (Fig. 11.43). Some follicular 
orifices were filled by plugs of orthokeratotic 
hyperkeratosis. The follicular epithelium also 
showed hypergranulosis, sometimes true squa-
mous metaplasia and numerous fine melanin 
granules in the stratum corneum [204].

It should be borne in mind that the first signs 
of histological changes appear already a few 
days after exposure to the chloracnegens [175].
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11.8.5  Differential Diagnosis

Clinically, chloracne needs to be differentiated 
from other forms of occupational and non occu-
pational acne.

Apart from chloracne, another form of occu-
pational acne is oil acne or oil folliculitis, that 
presents with many comedones, follicular pap-
ules and pustules in sites of heavy oil exposure, 
namely the extensor surfaces of the arms and 
thighs and other sites of contact with oil-soaked 
clothing. There can also be furuncles. Modest 
pictures of occupational acne are caused by crude 
and cutting oils, coal-tar oils, pitch and creosote 
(Table 11.18). The backs of the hands, upper 
trunk and legs are less frequently affected. The 
lesions generally appear a few weeks after con-
tact with the causal agents. The initial changes 

Fig. 11.43  Histopathology of chloracne: bottle-shaped 
infundibular dilatation (Hematoxylin-eosin,x 200)

Table 11.18  Occupational acne from oil and tar 
products

Petroleum and its derivates
Crude oils
Cutting oils

Coal-tar products
Coal-tar oils
Pitch
Creosote

are marked by a dry, rough surface of the skin, 
with gradual atrophy of the hairs. Then the come-
dones appear, mostly large and open, as well 
as follicular papulous lesions the size of millet 
grains, that are red and congested at the periph-
ery and yellowish-grey at the center. These may 
be followed by cystic lesions and, in particular on 
the face, backs of the hands and extensor surface 
of the forearms, by melanosis and diskeratosis. 
The observation of simple or spinulous follicu-
lar hyperkeratosis on exposed sites and the trunk, 
characterized by raised punctiforme follicles 
without signs of inflammation, is less common. 
The complaint is generally pruriginous [233].

The comedogenic action is linked to a dual 
mechanism: mechanical occlusion of the folli-
cular ostium by oil and dirt, and hence the reten-
tion of glandular secretion causing stimulated 
keratinogenesis, and a direct irritant action of the 
hydrocarbons. Histology shows marked hyperker-
atosis of the follicular ostium, hyperplasia of the 
follicular invagination epithelium, corneal pseu-
docysts, and a lymphomonocytic and histiocytic 
dermic infiltrate. Hypotrophy of the sebaceous 
glands is also evident. The evolution of oils-
induced folliculitis ranges between weeks and 
months after the cessation of the harmful contact.

The differential diagnosis between chloracne 
and acne vulgaris is based on clinical aspects, 
namely the sites affected, age at onset and his-
tory of exposure [175] (Table 11.19). The sites 
of chloracne are distinctive: it can develop in 
any age group, including prepubertal children, 
but is not a predisposing factor for adolescent 
acne. Chloracne lesions rarely present inflam-
mation whereas it is a common feature in acne 
vulgaris. In acne vulgaris the inflammation may 
be related to sebaceous lipids, their metabo-
lites and by-products of the Propionibacterium 
acnes, that are known irritants [234]. P. acnes is 
the essential colonizer of acne vulgaris, whereas 
it is always absent in chloracne, whose lesions 
are sterile. In patients with chloracne the skin 
surface is not oily: the sebaceous glands show 
a reduced volume or are completely absent, and 
the production of sebum is dramatically reduced. 
Therefore, chloracne is associated with cutane-
ous xerosis. High sebum secretions are, instead, 
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Table 11.19  Differential characteristics of chloracne and acne vulgaris

Chloracne Acne vulgaris
Clinical features
Age group
Sites

Initial lesions
Inflammation
Sebum production

Any age group
Generalized, including retroauricolar and malar 
areas, axillae, groin, extremities; nose spared
Miriad comedones
Very rare (as secondary effect of cyst rupture)
Decreased

Adolescence and early adulthood
Localized, including face (including nose), 
upper back and chest
Limited comedones, papules, pustules, cysts
Inflammatory lesions are common
Increased

Pathogenic factor
Microflora No bacteria Propionibacterium acnes

Propionibacterium granulosum

Histopathology
Sebaceous gland

Sweat gland

Hair follicles

Atrophic, gradual replacement with 
keratinocytes
Palmoplantar hyperkeratotic lesions, acrosyrin-
gial plugging
Hyperplasia of infundibulum and significant 
thickening of upper follicle

Hypertrophic

Uninvolved

Thinning of infundibular epithelial wall

a must in acne vulgaris, and correlated with the 
severity of the complaint. Sebaceous secretion 
is androgen-dependent, while chloracne patients 
appear to have suppressed androgenic effects 
and hence sebogenesis.

Various drugs (including corticosteroids, ana-
bolic steroids and synthetic androgens, anticon-
vulsivants, antiepileptics, isoniazid, bromides 
and iodides) can induce acneiform eruptions. 
Clinically, the picture is monomorphic with 
inflammatory papules and pustules, with little 
evidence of comedones, in contrast with the het-
erogeneous morphology normally observed in 
acne vulgaris. The face and upper trunk are most 
often involved. The interval between taking the 
drug and the acneiform eruption and patho-
genic mechanism depend on the causal agent. 
Corticosteroids, that may provoke an acneiform 
reaction regardless of their route of administra-
tion, induce cornification in the upper part of the 
pilosebaceous duct, without acting on the num-
ber of surface bacteria. Androgens and anabolic 
steroids can increase the production of sebum 
and the surface population of P. acnes. This type 
of acne is most commonly observed in athletes 
and body builders, especially young men who 
make ample use of anabolic steroids. Finally, 
iodides and bromides are one of the most com-
mon causes of follicular acne, whose onset 
occurs rapidly after starting the drug.

11.8.6  Chloracne Persistence

The natural history of chloracne is highly variable. 
In general, it starts after 2–4 weeks from the initial 
harmful exposure; in cases with intensive exposure, 
the symptoms can appear after only a few days 
[227]. In cases of less severe intoxication, a slow, 
spontaneous improvement may quickly be evident 
[228]; however, in general, assuming there is no 
further exposure, the skin lesions take 2–3 years to 
resolve [222, 225]. Sometimes the disease can per-
sist even 15 years after the cessation of exposure 
[218]. In workers accidentally exposed to by-prod-
ucts of 2,4,5-trichlorophenoxyacetic acid, the mean 
duration was 26 years; some subjects remained dis-
figured after more than 30 years from the accident 
[229]. In a group of Vietnamese Veterans with a 
remote history (17–22 years) of exposure to a her-
bicide (Agent Orange) the chloracne persisted in 
11.5% of the cases [230]. Similarly, 20 years after 
the Seveso accident, TCDD plasma levels were still 
elevated (>10 ppt) in 78 (26.6%) of the 293 sub-
jects recruited, and particularly in females, in sub-
jects who had eaten home-grown animals, and in 
older subjects, those with a higher body mass index 
and those resident near the accident site. Plasma 
dioxin was strongly associated with chloracne. 
After 20 years, the health conditions of chloracne 
cases were similar to those of controls from the 
same geographic area [193].
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The reasons why chloracne turns into a 
chronic disease are not known. It is possible 
that because chloracnegens are highly lipophilic 
they remain in the fatty tissues for long peri-
ods. However, it is also true that the duration 
and extension of the disorder are not necessarily 
correlated with the concentration and the half-
life of the chloracnegens in the body. Chloracne 
lesions have also been reported to recur despite 
the total absence of further contact with the 
causal agent [231, 232]; a satisfactory explana-
tion of this phenomenon has not yet been found.

The severity of chloracne depends on the 
intensity and duration of the exposure, on the 
chloracnegenic potency of the chemicals and on 
individual susceptibility.

It must also be noted that classic chloracne 
lesions can be observed in workers’ relatives 
who have never been exposed to chloracne-
gens. The lesions are likely caused by contact 
with work clothes or tools brought home, or by 
direct bodily contact [232], demonstrating that 
even trace amounts of chloracnegens can cause 
disease.
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dermatitis are more rare. To distinguish between 
allergic and irritant contact dermatitis, patch 
testing has to be performed. Irritant contact der-
matitis requires exposure to irritants and absence 
of relevant contact allergies. For occupational 
cases it is often not sufficient to patch test with 
only existing series, products representing the 
work environment have to be tested as well 
[10–13]. This chapter focuses on patch testing 
products from the work environment as per-
formed at the Department of Occupational and 
Environmental Dermatology in Malmö, Sweden.

12.2  What to Patch Test

When the history and the physical examination 
of the patient suggest that the dermatosis might 
be an occupational contact dermatitis, patch test-
ing has to be performed. A decision has to be 
made on what to patch test. Simplified, every 
exposure/contact that can explain the dermatitis 
under investigation, wholly or partly, should be 
patch tested [14]. To achieve this goal we gener-
ally patch test with a baseline series, often sup-
plemented with additional series [11, 12, 15, 
16]. However, for occupational cases we almost 
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12.1  Introduction

Occupational dermatosis are common all over 
the world [1–5]. The prevalence depends on 
many factors including whether the legal system 
acknowledges both causation and aggravation 
of occupational dermatosis [6, 7]. Independent 
of this, there has to be exposure to a hazardous 
occupational factor to cause or contribute to the 
dermatosis. Among the hazardous factors, we 
find chemicals, physical factors and microorgan-
isms. The impact of possible change of psycho-
logical factors has proven difficult to study [8] 
but psychological factors as such can at least 
aggravate an already existing dermatosis [9]. In 
many countries occupational contact dermatitis 
is the predominant disease among occupational 
skin diseases [5]. Allergic and irritant derma-
titis are the most frequent ones while photoal-
lergic contact dermatitis and phototoxic contact 

12

M. Bruze · A. Antelmi (*) · C. Svedman 
Department of Occupational and Environmental 
Dermatology, Lund University Skåne, 
University Hospital, Malmö, Sweden
e-mail: annarita.antelmi@gmail.com

https://doi.org/10.1007/978-3-030-49332-5_12
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-49332-5_12&domain=pdf


266 M. Bruze et al.

off cosmetics, glues, and metalworking fluids. 
Table 12.1 lists various vehicles which can be 
used. Ethyl alcohol is a good vehicle but should 
not be used for diisocyanates as carbamates will 
be formed [19]. 100% acetone is not an appro-
priate vehicle for amines as imines will be 
formed [19]. Petrolatum is a useful vehicle for 
most materials [12, 19] but it should be empha-
sized that it may be hard to evenly distribute a 
polar compound such as many metal salts [20]. 
When a vehicle has been chosen the next deci-
sion concerns the correct test concentration. 
The general rule for patch testing defines the 
right patch test concentration to be the concen-
tration that is as high as possible without caus-
ing adverse reactions, particularly not active 
sensitization [14]. How do you then choose test 
concentrations? The more experienced derma-
tologist can usually rely on general knowledge 
on contact allergens, previous experience and 
careful history on how the patient is actually 
exposed to the substances. Furthermore, books 
on the subject and published case reports pro-
vide help and guidance. Information can be 
retrieved from textbooks such as “Patch Testing” 
by Anton de Groot [21] and also from the 
European Society of Contact Dermatitis guide-
lines for diagnostic patch testing [11].

12.4  How to Test Products Needed 
to Be Diluted

Based on the history of the dermatitis and expo-
sure, occupational chemicals and products to 
be tested are chosen. The next step is to decide 
whether the chemical/product can be tested as is 

always also have to test products representing 
the work environment [11, 12, 17, 18]. Many 
of the patient-supplied materials can be patch 
tested as is, for example leave on cosmetics, 
paper, leather and rubber items. Other products 
have to be diluted not to cause irritant reaction 
or active sensitization [11, 12].

Knowledge of how patch tested substances 
may react with test chambers and vehicles are 
important since this may significantly affect the 
patch test result [14, 19]. In a way, any test unit/
chamber that can be loaded with the test prepa-
ration can be used. However, you have to be 
observant on possible interactions between the 
test material and the test preparation. If you use 
chambers made of aluminium, aluminium ions 
can occasionally be released and act as a catalyst 
for substances in the test preparation. Thus, cer-
tain knowledge of best choice of test chamber is 
important [12].

12.3  Concentrations and Vehicles

How do you decide which concentration to be 
tested? In a way the answer is simple as one 
should always patch test with a concentration as 
high as possible without causing adverse reac-
tions, particularly not active sensitization [14]. 
For the baseline series and additional series 
such as metalworking liquids and hairdress-
ers’ series the concentrations are set. For occu-
pational cases, we virtually always need to test 
with chemicals not present in the available addi-
tional test series and products representing the 
work environment. These occupational products 
should still be considered for patch testing even 
if a major component or active ingredient of the 
occupational product is present in the baseline 
or additional series tested. The reason is that a 
product can contain more than one sensitizer. 
As already mentioned, many of such materials 
can be tested as is, for example leave on cos-
metics, paper, leather and rubber items. Other 
materials have to be diluted to avoid active sen-
sitization and irritant reactions, which can be 
misinterpreted as positive reactions; thus, false 
positive reactions. Examples of products which 
need to be diluted before patch testing are rinse 

Table 12.1  List of usable vehicles for most of 
chemicals

Vehicles
Water
Ethyl alcohol
Acetone
Methyl Ethyl Ketone (MEK)
Olive oil
Petrolatum
Softisan

Dimethylsulphoxide (DMSO)
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or has to be diluted. To avoid irritant patch test 
reactions due to alkalinity or acidity, it is impor-
tant to make sure that no chemical and product 
will be tested with a pH above 9 or below 4 [22]. 
For some products the information on how to 
test might be limited as well as the information 
available in Material Safety Data Sheets (MSDS) 
and elsewhere. In this situation the type and 
frequency of the exposure will help a lot when 
determining how to test. If many workers are 
exposed several hours a day, many days a week 
on bare skin and only one worker gets a derma-
titis, it is likely that the product can be tested 
undiluted. On the other hand, when the work 
process demands the use of protective equip-
ment, an accidental exposure may still occur. 
With such a background, it is highly likely that 
the product has to be diluted before testing to 
avoid an irritant reaction and/or active sensitiza-
tion. Alkaline and acidic products, rinse off cos-
metics, water-based metalworking liquids, oils, 
and various plastics chemicals are found among 
products needed to be diluted to be testable.

12.4.1  Acidic and Alkaline Products

Up to the early 1980s all experts in contact der-
matitis as well as the information in textbooks 
advised against testing primarily acidic and 

alkaline products. To be testable these prod-
ucts had to be diluted extensively to avoid irri-
tant reactions due to acidity or alkalinity. These 
solutions were considered too diluted to be 
able to trace any contact allergy. In the early 
1980s a cleaner in a plastics industry manu-
facturing laminated boards based on resins 
based on phenol and formaldehyde contracted a 
work-related hand dermatitis. At the Department 
of Occupational Dermatology she was patch 
tested with the baseline series, plastic series 
including one type of resin based on phenol and 
formaldehyde containing a high content of mon-
omers but also with pot plants which she took 
care of in various offices as well as gloves being 
used at work. All tests were negative. Cleansing 
products were not tested because of the gen-
eral advice in those days not to test primarily 
acidic and alkaline products. However, there 
might be possible sensitizers such as colorants, 
fragrances, emulsifiers, preservatives and anti-
oxidants in these products. In this situation the 
idea to use buffer solutions to increase the test 
concentration without causing irritant patch test 
reactions due to alkalinity or acidity came into 
mind [22]. By using buffer solutions rather than 
water as solvents for alkaline and acidic prod-
ucts the test concentration can be increased hun-
dred to thousand times (Table 12.2). The cleaner 
was tested with her own cleansing products 

Table 12.2  Example for comparative dilutions of acid and alkaline products with water and the alkaline and acid 
buffer solution, respectively. The pH was increased above 4 for acid products and reduced below 9 for alkaline prod-
ucts. Modified from Bruze M. Use of buffer solutions for patch testing. Contact Dermatitis. 1984;10:267–9

Acid products Alkaline products Concentration—% (v/v) when diluted with: Increase of concentration by 
using:

Water Acid buffer Alkaline buffer Acid buffer Alkaline 
buffer

3.4 25 × 10−2 83.3 330
1.5 5 × 10−2 37.5 750
0.8 0.83 × 10−2 8.3 1000
0.6 2 × 10−2 18.9 945
0.1 0.074 × 10−2 2.0 2700

10.0 2.9 × 10−2 40.0 1375
10.3 0.77 × 10−2 9.1 1180
10.3 1.1 × 10−2 57.4 5215
10.8 17.5 × 10−2 67.7 385
12.2 14.3 × 10−2 67.8 470
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diluted with either the alkaline or acidic buffer, 
but again with a negative result. However, she 
tested later on strongly positively to the resin 
based on phenol and formaldehyde used for 
impregnation of the board components at the 
plant [23].

Whenever you will test patient-supplied 
products you should measure the pH which is 
easily done with an indicator paper. Sometimes 
a drop of water has to be added to the stick 
before investigation. For products with a pH 
above 9 or below 4, an acidic buffer and an 
alkaline buffer, respectively, should be used for 
dilutions [22]. The highest concentrations in the 
ph interval 4–9 are choosen for testing together 
with ten-fold dilutions.

12.4.2  Plastics

With components used for synthesis of plastics 
there is a significant risk of active sensitization 
if you test at a too high concentration. This may 
particularly concern acrylates [24]. It has been 
demonstrated that if you test at a concentration 
higher than 0.1% of the monomer, there is a 
risk of active sensitization. If there are patient-
supplied products containing acrylates, test-
ing is always performed at two concentrations 
aiming at not having the individual acrylate at 
a higher concentration than 0.1%. The lower 
concentration is then ten times lower.

With methacrylate you can use a higher con-
centration because methacrylates are less irritant 
to the skin and also less sensitizing. Here 2% of 
the monomer is used and again together with a 
concentration ten times lower. The epoxy resin 
present in most baseline series contains the sen-
sitizing monomer diglycidyl ether of bisphenol 
A (DGEBA) [25]. Again, 2 concentrations of 
an epoxy resin based on DGEBA are used. The 
highest tested concentration of the epoxy resin 
used by the patient is determined ascertain-
ing that the concentration of DGEBA will not 
exceed 1%. The lower concentration of the resin 
is again 10 times lower. If we have a doubt-
ful reaction to an acrylate or a methacrylate or 

products containing these, we usually do not 
test higher concentrations to avoid active sensi-
tization. On the other hand, in the corresponding 
situation with an epoxy resin, it can be tested 
at a higher concentration with a negligible risk 
of active sensitization provided that you follow 
the recommendations of dose of test preparation 
for your patch test system [11]. Occasionally, it 
might be important to exclude or confirm con-
tact allergy to epoxy resin in an epoxy-exposed 
worker with a doubtful patch test reaction to the 
epoxy resin. In our experience, we have never 
seen active sensitization when testing DGEBA 
at a concentration exceeding 1%.

12.5  Why Testing at 2 
Concentrations?

In the early 1980s certain patient-supplied prod-
ucts started to be tested at 2 concentrations at 
the Department of Occupational Dermatology. 
The major reason is that you should test with a 
concentration as high as possible without caus-
ing adverse reactions, particularly active sensi-
tization [14]. This way of testing will virtually 
never induce active sensitization, provided that 
exposure conditions and other substantiated 
recommendations on limitations in testing cer-
tain patient-supplied products are considered. 
However, this testing can result in weak irritant 
reactions. As the irritant reactions may look like 
allergic reactions (false positive reactions), the 
testing simultaneously with 2 concentrations dif-
fering 10 times in concentration will help facili-
tate the discrimination between an irritant and 
allergic reaction. The facilitation is based on the 
differences of the dose response curves for most 
contact sensitizers on the one hand and irritant 
chemicals on the other (Fig. 12.1). The curve is 
more steep for an irritant chemical. Hereby, a 
weak positive reaction for the higher concentra-
tion of an irritant will disappear when diluted 10 
times. For a sensitizer causing a weak positive 
reaction, it is more likely to have some kind of 
reaction (positive or doubtful) when diluted 10 
times.
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12.6  Time Interval Between 
Application on the Chamber 
and on the Back

For practical reasons many departments apply 
the test preparations to the patch test units many 
hours or sometimes days before the patch test-
ing. After preparation, the patch test units may 
be kept refrigerated or in room temperature. Up 
to the last millennium there was no discussion 
or information on the behaviour and possible 
significance of volatile sensitizers in petrola-
tum preparations. Volatility has been discussed 
in contact dermatitis textbooks but only with 
regard to the volatility of solvents used for sensi-
tizers. With a sensitizer in acetone for example, 
it has been emphasized that opening a tube with 
an acetone solution many times, acetone will 
evaporate and consequently the concentration 
of the sensitizer will increase in such a way that 
the testing may result in a false positive/irritant 
reaction or even active sensitization.

Chemically reactive monomers and dimers 
of thermosetting polymers such as epoxy res-
ins, phenol-formaldehyde resins, and acrylates 
are potent contact sensitizers. These monomers 
and dimers polymerize to generate the final 
polymer/product. Another thermosetting poly-
mer is polyurethane where the chemically reac-
tive isocyanate monomers and dimers seemed 

to carry a much less sensitizing capacity regard-
ing delayed hypersensitivity. When trying to 
understand why there were more reports on air-
way symptoms than skin complaints in workers 
exposed to isocyanates, it became obvious that 
evaporation of isocyanate monomers and dimers 
from petrolatum preparations used for patch 
testing might be significant for the establishing 
of contact allergy to isocyanates. Indeed, petro-
latum preparations with isocyanates contained 
significantly less than labelled on the syringes 
with the test preparations [26, 27]. Besides iso-
cyanates, other examples of volatile substances 
include acrylates and fragrances which may 
evaporate from petrolatum preparations [28–31]. 
In these situations a significant evaporation may 
take place resulting in a false negative patch test 
reaction [32]. Non-volatile substances can be 
applied without any risk of evaporation while 
volatile substances should be applied to the test 
chambers in immediate connection with the 
application of the test units on the back.

12.7  Evaluating Negative Patch Test 
Results

When you patch test and get a negative patch 
test reaction it most often is a demonstration 
of that there is no contact allergy. However, a 

Fig. 12.1  The dose-response curves for a sensitizer and an irritant are different. When testing chemicals in two con-
centrations irritant reactions most likely will disappear when lowering the concentration 10 times
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false negative reaction is also possible. In every 
individual with contact allergy, it is possible 
to patch test with dilutions of the sensitizer in 
such a way that doubtful and negative reactions 
appear. The concentrations, or actually the doses 
in mg/cm2, which will give doubtful and nega-
tive reactions vary dependant on the sensitizer 
and the individual degree of reactivity towards 
the sensitizer. These quantitative aspects are 
illustrated in Fig. 12.2. For a given concentra-
tion you may have a positive reaction in those 
with a strong allergy, a doubtful reaction for 
those with a modest reactivity and a negative 
reaction in those with a weak reactivity. Can 
false negative patch test reactions be avoided? 
Even if a false negative reaction never can be 
entirely excluded, the risk of such a reaction can 
be diminished. Earlier the choice of patch test 
concentration for a sensitizer most often was 
based on what had been required to trace contact 
allergy to it in individual cases rather than being 
based on systematic investigations on optimal 
patch test concentration [33]. When looking at 
the patch test concentrations for some common 
groups of sensitizers and comparing them with 
the concentrations in daily life products such as 

leave on cosmetics, it was found that the patch 
test concentrations are higher. For example, 
the patch test concentrations for certain pre-
servatives are up to 20 times higher than what 
is being used in leave on products [34]. This 
background was the reason why the maximum 
concentration for patch testing methylisothia-
zolinone was suggested to be 2000 ppm [35]. At 
that time 100 ppm was the highest concentration 
being allowed in leave on products. In this way 
false negative reactions to products containing 
the sensitizer at a low concentration can still be 
diagnosed as the likely culprit of the contact der-
matitis by patch testing the sensitizer at a higher 
concentration. However, how to test possible 
sensitizers in products with unknown ingredi-
ents/composition at a higher concentration?

12.8  Patch Testing with Ultrasonic 
Bath Extracts

In the late 1980s 2 patients were referred to 
the Department of Occupational Dermatology 
because of suspected work-related hand der-
matitis. For one of them the suspected culprit 

Fig. 12.2  The patch test concentration can elicite different intensity of reactions depending on the sensitizer tested 
and the individual degree of reactivity. Dose-response curves are a, b, and c. At the concentration z, the strong allergy 
(a) has resulted in a + reaction, the moderate allergy (b) in a (+) reaction, and the weak allergy (c) in a negative 
reaction
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was the rubber glove being used many hours a 
day, several days a week. For the other patient 
it was the manual handling of hundreds of rub-
ber bands every day. In both patients the patch 
testing with a baseline series, rubber series, the 
materials as such gave negative reactions. For 
both patients the exposure to the suspected rub-
ber items were extensive which meant that a 
weak allergy not detected when testing with the 
objects as is, still could be the explanation of 
the hand dermatitis. In this situation when there 
were no labelling, material safety data sheets on 
the composition, neither any other information 
disclosing the composition, the idea to test with 
ultrasonic bath extracts arose [36]. The rational 
behind the use of ultrasonic bath extract is that 
a big piece of the suspected product can be used 
for a quick extraction in a sonicator using an 
appropriate extracting solvent [37]. Thereafter 
the solvent is evaporated and a minute volume 
is used for testing. By this procedure a possi-
ble sensitizer in the suspected product has been 
concentrated why a weak contact allergy may be 
disclosed.

Such ultrasonic bath extracts are used fre-
quently at our department and quite frequently 
elicit positive patch test reactions when the 
patch testing with the product as is results in a 
negative reaction. This situation occurs when 
there is a weak contact allergy to the product 
and the testing will not provide the necessary 
number of molecules of the sensitizer in the 
skin during the occlusion for 48 hours resulting 
in a false negative reaction. In situations where 
there is a repeated and frequent exposure, many 
hours a day and several days a week, a weak 
contact allergy to the product may still mani-
fest as an allergic contact dermatitis and patch 
testing with an ultrasonic bath extract may then 
reveal the contact allergy. The solvent used for 
the extraction depends on what allergen is sus-
pected. Acetone is a versatile solvent. It will 
extract both polar and non-polar substances 
from the material. When for example diphenyl 
guanidine is suspected, ethanol should be used 
for extraction. On the other hand, when hexa-
valent chromium is suspected, water is the best 
extracting solvent. Occasionally when there is 

a very strong suspicion of a sensitizer in a solid 
product testing negatively when tested as is, we 
make 3 different extracts using 3 different sol-
vents—acetone, ethanol and water, respectively, 
to be tested simultaneously.

12.9  Patch Testing in Controls

Whenever a positive reaction to a substance/
product which is not an established contact 
sensitizer is consistent with an allergic reaction 
morphologically, the reaction may represent a 
true allergic reaction or a false positive reaction. 
Therefore, patch testing in controls has to be 
performed to exclude an irritant reaction mim-
icking an allergic one, thus a false positive reac-
tion. If there is a unique patient who has tested 
positively to an occupational substance/prod-
uct, it suffices with 20 dermatitis patients tested 
with the same substance/product in the same 
vehicle and concentration as well as the same 
test system [14]. If the 20 tests in the controls 
are negative, it is due to statistical reasons (1/1 
vs. 0/20, p < 0.05; Fisher’s exact test, two-sided) 
very likely that the first reaction in your patient 
represents a contact allergic reaction rather than 
a false positive reaction. On the other hand, if 
a cohort of workers in a plant has been tested 
with more than one worker testing positively, the 
number of negative individuals needed among 
controls is determined by statistical calculations.

12.10  How to Identify the Contact 
Sensitizer in a Compound 
Product?

When a patient has tested positively to a prod-
uct/ultrasonic bath extract and the testing in 
controls supports the interpretation that there is 
contact allergy to the product/extract, attempts 
shall be made to identify the sensitizer in the 
product/extract. Sometimes it is fairly easy 
when you can get samples of the ingredients of 
the product from the manufacturer to be tested. 
Information on the composition may be availa-
ble from other sources enabling testing of them. 
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However, not infrequently, there are no label-
ling or MSDS on the ingredients of the prod-
uct, neither can any information be obtained 
from the manufacturer or the internet. To iden-
tify the sensitizer you have to perform chemical 
investigations.

12.10.1  Isolation and Identification 
of Initially Unknown 
Sensitizers

The old way of identifying initially unknown 
sensitizers means that the extract needs to be 
separated into fractions. For the first extrac-
tion water and ether may be used [38]. These 
2 extracts shall be patch tested in those being 
hypersensitive to the extract. If you only get 
positive reactions to one of the extracts you 
will continue with this extract using another 
method, for example gel permeation chromatog-
raphy, where you get fractions depending on the 
molecular size of the ingredients in the extract. 
These fractions will then again be patch tested 
in those being hypersensitive and the fractions 
giving positive reactions will be used for fur-
ther analyses. The next methodology to be used 
may be high pressure liquid chromatography 
(HPLC). Here you test all the fractions obtained 
and again those fractions giving positive reac-
tions will be used for further purification. The 
testing continues until you are testing what is 
suspected to be pure substances. If patch testing 
with these putatively pure substances results in 
positive reactions followed by negative reactions 
in controls, the next step will be identification. 
For these purposes nuclear magnetic resonance 
spectroscopy and mass spectroscopy can be used 
[38]. Identification of an initially unknown sen-
sitizer in a product based on repeated fraction-
ing and patch testing is a laborious, tidious and 
expensive method while patch testing with thin 
layer chroamatograms is quick and inexpensive 
[39]. Patch testing with thin layer chromato-
grams combines chemical and biologic method-
ology and is a refinement of the old patch testing 
with paper chromatograms. Testing with paper 
chromatogram was used successfully 50 years 

ago when alpha-methylene gamma-butyrol-
actone was identified as the major sensitizer 
in tulips [40]. Instead of paper a thin plastic 
film covered by the solid phase, most often sil-
ica, allows a better separation. Various mobile 
phases can be used depending on which sensi-
tizers are suspected in the extract to be investi-
gated. The method has been successfully used 
in individual cases [41–44]. It has also provided 
the technique for identification of allergens in 
more widely spread commercial products such 
as furniture and where this identification has 
enabled regulative measurements securing safer 
products being distributed [45, 46]. The tech-
nique has also been used to identify sensitizers 
in an herbal tea based on German chamomile, 
textile dyes, fragrance materials, and oxidative 
hair dyes [47–51].

12.11  Summary

Both irritant and allergic contact dermati-
tis is common in occupational dermatology. 
When such a disease is suspected it is impor-
tant to test with a baseline patch test series but 
also additional series and almost always with 
patient-supplied products representing the work 
environment. Virtually all products can be tested 
when indicated but many of them need some 
handling before being testable to avoid irritant 
reactions and active sensitization. Rinse off cos-
metics, many solvents, metal working fluids, and 
raw materials for plastics need to be diluted to 
avoid irritant reactions and active sensitization. 
Primarily acidic and alkaline products need to 
be diluted with a buffer solution to obtain a suf-
ficiently high concentration to make the patch 
testing meaningful. Test with ultrasonic bath 
extracts are needed when you have a frequent 
exposure to a product with unknown composi-
tion and at the same time a weak allergy result-
ing in a false negative reaction when the product 
is tested as is. It is a fairly simple method but it 
needs some inexpensive equipment. Patch test-
ing with thin layer chromatograms can be used 
when you have a positive reaction to a prod-
uct or an extract without knowing which the 
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sensitizer is. To be successful it requires some 
knowledge in chemistry to develop the mobile 
phases allowing separation of the ingredients in 
the extract.
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dermatitis”, introduced in 1994, covers the entire 
range of previous names [26]. Sistemic contact 
dermatitis was first described in 1943 by Park, 
when discussing sulphonamides [27].

13.1  Routes of Exposure

There are various routes of exposure that elicit 
systemic contact dermatitis (Table 13.1). In sub-
jects with prior contact sensitization, the aller-
gen reaches the circulation through these routes 
and then returns to the skin. Bearing in mind 
that the allergens implicated in triggering sys-
temic contact dermatitis include drugs and their 
excipients, foods and food additives, metals, 
and plants, it is easy to see why the oral, intra-
venous, intramuscular and rectal routes play a 
determinant role in causing the disease.

Intravesical Route. Intravesical instillation 
of mitomycin C, an antitumoral antibiotic used 
for chemotherapy in bladder carcinoma, can 
induce systemic contact dermatitis [28, 29]. 
Sensitization can be induced due to the presence 
of dendritic CD1+ cells in the bladder mucosa 
[30]. Subsequent intravesical instillations can 
then trigger systemic contact dermatitis when 
the drug is absorbed [29].

Inhalation. Various substances that are aller-
gizing by topical route are present in the envi-
ronment in the form of gases, vapours, smokes 
and dusts [31]. If subjects who are already 
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An important etiopathogenic and clinical aspect 
of allergic contact dermatitis is the persistence, 
recurrence or spread of the disease following the 
introduction by systemic route of the allergen or 
of other substances that will cross-react due to 
a chemical affinity [1]. This is what occurs in 
the systemic contact dermatitis phenomenon, a 
condition that arises in subjects who have under-
gone prior sensitization through skin contact, 
after they receive systemic re-exposure to the 
same or to a cross-reacting agent [2–16].

Over the years, systemic contact dermatitis has 
been called by various other synonyms (such as 
internal-external contact type hypersensitivity, 
endogenic contact eczema, hematogenous contact 
eczema, baboon syndrome, nonpigmented fixed 
drug eruption, symmetric ptychotropic (intertrigi-
nous eruption), drug-induced intertrigo, mercury 
exanthem) [5, 17–25], some of which were more 
and some less appropriate. This certainly compli-
cates data retrieval; the term “systemic contact 
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bone cement, was observed in 7 cases [39]; the 
reaction was correlated with aseptic loosening 
of hip replacements. Systemic contact dermatitis  
have been  also induced by nickel in spongiosa 
screws [40], in a sacral stimulator [41], in cath-
eters for intravenous infusions [42] and in an 
eyelet in an intravenous catheter [43].

In three recent studies, the evaluation of 
patients with suspected allergic reactions to met-
als in implant material, both before and after the 
insertion of orthopedic implants, was advised 
[37, 44, 45].

13.2  Clinical Features

Clinically, the onset of systemic contact der-
matitis occurs rapidly, within a few hours after 
exposure, and manifests with skin signs and 
often also systemic signs (Table 13.2), which 
usually appear within a few hours to 2 days after 
systemic exposure to the allergen.

Skin signs may manifest in various forms. 
In most cases there is a flare-up of the previous 
positive patch test reaction, while a flare-up at 

contact-sensitized inhale these substances, in 
occupational and/or non occupational settings, 
systemic contact dermatitis can be induced. A 
classic example is mercury exanthem, that can 
be observed in prior sensitized subjects in case of 
break of a clinical, or other purpose, thermometer 
[19]. We observed a similar event in patients who 
had inhaled ammoniated  mercury dust in a topi-
cal drug used to treat pubic phthiriasis [32].

Oral Mucosa. Orthodontic treatment with 
metal wires and metals in dental prostheses may 
cause systemic contact dermatitis, since they 
contain nickel, cobalt, and chromium [33–36].

Items within the Body. After joint replace-
ment procedures, metal screws and plates used 
to secure fractures, together with pacemakers, 
metal stents, artificial heart valves, metal tooth 
repairs, indwelling catheters, and plastics used 
to repair hernias, increase the risk of sensitiza-
tion to the materials present in these foreign 
bodies. Nevertheless, despite the wide use of 
these tools, a resulting contact allergy has only 
rarely been reported because the substances they 
contain do not come in contact with the skin, 
that is the site where sensitization originates.

The incidence and prevalence of cutane-
ous and systemic hypersensitivity reactions to 
implanted metals are unknown, also because 
few prospective trials or large cross-sectional 
case series have yet been reported [37]. A pro-
spective study of 92 patients undergoing total 
knee arthroplasty yielded up to 5% of cases of 
cutaneous complications. Thomas and Coll. 
elicited contact allergy to components of bone 
cement in 25% of 113 patients with cemented 
prostheses, even if not all these reactions were 
clinically relevant [38]. A positive reaction to 
N-N-dimethyl-para-toluidine, an accelerator in 

Table 13.1  Routes of exposure eliciting systemic con-
tact dermatitis

Oral
Intramuscular
Intravenous
Inhalation
Transmucosal (oral, rectal, vesical)
Subcutaneous

Implants

Table 13.2  Clinical features of systemic contact dermatitis

Cutaneous symptoms

Flare-up of a previous contact dermatitis
Flare-up  of a previous positive patch test reaction
De novo dermatitis on previously unaffected skin

     Dyshidrotic hand eczema
     Flexural dermatitis
     Baboon syndrome
     Maculo-papular rash
     Erythema multiforme-like rash
     Vasculitis-like rash
     Urticarial rash

Systemic symptoms

Headache
Malaise
Arthralgia
Fever
Diarrhea
Vomiting
Nausea
Muscle ache

Leukocytosis
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former sites of contact dermatitis (recall reac-
tion) is less frequent, as are de novo localized 
(dyshidrotic hand eczema, baboon dermatitis, 
flexural dermatitis) and diffuse exanthematous 
rashes on previously unaffected sites, and sys-
temic symptoms. A causal relation between 
the above-described clinical manifestations 
and systemic administration of the allergen is 
most easily documented in subjects sensitized 
to medicaments. Therefore, in these subjects an 
oral exposure test must be administered under 
particularly careful control.

13.2.1  Flare-Ups of Previous Positive 
Patch Test Reactions

Flare-ups of previous positive patch tests raise 
the suspicion of systemic contact dermatitis 
[46–48], and are a fascinating and specific sign 
of systemic contact dermatitis [12]. Such a reac-
tion, that can occur even years after the original 
patch testing [49], is more likely to be observed 
in cases of allergy to drugs and metals. We have 
observed the phenomenon after an oral exposure 
test in subjects sensitized to medicaments and 
substances belonging to the para-medicaments 
group [50, 51], as well as to food additives [52].

As well as for contact allergy to medica-
ments, there are various reports in the litera-
ture of studies on oral exposure tests in subjects 
with contact allergy to metals, especially nickel 
and chromium, which have contributed to a bet-
ter understanding of the bases of systemic con-
tact dermatitis. As an experimental model for 
systemic contact dermatitis, systemic exposure 
to gold sodium thiomalate (GSTM) by paren-
teral route was made in 35 patients with con-
tact allergy to gold. The patients were given a 
single intramuscular injection of 0.5 ml 20 mg/
ml GSTM [53]. A flare-up of a previous posi-
tive patch test reaction was observed in 28 cases 
(80%), a flare-up of a previous contact derma-
titis in 9 cases (26%); in 16 cases (46%) a gen-
eral rash (of maculo-papular type) developed, 
and 21 patients (60%) suffered fever. The onset 
of fever, sometimes accompanied by widespread 
muscle ache, occurred a couple of hours after the 
injection, reached a maximum of 38–39°C after 

10–12 h, and usually normalized after 24 h. A 
flare-up of a previous positive patch test occurred 
within the first hour after intramuscular chal-
lenge and reached a maximum, with a strongly 
increased cutaneous blood flow, after 6–8 h [53, 
54]. A reactivation of the epicutaneous test was 
observed within a period of up to 2 years after 
the original application [53, 55], indicating a 
local immunological memory after the previous 
allergic contact dermatitis. The lower percent-
age (26%) of reactivation of a previous con-
tact dermatitis could be explained, according to 
the author, in various ways: patients’ dermatitis 
forms have different histories of duration; the 
dermatitis could have been caused by other con-
comitant allergens; a varying degree of cross-
reactivity could also play a role [53].

A flare-up of a previous positive patch test 
reaction, and of a previous allergic contact der-
matitis following a parenteral exposure test, 
highlights the fact that contact sensitivity is 
 systemic; in practice, systemic contact der-
matitis provides confirmation of this systemic 
nature [56]. The clue to flare-up reactions came 
from Sheper and Coll. [57], who showed that 
antigen-specific T cells remain in the skin at the 
site of patch test challenges for months after the 
reaction has resolved. Therefore, after re-expo-
sure to the antigen, these T cells are activated 
and start to proliferate and to release cytokines 
that then provoke the inflammatory reaction, 
appearing as recrudescent flares [57]. In the case 
of a toxicoderma-like rash, the antigen likely 
encounters the specific circulating T cell in the 
blood, and then the consequent inflammatory 
reaction lodges in the dermal microvasculature. 
Some of the cytokines released by activated 
T cells are pyrogenic and so induce fever [57].

13.2.2  Generalized Rashes

The most characteristic and frequently observed 
clinical pattern is that of a generalized maculo-
papulo-vesicular rash, that manifests as a sym-
metrical eruption localized in the limb folds, 
axillae, eyelids, sides of the neck and inter-
nal faces of the thighs. The genitals are always 
involved, and sometimes also the trunk.
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A diffuse erythema multiforme-like rash has 
also been observed which, unlike classic ery-
thema multiforme of a viral nature, does not 
present frankly blistering reactions and does 
not involve the mucosa. The agents most often 
implicated are sulfamides, promethazine, and 
ethylenediamine [58].

In patients sensitized to balsam of Peru 
and capsaicin, the oral exposure test has been 
described to elicit a purpuric rush with evident 
vasculitic lesions; in these same patients no 
immunocomplexes were demonstrated, nor com-
plement alterations [58].

An urticarioid rash is also possible, together 
with eczematous lesions, generally induced 
by medicaments (penicillin, chloramphenicol) 
(Figs. 13.1, and 13.2) and metals (in particular 
nickel) [58].

13.2.3  Localized Rashes

Vesicular hand eczema (pompholyx or dyshi-
drotic eczema) (Fig. 13.3), a common disease 
whose etiology is often unknown, is frequently 
a symptom of systemic contact dermatitis. It is 
a pruritic eruption with deep-seated vesicles 

and sparse or no erythema, localized on the 
palms, volar aspects, and sides of the fingers. 
In nickel-sensitized subjects, we have observed 
dyshidrosiform hand dermatitis after oral chal-
lenge with nickel (2.5 mg) [59].

Veien [60] studied 202 patients with vesicu-
lar hand eczema and negative patch tests, and Fig. 13.1  Systemc contact dermatitis induced by 

chloramphenicol

Fig. 13.2  Systemc contact dermatitis induced by 
chloramphenicol

Fig. 13.3  Dyshidrosiform hand eczema after oral chal-
lenge with nickel



27913 Systemic Contact Dermatitis

elicited reactions to oral challenge tests to nickel 
(2.5 mg), cobalt (1 mg), and chromate (2.5 mg) 
in 58 of them. However, the oral exposure tests 
were more frequently positive when the patch 
tests were also positive.

The baboon syndrome is a characteristic but 
rare eruption observed in systemic contact der-
matitis (Fig. 13.4) [18]. It features a demarcated 
eruption on the buttocks, in the genital area and 
a V-shaped reaction on the inner thighs, ranging 
in color from dark violet to pink. It may involve 
all or only some of the above sites. The same 
clinical feature has also been described as mer-
cury exanthem [19, 31, 32].

The baboon syndrome must be differentiated 
from various other skin complaints that involve 
the same sites and the skin folds in general. In 
2004, Hausermann and Coll. [61] made a close 
examination of 100 published cases of baboon 
syndrome and found that 50 of the 100 cases 
had been induced by medicaments. Of those 
50 cases, only 8 were considered true systemic 
contact dermatitis due to systemic exposure to 
allergens to which the patients had been previ-
ously sensitized. The culprit medicaments were 

ampicillin [18], 5-aminosalicylic acid [62], neo-
mycin [48], aminophylline [63, 64], bufexamac 
[65], and dibucaine (cinchocaine) [66, 67]. The 
remaining 42 cases were forms that had been 
induced by systemic drugs (above all amoxicil-
lin and mitomycin) in patients with no previous 
history of cutaneous sensitization. The authors 
proposed that the two types of reactions should 
be assigned to two distinct groups: the group of 
8 cases of true systemic contact dermatitis and 
the group of 42 cases of simple reactions to sys-
temic drugs, for which they coined the acronym 
SDRIFE (symmetric drug-related intertriginous 
and flexural exanthema) [61]. This acronym 
is a preferential term because it reflects a dis-
tinct pathogenic mechanism from that of sys-
temic contact dermatitis and is, moreover, a 
more culturally sensitive term than baboon syn-
drome, which many will find offensive [10]. The 
SDRIFE form for which the authors [61] pro-
posed the clinical criteria does not present sys-
temic symptoms.

Therefore, in cases of dermatitis of the sites 
involved in the baboon syndrome, with a possible 
involvement also of other intertriginous/flexural 
localizations, it is necessary to make a differential 
diagnosis among all the intertriginous reactions 
(including irritant or allergic contact dermatitis, 
systemic contact dermatitis, intertrigo infettiva, 
tinea cruris, acute generalized exanthematous 
pustulosis: AGEP, SDRIFE, etc.). Moreover, in 
cases of systemic contact dermatitis, a flare-up 
of dermatitis in the elbow and the knee flexure is 
a common symptom, that must be differentiated 
from lesions due to atopic dermatitis.

13.2.4  General Symptoms

Headache and malaise are rarely observed in 
systemic contact dermatitis due to nickel and 
medicaments. In some cases reactions to metals 
and drugs such as nausea, vomiting, and diar-
rhea have been reported; arthralgia is present in 
a few patients. A raised temperature can also be 
observed [53, 55, 68].

Fig. 13.4  Baboon syndrome induced by penicillin
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13.3  Pathogenic Mechanism

Reactivation of patch test sites previously positive 
to nickel after oral challenge with nickel indicates 
an antigen-specific T cell-mediated immune reac-
tion. A flare-up of a previous nickel dermatitis 
after oral challenge with nickel also indicates a 
specific immunological reaction [49, 69].

However, the baboon syndrome (with his-
topathologic evidence of the accumulation of 
neutrophils) and the reactivation of vesicular 
hand dermatitis may have other mechanisms in 
addition to specific immune reactions [12, 70]. 
The involvement of circulating immune com-
plexes suggested by some authors [26] does not 
seem to have been confirmed in the literature. 
Although few data have been reported, it seems 
that searches for circulating immune complexes 
[58, 71] and IgG, IgA, IgM, C3, and fibrinogen 
deposits [49] at the site of the lesions were not 
successful.

A reduction in peripheral blood of CD4+ cells, 
CD45+Ro+CD8+ cells has been observed after 
oral challenge with nickel in nickel-sensitized 
subjects. Exposure to the oral test induced the 
maturation of naïve T-cells to memory cells that 
accumulated in the intestinal mucosa [72]. In a 
study aimed at identifying possible immunologi-
cal mechanisms of systemic contact dermatitis 
due to nickel, assessment was made of T-cell 
subtypes (CD3+, CD4+, CD8+, and CD45RO+), 
their expression of the skin-homing receptor 
cutaneous lymphocyte-associated antigen (CLA), 
and cytokine profiles (Il-2, IL-4, IL-5, IL-6, 
IL-10, INF-γ and TNF-α) in peripheral blood of 
nickel-sensitive subjects, with or without cuta-
neous reactions to oral challenge with nickel, 
and healthy controls [73]. Nickel-sensitized sub-
jects whose dermatitis flared after the oral chal-
lenge test to nickel showed significant decreases 
in CD3+CD45RO+ CLA+ and CD8+ CD45RO+ 
CLA+ blood lymphocytes fractions, suggesting a 
migration of CD8+ “memory” CLA+ T lympho-
cytes from the blood to peripheral tissues. Only 
those nickel-sensitive subjects who showed a 
clinical reaction to the oral challenge with nickel 
(4 mg) had elevated serum levels of IL-5, indi-
cating an activation of type 2 T lymphocytes in 

the peripheral blood [73]. The same study also 
demonstrated a definitive dose-response reaction 
pattern to oral nickel exposure among nickel-sen-
sitive subjects [73].

13.4  The Allergens

Various medicaments, metals, foods/plants, and 
other chemicals have been implicated as the 
causative agents of systemic contact dermatitis 
(Table 13.3).

Table 13.3  Causative substances of systemic contact 
dermatitis and chemically correlated substances

Allergens Cross-reacting substances

Metals

Aluminium

Chromium

Cobalt 

Copper

Gold Gold medicaments

Mercury Mercury medicaments

Nickel Palladium

Zinc

Medicaments 

Neomycin Aminoglycosides

Bacitracin

Gentamycin

Tobramycin

Streptomycin

Penicillins Penicillin compounds

Suxamethonium

Isoniazide

Chloramphenicol

Sulfamide Tolbutamide

Carbutamide

Chlorpropamide

Sulphamethozole

Sulfonamides

Ethylenediamine Aminophylline

Ethylenediamine-based 
antihistamines

Mercury Mercury vapor

Vaccines

Mitomycin C

Procain Sulfonamides

Para-amino compounds Sulfonamides

Nitroglycerin

Miconazole Imidazoles
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13.4.1  Metals

Metals are the most common causes of systemic 
contact dermatitis. They are ubiquitous in our 
environment, making skin and systemic expo-
sure very likely to occur and go unperceived. 
The most common metals reported in literature 
as causes of systemic contact dermatitis are 
nickel, mercury, cobalt, chromium, zinc, and 
gold.

Mercury. As well as its compounds, mercury 
is used in the medical field in dental amalgams, 
as a preservative in vaccines, and in various anti-
septic preparations for topical use. Owing to its 
toxic properties, the use of mercury has been 
reduced worldwide, even if various topical prod-
ucts are still in use in some parts of the world. 
The metal is still used in thermometers, fluores-
cent lamps, and in make-up products (such as 
mascara).

Sensitized subjects may later suffer exposure 
to mercury vapours from a broken mercury ther-
mometer. A case of systemic contact dermatitis 
due to a skin lightening cream containing mer-
cury has recently been reported [74]. Systemic 
contact dermatitis to mercury has also been 
reported in metal workers [75], in a patient with 
a dental amalgam [76], and after exposure to 
mercury vapour [77].

Nickel. Nickel is one of the most common 
substances in the environment and for this rea-
son, even apart from its intrinsic chemical prop-
erties, it is the most common contact allergen. 
Many alloys, foods, jewelry, and everyday items 
contain nickel, including surgical and orthodon-
tic implants [33–37, 45, 78, 79].

Various different clinical manifestations are 
observed. In previously sensitized subjects, 
nickel can elicit pompholyx after oral provoca-
tion [59, 60, 80]. A case of systemic contact der-
matitis to nickel occurred in a 14-year-old boy 
after he drank cocoa [81]. Another challenging 
case of a patient with resistant pruritus ani turned 
out to be an allergy due to the ingestion of peanut 
butter, which has a high nickel content [82].

Dietary treatment is indicated for 
nickel-sensitized patients with pompholyx or 
widespread systemic contact dermatitis, if the 
avoidance of nickel exposure does not improve 

Allergens Cross-reacting substances

NSAIDs

Amino salicylic acid

Clonidine

Nystatin

Ephedrine

Corticosteroids 

Acyclovir

Codeine

Dimethyl sulfoxide

Phenobarbital

5-Fluorouracyl

Amlexanox

Cinchocaine Anesthetics

Edetate disodium

Erythromycin

Amoxycillin

Clindamycin

Antabuse ® Tetramethylthiuram disulfide

Cephalosporins

Preservatives

Parabens 

Sorbic acid Fruit, dairy products, drinks, 
medical and cosmetic 
products

Thimerosal Vaccines

Phenoxyethanol

Propylene glycol

Formaldehyde 

Butylhydroxyl toluene

Butylhydroxyl anisole

Plants  and Foods 

Arnica

Chamomile

Compositae

Echinacea

Cinnamon oil

Marigold

Mugwort

Parthenium

Ragweed

Vanilla

Garlic

Artichoke

Lettuce

Anacardiaceae

Ginkgo biloba

Balsam of Peru Spices, flavoured foods, 
cough syrup, toothpaste

Propolis

Curry Spices

Nutmeg

Laurel

Table 13.3  (Continued)



282 D. Bonamonte et al.

or clear the dermatitis [83]. Dietary recommen-
dations of a nickel-free diet for subjects with 
contact allergy to nickel have recently become 
less popular and raised some controversy 
among the various authors [84, 85]. In a study 
we performed in 26 nickel-allergic patients, oral 
hyposensitization with a daily dose of 50 µg of 
elemental nickel (given as NiSO4 · 6H2O) in 
cellulose capsules for 3 months resulted effica-
cious [86]. The clinical manifestations declined 
despite continued nickel exposure, and the 
threshold of skin responsiveness to nickel rose. 
In 12 of the 26 patients, the immunologic study 
showed a decreased in vitro T lymphocytes 
responsiveness to the metal, in terms of both cell 
proliferation and cytokine release. In the subse-
quent follow-up period lasting 1 year, 50% of 
the patients remained dermatitis-free despite the 
continuation of exposure to nickel [86].

The onset of systemic contact dermatitis can 
occur during nickel allergy chelating treatments, 
with drugs such as Antabuse® (tetraethylthiuram 
disulphide) due to cross-reactions in subjects 
with previous contact sensitization to tetrameth-
ylthiuram disulphide [87].

Cobalt. This is used in the production of 
paints, jewelry, prostheses, and various everyday 
objects. In 4 of 6 cobalt-sensitized patients with 
vesicular hand eczema a flare-up of the derma-
titis was observed after placebo-controlled oral 
challenge with 1 mg cobalt (given as 4.7 mg 
cobalt chloride) [88]. Systemic contact dermati-
tis due to cobalt is possible in patients wearing 
dental braces [89], Antabuse® (for the reasons 
reported above for nickel) [90], or vitamin B12 
[91]. The removal of cobalt-releasing dental 
braces or introduction of dietary restrictions may 
help these patients.

Chromium. This is an important alloy in steel 
production (stainless steel). It is also used in 
the dyes and pigment industry, as a wood pre-
servative, in leather tanning, the production of 
polyethylene, and various other industrial envi-
ronments. Chromium can be found in water, 
soil, and foods. In literature, cases of systemic 
contact dermatitis due to chromium have been 
described after knee arthroplasty [92], as well 
as after the insertion of dental plates [93], and 
after the ingestion of multivitamin tablets or 

different types of food supplements [94, 95]. 
Dose-response studies with chromium suggest 
that a range from 0.05 to 14.2 mg of chromate, 
given as a single oral dose, is appropriate [9].

Gold. It is used for the production of jew-
elry and coins, as well as in medicine and den-
tistry. Gold may also be found in some foods 
and beverages. Various cases of systemic contact 
dermatitis induced by gold have been reported 
[53, 55, 96–99]. Gold-induced systemic contact 
dermatitis has also been reported in a patient 
using a homeopathic drug containing the metal; 
the patient had previously been exposed to the 
metal in gold earrings and a gold dental crown 
[100]. There is a correlation between gold 
allergy and the presence of gold-plated stents 
applied for coronary arteries, as well as the risk 
of  re-stenosis [99–103].

Aluminium and Zinc. Systemically aggra-
vated contact dermatitis has been caused by alu-
minium in toothpaste in children sensitized to 
the metal in vaccines [104].

Zinc is used for dental restoration, as an anti-
corrosion agent, in batteries, alloys and paints, 
and for other industrial purposes. Cases of sys-
temic contact dermatitis to zinc are reported in 
patients following dental treatments [105, 106].

13.4.2  Medicaments

After metals, medicaments, both for topical 
and systemic use, are in second place as causes 
of systemic contact dermatitis, together with 
other systemic drugs that cross-react with them. 
The most common pictures of systemic contact 
dermatitis are pompholyx and the baboon syn-
drome, as well as generalized rashes.

In the past, the local application of antibiotics 
was a widespread practice but nowadays this is 
avoided where possible due to the high sensiti-
zation potential of some drugs, such as penicil-
lin, sulfamides, and neomycin [1, 10, 12, 15, 16, 
50, 51, 70, 107–111].

Drugs that may have caused systemic con-
tact dermatitis through topical absorption 
include ampicillin, NSAIDs [66, 112, 113], 
corticosteroids, aminosalicylic acid [62], anes-
thetics (cinchocaine) [66, 67, 114], neomycin, 
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and ethylenediamines [15, 16]. Edetate diso-
dium, the salt of ethylenediaminetetracetic acid 
(EDTA), is used in antioxidants, preservatives, 
and medications of the eyes and nose; present in 
a nasal spray, it induced an eruption at the level 
of the buttocks [115].

Drugs taken orally which have induced sys-
temic contact dermatitis include antibiotics, anti-
histamines, sulfonamides, and corticosteroids. 
Neomycin, one of the most common positive aller-
gens on patch tests, crossreacts with gentamycin, 
tobramycin, and streptomycin: patients sensitized 
through the skin may react to the oral administra-
tion of aminoglycosides [46, 116]. Other culprit 
antibiotics include cephalosporins [61, 117], eryth-
romycin [118], and clindamycin [21].

Compounds containing sulfanilamide are sen-
sitizers and photoallergic agents and may cross- 
react with chemicals with a para-amino group, 
and with diuretics such as hydrochlorothiazide, 
thiazide antihypertensive drugs, and hypoglyce-
mic sulfonylurea drugs. As regards the latter, in 
diabetic patients sensitized to topical para-amino 
compounds (hair dyes, sunscreens contain-
ing para-aminobenzoic acid or its esters, local 
anesthetics, and sulfanilamide) there is a risk of 
systemic contact dermatitis after taking a sulfa-
nilamide containing antidiabetic drugs. Angelini 
and Meneghini reported a group of 34 patients 
with contact allergy to para-amino compounds 
(sulfanilamide, paraphenylenediamine, benzo-
caine) who underwent a series of perioral tests 
using sulfonylureas (carbutamide, tolbutamide, 
and chlorpropamide), diaminodiphenylsulfone, 
saccharin, and salicylazopyridine [50, 51]. They 
observed that these sulfonylurea drugs given 
orally produced a widespread dermatitis in 11 
individuals with contact allergy to sulfanilamide, 
but not in those sensitized to paraphenylen-
ediamine and benzocaine. The results in the 11 
patients who developed reactions included itching 
in all cases, flare-up of the previous contact der-
matitis in 6 patients, and flare-up of the primary 
contact dermatitis with a moderate secondary 
eczematous eruption, together with a reactiva-
tion of the patch test reactions, in 5 cases [51]. 
In the same study, none of the patients sensitized 
to para-amino substances reacted to saccharin, 
a sulfonamide-based sweetener. Oral tests with 

diaminodiphenylsulfone and salicylazosulfapyri-
dine were negative in 10 of the patients [51].

Halogenated hydroxyquinolines (iodo chloro-
hydroxyquin, iodoquinol) are commonly used as 
topical agents and may also be administered sys-
temically; cross-reactions between these com-
pounds may occur. Patients sensitized by topical 
application may develop systemic contact der-
matitis after oral administration [8]. In subjects 
with contact allergy to topical nitroglycerin, the 
sublingual or oral use of the same drug may pro-
duce a systemic contact dermatitis [8].

Patients sensitized to ethylenediamine who 
ingest oral antihistamines of the same class 
(hydroxyzine) or second-generation piperazines 
(cetirizine, levocetirizine) may develop systemic 
contact dermatitis [119, 120]. Aminophylline, a 
combination of theophylline and ethylenediamine, 
may induce systemic contact dermatitis in subjects 
sensitized to topical ethylenediamine [64, 121].

Topical corticosteroids can produce contact 
sensitization, and may trigger systemic contact 
dermatitis following systemic administration. 
Cross-sensitivity is often present among them 
and might even occur between different classes 
[16, 122–128].

In a patient with contact allergy to acyclo-
vir used to treat genital herpes, subsequent oral 
administration of valacyclovir induced systemic 
contact dermatitis. An oral provocation test with 
famcyclovir resulted positive, eliciting the same 
skin reaction [129].

13.4.3  Preservatives

Paraben-sensitized individuals react to oral chal-
lenge with methyl peroxybenzoate or with a 
mixture of different parabens [130, 131]. Two 
of 14 paraben-sensitive patients who under-
went oral challenge with 200 mg methyl and 
propyl-p-hydroxy benzoate presented flares of 
their blistering hand eczema, and one of them 
had a flare-up of the previously positive patch 
test [132].

Being present in foods and in drugs for 
systemic use, parabens can induce systemic 
contact dermatitis in previously sensitized sub-
jects. Although foods sometimes contain non 
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negligible quantities of parabens (like may-
onese, for example) no cases of resulting sys-
temic contact dermatitis have been reported 
in the literature. Moreover, only exceptional 
observations of adverse effects of systemic 
drugs have been described [133–135]. Oral 
challenge tests that we performed with propyl 
5 mg and methyl 20 mg parabens in 40 and 25 
sensitized patients, respectively, did not elicit 
any type of reaction [52, 136].

Thus, the risk of systemic contact dermati-
tis from parabens is low and potentially more 
likely in cases of drugs introduced by intra-
venous or intramuscular route. Nevertheless, 
studies establishing standard doses of para-
bens to be used in oral challenge tests are 
warranted [136].

Butylhydroxyanisole and butylhydroxy-
toluene [137] have caused systemic contact 
dermatitis, as have propylene glycol [138] 
and formaldehyde [139]. Sorbic acid is natu-
rally present in several red fruits and nuts 
(prunes, strawberries, currants, chestnuts) and 
is used as a preservative (E200) in some foods 
(candies, chocolate, ice cream,  margarine 
and light butter, fruit yogurt, cheese spreads, 
grape and apple flavoured beverages, some 
salads) or in medical and cosmetic (tooth-
pastes) products. It is a rare sensitizer. In 
some cases it has been reported as a cause 
of systemic contact dermatitis, that improved 
with a sorbic acid-free diet [140–143].

13.4.4  Botanicals and Foods

Botanic products and foods may cause systemic 
contact dermatitis. Increasing numbers of peo-
ple resort to herbal remedies and alternative 
therapies, which often contain herbal extracts. 
Moreover, these have also been introduced in 
cosmetics, thus offering multiple sensitization 
routes [11].

Botanicals of the Compositae (Asteraceae) 
family are increasingly used in alternative rem-
edies [144]. This large family includes flowers, 
herbs, vegetables, and weeds (ragweed, chamo-
mile, Arnica montana, Achillea millefolium, 

marigold, etc.). Additionally, extracts from this 
family are found in many cosmetics and per-
sonal hygiene products. The main allergens in 
the Compositae family are sesquiterpene lac-
tones, that induce allergic contact dermatitis and 
systemic contact dermatitis [145]. Chamomile, 
found in many teas, has been known to cause 
severe systemic contact dermatitis even if the 
teas contained minimal amounts of sequiterpene 
lactones [144].

Parthenium hysterophorus, a common weed 
allergen in India, is a sensitizer via the skin, 
and also by inhalation or ingestion. A sensitized 
subject who inhaled the contents of a polythene 
bag containing parthenium suffered a flare of 
the dermatitis [146, 147]. The Anacardiaceae 
family includes poison ivy, poison oak, poison 
sumac, mango tree, cashew nut tree, Japanese 
lacquer tree, and Brazilian pepper tree; it cross-
reacts with Ginkgo biloba. Many of these plant 
products (the sensitizer is urushiol) are used in 
topical and oral homeopathic preparations, and 
systemic contact dermatitis to such products has 
been reported [147–149].

Patients allergic to balsam of Peru can 
develop systemic contact dermatitis from the 
ingestion of spices (cloves, cola, teas, liqueurs, 
wines), tomato-based products, cough syrup and 
toothpaste. The chemical composition of balsam 
of Peru includes benzylcinnamate and benzyl 
benzoate, cinnamin, styrene, vanillin, and cou-
marin; all these substances are present in various 
foods and beverages and hence can cause sys-
temic contact dermatitis [150, 151].

Garlic (allergens include diallyl disulfide, 
allyl-propyl sulfur, and allicine) may induce 
systemic contact dermatitis [152, 153]. Propolis 
(“bee glue”) consists of various resins depend-
ing on the geographic area; the main allergens 
are 3-methyl-2-butenyl caffeate and phenylethyl 
caffeate. Propolis can be present in cosmetic 
products, syrups, lozenges, tablets, etc.; one case 
of systemic contact dermatitis has been reported 
[154]. Nutmeg is responsible for contact der-
matitis and allergic contact stomatitis and may 
induce systemic contact dermatitis [91]. Curry, 
that is a mixture of various spices (pepper, 
cloves, cinnamon oil, cardamom, nutmeg, mace, 
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and curcumin), can induce systemic contact der-
matitis in subjects who are sensitized to any of 
the substances in the mixture [155].

13.5  Diagnosis and Management

Systemic contact dermatitis presents with a vast 
spectrum of differential diagnosis, ranging from 
infectious (viral and infectious exanthemas, bac-
terial infections, and in the presence of systemic 
symptoms, also staphylococcal scalded skin syn-
drome) to bullous diseases. Other dermatoses 
to be considered in the differential diagnosis 
are Hailey-Hailey disease, pemphigus vegetans, 
inverse psoriasis, candidiasis, tinea cruris, acute 
generalized exanthematous pustulosis (AGEP), 
and SDRIFE, as well as irritant and allergic con-
tact dermatitis. Criteria to establish the diagnosis 
of systemic contact dermatitis with a scientific 
validity have been proposed [70].

Patch tests and systemic exposure test can 
help to obtain confirmation of, or to exclude, a 
previous contact sensitization. Patch tests should 
not be performed within the first 6 weeks after 
the adverse cutaneous reaction [156], nor more 
than 6 months later [157]. However, it must 
be remembered that even if a positive result is 
obtained, it may be of past relevance and not 
related to the present systemic contact derma-
titis. The results of patch testing serve not only 
to elucidate the causal factor, but also as rec-
ommendations supporting the management, 
showing which allergens and cross-reacting 
substances should be avoided in the future [16, 
37, 70, 79, 158–162]. The in vitro lymphocyte 
transformation test, that evaluates cell-mediated 
immunity through the proliferation of T cells in 
response to a chemical, is considered sensitive 
and specific and may be used as an adjunct to 
patch tests.

Systemic challenge with the suspected aller-
gen has a diagnostic value also in patients with 
negative epicutaneous tests. A recommended test 
method has been proposed [163]. In any case, 
considerable caution needs to be exerted when 
performing such a test because it is not as safe 
as patch testing, and can induce a flare-up of the 

previous eczematous dermatitis and sometimes 
worsening of the latter, with the onset of sys-
temic symptoms.

The best way to treat systemic contact derma-
titis is to avoid the causative allergen. However, 
this often proves a very difficult or almost impos-
sible task, since many of the causative agents of 
systemic contact dermatitis are ubiquitous. In 
occupational settings, patients should be encour-
aged to change their work sector. In everyday 
life, an appropriate diet has to be established and 
cross-reacting molecules should be avoided.

For patients with nickel allergy, another 
management strategy that may prove useful, 
although as yet it is still in the experimental 
stage, is oral hyposensitization [11, 15, 86, 164]. 
Eczematous lesions may be treated with topi-
cal steroids with different degrees of potency. 
In severe cases, the systemic administration of 
corticosteroids or immune suppressants may be 
necessary.
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Contact Dermatitis Due 
to Cosmetics

An Goossens

subjects sensitized suffer from allergic contact 
dermatitis from fragrance-containing products.

In a retrospective study of 24168 eczema 
patients patch tested during the period 1986 to 
2015 performed in order to examine trends in 
contact allergy to Fragrance mix I, 7–8% were 
sensitized to FMI, with clinical relevance estab-
lished in 78.2% of them, with an increasing rate 
of prevalence in recent years [4].

14.1.2  Testing for Fragrance Allergy

Fragrance mix, which contains 8 components 
(amyl cinnamal, cinnamal, cinnamyl alcohol, 
hydroxycitronellal, eugenol, isoeugenol, geran-
iol, and Evernia prunastri or oak moss extract), 
and Fragrance mix II, which contains 6 ingre-
dients (hydroxyisohexyl 3-cyclohexene carbox-
aldehyde, farnesol, citral, citronellol, coumarin, 
and alfa-hexyl cinnamal), as well as hydroxy-
isohexyl 3-cyclohexene carboxaldehyde tested 
separately in a higher (5%) concentration than in 
the mix (2.5%), are routinely tested in the base-
line series and remain good screening agents for 
contact allergy to perfumes. However, to cor-
rectly diagnose fragrance allergy, there is the 
need to test with other materials, among which 
the 26 fragrance components [5] that since 
March 2005 are labeled as cosmetic ingredi-
ents on the packaging (Annex 3 of the Cosmetic 
Directive 2003/15/EC).

© Springer Nature Switzerland AG 2021 
G. Angelini et al. (eds.), Clinical Contact Dermatitis, https://doi.org/10.1007/978-3-030-49332-5_14

Fragrance components and preservative agents 
are considered to be the most frequent contact 
allergens in cosmetic products, but reactions 
can occur to almost any ingredient in them. 
Recently, fragrance components and essential 
oils [1], as well as many other cosmetic aller-
gens [2] have been the subject of two extensive 
and interesting monographs by Anton de Groot. 
We will here discuss the most important and 
also recently published cosmetic allergens.

14.1  Fragrance Components

14.1.1  Prevalence and Trends

According to a systematic review and meta-anal-
ysis, based on data obtained during the 2007–
2017 period, the prevalence of Fragrance-mix 
I contact allergy among the general population 
(19 studies involving 19440 individuals tested) 
was 3.5% (3.4% for women, 2.9% for men)[3]. 
The 20.1% in adults and 16.5% in children and 
adolescents referred to Contact allergy in gen-
eral, and not fragrance allergy. Of course, not all 
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In a certain way, also haptens that are formed 
following UV exposure, i.e. photo-haptens could 
be regarded as prehaptens as well; photosensi-
tizing fragrances, such as musk ambrette and 
6-methylcoumarin have disappeared from cos-
metic formulations though.

The transformation of prohaptens into hap-
tens sometimes explains concomitant reactions 
observed between chemically and metabolically 
related fragrance ingredients (Fig. 14.1), an 
example being eugenol and iso-eugenol-esters, 
which are split by esterases in the skin into the 
parent compound [13].

Moreover, there also exist molecules that 
behave both as pre- and pro-haptens, for exam-
ple, cinnamyl alcohol and cinnamal (cin-
namic aldehyde) forming epoxides [14], and 
also geraniol; indeed, concomitant reactions to 
geraniol and citral are explained by the forma-
tion of geranial, the main sensitizer, and neral 
(both present in citral), which are produced by 
auto-oxidation and cutaneous metabolism of 
geraniol [15]; this leads some authors to pro-
pose oxidized geraniol as a screening test in the 
standard series [16].

Fragrance-allergic patients often present with 
multiple sensitivities, particularly when reacting 
to components of natural origin.

Some companies currently claim that their 
products do not contain fragrance allergens by 
referring to elimination of these 26. However, 
there are many other unlabeled allergens, among 
which three recently described, i.e. 2-methyl-
3-(3,4-methylenedioxyphenyl)-propanal, cycla-
men aldehyde, and hexyl salicylate [6], which 
provides further evidence that the labeling of all 
perfume components with sensitizing potential 
should be mandatory for cosmetics (and house-
hold detergents), both to improve the diagnosis 
of contact allergy and to avoid future exposure 
in sensitized individuals. This also refers to 
essential oils, which are becoming increasingly 
popular [7].

In this context, also non-labeled aromas 
need to be taken into account that are present in 
toothpastes and other products for oral hygiene: 
for example, peppermint oil [8], but particu-
larly carvone that seems to be very widely used, 
which is an ingredient of oxidized D-limonene, 
the main constituent of spearmint oil (Mentha 
spicata), and present in quantity traces of pep-
permint oil (Mentha piperita) and other mint 
species; it has been mentioned as a cause of oral 
lichenoid reactions [9].

14.1.3  Prehaptens and Prohaptens

Many fragrance chemicals are not sensitiz-
ers as such, but need to be transformed into 
haptens, either by auto-oxidation, so-called 
prehaptens, or by skin metabolism, i.e. pro-
haptens. Typical examples of the former are 
terpenes, such as limonene and linalool, which 
upon air exposure give rise to sensitizing air-
autoxidation products; they are widely used in 
several consumer (cosmetic, household, indus-
trial) products and recognized as important 
sensitizers [10], exceptionally causing severe 
reactions [11]. There has been discussion 
about patch-test reactions to them, however, 
all doubtful reactions should not be considered 
as irritant, as it has been shown that a positive 
reaction at 0.3% in petrolatum may have clini-
cal relevance [12].

Fig. 14.1  Positive patch test reaction to trans-isoeuge-
nol and isoeugenol acetate in a patient sensitized to 
isoeugenol
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14.2  Natural Products

14.2.1  Plants and Plant-Derived 
Materials

These have become very popular in recent years 
and may give rise to (sometimes severe) con-
tact dermatitis problems [17]. There are, how-
ever, several problems involved regarding the 
allergenic behavior of natural products: they are 
complex mixtures of many chemical ingredients, 
the exact nature of which is, in most cases, not 
known; their chemical nature, hence, their sen-
sitizing potency may vary from batch to batch 
according to their origin, processing method, 
storage, etc., which also influences patch testing 
since standardization is not possible; moreover, 
there is the role of autoxidation, skin penetra-
tion, and/or skin metabolism.

Multiple positive reactions to various natu-
ral products are frequently observed, for exam-
ple, patients reacting to plant species from the 
Compositae or Asteraceae family are frequently 
positive to various fragrance ingredients and 
also to colophonium [18], which is caused by 
the common presence of air-oxidized terpenes. 
This broadens, of course, the spectrum of sen-
sitization sources to which the allergic subject 
is being exposed. Moreover, cosmetic labelling 
of plant products leads to confusion, not only 
because their INCI names are in Latin, hence not 
easily understandable by most consumers, but 
also because substances, such as essential oils 
are often used for other properties, and as such 
even in so-called “non-scented” products [19].

Many of the plant-derived products have 
multiple properties (are multifunctional ingredi-
ents, cfr. infra), several of them used because of 
their antioxidant potential, examples of recently 
described allergens being the fruit or seed oil 
of R. rubiginosa, R. canina or Rosa moschata 
(shrub species from the center of the EU and 
the Andean region) [20], Scutellaria baicalensis 
[21], Nigella sativa [22], as well as bakuchiol, a 
substance found in several plant species [23].

Some other vegetal allergens concern liq-
uorice root [24] and its derivatives, such as 

glycyrrhetinic acid [25] and potassium glycyrrhi-
zate, but also arbutin (a tyrosinase inhibitor pre-
sent in several plant species, which promotes the 
production of melanin) [26]. Salvadora persica, 
an antibacterial agent, has been described as a 
cause of contact stomatitis in toothpaste [27]. 
Moreover, certain vegetable oils are increasingly 
used in various cosmetic products, essentially 
for their antioxidant properties as well, such as 
argan and neem oils, and which are increasingly 
reported as cosmetic allergens [28, 29].

14.2.2  Proteins and Hydrolyzed 
Proteins

Many skin-care products, such as hair- and 
skin-conditioners contain potentially sensitizing 
protein-containing plant extracts (e.g. from soy-
bean, oat, wheat) or hydrolyzed proteins, in par-
ticular. They may, beside delayed-type reactions, 
also cause IgE-mediated contact urticaria, even 
from connubial exposure, such as in the case of 
a 3-year-old atopic boy who had probably been 
sensitized via maternal skin contact to hydro-
lyzed wheat protein contained in a moisturizer 
[30]. Higher molecular weight hydrolyzed wheat 
proteins used in cosmetics demonstrate higher 
skin sensitization potential [31], which may give 
rise to the subsequent development of systemic 
reactions to food in subjects sensitized through 
topical exposure. In Japan, over 2000 users of a 
facial soap containing Glupearl 19S®, a hydro-
lyzed wheat protein, developed immediate-type 
systemic wheat allergy, and about 70% of them 
developed associated contact urticaria [32]. The 
Cosmetic Ingredient Review (CIR) Expert Panel 
(Panel) recently reviewed the product use, for-
mulation, and safety data on both hydrolyzed 
wheat protein and gluten, and determined that 
data from clinical and laboratory studies were 
sufficient to demonstrate that these ingredients 
will not elicit type 1 immediate hypersensitiv-
ity reactions in sensitized individuals and will 
not induce sensitization when the polypeptide 
lengths of the hydrolysates do not exceed 30 
amino acids (an average molecular weight of 
3500 Da or less) [33].
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14.3  Antimicrobials

14.3.1  Preservatives (cfr. Annex V, 
EU Cosmetic Regulation)

Cosmetic preservatives have become as impor-
tant allergens as fragrance components [34], and 
have in recent years created a global epidemic of 
allergic contact dermatitis, mainly due to meth-
ylisothiazolinone (MI), both in leave-on and 
rinse-off products. European authorities have 
recently regulated MI, and, as for the MCI/MI 
mixture, it is only allowed in rinced cosmetic 
products at a maximum concentration of 15 ppm 
instead of 100 ppm. However, household prod-
ucts (cleaning products) and industrial products 
(paints, glues, etc.) continue to contain larger 
quantities, but since 2017 labeling for them must 
indicate their presence above 1.5 ppm; moreo-
ver, MI is no longer allowed in toys for chil-
dren <3 years old.

Since the new regulations the frequency of 
positive patch-test reactions has decreased, and 
a relative decline of leave-on, and a relative 
increase of rinse-off and household products 
as the causative sensitization sources could be 
observed [35].

Due to a high prevalence of contact allergy 
to methyldibromo glutaronitrile (MDBGN), the 
European Commission banned it from leave-on 
cosmetics in 2003, and subsequently, in rinse-off 
products in 2008. Since then, decreasing trends 
in MDBGN contact allergy have been reported 
all over Europe, and most patients with a posi-
tive patch-test reaction might represent ‘histori-
cal sensitization’; however, other non-regulated 
sources are still relevant in terms of elicitation or 
even sensitization, such as metalworking fluids, 
glues and adhesives, detergents, and even medi-
cal products, such as ultrasonic gels, and cosmet-
ics from outside the EU where MDBGN has not 
been banned [36]. Its inclusion in the European 
baseline series thus seems justified [37].

Polyaminopropyl biguanide, related to chlo-
rhexidine, another biguanide, with which cross 
reactions may occur, differs little from pol-
yhexamethylene biguanide (syn. polyhexanide), 

a widely used hospital disinfectant and antisep-
tic, although there is confusion between the two 
substances in the literature [38], also according 
to the EU cosmetic legislation in which they fig-
ure as synonyms. They may cause both delayed 
[39], but also immediate reactions, even anaphy-
laxis [40, 41].

The use of iodopropynyl butylcarbamate 
is restricted in Europe, not only with regard to 
its use concentration, but also in certain cos-
metic products; for example, it is not allowed 
in products for oral hygiene, nor in ‘leave-on’ 
products for children because of the presence 
of iodine. It is not a frequent cosmetic allergen 
[42], although the gap in the sensitization rates 
between Europe and the United States, were 
there are no restrictions on its use, has been 
attributed to the current differences in regula-
tions and patch test concentrations [43], being 
0.2% in the EU but 0.5% in the United States, 
the higher positivity rates possibly being the 
result of increased false-positive reactions; 
indeed, IPBC is a well-known marginal irri-
tant. Recently, concomitant patch reactions with 
iodine and iodine-PVP have been observed [44].

With regard to formaldehyde, only its releas-
ers are accepted as preservatives, the sensitizing 
potential of which not only depends on the for-
maldehyde released, but also on the formation 
of degradation products, as has been shown, for 
example, for imidazolidinyl- and diazolidinyl 
urea [45]. The frequency of positive patch tests 
to formaldehyde is also higher in the USA than 
in the EU, and although a decreasing trend is 
observed [46], the frequency rate of positivity 
remains quite high, which could be attributed to 
an undeclared presence in cosmetics [47].

14.3.2  Multifunctional Ingredients

At present, it seems difficult for the cosmetics 
industry to find effective preservatives without 
significant sensitizing potential. Recently, the 
cosmetic industry has increasingly incorporated 
multifunctional ingredients in their formulas 
[48], which, according to the European legis-
lation are not listed in Annex V that lists the 
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cosmetic preservatives admitted, but which also 
have antimicrobial activity. Some of these ingre-
dients are sensitizers, of which several exam-
ples have been reported: ethylhexylglycerine, in 
particular, classified as a deodorizing agent and 
“skin conditioning” agent [49]; C12-15 alkyl 
benzoate, an emollient and skin conditioning 
agent [50] that potentially cross-reacts to ben-
zyl benzoate and benzyl salicylate; and salicylic 
capryloyl acid [51], another conditioning agent.

Caprylhydroxamic acid, a chelating agent, 
has caused several cases of sensitization in 
Finland, due to its presence in a moisturizer 
for people suffering from pre-existing dermati-
tis [52]. Other examples of chelating agents are 
edetates (exceptional cosmetic allergens), as 
well as different acids, i.e. glutamic, diacetic, 
lactic, citric, and phytic acids, which increase 
the permeability of cell membranes and block 
the iron that is necessary for the metabolism and 
growth of microbes, improving the antimicrobial 
efficacy of other agents used [48].

Cationic surfactants having intrinsic anti-
bacterial properties, but also other surfactants, 
by their amphiphilic character, exert antibac-
terial activity: medium-chain saturated fatty 
acid derivatives, such as heptanoic acid (C7), 
caprylic acid (C8), capric acid (C10) and lauric 
acid (C12), and their esters with glycerine or 
propylene glycol are active against enveloped 
viruses, various bacteria and fungi. Recently, 
capryloyl glycine has been identified as a cos-
metic allergen [53].

Aliphatic alcohols, such as glycerin, sorbitol, 
xylitol, and also butylene, pentylene and hex-
ylene glycol are used in this regard; the latter 
have similar uses (solvent, humectant and anti-
bacterial) to propylene glycol, which is consid-
ered to be more irritating and sensitizing, named 
allergen of the year 2018 in the USA [54].

14.3.3  Antioxidants

The main function of phenolic antioxidants is 
to delay the auto-oxidation of unsaturated oils 
that may influence the color and odor of prod-
ucts, but beyond that, compounds such as propyl 

gallate, caffeic acid, coumaric acid, ferulic acid, 
citric acid, and tartaric acid, all have demon-
strated antimicrobial activity. This is also the 
case for inorganic sulfites and bisulfites, very 
widely used in various domains, including cos-
metics, which are often responsible for contact-
allergic reactions [55]. Tocopherol seems to be 
a rare cause of both delayed but also immediate 
skin reactions [56].

Several more recently introduced antioxi-
dants have been reported as causes of cosmetic 
contact dermatitis as well, for example, vitamin 
C ethyl, a skin conditioning and lightening agent 
[57], 4-hydroxyacetophenone [58], and alfa-
lipoic acid (thioctic acid) [59], the latter also 
used in pharmaceutical and dietary products.

By virtue of their antioxidant and/or anti-
bacterial effect, natural products, such as plant 
extracts, vegetable oils, as well as essential oils 
(cfr. supra), which are sometimes incorporated 
into nanoparticles [60], -as it is the case for 
many other cosmetic ingredients- (https://euon.
echa.europa.eu/catalogue-of-cosmetic-ingre-
dients); this likely increases their sensitization 
potential due to enhanced skin penetration.

14.4  Hair-Care Products

Para-phenylenediamine (PPD) remains a wide-
spread allergen in hair dyes for which a good 
example of a dermatitis by proxy has recently 
been published [61]. PPD and its derivatives 
also cause dermatitis by their presence in dyes 
for eyebrow [62] and eyelashes, sometimes even 
severe blepharoconjunctivitis [63], a practice 
that should be prohibited by EU legislation. A 
new derivative of PPD, i.e. 2-methoxymethyl-
PPD, a less potent allergen than PPD, shows a 
dose-dependent cross-reactivity that can rise to 
84%. However, it is an alternative for the pri-
mary prevention of hair dye sensitization [64]. 
Recently, 1-naphthol, a known allergen of the 
textile industry has caused allergic contact der-
matitis when used as a red coupler in a perma-
nent hair dye [65].

As is the case with persulfates (hair bleaching 
agents) [66], PPD [67] and also direct hair dyes, 

https://euon.echa.europa.eu/catalogue-of-cosmetic-ingredients
https://euon.echa.europa.eu/catalogue-of-cosmetic-ingredients
https://euon.echa.europa.eu/catalogue-of-cosmetic-ingredients
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for example, basic blue 99 [68], can also cause 
immediate reactions (even anaphylaxis).

Furthermore, cysteamine hydrochloride, 
used in permanent solutions, has recently been 
described as an occupational contact allergen in 
hairdressers in Japan [69].

14.5  Nail Cosmetics

Formaldehyde is a potential allergen in nail 
hardeners, sometimes with lesions mimicking 
psoriasis [70], but acrylic derivatives, in par-
ticular, deserve our attention. In addition to self-
curing artificial nails, UV-cured sculpted nails 
(nail gels) and French manicure (consisting of 
a natural base, pink, or beige with pure white 
at the distal end), the more recent introduction 
of photo-polymerized nail polishes, which are 
more durable than the conventional ones, has 
significantly increased the incidence of contact 
allergy to acrylates and methacrylates, both in 
professionals, but recently also in consumers; 
this is mainly due to the appearance on the mar-
ket of various home-use product kits, widely 
available via the internet, for which a light-emit-
ting diode (LED) lamp is used, often providing 
incomplete hardening of the monomers present 
in the transparent base and finishing layers [71].

Due to the high frequency of adverse effects 
[72], including nail dystrophy (Fig. 14.2a, b), 
lesions under the fingernails, and paronychia, 
sometimes with permanent damage to the nails, 
a specific brand used in Sweden was prohib-
ited, and as a result, the European Commission 
has been collecting information from all 
Member States in order to carry out an assess-
ment of their safety. Nail damage caused by 
acrylic derivatives can sometimes be misdiag-
nosed as psoriasis, or lichen planus [73]. Even 
an acrylate-induced localized lymphomatoid 
rash, mimicking lymphomatoid papulosis [74], 
as well as lupus-like dermatitis [75] have been 
described, hence the utility of patch tests in 
these patients with atypical lesions.

Note that sensitization to (meth)acrylates 
induced by nail cosmetics may have subsequent 
consequences for exposure to dental materials or 

arthroplasties containing the same components 
[76]. In addition, cyanoacrylates (instant glues) 
are used not only for gluing false nails, but also 
false eyelashes [77], a potential cause of eyelid 
dermatitis in consumers, but also of occupation-
induced allergic contact dermatitis, and asthma 
and rhinitis [78, 79]. Moreover, cyanoacrylates, 
which cross-react among each other, are also 
increasingly used in surgical glues [77].

14.6  Sunscreens

Due to media attention on the carcinogenic and 
accelerated effects of sunlight on skin aging, 
sunscreens are increasingly being used, not only 
in sunscreen products, but also in other prod-
ucts, including day creams. They are also used 
to prevent the degradation of products due to sun 
exposure, and may thus have a sensitizing poten-
tial in all types of products, including perfumes 
and hair care products [80]. Sunscreens can be 
responsible for allergic and photo-allergic reac-
tions, as well as immediate-type reactions, e.g. 
benzophenone-3 [81].

Contact allergy and photo-contact allergy 
to octocrylene, a stabilizer of other sunscreens, 
such as butyl methoxydibenzoylmethane, were 
the subject of an extensive bibliographic review 
[82]. Its relationship with photosensitization to 
ketoprofen, a non-steroidal anti-inflammatory 
drug used to treat muscle pain, appears to be 
due to an unsubstituted benzophenone, which 
is found as an impurity in octocrylene and also 
formed by degradation of ketoprofen by UV 
rays. This explains the occurrence of concomi-
tant positive photo-patch tests, as is the case 
with other molecules forming the same chemical 
structure on UV exposure. However, testing with 
commercially available patch preparations not 
containing these degradation products caused a 
decrease in the frequency of positivity [83], in 
contrast to the octocrylene qualities used in cos-
metics [84] (Fig. 14.3).

According to a preliminary US study in healthy 
volunteers, the application of four commercially 
available sunscreens, i.e. butyl methoxydiben-
zoylmethane, oxybenzone (benzophenone 3), 
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octocrylene, and ecamsule (therephthalylidene 
dicamphor sulfonic acid) has, in maximum 
use conditions, resulted in plasma concentra-
tions exceeding the threshold set by the FDA to 
potentially waive certain non-clinical toxicol-
ogy studies regarding sunscreens. The systemic 
absorption of sunscreen ingredients reinforces 
the need for further studies to determine the 
clinical significance of these results, which, 
however, do not indicate that people should 
refrain from using sunscreen [85]. This needs 
to be further investigated though, because these 
data are all the more important since benzophe-
nones have also been recognized as endocrine 
disruptors.

14.7  Emulsifiers, Emollients, 
Surfactants

Apart from those already discussed among 
the antimicrobials (cfr. supra), several other 
compounds have been reported as cosmetic 
allergens, including molecules with ester func-
tions that are not known to be chemically reac-
tive substances apt to bind to skin proteins. 
Examples are cetearyl isononanoate [86], a 
compound closely related to other isonona-
noates, neopentanoates, and hexanoates, among 
which cross reactions may occur (Fig. 14.4) 
(unpublished data), ditrimethylolpropane 

Fig. 14.2  a Nail dystrophy, hyperkeratosis and fis-
sures in a nail stylist due to sensitization to several 
(meth)acrylates. She subsequently developed oral 
lesions flowing denture fillings. b Positive patch-test 
reactions to several (meth)acrylates, among which 

methylmethacrylate (MMA), hydroxymethylmethacrylate 
(HEMA), ethyleneglycol dimethacrylate (EGDMA), 
triethyleneglycol dimethacrylate (TREGDMA), and 
hydroxypropyl methacrylate (HPMA) in the same  
subject
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triethylhexanoate [87], methylglucose dioleate 
[88], glyceryl (mono) caprylate [89], sorbitan 
caprylate [90], pentaerythrityl tetracaprylate/tet-
racaprate [91], and isopropyl lauroyl sarcosinate 
[92]. Recently, three cases of contact cheilitis 
caused by the same lip sticks could be attributed 
to an ester formed by the carboxylic acid of pyr-
rolidone with lauric alcohol (lauridone or lauryl 
PCA) [93].

Of the 19 alkyl glucosides used as emulsifi-
ers and surfactants [94], which have been con-
sidered allergens of the year 2017 in the USA 
[95], it is arachidyl glucoside that was the most 
recently reported contact allergen [96]; it is not 
derived from peanuts (Arachis hypogaea), but 
is formed by condensation of arachidyl alco-
hol with glucose. Sensitized patients may also 
react to octyldodecyl xyloside that is chemi-
cally related, and often but not always to several 
alkyl glucosides that always present as mixtures; 
hence, in case of suspicion, they must be tested 
separately [97].

Sodium cocoamphopropionate sensitizes not 
only by its presence in liquid soaps [98], but 
also when present in a protective cream [99]; 
it is another mild surfactant related to sodium 
cocoamphoacetate, previously reported as an 

allergen as well. A low irritant potential does not 
prevent the occurrence of allergic contact der-
matitis though.

Fig. 14.3  Patient photosensitized to ketoprofen with positive photo-patch tests to benzofenone-3, and to two out of 
three octocrylene samples tested

Fig. 14.4  Patient allergic to isononyl isononanoate also 
patch-testing positively to isodecyl- and octyldodecyl 
neopentanoate, and cetearyl ethylhexanoate
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Finally, cocamide diethanolamine, widely 
used in hygiene products for body and hair, can 
give rise to cross reactions with lauramide DEA 
and cocamide MEA [100].

14.8  Copolymers

The causative agents in copolymers are not 
known, but traces of monomers present therein 
are not excluded; for example, hydroxyethyl-
acrylate, present in the copolymer hydroxyethy-
lacrylate/sodium acryloyldimethyltaurate, has 
been reported as the probable culprit allergen 
in it [101, 102]. Two recently published copoly-
mers concern cetyl PEG/PPG-10/1 dimethicone 
in a deodorant cream [103], and vinylpyrro-
lidone/eicosene in a sunscreen product [104], 
respectively.

14.9  Conclusions

Sensitization to cosmetics is very common, 
with fragrance components, preservatives, hair 
dyes, but currently also acrylates and meth-
acrylates in nail products as the main culprits. 
However, any other cosmetic ingredient can 
be involved and the literature regarding new 
cosmetic allergens is on the rise. Beside the 
baseline and cosmetic series, patch tests with 
the personal products used, and if possible, all 
the ingredients that are present in them should 
be performed. These tests do not necessarily 
allow the identification of the culprit allergen 
though [105], which may be due to unsuitable 
test concentrations or vehicles, especially since 
nano- or micro-encapsulated ingredients are 
increasingly used, thus enhancing skin penetra-
tion. In case patch testing fails, complimen-
tary tests, such as Repeated Open Application 
Testing (ROAT’s) and Use tests may some-
times demonstrate contact allergy in sensitized 
subjects.

In addition, commercially available patch-test 
preparations do not always contain the responsi-
ble sensitizing cosmetic culprits, as was shown 
for octocrylene.

Finally, avoiding contact with the identified 
allergens is crucial. For example, in our depart-
ment we distribute lists of cosmetic products not 
containing the respective allergen(s) that can be 
used as safe alternatives [106], but in the future 
“Allergy apps” to identify contact allergens in 
cosmetic products will likely become a common 
practice [107].
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are more susceptible to ICD as a result of the 
impaired barrier function of their skin.

ICD from topical medicaments can have a 
rapid onset within minutes or hours of being 
exposed and presents with erythema, patches, pap-
ules, vesicles, bullae and scaling. In chronic dis-
eases lichenification and fissuring are more typical 
features. The main symptoms of ICD are burning, 
stinging, itching or pain. The dermatitis is, in most 
cases, localized to the site of contact [2].

The most common topical medicaments 
capable of inducing a contact dermatitis are 
reported in Table 15.1.

Unexpected strong reactions (caustic reac-
tions) can develop acutely after contact with 
some disinfectants such as undiluted hypochlo-
ride or povidone–iodine [3, 4].

ICD may be due to the direct effects of the 
active principles and/or to the characteristics of 
the vehicle. ICD due to topical anti-acne drugs 
is an almost obligatory observation [5]. The bac-
tericidal benzoyl peroxide, especially at higher 
concentrations, is usually responsible for dry-
ness, erythema and scaling. The main draw-
back of topical retinoids is the local irritation 
in almost all patients. Among retinoids tazaro-
tene is the worst tolerated: active and irritant 
reactions have been described in about 50% of 
patients even though a short-contact therapy 
(rinsing off after few minutes) had been recom-
mended [6].

© Springer Nature Switzerland AG 2021 
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The application of topical products may induce 
local irritation, allergic and photoallergic con-
tact dermatitis as as well as contact urticaria [1]. 
Contact dermatitis is the most common adverse 
reaction caused by topically applied drugs.

15.1  Irritant Contact Dermatitis

Irritant contact dermatitis (ICD) is the result of 
a direct damage to the skin by a topical medica-
ment or disinfectant.

The initiating event of ICD is the disrup-
tion of the epidermal barrier (i.e. the stratum 
corneum), with consequent increased skin 
permeability. This results in an inflammatory 
nonimmunologic cutaneous reaction, caused 
by proinflammatory mediators released from 
keratinocytes and by the activation of innate 
immunity. Risk factors for ICD are multifacto-
rial and include the type of irritant medicament 
used, the length and location of exposure, and 
the host’s susceptibility. Individuals with a back-
ground of atopy (particularly atopic dermatitis) 
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frequencies in the clinical patch test popula-
tion. In fact the relative incidence of framycetin, 
for example, was threefold higher than that of 
gentamycin. Furthermore the active  principles 
 marketed over-the-counter had, in general, a 
lower relative incidence, with the exception of 
bufexamac, benzocaine, clioquinol and phenyle-
phrine [9].

Some factors may influence the incidence, 
such as the presence of a damaged skin barrier 
(chronic eczematous conditions, chronic venous 
insufficiency, postoperative wounds or leg 
ulcers), sites of application (flexural and peri-
anal regions…), modes of application (occlusive 
dressings, transdermal medications) and the kind 
of molecules used. Furthermore an increased 
use with age leads to an increased prevalence in 
older patients (over age 70); even when the pat-
tern of medicament contact allergens is similar 
to that in the younger age groups, multiple aller-
gies and sensitization to local anaesthetics and 
fragrances is more common in elderly patients 
[8, 10].

Occupational contact allergy to topical 
medicaments may develop in employees of 
pharmaceutical companies, health personnel, 
pharmacists and veterinarians [11, 12]. Direct 
handling of drugs may typically cause hand der-
matitis, but dispersion in the working environ-
ment in dust-powder form can cause cases of 
airborne contact dermatites. For these reasons 
the diagnosis of occupational allergy to drugs 
can be complicated and may take up to 5 years 
from the onset of symptoms [12]. Traditionally 
penicillins and cephalosporins may cause occu-
pational allergic contact dermatitis. Molecules 
such as omeprazole and tetrazepam rarely cause 

Alcoholic lotions containing different medic-
aments may also irritate the skin and erythema-
tous and scaling dermatitis can be noticed by the 
patients. Propylene glycol in topical lotions may 
easily irritate the skin, especially when applied 
on the scalp [7].

Patients with ICD should be given detailed 
information on how to avoid further contact with 
the irritants and measures should be taken in 
order to reduce the risk of future exposure.

15.2  Allergic Contact Dermatitis

15.2.1  Incidence

The incidence of contact-allergic reactions var-
ies a great deal geographically, depending on 
local prescription and self-medication habits. 
In patients tested for suspected contact allergy 
the prevalence is estimated to be about 15–17% 
[8]. However contact allergy to pharmaceutical 
products, unlike cosmetic dermatitis, shows a 
decreasing trend over the past few years.

Information on contact sensitization to 
 topical medicaments in general comes from 
patient-based studies and the frequency of sen-
sitization is calculated by relating affected 
cases to the total number of patients submitted 
to patch tests. As the sensitization risk depends 
not only on the characteristics of the molecules 
and of the patients themselves, but also on the 
amount of exposure and the number of prescrip-
tions, studies have been conducted to calculate 
the population-based risk [9]. These studies 
have shown a ranking of contact sensitization 
risk which is quite different from the respective 

Table 15.1  Topical medicaments that may cause irritant contact dermatitis

Pharmacological class Topical drug or substance
Oxidizing agents Hydrogen peroxide, Benzoyl peroxide, Cantharidin, Hypochlorite, Potassium 

permanganate, Bromine, Free iodine, Povidone-iodine
Keratolytic and anti-psoriatic drugs Salicylic acid, Pyrogallol, Resorcinol, Vitamin D derivatives
Denaturing agents Formaldehyde, Mercury chloride
Organic solvents Alcohols, Chloroform, Propylene glycol, Ethyl ether
Other medicaments Tar, Dithranol (anthralin), Thimerosal, Gentian violet, Hexachlorophene, 

Chlorhexidine, Mercurial compounds, Capsaicin, Tretinoin and other Retinoids
Nonsteroidal anti-inflammatory drugs, Imiquimod, Podophyllin
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allergy in patients, but can be very sensitizing 
if applied topically or inhaled. In a recent paper 
about 13% of occupational allergic contact der-
matites in healthcare workers was attributable to 
exposure during working activities to systemic 
drugs or chemicals [13].

15.2.2  Clinical Presentation

Allergic contact dermatitis (ACD) to topi-
cal medicaments usually develops as an acute 
eczema where the topical medicament has been 
applied [2] (Fig. 15.1). In that case an itch-
ing exudative ezema develops on previously 
healthy skin (e.g. after applications of topical 
anti-inflammatory drugs to alleviate muscular or 
bone aches). However, the onset is often a com-
plication of previous different cutaneous der-
matoses (burns, traumas, atopic dermatitis, leg 
ulcers …) presenting as a local aggravation or 
exacerbation of symptoms and signs (Fig. 15.2). 
The diagnosis may not be easy because of the 
confounding clinical aspects related to the pre-
existing, treated dermatoses.

Sometimes the area of involvement spreads 
over the borders of the treated area not only for 
the spread of inflammation but also because of 
the circular mode of application [14] (Fig. 15.3). 
Distant localizations may also develop due to 
inadvertent hand transfer, mainly to the face 
(ectopic dermatitis), or rubbing of the adja-
cent areas (e.g. thighs). The contamination 
of clothing or bandages may lead to persis-
tent dermatitis. Furthermore, a rapid spread 

to distant sites (auto-eczematization) may 
also reflect the absorption and diffusion of 
allergens inducing a sort of id-dermatitis, an 
exanthematic pattern with aspecific papulov-
esicular, or urticarial or multiforme-like lesions. 
An acute, exudative eczema with distant 
 erythemato-papulo-vesicular lesions or typical 
erythema multiforme-like aspects was the char-
acteristic rash caused by sulfonamide.

Systemic contact dermatitis

Systemic contact dermatitis (SCD) is a con-
dition occurring, in subjects previously sen-
sitized by contact, after subsequent systemic 

Fig. 15.1  Micro-vesicular allergic contact dermatitis of 
the face after a topical medicament

Fig. 15.2  Vesicobullous allergic contact dermatitis of 
the leg from a neomycin topical medicament

Fig. 15.3  Allergic contact dermatitis of the forearm due 
to a ketoprofen topical medicament
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re-exposure (oral, intramuscular, endovenous, 
inhalational, or through implants) to the same or 
cross-reacting substance [15, 16]. The causative 
pathomechanism is probably a T cell-mediated, 
delayed hypersensitivity reaction to an allergen 
that reaches the skin through haematogenous 
transport. Medicaments are among the causes of 
SCD [17, 18]. Medications that can cause SCD 
include those that have both a topical and sys-
temic form including ethylenediamines, ami-
noglycosides and corticosteroids [19]. Other 
medications implicated in SCD include peni-
cillin, nystatin, diclofenac, hydroxyquinoline, 
EDA, acetylsalicylic acid as well as vitamins 
C and B6 (Table 15.2) [17].

SCD may manifest as a rash at the previous 
site of dermatitis, a reactivation at the site of a 
previous positive patch test, hand dermatitis, 
erythroderma, vasculitis-like lesions and sym-
metrical intertriginous and flexural exanthema 
mainly located at the anogenital area (Baboon 
syndrome). A different classification has been 
proposed for patients who develop a symmet-
rical drug-related intertriginous and flexural 
exanthema (SDRIFE) without a clear history of 
cutaneous sensitization [20].

Systemic symptoms such as headaches, fever, 
arthralgia and diarrhoea are frequently present [16].

Connubial dermatitis

Connubial dermatitis is a term used for der-
matitis that occurs because of contact with 
substances transferred to the patients’ skin by 
spouses or by other people in close contact in 
daily life. In the literature, some cases of con-
nubial dermatitis and photodermatitis have been 
reported due to topical medicaments such as 
ketoprofen and benzoyl peroxide [21–23].

The diagnosis of connubial dermatitis should 
be considered in cases of probable allergic con-
tact eczema when patch test results are apparently 
inconsistent with the patient’s clinical history. In 
these situations it may be necessary to extend medi-
cal investigation to family members and cohabit-
ants as well, in order to clarify the source of allergic 
contacts when no obvious exposures can be found.

Erythroderma

A persistent generalized erythroderma is a rare 
occurrence in severely allergic patients, exposed 

Table 15.2  Topical drugs and substances that may induce systemic contact dermatitis

Pharmacological class Topical drug or substance
Antibacterials Neomycin, Gentamicin, Streptomycin, Bacitracin, Sulfonamide, 

Chloramphenicol, Erythromycin, Ampicillin, Penicilines
Antivirals Acyclovir
Antimycotics Imidazoles, Nystatin, Clioquinol
Antiseptics Mercurial medicaments
Local anesthetics Benzocaine, Cinchocaine
Antihistamines Ethylenediamine, Promethazine, Chlorphenamine, Piperazine, Doxepin, 

Hydroxyzine
Anti-inflammatory drugs or pain relievers Nonsteroidal anti-inflammatory drugs (Acetylsalicylic acid, 

Aminosalicylic acid, Bufexamac, Diclofenac), Corticosteroids, 
Capsaicine, Amlexanox, Nitroglicerine

α-Adrenergic Clonidine
β-Blockers Alprenolol
α and β-Agonists Ephedrine
Chemoterapic drugs Mitomycin C, 5-Fluorouracil
Photosensitizers 8-Methoxypsoralen
Sunscreens Glyceryl para-aminobenzoate
Vehicles Propylene glycol, Ethylenediamine
Others Propolis, Hydroxyquinoline, Vitamin C and B6
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to a high allergen load or allergic to multiple 
allergens (polysensitization). A diffuse, itching 
erythema with exudation, brownish discolora-
tion and severe scaling develops acutely. The 
dermatitis may be aggravated by fever and poly-
adenopathy. Due to the severity of the condition, 
hospitalization may be required.

Airborne allergic contact dermatitis

Airborne allergic contact dermatitis, due to the 
aerodispersion of the drug, is mainly observed in 
pharmaceutical industry workers and healthcare 
workers (nurses, doctors, veterinarians, pharma-
cists) [24]. Medicaments may be dispersed in the 
environment during aerosols (eg. budesonide) 
[25, 26]. Systemic drugs and non commercial 
topical medicaments may often be the culprits 
(Table 15.3). Droplets, vapors and powdered 
drugs (formed by nurses crushing tablets) may 
be dispersed in the environment and cause cuta-
neous lesions. Benzodiazepine (tetrazepam in 
particular), ranitidine hydrochloride, penicillins 
and cephalosporins have been found responsible 
for numerous cases of airborne contact derma-
tites in the healthcare sector or industry [13].

Airborne dermatitis typically involves 
exposed areas such as the face, in particular the 
upper eyelids, the sites behind the ears, the scalp, 
the chin and the neck; generalized reactions 

due to massive inhalations or transcutaneous 
absorption may also rarely occur.

15.2.3  Peculiar Susceptible Areas

Some body areas seem to be more likely to 
develop contact sensitization which gives 
particular clinical aspects and is caused by 
specific pattern of allergens as well.

Chronic leg ulcers

In the literature the frequency of sensitization 
in subjects with leg ulcers is reported to range 
from 14 to 84% [27–29]. Patients are particu-
larly prone to sensitization due to repeated and 
prolonged contact with many chemical sub-
stances, the loss of the epidermal barrier favour-
ing contact sensitization and the presence of a 
dermal lymphocytic infiltrate that may induce 
sensitization and overactivation of local immune 
response [30].

In the case of leg ulcers the prevalence is 
significantly higher in patients with surround-
ing eczema and in long lasting lesions [31]. 
These patients often show sensitization to mul-
tiple allergens, although the pattern of allergens 
appears to be changing over years; this change 
is likely to be determined by local wound care 

Table 15.3  Airborne contact dermatitis to drugs: possible responsible medicaments

Pharmacological class Substance
Analgesics 3-(aminomethyl)-pyridyl salicylate, Morphine, Propacetamol, Paracetamol, 

P-aminophenol
Antibiotics Amikacin, Amoxicillin, Azithromycin, Cefazolin, Cefradine, Ceftiofur, Gentamycin, 

Kitasamycin, Meropenem, Midecamycin, Nitrofurazone, Pristamycin, Tylosin
Antihypertensives Altizide + Spironoloctone, Captopril, Carvedilol, Lisinopril, Oxprenolol, Perindopril, 

Propranolol, Sotalol
Corticosteroids Budesonide
Immunosuppressive drugs Azathioprine, Methotrexate
Inhibitors of gastric secretion Esomeprazol, Famotidine, Lansoprazole, Omeprazole, Pantoprazole, Ranitidine
Neurological drugs Alprazolam, Apomorphine Hydrochloride, Aripiprazol, Bromazepam, 

Chlorpromazine, Clotiazepam, Diazepam, Levomepromazine, Lorazepam, 
Olanzapine, Risperidone, Tetrazepam, Trazodone, Zolpidem

Statins Atorvastatin, Simvastatin
Other drugs 2-aminothiophenol, Albendazole, Baclofen, Cyanamide, Dibenzyl Phosphite, 

Diphencyprone, Disulfiram, Isopropanol, Olaquindox, Oxybutinin, Procaine, 
Thiomersal
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practice [32]. The allergen spectrum includes 
Myroxylon pereirae (balsam of Peru), fra-
grances, lanolin alcohol, colophonium, topical 
antibiotics (neomycin sulfate, gentamyin), cet-
earyl alcohol and paraben mix [27, 28].

Periorbital dermatitis

In patients with periorbital dermatitis, topi-
cal ophthalmic medications may induce ACD 
in about 34% of tested subjects [33]. The thin 
epidermis of the periorbital skin renders eyelids 
particularly sensitive to hapten penetration.

ACD has been frequently reported in 
response to preservatives such as benzalkonium 
chloride, thimerosal, phenylmercuric salts, met-
abisulfites and chlorobutanol [34].

Among active principles beta–blockers 
antiglaucoma medications (levobunolol, timo-
lol, befunolol), are the most frequent sensi-
tizers, maybe even under-reported due to the 
difficulty in obtaining the active principle for 
testing and the frequent false negative patch 
testing results [35] (Fig. 15.4). Cross reactions 
among beta-blocking agents are possible, but 
unpredictable and sometimes casual [35, 36]. 
Sensitization to other antiglaucomatous agents 
such as prostaglandin analogs, dorzolamide (car-
bonic anhydrase inhibitor) and phenylephrine 
has been reported [35, 37].

Aminoglycosides (tobramycin, gentamycin, 
neomycin) and sulfonamides are among the 
most allergenic classes of topically applied anti-
biotics (Fig. 15.5). Anesthetics (tetracaine, oxy-
buprocaine), corticosteroids, antihistamines and 
antiinflammatory drugs (diclofenac, ketoprofen) 
are well known sentizers in ophthalmic medica-
tions [35, 37].

Standardized ophthalmic series with excipi-
ents and active principles may be useful in defin-
ing the responsible allergens. Testing with the 
patients’ commercial ophthalmic products may 
be required, but this may frequently lead to nega-
tive responses [38, 39]. In these cases adjunctive 
procedures such as stripping, scratching or pre-
treatment of the skin with irritative substances 
could increase absorption of the allergens and 
enhance sensibility of the tests [40].

Anogenital dermatitis

Genital and perianal areas are more prone to 
allergen penetration due to local anatomic and 
physiological factors (skin thinness, maceration 
and occlusion). Furthermore patients affected by 
distressing itching anogenital dermatoses often 
use several topical medications, which are often 
self-prescribed. The frequency of sensitization 
in these patients is high and many reactions to 
topical pharmaceutical products are considered 
relevant [41–44]. Patients with chronic anal der-
matoses seem to have a higher risk of develop-
ing sensitizations to topically applied products 
and drugs than patients with genital dermatoses 

Fig. 15.4  Acute allergic contact dermatitis from beta-
blocking drug in eyedrops

Fig. 15.5  Subacute allergic contact dermatitis from 
tobramycin in an ophthalmic ointment
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[44]. In one study 47% of women affected by 
lichen simplex chronicus developed at least one 
positive reaction to patch test and the relevant 
allergens were mainly medicaments and preserv-
atives [43].

Among the responsible active principles 
anesthetics, antibiotics, corticosteroids and anti-
fungal medicaments represent the most impor-
tant allergens in ACD of the anogenital area.

Clinically, anogenital irritant and allergic der-
matites can be difficult to distinguish (Fig. 15.6). 
Diagnosis is made on the basis of history, clini-
cal investigation and patch testing.

The use of natural topical products [45, 46], 
claiming antioxidant, anti-inflammatory, anal-
gesic and antimicrobial properties, is wide-
spread especially among women affected with 
itching vulvar diseases. Contact dermatitis is a 
possible adverse effect, but in these cases aller-
gen identification is troublesome and the use of 
a botanical series is questionable, owing to the 
wide variety of botanical ingredients.

Ear eczema

An Italian study performed in consecutive 
patients with otitis externa, showed that 23.5% 
of all the patients had allergic contact derma-
titis and topical drugs (mainly topical antibiot-
ics) were the commonest sensitizing agents, 
followed by chemicals and resins found in the 
ear prosthesis [47]. Other studies have demon-
strated a high frequency of contact allergy to 

antibiotics, antimicrobials and corticosteroids, 
supporting the routine use of patch testing in the 
case of patients with chronic inflammatory dis-
orders of the ears [48, 49].

Scalp dermatitis

Although the most frequent allergens respon-
sible for allergic contact dermatitis of the 
scalp are found in cosmetic products, medica-
ments can be implicated as well [50, 51]. 
Corticosteroids and minoxidil solutions are the 
most frequent culprits. In the case of minoxidil 
solution allergic contact dermatitis the excipi-
ents such as propilene glycol, instead of the 
active principle, are often the causative agents 
[52]. ACD must be suspected in the presence of 
an itching erythematous dermatitis of the scalp 
when there is no localization of dermatitis in 
other seborrheic areas.

15.2.4  Sensitizers

Practically all topical drugs may cause sensitiza-
tion, especially when applied on damaged skin. 
In fact, as the medicaments are usually applied 
on an inflamed and damaged skin barrier, the 
penetration of allergens is increased and even 
weak allergens may become capable of inducing 
sensitization. A retrospective analysis of patients 
highlighted a prevalence of polysensitization 
to topical medicaments as many patients were 
allergic to 2 or more topical medicaments [53].

Antibiotics

The frequency of sensitization to topical antibi-
otics has decreased over the past decades [54]. 
Antibiotics revealed a prevalence of 2.7% in 
consecutive patch tested patients [8]. Among 
them neomycin was the most common sensi-
tizer, even though with a decreasing trend over 
years, due to a reduction in the commercializa-
tion of topical medicaments in Europe. However 
neomycin continues to be present in many 
commercialized topicals and over-the-counter 
products. Neomycin belongs to the group of 

Fig. 15.6  Perianal allergic contact dermatitis due to 
benzocaine in an antihaemorrhoidal gel
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aminoglycoside antibiotics, widely used in der-
matological and ophthalmological pathologies. 
Cross-reactions within the family are common, 
but not absolute. All aminoglycosides share a 
deoxystreptamine group, except for strepto-
mycin. An high rate of cross-reactivity with 
framycetin and paronomycin is described [55]. 
Bacitracin may also cross-react with neomycin. 
Neomycin is often combined with corticoster-
oids in ear, eye and skin preparations, and corti-
costeroids may mask allergic reactions.

The majority of cases of ACD due to 
gentamicin reported in the literature are caused 
by its topical use. Rare cases of systemic con-
tact allergic dermatitis due to gentamicin have 
been described: all these cases were subse-
quent to intravenous administration or related 
to gentamicin-loaded arthroplasty implants  
[56, 57].

Chloramphenicol is a rare sensitizer, but sen-
sitization has been reported in patients using 
products for ulcers and eye drops [34]. Unusual 
forms and severe reactions to chloramphenicol 
have been noticed [58, 59].

Sulfanilamide was a common sensitizing anti-
biotic, but reduction in commercialized products 
has reduced the incidence of contact dermatitis 
to this molecule [1]. Sulfanilamide can poten-
tially cross react with p-phenylenediamine.

Sensitization to cephalosporins and semi- 
synthetic penicillin has been reported among 
health personnel and pharmaceutical workers [12].

The macrolide erythromycin, due to its high 
molecular weight and its structural formula, has 
a low sensitizing potential [60]; a few cases have 
been described, mainly in leg ulcer patients [61]. 
Some cases of occupational and non occupa-
tional allergic contact dermatitis due to azytro-
micin have been described [62].

Clindamycin is a weak allergen, responsible 
for extremely rare cases of sensitization mainly 
in acne or hidradenitis suppurativa patients [5, 
63]; unfortunately atypical clinical presentations 
may make the diagnosis difficult [64].

Other more recently introduced antibiotics 
such as mupirocin and fusidic acid are infre-
quent sensitizers; they may therefore represent 
quite safe alternatives in cases of allergic contact 

sensitization to antibiotics. Only rarely, how-
ever, these drugs as well may be responsible for 
severe forms of dermatites [65, 66].

Antifungal agents

Imidazoles have been used for decades in 
the topical and systemic treatment of cuta-
neous mycoses both in adults and children. 
Bearing in mind their frequent use, ACD 
caused by imidazoles may be considered a rare 
occurrence. The imidazole derivatives most 
frequently reported to be allergens are micona-
zole, econazole, isoconazole [67]. Numerous 
cases reported in the literature also confirm the 
sensitizing potential of tioconazole [68]. It is 
noteworthy that the majority of these cases coin-
cided with the market availability of the nail 
solution at 28%. The concentration of the active 
principle at 28% seems to play an important role 
in inducing sensitization, while the vehicle and 
the application site could favour the cutaneous 
penetration of the molecule.

Imidazoles share a similar chemical structure 
which could explain the possible cross-reactions 
among imidazoles belonging to the same 
chemical group. Tioconazole, miconazole, 
econazole belong to the category of phenethyl 
imidazoles; clotrimazole and bifonazole, on 
the other hand, are part of the phenmethyl imi-
dazoles [67, 69, 70]. In a case of sensitization 
to an imidazole it would be advisable to use 
an antifungal drug characterized by a different 
chemical structure.

Allylamines (e.g. naftifine and amorolfine) 
and polyene antimycotics (nystatin) have rarely 
been reported to cause ACD [71–73]. Nifuratel, 
is an antitrichomonal and antimycotic agent 
which is used alone or in combination with 
nystatin and is present in anti-haemorrhoidal 
ointments and suppositories; it may cause ACD 
of the genital and anal area [74].

Antiviral agents

Despite their worldwide use in herpetic diseases, 
antiviral topical medicaments only seldom 
induce contact dermatitis [75].
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Amantadine and tromantadine can cause ACD 
and the possibility of cross-reactions between the 
two molecules has been underlined [76].

Allergic contact dermatitis caused by acyclo-
vir is probably underestimated. Numerous cases 
have been reported and cross-reactions with val-
acyclovir (the prodrug L-valine esther of acyclo-
vir) and famciclovir have also been observed. A 
systemic acyclovir reaction subsequent to topi-
cal acyclovir sensitization is also possible. The 
common chemical structure, represented by the 
2-aminopurine nucleus is probably the part of 
the molecule that provokes both contact allergy 
and systemic reactions [77, 78].

Local anaesthetics

Contact allergy to local anaesthetics is not 
uncommon due to their wide use in eardrops, 
eyedrops and topical preparations for haemor-
rhoids, toothache, burns, insect stings. ACD is 
most frequently observed in patients with peri-
anal and genital pathologies and patients with 
leg ulcers.

The most allergenic molecules belong to 
the benzoic acid group (benzocaine, procaine, 
tetracaine). These molecules can cross-react 
among themselves and with substances belong-
ing to the para-group. Benzocaine is considered 
the marker of the esther group and is also known 
to induce photosensitivity [79].

The amide group (comprehending lidocaine, 
mepivacaine, articaine, prilocaine, bupivacaine, 
and dibucaine) is less allergenic. Lidocaine is a 
rare sensitizer and is considered the marker of 
contact sensitization to the amide group.

The cross-reactivity among topical anes-
thetics belonging to the same group is fre-
quent while the different structures make 
cross-reactivity between esthers and amides 
unlikely. However concomitant sensitization to 
both groups has been reported [79–81].

Benzocaine is the only “caine” present in 
many standard series and the screening value 
of this anesthetic alone is not clearly defined; a 
study showed that about 50% of sensitizations to 
topical anesthetics would have been missed test-
ing benzocaine as a single screening agent [79]. 

A “caine mix” would recognize more allergies 
to anaesthetic molecules [81, 82].

Antihistamines

Antihistamines are known sensitizers still 
widely used in over-the-counter creams, lotions, 
eyedrops and nasal preparations.

Despite their documented sensitizing prop-
erties, allergic and photoallergic reactions 
seem to be less common than previously esti-
mated [83]. Promethazine and chlorproma-
zine (phenothiazines) can be responsible for 
allergic and photoallergic contact dermatitis; 
cross-reactions have been described within 
this chemical group [83, 84]. Allergic and pho-
toallergic reactions have also been reported 
for topical diphenhydramine [85]. Doxepin, 
a tryciclic antidepressant with antihistaminic 
activity, was found to be responsible for several 
cases of ACD in a post-marketing surveillance  
report [86].

Nonsteroidal antiinflammatory drugs

Nonsteroidal antiinflammatory (NSAID) drugs 
are widely available in prescriptions and over-
the-counter products in different formulations 
(ointments, gels, foams and tapes) with the aim 
of avoiding the side effects of their systemic 
administration. ACD is frequently observed, but 
also irritant contact dermatitis, phototoxic and 
photoallergic dermatitis may be caused by these 
molecules.

The arylpropionic acid derivatives, and espe-
cially ketoprofen, are a well known cause of 
allergic and photoallergic reactions [87–90]. 
Ketoprofen may cross-react with ibuproxam, ibu-
profen, flurbiprofen and oxybenzone [89, 90]. 
Photoallergy is probably mediated by the benzo-
phenone moiety of ketoprofen and not by the aryl-
propionic function. This also explains the cross 
reactivity with fenofibrate and some sunscreens. 
In patients photoallergic to ketoprofen a simultane-
ous contact allergy to myroxylon pereirae and fra-
grance mix has been reported. Cinnamyl alcohol, 
a common component of both, has been imputated 
of cross-sensitization [91].
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Etofenamate, an anthranilic acid derivative, 
non-selective COX inhibitor, was responsible for 
some cases of allergic and photoallergic contact 
dermatitis in Europe while indomethacin and 
pyrazolone derivatives are seldom involved in 
contact allergy [92, 93].

The diclofenac molecule is not only used for 
its analgesic properties, but is also present in 
topical preparations for the treatment of actinic 
keratoses and in eyedrops. The active princi-
ple in all these topical medications was found 
responsible for ACD [94–96].

The arylalcanoic acid derivative bufexamac 
is an anti-inflammatory molecule widely used in 
some european countries and contact sensitization 
was found in 3% of German patients submitted to 
patch tests [97, 98]. Bufexamac has been banned 
from topical medicaments in many countries 
(United states, Japan), but is still present in OTC 
anti-inflammatory medicaments in some european 
countries. ACD caused by bufexamac has a vari-
able clinical presentation mimicking other derma-
toses, often with erythema multiforme, purpuric 
lesions or inducing particularly severe forms [99].

Corticosteroids

Corticosteroids are the first line treatment of 
ACD due to their anti-inflammatory and immu-
nosuppressive properties; paradoxically, how-
ever, they can cause contact sensitization. This 
must be suspected when a dermatitis fails to 
improve or even worsens. The prevalence of top-
ical corticosteroid sensitization ranges from 0.5 
to 5% [100].

The most important risk factors for develop-
ing contact allergy to corticosteroids appear to 
be chronic inflammatory dermatoses, long dis-
ease duration and extended on-and-off topical 
corticosteroid use [101, 102].

Considering their complex molecular con-
formation, corticosteroids are divided into 
four structural groups according to Coopman’s 
classification [103]: Group A (hydrocorti-
sone type), Group B (triamcinolone acetonide 
type), Group C (betamethasone type), Group D 
(hydrocortisone-17-butyrate type) [103, 104]. A 

further classification divided class D in D1 and 
D2 [100].

Budesonide is considered a diagnostic aller-
gen for the B and D corticosteroid groups. Due 
to the fact that budesonide causes very frequent 
cross-reactions, it is regarded as one of the best 
markers of contact allergy to corticosteroids 
[100]. Tixocortol pivalate is a group A steroid 
and it is regarded as the best marker of allergy to 
hydrocortisone [105]. Triamcinolone acetonide 
is also a marker for class B.

Due to their similar structural, chemical for-
mula each corticosteroid can cross-react with 
other corticosteroids belonging to the same class 
[100, 103, 104]; however cross-reactivity exists 
among corticosteroids belonging to different 
groups as well [106–108].

The NACDG tested a large series of patients 
with 6 corticosteroids; tixocortol- 21pivalate 
was responsible for 2.3% of positive responses, 
budesonide 0.87%, hydrocortisone- 17 butyrate 
0.43%, clobetasol-17 propionate 0.32% and des-
oximethasone 0.16% [109].

Transdermal delivery systems

Transdermal therapeutic systems (TTS) 
are modern, increasingly used methods of 
drug administration, which allow rate-controlled 
drug delivery and avoidance of first-pass metab-
olism in the liver. The active principles available 
in TTS are clonidine, scopolamine, nitroglycerin 
(glyceryl trinitrate), nicotine, buprenorphine, 
rivastigmine, rotigotine and sex steroids for hor-
mone replacement therapy.

The most frequent adverse reaction due to 
TTS is an irritant reaction at the site of appli-
cation, which appears as a sharply demarcated 
erythematous-pustular dermatitis. To minimize 
these reactions it is very important to vary the 
site of drug administration.

TTS are ideally suited to induce contact 
allergy due to occlusion, irritation and pro-
longed contact with the skin of the potential sen-
sitizers. Causes of ACD can be the active drug, 
the adhesive, the diffusion membrane, the sol-
vent, or the enhancer [110–113].
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ACD appears as an itching, vesicular erup-
tion under the patch, with poorly defined borders 
which progressively enlarges over time.

Patients with topical sensitivity are usually 
tolerant to an oral challenge, especially for clo-
nidine, however systemic sensitization is possi-
ble in the form of a generalized maculopapular 
rash and the drug should be prescribed very cau-
tiously [114, 115].

Concerning the vehicles colophony, ethanol, 
menthol, hydroxypropyl cellulose and coloph-
ony have been reported as responsible contact 
allergens [112, 116, 117].

Vehicles

Contact dermatitis due to a topical medicament 
may be caused by allergy not only to the active 
principle but also to components of the vehicle 
(preservatives, excipients and fragrances) [118].

Preservatives are usually added to the prepa-
ration to avoid microbial contamination.

Parabens (alkyl esthers of p-hydroxybenzoic 
acid) are the most used preservatives in topical 
medicaments. They are common allergens espe-
cially in leg ulcer patients.

Parabens can be safely used on healthy skin 
and patients allergic to these molecules in topi-
cal drugs can tolerate them in cosmetic prepa-
rations applied on healthy skin; this is the 
so-called “paraben paradox” [119]. Furthermore, 
in patients with a contact allergy to parabens, 
the systemic administration of these substances 
does not usually result in systemic contact 
dermatitis.

Formaldehyde-releasing preservatives may be 
present in medications, often at a low concentra-
tion, below the threshold necessary to produce a 
clinical reaction [120].

Thimerosal (merthiolate) can still be present 
in ophthalmic preparations, as well as benzalko-
nium chloride. They can induce allergic blephar-
itis and conjunctivitis [34].

Propylene glycol (1,2-propanediol) is used 
as a solvent, a keratolytic and a wetting agent. 
It may induce both irritant and allergic contact 
dermatites especially in minoxidil hair solutions 
for alopecia [52].

Benzyl alcohol is widely used as a preserva-
tive and fragrance; it can be present in medica-
ments giving ACD [121].

Wool alcohols, cetyl- and stearyl alcohol can 
be sensitizers, especially in the case of leg ulcer 
patients [27].

In the past, Ethylenediamine (EDA) was 
widely used as a stabilizer in topical antifun-
gal and antibiotic preparations, which caused 
numerous cases of contact dermatites. It is also 
present in aminophylline to make theophylline 
soluble for oral and parenteral administration. 
Patients allergic to EDA can develop dermatitis 
after taking systemic aminophylline. Patients 
hypersensitive to EDA must also be warned to 
avoid ethylenediamine-derived antihistamines or 
piperazine.

Less frequently, allergic contact dermati-
tis may be caused by fragrances, mainly con-
tained in over-the-counter (OTC) medicaments 
[10, 122]. A study showed that 10% of topical 
medicaments in Belgium contained fragrance 
components while in Brasil almost 30% con-
tained them [123, 124]. Essential oils may be 
present in over-the-counter anti-inflammatory 
medicaments and liniments. Unfortunately fra-
grance substances and chemicals are not labelled 
in topical drugs, according to the International 
Nomenclature of Cosmetic Ingredients.

15.2.5  Diagnosis

Diagnosis of allergy to topical medicaments 
often requires a heightened degree of suspi-
cion, especially in patients with chronic venous 
insufficiency, leg ulcers or high risk situations 
of developing contact sensitization. Taking a 
careful history, performing an accurate clinical 
examination and applying patch tests are neces-
sary in order to make a correct diagnosis.

Patch tests

Patch tests must be performed in patients when 
they are in a disease-free stage to avoid the risk 
of the “angry back” syndrome with numerosus 
false positive reactions [125].
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The choice of medicaments for a stand-
ard patch test series should obviously be 
guided by the local habits of prescription and 
self-treatment as they both vary in different 
countries; however the most allergenic topi-
cal drugs (neomycin, benzocaine, budesonide, 
tixocortol pivalate, caines) are almost always 
included in standard patch test series. These 
series can diagnose about 80% of topical medic-
ament allergies.

Specific pharmaceutical series are indicated 
in patients with a history of numerous topical 
applications.

While testing with medicaments care must 
be taken in readings. Some medicaments may 
not manifest positive reactions until 96 hours 
later; for some allergens, for example corticos-
teroids, NSAIDs and aminoglycoside antibiot-
ics a reading at 7 days is required. The intrinsic 
antiinflammatory action of NSAIDs and corti-
costeroids may suppress or delay the cutaneous 
response.

In addition to active ingredients, it is impor-
tant to patch test with the components of sus-
pected products including vehicles, preservatives 
and additives.

In the case of a suspected occupational 
allergy, patch tests with the drug to which 
workers are exposed are necessary to make a 
diagnosis.

Use test and ROAT

Use tests can be indicated in patients who have 
had previous severe contact reactions to a topi-
cal medicament or in order to confirm the rele-
vance of a positive patch test to a product.

ROAT is performed applying a small quantity 
of the test material (0.1 mL) twice daily to the 
flexor aspect of the forearm (approximately on 
a 5x5 cm area) for 7–10 days (Fig. 15.7). With 
low-concentration allergens a longer period of 
application may be necessary [125, 126].

Open and Semi-open tests

These tests are indicated when the suspected 
topical medicaments present strong, irritating 

properties (eg. alcoholic vehicles). In the open 
test the medicament is applied uncovered on the 
upper back, twice a day for two days, without 
washing the area. A semi-open test consists in a 
unique application on the upper back of a small 
quantity of test material which is left to dry and 
then covered with acrylate paper tape. Readings 
are performed at 2, 3 or 4 days.
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in phytocontact dermatitis is relatively limited. 
However, it is difficult to estimate the incidence 
of plant contact dermatitis; generally considered 
low, it is probably underestimated for a number 
of reasons, among which the remarkable number 
of plants involved, the difficulties in making a 
taxonomic classification of them, and the con-
siderable number of substances implicated, often 
belonging to different parts of the same plant. 
Yet other reasons are the lack of a peculiar clini-
cal picture, except in some exceptional cases, 
and the difficulty in tracing the etiopathogenic 
path, that may be a long and complex process.

The cases of plant contact dermatitis that 
come to our observation are likely only a small 
proportion of those that actually occur. Rural 
workers and florists normally know the offend-
ing agent but often do not report the incident 
and just avoid subsequent harmful contacts. On 
other occasions workers do not mention their 
dermatitis because they regard it as an occupa-
tional risk and so the resulting disability is con-
sidered insufficient to require the suspension of 
their working activities.

It is also important to remember the possibil-
ity that the allergen could be carried far from 
the plant of origin and so the resulting dermati-
tis might not be recognized as of vegetable ori-
gin. That is what occurs in the case of dermatitis 
forms induced by pollens (particularly anemo-
phylous substances in suspension in the atmos-
phere) or of airborne phytocontact dermatitis, 
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From the pathophysiological perspective, plants 
can induce various clinical skin conditions 
(Table 16.1). Plant contact dermatitis that, being 
among the most common forms, is of the great-
est clinical concern, is caused by contact with 
flowers, trees, grass, fruits, weeds, vegetables, 
and pollens [1–15]. In general, in both occupa-
tional and non occupational contexts this contact 
is direct, while indirect contact through medica-
ments and cosmetics containing plant extracts, 
or various plant-based foods (teas, spices, etc.) 
is less frequent.

16.1  General Information 
and Incidence

Bearing in mind the huge number of plants in 
existence (more than 300,000), surprisingly 
enough the number of plant families implicated 
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ligtu were cultivated, revealed that about 25% 
of 200 workers were affected by mechanical 
and physical cutaneous manifestations, 12% 
by irritant dermatitis from chemical agents, 
89% by pseudophytodermatitis due to the use 
of pesticides, and only 5% by allergic plant 
dermatitis [13].

Apart from the various occupational activi-
ties, other categories at risk of plant contact der-
matitis include hobby gardeners, housewives, 
and those who come in contact with plant mate-
rials. Indeed, any person enjoying leisure pur-
suits in the gardens or countryside (campers, 
walkers, children playing) comes in contact with 
plant material.

16.2  The Nature of Vegetable 
Substances

Irritant or sensitizing substances responsible for 
phytodermatoses are a highly heterogeneous 
group of components that are not essential to the 
plant, nor do they generally contribute actively 
to the plant metabolism. In short, those in ques-
tion are not lignin, cellulose, or chlorophyll but 
secondary components.

Depending on the case, the substance impli-
cated may be present in all the parts of the plant, 
so contact with any part will provoke the der-
matitis, or else only in one part of the plant. In 

or dermatitis linked to contact with an animal or 
object that has previously come in contact with 
the plant, for instance.

Clearly, the incidence of phytodermati-
tis depends on the environmental, geographic 
and climatic conditions. In the USA, for exam-
ple, there is a high population incidence of 
sensitization to the Toxicodendron genus and 
other plants of the Anacardiaceae family, while 
in Denmark there is a common incidence of 
dermatitis induced by primin. In the United 
Kingdom the culprit is often geraniums while 
in the Netherlands it is most often tulips. The 
frequency also depends on the season. Instead, 
the climate factor has no importance when the 
plant is grown in greenhouses or if the allergenic 
activity persists even in the dry plant (as in the 
case of poison ivy).

In a study of 1752 patients with occupational 
dermatoses, Fregert reported an 8% incidence 
in women and 6% in men of reactions to plant-
derived products [16]. Ducombs and Schmidt 
estimated that perhaps 5–10% of all cases of 
contact allergy seen in European dermatol-
ogy clinics are due to plants or their products 
[6]. In Europe, most phytodermatoses are of 
occupational origin and floristry appears to be 
the occupation at highest risk [17, 18]. Clinical 
and allergologic evaluations performed in four 
floriculture centers, where chrysanthemums, 
poinsettias, geraniums, roses, and Alstroemeria 

Table 16.1  Pathophysiological mechanisms of phytodermatoses
1. Traumatisms

Pricks from thorns
Inclusions of vegetable material in the skin
Microtraumatisms of hairs and beard

2. Infections (pseudophytodermatoses)

Plants as vectors of infections (bacteria, fungi and parassites) and of pesticides, insecticides, and  
fungicides

3. Toxicities in general

Allergy to foods (urticaria)
Allergy of respiratory type (rhinitis, asthma)
Allergy to medicaments of vegetable origin

4. Contact phytodermatitis

Irritant contact dermatitis
Allergic contact dermatitis

Contact phytophotodermatitis
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some cases the causal substance acts on the skin 
simply through skin contact, whereas in others 
the plants needs to be chopped or in some way 
damaged for the pathogenic substance to come 
in contact with the skin. For example, the entire 
surface (stalks, leaves and roots) of primula, 
some varieties of which are highly allergenic, is 
covered by very fine hairs containing the aller-
gen primin, that causes sensitization even when 
the skin just brushes against it. By contrast, the 
artichoke is sensitizing only when it is cut and 
releases the juice, whereas contact with the 
leaves or stalk is not sufficient to provoke a skin 
reaction. Another case in point is tulip, in which 
the pathogenic fraction is present in sufficient 
concentrations only in the bulb and so it is only 
when handling the bulbs that the subject can be 
sensitized. Thus, the pathogenic substance is 
synthesized at a certain stage of the plant growth 
and so the plant is sensitizing only during some 
periods of the year.

It is the specific vegetable genetic factors 
that determine the presence or not of the harm-
ful substance. That is the reason for the possible 
cross-reactions among different varieties of the 
same family or the same species, and also, vice 
versa, the frequently very confined specificity 
of the pathogenic substance, limited to a single 
plant variety in that species.

The incriminated substances in the irritant 
mechanism underlying plant contact dermatitis 
can be acids (formic, acetic, oxalic, malic and 
citric acid), glucosides, proteolytic enzymes 
or crystalline substances (e.g. calcium oxalate 
microcrystals that penetrate the epidermis, pre-
sent in the bulbs of tulips and hyacinths).

Sensitizing substances are above all phenol 
and terpene fractions constituting the vegetable 
oleoresins. These oleoresins contain an antigenic 
mosaic, and it is sometimes possible to purify 
them and identify the chemical constitution of 
the allergen.

In short, the risk of contracting a plant con-
tact dermatitis depends on various factors: the 
type of plant, its diffusion and the concentra-
tion of offending substances it contains, as well 
as the patient’s working activity, number and 

duration of contacts, together with climatic fac-
tors, the individual skin integrity and character-
istics, and degree of susceptibility [1–12, 19]. 
Among the climatic factors, the season plays 
an important role; one example of this is phy-
tophotocontact dermatitis due to Ficus carica 
(fig tree) [20], a plant cultivated widely in the 
Southern Mediterranean area. We observe cases 
of contact dermatitis in the late spring, the sum-
mer and early autumn because it is only during 
these months that the fig tree contains the vari-
ous irritant and sensitizing substances (furo-
coumarins), present in the leaves, branches and 
skin of the fruit (but not inside the fruit). For this 
reason the dermatitis is most evident (intense 
erythema and edema, vesico-bullous lesions) 
in the late spring and especially in the summer 
due to the greater concentration of furocou-
marins (8-methoxypsoralen) in the plant and the 
greater intensity of UVA. Instead, in the autumn 
when these conditions are less marked, the 
clinical picture is much more modest (mild ery-
thema and a minor or no exudative component). 
Naturally, contact with the plant during the win-
ter poses no dangers [20].

16.3  Clinical Features

The clinical aspects of phytodermatoses cover a 
very wide spectrum, depending on many factors. 
The vegetable substances implicated can induce 
the entire range of clinical aspects of contact 
dermatitis. Hence the lack of peculiar clinical 
pictures except in some rare cases. Even irritant 
contact dermatitis is not easy to differentiate 
from contact allergy.

The severity of phytodermatoses, as stated 
above in reference to dermatitis due to Ficus 
carica, is highly variable, spanning from modest 
forms to severe and chronic forms that have reper-
cussions on the occupational, psychic and thera-
peutic spheres. The clinical pictures range from 
simple pruritus through erythemato-vesicular 
lesions to severe bullous or chronic lichenoid pic-
tures. There can also be keratotic lesions, fissuring 
and pigmentation, as well as urticarious areas.
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The dermatitis generally affects exposed 
sites, and this complicates the differential diag-
nosis between phytodermatitis and phytopho-
tocontact dermatitis. It is also possible that the 
substance implicated may be carried to various 
body parts by the hands. Above all in cases of 
contact irritation, the lesions may be linear 
or figured, that could reproduce the shape of 
contact.

16.3.1  Irritant Contact Dermatitis

Irritant forms can be of a mechanical or chemi-
cal nature.

16.3.1.1  Mechanical Irritation
Various plants can provoke macrotraumatic 
lesions by mechanical means owing to the pres-
ence of prickles, spines, and thorns (Figs. 16.1, 
and 16.2). Others, due to the knife-like mor-
phology of their leaf edges, can cut the skin. 
Although these are generally trivial and self-
limiting events, such mechanical trauma can 
lead to the development of infections, sores and 

Fig. 16.1  Irritant (mechanical) contact dermatitis due to spines of plants

Fig. 16.2  Irritant (mechanical) contact dermatitis due to 
spines of plants
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granulomatous lesions (foreign body granulo-
mas), that have an insidious clinical course. For 
example, in arid regions, cacti (of the Cactaceae 
family) can cause granulomas [21].

Such traumas, that are very easy to diagnose, 
need to be differentiated from microtraumatisms 
due to bristles or barbs (trichomes or glochids) 
in particular on leaves. These structures pen-
etrate the superficial layers of the skin and cause 
papular dermatitis, prurigo and even urticaria. 
In Israel, “sabra dermatitis” has been described, 
caused by contact with the prickly pear or Indian 
(or Barbary) fig (Opuntia vulgaris Miller, O. 
ficus indica Miller, Cactaceae family) [22]. 
This dermatitis, that is highly pruriginous, is 
observed from July to October in workers pick-
ing Indian figs; the rash affects the hands but 
can extend to the whole skin. Skin penetration 
by the glochids that cover the fruit can cause a 
clinical skin picture that mimics chronic eczema 
or scabies. Moreover, on very windy days the 
glochids can detach from the plant and be car-
ried far away, thus making the etiological diag-
nosis very difficult.

Also microtrauma due to calcium oxalate 
needle crystals (raphides) causes a character-
istic dermatitis similar to that caused by glass 
fiber [23]. The skin penetration by the raphides 
can be accompanied by intracutaneous injec-
tion of the plant sap, causing contact irritation 
or allergy to the sap constituents. In the same 
way, calcium oxalate raphides in dumbcanes 
(Dieffenbachia spp., Araceae family), a common 
decorative house plant, can induce an urticarial 
dermatitis or bullous and edematous stomatitis 
in people whose hands get damaged by plant 
material or who accidentally chew the leaves. 
The mouth reaction makes the victim speech-
less (hence the common name of the plant) and 
the airway may become obstructed. This severe 
reaction is due to a protease present in the plant 
sap named dumbcane [24, 25].

16.3.1.2  Chemical Irritation
Many plants can induce chemical contact irri-
tation due to fluids or crystals in hairs or in 
other portions of the plant. Vegetable irritants 
range from weak (requiring repeated exposure 

and skin abrasion to exert their effects) to very 
strong (where microgram quantities elicit an 
inflammatory process), like the Euphorbiaceae, 
for example. Obviously, in such cases the 
mucosa may be affected, too, and an ocular irri-
tation can arise, causing very severe damage.

The sites of contact are affected by acute (a 
few hours after contact) or chronic dermati-
tis. The clinical picture is polymorphous, rang-
ing from simple skin dryness, through fissuring 
and hyperkeratosis to inflammatory reactions 
with erythema, edema, papules, vesicles and in 
cases of severe irritation, even blisters (in cases 
of contact with Euphorbia spp., Euphorbiaceae 
family), up to superficial necrosis and ulcera-
tion. From the subjective point of view, the 
symptom is pain rather than itching. The sap 
of Agave americana (Fig. 16.3) induces a char-
acteristic papular irritant contact dermatitis 
(Fig. 16.4) [26], while contact with the leaves of 
Zea mays (maize) can give rise to a figured der-
matitis with erythemato-purpuric lesions, as we 
have often observed (Fig. 16.5).

Mainly irritant plants belong to the fami-
lies of plants such as Ranunculaceae (butter-
cups, anemones), Brassicaceae (Crucifers), like 
Brassica nigra (mustard) and Sinapis alba L., 
and Euphorbiaceae, such as croton (Croton var-
iegatum). Croton oil, a well known blistering 
agent (mechanical acantholysis), induces bullous 
lesions with a clear content that rapidly become 
purulent. Other families inducing irritation are 
Rutaceae and Dieffenbachia, Urtica (Figs. 16.6, 
and 16.7), Philodendron, and Capparis spinosa 
[27]. The culprit chemicals are diterpene esters 
(phenol esters) in Euphorbiaceae [1], and gluco-
sides (ranunculin) in Ranunculaceae [28].

16.3.2  Allergic Contact Dermatitis

Allergic contact dermatitis can result from 
direct and/or indirect contact (contaminated 
objects including door knobs, shoes, clothing, 
work tools, pets, etc.) with plants; various plant 
extracts contained in cosmetics, foods, industrial 
products, and herbal remedies (Fig. 16.8) may 
also be the causes [29–31].
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Fig. 16.3  Agave americana

Fig. 16.4  Papular irritant contact dermatitis induced by rubbing a cut leaf of Agave americana on abdomen 
(self-artefact)
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Fig. 16.5  Purpuric irritant contact dermatitis by leaves of Zea mays

Fig. 16.6  Urtica dioica
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A very wide range of vegetable species can 
induce contact allergy. Except in cases of pecu-
liar clinical pictures and those due to occu-
pational exposure, the identificaiton of the 
vegetable causal agent can often be very dif-
ficult, also because the vegetable allergens 
responsible are often not included in standard 
patch tests series.

The clinical pattern of the dermatitis depends 
on the source and means of contact. The onset 
of the lesions may also not feature frank eczema 
but rather pomphoid lesions that only later 
become exudative [32]. There are three main 
clinical types of allergic contact plant dermatitis: 
classic contact allergy, a characteristic hyper-
keratosis form and the erythema multiforme-like 
eruption.

The normal presentation is that of a typical 
acute eczema with erythemato-edemato-vesic-
ular lesions; sometimes blisters and infiltrative 
lesions are also present. The sites most often 
affected are exposed sites such as the hands and 

forearms; the eyelids, and sometimes the geni-
tals can be affected when the allergen is carried 
on the hands or through clothes. This form can 
become chronic, featuring diffuse clinical pic-
tures of lichenoid type.

A characteristic picture, usually of occu-
pational origin, is periungual eczema of the 
fingertips, that presents as a fissured, hyper-
keratotic and painful eruption, of which the 
classical example is the “tulip fingers” seen 
in tulip pickers (Tulipa spp., Liliaceae fam-
ily). Similar eruptions may be observed 
in people handling daffodil and narcissus 
bulbs (Narcissus spp., Amaryllidaceae fam-
ily), alstroemeria flowers (Alstroemeria 
spp., Alstroemeriaceae family), and garlic 
(Allium sativum, Alliaceae family) (Fig. 16.9). 
Generally, this picture is the result of a com-
bination of skin sensitization and physical and 
chemical irritation [33–35].

Often, contact allergy to plants presents as 
erythemato-bullous figured lesions, like those 

Fig. 16.7  Irritant contact dermatitis due to wet compresses of leaves of Urtica dioica (self-artefact)
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of poison ivy or of a Capparis spinosa infu-
sion used for painkilling purposes (Figs. 16.10 
and 16.11) [36]. A compress of leaves and the 
fruit of capers resulted in a dermatitis detected 
by patch tests to the fruit and leaves as is, mus-
tard oil 1 and 0.1% in petrolatum, allyl iso-
thiocyanate 0.1 and 0.05% in petrolatum, and 
benzyl isothiocyanate 0.1% in petrolatum. 
Other isothiocyanate plants were negative [36].                                                                                                                                          
       An erythema multiforme-like picture is 
also a frequent observation, especially due to 
Primula obconica [37, 38] and to various woods.

16.3.3  Airborne Contact Dermatitis

This disease is often reported in the literature 
[39–43]. Conditions that favor the onset are high 
temperatures and a low environmental humidity 
index. It is these factors that facilitate the dry-
ing of plants, whose particles then spread in the 

environment. The various allergenic fractions can 
be contained in pollens, trichomes, fragments of 
leaves or in the dry branches. The complaint can 
also be brought on by smoke and vapors of burn-
ing plants and by sawdust from their woods.

Clinically, this form may resemble a photo-
dermatitis. However, airborne contact dermatitis 
normally involves the upper eyelids, the triangle 
of skin behind the earlobe, and the region below 
the chin. The common culprit plants include 
Ambrosia spp., Compositae [44, 45], Frullania 
(Jubulaceae family) [46], and Lichen particles 
[47]. In North America, the smoke from burn-
ing poison ivy (Toxicodendron spp.), and related 
plants of the Anacardiaceae family, can be sen-
sitizing if the allergenic oleoresin is vaporized 
rather than pyrolized [48].

16.3.4  Primary Contact 
Hyperpigmentation

Hyperchromia induced by plants can occur by 
means of two different mechanisms. The first 
and most frequent type is melaninic hyperpig-
mentation, that occurs as a post-inflammatory 
sequela of contact phytodermatitis or phyto-
photodermatitis. The other type is primary skin 
non melaninic hyperpigmentation; this latter 
mechanism underlies the action of Cynara sco-
lymus (artichoke), Juglans regia (walnut), and 
Lawsonia inermis (henna), just to name a few 
examples (see Chap. 17).

The brown hyperpigmentation resulting from 
contact with artichokes is due to cynarin, that 
undergoes oxidation: it stains the fruit itself and 
the hands (fingertips and palms) when cleaning 
or cutting artichokes.

In the autumn, the time of walnut hulling, we 
often observe a brown irritant pigmentation of 
the hands, that involves the skin and nail lami-
nae. The staining is due to juglone, the active 
ingredient of J. regia, that is a naphthoquinone: 
the activated quinone C = O group has an active 
affinity for the –NH2 group of keratin amino 
acids. The reaction elicits C = N chromophores 
groups, that are highly pigmenting and absorb in 
the visible range, in particular violet, while they 

Fig. 16.8  Allergic contact dermatitis due to compresses 
with infusion of Mentha spicata for pain in gonarthrosis



328 D. Bonamonte et al.

Fig. 16.9  Allergic contact dermatitis due to Allium sativum (positive patch test reaction to diallyldisulphide)

Fig. 16.10  Capparis spinosa (Reproduced with permission by Angelini and Coll [36])
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reflect red and yellow, giving rise to the various 
tones of brown [48–50]. The same action mech-
anism drives lawsone, the active ingredient of L. 
inermis, and dihydroxyacetone (OHCH2–C = O–
CH2OH) used for self-tanning [49–51].

16.3.5  Contact Urticaria

The pathogenic mechanism can be direct (non 
immunologic), mediated by phlogogenic sub-
stances injected into the skin by the prickly hairs 
disseminated on the surface of many vegetable 
species, or indirect (immunologic), mediated by 
antibodies in previously sensitized subjects.

Initially, the pomphoid lesions tend to be 
confined to the site of contact with the vegeta-
ble. However, above all in immunologic forms, 
over time the clinical picture will gradually 
extend to include manifestations at the level of 
the mucosa, and asthmatic, rhinoconjunctival or 
anaphylactic reactions [52–61].

Airborne contact urticaria, often associ-
ated with asthma, has been reported as an 

occupational complaint in hospital personnel, 
due to natural latex (generally derived from 
Hevea brasiliensis, Euphorbiaceae family) [59–
61]. A case was reported in a warehouse worker, 
caused by dust derived from cinchona bark 
(Cinchona spp, Rubiaceae family) [58].

The species most commonly causing contact 
urticaria belong to various vegetable phylum 
families (Table 16.2).

16.3.6  Photocontact Dermatitis

The combined action of some plants on the 
skin and exposure to the sun has been known 
since ancient times, several centuries B.C. In 
India, Psoralea corylifolia (Leguminosae fam-
ily) was used to treat vitiligo, and in Arab 
countries Ammi majus (Umbelliferae fam-
ily). More recently, in 1834 the bergapten 
(5-methoxypsoralen) was isolated from Citrus 
bergamia. In 1916, Freund described skin 
pigmentation due to bergamot oil, contained 
in perfumes [62]. For the first time, in 1932 

Fig. 16.11  Allergic contact dermatitis due to compresses with infusion of Capparis spinosa for articular pain 
(Reproduced with permission by Angelini and Coll [36])
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Oppenheim [63] reported “dermatitis bullosa 
striata pratensis”, and then in 1942 Klaber [64] 
introduced the term phytophotodermatitis. In 
1938 the cause of this manifestation had been 
shown to be furocoumarins, and the follow-
ing year the UV range responsible was dem-
onstrated to be in most cases between 320 and 
380 nm (UVA) [65].

16.3.6.1  Phototoxic Plants
There are countless photosensitizing plants, 
that are ubiquitous in the environment 
(Table 16.3) [3]. Most of the species belong 
to the Umbelliferae, Rutaceae and Moraceae 
families; species contained in other families are 

less important. The phototoxic action of some 
Compositae is not due to furocoumarins but to 
thyophenes, that are phototoxic only in micro-
bial systems [66].

Umbelliferae. There are more than 200 spe-
cies of Heracleum spp, that are ubiquitous 
worldwide, although there are major differences 

Table 16.2  Plants known to elicit contact urticaria

Amaryllidaceae Graminaceae
Agave americana Secale cereale

Narcissus spp Zea mays

Anacardiaceae Iridaceae
Semecarpus anacardium Iris spp
Araceae Leguminosae
Monstera deliciosa Dalbergia latifolia

Trifolium pratense

Chenopodiaceae Liliaceae
Salsola kali Asparagus officinale

Tulipa spp
Compositae Lythraceae
Aster spp Lawsonia inermis

Chrysanthemum spp Myrtaceae
Gerbera spp Eucalyptus spp
Helianthus annuus Proteaceae
Lactuca sativa Grevillea juniperifolia

Senecio cruentus Rosaceae
Tanacetum cinerariaefolium Crataegus monogyna

Coniferae Pedaliaceae
Thuya plicata Sesamum indicum

Equisetaceae Rubiaceae
Equisetum arvense Cinchona spp
Euphorbiaceae Sterculiaceae
Hevea brasiliensis Triplochiton 

scleroxylon

 Ricinus communis

Geraniaceae Urticaceae
Linum usitatissimum Cannabis indica

Humulus lupulus

Verbanaceae
Tectona grandis

Table 16.3  Some plants containing furocoumarins

Pso = psoralen (ficusin), 5-MOP = 5-methoxypsoralen 
(bergapten), 8-MOP = 8-methoxypsoralen, Ang = angeli-
cin (isopsoralen), Xan = xanthotoxol, Ber = bergaptol

Family Species Furocoumarins
Moraceae Ficus carica Pso, 5-MOP, 

8-MOP
Rutaceae Ruta graveolens Pso, 5-MOP, 

8-MOP, Ang

Ruta montana 8-MOP

Ruta chalepensis 8-MOP

Citrus bergamia 5-MOP

Citrus aurantium Berg

Citrus limonum 5-MOP

Citrus aurantifolia 5-MOP, Ber

Citrus acida 5-MOP

Dictamnus albus 5-MOP

Fagara 
zanthoxyloides

5-MOP, 8-MOP

Fagara schinifolia 5-MOP

Zanthoxylum flavum 8-MOP

Umbelliferae Angelica silvestris Pso, 8-MOP

Angelica keiskei Pso, 5-MOP, Ang

Angelica 
archangelica

5-MOP, 8-MOP, 
Ang, Xan

Angelica glabra Ang
Ammi majus 5-MOP, 8-MOP
Ammi visnaga 5-MOP, 8-MOP
Ligusticum 
acutifolium

5-MOP

Ligusticum 
acutilobum

5-MOP

Pastinaca sativa 5-MOP, 8-MOP
Heracleum spp Pso, 5-MOP, 

8-MOP, Ang
Pimpinella magna 5-MOP
Pimpinella 
saxifraga

5-MOP

Petroselinum sativum 5-MOP
Apium graveolens 5-MOP
Levisticum spp 5-MOP

Leguminosae Psoralea corylifolia Pso, Ang
Coronilla glauca Pso
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in their phototoxic power, as demonstrated 
with the in vitro Candida albicans test [67]. 
Photodermatitis due to Heracleum mantegaz-
zianum is a well known complaint [68] that has 
also been reported in Italy [69]. It has also been 
described in children who use the hollow stalks 
of Heracleum as telescopes, peashooters and fla-
geolets: the onset of the manifestations occurs 
after about 36 hours in exposed sites (around the 
mouth or eyes or on the back of the hands) [1].

Angelica spp, native to central and northern 
Europe, is widely grown for its aromatic stems 
employed for industrial use in the production 
of sweets and liqueurs; the oil from the roots is 
used as a scented essence.

Ammi majus, a perennial that grows in fields 
and gardens, is native to the Mediterranean 
area and widespread in Europe, North America, 
Argentina and central Asia. It is particularly 
abundant in the Valley of the Nile, where it has 
been used to treat vitiligo since ancient times.

Phototoxic Umbelliferae also include some 
vegetables. Apium graveolens (celery) can be 
infected by the Sclerotinia sclerotiorum fun-
gus. Infected plants can cause contact photoder-
matitis in workers gathering the crop, being an 
example of pseudophytophoto reactions. In fact, 
8-methoxypsoralen and 5-methoxypsoralen have 
been isolated from infected celery but are absent 
in the healthy vegetable [70, 71]. Daucus carota 
(carrot) and Pastinaca sativa (parsnip) are pho-
totoxic, too. Petroselinum sativum (parsley) con-
tains 5-methoxypsoralen above all in the leaves, 
and in higher quantities during the summer. The 
quantitiy of parsley bergapten ingested during a 
meal has been estimated to be about 0.5–0.8 mg, 
not enough to cause skin phototoxicity [72]. 
Instead, it is possible for contact with the juice 
from chopped parsley to induce a modest der-
matitis or photopigmentation of the hands.

Rutaceae. The Citrus genus is widely cul-
tivated for the fruit and essential oils; the lat-
ter are used in perfumes, liqueurs, syrups and 
medicaments. The components present in this 
genus include psoralens (phototoxic), citral and 
lemonene (sensitizing substances). Citrus ber-
gamia, the most famous bergamot strain, grows 
in the south of France and also flourishes in 

Apulia (Italy) and above all in Calabria (Italy). 
Although the phototoxic action of its oil has 
long been known, it was used until a few years 
ago in perfumes, some types of tea and in tan-
ning cosmetics (nowadays, its use is banned 
by European norms unless the furocoumarin 
component has been removed). Clinical pic-
tures induced by the Citrus genus include skin 
irritation, sensitization and contact photosensi-
tization [73]. We have often observed a perioral 
pigmented dermatitis in subjects who suck ber-
gamot fruits.

The Dictamnus species (from mount Dicte 
on Crete) grows wild in the Mediterranean 
 area. The best known species is Dictamnus 
alba, also known as the “gas plant” or “burning 
brush”, because it can self-combust on very hot 
days due to the inflammable oils content. Some 
varieties, with white or purple flowers, are also 
cultivated in northern Europe [74]. It has been 
demonstrated that D. alba contains not only 
furocoumarins but also dictamine, a phototoxic 
alkaloid [75]. This species induces linear vesico-
bullous photoreactions, followed by persistent 
pigmentation that lasts for months. The com-
plaint is occupational in botanists but most often 
due to chance contact.

Common rue (Ruta graveolens) grows wild 
but is also cultivated in southern Europe and in 
America. Its medicinal properties have been 
known since early times and it is still used 
in homeopathic practice. Apart from being 
believed to chase off witches, in the Middle 
Ages it was attributed various diuretic and 
medicinal properties. It is used in cooking, and 
its oil in perfumes [76, 77]. A particular use is 
in grappa; moreover, dried rue flowers are very 
ornamental.

Moraceae. Ficus carica L., the fig tree, is 
believed to be native to the Middle East (Syria) 
but is widely cultivated in the Mediterranean 
area and other warm zones worldwide, in some 
of which it also grows wild (Fig. 16.12). The 
branches, leaves, and skin of the fruit, when 
cut, exude a rubbery sap that contains many dif-
ferent compounds, such as various proteolytic 
enzymes (ficin, triterpinoids, protease, lipodia-
stase, amylase), and furocoumarins (psoralen, 
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8-methoxypsoralen, 5-methoxypsoralen and 
4′-5′-dihydropsoralen). The enzymes have an 
irritant potential and so can aggravate the photo-
toxic effect of the coumarins [78–84].

Various cases of photocontact dermatitis from 
the fig plant have been reported [62, 79, 81–89]. 
The condition is frequent in Southern Italy [20, 
90–92] and in Turkey, where about 10% of fig 
pickers develop a contact dermatitis [93].

Other Phototoxic Plants. The Leguminosae, 
Rosaceae, and Compositae families  contain some 
phototoxic species. Among the Leguminosae, 
Psoralea corylifolia is known for its therapeu-
tic effect on vitiligo; the plant has a strong scent 
and grows in tropical and subtropical areas. A 
phototoxic effect of the polyacetylenes con-
tained in the stems, leaves, and roots of some 
Compositae (ambrosia, chrysanthemum, dahlia, 
chamomile) has been demonstrated [94].

16.3.6.2  Photoactive Agents
Furocoumarins are tricyclic hydrocarbons 
with a furan ring condensed to a coumarin ring 

(benzopyrone) (Fig. 16.13) [62]. They increase 
the skin susceptibility to light, causing an exag-
gerated erythematous reaction (sunburn) and 
resulting pigmentation. Some of the furocou-
marins isomers are called psoralens. Of the vari-
ous isomers, only those with a linear structure 
resembling psoralen are photoactive; the angular 
structure, like that of pimpinella and angelicin, 
annul or reduce the photoactivity of the com-
pound. Furocoumarins absorb photons and form 
photoadducts with the DNA pyrimidine bases 
cytosine, uracyl and thymine. This gives rise to 
short-lived high energy states, whose dissipation 
is what causes the cellular damage. Psoralen is 
much more phototoxic than 5-methoxypsoralen 
and 8-methoxypsoralen. The phototoxicity of 
furocoumarins is increased by the presence 
of the methyl groups CH3 in positions 5′, 4, 3 
and above all 5 and 8. This phototoxicity is 
decreased in the presence, at the same sites and 
in 4′, of other chemical groups (OH, Br, etc.) 
[3]. The absorption spectrum of furocoumarins 
lies between 210 and 330 nm, and changes, as 

Fig. 16.12  Ficus carica
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does the action spectrum, at longer UVA wave-
lengths when the furocoumarins are complexed 
with the DNA. Among the linear psoralens, 
5-methoxypsoralen is present in most phototoxic 
plants; 8-methoxypsoralen is also contained in 
various plants, while psoralen is only present in 
few species.

Plants with a phototoxic action contain about 
0.5 g of linear psoralens per 100 g of dry mate-
rial. In any case the content varies in the differ-
ent portions of the plant, according to its age, 
and in the different seasons.

16.3.6.3  Clinical Features
Phytophotocontact reactions are observed dur-
ing the warmer months, both because of the 
stronger sunlight and of the greater quantity of 

photoactive compounds in plants. An important 
factor in determining these reactions is also the 
environmental humidity, that increases the per-
cutaneous absorption of furocoumarins. The pic-
tures, of occupational or non occupational type, 
can be acute or delayed and are due to a direct 
toxic mechanism in most cases, an immunologic 
mechanism being more rarely observed. The 
onset of acute clinical manifestations occurs after 
about 24 hours from the contact, and includes 
intense erythema, edema, vesicles and blisters, 
with a figured, bizarre pattern. The lesions affect 
sites of contact and are accompanied by pruritus 
and above all burning. The inflammation process 
will reach a peak after about 72 hours and then 
resolve in 1–2 weeks, leaving hyperpigmentation 
that may even last for months.

Fig. 16.13  Chemical structures of furocoumarins
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Phototoxic Contact Reactions
Phototoxic reactions manifest in three possible 
clinical forms.

Phototoxic contact dermatitis. The clinical 
picture varies according to the season. Every 
year, in the late spring, summer and early autumn, 
we observe many cases of photocontact der-
matitis from Ficus carica (Fig. 16.14). In late 
spring and especially the summer, the lesions 
are intensly erythemato-edemato-vesico-bullous 
because of the greater content of furocoumarins 
in the plant and the stronger light, while in early 
autumn (Fig. 16.15) the lesions are more mod-
est, featuring mild or no exudation, because of 
the different conditions. In children, we some-
times observe a modest erythemato-vesicular 
dermatitis around the mouth, resulting from con-
tact with the sap that leaks from the peel when 
the fruit is detached from the plant and immedi-
ately eaten. It should be noted, however, that the 

fruit itself is not harmful as it does not contain 
furocoumarins [81].

The sites affected will vary according to the 
mode of contact with the plant. In general, the 
hands and forearms are most frequently affected 
but the trunk may also be involved due to the 
sap dripping down the body.

As well as being a spontaneous complaint, 
the dermatitis induced by F. carica can be 
induced by a decoction of the leaves, which may 
be used as a tanning agent (Fig. 16.16) [20, 92], 
or as a remedy for a pre-existing dermatosis 
[95]. Cases induced by a tanning decoction are 
obviously severe, both because of the vast sur-
face involved and of the deliberate exposure to 
the sun.

Dermatitis Bullosa Striata Pratensis. This 
form, whose name was coined by Oppenheim 
[63], occurs only when two conditions are pre-
sent: the skin must be wet, and must be exposed 

Fig. 16.14  Bullous phototoxic contact dermatitis from Ficus carica (in the summer) (Reproduced with permission 
by Bonamonte and Coll [49])
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to the sun. The complaint appears most fre-
quently after sunbathing in meadows. The onset 
occurs after 24–48 hours from the contact, and 
features striped erythemato-edematous and 
vesico-bullous lesions in various sites, with a 
bizarre distribution (Figs. 16.17, 16.18, and 
16.19). The dermatitis persists for 8–10 days 
and leaves a hyperchromic outcome that is very 
slow to resolve.

The culprit plants vary from country to 
country, of course. Characteristically, the com-
plaint, that affects all exposed subjects, is not 
experimentally reproducible even if the plant 
responsible is used, due to the impossibility of 
reproducing the appropriate climatic conditions. 
Perhaps for these same reasons, the frequency of 
this dermatitis varies from year to year.

Berloque Dermatitis. This disease, the most 
discrete of all phototoxic eruptions, appears as 
a characteristic pigmentation; the patient does 
not generally remember what conditions elic-
ited it. The eruption onset is due to contact with 
cosmetic products (lotions, eau de toilette, after-
shave lotions) containing furocoumarins (see 
Chap. 17). This dermatitis should no longer be 
observed since the European norms ban the use 
of psoralens in cosmetics unless they have been 
defurocoumarinized. In rare cases it would pre-
sent with an initial acute erythematous phase, 

of fairly modest proportions that, in fact, often 
went unnoticed.

There is certainly an individual susceptibility to 
this form, even if the mechanism is not entirely 
clear. The complaint is difficult to reproduce. 
The sites most often affected are the sides of 
the neck, but we have also observed it on the 
trunk and limbs. The hyperchromic manifesta-
tions, that reflect the track of the perfume slid-
ing down the skin, persist for months. Diffuse 
forms are also possible, linked to the use of sun-
creams with a bergamot oil base. They mimic 
post-inflammatory streaked pigmentation. To 
elicit the complaint, the interval between the use 
of the perfume and exposure to the sun must not 
exceed 1–2 hours.

Photoallergic Contact Reactions
The pathogenic mechanism underlying con-
tact dermatitis to psoralens is still debatable. 
Phototoxic dermatitis is certainly the most fre-
quent type of reaction resulting from psoralens.

Many cases of contact allergy [96–99] and 
photocontact allergy [97, 100–104] after expo-
sure to furocoumarins have been reported in the 
literature, acquired during topical or systemic 
therapeutic procedures for eczema, psoriasis, 
vitiligo, and alopecia areata. By contrast, pho-
toallergic reactions to psoralens resulting from 

Fig. 16.15  Erythematous phototoxic contact dermatitis from Ficus carica (in the autumn)
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contact with plants have rarely been reported. 
Ljunggren reported a patient with photocon-
tact allergy to the psoralens xanthotoxin, ber-
gapten, and imperatorin in parsley (Petroselinum 

sativum) [105]. Kavli and Volden exposed them-
selves repeatedly to psoralens and plant parts 
from Heracleum laciniatum, and photocontact 
allergy was induced to the psoralens sphondin 
and isobergapten after five and six exposure ses-
sions, respectively [62]. Two cases of occupa-
tional photocontact allergy to the leaf, stem and 
latex of Heracleum mantegazzianum were also 
reported [68, 69].

In a study of ours, we reported the results 
of patch and photopatch tests in 47 cases of 
contact dermatitis to Ficus carica [20]. In 12 
subjects, photopatch tests revealed positive 
reactions to ethanol extract of cut leaves and 
8-methoxypsoralen, in some cases down to a 
concentration of 0.0001%. All non-irradiated 
control tests were negative in these patients, 
thereby ruling out ordinary contact allergy. The 
histological picture of the positive photoreac-
tion sites to 8-methoxypsoralen at 0.0001% was 
strongly consistent with contact allergy, featur-
ing spongiosis and exocytosis in the epidermis 
and a perivascular lymphohistiocytic infiltrate in 
the superficial dermis (Fig. 16.20) [20].

Psoralens have a variable sensitizing poten-
tial. It would seem from literature reports and 
our findings that of the various compounds, 
8-methoxypsoralen is the strongest agent (both 
when used for therapeutic purpose and after 
accidental contact with the plant), followed by 
5-methoxypsoralen. Both these psoralens are 
present in Ficus carica but our patients were 
positive only to 8-methoxypsoralen and not to 
5-methoxypsoralen or 4,5’,8-trimethylpsoralen 
(TMP), a synthetic compound [20]. This posi-
tivity to 8-methoxypsoralen could be linked to 
its higher photoreactivity as compared to the 
parent molecules. It is not possible to state 
for certain that negative photopatch tests to 
5-methoxypsoralen and TMP exclude the pos-
sibility of a cross reaction with 8-methoxypso-
ralen [20].

The differential diagnosis betwen phytopho-
totoxic and phytophotoallergic contact derma-
titis is not easy. In our experience, the clinical 
picture is similar in the two conditions, featuring 
erythemato-vesico-bullous lesions with a bizarre 
distribution (Figs. 16.21, 16.22, 16.23, and 

Fig. 16.16  Phototoxic contact dermatitis induced by 
decoction of leaves of Ficus carica used as tanning agent
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16.24) [107]. Some relative clinical differences 
are the involvement of unexposed sites and the 
more modest residual pigmentation in cases of 
allergy. Clearly, photopatch tests are necessary 
to ascertain whether the clinical picture is of a 
toxic or an allergic nature (Table 16.4).

16.4  Occupations Posing Individuals 
at Risk

Obviously, occupational plant dermatitis occurs 
more frequently in certain occupations, depend-
ing on the risk of exposure to the plant and its toxic 

Fig. 16.17  Dermatitis striata pratensis

Fig. 16.18  Dermatitis striata pratensis
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capacity [5]. Table 16.5 shows the occupations 
most often affected. There are several possible clin-
ical pictures, some of which are more frequent or 
less frequent within specific occupational groups.

Certainly, contact reactions to plants are 
very frequent in farm workers, and Compositae 
dermatitis is perhaps most often observed in 
this occupation. The risk of plant dermatitis is 

Fig. 16.19  Dermatitis striata pratensis

Fig. 16.20  Histological picture of positive patch test reaction to 8-methoxypsoralen: spongiosis, exocytosis and 
perivascular lymphohistiocytic infiltrate
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also high in bakers, and higher in women than 
men. Among the various clinical forms, the 
most frequent in this category is protein contact 
dermatitis.

Bar-tenders can be exposed in a more lim-
ited number of ways; contact is above all with 
citrus peel (lemons, limes, and oranges) and 
mint. Beekeepers may be exposed to allergens 
present in propolis, while healthcare work-
ers can develop allergic contact urticaria from 
some plant derivatives, such as natural latex 
from Hevea brasiliensis and cornstarch from 
Zea mays. Masseurs may sensitized to various 
ointments containing fragrances. Foresters are 
exposed to a great variety of plants and lichens 
[106]. Floristry is considered to be a rather 
risky occupation; the most common contact 
reactions are those to Compositae [107, 108]. 
Pharmaceutical workers are sometimes exposed 
to plants materials, as also textile workers. 
Among tobacco workers, the leaves of Nicotiana 

tabacum tobacco may cause hand dermatitis 
more commonly in workers producing cigars 
than cigarettes because the latter process is more 
automated. In this work category, in any case, 
the most prevalent complaint is irritant plant 
dermatitis [109–111].

16.5  Dermatologically Important 
Plants

Only the plants most commonly causing phyto-
dermatoses are considered below [1, 3, 5–7, 19].

Alliaceae. Members of this family are 
widely grown and used for culinary purposes. 
Occupational dermatoses (immediate and 
delayed reactions) are commonly reported due 
to garlic (Allium sativum L.) and onion (Allium 
cepa L.). A characteristic dermatitis is circum-
scribed hyperkeratotic eczema of the fingers, 
generally of the left hand, in particular the 
thumb, index and middle fingers used to grasp 

Fig. 16.21  Photoallergic contact dermatitis from 8-methoxypsoralen in Ficus carica



340 D. Bonamonte et al.

Fig. 16.22  Photoallergic contact dermatitis from 8-methoxypsoralen in Ficus carica

garlic bulbs. The incriminated substances are 
lachrymatory thiopropanal-S-oxide from onion 
and allicin, diallyl disulphide and allyl propyl 
disulphide from garlic. Diallyl disulphide 5% 
seems to be useful in patch tests in cases of 
garlic dermatitis, although 1% pet. may carry a 
lower risk of irritancy.

Alstroemeriaceae and Liliaceae. The 
Alstroemeria (Alstroemeriaceae family) 
and Tulipa (Liliaceae family) genera release 
the allergen tulipalin A (α-methylene-γ-
butyrolactone) when the plant material is dam-
aged. Contact dermatitis in bulb handlers and 
florists is an important and common occupa-
tional risk; both contact irritation and contact 
allergy can be observed. Collectors and packers 
of tulip bulbs present the characteristic derma-
titis called “tulip fingers”, a painful dry fissured 
hyperkeratotic dermatitis of the periungual 

regions, fingers and hands. This eczema is 
common in the Netherlands and other parts of 
Europe. The allergen is present in particular in 
the skin of the bulbs, but those handling the cut 
flowers can also be affected.

Amaryllidaceae. This family comprises many 
species, some of which are extensively culti-
vated for cut flowers and the perfume industry, 
including daffodils, narcissi, and jonquils. The 
Narcissus genus is an important occupational 
hazard owing to its irritant and allergizing prop-
erties. Raphides of calcium oxalate, contained 
in the bulbs, cause irritant dermatitis; the alka-
loids masonin and homolycorin in the calyx and 
corolla induce allergic contact dermatitis.

Anacardiaceae. This family comprises over 
600 species and is considered to be responsible 
for more dermatitis forms than all the other plant 
families taken together [1]. The Toxicodendron 
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Fig. 16.23  Photoallergic contact dermatitis from 8-methoxypsoralen in Ficus carica

genus, that includes poison ivy (Toxicodendron 
radicans), poison oak (T. toxicarium), and poi-
son sumac (T. vernix), is dermatologically the 
most hazardous. About 50 to 60% of North 
Americans develop contact allergy to poison ivy 
and related plants [112]; in contrast, poison ivy 
dermatitis is extremely rare in Europe because 
these plants are not a part of the natural flora. 
The allergens are alkyl catechols (pentadecyl-
catechols, urushiol) [113], present in all parts of 
the plant even when dry. In addition to allergic 
contact dermatitis, airborne contact dermatitis 
can be observed, due to the fumes from burning 
plants. There is also a risk of dermatitis induced 
by indirect contact with urushiol-contami-
nated clothing or pets. The Ginkgoaceae and 
Proteaceae families contain the same contact 
allergens, raising a risk of cross-reactions.

Compositae (or Asteraceae). Contact allergy 
to Compositae (over 20,000 species) is the most 
frequent cause of plant dermatitis worldwide. 
This family includes ornamental plants such 
as flowers (e.g., chrysanthemums, dahlias), 
vegetables (e.g., chicory, lettuce), herbs and 

common native and imported weeds (e.g., rag-
weed, feverfew, yarrow, Ambrosia, Parthenium 
hysterophorus). The dermatitis initially affects 
the hands and can then extend, also depicting a 
characteristic airborne pattern in skin folds and 
areas shielded from sunlight. Chronic actinic 
dermatitis can ensue after repeated episodes of 
airborne challenge. Horticulturists, florists, and 
nursery workers are frequently at risk although, 
in fact, nobody can really avoid being at risk. 
The onset of dermatitis can also follow contact 
with perfumed skin care products. Together 
with Anacardiaceae, Compositae are causes of 
systemic contact dermatitis resulting from the 
ingestion of homeopathic pills or teas, or of 
vegetables and spices [43, 114]. The sensitiz-
ing sesquiterpene lactones (of which there are 
more than 5,000), the terpenoids responsable for 
Compositae contact dermatitis, are contained in 
resin canals within the stem and on trichomes 
on the surface of the stem and leaves [115–117]. 
The various “sequiterpene lactone mix” for-
mulae used in patch tests are unsatisfactory for 
various reasons: they only detect allergy in a low 
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Fig. 16.24  Photoallergic contact dermatitis from 8-methoxypsoralen in Ficus carica (Reproduced with permission 
by Bonamonte and Coll [107])

Table 16.4  Clinical characteristics of phytophototoxic 
reactions and phytophotoallergic reactions

Phytophototoxicity Phytophotoallergy
Collective effect Individual effect
Erythema, edema, vesicles, 
bullae

Erythema, edema, vesi-
cles, bullae

Lesions in photoexposed 
sites

Lesions extend beyond 
areas exposed to light

Figured and bizarre lesions Figured and bizarre 
lesions

Intense residual 
pigmentation

Modest secondary 
pigmentation

Not experimentally 
reproducible

Difficult to reproduce

Negative photopatch tests Positive photopatch tests

percentage of patients, carry a risk of active sen-
sitization, and may yield a false positive irritant 
reaction. Recently, a modified sesquiterpene lac-
tone mix has been proposed, that seems to be a 
more sensitive test material [118].

Cruciferae. Together with the Cleomaceae 
and Capparidaceae families (Capparis spinosa) 
[36], Cruciferae contain glucosinolates, many 
species of which release mustard oils (isothio-
cyanates) when the plant material is damaged. 
These mustard oils impart a pungency to the 
plants, which is the reason why they are often 
used as foods (cabbages, cauliflowers, Brussels 
sprouts, broccoli, radish, mustard, turnips, etc.). 
Due to their irritant potential, mustard oils are 
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Table 16.5  Occupations and workers exposed to plants 
and their products

Agricultural workers, farmers
Bakers, chefs, food-service workers, food handlers
Bartenders
Beekeepers
Botanists
Carpenters
Grocery workers
Healthcare workers
Gardeners, fruit pickers, horticulturists
Masseurs, homeopaths
Food processing workers
Foresters
Florists, flower sellers, flower pickers
Herbalists
Dentists (e.g., oil of cloves)
Musicians
Pharmaceutical workers
Cosmetologists, perfumiers, beauticians
Laboratory workers
Textile workers
Tobacco workers
Wood cutters
Wood workers

Sportsmen

also used in folklore medicine as counterirri-
tants and in rubefacient ointments. These plants 
are responsible for contact allergy, prevalently in 
food handlers. The compounds that most often 
cause dermatitis are allyl, phenyl and benzyl iso-
thiocyanates; in cases of dermatitis induced by 
Capparidaceae it is necessary to test methyl iso-
thiocyanate, too [36, 119]. The concentration in 
patch tests must be in the range 0.1–0.05% pet. 
to avoid irritant reactions.

Lichens. They consist of a fungus and an alga 
growing together in symbiosis, and are found 
on walls, roofs, rocks and trees. The sensitiz-
ing species include Parmelia, Evernia, Usnea, 
and Cladonia. Affected subjects are above all 
forestry workers and lichen pickers. The derma-
titis affects the hands, forearms, face and other 
exposed sites. Contact allergy is also possible 
due to perfumes containing oak moss (derived 
from Evernia prunastri Arch). An abnormal 
photoallergy and an airborne contact dermatitis 

are also possible [120–122]. The allergizing sub-
stances are atranorin, usnic acid, evernic acid 
and others; they need to be tested at 0.1 or 1% 
pet. [123, 124].

Primulaceae. Of this widespread family, only 
primula (Primula obconica Hance) is a common 
dermatological hazard. It grows everywhere 
in Europe as a house and greenhouse plant 
because of its long-lasting flowers (Figs. 16.25 
and 16.26). Per many years, contact sensitivity 
to primula was the most common cause of plant 
dermatitis in Europe; nowadays the problem is 
much less serious, partly because contact with 
the plant is avoided owing to its reputation for 
inducing skin complaints and partly because of 
the development of the “hypoallergenic” cul-
tivar, that contains less primin. There is ample 
literature on contact dermatitis to Primula 
obconica. Primin, a quinone, is the main aller-
gen, but miconidin can be sensitizing, too 
[125, 126]. Primin can also induce erythema 
multiforme-like reactions (Fig. 16.26) [37, 127].

Ranunculaceae. Many members of this fam-
ily can be irritant, and that is why they are used 
as counterirritants in medicine for the treat-
ment of rheumatic joints. The family members 
most commonly implicated in contact irritation 
are Anemone nemerosa L., Clematis vitalba L., 
Pulsatilla vulgaris Miller, Actaea spicata L., 
Ranunculus arvensis L., Ranunculus bulbosus 
L., Ranunculus repens L., etc. The irritant sub-
stance is protoanemonin, released when the 
plant material is damaged.

Umbelliferae, Rutaceae, Moraceae. The 
members of these families are common causes 
of phototoxic and, more rarely, photoallergic 
contact dermatitis. The photosensitizing agents 
are psoralens. Since many members of these 
families are major sources of food (fig, citrus 
fruits, parsnip, and celery), phototoxic dermati-
tis can be linked both to occupational and non 
occupational contact. The word psoralen derives 
from the species Psoralea corylifolia L. (family 
Leguminosae), whose seeds have been used to 
treat vitiligo.

Woods. Contact dermatitis from woods is 
occupational and is observed in carpenters, join-
ers, and cabinet makers. This is generally an 
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Fig. 16.25  Primula obconica

airborne contact dematitis linked to the accu-
mulation of wood dust adhering to sweaty skin 
areas (the axillae, groin) and the wrists and 
ankles, as well as the hands, face and neck. 
The dermatitis can be associated with systemic 
symptoms due to the inhalation of these dusts 
[2, 3, 128–130].

Although it is a rare occurrence, contact der-
matitis can also arise in the end-users of wooden 
products, such as necklaces [131], bracelets 
(Figs. 16.27, and 16.28) [132], knife handles 
[133].

The most common sensitizer woods are those 
to be found in tropical and subtropical regions, 
while allergy to woods from temperate climes 
(ash, beech, birch, and poplar) are less frequent. 
The most common allergens are the quinones, 
such as 2,5-dimethoxy-1,4-benzoquinone. 
Given the ubiquitous nature of quinones, cases 
of cross-sensitivity are frequent [134]. Other 
well known allergens include turpentine oil and 

colophony, derived from pines (Pinus spp.), 
firs (Abies spp.), spruces (Picea spp.), of the 
Pinaceae family. Once the culprit wood has been 
identified, patch tests can be performed with 
freshly made sawdust, 10% pet., on the patients 
and on controls, in view of the possibility of an 
irritant reaction [128, 129].

16.6  Pseudophytodermatitis

These eruptions seem to be linked to contact 
with plants but are actually produced by para-
sites (mites) that infest plants or their products, 
by dyes and waxes applied to the skin of the 
fruit, or by various chemical substances used to 
treat plants [7].

Pseudophytodermatitis Due to Mites. 
Farmers and other workers in contact with 
cereals (wheat, barley, rye) can be infected 
by parasitic mites (Pyemotes ventricosus) 
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caterpillars, can induce a peculiar urticarial 
and papular eruption [135]. The dermatitis is 
observed in occupational settings (lumberjacks, 
woodcutters, other forestry personnel, residen-
tial gardeners, nurserymen, resin collectors, 
stockbreeders, and entomologists) and even 
more in extraoccupational situations, such as 
among tourers and campers. Depending on the 
mode of contact, the lesions can be confined 
(direct contact with caterpillars) or multiple and 
extended (aeromediated contact with the irritant 
hairs that can pass through clothes). In the lat-
ter case the lesions will affect both sites open to 
airborne contact, and covered sites. The eruption 
onset occurs 1–12 hours from contact, or more 
rarely some days after. Itching is intense and con-
tinuous, with intermitting flares. Clinically, the 
eruption manifests with red macules and papules, 

(Pediculoides). The skin eruption will be gen-
eralized, with pomphoid, vesicular, pustulous 
and petechial lesions. Frequent bathing and 
changes of clothes can prevent the infestation; 
impregnating clothes with benzyl benzoate can 
also be efficacious [7]. Tyroglyphus farinae, the 
flour mite, can parasitize food in homes, like 
T. siro, the cheese mite, that also parasitizes 
dried fruit, sugar and bulbs. Cheese mites do 
not suck blood but they migrate to the stratum 
corneum, inducing a pruriginous eruption that 
is difficult to differentiate from allergic contact 
dermatitis. Many other mites that infest cereals, 
cotton seed and dried fruit (Carpoglyphus pas-
sularum) can parasitize man.

Pseudophytodermatitis Due to Hairs of 
Caterpillars. Due to their microscopic hairs 
containing various histamine substances, pine 

Fig. 16.26  Allergic erythema multiforme-like eruption from primin (Reproduced with permission by Bonamonte 
and Coll [37])



346 D. Bonamonte et al.

Fig. 16.27  Wooden religious bracelet with positive patch test reaction to furocoumarins

3–8 mm in diameter, overlapping an urticarial 
base; papules can be surmounted by vesicles. 
Purpuric and scratching lesions are common 
findings. Often, the clinical characteristics mimic 
those of strophulus, sometimes with bullous 
lesions. The eruption evolves in 3–4 days. In 
about 10% of cases there is ocular involvement, 
with an immediate inflammatory reaction that 
worsens over the following days, featuring photo-
phobia, profuse tearing, and the formation of yel-
lowish conjunctival nodules [135] (see Chap. 11).

Pseudophytodermatitis Due to Chemicals. In 
rare cases, certified azo dyes applied to the skin 
of oranges and grapefruits may cause dermatitis. 
Various plant insecticides may also produce con-
tact dermatitis.

16.7  Clinical and Botanical 
Investigation

It is often difficult to identify the etiology of a 
plant contact dermatitis, since it is necessary to 
take into account the patient’s occupation, hob-
bies and any recent outdoor excursions. The eti-
ological study must proceed along the following 
steps [5–7, 13, 19, 136, 137].

Samples Collection. It is necessary to collect 
samples of all the plants the patient has come in 
contact with, including weeds. The whole plant 
should be gathered if possible, or the various 
portions (leaves, petals, branches, roots, fruits), 
since the allergens may be different from one 
portion to another. At least 3 samples of each 
species should be collected and stored in the 
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Fig. 16.28  Photoallergic contact dermatitis from furocoumarins in the bracelet in Fig. 16.27

Table 16.6  Some substances employed in plants series

Compositae mix 5% pet (adapt to local indigenous 
plants)
Propolis 10% pet
α-Methylene-γ-butyrolactone 0.01% pet
Primin 0.01% pet
Diallyl disulphide 1% pet
Tanacetum vulgare 1% pet

Chrysanthemum cinerariaefolium 1% pet

Achillea millefolium 1% pet

Arnica montana 0.5% pet.

Sequiterpene lactone mix 0.1% pet

freezer (one for identification purposes, one for 
skin tests and one to be used in chemical tests, if 
deemed necessary). Finally, the samples should 
be labeled by season and geographic area of 
collection.

Identification of the Species. Before proceed-
ing to skin tests, it is necessary to identify the 
species. For this purpose, the colloquial or ver-
nacular names of the plants are useless. To iden-
tify the plants it is best to rely on experts from 
botanic gardens, university botanic taxonomists, 
the Ministry of Agriculture, and herbalists.

Literature Data. After the identification, it is 
wise to consult the literature about the antigens 
(names, chemical formulae, irritant and/or sen-
sitizing potential, concentrations and vectors for 
skin tests) contained in the various plant por-
tions in this species.

Obtaining the Haptens. Consult the appropri-
ate catalogs of haptens already available on the 
market. If the substances are not yet available 
for skin tests, the catalogs of pure raw materials 
must be consulted.
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Preparation of the Plants to Be Tested. If no 
hapten is available on the market it is best to 
use the plant as is, preparing it in the follow-
ing manner. First of all, there is no need to test 
plants that are notoriously irritant. Secondly, the 
different parts of the plant must be tested sepa-
rately, using ‘ripe’ plants (that are potentially 
more allergenic than unripe plants), and that are 
also “fresh”, because over time the sensitizing 
power declines. Next, it is essential to perform 
the same tests in at least 20 controls to exclude 
irritant type reactions.

When possible, it is best to use essential oils 
in the tests, appropriately diluted according to 
literature data. Otherwise the procedure is as 
follows: (a) petals and small leaves are deli-
cately compressed; (b) leaves and branches are 
minced with scissors; (c) bulbs are cut in small 
pieces after removing the dry external layers; (d) 
wooden objects are tested through wood shav-
ings; (e) for woods, the sawdust is used.

To extract the antigens from these samples 
the sample must be immersed (after treatment 
as above) for 60–90 s in ether and left to dry by 
evaporation. Then the dry extract is resuspended 
in ether/acetone/ethanol/vaseline at concentrations 
ranging from 1 to 10%. Each author has their own 
method also as regards the extraction vector and the 
subsequent dilution. The above indications are sat-
isfactory for most antigens but literature data need 
to be consulted about particular haptens, whose 
concentration in patch tests may be less than 1%.

In the case of the more common Compositae 
plants, once treated as above, the respective por-
tion can be tested directly because the antigen is 
usually present on the surface in the trichomes.

Patch Tests. In addition to the standard series, 
these must include the appropriate plant series. 
However, only a few plant-derived haptens are 
available on the market, even if these can detect 
allergy to the majority of plants or provide clues 
on the basis of cross-reactions (Table 16.6) [19]. 
When necessary, the hapten material can be 
added with materials obtained directly from the 
plant, as described above.

Allergodiagnostic Skin Tests with Foods. 
For these purposes, the rub test and the scratch 
chamber test can be performed. The former 

involves gently rubbing a piece of raw food on 
the flexory face of the forearm. In cases of con-
tact urticaria the immediate reading is obtained 
after 20 min. IgE-mediated forms need to be 
confirmed by in vitro immunologic tests. If the 
rub test is negative, the scratch chamber test 
can be done: the food (if dry it should be damp-
ened with blotting paper) is applied on scarified 
skin (a scratch 5 mm long), that is then cov-
ered. Reading is made after 20 min for immedi-
ate reactions, then the site is again covered and 
readings made at 1, 2 and 4 days for delayed 
reactions.

Results and Relevance. The validity and rel-
evance of patch tests results may be difficult 
to establish. As regards positive reactions to 
plant material used “as is”, it must be taken into 
account that the reaction could be due to contami-
nants of the plant material such as pesticides or 
other agricultural chemicals, or by fungi. Even the 
use of high concentrations of the extract can be a 
cause of false positivity, nor must the possibility 
of active sensitization be underestimated. There 
could also be possible false-negative reactions in 
cases of insufficient concentration of the allergen, 
especially when the plant material is not fresh.

The relevance of positive patch tests is par-
ticularly difficult to establish if the patient has 
handled various plants and for a certain length 
of time, and so could be sensitized to some or 
all of them. The cross-sensitization phenomenon 
further complicates the issue.

16.8  Prevention and Treatment

Wearing gloves can help to protect those han-
dling plants, although some types of gloves are 
permeable to allergens or can easily be pene-
trated by thorns. Nitrile gloves, for example, are 
resistant to tuliposide A, present in Alstroemeria 
and tulips [138]. In general, barrier creams are 
of little aid, although in the USA some prepara-
tions can limit or prevent reactions to poison ivy 
urushiol [139, 140].

The treatment of plant contact dermatitis is 
symptomatic. Potent topical corticosteroids and 
tacrolimus are valid (systemic corticosteroids 
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are justified in severe reactions). In cases of 
chronic active dermatitis due to airborne aller-
gens and persistent Parthenium dermatitis, aza-
thioprine, cyclosporin or mycophenolate mofetil 
are helpful.

Hyposensitization measures, such as using 
poison ivy in certain outdoor occupations, have 
so far proven ineffective [141]. The induction of 
tolerance in naïve subjects appears to be a more 
successful practice than desensitization of those 
who are already sensitized [142].
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and plants, which provoke intense hyperemia with 
a consequent rise in oxyhemoglobin levels) or 
less intense (as in nickel contact dermatitis with 
pinkish red lesions), sometimes featuring vari-
ous tones (i.e. purple in purpuric contact derma-
titis, lilac in lichenoid contact dermatitis, violet in 
phenothiazines contact dermatitis) [5]. In occu-
pational and non occupational contact dermatitis, 
however, there are multiform different clinical 
pictures depending on another pigment (melanin) 
or various environmental substances absorbed in 
the skin.

The forms of contact dermatitis that manifest 
with hyperpigmentation or hypopigmentation, 
or variform other discolorations are reported in 
Table 17.1, and the pathogenic mechanisms in 
Table 17.2.

17.1  Contact Hyperpigmentation

Hyperpigmentation can be melaninic, primary or 
secondary, and non melaninic.

17.1.1  Melaninic Hyperpigmentation

This includes clinical pictures that as primary 
forms manifest as hyperchromic lesions, not 
preceded by erythema, like berloque dermatitis, 
pigmented contact dermatitis, and pigmented 
cosmetic dermatitis.

© Springer Nature Switzerland AG 2021 
G. Angelini et al. (eds.), Clinical Contact Dermatitis, https://doi.org/10.1007/978-3-030-49332-5_17

The mechanisms responsible for  normal 
skin color are of both physical and 
 chemical-biological type. The epidermis behaves 
as an optical filter, whereby incident white vis-
ible light can be transmitted, absorbed, refracted 
in its 7 primary and secondary colors, or else 
reflected. Skin color derives from a combina-
tion of reflected and refracted light, whose 
wavelengths mainly depend on 4 biochromes, 
2 of which are intraepidermal (melanin and 
carotenoid) and 2 are intradermal (oxyhaemoglo-
bin and reduced haemoglobin) [1–7]. The main 
skin color determinant is melanin, with its broad 
absorption in the visible and UV range, that  
confers a variable brownish shade to the skin.

Environmental exposure disturbing these 
color factors may result in various pigmentary 
changes, as occurs in contact dermatitis over a 
very broad range of clinical-morphological fea-
tures (Table 17.1) [5, 6]. The most common clini-
cal type of contact dermatitis, apart from edema, 
papulo-vesicles and swelling, is characterized by 
erythema of intense type (due to most haptens, 
particularly nonsteroidal  anti-inflammatory drugs 
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There is a wide range of susceptibility, but 
the reaction occurs only in a small percentage 
of exposed subjects [8]. This variation depends 
on the degree of absorption of bergaptene, the 
quantity of perfume applied, and the inten-
sity and duration of exposure to UV light. Hot 
humid conditions favor absorption.

The distribution of the lesions can be quite 
bizarre, but their configuration is usually dis-
tinctive. It most often involves the lateral faces 
of the neck (Fig. 17.2), but other sites (the trunk 
and limbs) can also be affected (Figs. 17.3, 17.4, 
17.5, 17.6, and 17.7). Deep-brown pigmentation 
draws the pattern formed by drops of perfume 

17.1.1.1  Berloque Dermatitis
This is a primary (the affliction is rarely pre-
ceded by erythema) melaninic hyperchromia of 
variable intensity. It is an irritant contact phy-
tophotodermatitis caused by furocoumarins, 
especially bergaptene (5-methoxypsoralen) 
contained in Citrus bergamia (of the Rutaceae 
family) (Fig. 17.1), since the oil essence was 
commonly used in perfumes and tanning prod-
ucts. The typical pendant-like manifestations 
appeared if sun exposure occurred within 
2 hours of applying the perfume. The wave-
lengths involved were those higher than 320 nm 
[5, 6, 8–11].

Table 17.1  Most common colors and respective contactants in contact dermatitis

Color Tone Contactants Dermatitis
Red Bright Most irritants and allergens Common contact dermatitis

Pinkish Nickel Nickel contact dermatitis
Purpuric Textile azodyes, balsam of Peru, paraphe-

nylenediamine, isopropyl-N-paraphenylene-
diamine, Agave americana

Purpuric contact dermatitis

Lilac Color film-developing agents, nickel, meth-
acrylic acid esters, epoxy resin, aminogly-
coside, antibiotics

Lichenoid contact dermatitis

Violet Promethazine and other phenothiazines Phenothiazines contact dermatitis
Brown Tinopal CH3566, optical whitener, azodyes, 

cutting oils, paraphenylenediamine, 
fragrances, psoralens, anthralin, Juglans 
regia, Cynara scolymus, Lawsonia inermis, 
coaltar, permanganates, phenothiazines

Pigmented contact dermatitis
Berloque dermatitis
Pigmented cosmetic dermatitis
Juglans regia hyperchromia
Lawsonia inermis hyperchromia
Cynara scolymus hyperchromia
Anthralin discoloration
Permanganates discoloration 
Photocontact dermatitis (postinflammatory 
hyperchromia)
Phytophotocontact dermatitis (postinflam-
matory hyperchromia)

White Phenol and catechol derivates, sulphydryls, 
mercurials, cinnamic aldehyde

Chemical leukoderma
Contact dermatitis (postinflammatory 
hypochromia)

Black Metal particles (nickel, iron, platinum, sil-
ver, gold, copper), Toxicodendron, asphalt, 
coal dust, cadmium

Black dermographism
Black-spot poison ivy dermatitis
Occupational discolorations

Gray-brown Mercury, dioxins Contact with mercury and dioxins
Blue, blue-gray Silver salts, mercury, bismuth, cobalt, 

oxalic acid
Occupational discolorations

Yellow Dichromate, nitric acid and nitrates, picric 
acid and picrates, glutaraldehyde, fluores-
cein dye, 4,4′-methyldianiline

Occupational discolorations

Green Copper dust Occupational discolorations
Miscellanea Dyes Contact with dyes
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Table 17.2   Pathogenic mechanisms in the most common hyperpigmentation and hypopigmentation forms due to 
contactants

Pigmentation mechanism Mechanism Dermatitis
A. Hyperpigmentation

Melaninic Increased in melanin in the epidermis Berloque dermatitis
Post-inflammatory hyperchromia in photo- 
and phytophotocontact dermatitis

Vacuolar degeneration of basal cells of 
the epidermis and incontinentia pigmenti 
histologica

Pigmented contact dermatitis
Pigmented cosmetic dermatitis

 Non melaninic Contact with various chemicals Nail hyperpigmentation
Oxidation of contactant Contact hyperpigmentation from Cynara 

scolymus

Pigmenting chromophores in epidermis Contact hyperpigmentation from Juglans 
regia
Contact hyperpigmentation from Lawsona 
inermis
Hyperchromia due to self-tanning creams

Deposits of dyes, metallic substances or 
pigmented particles in the skin

Tattoos
Deposits of metallic substances
Black dermographism

B. Hypopigmentation

Melaninic Toxic action on melanocytes Chemical leukoderma
Increased mitotic rate of keratinocytes and 
diminished transfer of melanosomes from 
melanocytes to keratinocytes

Post-inflammatory hypomelanosis in con-
tact dermatitis

Fig. 17.1  Citrus bergamia
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running down the skin after application. The 
pigmentation is characteristically more accentu-
ated at the margins of the lesions, and persists 
for weeks or months. Even in affected subjects 
it is difficult to reproduce the lesions because 
it is not possible to combine all the factors fos-
tering the disorder. Histology demonstrates an 
increase of functioning melanocytes, that are 
 DOPA-positive and have a rich dendrites con-
tent, and of melanogenesis.

In the past years, we observed many cases 
of berloque dermatitis with skin involvement 
of either localized (perfumes) or more or less 
diffuse type (tanning products). Nowadays, 
European legislation bans the use of bergamot 
essence in cosmetics, save for its coumarin-free 
detoxed version. Nevertheless, we still occasion-
ally observe brown hyperchromia cases in the 
perilabial area, particularly in children who have 
eaten unpeeled bergamotti fruits. In fact, the  

C. bergamia cultivar is widespread in the south 
of Italy [6].

17.1.1.2  Pigmented Contact Dermatitis
Pigmented contact dermatitis is a non eczema-
tous variant of contact dermatitis, clinically 
characterized by hyperpigmentation with lit-
tle or no signs of dermatitis. The term was first 
coined in Denmark in 1969 by Osmundsen, 
who reported an epidemic of melanosis in 
Copenaghen [12, 13]. Of 120 patients observed 
over 8 months, 7 showed a pronounced and 
bizarre hyperpigmentation. In 4 of the 7 cases, 
contact dermatitis preceded the hyperpigmen-
tation, while in the other 3 there were no signs 
of dermatitis, such as erythema and swelling, 
before the development of the pigmentation. 
Hyperpigmentation, with or without a previ-
ous dermatitis, was localized above all on cov-
ered sites, in other words those of textile contact 

Fig. 17.2  Berloque dermatitis from fragrances



35717 Hyperpigmentation, Hypopigmentation and Discolorations …

dermatitis, such as the chest, back, waist, arms, 
neck and thighs. The pigmentation was brown, 
grayish-brown, reddish-brown or bluish-brown 
depending on the case, and often presented a 
reticulate pattern. The histopathology of the pig-
mentation demonstrated melanin deposits inside 
and outside the upper dermis melanophages 
(incontinentia pigmenti histologica).

Osmundsen noted that the patients had used 
washing powders containing a new optical whit-
ener, Tinopal or CH3566, one of the various 
optical whiteners employed to make textiles 
“whiter than white”. Patch tests with CH3566 
1% pet. showed strong positive reactions in the 
patients and negative results in the controls. 
Some patch test sites became pigmented. The 
dermatitis preceding the hyperpigmentation 
regressed when the patients ceased to use the 
washing powder, whereas the pigmentation was 
persistent.

In another epidemic of contact dermati-
tis (103 patients) from optical whiteners of the 

same type in Barcelona, Piñol Aguadé and Coll. 
reported strong hyperpigmentation in nearly 
half of their patients [14]. The higher incidence 
of hyperpigmentation in the Spanish compared 
to the Danish population is likely linked to the 
darker complexion of the Mediterranean people.

Subsequently, an occupational epidemic of 
pigmented contact dermatitis in a textile factory 
was reported by Ancona-Alayὁn et al. in Mexico 
[15]. Of 53 workers handling azodyes, 12 
developed a spotted hyperchromia without pru-
ritus, and 18 a hyperpigmentation but less pro-
nounced. The disease onset occurred 4 months 
after the introduction of a new dyeing process 
involving azo-coupling on textiles, and most 
of the patients had contact with these azodyes 
on weaving machines. Clinically, the hyper-
chromia ranged from a bizarre dark pigmen-
tation to a streaky milder pigmentation of the 
neck, arms, face and sometimes covered areas. 
Histopathology showed spongiosis, irregular 
acanthosis, edema of the dermis, perivascular 

Fig. 17.3  Berloque dermatitis from fragrances
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lymphocytic infiltrates, and basal liquefaction 
degeneration with consequent incontinentia pig-
menti histologica. Melanocyte proliferation at 
the involved sites was also present. In 24 of the 
53 subjects, patch tests elicted positive reactions 
to Naphthol AS 5% in water. The affliction dis-
appeared after the dyeing process was changed 
to prevent the workers from directly touching 
Naphthol AS.

In the early 1980s, non occupational 
pigmented contact dermatitis due to Naphthol 
AS appeared in central Japan [16, 17]. 
Hyperpigmentation mainly involved the covered 
areas (neck and back). The affliction was due to 
the fact that a textile factory manufacturing flan-
nel nightwear was trying to economize on water 
for washing the products after the azo-coupling 
process employing Naphthol AS. In practice, the 
modified production process increased the risk 

of developing pigmented contact dermatitis: the 
amount of Naphthol AS detected in the patients 
was, in fact, 4900–8700 ppm, a very consider-
able amount [16–18].

Since then, various other substances have 
been found responsible for pigmented con-
tact dermatitis (Table 17.3) [18–25]. The com-
monest allergen causing pigmented contact 
dermatitis in India is red kumkum, that contains 
azodyes, coaltar dyes, toluidine red, erythros-
ine, fragrances, ground nut oil, tragacanth gum, 
turmeric powder, parabens and cananga oil 
[26–28].

As regards the pathomechanism, it has been 
noted that pigmented contact dermatitis occurs 
in patients with a dark complexion. Although it 
is generally acquired through direct contact, the 
dermatitis can be observed after airborne spread 
of the causal agent, even if only few cases have 

Fig. 17.4  Berloque dermatitis from fragrances
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Fig. 17.5  Berloque dermatitis from fragrances

Fig. 17.6  Berloque dermatitis due to rubbing of the hand soadden with fragrance on the thigh
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been reported in the literature [29, 30]. The pre-
cise mechanism that induces this affliction is 
unknown. Osmundsen believed that it might be 
an idiosyncratic reaction [13]. In their study on 

pigmented contact dermatitis, Nakayama and 
Coll. hypothesized that the concentration of 
allergens in commercial preparations was too 
low to induce spongiosis, erythema and vesicles; 
instead, they produce cytolysis of the epidermal 
basal layer cells, that then leads to pigmentary 
incontinence. In other words, the affliction is the 
result of contact allergy with slight inflamma-
tory components, but manifests only as hyper-
pigmentation. Melanin pigment is absorbed 
slowly, and for this reason the altered pigmenta-
tion is permanent [19, 31].

Patch tests are of great importance in pig-
mented contact dermatitis and must be per-
formed with standard series, cosmetic series, 
fragrance series and personal products brought 
in by the patients. Photopatch tests must also 
be done for further investigation. Apart from an 
erythemato-papulo-vesicular reaction, a brown 
pigment may develop at the site of the patch 
test. Other helpful epicutaneous tests are the 
provocative use test or repeated open application 
test (ROAT), that need to be performed in cases 

Table 17.3  Most common sensitizers producing pig-
mented contact dermatitis

Tinopal CH3566
Naphthol AS
Biochek 60®

D&C Red 31 (Brilliant Lake Red R)
Phenyl-azo-2-naphthol
D&C Yellow 11
Fragrances
         Hydroxycitronella
        Benzylsalicylate
        Ylang-ylang oil
        Jasmine absolute
        Cinnamic alcohol
        Synthetic sandalwood
        Musk ambrette
Bactericides
        Mercury compounds
        Carbanilides
Chromium hydroxide
Red “kumkum”

Fig. 17.7  Berloque dermatitis from tanning products (Reproduced by Meneghini and Angelini [11])
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with equivocal patch testing reactions. The cri-
terion of the relevance of a positive patch test, 
i.e., the disappearance of the dermatitis after 
discontinuation of the exposure to the allergen, 
cannot be applied to pigmented contact dermati-
tis as the pigmentation will persist for months or 
even years [13]. The differential diagnosis must 
include Addison’s disease, friction melanosis, 
amyloidosis cutis, and drug eruptions [18].

17.1.1.3  Pigmented Cosmetic Dermatitis
Nowadays, it is known that pigmented cosmetic 
dermatitis is a variant of pigmented contact der-
matitis, the only differences being the causa-
tive allergens and the sites affected. Before the 
nature and pathomechanism became known, the 
complaint was known as “female facial melano-
sis” [32] or “Riehl’s melanosis” (in 1917, Riehl 
in Vienna attributed it to food substitutes used 
during the First World War) [33]. Then patch 
tests done with the components of cosmetics 
(Table 17.3) clarified the etiology [19, 34, 35].

Dark-complexioned people, mostly Asians, 
are particularly affected. The bizarre pigmen-
tation, black or brown, affects the face, in a  
diffuse or reticular form. The border of 
pigmented cosmetic dermatitis is not sharp, 
as in lichen planus or melasma, nor is it spot-
ted as in “naevus of Ota tardus bilateralis” that 
can develop in subjects over 40 years of age.  
A mild dermatitis can precede the pigmentation. 
In some cases, the pigmentation is also observed 
on the neck, chest and back, and in exceptional 
cases it may extend to the whole body. In these 
cases, the patients, first sensitized by cosmetics 
(i.e., cinnamic alcohol), will then react to soaps, 
domestic fabric softeners and foods which con-
tain cinnamic derivatives. This has also been 
demonstrated with oral challenge tests, show-
ing that the dermatitis can be induced not only 
by direct contact but also through the blood-
stream (systemic contact dermatitis) [24, 36, 
37]. Among cosmetic ingredients, those impli-
cated are mainly fragrance materials (jasmine 
absolute, ylang-ylang oil, cananga oil, benzyl 
salicylate, hydroxycitronella, geraniol, natural 
and synthetic sandalwood) and pigments (D&C 
Red 31, Yellow. 11).

Like in pigmented contact dermatitis, 
histopathology findings of pigmented cosmetic 
dermatitis show basal layer vacuolization of the 
epidermis and incontinentia pigmenti histolog-
ica; a perivascular lymphohistiocytic infiltrate is 
also evident.

Differential diagnosis must be made with mel-
asma. This affliction may resemble pigmented 
cosmetic dermatitis, especially when it compli-
cates cosmetic dermatitis. Histopathologically, 
melasma shows basal hyperpigmentation caused 
by melanocytes hyperactivity in the epidermis, 
that do not proliferate; in melasma, degenera-
tion of basal layer cells is absent. The main cause 
of the melanocytes hyperfunction is increased 
serum progesterone during the luteal phase [38]. 
Another causal factor of melasma is hypersensi-
tivity to ultraviolet B (UVB); the minimal ery-
thema dose (MED) by automatic irradiation of 
UVB in these patients is considerably lowered. 
On the other hand, in patients with pigmented 
cosmetic dermatitis, photohypersensitivity is not 
elicited, except for the rare cases sensitized by 
musk ambrette [39]. Clinically, melasma presents 
a uniform circumscribed pigmentation around the 
eyes and the mouth, without the itching that is 
usually present in pigmented cosmetic dermatitis. 
The latter resolves when contact with the allergen 
is eradicated, by refraining from using bleaching 
products.

17.1.1.4  Hyperpigmentation from Other 
Contactants

Several other isolated cases of occupational or 
non occupational hyperpigmentation have been 
reported in literature.

Topical products with a mercury base have 
been used as bleaching agents, because mercury 
can displace copper from tyrosinase, inactivating 
the enzyme that plays a role in melanin synthe-
sis [40]. Repeated application of mercury-based 
ointments or cosmetics can, however, induce 
a gray-brown pigmentation at the site of appli-
cation, which is accentuated in the skin folds. 
Electronic microscopy has demonstrated an 
increase of melanin [41].

Insoluble cutting oils have caused 
occupational melanoderma (Fig. 17.8) [42]. 
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Paraphenylenediamine, a rubber antioxidant, 
induced a reticular brownish black pigmenta-
tion on the face of a Japanese man who came in 
contact with a rubber peephole of a ship radar-
scope; positive reactions were elicited to the 
rubber peephole material and to paraphenylen-
ediamine [22]. Contact allergy to cobalt chloride 
in a plumber, and to a chromium dichromate 
component of an acupuncture needle manifested 
with the clinical signs of pigmented contact der-
matitis; the respective patch tests were positive, 
and also left a residual persistent pigmentation, 
while the histology showed a lichenoid reaction 
[43, 44]. Apart from inducing contact sensitiza-
tion, topical use of mechlorethamine (nitrogen 
mustard: HN2) can cause pigmentation both at 
the application site and on normal skin, dem-
onstrating a direct melanogenic influence; 
the  pigmentation is reversible and decreases 
 gradually in most patients even if contact   
persists [45].

Occupational arsenic exposure can be 
observed in various situations, in agriculture 
(used as a cotton desiccant), contact with pes-
ticides (rodenticides, insecticides, fungicides), 

copper and lead smelting, in glass, ceramic 
and leather workers, and those handling print-
ing inks and paints [23, 46, 47]. Generally, the 
port of entry of arsenic is the respiratory tract, 
less frequently the skin and gastrointestinal 
routes by accident or through medication. The 
skin changes consist of bronze hyperpigmented 
patches, with characteristic 1–2 mm hypo-
pigmented raindrop-like macules within the 
same patches. The areas involved are the nip-
ple, axillae, groin, and pressure points, as in 
Addison’s disease, except that in arsenicism 
the oral mucosa is usually spared [48, 49]. It 
must be remembered that arsenicism is a sys-
temic disease; therefore, the cutaneous stig-
mata must alert the physician to other organ 
involvement. Pigmentation results from mela-
nin deposits due to the arsenic-altered cell 
metabolism, and not from arsenic deposits in the  
skin [23].

The mechanism of hyperpigmentation due 
to acnegenic halogenated aromatic hydrocar-
bons, reported after exposure to dioxin (2, 3, 7, 
8-tetrachlorodibenzo-p-dioxin) and polychlorin-
ated biphenyls, has not been entirely clarified; 

Fig. 17.8  Occupational melanodermia due to cutting oils in mechanic
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halogenated aromatic hydrocarbons could alter 
the melanocytes through a direct action on 
tyrosinase, even in the absence of UV exposure 
[50]. Color may vary from brown to gray, and 
the sites involved are the face, neck and dorsal 
aspects of the hands.

Naturally, the diagnosis of pigmented contact 
dermatitis is simpler in cases of hyperpigmenta-
tion epidemics in occupational settings, but can 
easily be missed in isolated non occupational 
cases.

17.1.1.5  Postinflammatory 
Hyperpigmentation

Postinflammatory hyperpigmentation may fol-
low any acute or chronic cutaneous inflamma-
tory process, showing a greater intensity and 
persistence of the pigmentation in dark-skinned 
subjects. Sometimes, hyper- and hypopigmen-
tation are evident in the same process: this 
condition is termed dyschromia. Unlike the 
complaints described above, in which inflam-
matory lesions may have been clinically imper-
ceptible, in those following an inflammatory 
process due to physical and/or chemical causes 
is evident.

Usually, the degree of inflammation appears 
to be of less significance in determining the 
pigmentary response than the nature of the 

dermatitis. Postinflammatory hyperpigmentation 
may occur after physical damage resulting from 
chemical and thermal burns. It often follows 
phytophotocontact dermatitis (plants containing 
psoralens: celery, limes, or fig trees), especially 
if toxic in nature, and may persist up to several 
months [5, 6, 51]. Commonly, clinical patterns 
of pigmentation following a phytophotoderma-
titis include a bizarre network of streaks on the 
legs or arms (meadow dermatitis) (Fig. 17.9), 
and much finer spots and small streaks on the 
forearms and legs due to contact with plants dur-
ing strimming (strimmer dermatitis). Squeezing 
limes outside when preparing cold drinks can 
cause blistering and consequent pigmentation of 
the hands when done on sunny days.

Hyperpigmentation also ensues after the 
application of many sensitizing chemicals, such 
as drugs (sulphamides, phenothiazines, non ste-
roidal anti-inflammatory drugs).

Coaltar derivatives, which are among the 
occupational photosensitizers most com-
monly encountered in the form of dust, vapor, 
or fumes, induce secondary pigmentation on 
exposed skin, partly due to melanin deposits and 
partly to the dyeing effect of the coal itself [52].

Other occupational photosensitizers include 
crude petroleum, residues of petroleum distil-
lation, and asphalt. After the exposure to these 

Fig. 17.9  Pigmentation following an irritant contact phytophotodermatitis
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substances ceases, the pigmentation fades and 
may disappear in about a year. Coaltar deriva-
tives are used in various industries, when man-
ufacturing drugs, dyes, perfumes, synthetic 
resins, insecticides and disinfectants [53]. The 
principal occupational sources causing pho-
tosensitivity and hyperpigmentation due to 
coaltar and petroleum derivatives are: coal-
tar distillation plants, conduits impregnating 
paper tubing and roofing with coaltar pitch, 
wood-preserving industries, roads when using 
pitch and asphalt, petroleum refineries, and oil  
fields [53].

Hyperpigmentation due to patch tests 
occurs infrequently and is most likely in dark-
pigmented subjects. Because patch testing 
is usually performed on the back, these tem-
porary changes, that may last a few weeks, 
do not present serious problems. Differential 
diagnosis with the ample number of cutane-
ous conditions associated with widespread or 
localized hypermelanosis (of metabolic, endo-
crine, nutritional, and genetic origin) must be  
considered.

17.1.2  Non Melaninic 
Hyperpigmentation

Topical anthralin (dithranol) and permanganates 
can cause exogenous non melanotic dark brown 
discoloration of both occupational (pharmacists, 
nurses) and non occupational nature. Primary 
non melaninic contact pigmentation may also be 
due to some plants.

17.1.2.1  Hyperpigmentation from Plants
Cynara scolymus L. (artichoke), an impos-
ing herbaceous plant with enormous flower 
heads surrounded by fleshy bracts, is cultivated 
in Mediterranean regions and other temper-
ate zones. Contact with this plant may cause a 
brown hyperchromia of the hands in housewives 
(Fig. 17.10) and workers at restaurants. The der-
matitis is due to cynarin, the active ingredient 
of artichoke, a polyphenol ester [1-carboxy-4,5- 
dihydroxy-1,3-cyclohexylenebis-(3,4-dihydrox-
ycinnamate)] that undergoes oxidation; it stains 
the fruit itself and the hands while cleaning/cut-
ting artichokes [5]. In particular, the polyphenols 

Fig. 17.10  Pigmentation due to artichokes



36517 Hyperpigmentation, Hypopigmentation and Discolorations …

present in many fruits (apples, pears, apricots, 
peaches) are colorless substances; when the 
fruit is peeled or cut the polyphenols migrate 
and react with the protein enzyme polyphenol  
oxidase, that otherwise lies separate from the 
pulp. This enzyme accelerates the reaction 
between polyphenols and oxygen, forming a 
quinone that, through various passages, oxidizes 
and stains the fruit. The phenomenon does not 
occur in other fruit, like citrus fruits and straw-
berries, because they lack the enzyme. Indeed, 
as is well known, citrus juice can help to slow 
the process of darkening of the fruit (if lemon 
juice is added to the above fruits after they are 
cut the phenomenon does not occur, for two rea-
sons: the citric acid acidifies the pulp and dis-
activates the enzyme, that functions in a neutral 
or nearly neutral environment, while vitamin C 
regenerates the polyphenols, reducing the qui-
none), and to whiten the hyperchromia of the 
hands that develops in those working with arti-
chokes [6]. The complaint affects the palmar 
surfaces of the fingertips of the dominant hand.

Brown contact pigmentation after contact 
with Juglans regia (walnut) (Fig. 17.11) is dif-
ferent altogether. In autumn, the time of walnut 
hulling, we observe a primary non melaninic 
brown irritant contact hyperchromia of the 
hands [5, 6, 54]. The pigmentation is of variable 
intensity, and the color ranges from light brown 
to darker tones, depending on the intensity and 
duration of the contact. The dermatitis affects 
the palms (Fig. 17.12) and often also the back 
of the hands; similarly, the nail plates go dark. 
It can also extend to the forearms and, in rare 
cases, presents with bullous lesions (Fig. 17.13). 
The duration of the hyperchromia ranges from 
weeks to 2 to 3 months, according to the pig-
mentation intensity.

The pathogenic mechanism is as follows: 
juglone, the active ingredient of J. regia, is a 
naphthoquinone. The activated quinone C=O 
group shows an elective affinity for the –NH2 
group of keratin amino acids. The reaction 
elicits C=N highly pigmenting chromophores 
(Fig. 17.14), conjugated to mobile electrons. 

Fig. 17.11  Walnuts and leaves of Juglans regia
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These groups absorb colors in the visible range, 
violet in particular, and reflect yellow and red, 
giving rise to a color spectrum ranging from 
 yellowish-red, through red, to dark brown [54].

The skin color induced by lawsone, the active 
ingredient of Lawsonia inermis (henna tree), is 
based on the same action mechanism; lawsone 
is, in fact, also a naphthoquinone. Self-tanning 

Fig. 17.12  Dark pigmentation and bullous lesions due to juglone in Juglans regia. The patient had husked 15 kg of 
walnuts (Reproduced with permission by Bonamonte and Coll [54])

Fig. 17.13  The same case as in Fig. 17.12 (Reproduced with permission by Bonamonte and Coll [54])
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creams with a dihydroxyacetone base (con-
taining a quinonic group C=0:CH2OH–C=O–
CH2OH) act in the same way [6].

17.1.2.2  Nail Contact Pigmentation
Nail primary non melaninic pigmentation can 
ensue after contact with cosmetics (nitrocellu-
lose in nail varnish, formaldehyde in hardeners, 
acrylates in artificial nails, D&C Red 6, 7 and 
134), vegetables (lawsone in henna, juglone in 
walnuts) and other chemicals (insecticides, weed 
killers).

Contact pigmentation involves the entire plate 
and follows the shape of the proximal nail fold. 
It does not disappear when pressure is applied 
to the nail, and is eliminated using solvents 
(acetone). For differential diagnosis purposes, 
pigmentation due to argyria presents as a band 
surrounding the distal portion of the nail plate. 
Bands due to melanonychia can be longitudinal 
or transverse, single or multiple. Melanonychia 
may be the expression of a systemic disease or 
follow the administration of drugs (as in the case 
of polydactylic longitudinal melanonychia striata 
due to zidovudine). Longitudinal melanonychia 
striata induced by melanoma features bands and 
involves just one nail.

17.1.2.3  Contact Discolorations 
from Other Substances

Various dyes and chemicals that have dyeing 
properties may discolor the skin and hair. In 

some cases the staining is superficial and can be 
removed by washing, whereas in other cases it 
may persist [55] (Table 17.1).

Yellow discoloration may be due to various 
nitro-based chemicals. Trinitrophenylmethyl 
 nitramine, nitric acid, nitrates, and sodium 
nitrite produce more or less intense yellowing 
at sites of contact [56]. Dinitrosalicilic acid was 
also reported to stain yellow the palms and nails 
of a laboratory assistant [57]. Trinitrotoluene, 
dinitrotoluene, dinitrobenzene and trinitrophenol 
discolor the face, hands and hair of munition 
workers handling them. Glutaraldehyde is a 
cause of a yellowish-brown stain in medical 
staff, nurses, and hemodialysis technicians. 
4,4′-Methylenedianiline (MDA), an epoxy 
resin hardener, caused yellow discoloration of 
the skin, nails and hair in workers during plas-
tic milling operations [58]. Since MDA has 
 hepatotoxic and potentially carcinogenic prop-
erties, the yellow staining serves as a cutane-
ous marker of systemic intoxication. Yellowish 
 discoloration due to exogenous contact with var-
ious chemicals must be differentiated from non 
occupational yellowish skin staining, occurring 
in diseases such as jaundice and carotenemia.

Red discoloration of the skin and hair can 
develop in electroplating operators manufactur-
ing potassium ferricyanide [23].

After exposure to poison ivy, poison oak, and 
poison sumac, members of the Toxicodendron 
genus, black spots can occasionally be observed 

Fig. 17.14  Chemical structure of juglone and lawsone and mechanism of skin pigmentation (Reproduced with per-
mission by Bonamonte and Coll [54])
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in contact dermatitis areas (“black-spot poison 
ivy dermatitis”). Histologically, the deposit 
material can be identified in the stratum 
corneum [59]. The same black deposit, resem-
bling black enamel paint, can be observed at 
the injured sites on the plant. The sap tendency 
to turn black can thus help to identify the plant 
(black spot test) [60, 61]. The black color 
derives from urushiol (3-pentadecylcatechol), 
the oleoresin component of poison ivy, a biphe-
nolic compound which undergoes oxidation 
and binds to cutaneous proteins, forming black 
molecules.

17.1.2.4  Discoloration from Deposits 
of Metals

Although only rarely, skin discoloration can be 
linked to occupational deposits of metals in the 
skin [62].

Silver deposits in the skin cause a blue to 
slate-gray coloration (argyria). Various cases 
of occupational argyria were reported in the 
past. Cases of localized argyria could be linked 
to topical exposure to silver salts from occupa-
tional or medical sources [63]. Mercury causes 
a gray-brown discoloration in both exposed and 
covered sites; the pigmentation is more intense 
at the level of the eyelids, naso-labial folds and 
neck, and is attributable to repeated applica-
tion of topical medicaments or to occupational 
exposure.

The skin and nails of electroplaters, leather 
tanners and lithographers turns pale yel-
low ochre after contact with bichromate [23]. 
Copper dust causes a greenish-black pigmen-
tation in copper smelters and other workers. 
Occupational absorption of tellurium has been 
reported in two research workers; apart from the 
characteristic smell of garlic on the breath and 
excreta, bluish-black discolorations of the finger 
webs, as well as streaks on the face and neck, 
were noted [64].

Gold deposits on the skin (chrysiasis) are 
generally due to excessive therapeutic use of 
metal injections. The resulting pigmentation is 
permanent, grayish-blue or purple, and mani-
fests after photoexposure. The mucosa is not 
affected. Unlike argyria, chrysiasis only affects 

photoexposed sites and the sclera. Histological 
confirmation of the diagnosis is obtained by 
microscopy on a dark field: the gold granules 
deposited in the connective tissue are larger and 
more irregular than silver granules.

Bismuth can also be a cause of a diffuse 
grayish pigmentation. The conjunctiva and oral 
mucosa are also stained. At the gingival mar-
gin a bluish-black staining may be evident, like 
that induced by lead. In the occupational setting, 
those working with alloys containing the metal 
can be affected.

17.1.2.5  Accidental Tattoos
Tattoos can be decorative, therapeutic or acci-
dental; the latter can appear in occupational and 
non occupational settings.

Extraneous pigmented particles can acci-
dentally penetrate the skin as contaminants of 
wounds, or enter at high velocity after explo-
sions. Both events leave permanent disfiguring 
tattoos. An irregular pigmentation is common 
after road accidents, for example, due to the 
penetration of asphalt into the skin [65].

In the occupational setting, subjects at risk 
include sportsmen, miners, workers handling 
high pressure boilers, blasters and pyrotechnists. 
The substances most often implicated are vari-
ous dusts, coal and gunpowder mixtures. In coal 
miners a linear or angulated grayish-blue pig-
mentation is observed on sites of abrasions due 
to penetration of the coaldust into the skin. The 
most common sites are the forehead, bridge of 
the nose, wrists and elbows (collier’s stripes). 
Histologically, the particles are evident in the 
derma, and tend to cluster around the vessels 
[66].

Monsel’s solution (a ferric chloride and fer-
ric sulphate solution) is used as a hemostyptic. 
The application of old or concentrated solu-
tions on sites of abrasions can induce a per-
manent  reddish-brown iron tattoo. Solutions 
must be fresh and well shaken before being 
applied on cosmetically exposed sites, in par-
ticular the face, breast or upper back [67–69]. 
Alternatively, aluminum chloride, that does 
not induce such complications, can be used for 
astringent purposes.
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We have observed some cases of acciden-
tal occupational tattoos, with highly inaesthetic 
pigmentations featuring a spray pattern, in a 
coal miner (Fig. 17.15), a man working with a 
mechanical shovel (mercury) and in pyrotech-
nists. In the mercury-induced case, the patient 
was observed 30 minutes after breakage of a 
thermometer, and presented intense erythema 
and edema of the face with various punctiforme 
erosions where gray metal particles were pre-
sent (Fig. 17.16). In three workers producing or 
setting off fireworks, diffuse punctiforme blue 
tattoos were observed; in one of them the right 
lower eyelid was affected (Fig. 17.17) and in 
another the face and the forearms (Figs. 17.18, 
and 17.19). The third subject, aged 47 years, 

suffered a tattoo made of countless tiny, deeply 
embedded blue particles affecting most of the 
face as well as the lips and the conjunctivae, 
following an explosion that had occurred three 
months before. He also had a subconjunctival 
haemorrhage in the left eye (Fig. 17.20). The 
blue color could be due to dermal localiza-
tion of gunpowder fragments (Tyndall effect) 
as well as to the specific color of copper com-
pounds used to obtain the blue tone in firework  
“stars” [70].

Treatment options of tattoos include micro-
scopical excision, dermoabrasion, cryo- and 
electro-surgery, phenol acid, and Q-switched 
lasers, but some patients are satisfied with 
camouflage.

Fig. 17.15   Occupational tattoo in coal miner
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17.1.2.6  Black Dermographism
Black dermographism is the most common 
cause of skin pigmentation due to metal jewelry. 
This non melaninic discoloration, defined in 
1943 by Urbach and Pillsbury [71], that liter-
ally means “black writing on the skin”, is linked 
to the abrasive action on metal objects (jewels) 
by ‘hard’ powders occasionally present on the 
skin as contaminants. Black dermographism is 
therefore explained by the relative hardness of 
the dust present on the skin, that rubs against 
the metals. The particles thereby released from 
the metals are so fine that they do not reflect the 
light and so leave blackish-gray stains [72, 73].

Dusts that can contaminate the skin include 
cosmetics (makeup, face powders containing 

zinc oxide, titanium dioxide and ferric oxide) 
and some toothpastes (in paste or powder). 
Other dusts, present in the industrial environ-
ment are coal (the hardest dust that exists), 
magnesium, bismuth, aluminum and calcium 
salts. These dusts are harder than jewelry com-
ponents like nickel, iron, copper, tin, silver, gold 
and platinum. Only chromium and stainless steel 
are harder than these dusts and so jewelry made 
with these does not induce black dermogra-
phism. The more precious the jewelry metal, the 
higher the risk of black dermographism: 24 carat 
gold and platinum most commonly produce the 
phenomenon.

Black dermographism is really a misnomer, 
because the phenomenon is of purely physical 

Fig. 17.16  Mercury-induced occupational tattoo by breakage of a thermometer: erythema, intense edema and punc-
tiform erosions
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not biological type and can be evoked on paper 
and fabric, too.

A simple, rapid method for revealing black 
dermographism is as follows: zinc oxide powder 

(scale of hardness: 5.5) is scattered on the skin 
(or paper or fabric), then the site is rubbed with 
a silver or gold ring (scale of hardness: 2.5) and 
immediately black lines will appear on the skin 

Fig. 17.17  Occupational blue tattoo in firework

Fig. 17.18  Occupational blue tattoo in firework



372 D. Bonamonte et al.

(Fig. 17.21). This effect is not obtained with 
talcum and zinc stearate, that are soft powders 
(scale of hardness: 1).

When cosmetics are applied on the face or 
body, some of the substances contained can 
lodge under rings, bracelets and other jewelry. 
Therefore, to avoid the black dermographism 
phenomenon it is important to remove metallic 
ornaments and clean the skin that will come in 
contact with them carefully with soap and water 
to make sure no makeup has remained on these 
sites.

17.2  Contact Hypopigmentation

Contact hypopigmentation, of variable inten-
sity that can even reach complete depigmen-
tation (amelanosis), is due to the reduction or 
absence of melanin in some skin sites as com-
pared to the normal skin of that subject. Contact 

leukoderma is a primary disease or secondary 
due to inflammation.

17.2.1  Chemical Leukoderma

Chemical leukoderma (also known as contact 
leukoderma, contact vitiligo, chemical viti-
ligo or contact depigmentation) is an acquired 
cutaneous pigment loss arising from repeated 
exposure to specific chemical compounds, par-
ticularly certain phenol and catechol derivatives, 
that act through selective melanocytotoxicity [5, 
6, 74–80]. These chemicals are, however, harm-
ful to the melanocytes only in people with a 
 specific genetic susceptibility [5, 77, 79, 80].

Chemical leukoderma is usually considered 
an uncommon disease, although the occupational 
environment is implicated in 2–50% of exposed 
subjects. In 1939, Oliver and Coll. reported,  
for the first time in literature, a vitiligo-like 

Fig. 17.19  The same case as in Fig. 17.18
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leukoderma among tannery workers exposed to 
monobenzyl ether of hydroquinone (MBEH), 
used as an antioxidant; nearly 50% of the work-
ers were affected, in particular those exposed for 
longer periods [81]. During the 1960s and 1970s 
several reports of occupational leukoderma 
due to phenolic compounds were published in 
various countries [82–87]. In 1962, the Russian 
researchers Chumakov and Coll. reported a 
vitiligo-like depigmentation in 47% of work-
ers exposed to para-tertiary butylphenol (PTBP) 
and paratertiary amylphenol formaldehyde 
resins (PTAPFR) [82]. Such agents were also 
reported as causes of occupational leukoderma 
in Japan [83], Colorado (USA) [84], Holland 
[85], and the United Kingdom [86, 87]. Gellin 
and Coll. described cases of occupational depig-
mentation in tappet assembly workers exposed 
to  para-tertiary butylcatechol (PTBC) [88]. In 

addition, in the same years experimental stud-
ies showed that both topical application and oral 
feeding caused depigmentation in guinea pigs 
[84, 89, 90]. The numbers of chemicals inducing 
depigmentation increased enormously in sub-
sequent decades and the disease has also been 
reported in non occupational environments.

Some cases of chemical leukoderma induced 
by semi-permanent as well as permanent hair 
dyes and rinses were reported in 1993: the 
causal substances were paraphenylenediamine 
and benzyl alcohol [91]. In particular, hundreds 
of cases of chemical leukoderma have been 
described in India, originating from free PTBP 
in “bindi” adhesives (a decorative color used 
on the forehead by Asian females) [78, 79, 92, 
93], from MBEH causing depigmentation of the 
breasts (due to keeping synthetic wallets inside 
blouses) [94] and of the feet (from adhesives in 

Fig. 17.20  Occupational blu tattoo in firework (Reproduced with permission by Bonamonte and Coll [70])
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footwear) [92, 95], from paraphenylendiamine 
in hair dye [96], and from azo dyes (in particu-
lar Rhodamine B and Solvent Yellow 3) used in 
“alta” (a decorative color used by Asian females 
on the hands and feet) [97].

In industrialized countries nowadays there 
is a low incidence of chemical leukoderma 
thanks to specific prevention measures (nowa-
days MBEH is rarely used in the rubber indus-
try owing to its long history of causing this 
disease), while there is still a high incidence in 
developing countries. The probable reasons for 
this disparity between developed and develop-
ing countries could be the lack of quality control 
in consumer products in developing countries 
(the use of cheaper ingredients to ensure market 
competitiveness), and the lack of reports from 
industrial set-ups: from the owners’ standpoint 
because of the fear of compensation suits, from 
the workers’ for fear of losing their jobs, and by 
physicians due to lack of awareness [79].

17.2.1.1  Etiological Agents
A large number of chemicals inducing leuko-
derma has been reported in human and ani-
mal in vivo studies, as well as in experimental 

in vitro works (Table 17.4) [6, 75, 77, 79, 80, 
98, 99]. Aromatic or aliphatic derivatives of phe-
nols and catechols are the largest and best stud-
ied groups of chemicals. Hydroxylation of the 
4(para)-position in phenols and catechols and 
substitution of a non-polar alkyl side group in 
the 1-position of hydroquinone exacerbate the 
depigmentation.

Hydroquinone, no longer used in cosmet-
ics in Europe, MBEH, PTBP and PTBC are the 
most common causal molecules in this chemi-
cal group. Alkylphenols, used as antioxidant and 
anticorrosive agents in the industrial sector, are 
also contained in many commercially available 
products, such as varnishes, adhesives, pesti-
cides, resins, industrial oils, disinfectants, rubber 
items, and printing inks [74].

Para-tertiary butylphenol (PTBP). Exposure 
to PTBP is widespread in the industrial pro-
duction of synthetic leather, plastics, adhe-
sives and germicide detergents (Table 17.5). 
Depigmentation of the hands and forearms in 
12 hospital workers has been reported due to 
phenolic detergent germicides: depigmentation 
induced by PTBP was confirmed by patch tests 
[84]. Leukoderma was also reported in 54 of 

Fig. 17.21  Black dermographism induced using zinc oxide powder application and silver ring rubbing
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198 workers in a PTBP manufacturing factory: 
depigmentation from inhaling vapors and con-
tact with dusts was correlated with the exposure 
duration and intensity; 6 of 54 workers devel-
oped a fatty liver and increasing aspartate amino 
transferase levels [87]. Three similar cases 
induced by PTBP had already been reported in 
Germany and were labeled as a triad of vitiligo, 
hepatosplenomegaly and thyroid struma [100].

PTBP formaldehyde resin (PTBPFR), a com-
monly used glue, induced depigmentation on 
the hands and forearms of 11 of 99 workers in 
an automobile factory, because these work-
ers were not wearing protective gloves [101]. 
According to Malten, leukoderma induced 
by PTBPFR is due to the presence of PTBP 
monomers that remain free during the synthe-
sis process involving formaldehyde [85, 102, 
103]. According to this author, depigmenta-
tion caused by the resin is rare because PTBP 
is not added in high amounts. Bajaj and Coll. 
reported 100 cases of depigmentation induced 
by PTBP, present in high concentrations (80%) 
in an adhesive used as a “bindi” adhesive [93]. 
Moreover, a case of allergic contact cheilitis 
and depigmentation of the lip margins has been 
reported, induced by PTBP (which is also a sen-
sitizer) in a lip liner [104]. The patch test area 
also became depigmented and the presence of 
PTBP in the cosmetic product was confirmed by 
 gas-chromatography and mass spectroscopy.

Para-tertiary butylcatechol (PTBC). Gellin 
and all. were among the first to recognize that 
some patients with idiopathic vitiligo may actu-
ally have environmentally or occupationally 
induced leukoderma. They reported the onset 

Table 17.4   Chemicals associated with chemical 
leukoderma

Phenol derivatives
Monobenzyl ether of hydroquinone
Hydroquinone (p-hydroxyphenol)
Monomethyl ether of hydroquinone (p-methoxyphenol)
Monoethyl ether of hydroquinone (p-ethoxyphenol)
p-tert-Butylphenol
p-tert-Amylphenol
p-Phenylphenol
p-Octylphenol
p-Nonylphenol
Butylated hydroxytoluene
Butylated hydroxyanisole
p-Cresol-(4-methylphenol)
Catechol derivatives
p-tert-Butylcatechol
p-Methylcatechol
p-Isopropylcatechol
Pyrocatechol (1,2-benzenediol)
Sulfhydryls
β-Mercaptoethylamine hydrochloride (cysteamine)
N-(2-mercaptoethyl)-dimethylamine hydrochloride
Sulfanolic acid
Cystamine dihydrochloride
3-Mercaptopropylamine hydrochloride

Miscellanea
Mercurials
Cinnamic aldehyde
Arsenic
p-Phenylenediamine
Benzyl alcohol
Benzoyl peroxide
Corticosteroids
Azelaic acid
Phenyl glycidyl ether
Polyvinyl chloride plastics
Crocein Scarlet MOO
Rhodamine B
Brillant Lake Red R
Carmustine
Acrylates
Nickel
Fluorouracyl
Tretinoin
Dinitrochlorobenzene
Squaric acid dibutylester
Optic preparations
     Eserine (physostigmine)
     Diisopropyl fluorophosphate
     Thio-TEPA (N,N′,N″-triethylenethio-phosphoramide)
     Guano nitro furacin
Systemic medications
     Chloroquine
     Fluphenazine

Table 17.5  Sources of exposure to para-tertiary 
butylphenol

Germicidal phenolic detergent compounds
Latex glues
Paratertiary butylphenol formaldehyde resins
Rubber antioxidants
Plasticizers for cellulose acetate
Varnish and lacquer resins
Insecticides
Printing inks
Duplicating paper
Synthetic oils



376 D. Bonamonte et al.

of occupational leukoderma in 4 of 75 tappet 
assembly workers who were exposed to PTBC 
present in an assembly oil [88, 90]. In 4 patients 
depigmentation was preceded by contact derma-
titis; patch tests demonstrated a positive reac-
tion to PTBC in acetone at 0.1% in 3 cases. In 3 
patients depigmentation was also present in dis-
tant areas and in particular, in one patient 75% 
of the body area was involved. In one patient 
patch tests induced an achromic area. Studies on 
black guinea pigs confirmed that the depigmen-
tation induced by PTBC and PTBP was revers-
ible within 2 months after stopping the chemical 
application [88, 90]. Gellin and Coll. stated that 
both PTBP and PTBC are structurally related to 
MBEH, which has long been known to induce 
occupational leukoderma [90]. A case of leu-
koderma from PTBC was reported in a worker 
handling a polyester resin; patch test with the 
substance at 0.5% induced an allergic reac-
tion followed by depigmentation after 2 weeks 
[105]. Cross-reactivity to 0.05% PTBP was also 
observed, but without depigmentation [105]. 
Occupational exposure to coal tar and tar prod-
ucts induced allergic contact dermatitis to PTBC 
and consequent progressive leukoderma [106]. 
In this case no cross-reactivity to PTBP was 
shown.

Miscellanea. Workers in industries produc-
ing alkylphenols presented leukoderma patches 
on both exposed and non exposed skin areas. 
Inhalation and ingestion of vaporized phenols 
seem to be responsible for the systemic effect 
on melanocytes [86]. Topical agents containing 
mercury were used for many years as bleach-
ing agents because mercury can displace copper 
from tyrosinase, inactivating the key enzyme in 
the melanin synthesis [40]. However, the pro-
longed use of topical mercury can also cause 
hyperpigmentation.

Hydroquinone (p-hydroxyphenol quinol) 
(HQ) is widely used in industry as a reducing 
agent, as a photograph developer, and as an anti-
oxidant or stabilizer for certain materials that 
polymerize in the presence of oxidizing agents. 
There are several reports of occupational leuko-
derma caused by exposure to HQ in photograph 
developers [107–110]; this probably happens 

when the substance concentration exceeds 7%. 
Numerous bleaching creams containing HQ 
are used to lighten hyperpigmented skin areas, 
as in the case of melasma, senile lentigines, 
freckles and other forms of melanin hyperpig-
mentation. Among the various adverse reac-
tions (ochronosis, allergic contact dermatitis, 
stinging sensations), guttate hypomelanosis or 
more widespread contact leukoderma have been 
observed [111–115]. Depigmentation does not 
generally occur after contact with HQ in pow-
der or aqueous solution but may develop after 
repeated application of creams and ointments. 
The use of HQ in cosmetic bleaching creams is 
considered risk-free at concentrations of 1% or 
less; but nowadays its use is banned in Europe. 
Unlike MBEH, HQ does not produce pigment 
loss in distant sites [114].

Different cases of scalp leukoderma induced 
by permanent or semi-permanent hair dyes have 
been reported in the literature. Taylor and Coll. 
reported 3 cases of contact leukoderma from 
PPD; depigmentation developed in the patch test 
area with PPD, but not in other areas that were 
positive to patch tests with other chemicals [91]. 
The same authors reported a case of partial scalp 
depigmentation following the use of a benzyl 
alcohol-containing hair dye but without pigment 
loss at the site of the positive patch test reaction 
[91]. A case of upper lip contact leukoderma 
due to PPD in a mustache-dye solution has 
been reported; however, patch tests were nega-
tive both for contact allergy and depigmentation 
[116].

Other causes of non occupational contact 
vitiligo (Table 17.6) include 2 red azo dyes, 
Crocein Scarlet MOO and Rhodamine B, con-
stituents of “alta” [97]. Kanerva and Estlander 
reported persistent depigmentation (2.8 years) 
at sites of patch testing with acrylates; the 
causative substances were dental resins tested 
at the usage concentration instead of being 
diluted as recommended [117]. Rubber con-
sumer products, such as condoms, rubber-
ized stocks, bandages, orthopedic splints and 
cosmetic face sponges can produce contact 
leukoderma. Cinnamic aldehyde in a tooth-
paste produced perioral leukoderma and a 
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delayed hypopigmented patch test reaction after 
3 months; the perioral leukoderma resolved 
after the use of a toothpaste without cinnamic 
aldehyde, while a repeat patch test to the same 
substance again induced depigmentation at the 
patch test site 3 months after the application 
[118].

17.2.1.2  Clinical Features
Chemical leukoderma occurs in both dark 
and light-skinned racial groups. Especially in 
 light-skinned individuals, examination with 
Wood’s light may be useful to identify areas 
of pigment loss that are not noticeable on rou-
tine visual inspection. All age groups may be 
affected, although adults have a much higher 
incidence of chemical leukoderma, whereas 
unlike in western areas, in India a considerable 
number of children below the age of 12 years 
may be affected [79]. This may indicate that 
exposure to household objects, rather than to 
industrial chemicals, plays an important role 
in the onset of chemical leukoderma in devel-
oping countries, where, for the same reasons, 
women are more commonly affected than males 
[78, 79].

Chemical leukoderma lacks definitive clinical 
diagnostic features. In fact, the disease appear-
ance may be similar to vitiligo. However, chemi-
cal leukoderma can be diagnosed by the history 
of repeated exposure to a known or suspected 
depigmenting agent at the primary site, and by 
the presence of numerous confetti- or pea-sized 
round-to-oval macules. The spreading pat-
tern may also be helpful: “a history of gradual 
coalescence of small discrete macules rather 
than the development of large macules with 
perifollicular sparing suggests chemical leuko-
derma” [119]. Obviously, the presence of small 
 confetti-like macules depends on the time of the 
clinical observation, because they have a ten-
dency to become confluent.

Any body site may be affected. Initially, the 
hands and forearms are involved, especially 
in occupational settings. In extra-occupational 
cases, the scalp and face are often affected; 
trunk involvement is rare. The forehead, hands 
and feet are affected in Indian patients owing to 

the application of “bindi” and “alta”. Different 
localizations may be involved at the same time 
(56.6% of cases in an Indian case series) [78]. 
Chemical leukoderma develops not only at the 
site of chemical contact, but also at distant sites 
and can sometimes become extensive, possi-
bly due to the involvement of several causative 
agents [78, 79, 84, 88, 90, 101, 105]. Among 
864 cases reported in an Indian study, 73.7% 
presented macules confined to the exposed 
sites, while 26.3% also showed distant lesions 
[78]. Unlike vitiligo, chemical leukoderma can 
occasionally present with itching; however, this 
symptom is usually noted in cases of association 
with contact dermatitis [40, 78, 85, 88, 91]. This 
latter dermatosis, which is not a prerequisite 
for the development of chemical leukoderma, 
can be elicited by the same offending agent that 
causes chemical leukoderma, although with dif-
ferent pathogenic mechanisms. When faced with 
leukoderma associated with contact dermati-
tis, chemical-related Koebner’s phenomenon 
in vitiligo should be excluded [120], as well as 
post-inflammatory leukoderma. Both Koebner’s 
phenomenon and post-inflammatory leukoderma 
follow a single chemical injury, while in all 
cases of chemical leukoderma there is a history 
of repeated chemical insults.

Table 17.6  Consumer products inducing non occupa-
tional chemical leukoderma

“Bindi”
“Alta”
Adhesive tapes
Acrylates
Cinnamic aldehyde in toothpastes
Bleaching creams
Dyes
      p-Phenylenediamine
      Rodhamine B
      Crocein Scarlet MOO
Germicidal phenolic detergents
Latex glues
Shoes
Wristwatch bands
Rubber products
Condoms
Stockings
Girdles
Bandages
Cosmetic face sponges
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Wood’s light examination shows a distinct 
prominence in most cases, whereas diascopy 
demonstrates distinct margins of the macules in 
all cases [78].

The delayed onset after the original con-
tact ranges from 1 month to 24 years [77], 
with no linear correlation between the expo-
sure duration and the extent of the dermati-
tis. The effect of depigmenting agents on the 
skin is most likely dose-dependent. In selected 
animal and human studies, higher concentra-
tions of chemicals, such as PTBP, MBEH, or 
 N-(2-mercaptoethyl)-dimethylamine hydro-
chloride, result in an increased or more rapid 
 depigmentation [84, 108, 121]. According to 
Mathias, at low doses the chemicals inhibit mel-
anin synthesis, while they are cytotoxic to mel-
anocytes at higher doses [122]. Abnormal liver 
function tests, hepatosplenomegaly, and clinical 
and laboratory features of hypothyroidism are 
observed in a small percentage of cases [78, 87, 
100]. Ocular disturbances are absent in chemical 
leukoderma [75].

A family history of vitiligo is present in 
12.9% of cases, but of chemical leukoderma 
only in 0.7% [78].

Chemical Leukoderma Syndrome. A syn-
dromic classification of chemical leukoderma 
which can explain all the clinical features and 
pathogenic mechanisms in an adequate man-
ner has been reported [78, 79]. Chemical leu-
koderma syndrome details are reported in 
Table 17.7.

It is still unclear whether systemic chemi-
cal exposure, through inhalation, ingestion or 
injection, can cause chemical leukoderma. It is 
also difficult to prove that systemic features are 

caused by the chemical process, since clinical 
and laboratory findings of chemical leukoderma 
are common in the general population. However, 
the possibility that systemic organs involvement 
in chemical leukoderma may be a consequence 
of lymphatic and/or haematogenous spread of 
the causative chemical should be considered. 
Some patients continued to develop vitiligo 
lesions in various body areas for over a year, 
despite avoiding exposure to the contributory 
toxic chemicals. This was termed “chemical viti-
ligo” to describe a vitiliginous process that was 
initially elicited by chemicals and progressed 
even after the discontinuation of exposure  
[78, 79].

Personal Series. We have observed 23 cases 
of contact chemical leukoderma, 18 of which 
were occupational [5, 80]. In 17 cases, the hands 
and wrists were involved due to occupational 
contact with rubber gloves (Figs. 17.22, 17.23, 
17.24, 17.25, and 17.26), whereas the peri-labial 
region was affected in another case due to con-
tact with a rubber mouthpiece (Fig. 17.27). 
Among the 5 non-occupational cases, 2 showed 
linear horizontal lesions on the upper third of 
the legs after contact with rubber bands holding 
up socks, and 1 lesion on the trunk after contact 
with rubber slip bands (Fig. 17.28). One case 
showed depigmentation patches on the penis as 
a result of continuous use of rubber condoms. 
Our last case featured a single rounded achromic 
patch in the periumbilical region, due to contact 
with jeans metal buttons (Fig. 17.29); the patient 
denied having suffered a primary contact der-
matitis in this area. Patch testing to 5% nickel 
sulfate resulted negative at 48 and 96 hours for 
irritant or allergic reactions, and no depigmented 

Table 17.7   Chemical leukoderma syndrome (modified, by [78])

aHypothetical stage, not yet proven

Stage I Lesions only at the site of contact
Stage II Lesions spread locally through lymphatics
Stage III A Lesions at distant sites through haematogenous spread
Stage III B Lesions at distant sites with systemic organ involvement
Stage III Ca Systemic introduction (injection, inhalation or ingestion) other than skin contact causing chemical 

leukoderma with or without systemic organ involvement
Stage IV Distant spread of vitiligo-like lesions even after 1 year of strict avoidance of exposure to causal chemi-

cals (“chemical vitiligo”)
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Fig. 17.22  Occupational contact chemical leukoderma due to rubber gloves use

Fig. 17.23  Occupational contact chemical leukoderma due to rubber gloves use (Reproduced with permission by 
Bonamonte and Coll [5])
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Fig. 17.24  Occupational contact chemical leukoderma due to rubber gloves use

lesions were present after one month. In all 
cases the leukoderma appeared after a period 
ranging from 4 months to 3 years after the nox-
ious contact. Patients did not have a personal or 
family history of vitiligo, and the clinical lesions 
resolved spontaneously some months after dis-
continuing use of the agent. Patients refused 
patch testing with phenol and catechol deriva-
tives and with other potentially depigmenting 
substances. In 2 occupational cases, biopsy of 
the lesion, performed on the wrists, showed 
absence of melanocytes and mild intraepidermal 
spongiosis.

17.2.1.3  Pathogenesis
The pathogenic mechanism underlying chemi-
cal leukoderma is fairly complex and not fully 
understood. First of all, host factors play a 
primary role in the disease genesis, and this 
explains why not all subjects exposed to depig-
menting chemicals develop chemical leuko-
derma: chemicals damage melanocytes only 

in those with a genetic susceptibility [75, 77]. 
While the majority of patients rapidly develop 
the disease, others develop signs only after years 
of exposure [123]: these observations bear wit-
ness to a genetic variability in responses to 
depigmenting chemicals [75].

Phenols and catechols are structurally simi-
lar to tyrosine, the substrate of tyrosinase that 
triggers the biochemical pathway for melanin 
synthesis. Derivatives of these chemical com-
pounds compete with tyrosine for hydroxyla-
tion by tyrosinase and therefore interfere with 
melanin synthesis. It is not yet clear how this 
leads to further melanocytes apoptosis. A role 
of tyrosinase in mediating the cytotoxic effect of 
phenols and catechols was hypothesized, but this 
later proved incorrect [77, 124–127]. Recently, 
another melanocyte-specific enzyme, namely 
tyrosinase-related protein-1 (Tyrp1), has been 
shown to mediate the action of phenol and cat-
echol derivatives [128]. Supporting this concept, 
Tyrp 1 overexpression has been demonstrated 
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Fig. 17.25  Occupational contact chemical leukoderma of hands and wrists. The same case as in Fig. 17.24

in a line of cultured vitiligo melanocytes [129]. 
Tyrp 1 might act through the conversion of 
phenols and catechols into semiquinone free 
radicals and contemporary ROS generation, the 
latter causing oxidative stress on melanocytes 
[77]. In normal conditions, this oxidative stress 
triggers the activation of cellular  free-radical 
scavenger pathways to prevent cell death. A 
genetic inability of melanocytes to tolerate and/
or respond to oxidative stress in subjects with 
chemical leukoderma may underlie the develop-
ment of the disease [19].

In a recent review of this issue, Ghosh used 
a pathogenic model of vitiligo experimen-
tally induced by the tyrosine analogue PTBP 
to explain the chemical leukoderma pathogenic 
mechanism [79]. The lack of response to oxida-
tive stress through antioxidant cellular enzymes 
(due to the melanocytes genetic susceptibility) 
determines not only elevated tumor necrosis 

factor-related apoptosis-inducing ligand death 
receptor expression, but also dendritic cell 
activation that can trigger, in the draining lymph 
nodes, cytotoxic T cells against melanocytes 
[130].

Different hypotheses have been proposed to 
explain the presence of lesions far distant from 
the initial contact area, observed in some cases 
of chemical leukoderma: autotransfer of the 
chemical from the hands to other parts of the 
body, or chemical absorption through inhala-
tion or ingestion [75, 78, 79, 85]. The evidence 
supporting a systemic route of entry is based on 
depigmentation in animals following oral or par-
enteral administration of depigmenting agents, 
and on observations of selected cases in man 
[85]. The evidence that some workers developed 
abnormal liver enzymes also suggests a sys-
temic absorption [87, 90]. Another suggestion 
is a local disease spread through the lymphatics 
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Fig. 17.26  Occupational contact chemical leukoderma due to rubber gloves use

and a distant spread through the haematogenous 
route, beyond the site of contact [78, 79].

It should be emphasized that the 
 above-reported pathogenic mechanisms refer 
specifically to chemical leukoderma induced by 
phenol and catechol derivatives. Further stud-
ies on the mechanisms of action of other depig-
menting substances are warranted [131].

17.2.1.4  Pathology
Fitzpatrick indicated that chemical leukoderma 
can easily be confused with idiopathic vitiligo 
[132]. Indeed, histologic examination is not 
helpful because both diseases show a decreased 
number or absence of melanocytes. The  
melanocytes present contain few, imperfectly 
 melanized melanosomes, swollen mitochon-
dria, many vacuoles, and premelanosomes with 

a pigment distribution of “abacus” type [84, 
133]. In depigmented skin of chemical leuko-
derma, the presence of clear, dopa-negative and 
undetermined cells was noted between basal 
keratinocytes [134]. Unlike in vitiligo epider-
midis, however, in chemical leukoderma there 
are no important keratinocytes and Langerhans 
cells alterations. In vitiligo, there are increased 
numbers of Langerhans cells, while in areas 
adjacent to macules, vacuoles are present in 
suprabasal keratinocytes and degeneration in 
basal keratinocytes; moreover, in active lesions 
there are lymphocytes in the superficial dermis 
[134, 135].

17.2.1.5  Experimental Reproduction
Gellin and Coll. discovered that the depig-
menting effect of open local application of 
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Fig. 17.27   Occupational contact chemical leukoderma due to rubber mouthpiece

PTBC to black guinea pigs appeared to be 
 vehicle-dependent and occasionally seemed to 
be related to concomitant irritation. PTBC at 
concentrations of 0.005, 1.5, and 10 g/100 ml of 
acetone was ineffective, although the two higher 
concentrations were irritant. With dimethyl sul-
foxide or with propylene glycol, a depigmentary 
(and irritant) effect of PTBC was seen with the 
10 g per 100 ml solution but not with the 1 or 
5 g solutions [88, 90].

Meanwhile, experimental incubation in 
human volunteers is dependent upon the strength, 
vehicle, method of external application (fre-
quency, and open or closed patch), and site of 
application [88, 90]. Kahn reported that depig-
mentation, after closed patch testing on alternate 

days with 6% PTBP in alcohol, occurred after an 
average of 2 weeks [84].

17.2.1.6  Patch Testing
The role of patch testing is important in docu-
menting cases of suspected chemical leuko-
derma. However, patch testing is not often 
performed for different reasons: lack of  
standardization and agreement, medico-legal 
reasons, ethical issues and psychological 
reasons.

As previously reported, the intrinsic depig-
menting action of various melanocytotoxic sub-
stances is correlated not only to time but also to 
the doses. Therefore, the substances concentra-
tion for patch testing should be high, between 
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Fig. 17.28  Chemical leukoderma due to rubber band of slip

2 and 10%, as possible. Vehicles petrolatum, 
dimethyl sulfoxide, and propylene glycol are 
preferable to acetone. Patch tests should be read 
not only after 48–96 hours (to highlight an irri-
tant or a rare allergic response), but also after 1 
or more months (up to 6 months in some cases), 
since the reservoir of preformed melanin must 
be shed by the epidermis before depigmentation 
can be detected.

When testing for chemical leukoderma, false 
negatives are common in cases of use of unsuit-
able vehicles or low concentrations of the sub-
stance. The possible leukodermic response after 
an irritative and/or sensitizing patch test with 
a negative medical history and without clinical 
signs of chemical leukoderma should be consid-
ered a false positive response. Open tests are not 
useful in this disease.

Even if not present in all cases, depigmenta-
tion induced by patch testing persists for many 
months and depigmenting lesions can also 
arise long after. For these reasons, patch test-
ing should be performed carefully, especially in 

darker-skinned individuals. It is always advis-
able to obtained specific informed consent from 
the patient and perform tests on covered areas, 
such as the buttocks.

17.2.1.7  Diagnosis and Differential 
Diagnosis

To diagnose chemical leukoderma there are no 
absolute criteria, but physical examination is usu-
ally adequate. Chemical leukoderma can be diag-
nosed clinically by a history of repeated exposure 
to a known or suspected depigmenting agent in the 
primary site, a macules distribution corresponding 
to chemical exposure and the presence of numer-
ous acquired confetti- or  pea-sized macules.

Generally, the diagnosis is easily made when 
a number of cases are clustered, typically in a 
factory where exposure to known depigment-
ing agents can occur. A detailed history is espe-
cially important in isolated cases and in cases 
involving litigation, to exclude other causes such 
as medications, trauma and burns. Chemical 
exposure and disease duration do not show 
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Fig. 17.29  Chemical leukoderma due to contact with jeans metal button

any linear correlation with the depigmentation 
severity and extension. In a patient with viti-
ligo diatheses, a leukoderma appearing after a 
“single” exposure to a chemical should be con-
sidered as a result of post-inflammatory leuko-
derma or  chemicals-related koebnerization.

No helpful laboratory tests are available to con-
firm the diagnosis, except patch testing. Imbalances 
of some blood parameters, such as liver and thyroid 
enzyme levels, are not pathognomonic.

Examining the ingredients in a chemical for-
mulation may be inadequate to detect the pres-
ence of chemicals inducing leukoderma, as the 
synthesis of by-products may create phenolic 
or catecholic depigmenting derivatives. In this 
situation, gas chromatography or other chemi-
cal analysis, such as thin-layer chromatography, 
infrared spectrophotometry, high pressure liq-
uid chromatography, and paper chromatography 
may be required.

Several hypomelanosis disorders, either con-
genital or acquired, need to be differentiated 
from chemical leukoderma. Among genetic 
leukoderma forms, piebaldism, due to muta-
tion of the KIT gene located on chromosome 
4 in 4q12, manifests at birth or during the first 
months of life. Lesions are typically localized 
on the forehead, do not progress, and involve 
the hair (“white forelocks”). Other rare cuta-
neous abnormalities include hypo- and hyper-
pigmented lesions with a mosaic appearance. 
The differential diagnosis with albinism, a rare 
disorder due to absence or alterations of the 
tyrosinase enzyme, that involves the whole 
body surface area already at birth, is even easier. 
Hypopigmented spots also characterize tuber-
ous sclerosis: usually observed at birth or dur-
ing the first year of life, they remain unchanged 
in size and shape throughout life. These lesions 
are distributed asymmetrically on the body, in 
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Table 17.8  Comparative features of chemical leukoderma and vitiligo

Clues Chemical leukoderma Vitiligo
Age of onset Usually adulthood Aquired from birth to old age 

(median age: 20 years)
Small epidemics Occupational environments No
Lesions conforming to a history of 
repeated chemical exposure

Yes No

Evolution: spreading Possible Possible
Confetti macules Present Absent
Macules color White to off-white Milk-white
Lesions distribution Mainly hands, face, arms

Remote macules
Symmetric, periorificial, segmental

Lesions margin Sharp/ill-defined Sharp
Diascopy Distinct margins Distinct margins
Wood’s lamp Enhanced contrast Accentuated (degree of accentuation 

varies)
Special features None Trichrome/polychrome, occasional 

segmental pattern
Other skin changes None Scattered leukotrichia, halo nevi, 

alopecia areata
Systemic disease None Hypo/hyperthyroidism, diabetes mel-

litus, Addison’s disease, pernicious 
anemia

Medical importance None Ocular disturbances, hypo/hyperthy-
roidism, diabetes mellitus, Addison’s 
disease, pernicious anemia

Histology Absent melanocytes Absent melanocytes, keratinocytes 
and Langerhans cells alterations, 
lymphocytes in active lesions

Course Resolution after identification and 
avoiding chemical exposure

Chronic/cyclic

particular the trunk and limbs, and can be of 
three different types: polygonal or oval mac-
ules, most commonly, lance-oval spots (classic 
 “ashleafs”-shaped macules), and confetti spots 
(very small, 1 to 3 mm). Naevus achromicus 
may be present from birth and involves only one 
skin area; the hair in the involved area is always 
pigmented.

In acquired forms, depigmentation consists 
of white patches corresponding to the site of 
preceding inflammation. In pityriasis versi-
color, hypopigmentation is associated with des-
quamation; lesions are typically localized on 
the trunk and show fluorescence under Wood’s 
light; microscopy highlights iphae and spores. 
Pityriasis alba, observed mostly in children, 
is characterized by hypopigmented, scaly and 
poorly defined patches, localized on the cheeks, 

and upper portion of the limbs. Other clinical 
and histopathological specific signs accompany 
depigmentation of lupus erythematosus, sar-
coidosis, leprosy and mycosis fungoides.

In 2–16% of patients with melanoma, 
 vitiligo-like leukoderma is present in sites dis-
tant from the primary tumor, arising either 
spontaneously or more frequently after immu-
nologic treatments [136–138]. Most patients 
will have melanoma-associated depigmenta-
tion within a few years of diagnosis. In some 
patients,  vitiligo-like lesions may appear many 
years before the melanoma diagnosis [138–140]. 
Patients with melanoma-associated depigmen-
tation showed a bilateral symmetric pattern cor-
responding to vitiligo, while few patients had 
unilateral asymmetric or focal hypopigmentation, 
and no case showed acrofacial lesions [141].
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The real issue in clinical practice is the dif-
ferential diagnosis with vitiligo, in particular 
with the “focal pattern” variety, with 1 or 2 
asymmetric lesions localized in atypical areas. 
Unfortunately, there are no absolute labora-
tory or histologic criteria that can distinguish 
vitiligo from chemical leukoderma, and this 
often leads to misdiagnosis of the latter disease. 
Nevertheless, a careful examination can elicit 
several findings (Table 17.8). Histopathologic 
examination is not usually helpful in the dif-
ferentiation of these two diseases because 
both have decreased numbers or absence of 
melanocytes. However, vitiligo may be associ-
ated with ocular disturbances, usually involv-
ing fundal pigment disorders; patients with 
uveitis were also found to have a higher than 
expected incidence of vitiligo [142, 143]. The 
presence or absence of depigmentation of the 
iris should be noted, and an ophthalmological 
examination is advised to document any other 
ocular disturbance. Vitiligo may also be asso-
ciated with systemic disorders, such as thyroid 
disease, diabetes mellitus, Addinson’s disease, 
alopecia areata, and pernicious anemia [120]. 
Despite isolated reports of abnormal thyroid 
studies or hepatosplenomegaly, most patients 
with chemical leukoderma are healthy, as 
shown by a recent European consensus report 
[144]. A family history of chemical leuko-
derma was found in only 7 of 864 cases (0.8%) 
[78]. Based on these data the authors believe 
that it is unlikely that patients with chemical 
leukoderma have a special family tendency to 
develop chemical leukoderma, and that it is 
probably an environmental rather than a genetic 
disease [78].

Chemical leukoderma does not show tri-
chromic or polychromic lesions (probably due 
to a different gear in melanocytes apoptosis), 
or poliosis or leukotrichia without skin involve-
ment, as we may see in vitiligo [79]. In chemi-
cal leukoderma the melanocytes “fragility” 
is due to specific persistent chemical stimuli, 
whereas in vitiligo, in addition to various pre-
cipitating factors, koebnerization occurs from 
physical or chemical contact as from the first  
exposure.

17.2.1.8  Prognosis and Treatment
Spontaneous repigmentation has been reported 
in some cases following avoidance of the causa-
tive agent [84, 85, 105]. Repigmentation is peri-
follicular, gradual and takes place over a period 
ranging from weeks to months. To improve the 
chances of reversibility of chemical leukoderma 
the offending chemical must be promptly with-
drawn, always considering that different causal 
agents could be involved, especially in cases 
with spreading lesions. As far as prevention is 
concerned, patients should avoid all substances 
that can induce melanotoxicity, not only those 
causing the disease.

Long term follow-up studies (>1 year) indi-
cate that in some cases of pure chemical leu-
koderma, despite avoiding offending chemical 
agents, vitiliginous patches still continue to 
develop in different parts of the body far from 
the primary site of involvement (“chemical viti-
ligo”) [78, 79].

In the workplace it is important to prevent 
and minimize exposure to known depigmenting 
agents through environmental engineering and 
industrial hygiene measures. These include good 
work practices, local exhaust ventilation, chemi-
cal substitution and, as a last resource, personal 
protective equipment.

Therapies are the same as for vitiligo, in par-
ticular psoralens for topical and systemic use. 
Ehrenfeld treated a patient with hands contact 
leukoderma from a phenolic detergent germi-
cide with methoxalen and a bank of blacklite at 
weekly intervals for 2 months; follicular repig-
mentation occurred after 6 treatments [145]. 
Limited therapy with systemic PUVA resulted in 
partial follicular repigmentation in one case with 
leukoderma from hair dye [91], while almost 
total repigmentation occurred in one patient with 
chemical leukoderma of the hands from rubber 
gloves [75].

17.2.1.9  Conclusions
Chemical leukoderma is an acquired form of 
cutaneous pigment loss induced by exposure to 
a variety of chemicals, in particular aromatic or 
aliphatic derivatives of phenols and catechols, 
that act through selective melanocytotoxicity. 



388 D. Bonamonte et al.

Most cases result from skin contact, but chemi-
cal ingestion or inhalation can also be induc-
ing factors. Although chemical leukoderma 
is reported as a disease with an occupational, 
industrial origin, and with hands and forearms 
involvement, it can be induced by a large num-
ber of non occupational consumer products, and 
hence involve all body surface areas. For this 
reason and probably due also to the globaliza-
tion process, in recent years, the incidence of 
the affection has increased considerably, in par-
ticular in developing countries, likely due to 
lack of quality control of consumer products. It 
is significant that not all individuals exposed to 
depigmentary chemicals develop leukoderma. 
Some individuals seem to be especially sensitive 
to these agents, others less so, and yet others are 
not responsive at all. This observation suggests 
that only some subjects show susceptibility to 
specific chemicals.

Chemical leukoderma, that in some cases 
develops not only at the site of chemical contact 
but also at a distance, often mimics clinically 
idiopathic vitiligo and this leads to a misdiagno-
sis of chemical leukoderma as vitiligo. Various 
authors agree, however, that these two entities 
are distinguishable, if not histologically, then at 
any rate clinically. Fisher has pointed out differ-
ent courses of these disorders [146, 147]. Other 
authors also agreed that chemical leukoderma 
can be clinically diagnosed by a history of docu-
mented and repeated exposure to a known or 
suspected depigmenting agent at the primary 
site, a distribution of macules corresponding to 
chemical exposure and the presence of numer-
ous acquired confetti- or pea-sized macules [5, 
78, 79, 135]. Cycles of pigment loss occur in 
vitiligo, alternating with periods of stability; 
these variations are not typical of chemical leu-
koderma [148].

In 1995, Cumming and Nordlund suspected 
that anecdotal cases of chemical leukoderma 
reported in the literature might have been viti-
ligo and attempted to answer the puzzling 

question why not all individuals exposed to 
depigmenting agents develop the disease [149]. 
Replying to the same article, Gellin, confident 
that chemical leukoderma is a fact and not a 
myth, imputed it to genetic susceptibility and the 
offending substance concentration, for unknown 
reasons [148]. These are still a mystery and 
extensive studies of the genetics of this disease 
are required. The incidence of chemical leuko-
derma seems to be higher than that of vitiligo, 
estimated at 0.5–1% in the general population 
[142, 144, 150].

Several other points related to the pathogenic 
mechanism of chemical leukoderma need to be 
clarified, such as the mechanism of action of dif-
ferent chemical agents (apart from phenols and 
catechols derivatives), that are potentially mel-
anocytotoxic, the possible involvement of the 
humoral or cellular immune response, and the 
suspected role of a systemic route of entry of 
depigmenting agents. The last two points could 
confirm the hypothesis of a systemic chemical 
leukoderma and explain the presence of clinical 
manifestations far from the primitive skin con-
tact area. In the vitiliginous patches of patients 
with a segmental and generalized type of idi-
opathic vitiligo, a diminished contact sensitivity 
reaction to dinitrochlorobenzene (DNCB) has 
been noted; on the other hand, in these lesions 
tuberculin reactivity was not suppressed [151]. 
Investigators suggested that diminished contact 
sensitivity might be due to functional changes 
in Langerhans cells or to an alteration of carrier 
(skin) proteins in lesions. It would be interesting 
to extend such research also to chemical leuko-
derma in order to gain a better understanding of 
the pathogenic mechanism.

To conclude, chemical leukoderma is an 
under-diagnosed, commonly acquired condi-
tion that mimics vitiligo, but can be clinically 
diagnosed. Until more studies of the pathogenic 
mechanisms become available, an early diagno-
sis of chemical leukoderma is of prime impor-
tance so as to discontinue exposure to offending 
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Fig. 17.30  Hypomelanosis after allergic contact dermatitis

chemicals and rapidly institute therapy, consid-
ering that this disease has a better outcome than 
vitiligo.

17.2.2  Postinflammatory 
Hypomelanosis in Contact 
Dermatitis

Hypomelanosis can ensue after any derma-
tological inflammatory process, especially 
in dark-skinned subjects. The most common 

causes are irritant and allergic contact der-
matitis (Fig. 17.30). The pigment reduction 
is the result of the increased mitotic rate of 
keratinocytes in the active phase of the der-
matitis, which is accompanied by a reduced 
 melanocytes-to-keratinocytes melanosome 
transfer; they also exhibit a reduced transit 
time from the basal layer to being shed on the 
skin surface (“secondary melanopoenic leuko-
derma”). Nevertheless, a coexistence of hyper-
melanosis and hypomelanosis outcomes is 
entirely possible (Fig. 17.31) [5, 6, 152].
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Fig. 17.31  Hypermelanosis and hypomelanosis after allergic contact dermatitis to phosphorus sesquisulfide in 
matches carried in trouser pockets 

References

 1. Fitzpatrik TB, Bernhard JD, Cropley TG. The struc-
ture of skin lesions and fundamentals of diagnosis. 
In: Freedberg IM, Eisen AZ, Wolff K, et al, edi-
tors. Dermatology in general medicine, 5th ed. New 
York: McGraw-Hill; 1999. p. 31.

 2. Ortonne JP. La couleur de la peau humaine: de la 
recherche à l’esthétique. Ann Dermatol Venéréol. 
2009;136(Suppl 6):5252.

 3. Cox NH, Coulson IH. Diagnosis of skin disease. In: 
Burns T, Breathnach S, Cox N, et al, editors. Rooks’ 
Textbook of dermatology, 8th ed. Oxford: Wiley-
Blackwell; 2010. p. 5.1.

 4. Anstey AV. Disorders of skin colour. In: Burns T, 
Breathnach S, Cox N, et al, editors. Rooks’ textbook 
of dermatology, 8th ed. Oxford: Wiley-Blackwell; 
2010. p. 58.1.

 5. Bonamonte D, Foti C, Romita P, et al. Colors and 
contact dermatitis. Dermatitis. 2014;25:155.

 6. Bonamonte D, Angelini G. Disordini pigmentari da 
contatto. Ann Ital Dermatol Allergol. 2001;55:1.

 7. Mosher I, Fitzpatrik TB, Ortonne JP et al. 
Hypomelanoses and hypermelanoses. In: Freedberg 
IM, Eisen AZ, Wolf K, et al, editors. Dermatology 
in general medicine, 5th ed. New York: McGraw-
Hill; 1999. p. 945.

 8. Marzulli FN, Maibach HI. Perfume phototoxicity. J 
Soc Cosmet Chem. 1970;21:695.

 9. Harber LP, Harris H, Leider M, et al. Berloque der-
matitis. Arch Dermatol. 1954;90:572.

 10. Zaynoun ST, Aftimos BA, Tenekjian KK, et al. 
Berloque dermatitis: a continuing cosmetic prob-
lem. Contact Dermatitis. 1981;7:111.

 11. Meneghini CL, Angelini G. Le dermatiti da con-
tatto. Roma: Lombardo Ed.; 1982.

 12. Osmundsen PE. Contact dermatitis due to an opti-
cal whitener in washing powder. Br J Dermatol. 
1969;81:799.

 13. Osmundsen PE. Pigmented contact dermatitis. Br J 
Dermatol. 1970;83:296.

 14. Piñol-Aguadé J, Grimalt F, Romaguera, et al. 
Dermatitis for blanquedores opticos. Med Cutan. 
1971;5:249.

 15. Ancona-Alayón A, Escobar-Márquez R, 
Gonzáles-Mendona A, et al. Occupational pig-
mented contact dermatitis from Naphthol AS. 
Contact Dermatitis. 1976;2:129.

 16. Kawaki S, Kawashima T, Akiyama J, et al. 
Pigmented contact dermatitis to the dyes from night 
gown. Hifuka no Rinsho. 1985;27:91.

 17. Hayakawa R, Matsunaga K, Kojima S, et al. 
Naphthol AS as a cause of pigmented contact der-
matitis. Contact Dermatitis. 1985;13:20.

 18. Nakayama I. Pigmented contact dermatitis and 
chemical depigmentation. In: Rycroft RJG, Menné 
T, Frosch PJ, et al, editors. Textbook of contact der-
matitis, 2nd ed. Berlin: Springer; 2001. p. 381.

 19. Ebihara T, Nakayama H. Pigmented contact derma-
titis. Clin Dermatol. 1997;15:593.

 20. Fujimoto K, Hashimoto S, Kozuka T, et al. 
Occupational pigmented contact dermatitis from 
azodyes. Contact Dermatitis. 1985;12:15.

 21. Kokuza T, Tashiro M, Sano S, et al. Brilliant Lake 
Red R as a causes of pigmented contact dermatitis. 
Contact Dermatitis. 1979;5:297.

 22. Hamada T, Horiguchi S. Chronic melanoderma-
titis due to rubber peephole of a ship radarscope. 
Contact Dermatitis. 1978;4:245.



39117 Hyperpigmentation, Hypopigmentation and Discolorations …

 23. Wattanakroi P, Miyamato L, Taylor JS. 
Occupational pigmentary disorders. In: Kanerva L, 
Elsner P, Wahlberg JE, et al., editors. Handbook of 
occupational dermatology. Berlin: Springer-Verlag; 
2000. p. 280.

 24. Nakayama H, Hanaoka H, Ohshiro A. Allergen con-
trolled system. (ACS). Tokyo: Kaneara Shuppan 
Co.; 1974.

 25. Mathias CGT. Pigmented cosmetic dermatitis from 
contact allergy to a toilet soap containing chro-
mium. Contact Dermatitis. 1982;8:29.

 26. Shenoi SD, Rao R. Pigmented contact dermatitis. 
Indian J Dermatol Venereol Leprol. 2007;73:285.

 27. Goh CL, Kozuka T. Pigmented contact dermatitis 
from “kumkum”. Clin Exp Dermatol. 1986;11:603.

 28. Nath AK, Thappa DM. Kumkum-induced derma-
titis. An analysis of 46 cases. Clin Exp Dermatol. 
2007;32:385.

 29. Hayakawa R, Matsumaya K, Arima Y. Airborne pig-
mented contact dermatitis due to musk ambrette in 
incense. Contact Dermatitis. 1987;16:96.

 30. Pires MC, Silva Manoel, dos Reis V, Mitelmann 
R, et al. Pigmented contact dermatitis due to 
Plathymenia foliosa dust. Contact Dermatitis. 
1999;40:299.

 31. Nakayama H, Matsuo S, Hayakawa K, et al. 
Pigmented contact dermatitis. Int J Dermatol. 
1984;23:239.

 32. Minami S, Noma Y. Melanosis faciei feminae. 
Dermatol Urol. 1950;12:73.

 33. Von Riehl G. Über eine eigenartige Melanose. Wien 
Klin Wochenschr. 1917;30:780.

 34. Nakayama H, Harada R, Toda M. Pigmented cos-
metic dermatitis. Int J Dermatol. 1975;15:673.

 35. Serrano G, Pujol C, Cuadra J, et al. Riehl’s mela-
nosis: pigmented contact dermatitis caused by fra-
grances. J Am Acad Dermatol. 1989;21:1057.

 36. Matsuo S, Nakayama H. A case of pigmented der-
matitis induced by cinnamic derivatives. Hifu. 
1984;26:573.

 37. Nakayama H. Perfume allergy and cosmetic derma-
titis. Jpn J Dermatol. 1974;84:659.

 38. Sato N. An investigation on the serum hormone lev-
els at ovarial and luteal phases of melasma patients. 
Jpn J Dermatol. 1987;97:937.

 39. Nakayama H. Photocontact dermatitis. Allergy Clin. 
1996;2:205.

 40. Levantin A, Almeyda J. Drug-induced changes in 
pigmentation. Br J Dermatol. 1973;89:105.

 41. Burge KM, Winkelmann RF. Mercury pigmentation. 
Arch Dermatol. 1970;102:51.

 42. Fountain RB. Occupational melanoderma. Br J 
Dermatol. 1967;79:59.

 43. Zenorola P, Bisceglia M, Lomuto M. Ashy der-
matosis associated with contact allergy. Contact 
Dermatitis. 1994;31:53.

 44. Tanii T, Koho T, Katoh J, et al. A case of prurigo 
pigmentosa considered to be contact allergy to 
chromium in an acupuncture needle. Acta Derm 
Venereol. 1991;71:66.

 45. Vonterheid EC, Van Scott EJ, Grekin DA. Topical 
chemotherapy and immunotherapy of mycosis fun-
goides: intermediate-term results. Arch Dermatol. 
1977;133:454.

 46. Schwartz L, Tulipan L, Birmingham DT. Dermatosis 
caused by metals. In: Schwartz L, Tulipan L, 
Birmingham DT, editors. Occupational disease of 
the skin. Philadelphia: Lea & Fabiger; 1957. p. 260.

 47. Dickerson DB, Smith TH. Antimony, arsenic and 
their compounds. In: Zen ZC, editors. Occupational 
medicine, 2nd ed. Chicago: Year Book Medical; 
1988. p. 509.

 48. Adams RM. Occupational skin disease. In: 
Freedberg IM, Eisen AZ, Wolff K, et al, editors. 
Fitzpatrick’s dermatology in general medicine, 5th 
ed. New York: McGraw-Hill; 1999. p. 1609.

 49. Mosher D, Fitzpatrick TB, Hortonne JP, et al. 
Normal skin color and general considerations of 
pigmentary disorders in general medicine. In: 
Freedberg IM, Eisen AZ, Wolff K, et al, editors. 
Fitzpatrick’s dermatology in general medicine, 5th 
ed. New York: McGraw-Hill; 1999. p. 936.

 50. Vierkötter A, Schikowski T, Ranft V, et al. Airborne 
particle exposure and extrinsic skin aging. J Invest 
Dermatol. 2010;130:2719.

 51. Bonamonte D, Foti C, Lionetti N, et al. Photoallergic 
contact dermatitis to 8-methoxypsoralen in Ficus 
carica. Contact Dermatitis. 2010;62:343.

 52. Emmet EA. Fototoxicity and photosensitivity reac-
tions. In: Adams RH, editor. Occupational skin dis-
ease, 2nd ed. Philadelphia: Saunders; 1983. p. 184.

 53. Rietschel RL, Fowler JF Jr. Contact photodermati-
tis. In: Rietschel RL, Fowler JF Jr, editors. Fisher’s 
contact dermatitis, 4th ed. Baltimore: Lippincott 
Williams & Wilkins; 1995. p. 524.

 54. Bonamonte D, Foti C, Angelini G. 
Hyperpigmentation and contact dermatitis due to 
Juglans regia. Contact Dermatitis. 2001;44:101.

 55. Buckley WR, West W. Persistent dye staining of the 
skin. Arch Dermatol. 1970;102:71.

 56. Fregert S, Poulsen J, Trulson L. Yellow stained skin 
from sodium nitrite in an etching agent. Contact 
Dermatitis. 1980;6:296.

 57. Fregert S, Trulson L. Yellow stained skin from dini-
trosalicylic acid. Contact Dermatitis. 1980;6:362.

 58. Cohen SR. Yellow staining caused by 
4,4′-methylenedianiline exposure. Arch Dermatol. 
1985;121:1022.

 59. Mallory SB, Miller OF, Tyler WB. Toxicodendron 
radicans dermatitis with black laquer deposit on the 
skin. J Am Acad Dermatol. 1982;6:363.

 60. Mallory SB, Hurwitz RM. Black-spot poison ivy 
dermatitis. Clin Dermatol. 1986;4:149.

 61. Guin JD. The black spot test for recognizing poi-
son ivy and related species. J Am Acad Dermatol. 
1980;2:332.

 62. Wahlberg JE. Metals and skin. In: Maibach HI, edi-
tor. Occupational and industrial dermatology, 2nd 
ed. Chicago: Year Book; 1987. p. 348.



392 D. Bonamonte et al.

 63. Buckley WR. Localized argyria. Arch Dermatol. 
1963;88:531.

 64. Blackadder ES, Nanderson WB. Occupational 
absorption of tellurium: a report of two cases. Br J 
Indust Med. 1975;39:59.

 65. Agris J. Adventitious tattooings. J Dermatol Surg. 
1976;2:72.

 66. Bettley FR. Colliers’ stripes: the coal mimers’ der-
matitis. Br J Dermatol. 1940;52:129.

 67. Reyner CE. Pigmentation following the use of iron 
salts. Arch Dermatol. 1939;40:380.

 68. Traub EF, Tennen JS. Permanent pigmenta-
tion following application of iron salts. JAMA. 
1936;106:1711.

 69. Sutton RL. Pigmentation of the skin due to iron 
(copperas) applied locally. JAMA. 1937;108:112.

 70. Bonamonte D, Vestita M, Angelini G. Accidental 
occupational fireworks tattoo. Indian J Dermatol 
Venereol Leprol. 2015;81:279.

 71. Urbach E, Pillsbury DM. Black dermographism. 
JAMA. 1943;121:485.

 72. Hurley HJ. Black dermographism. Arch Dermatol. 
1960;81:329.

 73. Fisher AA. Black dermographism. A physical phe-
nomenon. Cutis. 1974;13:18.

 74. Gellin GA, Maibach HI. Chemically induced 
depigmentation. In: Maibach HI, Lowe N, editors. 
Models in dermatology. Basel: Karger; 1985. p. 
443.

 75. Wattanakrai P, Miyamoto L, Taylor JS. 
Occupational pigmentary disorders. In: Kanerva L, 
Elsner P, Wahlberg JE, et al., editors. Handbook of 
occupational dermatology. Berlin: Springer; 2000. 
p. 280.

 76. Ortonne JP, Bahadoran P, Fitzpatrick TB, et al. 
Hypomelanosis and hypermelanosis. In: Freedberg 
IM, Eisen AZ, Wolff K, et al., editors. Fitzpatrick’s 
dermatology in general medicine. New York: 
McGraw Hill; 2003. p. 836.

 77. Boissy RE, Manga P. On the etiology of con-
tact/occupational vitiligo. Pigment Cell Res. 
2004;17:208.

 78. Ghosh S, Mukhopadhyay S. Chemical leucoderma: 
a clinico-aetiological study of 864 cases in the per-
spective of a developing country. Br J Dermatol. 
2009;160:40.

 79. Ghosh S. Chemical leukoderma: what’s new on 
etiopathological and clinical aspects? Indian J 
Dermatol. 2010;55:255.

 80. Bonamonte D, Vestita M, Romita P, et al. Chemical 
leukoderma. Dermatitis. 2016;27:90.

 81. Oliver EA, Schwartz L, Warren LH. Occupational 
leukoderma: preliminary report. JAMA. 
1939;113:927.

 82. Chumakov NN, Babanov GP, Smirnov AG. 
Vitiliginoid dermatoses in workers of phenol for-
maldehyde resin. In: Chumakov NN, Babanov GP, 
Simarov AG, editors. Bulletin Dermatol. Moscow: 
State Publishing Firm of Medical Literature; 1962. 
p. 143.

 83. Okmura Y, Shirai T. Vitiliginous lesions occurring 
among workers in a phenol derivative factory. Jpn J 
Dermatol. 1962;7:617.

 84. Kahn G. Depigmentation caused by phenolic deter-
gent germicides. Arch Dermatol. 1970;102:177.

 85. Malten KE, Seutter E, Hara I, et al. Occupational 
vitiligo due to paratertiary butylphenol and hom-
ologues. Trans St Johns Hosp Dermatol Soc. 
1971;57:115.

 86. Calnan CD. Occupational leukoderma from alkyl 
phenols. Proc Roy Soc Med. 1973;66:258.

 87. James O, Mayes RW, Stevenson CJ. Occupational 
vitiligo induced by p-tert-butylphenol, a systemic 
disease? Lancet. 1977;2:1217.

 88. Gellin GA, Possick PA, Davis IH. Occupational 
depigmentation due to 4-tertiary butyl catechol 
(TBC). J Occup Med. 1970;12:386.

 89. Bleehen SS, Pathak MA, Hori Y, et al. 
Depigmentation of skin with 4-isopropylcatechol, 
mercaptoamines, and other compounds. J Invest 
Dermatol. 1968;50:103.

 90. Gellin GA, Possick PA, Perone VB. Depigmentation 
from 4-tertiary butyl catechol–an experimental 
study. J Invest Dermatol. 1970;55:190.

 91. Taylor JS, Maibach HI, Fisher AA, et al. Contact 
leukoderma associated with the use of hair colors. 
Cutis. 1993;52:273.

 92. Pandhi RK, Kumar AS. Contact leukoderma due to 
‘bindi’ and footwear. Dermatologica. 1985;170:260.

 93. Bajaj AK, Gupta SC, Chatterjee AK. Contact depig-
mentation from free para-tertiary-butylphenol in 
bindi adhesive. Contact Dermatitis. 1990;22:99.

 94. Bajaj AK, Gupta SC, Chatterjee AK. Contact 
depigmentation of the breast. Contact Dermatitis. 
1991;24:58.

 95. Bajaj AK, Gupta SC, Chatterjee AK. Footwear 
depigmentation. Contact Dermatitis. 1996;35:117.

 96. Bajaj AK, Gupta SC, Chatterjee AK, et al. Hair dye 
depigmentation. Contact Dermatitis. 1996;35:56.

 97. Bajaj AK, Pandey RK, Misra K, et al. Contact 
depigmentation caused by an azo dye in alta. 
Contact Dermatitis. 1998;38:189.

 98. Miyamoto L, Taylor JS. Chemical leukoderma. In: 
Hann SK, Nordlund JJ, editors. Vitiligo: a mono-
graph on the basic and clinical science. Oxford: 
Blackwell Science Ltd.; 2000. p. 269.

 99. Rietschel R, Fowler JF Jr. Contact leukoderma (viti-
ligo) hyperpigmentation and discolorations from 
contactants. In: Rietschel R, Fowler JF Jr, editors. 
Fisher’s contact dermatitis, 5th ed. Philadelphia: 
Lippincott Williams & Wilkins; 2001. p. 571.

 100. Rodermund OE. Occupational vitiligo caused 
by paratertiarybutylphenol. Arch Dermatol. 
1976;112:554.

 101. Calnan CD, Cooke MA. Leukoderma in industry. J 
Soc Occup Med. 1974;24:59.

 102. Malten KE. Paratertiary butylphenol depig-
mentation in a “consumer”. Contact Dermatitis. 
1975;1:181.



39317 Hyperpigmentation, Hypopigmentation and Discolorations …

 103. Malten KE. Dermatological problems with synthetic 
resins and plastics in glues. Dematosen. 1984;32:81.

 104. Angelini E, Marinaro C, Carrozzo AM, et al. 
Allergic contact dermatitis of the lip margins from 
para-tertiary-butylphenol in a lip liner. Contact 
Dermatitis 1993;28:146.

 105. Horio T, Tanaka K, Komura J. Depigmentation 
due to paratertiary butyl catechol. Int Arch Occup 
Environ Health. 1977;39:127.

 106. Gawkrodger DJ, Cork MJ, Bleehen SS. 
Occupational vitiligo and contact sensitivity to 
para-tertiary butyl catechol. Contact Dermatitis. 
1991;25:200.

 107. Duffield JA. Depigmentation of skin by quinol and 
its monobenzyl ether. Lancet. 1952;1:1164.

 108. Frenk E, Loi-Zedda P. Occupational depigmenta-
tion due to a hydroquinone-containing photographic 
developer. Contact Dermatitis. 1980;6:238.

 109. Kersey P, Stevenson CJ. Vitiligo and occupa-
tional exposure to hydroquinone from servicing 
self-photographing machines. Contact Dermatitis. 
1981;7:285.

 110. Das M, Tandon A. Occupational vitiligo. Contact 
Dermatitis. 1988;18:184.

 111. Smith TL. Depigmentation from 2% hydroquinone 
cream. Schoch Lett. 1981;31:48.

 112. Fisher AA. Can bleaching creams containing 2% 
hydroquinone produce leukoderma? J Am Acad 
Dermatol. 1982;7:134.

 113. Fisher AA. Leukoderma from bleaching creams 
containing 2% hydroquinone. Contact Dermatitis. 
1982;8:272.

 114. Markey AC, Black AK, Rycroft RJ. Confetti-like 
depigmentation from hydroquinone. Contact 
Dermatitis. 1989;20:148.

 115. Tosti A, Gaddoni G, Piraccini BM, et al. 
Occupational leukoderma due to phenolic com-
pounds in the ceramics industry? Contact 
Dermatitis.1991;25:67.

 116. Brancaccio R, Cohen D. Contact leukoderma 
secondary to paraphenylenediamine. Contact 
Dermatitis. 1995;32:313.

 117. Kanerva L, Estlander T. Contact leukoderma caused 
by patch testing with dental acrylics. Am J Contact 
Dermatitis. 1998;9:196.

 118. Mathias CG, Maibach HI, Conant MA. Perioral 
leukoderma simulating vitiligo from use of a 
toothpaste containing cinnamic aldehyde. Arch 
Dermatol. 1980;116:1172.

 119. Ortonne JP, Mosher DB, Fitzpatrick TB. 
Hypomelanosis secondary to irradiation and physi-
cal trauma, chemical hypomelanosis, hypomela-
nosis associated with inflammation. In: Parrish 
JA, Fitzpatrick TB, editors. Vitiligo and other 
hypomelanoses of hair and skin. US, New York: 
Springer; 1983. p. 475.

 120. Mosher DB, Fitzpatrick TB. Chemical leukoderma. 
In: Sober AJ, Fitzpatrick TB, editors. Yearbook of 
Dermatology. Boston: Moshy; 1994. p. 3.

 121. Denton CR, Lerner AB, Fitzpatrick TB. Inhibition 
of melanin formation by chemical agents. J Invest 
Dermatol. 1952;18:119.

 122. Mathias C. Occupational dermatoses. In: Zenz  
C, editor. Occupational medicine, 2nd ed. Chicago: 
Yearbook; 1988. p. 132.

 123. O’Malley MA, Mathias CG, Priddy M, et al. 
Occupational vitiligo due to unsuspected presence 
of phenolic antioxidant byproducts in commercial 
bulk rubber. J Occup Med. 1988;30:512.

 124. Picardo M, Passi S, Nazzaro-Porro M, et al. 
Mechanism of antitumoral activity of catechols in 
culture. Biochem Pharmacol. 1987;36:417.

 125. Yang F, Boissy RE. Effects of 4-tertiary butylphenol 
on the tyrosinase activity in human melanocytes. 
Pigment Cell Res. 1999;12:237.

 126. Yang F, Sarangarajan R, Le Poole IC, et al. The cyto-
toxicity and apoptosis induced by 4-tertiary butyl-
phenol in human melanocytes are independent of 
tyrosinase activity. J Invest Dermatol. 2000;114:157.

 127. Nabai H, Mehregan AH. Rubber-induced depig-
mentation secondary to a wrist splint. Cutis. 
1994;53:295.

 128. Manga P, Sarangarajan R, Rammath E, et al. 
4-Ter-butyl-phenol cytotoxicity is mediated 
by tyrosinase related protein-1. Mol Biol Cell. 
2002;135:306.

 129. Le Poole IC, Yang F, Brown TL, et al. Altered 
gene expression in melanocytes exposed to 4-ter-
tiary butyl phenol (4-TBP): upregulation of the 
A2b adenosine receptor 1. J Invest Dermatol. 
1999;113:725.

 130. Kroll TM, Bommiasamy H, Boissy RE, et al. 
4-Tertiary butyl phenol exposure sensitizes human 
melanocytes to dendritic cell-mediated killing: rel-
evance to vitiligo. J Invest Dermatol. 2005;124:798.

 131. Solano F, Brigant S, Picardo M, et al. 
Hypopigmenting agents: an updated review on bio-
logical, chemical and clinical aspects. Pigment Cell 
Res. 2006;19:550.

 132. Fitzpatrick TB. Vitiligo. Int J Dermatol. 
1973;12:202.

 133. Frenk E, Pathak MA, Szabó G, et al. Selective 
action of mercaptoethylamines on melanocytes in 
mammalian skin: experimental depigmentation. 
Arch Dermatol. 1968;97:465.

 134. Frenk E, Kocsis M. Adhesive tape induced depig-
mentation. An ultrastructural study and comparison 
with vitiligo and vitiliginous depigmentation associ-
ated with melanoma. Dermatologica. 1974;148:276.

 135. Mosher DB, Fitzpatrick TB, Ortonne JP, et al. 
Hypomelanose and hypermelanoses. In: Freedberg 
IM, Eisen AZ, Wolff K, et al, editors. Fizpatrick’s 
dermatology in general medicine, 5th ed. New York: 
McGraw-Hill; 1999. p. 945.

 136. Rosenberg SA, White DE. Vitiligo in patients with 
melanoma: normal tissue antigens can be targets 
for cancer immunotherapy. J Immunother Emphasis 
Tumor Immunol. 1996;19:81.



394 D. Bonamonte et al.

 137. Becker JC, Guldberg P, Zeuthen J, et al. 
Accumulation of identical T cells in melanoma 
and vitiligo-like leukoderma. J Invest Dermatol. 
1999;113:1033.

 138. Hartmann A, Bedenk C, Keikavoussi P, et al. 
Vitiligo and melanoma-associated hypopigmenta-
tion (MAH): shared and discriminative features. J 
Dtsch Dermatol Ges. 2008;6:1053.

 139. Schallreuter KU, Levenig C, Berger J. Vitiligo and 
cutaneous melanoma. A case study. Dermatologica. 
1991;183:239.

 140. Quaglino P, Ortoncelli M, Comessatti A, et al. 
Circulating CD4+CD25 bright FOXP3+T cells 
are up-regulated by biological therapies and corre-
late with the clinical response in psoriasis patients. 
Dermatology. 2009;219:250.

 141. Naveh HP, Rao UN, Butterfield LH. 
Melanoma-associated leukoderma—immunology 
in black and white? Pigment Cell Melanoma Res. 
2013;26:796.

 142. Nordlund JJ, Taylor NT, Albert DM, et al. The prev-
alence of vitiligo and poliosis in patients with uvei-
tis. J Am Acad Dermatol. 1981;4:528.

 143. Wagoner MD, Albert DM, Lerner AB, et al. New 
observations on vitiligo and ocular disease. Am J 
Ophthalmol. 1983;96:16.

 144. Taïeb A, Picardo M, Members VETF. The definition 
and assessment of vitiligo: a consensus report of 
the Vitiligo European task force. Pigment Cell Res. 
2007;20:27.

 145. Ehrenfeld ID. Depigmentation due to phenolic 
detergent germicide treated with methoxalene and 
blacklite. Arch Dermatol. 1971;104:216.

 146. Fisher AA. Differential diagnosis of contact leu-
koderma and idiopathic vitiligo. Part I. Cutis. 
1994;53:158.

 147. Fisher AA. Differential diagnosis of idiopathic 
vitiligo. Part III: Occupational leukoderma. Cutis. 
1994;53:278.

 148. Gellin GA. Chemical leukoderma. Am J Contact 
Dermatitis. 1995;6:126.

 149. Cummings MP, Nordlund JJ. Chemical leukoderma; 
fact or fancy. Am J Contact Dermatitis. 1995;6:122.

 150. Picardo M, Dell’Anna ML. Vitiligo. In: Giannetti A, 
Del Forno C, editors. Textbook of dermatology and 
sexually transmitted diseases. Padova: Piccin Nuova 
Libraria; 2013. p. 2207.

 151. Uehara M, Miyauchi H, Tanaka S. Diminished con-
tact sensitivity response in vitiliginous skin. Arch 
Dermatol. 1984;120:195.

 152. Meneghini CL, Angelini G. Hypopigmentation fol-
lowing acute contact dermatitis from a match box. 
Contact Dermatitis. 1975;1:55.



395

Contact Dermatitis 
in Children

Domenico Bonamonte, Caterina Foti, 
Giulia Gullo and Gianni Angelini

An irritant contact dermatitis to plastic hos-
pital identification bracelets in the newborn has 
also been described [6].

18.1.1  Perianal Dermatitis of the 
Newborn

The incidence of this condition ranges from 
5 to 20%, being higher in newborns fed with 
cow’s milk formula than with mother’s milk 
[7–9]. The attribution of this difference to a 
higher fecal pH in formula-fed infants [8] has 
not been confirmed [9]. Although the precise 
cause remains unknown it is likely that perianal 
eczematous eruptions are an irritant response to 
fecal constituents, although clearly individual 
 susceptibility also plays a role.

In the majority of cases the affliction appears 
in the first 8 days of life. The erythema, of vari-
able intensity, extends for about 2–4 cm around 
the anus; in more severe forms it is associated 
with edema and erosions. It resolves spontane-
ously in 1–2 months. It may be associated with 
napkin dermatitis.

18.1.2  Irritant Contact Dermatitis  
of the Napkin Area

Irritant contact dermatitis in the napkin area 
(neither the term “napkin dermatitis”, used to 
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From the moment of birth, children’s skin is 
exposed to numerous environmental stimuli and 
can therefore be affected by a number of differ-
ent clinical pictures of contact dermatitis [1–5].

18.1  Contact Irritation

Indeed, in children, and in particular in new-
borns, the skin is particularly sensitive to 
irritants. Factors that contribute to the high inci-
dence of primary irritant reactions include the 
wide use of topical antiseptics, the prolonged 
skin contact with feces and urine, and the fre-
quent occlusion conditions. The most common 
clinical patterns of primary irritant contact der-
matitis are perianal dermatitis, dermatitis of the 
napkin area, and perioral dermatitis.
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erythema does arise when the skin is previously 
abraded [12]. Therefore, ammonia can aggravate 
the eruption when the skin integrity is impaired.

The urinary pH may have a role, not due to a 
direct effect on the skin but due to the increased 
action of fecal proteases that accompanies the 
higher pH values [15]. Ureases, produced by 
various fecal bacteria, increase the pH in the 
presence of urine, which would explain the 
observation that babies fed cow’s milk are more 
prone to dermatitis than breastfed babies, since 
the feces of the former babies are more easily 
colonized by bacteria producing ureases [17]. 
Finally, urine seems to increase the transdermic 
permeability to a greater extent than plain water 
does [15].

Feces have an irritant action on the skin due 
to their enzymes content, produced by various 
bacteria [18, 19]. The irritant effect of these 
enzymes is reinforced by other factors such as 
the altered barrier function and high pH.

Additionally, there is still widespread use of 
liquid soaps [20] and talcum powder, both of 
which can increase the risk of irritant dermatitis.

Quantitative studies have demonstrated that 
the bacterial flora isolated in children with irri-
tant contact dermatitis of the napkin area is no 
different from those isolated in the same area in 
healthy children [13, 21]. It has also been shown 
that the type of dermatitis of the napkin area 
does not affect the bacterial flora [22].

Instead, an etiological role of Candida albi-
cans, isolated in most cases of dermatitis of the 
napkin area but only rarely in the same area in 
healthy children, is much more likely [13, 21, 
23]. There is also a correlation between the 
severity of the dermatitis and fecal levels of C. 
albicans [11]. However, the role of C. albicans is 
complicated by the issue of the relation between 
dermatitis of the napkin area and candidosis in 
the same area. According to most authors, the 
latter may be considered a complication of the 
former. Experimental maceration of the skin 
by occlusion is a requisite in order to achieve 
engraftment of C. albicans [24], and this fungus 
can colonize the skin affected by dermatitis of 
the napkin area when it is present in the feces.

refer to any pathological process occurring 
in this zone, nor the term “diaper dermatitis”, 
referred to the causal factor alone, are to be 
taken as synonyms) is linked to various factors 
whose relative importance and combination 
type can vary in each case [10–13]. However, 
it rarely occurs except when diapers are being 
used and there is some degree of urinary or fecal 
incontinence.

18.1.2.1  Etiology
One factor that has a role in the etiology of the 
complaint is friction between the skin and the 
diaper. In fact, the sites most affected are those 
where there is the greatest friction, namely the 
internal surface of the thighs and convex surface 
of the genitals and buttocks. It is very likely the 
friction that causes the initial alterations of the 
stratum corneum.

Maceration of the corneum in damp condi-
tions is an important predisposing factor. Damp 
conditions make the skin more fragile and 
increase the skin susceptibility to friction dam-
age. Thus, the simple combination of friction 
and damp may be responsible for many mild 
cases of irritant contact dermatitis in the diaper 
zone. Moreover, the barrier function is altered 
when the skin is damp, increasing the transepi-
dermic permeability and so making the skin 
more prone to irritation [12, 14, 15]. In any case, 
in itself, prolonged skin occlusion can produce 
erythema, especially if the site is continually 
damp [16].

The presumed role of ammonia, produced 
through bacterial degradation of urinary urea, 
as an important causal factor is no longer sup-
ported, since the ammonia levels present in 
diapers in the morning and the presence of 
 urea-degrading bacteria are not different in 
babies with or without primary irritant dermati-
tis of the napkin area [12, 13]. The bacteria iso-
lated in affected babies do not release ammonia 
faster or in greater quantities than in healthy 
babies. Moreover, it has been shown that differ-
ent concentrations of ammonia in the urine do 
not cause significant erythema when applied in 
occlusion for 24 hours on babies’ skin, whereas 
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Importance has often been attributed to deter-
gents and antiseptics used to wash diapers, in 
the onset or increased severity of the complaint. 
However, the rinsing action of modern wash-
ing machines makes persistence of sufficient 
quantities of these substances on diapers as to 
cause problems an unlikely event. Moreover, the 
observation of the dermatitis also when dispos-
able diapers are used implies that such factors 
do not have a significant role.

The use of broad-spectrum antibiotics in 
infants seems to increase the incidence of irri-
tant dermatitis of the napkin area [25], in par-
allel with increased values of C. albicans at the 
level of the rectum and skin in these infants.

In short, the precise etiology of the dermati-
tis is still unknown. Friction and maceration are 
important predisposing factors. Proteolytic and 
lipolytic enzymes have an irritant action, above 
all when the barrier function is impaired and 
the environment is characterized by a high pH. 
The increased pH is linked to the action of fecal 

ureases on the urine and to the newborn’s diet. 
When present in the feces, C. albicans aggra-
vates the complaint.

18.1.2.2  Clinical Features
Irritant contact dermatitis of the napkin area 
does not generally manifest before the third 
week of life. It most often starts between the 
third and the twelfth week, showing a peak 
between the seventh and twelfth week.

The incidence of the complaint is not known 
but very probably it is rarer than in the past, 
due to the generalized use nowadays of dispos-
able diapers, even if about 50% of infants are 
affected to some extent in some moment of their 
infancy [11]. Both sexes and all races develop 
the complaint.

The most common clinical form is erythema 
of the convex surfaces in direct contact with the 
diaper: the buttocks, genitalia, lower abdomen, 
pubic area, and upper thighs (Figs. 18.1, 18.2, 
18.3, and 18.4). The groin folds are generally 

Fig. 18.1  Contact dermatitis of the napkin area



398 D. Bonamonte et al.

Fig. 18.2  Contact dermatitis of the napkin area

Fig. 18.3  Contact dermatitis of the napkin area with erythema of the convex surfaces
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spared. In some cases, the eruption is confined 
to the diaper margins and brought on by skin 
friction or prolonged contact with clothing at the 
edges of the diaper.

Another described pattern is a localized erup-
tion at the lateral areas of the upper thighs and 
buttocks, bilaterally or more often unilaterally, 
affecting the areas in direct contact with the 
bands that fasten the diaper [26, 27]. This effect 
could be due to irritation, but could also be an 
effect of contact sensitization to rubber or glue 
chemicals [28].

In acute forms, the erythema has a glazed 
appearance and is followed by epidermic 
detachment. Long-lasting cases present fine des-
quamation. A post-inflammatory hypopigmen-
tation can persist in racially pigmented infants. 
Occasionally, the picture is of vesico-erosive 
type, evolving to superficial rounded ulcera-
tive lesions with raised crater-like margins. 
Involvement of the genitals can lead to dysuria, 
or to acute urine retention in male newborns, 
severely affecting the gland.

Another clinical variant is intense erythema 
affecting the deepest parts of the folds, with 

clear, scaly margins along which small pus-
tules are evident. The latter are scattered also 
in the peripheral zones of the erythema (satel-
lite lesions). The eruption is associated with a 
remarkable proliferation of C. albicans, present 
also in the feces.

A less common clinical variant is psoriasi-
form erythematous lesions with fairly adherent 
desquamation, of micaceous type. The eruption 
(commonly termed napkin psoriasis) features 
an acute onset and rapid spread [29]. It has been 
noted that children with this clinical variant have 
a greater risk of onset of true psoriasis already in 
childhood or later as adults [30–33].

The herpetiform clinical variant is very 
rare; it shows vesico-pustulous erosive lesions 
(similar to those of herpes simplex) [34], and 
superimposed gluteal granulomas, due to the 
prolonged use of topical corticosteroids.

The eruption can also affect distant sites, 
such as the lateral faces of the thighs, inter-
nal faces of the knees and heels, especially if 
particularly occlusive plastic diapers are used. 
In some cases an acute disseminated eruption 
with no apparent cause is observed: the clinical 

Fig. 18.4  Contact dermatitis of the napkin area with erythema of the convex surfaces
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aspect is of nummular lesions of the trunk and 
confluent erythematous-squamous areas at the 
axillae and the neck.

Irritant dermatitis of the napkin area can also 
be the first sign of atopic dermatitis or of child-
hood seborrhoeic dermatitis. The histological 
picture is generally of a primary irritant derma-
titis, with epidermal spongiosis and mild inflam-
matory changes in the dermis.

As regards the prognosis, primary irritant 
napkin dermatitis nearly always responds to 
treatment and resolves when diapers are no 
longer used. However, the complaint may be the 
first sign of susceptibility to a chronic dermati-
tis, such as atopic dermatitis or psoriasis.

18.1.2.3  Differential Diagnosis
In the second week of life the diaper zone can be 
affected by a rash featuring confluent erythema-
tous patches with distinct margins. The borders 
of these lesions present desquamation or pus-
tules, and around them there are usually satellite 
pustules. This clinical picture, together with oral 
candidosis, is typical of neonatal candidiasis, 
an infection transmitted to the newborn at birth. 
Differential diagnosis of this rash must be made 
with a Candida infection superimposed on der-
matitis of the napkin area.

In cases of primary irritant napkin derma-
titis resistant to suitable treatment, differential 
diagnosis with a zinc deficiency should be taken 
into account, especially in cases of premature 
birth. Even if plasma levels of zinc are normal 
this does not exclude the diagnosis. A zinc defi-
ciency is normally associated with involvement 
of the perioral zones, erosive paronychia and 
lesions of the palmar creases of the hands.

One of the most frequent clinical pictures 
of Langerhans’ cell histiocytosis in children is 
intertrigo, that appears during the first weeks 
of life. Initially, the eruption presents as small 
yellowish papules, that tend to become con-
fluent and ulcerate. The scalp is almost always 
involved, and in particular the retroauricular 
folds.

It is also possible to observe, albeit only 
occasionally, dermatophyte infections of the 

napkin zone. The clinical aspect, that may be 
modified by topical corticosteroid treatment, 
may be difficult to distinguish, at differential 
diagnosis, from a postprimary irritation of the 
same site.

18.1.2.4  Treatment
In each case the individual etiological factors 
must be analysed. Particular attention should 
be paid to the diapers. The use of good quality 
disposable diapers, particularly those containing 
absorbent gelling materials, yields a lower inci-
dence of dermatitis than the traditional wash-
able cotton diapers [11, 35–37]. The gels absorb 
about 80 times their own weight of water: this 
reduces the skin wetting and hence maceration 
[38]. With this type of diapers the skin pH val-
ues remain within normal range [35]. Highly 
absorbent diapers with added “breathable” 
microporus film membranes reduce the preva-
lence of C. albicans and the incidence of der-
matitis [39]. Moreover, the use of diapers whose 
internal layer is impregnated with an emollient, 
usually white soft paraffin, reduces the severity 
of the dermatitis [39].

Frequent changing of diapers is essential, 
especially after defecation. The use of antisep-
tic solutions before washing cotton diapers is 
a common and adequate measure: quaternary 
ammonium compounds are the best choice, 
and benzalkonium chloride is perhaps the one 
most commonly used. Machine washing is most 
appropriate but “biological” detergents should 
not be used. Drying diapers outside in the sun 
makes them stiff and should be avoided.

Care of the skin should be scrupulously car-
ried out at each diaper change. If the diaper is 
dry a water-repellent emollient like white paraf-
fin can be used. If wet, then the skin should be 
washed with water and an emollient milk, dried 
and then treated with the water-repellent cream. 
This must be done very gently, with minimum 
friction. The use of talcum powder and other 
non prescription preparations should be discour-
aged. Topical corticosteroids are useful, pref-
erentially 1% hydrocortisone in an ointment 
base, to be applied twice a day after the bath. 
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However, it should be remembered that they will 
have a greater power of absorption in occlusion. 
It is important to bear in mind that in male new-
borns it is possible that corticosteroids absorp-
tion may interfere with the descent of the testes 
[40]. A superimposed Candida infection must be 
treated with topical antimycotics.

18.1.3  Contact Cheilitis and Perioral 
Dermatitis

These complaints, linked to irritant contact with 
foods (citrus fruits, tomato, fish), can develop 
above all in the first 2–3 years of life in both 
atopic and non atopic subjects. The irritation can 
also be induced by saliva, especially if the child 
continually licks the lips and surrounding skin 
(“lick eczema”) (Figs. 18.5, 18.6, 18.7, 18.8, and 
18.9). If objects are sucked on, this may be the 
cause of perioral dermatitis among infants and 

very small children [5]. Erythema, desquama-
tion and dry skin are associated with character-
istic burning, pricking sensations, pruritus and 
tingling.

18.2  Contact Allergy

Contact sensitization and allergic contact derma-
titis are common in children and more frequent 
than was previously believed [1–5, 41–64]. In 
the past, allergic contact dermatitis was consid-
ered rare in children on two grounds: that there 
might be reduced exposure to allergens and that 
the child’s immune system could be less sus-
ceptible to contact allergens. Various studies in 
more recent years have demonstrated that the 
incidence of contact allergy in children increases 
with age, while the percentage of positive reac-
tions to patch tests ranges very widely, from 
25.2 to 95.6% [41–64]. This great variation is 
likely due to differences in study design, patient 

Fig. 18.5  Irritant contact cheilitis and perioral dermatitis induced by saliva
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Fig. 18.6  Irritant contact cheilitis and perioral dermatitis induced by saliva

Fig. 18.7  “Lick eczema”
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selection, and patch test methodology. Reports 
in literature also show that allergic contact der-
matitis accounts for up to 20% of all types of 
dermatitis in children [43, 64].

18.2.1  Clinical Features

As regards gender differences, although some 
authors have reported a comparable incidence 
in males and females [51, 65, 66], others have 
observed a higher frequency in females [67], 
especially in view of the problem of nickel allergy 
in the population over the age of 12 years [50, 53].

As to age, in fact, most studies have dem-
onstrated an increased frequency of contact 

sensitization with age, related to the increased 
exposure to environmental allergens. This also 
applies to the development of multiple sensi-
tivities [48]. Contact allergy seems to be rarer 
in the first months of life, as also demonstrated 
in experimental studies. Sensitization to penta-
decylcatechol was obtained in 44% of children 
below 1 year of age, in about 58% between 1 
and 3 years old, and in 87% of children between 
4 and 8 years old [68]. Cases of allergic contact 
dermatitis are also been reported in newborns 
between 1 week and 7 months old [58, 59].

The clinical manifestations in children are 
generally the same as those in adults. The locali-
zation of the dermatitis is often indicative of the 
allergens involved [3–5]. Also in children, “id” 

Fig. 18.8  “Lick eczema”
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reactions at a distance from the initial focus can 
be observed, as well as generalized forms, pic-
tures of systemic contact dermatitis or airborne 
contact sensitivity (e.g., methylisothiazolinone 
when the child is exposed to paint in rooms) [69, 
70]. Moreover, children can also become sen-
sitized through contact with products used by 
their parents (connubial contact dermatitis) [71], 
or present non classically eczematous [3, 45] 
and nummular forms [72].

Concurrent contact allergy may be present 
in children affected by atopic dermatitis and 
should be suspected when the dermatitis is not 
controlled by conventional topical treatment, or 
extends to new areas. Patients with atopic der-
matitis are chronically exposed to various sen-
sitizers present in topical medicaments and skin 
care products.

Personal Experience. From 1998 to 2008, we 
have studied 1,899 children (1032 females and 
867 males), aged between 0 and 12 years (mean 
age: 7.6 years), consecutively observed either 
for de novo contact dermatitis on previously 

healthy skin or skin affected by a preexist-
ing skin disease (dermatitis of the napkin area, 
atopic dermatitis, infantile seborrhoeic der-
matitis). Of these children, 236 (12.4%) were 
affected by atopic dermatitis [45, 46].

Patch tests were done with the SIDAPA 
(Italian Society of Allergological, Occupational, 
and Environmental Dermatology) baseline test 
series at the same conditions as in adults. When 
indicated by the clinical history, further prod-
ucts used by the little patient were tested. The 
response to the patch tests was assessed at 48 
and 72 h. The relevance of positive responses 
was established according to the patient’s clini-
cal history [73].

Contact sensitization was revealed in 514 
(27.1%) children; the remaining 1385 patients 
(72.9%) were likely affected by irritant contact 
dermatitis. The percentage of positive reac-
tions increased with age, from 2.5% in the first 
year of life to 34% by the age of 12. In the first 
6 years of life the percentage was 19.6%, and 
reached 30.4% between the seventh and twelfth 

Fig. 18.9  “Lick eczema”
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year of life. There was a higher percentage of 
sensitization in females (30.9%) (Fig. 18.10) 
than males (22.5%). Polysensitization was found 
in 267 children (51.9%), with a mean number of 
positive reactions per child of 1.9. No significant 
differences were found in the percent positive 
reactions between children with atopic derma-
titis (21.6%) and children without the disease 
(27.3%). The current or past clinical relevance 
was 89% in non atopic dermatitis subjects and 
70% in those with atopic dermatitis.

In the population of non atopic children, 
nickel sulfate, potassium bichromate, thimero-
sal, fragrance mix, cobalt chloride and thiuram 
mix were responsible for the highest number of 
positive reactions. Allergy to nickel was more 
frequent in girls, while chromium and mercapto-
benzothiazole were prevalent in boys. In the 
age range from 0 to 6 years the most common 
allergens were thimerosal (8.3%), fragrance mix 
(5.1%), and nickel (4.4%), whereas in the age 
range from 7 to 12 years the main substances 

were nickel (9.8%), chromium (5.6%), and 
cobalt (4.1%).

In the population of atopic children, the num-
ber of positive reactions ranged from 0% in the 
first and second years of life to 38.5% by the age 
of 12. The most frequent positive reactions were 
to nickel (7.1%), wool alcohols (6.1%), and fra-
grance mix (5.1%).

The sites affected by contact dermati-
tis depended on the allergen responsible. 
Involvement of the regions coming in contact 
with metals (ear lobes and periumbilical region) 
was very common (Figs. 18.11 and 18.12), as 
was involvement of the feet due to contact with 
shoe components (Fig. 18.13). Unlike what 
might be expected, contact allergy seemed to be 
fairly rare in the napkin region; in fact, only in 
2 children were positive reactions elicited: a non 
atopic boy aged 5 months with contact allergy to 
pyrrolnitrin (Fig. 18.14), and another non atopic 
boy of 7 months with contact allergy to fra-
grance mix. In the literature, too, there are few 
reports of allergy to rubber components in dia-
pers [26, 28] (Fig. 18.15).

The high prevalence of irritant contact der-
matitis (72.9%) we observed may be due to vari-
ous different reasons. Abouth one third of the 
subjects tested was under the age of 6, a period 
of life when the incidence of contact allergy is 
notoriously lower than at older ages. Most of 
the children tested in the first two years of life 
were affected by napkin dermatitis, on which 
the onset of contact allergy was rarely observed, 
despite widespread use of topical agents. 
Finally, it cannot be excluded that in some cases 
the culprit allergen was not tested.

In conclusion, this study in a large population 
of unselected children demonstrated that con-
tact allergy is equally common in children and 
adults. The disease increases with age, related to 
the ever more common environmental exposure 
to potentially sensitizing substances. In children 
with atopic dermatitis the incidence of contact 
allergy is not different from that in non atopic 
subjects. Contact allergy acquired in infancy has 
important repercussions on the child’s life and 
may play an important role in the decision about 
the future occupation as an adult.

Fig. 18.10  Allergic contact dermatitis due to 
pyrrolnitrin
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18.3  Patch Testing

Patch testing in pediatric patients is consid-
ered safe. The general view is that children can 
tolerate the same patch test concentrations as 
adults [3–5], even if some authors propend for 
a reduced concentration. Although there are no 
specific studies in children, the risk of active 
sensitization should be extremely low, as it is in 
adults [74]. The only problems in children are 
of a technical nature, in view of the small patch 
test surface, their hypermobility (that can cause 
detachment of the patch test material, in particu-
lar in younger children), and the parents’ possi-
ble reluctance to allow patch testing.

Owing to the different type of exposure in 
children as compared to adults, and the prob-
lem of the limited patch tests area available, it 
is advisable to use a reduced standard series, 
with added allergens based on the patient’s 
clinical history. In very young children with an 
even more limited test area, the selection of the 

allergens becomes still more critical. In some 
cases it may be necessary to perform the tests 
in several stages. Moreover, the pediatric patch 
test series must be adapted to the geographic 
area, since the exposure pattern can vary from 
one nation to another (Table 18.1). Reading of 
the patch tests is done as in adults, two read-
ings being recommended on day 2 and days 5–7, 
since studies in adults have shown that a cer-
tain percentage of contact allergies is missed if 
late readings are not done [75] (see Chap. 23). 
Although it is extremely challenging, close 
assessment of the relevance of positive reactions 
is of the utmost importance.

18.4  Common Allergens

18.4.1  Metals

Nickel is the most common allergen in children 
[46, 76–78]. Ear piercing is one of the major 

Fig. 18.11  Allergic contact dermatits due to nichel
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Fig. 18.12  Allergic contact dermatits due to nichel in metallic buckle

risk factors, so the frequency of nickel allergy 
is higher in girls. In any case, there are numer-
ous sources of exposure to nickel in children: 
jewelry, metal buttons, zippers, jeans buckles, 
metal toys, metal accessories on shoes, etc. 
Orthodontic appliances containing nickel may 
be at the origin of the sensitization, and may 
cause stomatitis, cheilitis, perioral dermatitis, 
and even generalized eruptions and systemic 
contact dermatitis [79, 80].

When testing infants, and in particular atopic 
children, with nickel the risk of false-positive 
reactions should be borne in mind: in fact, 
pustulous reactions can be observed [46].

Allergy to cobalt is often associated with 
nickel allergy; indeed, the sources of exposure 
to the two allergens are similar. Other major 
sources of cobalt in adolescents are tattoo ink, 
make-up, and leather [81].

The most common source of sensitization to 
chromium in children seems to be leather, espe-
cially leather shoes.

Important sources of aluminium exposure 
in children are aluminium-adsorbed vaccines. 
Clinically, the reactions are often long-lasting 
(months to years), pruritic subcutaneous nod-
ules at the injection site [82]. Aluminium allergy 
tends to decline over time [83, 84]. Aluminium 
allergy can also be due to aluminium- containing 
extracts used for hyposensitization to type I  
allergens [83, 84], or to treatment with 
aluminium-containing eardrops, toothpastes, 
antiperspirants, and other skin care products [85].

18.4.2  Pharmaceutical Products

Various active principles and additives of topical 
medicaments have been reported as allergens in 
children, including antibiotics, antimicrobials, non 
steroidal antiinflammatory agents, preservatives.

Thimerosal is a frequent allergen in young 
children [46, 86, 87]. It is used as an antiseptic 
and preservative agent for contact lens solu-
tions, eyedrops, and vaccines; these last are the 
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Fig. 18.13  Allergic contact dermatits from rubber shoes

most common cause of such an allergy. In most 
cases, positive reactions to thimerosal are not 
relevant to the patient’s skin conditions. Contact 
allergy to thimerosal does not seem to contrain-
dicate future vaccinations, provided that they 
are administered intramuscularly. Another point 
to be taken into account is the risk of crossreac-
tions with other mercurials and with the photo-
product of piroxicam (chemically related to the 
thiosalicylic acid component in thimerosal) [88].

18.4.3  Skin Care Products 
and Cosmetics

Cosmetics are one of the most common causes 
of allergy, especially in adolescents. All the dif-
ferent ingredients can be implicated, particularly 
fragrances (perfumes, deodorants, moisturizers). 

Preservatives are another frequent cause of con-
tact allergy in children. Methylisothiazolinone, 
for example, is present in many products for 
children (wipes, creams, liquid soaps, sham-
poos). It is also used in the preservation of paint 
and can cause airborne allergic dermatitis in sen-
sitized subjects [69].

Contact allergy to sunscreen ingredients has 
also been reported as a possible cause [5].

18.4.4  Toys

Preservatives, such as parabens, methylchlo-
roisothiazolinone, and 2-chloro-N-methyl- 
chloracetamide in play gels have been described 
as a cause of acute dermatitis [89–91]. Cases 
of contact allergy to plastic materials have also 
been reported [92].
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Fig. 18.14  Allergic contact dermatits of the napkin area 
due to pyrrolnitrin and id-reaction

Table 18.1  Suggested pediatric baseline series

Nickel sulfate (5% pet.)
Cobalt chloride (1% pet.)
Potassium dichromate (0.5% pet.)
Fragrance mix I (8% pet.)
Fragrance mix II (14% pet.)
Balsam of Peru (25% pet.)
Neomycin (20% pet.)
Paraphenylenediamine (1% pet.)
Thiuram mix (1% pet.)
Mercaptobenzothiazole (2% pet.)
Mercapto mix (1% pet.)
Carba mix (3% pet.)
Paraben mix (16% pet.)
Formaldehyde (1% aq.)
p-tert-Butylphenol formaldehyde resin (1% pet.)
Colophony (20% pet.)
Wool alcohols (30% pet.)
Methylchloroisothiazolinone/methylisothiazolinone 
(0.01% aq.)

Thimerosal (0.1% pet.)

18.4.5  Shoes and Sport Equipment

In cases of a persistent foot eruption, a pos-
sible allergy to shoe components, such as rub-
ber (mercaptobenzothiazole, thiocarbamates, 
thiuram derivatives), glues (p-tert-butylphenol 
formaldehyde resin), leather (potassium dichro-
mate), and dyes (paraphenylenediamine and 
other disperse dyes in leather and socks), must 
be taken into account.

Rubber additives are implicated in cases of 
dermatitis provoked by sports equipment, as well 
as thiourea derivatives, and textile dyes [93].

18.4.6  Tattoos

Even in young children, an important source 
of contact allergy to paraphenylenediamine is 
temporary black henna tattoos, typically made 
while on vacation. This is an important allergy, 
bearing in mind the risk of possible future reac-
tions to hair dyes, azo dyes in textiles, rubber 
chemicals, sulfonamides, local anesthetics (ben-
zocaine, procaine), and p-aminobenzoic acid in 
sunscreens [94].

18.4.7  Plants

While playing, children often come in contact 
with plants. In a review on plant dermatitis in 
Australia, children are considered at risk [95]. 
The Rhus species (poison ivy, poison oak, poison 
sumac) are most often involved in contact allergy 
in children in the USA: exposure may be direct 
or indirect (transfer of the allergen via pets), the 
latter being more difficult to diagnose [96].

In Australia, cases of bindii (Soliva ptero-
sperma, of the Compositae family) dermatitis 
have been reported. The dermatitis affects the 
palms of the hands, soles of the feet, elbows and 
knees and is mostly observed in boys who play 
sports. The eruption, that appears in the spring 
and early summer, persists for months and mani-
fests with papulous lesions and sometimes des-
quamation and pustules [97].
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Fig. 18.15  Allergic contact dermatits due to rubber elastic of pants

Many plants derivatives present in cosmetics 
can, of course, induce allergic reactions [98].

18.4.8  Occupational Allergens

Some occupational activities can induce con-
tact sensitization in adolescents; the most com-
mon among these are hairdressing, construction 
works and metal works [48, 53, 99].
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Contact Dermatitis 
in Atopic Individuals

Domenico Bonamonte, Caterina Foti, 
Francesca Ambrogio and Gianni Angelini

19.1  Pathogenic Mechanisms

Even if allergic contact dermatitis and atopic 
dermatitis may seem clinically similar, and often 
coexist [9], the etiology, distribution and thera-
peutic options are often different.

Allergic contact dermatitis is a classic type 
IV immunologic reaction characterized by two 
phases, namely a sensitization and then an elici-
tation phase. The primary inflammatory sig-
nature is a T cytotoxic (Tc) 1 cell or T-helper 
(Th)1 response. However, Th 2, Th 17, and Th 22 
responses also seem to play a role in the patho-
genic mechanism, sometimes related to vari-
ous allergens [10, 11]. It has been shown, for 
instance, that nickel is a potent inducer of the 
innate immune Th1, Th17, and Th 22 pathways, 
while fragrance and rubber promoted Th2 activ-
ity with less Th1 and Th17 involvement [12]. 
The potential role of Th17, demonstrated in 
various studies in humans [13–15], has also 
been shown in an experimental study in mice, 
where contact allergy reactions were reduced 
in the absence of IL-17 [16]. An elevated IL-9 
expression has also been found in subjects with 
allergic contact dermatitis, in skin from positive 
patch test reactions, including reactions to met-
als, drugs, and polymers. IL-9 is also increased 
after a nickel challenge test in subjects who are 
allergic to nickel [17, 18].

Atopic dermatitis is a multifactorial immuno-
logic disease with complex genetic, immunologic 
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Allergic contact dermatitis and atopic dermati-
tis are common inflammatory T cell-mediated 
diseases, that may also coexist. Both diseases 
show an increasing prevalence, although the 
prevalence of allergic contact dermatitis is quite 
difficult to establish. Nevertheless, longitudinal 
patch testing has demonstrated increasing num-
bers of sensitization to some allergens, like met-
als, fragrances, and preservatives [1–4]. In the 
USA, it is estimated that 4.17% of the popula-
tion suffers from contact dermatitis, that levied 
a cost of $ 1.5 billion in 2013 [5]. Meanwhile, 
the prevalence of atopic dermatitis seems to 
have tripled in industrialized countries in the 
last three decades, affecting 15–30% of children 
and 2–10% of adults [6, 7]. Both conditions are 
associated with high costs for the health service, 
for loss of work or school days, and a reduced 
quality of life [8].
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19.2  Allergic Contact Sensitization 
in Atopic Dermatitis

Research into the relation between atopic der-
matitis and allergic contact dermatitis dates 
back to the 1970s, when studies in murine and 
human models suggested that atopic derma-
titis could be protective against allergic con-
tact dermatitis: repeated exposure to common 
and potent allergens elicited reduced rates of 
sensitization [33–35]. This was attributed to 
the inability of subjects with atopic dermatitis 
to mount delayed hypersensitivity responses, 
owing to the relative cell-mediated immune 
deficiency (secondary to a predilection for Th 2  
responses) and the skin barrier dysfunction 
[36].

However, more recent data have illustrated 
an increased risk of contact allergy in patients 
with atopic dermatitis, especially to weak sen-
sitizers, that are the chemicals used for the 
topical treatment of the disease. There are vari-
ous reasons why subjects with atopic derma-
titis tend to have an increased risk of allergic 
contact dermatitis than non atopic subjects. 
Firstly, patients with atopic dermatitis have an 
altered skin barrier function, with an approxi-
mately two-fold increased skin contact absorp-
tion of irritants and allergizing substances [26, 
27, 37]. Irritant chemicals, in turn, further 
affect the skin barrier, boosting the penetration 
of allergens and so increasing the risk of con-
tact allergy [25, 27]. The chronic topical use of 
various emollients and antiinflammatory drugs 
(with a potential sensitizing action) to treat 
the disease should also be borne in mind [38, 
39]. As stated above, more recently, potential 
immune pathways for subsets of atopic derma-
titis and contact allergy, such as Th1, Th 2, Th 
9, and/or Th17, have been demonstrated. Yet 
another factor is bacterial colonization in atopic 
dermatitis, that can lead to increased contact 
sensitization by inducing an inflammatory pro-
cess [40, 41].

and environmental influences [19–21]. A subset 
of patients with atopic dermatitis have filaggrin 
gene (FLG) null mutations (in up to 20–50% of 
subjects of European or Asian descent) that are 
inherited in an autosomal semi-dominant fash-
ion [22–24]. The mutation in FLG (filaggrin is 
a keratin filament-aggregating protein) severely 
compromises the epidermal barrier, predisposing 
patients to an increased skin absorption of irritants 
and allergens. This leads to a further breakdown 
of the skin barrier, raising the risk of penetration 
of the allergens [25, 26]. Exposure to various 
environmental factors (pollution, climate, chemi-
cals, dust, pathogens) also contributes to impair 
the skin barrier, in turn increasing the penetration 
of allergens in predisposed subjects [24]. In fact, 
tape stripping tests have demonstrated that percu-
taneous permeation of the surfactant 1% sodium 
lauryl sulphate, a common irritant, was increased 
in uninvolved skin in patients with atopic dermati-
tis compared to control subjects [27].

As in allergic contact dermatitis, the skin’s innate 
and adaptive immune systems are both activated in 
subjects with atopic dermatitis, too. The atopic der-
matitis inflammatory signature is primarily CD4+ Th 
2 cells, especially in the acute phase. The Th 2 cas-
cade induces the production of IL-4, IL-5, IL-13 and 
IL-31, eosinophil and mast cell recruitment, and the 
production of allergy-specific IgE immunoglobulin 
[28]. IL-4 and IL-13 promote skin barrier disruption. 
Th 2 cytokines also increase pathogen penetration 
[29]. Recent studies have demonstrated that in the 
chronic phase, atopic dermatitis is marked not only 
by Th 2 cells but also Th 1 cells. Recent studies have 
also demonstrated a possible role for the Th 9 and 
Th 17 pathways. IL-9, whose levels are high in both 
adults and children with atopic dermatitis and cor-
related with the disease severity, promotes the activ-
ity of mast cells, eosinophils, and innate immune 
cells [30, 31]. Moreover, IL-9 favors the secretion of 
IL-13, a key cytokine in the atopic dermatitis patho-
genic mechanism. Th17 levels are correlated with 
the disease severity and play an even more important 
role in intrinsic atopic dermatitis [32].
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19.2.1  Evidence of Contact Allergy 
in Atopic Dermatitis

The true prevalence of allergic contact dermati-
tis in subjects with atopic dermatitis is unknown. 
In the literature, the rates of positive patch tests 
in children with atopic dermatitis range widely, 
from 27 to 95.6% [22, 42–58]. This wide 
range depends on a number of factors, such as 
the patch test time point (mild vs moderate vs 
severe atopic dermatitis), hapten profile, study 
designs, etc.

Two systematic reviews have recently updated 
the knowledge of contact allergy in atopic indi-
viduals. One of them took into account 31 stud-
ies in children, and demonstrated that the rate 
of allergic contact dermatitis was significantly 
higher in children without than with atopic der-
matitis (46.6% and 41.7%, respectively), even 
if there were significant differences among the 
studies as regards study criteria [57]. The other 
review and meta-analysis, that included 74 stud-
ies, revealed an increased prevalence of contact 
allergy in patients with atopic dermatitis com-
pared to the general population [48].

Personal Data. In a study we conducted over 
a period of 11 years in 1,899 consecutive chil-
dren (aged 0–12 years) with suspected allergic 
contact dermatitis, no significant differences 
emerged in the frequency of positive reac-
tions between patients with or without atopic 
dermatitis [51]. The incidence of contact allergy 
in children with atopic dermatitis was 21.6% ver-
sus 27.8% in children without atopic dermatitis. 
In the first group the incidence of contact allergy 
increased with age, from 0% in the first and sec-
ond years of life, to 38.5% by the twelfth year 
of age. The most common culprit allergens were 
nickel, fragrances, thimerosal, wool alcohols, and 
neomycin. When the two groups of children were 
subdivided by age (0–6 and 7–12 years), it was 
seen that contact allergy to thimerosal was preva-
lent in the first group, while nickel was the most 
common allergen between 7 and 12 years [51].

19.2.2  Relevant Allergens

Consideration of the above studies [42–58] 
shows that the most common allergens in sub-
jects with atopic dermatitis are metals (nickel, 
cobalt, and chromium), lanolin, neomycin 
(Fig. 19.1), formaldehyde, sesquiterpene lac-
tone mix, Compositae mix, and fragrances 
(Fig. 19.2).

It has been demonstrated that personal care 
products, even when they are claimed to be 
hypoallergenic, contain powerful contact aller-
gens [38, 59]. Moreover, in children with atopic 
dermatitis, when frequent use is made of emol-
lients increased urinary levels of allergens have 
been shown, in particular parabens and phthalate 
metabolites [60]. Retrospective Dutch and USA 
studies in populations with atopic dermatitis 
have demonstrated that the most common aller-
gens are lanolin and fragrances [61, 62].

Fig. 19.1  Allergic contact dermatitis from neomycin
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19.3  Patch Testing

Guidelines for patch testing in subjects with 
atopic dermatitis are available [63]. Testing is 
recommended in patients whose dermatitis does 
not improve with topical treatment; with an 
atypical or changing distribution of the dermati-
tis (involvement of the eyelids, head and neck, 
hand and foot, perioral); with hand eczema 
resistant to treatment in worker populations; 
with adult or adolescent-onset atopic dermatitis, 
since allergic contact dermatitis can occasion-
ally present with a flexural distribution; before 
starting systemic immune suppressive treatment 
(identification and avoidance of the allergen can 
improve the dermatitis and hence prevent the 
need for systemic treatment). Also in the case of 
nummular eczematous lesions it is advisable to 
perform patch tests [22, 64]. In fact, nummular 
lesions are very frequent in subjects with atopic 

dermatitis, being a sign of allergic contact der-
matitis [65–68]. Patch tests are also advisable in 
cases of a rebound of the dermatitis as soon as 
the treatment is stopped, indicating sensitization 
to ingredients in topical medicaments, such as 
corticosteroids.

By contrast, it is not advisable to perform 
patch tests in patients with stable, well con-
trolled dermatitis, with flares, with dermatitis 
on the back and other potential test application 
sites, and if all the other common contraindica-
tions are present (topical or systemic immune 
suppressive treatment, exposure to ultraviolet 
therapy or excessive exposure to the sun, etc.).

When selecting the allergens to be tested, 
the geographic location (region or country), the 
limited area available for testing in children, 
the occupation, hobbies and recreations, and 
other specific types of exposure, such as to per-
sonal care products and topical medications, are 
all factors that need to be taken into account. 

Fig. 19.2  Allergic contact nummular eczema due to fragrances
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A study group recently proposed a baseline 
patch testing series comprising 38 allergens 
intended for children aged 6–18 years [69]. A 
European task force focused on allergic contact 
dermatitis in children has published a position 
paper with 9 test allergens, including nickel, 
fragrances, a rubber accelerator, and preserva-
tives; a second list of allergens to be added to 
the above series is suggested, depending on the 
clinical history and exposures (including metals, 
corticosteroids, and antibiotics) [70].

Various pitfalls need to be considered when 
performing patch tests in subjects with atopic 
dermatitis. It is well known that these subjects 
have a lower irritancy threshold, even in non 
lesional skin far from areas of active inflam-
mation, and that this can lead to irritant or 
false-positive reactions, in particular to met-
als (often giving rise to pustulous reactions 
or lesions with a follicular distribution), fra-
grances, formaldehyde, and lanolin [25, 51, 71]. 
Conversely, active or flaring atopic dermatitis 
may result in false-negative reactions due to the 
decreased contact sensitization [6, 22, 63, 72]. 
In short, the results of patch testing in patients 
with atopic dermatitis need to be interpreted 
with considerable caution.

19.4  Conclusions

Although the topic is still controversial, most of 
the data in literature support a significant, clini-
cally important incidence of contact allergy in 
subjects with atopic dermatitis. The underlying 
relationship between the two disorders is com-
plex and based on the skin barrier dysfunction 
and consequently increased allergen and irritant 
penetrance, chronic exposure to allergens due to 
the frequent use of topical medicaments and per-
sonal care products, and bacterial colonization 
that promotes inflammation and further boosts 
the absorption of extraneous substances and 
resulting contact allergy.

Patch testing is an important diagnostic tool in 
this patients population; the most common cul-
prit allergens should be tested, and when reading 
the results, they should be interpreted with great 
caution.
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Protein Contact Dermatitis

An Goossens

facilitated, such as with irritant contact dermati-
tis, are more likely to develop PCD.

The pathogenesis reflects a type I hypersen-
sitivity reaction, as with immunologic contact 
urticaria, mediated by allergen-specific IgE in 
a previously sensitized individual. The exact 
mechanism in PCD is still unclear, although 
it may approach that of atopic dermatitis, par-
ticularly since IgE receptors on epidermal 
Langerhans cells could be responsible for a 
delayed IgE-mediated reaction [1]. An interest-
ing observation in this regard concern pollen 
grains that induce eczematous reactions in sus-
ceptible individuals, which appear clinically and 
immunohistochemically similar to the contact 
hypersensitivity reaction to nickel, but which 
follows a faster kinetic and a biphasic course: 
Th2 and IgE in the early (24 h) and Th1 pre-
dominance in the late (96 h) phase [9].

20.3  Clinical Manifestations

PCD manifests itself as chronic eczema with 
acute exacerbations: an urticarial or vesicu-
lar skin reaction can be noted in a few minutes 
following contact with the causal protein on 
previously affected skin, but chronic or recur-
rent eczema is the most commonly observed 
clinical picture. The hands (fingers, wrists, and 
forearms) are the most affected localizations, but 
dermatitis may also present on the face and neck 

© Springer Nature Switzerland AG 2021 
G. Angelini et al. (eds.), Clinical Contact Dermatitis, https://doi.org/10.1007/978-3-030-49332-5_20

20.1  Introduction

Protein contact dermatitis (PCD) is considered 
to be a distinct clinical entity and found to be 
a frequent disorder among patients who profes-
sionally handle foods [1], and which seem to 
predispose sensitized subjects (atopic or not) 
to suffer from more severe and frequent conse-
quences than those with other food-related hand 
dermatoses [2]. PCD was indeed described for 
the first time by Hjorth and Roed-Petersen in 
1976 as a particular form of contact dermatitis 
in Danish food handlers. However, beside food, 
many other protein types have been described as 
causes of contact urticaria and/or PCD (plants, 
animals, enzymes, …) [3–8], hence, various jobs 
may be affected, but also non-occupational cases 
occur.

20.2  Pathophysiology

Subjects who have an atopic background or 
other skin condition, for which the barrier integ-
rity of the stratum corneum is impaired and 
skin penetration of macromolecular molecules 
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20.5  Diagnosis

Patch tests are usually negative and the diagno-
sis is based on the positivity of a prick test car-
ried out with the allergen, the latter considered 
being the golden standard. Sometimes spe-
cific antibodies can be detected in the patient’s 
serum. When diagnosing protein contact der-
matitis in food-related skin prick testing pro-
cedures, fresh foods are preferred compared 
to commercial reagents, but this also applies to 
other protein-containing materials, and obliga-
tory when commercially available test reagents 
are lacking. Histamine and physiological saline 
are used as the positive and negative controls, 
respectively.

(airborne-induced) in case of volatile proteins. 
A few cases of chronic paronychia, accompany-
ing erythema and edema of proximal nail folds, 
have been attributed to food, in particular [10].

Extra-skin symptoms (conjunctivitis, rhi-
nitis, asthma, gastrointestinal disorders) are 
rarely present unless the dermatitis is associated 
with contact urticaria, or if the subject has an 
atopic condition. Even contact anaphylaxis may 
accompany PCD [11], which emphasizes the 
role of airborne exposure. According to a recent 
review of occupational cases observed at the 
Finnish Institute of Occupational Health (FIOH) 
[12], concomitant allergic airway diseases are 
indeed quite common in patients with occupa-
tional CU and PCD. It was shown that both air 
and skin exposure to dusty agents, such as flour, 
grains, and animal feed, as well as animal dan-
der, ornamental plants, and enzymes, caused rhi-
nitis and/or asthma in 45–75% of the patients.

20.4  Causal Proteins

The causal proteins (fruits, vegetables, plants, 
woods, animal, grains, and enzymes) are most 
often responsible for occupation-related skin 
problems. Recently some extensive reviews 
on protein contact dermatitis have been pub-
lished [3–8]. Taking into account the nature 
of the causal proteins, a wide variety of jobs 
can be affected: food handlers, bakers, cooks, 
housewives, and caterers; gardeners, green-
house workers, florists, and plant caretakers; 
slaughterhouse workers, butchers, and veterinar-
ians; farmers, laboratory workers, professional 
entomologists or breeders, and animal keepers; 
fishmongers, fisherman, and fishing for leisure 
time. Two cases are illustrated in the figures: 
Fig. 20.1 Protein contact dermatitis on the hands 
and forearms due to cow dander in a non-atopic 
farmer (the patient also presented with eczema-
tous lesions on the face); Fig. 20.2 Positive 
prick tests to beef (“rundsvlees”) and Belgian 
endives (“witloof”) in an atopic cook with hand 
dermatitis.

Fig. 20.1  Protein contact dermatitis on the hands and 
forearms due to cow dander in a non-atopic farmer (the 
patient also presented with eczematous lesions on the 
face)
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Other test procedures, such as open test-
ing can be helpful, but is generally negative 
unless the substance is applied on damaged or 
eczematous skin (where it even may cause a 
vesicular reaction). A rubbing test (gentle rub-
bing with the material) on intact or previously 
affected skin might be indicated, if an open 
test is negative. Scratch and scratch-patch test-
ing (scratch-chamber test) carry a higher risk of 
false-positive reactions, and the latter lacks sen-
sitivity compared to prick testing. Patch tests in 
PCD are usually negative.

If there is a suspicion of any kind of serious 
extra-cutaneous symptoms, tests should be done 
with the necessary precautions and resuscitation 
facilities should be adequately available.

Measurement of specific IgE in serum (e.g. 
radioallergosorbent-RAST) is useful for some of 
the known proteins, however, many of the pro-
tein allergens have not yet been identified.

The basophil activation test is a relatively 
new procedure: it is based on the demonstra-
tion of a membrane protein marker that appears 
following exposure to allergens and can be par-
ticularly interesting when assessing reactions 
to rare allergens, for which routine diagnostic 
tests, such as the measurement of specific IgE 
antibodies, are not available. It has been shown 
to be a useful technique for the study of PCD, 
although disagreement with specific IgE analy-
sis may occur.

20.6  Conclusion

Various proteins, able to penetrate the skin and 
causing immunological contact urticaria and/
or eczematous clinical manifestations, seem to 
share a common pathogenic mechanism of a 
type I immediate reaction. Prick testing is the 
gold standard method for diagnosis, and some-
times specific antibodies can be detected in the 
serum. Classically, the protein sources that may 
cause PCD are divided into four main groups: 
fruits, plants, and woods; animal proteins; 
grains, and enzymes.

Taking into account the nature of the causal 
proteins, a wide variety of jobs can be affected, 
but also non-occupational cases are observed.
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exposed individuals [2]. Skin lesions are gen-
erally restricted to the site of contact, and sys-
temic manifestations are rarely observed [1]. 
The severity of the urticaria will depend on the 
amount of urticant agent, the concentration, and 
exposure time [9].

Examples of causal agents include animals 
(e.g., arthropods, caterpillars, corals); foods 
(pepper, mustard, thyme); fragrances and flavor-
ings (e.g., balsam of Peru, cinnamic acid, cin-
namic aldehyde); medicaments (e.g., benzocaine, 
camphor, witch hazel); metals (cobalt); plants 
(nettles, seaweed); and preservatives and disin-
fectants (e.g., benzoic acid, formaldehyde) [10].

21.2  Immunologic Contact  
Urticaria

Immunologic contact urticaria involves a 
type 1 hypersensitivity reaction mediated by 
allergen-specific immunoglobulin E (IgE) and, 
therefore, requires a prior sensitization phase 
[11–13]. Prior sensitization can occur through 
contact or exposure of the skin, mucous mem-
branes, respiratory tract, or gastrointestinal tract. 
Two types of agents can cause immunologic 
contact urticaria [14], namely proteins, such 
as natural rubber latex, with a high molecular 
weight that is often more than 10,000 kDa, and 
hapten chemicals, which conjugate with car-
rier proteins (e.g., albumen): the hapten-carrier 
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Contact urticaria is a wheal reaction that appears, 
usually repetitively, within minutes or up to one 
hour after contact with a causative agent [1–3]. 
The wheal reaction generally disappears within a 
few hours but it can sometimes evolve to gener-
alized urticaria and even anaphylaxis [3, 4]. The 
wheal reaction may be allergic (immunologic 
contact urticaria) or non allergic (non immuno-
logic contact urticaria) . Some substances can 
provoke contact urticaria, acting on intact skin, 
while others induce the complaint on already 
damaged or eczematous skin [4–6].

21.1  Non Immunologic Contact 
Urticaria

Non immunologic contact urticaria is the 
most prevalent type of contact urticaria [7, 8], 
caused by a wide variety of agents. It occurs 
without previous sensitization in nearly all 
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welders, painters, plumbers, chimney sweeps, 
packers, and electricians [22, 23]. The risk of 
sensitization against all proteins is high in the 
presence of atopy in occupational contact urti-
caria [13, 16].

21.5  Triggers of Contact Urticaria

21.5.1  Cosmetics

Cosmetic components can cause contact urti-
caria with or without systemic symptoms [24]. 
This problem is probably grossly underdiag-
nosed because patients fail to report the reac-
tions and just discontinue the use of the product.

Hair Dyes and Hair Bleaching. Hair dye 
chemicals such as p-phenylenediamine and 
its derivatives, such as p-aminophenol and 
p-methylaminophenol [25], and toluene-2,5-di-
amine [26] can cause contact urticaria. The 
reactions seem to occur only after oxidation by 
H2O2, and are attenuated when the antioxidant 
sodium sulfite is added to the mix [26]. Aside 
from paraphenylenediamine, reactions to Basic 
Blue 99 (a mixture of 23–32 substances at vari-
ous concentrations and with varying composi-
tions), Basic Brown 17 (an azo dye), and other 
reactive dyes have also been reported to cause 
contact urticaria, mainly provoked by occu-
pational exposure [27, 28]. Ammonium per-
sulfate and potassium persulfate, used for hair 
bleaching, can also cause the affliction through 
a mechanism that is still unclear [29–33]. 
Hairdressers exposed to these products on a 
daily basis are at risk of developing cutaneous 
reactions [34, 35].

Fragrances. Fragrances have been 
reported to cause both immediate and delayed 

protein can induce sensitization [8, 13, 14]. Pre-
existing conditions, such as atopic dermatitis, 
may favor this condition [8, 13–15]. Generalized 
reactions and/or extracutaneous reactions are 
frequent, and are denominated contact urticaria 
syndrome [5]. In Table 21.1, the four stages of 
progression in contact urticaria syndrome are 
described [16, 17].

21.3  Contact Urticaria of Unclear 
Mechanism

There is an additional type of contact urticaria 
which comprises reactions with mixed features of 
both immunologic and non immunologic mecha-
nisms, whose mechanisms and pathophysiologi-
cal features are not well understood [1, 5, 7, 16]. 
A well-known example is the contact urticaria 
due to oxidizing chemical ammonium persulfate 
(contained in hair bleaching products) [18].

21.4  Occupational Contact Urticaria

Occupational contact urticaria can be immu-
nologic or non immunologic; it accounts for 
1–8% of occupational skin disorders [15]. 
Immunologic contact urticaria to natural rubber 
latex is particularly frequent among health care 
personnel, but contact urticaria to a wide vari-
ety of other substances occurs in many occupa-
tions [19]. Among those at high risk are cooks, 
bakers, butchers, restaurant personnel, veterinar-
ians, seafood handlers (fishermen), laboratory 
technicians, hairdressers, florists, gardeners, and 
forestry workers [8, 9, 11, 20, 21].

Occupational contact urticaria has been 
described due to cyclic acid anhydrides in 

Table 21.1  Stages of progression in contact urticaria

Stage Description
1 Localized reaction (redness and swelling) with non specific symptoms (burning, itching, 

tingling)
2 Generalized reaction
3 Extracutaneous symptoms (rhinoconjunctivitis, orolaryngeal and gastrointestinal dysfunction)
4 Anaphylactic shock
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hypersensitivity reactions. A multicenter study 
in Hungary found that 6.1% of patients with 
contact dermatitis to fragrances also reported 
an immediate contact urticaria reaction [36]. 
Cinnamal is the allergen most frequently 
reported to induce the dermatitis [24].

Sunscreens. Contact urticaria to sunscreens 
is rare but has been seen with benzophenone-3 
(INCI; syn. 2-hydroxy 4-methoxy benzophe-
none, oxybenzone), a common ultraviolet (UV) 
A/UVB sunscreen [24, 37]. The severity of the 
clinical reaction depends partly on the area of 
exposed skin so patch testing does not neces-
sarily elicit anaphylaxis. Contact urticaria can 
occur from exposure to hydrolyzed wheat pro-
tein in cosmetic creams and shampoos [38]. 
Three patients reported reactions to a hair con-
ditioner containing hydrolyzed wheat protein, 
one on the hands while the other two developed 
acute urticaria on the head and neck. All were 
atopic patients [39].

21.5.2  Latex

Latex is probably the most important cause of 
contact urticaria [40], especially among medi-
cal and orthodontic staff [1, 7]. Although the 
incidence of latex allergy has declined in recent 
years, it is still a major health care issue. Latex 
is a milky fluid consisting of the cell cytoplasm 
of the tree Hevea brasiliensis; the cell nucleus 
and mitochondria are not expelled during har-
vesting, thereby allowing cell regeneration to 
occur [41]. Latex has four main components, 
namely rubber particles, lutoids, Frey Wyssling 
particles and the cytosol. The rubber particles 
are the most numerous organules of lactifer-
ous cells. They consist of spherical drops of 
cis-1,4-polyisopropene enwrapped by a thin 
layer of phospholipoproteins [42]. Two proteins 
that synthesize cis-1-4-polyisopropene have 
been identified: the first is cis-prenyltransferase 
(38 kDa), a hydrophobic enzyme that catalyzes 
the addition of isopropene units until a polyiso-
propene chain several thousand units long has 
been formed. The second, the “rubber elenga-
tion factor”, is a stabilizing cofactor (14.6 kDa) 

necessary to ensure the efficient function of the 
cis-prenyltransferase [43]. Lutoids are vacuoles 
that account for 10–20% of the latex volume, 
and are important for its coagulation. Heveine 
(4.7 kDa) and proheveine (20 kDa) are the main 
proteins of lutoid bodies. Heveine accounts 
for 70% of the lutoid proteins and its structure 
is homologous to that of various agglutinins 
of plants, such as rice, potato, and grain. Frey 
Wyssling particles (2–3% of the latex volume) 
play a biological role that has not yet been clari-
fied. The cytosol makes up 40–50% of the vol-
ume; it contains carbohydrates, organic acids, 
amino acids, nucleotides and proteins that are 
important in the synthesis of isoprene.

The prevalence of latex allergy depends on 
the population studied, spanning a wide range 
from 3 to 64%; latex sensitization in the gen-
eral population ranges from 5.4 to 7.6% [44]. A 
risk factor is repeated contact with, or prolonged 
exposure to, latex-containing products especially 
in the medical setting. It has been calculated that 
approximately 10–20% of health care workers 
are sensitized to latex [45] but contact with other 
types of latex-containing articles both in medical 
and non medical settings may also have a role. 
Workers in the latex manufacturing industry are 
another subpopulation at risk [46], as are food 
handlers, domestic workers, florists, gardeners, 
and hairdressers [46–50]. Other risk factors for 
allergy to latex include preexisting skin injuries, 
atopy, spina bifida, and certain genetic profiles 
(HLA-DR phenotypes) [51]. Preexisting skin 
injuries such as hand dermatitis alter the skin 
barrier and can lead to increased penetration of 
latex proteins [52, 53]. Atopic individuals have 
an enhanced propensity to produce latex-specific 
IgE and are at risk of developing a latex allergy 
[54, 55]. Spina bifida patients have a high risk of 
latex sensitization due to the frequent number of 
surgical procedures early in life [56, 57].

Immunologic contact urticaria from latex is 
a type I IgE-mediated hypersensitivity reaction, 
and is the most frequent form of presentation 
of latex allergy [58]. It typically occurs within 
minutes of latex exposure. Symptoms may be 
mild, with urticarial reactions, rhinoconjunctivi-
tis, or mucosal swelling. More severe systemic 
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symptoms may develop, including generalized 
urticaria, asthma, bronchospasm, hypotension, 
and anaphylactic shock [59–62]. Latex allergy 
is the second main cause of intraoperative ana-
phylaxis (after muscle relaxants) and is the first 
cause of anaphylaxis in children [58, 63–66]. 
Reactions to latex usually occur during the 
maintenance phase of the operation, whereas 
when anaphylaxis is caused by opiates or mus-
cle relaxants, it is usually during the induction 
phase. Several factors may influence the severity 
of reactions, such as the route of exposure (e.g., 
skin, mucosa, intravascular), source of exposure 
(gloves vs other exposure), latex type (ammo-
niated vs non-ammoniated), and individual 
immune responses [67]. Adverse reactions may 
also result from inhalation of airborne allergens 
bound to substances such as glove powder [68, 
69]. Airborne latex allergy most commonly 
manifests as rhinoconjunctivitis but can also 
trigger asthma and contact urticaria [60, 70]. 
Fifteen different allergenic proteins have been 
identified and registered by the International 
Nomenclature Committee of Allergens [71]. 
Hev b1, 2, 3, 4, 5, 6, 6.01, 6.02, 7.01, 13, and 
14 have been identified as the most sensitiz-
ing Hevea allergens [72]. Additional allergens 
continue to be investigated. A few studies have 
suggested that different latex allergens could 
sensitize different categories of individuals [73]. 
Natural rubber latex Hev b 1 and Hev b 3 are 
the major protein allergens involved in patients 
with spina bifida [73]. Hev b 2 and Hev b 4 may 
play a more important role in health care workes 
with latex allergy [74]. Hev b 5 is a major aller-
gen in the majority of both health care workers 
and children with latex allergies [75]. Although 
some latex allergens, such as Hev b 1 and Hev 
b 6, may be specific for latex, other latex aller-
gens have been found to share IgE epitopes with 
plant-derived foods. This implies that sensitivity 
to latex may be triggered due to sensitization to 
homologous allergens in certain foods, and vice 
versa. The latex-fruit syndrome (or “latex food 
allergy syndrome”) is due to this cross-reactiv-
ity of latex proteins to similar proteins in fruits 
and vegetables [76]. The most common foods 
implicated are bananas [77], avocado [77, 78], 

chestnuts [77], and kiwi [79]. Less commonly 
reported are papaya, lychee, fig, peach, potato, 
chickpea, spinach, and the leafy green vegetable 
phuk waan-ban [41, 72, 80].

21.5.3  Topical Medicaments

Immunologic contact urticaria may occur due 
to the active agent or the preservative, base, or 
additives. Antibiotics can induce the dermatitis, 
often associated with anaphylactic reactions. 
Antibiotics reported as causes of contact urti-
carial include bacitracin, cephalosporin, chlo-
ramphenicol, gentamycin, neomycin, penicillin, 
rifampicin, and streptomycin [81]. Topical local 
anesthetics can also induce contact urticaria 
[82], but most cases of contact urticaria to local 
anesthetic agents are non immunologic [83]. 
Nitrogen mustard used to treat mycosis fungoi-
des was associated with contact urticaria with an 
anaphylactoid reaction in one case [84].

21.5.4  Foods

Virtually any food is capable of eliciting an 
immunologic contact urticaria response [85]. 
Table 21.2 lists foods that have been reported 
as a cause of contact urticaria. Contact urticaria 
from food is usually observed in an occupational 
setting and the foods most frequently responsi-
ble are apple, potato, carrot, and tomato; shell-
fish and seafood such as prawn and lobster are 
also sources [86–88]. Food handlers affected 
by immunologic contact urticaria to raw sea-
food can usually tolerate eating cooked seafood 
provided that the seafood is protein denatured 
by cooking [88]. Wheat allergens can pro-
voke asthma and contact urticaria among bak-
ers [89]. Cross-reactivity between pollens and 
fruits (Table 21.3) is responsible for a mucosal 
immunologic contact urticaria [90]. Contact 
hypersensitivity syndrome (also known as oral 
allergy syndrome, OAS), is a form of contact 
allergy reaction that occurs upon contact of the 
mouth and throat with raw fruits or vegetables. 
The most frequent symptoms include itchiness 
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or swelling of the mouth, face, lips, tongue and 
throat. Symptoms usually appear immediately 
after eating raw fruits or vegetables, although in 
rare cases, the reaction can occur more than an 
hour later. Rarely, the affliction can cause severe 
throat swelling leading to difficulty in swallow-
ing or breathing. Gastrointestinal symptoms, 
such as diarrhea and stomach-ache, are uncom-
mon. Some rare cases of life-threatening reac-
tions, with angioedema or shock, have been 

reported. Cooked food, with the exception of 
nuts and celery, is generally safe. Sometimes the 
affliction can be associated to an exacerbation of 
hay fever symptoms. Handling the fruit can also 
cause contact urticaria.

21.5.5  Plants

Exposure to several plants can cause contact 
urticaria, especially in the occupational set-
ting. Common causes of contact urticaria are 
Compositae, ivy yucca, spathe flower, Chinese 
rose [14]. Christmas cactus, Barberton daisy, and 
Madagascar jasmine have also been reported as 
causes of contact urticaria [91]. Profilin, present 
in several plant species, has been suggested as a 
common causative agent for immunologic con-
tact urticaria [11]. Chamomile tea, a folk rem-
edy used to treat conjunctivitis and other ocular 
reactions can induce immunologic contact urti-
caria, presenting with eyelid angioedema, in 
patients sensitized to Compositae and especially 
to Artemisia [92, 93].

21.5.6  Animal-Derived Proteins

Animal derivatives such as animal hair and secre-
tions can induce immunologic contact urticaria 
in animal handlers, farmers and veterinarians. In 
Finland, the dermatitis to cow dander is very fre-
quent because cows are kept indoors most of the 
year so dander exposure is increased [14]. Dog 
and rat saliva, animal hair, cow placenta, dog milk 
[94], rat tails, and guinea pigs can all be causa-
tive agents in subjects handling animals [81]. 
Also animal-derived protein allergens in cosmet-
ics have been reported among the causes, such 
as fish-derived elastin-containing cosmetics [95], 
while lactalbumin from a mare’s milk-contain-
ing cosmetic cream has also been reported [96].  
Niinimäki and Coll. observed 11 hairdressers with  
hand dermatitis found to be sensitized to Crotein 
Q® (hydroxy propyl trimonium hydrolysed col-
lagen) [38]. Prick test reactions to very low con-
centrations of this substance and specific IgE 
antibodies against Crotein Q® were elicited [38].

Table 21.2  Foods as a cause of contact urticaria

Vegetables
Asparagus
Beans
Cabbage
Celery
Fungi
Garlic
Lettuce
Mushroom
Mustard
Onion
Rice
Soybean
Tomato
Fruit
Apple
Apricot
Banana
Kiwi
Lemon
Lime
Mango
Orange
Peach
Peanut
Plum
Strawberry
Watermelon

Meat: beef, calf, lamb, chicken
Fish: cod, crab, frog, seafood, raw fish
Other animal products: cheese, egg, honey, milk

Table 21.3  Common cross-reactions between 
pollen/plant allergens and fruit

Pollen/plant Common fruit 
Birch Apple, pear, carrot, celery, tomato, cherry
Mugwort Carrot, celery, aniseed, peach
Ragweed Melon
Goosefoot Banana, melon, peach
Latex Avocado, banana, chestnut, kiwi, mango, 

melon, papaya, tomato
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21.5.7  Textiles

Silk, wool, rubber and nylon may pro-
duce immunologic contact urticaria [97]. 
Silk has often been reported as a cause of 
immediate-type reactions (immunologic 
contact urticaria, anaphylaxis and respiratory 
disease) [97–99], and might be an even more 
frequent finding in atopic subjects [98, 99]. 
Silk allergens include the silk fiber itself, the 
gum or glue (sericin) contained in raw silk and 
the silkworm or insects of the genus Anthrenus 
contained in silk materials [98, 99]. Asthma, rhi-
nitis, anaphylaxis, and eczema may or may not 
accompany the urticarial reaction [97].

21.6  Diagnosis

The diagnosis of contact urticaria involves 
detailed clinical history taking, clinical exami-
nation, skin test and specific IgE measurement. 
After a thorough history has been taken, the 
physician should proceed with a focused physi-
cal examination, checking that antihistamines 
have not been used within two days of perform-
ing the examination. Testing commonly employs 
a step-wise approach and may include the open 
test, prick test, scratch test, and use test, mak-
ing sure to include positive and negative controls 
during each step. The first step in diagnostic 
testing for immediate IgE-mediated allergy is 
an open test: [100] it is usually performed on 
the ventral forearm using 0.1 mL of the sus-
pected urticarial substance and spreading it over 
an area measuring 3 × 3 cm. Saline is used as 
negative control. The open test is first performed 
on non affected skin and if negative, on slightly 
affected or previously affected skin [4, 5]. When 
performing an open test, physicians should take 
precautions against anaphylaxis. If the open 
testing is negative, prick testing is usually per-
formed next in the diagnosis of contact urti-
caria, and is considered the diagnostic method 
of choice if open testing is negative [101]. Prick 
testing is generally considered safe, but isolated 
cases of anaphylaxis have been reported [102].

The test substance is applied to the volar 
aspect of the forearm and pierced into the skin 
using a lancet. Reading of a prick test is usu-
ally performed after 30 minutes. A scratch test 
is more useful for non-standardized allergens 
[3]. The area of the skin is scratched with nee-
dles after the allergen has been applied. Reading 
of this test is done after 30 minutes. If skin tests 
are negative, the use test is performed with the 
incriminated agent. For example, a person with 
latex-induced contact urticaria would wear latex 
gloves during testing.

RAST for allergen-specific IgE are not avail-
able for all agents responsible for contact urti-
caria [14]. RAST for allergen-specific IgE to 
latex is highly positive in sensitized patients, but 
a negative RAST test does not exclude the diag-
nosis of immunologic contact urticaria.

21.7  Therapy

The most important intervention in sensitized 
subjects is to ensure the complete avoidance 
of the offending antigen, to prevent recurrent 
symptoms and possibly life-threatening anaphy-
laxis. It is recommended that patients should 
always have injectable epinephrine and anti-
histamines on hand with them [3]. They could 
be required to treat a life-threatening reaction. 
Patients who develop contact urticaria to latex 
need to take care to avoid this specific substance 
in the future. Allergen immunotherapy may 
be an effective option in treating latex-allergic 
patients [103].

21.8  Prevention

In the occupational setting contact urticaria may 
be prevented by applying preventive measures, 
that consist in the elimination, by substitution, 
of the occupational contact allergen and the use 
of personal protective equipment. Powdered 
latex gloves should particularly be avoided as 
the culprit antigen may become aerosolized. In 
fact, elimination of powdered latex gloves may 
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be the single most effective measure in the over-
all risk reduction of latex sensitization and clini-
cal reactions.

As underlined above, the most important 
intervention for secondary prevention is com-
plete avoidance of the offending antigen, to 
guard against recurrent symptoms and the risk 
of life-threatening anaphylaxis.

People with a latex allergy should be aware 
of all other products besides gloves that contain 
latex both in the hospital and the home setting. 
These products include (in the hospital) catheter 
stoppers, elastic bandages, tourniquets tubes, 
and masks. In the domestic setting, they include 
balloons, condoms, mats, bottles, and baby bot-
tle nipples. Alternatives to latex are available and 
include nitrile, neoprene, and polyvinyl chlo-
ride. Nitrile provides a similar protection against 
infection to that offered by latex; synthetic poly-
mers, such as neoprene, can be used as an alter-
native in surgical procedures [58, 104, 105].
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vinyl group directly connected to the carbon 
atom of a carboxylic acid terminus [1].

The term “acrylates” (or, less commonly, 
“propenoates”) designates the esters of acrylic 
acid. Many derivatives of modified forms of 
acrylic acid are named after the originating acid: 
for example, derivatives of methacrylic acid are 
called methacrylates and derivatives of cyanoacr-
ylic acid are called cyanoacrylates [1, 2].

In all of the above substances, the highly 
polar carbonyl group alters the electron density 
balance between the two carbon atoms of the 
vinyl group, increasing the chemical reactivity 
of the molecule. This characteristic facilitates 
the formation of polymers, which are used for a 
wide range of industrial applications [1, 2], but 
is also the cause of the high sensitizing potential 
of acrylates, particularly monomers [3]. Acrylate 
polymers made up of a single type of mono-
mer (homopolymers) are suitable for a limited 
number of applications, while those made up 
of chemically different monomers (copolymers) 
are more versatile and have a wide range of uses 
in commercial products [1, 2].

Modifying the radical bound to the alpha car-
bon of the vinyl group is one way to change the 
physical/chemical characteristics of a polymer, 
but the number of possibilities is limited by the 
size of the radicals, which may prevent polymer 
formation because of steric hindrance. Modifying 
the radical bound to the carboxyl group is an 
easier and more flexible way to achieve polymer 
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22.1  Acrylates

Acrylic acid—also known as propenoic acid 
(term preferred by the IUPAC, International 
Union of Pure and Applied Chemistry), 
prop-2-enoic acid, acroleic acid, ethylene car-
boxylic acid, vinylformic acid—is the simplest 
unsaturated carboxylic acid, consisting of a 
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decorations, plastic nails applied to the nail plate 
with cyanoacrylate-based glue) and adhesives 
for false eyelashes/eyebrows, but the European 
Union Cosing (Cosmetic ingredient database) 
[17] includes 634 acrylate homopolymers, copol-
ymers and cross-polymers commonly used in dif-
ferent types of consumer products, with various 
functions: film forming, viscosity controlling, 
binding, hair fixing, emulsifying/emulsion sta-
bilising, skin/nail/hair conditioning, opacifying, 
antistatic, absorbent, surfactant, skin protecting, 
emollient, humectant, plasticiser, anticaking, 
perfuming, solvent, UV absorber/filter, abra-
sive, antimicrobial, antioxidant, chelating, foam 
boosting, hair waving or straightening, and oral 
care, antifoaming, antiplaque, bulking, mask-
ing, cosmetic colorant, deodorant products. For 
50 of them, the maximum content in consumer 
products is subject to restrictions. In 53 cases, 
the function of the substance in cosmetics is not 
reported in Cosing [17].

22.1.2  Contact Allergy and Clinical 
Presentation

Classic allergic dermatitis caused by contact 
with acrylates prevalently involves the fingers, 
nails and/or periungual skin, due to occupational 
exposure (dentistry, orthopedic surgery, aero-
nautics, printing industries, beauty centers) or, 
increasingly frequently, domestic/hobby use of 
nail cosmetics. However, because of the ubiqui-
tous presence of acrylates in different products, 
almost any body area can be affected: examples 
reported in literature are contact dermatitis on 
the chest (caused by electrocardiogram elec-
trodes) [18, 19], face (caused by a moisturizing 
face pack) [20], wrist (because of hospital wrist-
bands or wearable health devices) [21, 22], scalp 
(caused by hair prostheses fixative) [23], ear 
lobes (due to adhesives of clip-on earrings) [24]. 
Allergic dermatitis may also occur without direct 
and intentional skin application of acrylates, e.g. 
by contact of various body parts with acrylate-
treated nails or contaminated surfaces/hands, 
generating in some cases significant problems of 
differential diagnosis [25, 26]. Allergic contact 

formation and is the process most commonly 
used in industrial production [2].

In the vast family of these substances, those 
which are of interest in the fields of allergologi-
cal, occupational and environmental dermatol-
ogy are acrylates and methacrylates, although 
new types are emerging, like cyanoacrylates and 
isobornyl acrylate [3–15].

22.1.1  Sources of Exposure

The variety and versatility of acrylates, together 
with technical improvements and the decreasing 
costs of their synthesis, have led to a capillary 
diffusion of these substances, which are present 
nowadays not only in chemical facilities, but also 
in many occupational and consumer products. In 
2012, acrylates were named “Contact Allergen 
of the Year” by the American Contact Dermatitis 
Society (ACDS), and one of the reasons given 
for this choice was that they “are everywhere in 
the environment” [15, 16]. Since then, the diffu-
sion of acrylates has spread further, and a similar 
trend has been observed for acrylate allergy, with 
the rise of new allergens: one of them, isobornyl 
acrylate, was the “Contact Allergen of the Year 
2019” of the ACDS.

Acrylates are contained in plastic materi-
als (including those used for bottles and food 
packaging) and rubber, printing inks, UV inks 
(inks which require exposure to ultraviolet light 
in the printing process), acrylic fibres, films, 
fiberglass, adhesives and binders, papers, paint 
formulations, sealants, industrial coatings, insu-
lators, lacquers, floor polishes, shoe polishes, 
automobile antifreeze and engine-cooling liq-
uids, disposable diapers, sanitary pads, spec-
tacle frames. Applications in medicine include 
bone cements used in orthopedic surgery, surgi-
cal glues, dental implants/prostheses/fillings, 
contact lenses, wound dressings, electrocardio-
gram leads, hearing aids, glucose sensors, parts 
of medical devices for diabetic patients [3–16]. 
Cosmetic/aesthetic products, too, frequently 
contain acrylates. The best known sources of 
exposure in this field are artificial nails (includ-
ing nails made of acrylates, acrylate-based nail 
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stomatitis caused by acrylates is also frequent, 
because of the wide use of these substances in 
dental materials [27, 28]. Some authors reported 
severe onychodystrophy [29] and lichen planus, 
oral [30] or of the nails [31], as a consequence of 
allergic contact reactions to acrylates. Paresthesia 
and pain of the fingertips may be present, in 
addition to classical symptoms of contact allergy, 
in subjects using acrylate-containing nail prod-
ucts, because sensory nerve fibres may be dam-
aged by acrylate monomers penetrating through 
the nail plate [32].

Additionally, many clinical manifestations of 
allergy are observed with acrylates, more often 
than with other haptens. One is airborne dermati-
tis, which occurs mainly in people who apply arti-
ficial nails, for work (nail technicians, beauticians) 
or as a hobby. This happens because the activity 
involves using a nail drilling machine to remove 
pre-existing nail decorations, causing dispersion 
of acrylate powder in the air [33–36]. The manu-
facture of printed circuit boards may also be asso-
ciated with airborne allergic contact dermatitis due 
to acrylates, because of the volatile fumes of the 
acrylic compounds produced [37].

Photo-contact allergy may be caused by octo-
crylene (IUPAC name: 2-cyano-3,3-diphenyl 
acrylic acid 2-ethylhexyl ester; CAS number: 
6197-30-4; EC number: 228-250-8; Cosing 
number: 35585), an organic cyanoacrylate used 
in sunscreens and skin care cosmetics to absorb 
UVB and short-wave UVA [5]. Epidemiological 
data show that this kind of reaction usually 
occurs in adults with previous photosensitization 
to ketoprofen [5, 38], for still unknown reasons: 
indeed, computerized conformational analysis 
demonstrates little structural similarity between 
the two molecules, suggesting that simultane-
ous allergic reactions should be regarded as 
co-sensitizations rather than cross-reactions 
[39]. Because of its sensitizing potential, octo-
crylene may be used at a concentration of no 
more than 10% in ready-for-use cosmetic prepa-
rations marketed in the European Union [40]. 
The frequency of reactivity to octocrylene now 
appears to be decreasing [41].

Other local and/or systemic cutaneous reac-
tions to acrylates include urticaria, angioedema, 
cheilitis, discoloration of the nail plate [42–47].

Although not of strictly dermatological con-
cern, it is noteworthy that airborne acrylate pow-
der may also cause rhinitis, asthma [36, 48–50] 
and conjunctivitis [51]. Respiratory and ocular 
manifestations may occur in association with 
contact dermatitis [52–54] or alone [55, 56].

22.1.3  Patch Testing

Because of some technical peculiarities, special 
precautions are necessary for the correct perfor-
mance of a patch test with acrylates [14, 15]. 
Firstly, acrylates are labile and volatile mol-
ecules, which may become altered or evaporate 
from test chambers during storage. Thus, they 
must be fresh, prepared at the time of testing 
and applied as soon as possible. For the same 
reasons, the material initially extruded from the 
syringe should not be used for testing. Secondly, 
acrylate monomers are responsible for allergic 
sensitization, while polymers are not: hence, 
only monomers should be present in patch test 
preparations, to avoid false negative results. In 
this sense, the use of test chambers containing 
aluminum is contraindicated, because this metal 
could act as a catalyst for acrylate polymeriza-
tion. Thirdly, only standardized extracts must be 
used for patch tests: an acrylate-containing mate-
rial should never be tested “as is”, because of the 
high risk of active sensitization for the patient.

The choice of which molecules, among the 
many available, should be included in a screen-
ing test for acrylate allergy is a strongly debated 
topic. Indeed, reactivity to multiple acrylates is 
frequently observed, but given the lack of con-
sistency among studies in this regard, it is often 
unclear whether this is due to multiple sen-
sitization, cross-reactivity or the presence of 
impurities in materials. Thus, a set of screening 
monomers that can detect all cases of acrylate 
allergy is currently not available. However, 
a panel consisting of methyl methacrylate 
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(MMA), ethyl acrylate (EA) and 2-hydroxyethyl 
methacrylate (2-HEMA) is considered suffi-
cient to detect about 90% of cases [13], and is 
part of the baseline series of the North American 
Contact Dermatitis Group [14, 15]. 2-HEMA 
alone detects about 80% of cases [57] and is 
the only acrylate included in the 2019 base-
line series of the European Society for Contact 
Dermatitis [58]. North American authors suggest 
routine testing of MMA, EA and 2-HEMA and, 
when there is a clinical suspicion of acrylate 
allergy but screening patch tests with the above 
substances are negative, an expanded panel 
including ethylene dimethacrylate, triethylene 
glycol diacrylate, and ethyl cyanoacrylate [14]. 
Instead, European authors suggest routinely test-
ing 2-HEMA only, and using only when deemed 
clinically appropriate a panel consisting of EA, 
hydroxypropyl methacrylate, triethyleneglycol 
dimethacrylate, ethylene glycol dimethacrylate 
and 2-hydroxyethyl acrylate [13]. Tests with 
other acrylates, e.g. acrylic acid [59], should 
be performed on the basis of specific clinical 
situations.

Late patch test reactions to acrylates have 
been reported, and may be caused by individual 
characteristics which slow down the transcuta-
neous absorption, activation and/or binding of 
acrylates to cutaneous proteins [60]. The pos-
sibility of active sensitization must also be 
considered.

Finally, assessment of the relevance of a posi-
tive patch test is sometimes difficult, because of 
cross-reactions between acrylates and because 
acrylates used in industrial or consumer prod-
ucts may contain impurities not declared in 
safety data sheets [14].

22.1.4  Prevention

As for any type of allergy, allergen avoidance is 
the best practice, but avoiding acrylates can be 
difficult because of their ample diffusion and 
the lack of possible alternatives in many occu-
pational environments. However, fully polymer-
ized acrylates (including copolymers present in 
personal care products) do not generally pose a 

problem for allergic patients. When the use of 
products containing acrylate monomers is una-
voidable, it is necessary to adopt personal pro-
tective equipment. Ordinary latex gloves do not 
provide adequate protection, as they are eas-
ily permeable even during brief exposure [14]. 
Nitrile gloves are better in this regard, as they 
prevent acrylate penetration for 15–20 min; 
however, this time may be insufficient for some 
activities, such as nail aesthetic procedures [61, 62]. 
Longer breakthrough times (up to four hours) 
may be achieved with trilaminated polyethyl-
ene gloves, while the SilverShield/4H® poly-
mer, a synthetic polymer of five-layer laminate 
polyethylene and ethylene vinyl alcohol [63], 
appears to be resistant to (meth)acrylates [15].

22.2  Benzocaine

Benzocaine (chemical formula C9H11NO2) is 
a widely used local anesthetic belonging to the 
caine molecules group. Local anesthetics are 
usually classified in two major groups: esters 
and amides. The former, which include benzo-
caine, procaine, tetracaine, and amylocaine, are 
metabolized by plasma esterases to p‐aminoben-
zoic acid (PABA), which is considered to be 
responsible for the greater allergenic potential 
and cross‐reactivity between anesthetics in this 
group. The latter, which include cinchocaine, 
dibucaine, lidocaine, bupivacaine, mepivacaine, 
and prilocaine, are not metabolized into the 
PABA metabolite and are usually considered to 
be less sensitizing [64, 65].

22.2.1  Sources of Exposure

Local anesthetics are widely used, mainly in 
injectable preparations but also in topical prepa-
rations. These are available as over-the-counter 
medications to suppress coughs, or to treat 
pain due to mouth ulcers, pharyngitis, or hem-
orrhoids. Preparations containing benzocaine 
include wound and burn preparations, sun-
burn remedies, hemorrhoid preparations, oral 
and gingival products, sore throat sprays and 
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lozenges, callus and wart remedies, creams for 
treatment of poison ivy, toothache and denture 
irritation products. Allergic contact dermatitis 
has frequently been reported following exposure 
to creams used for pruritus ani, hemorrhoids and 
insect bites, lotions for sunburn relief, and anes-
thetic eye and auricular drops [66–68].

22.2.2  Contact Allergy and Clinical 
Presentation

Delayed hypersensitivity to caines used in local 
or locoregional anesthesia is much rarer. The 
prevalence of contact allergy to local anesthet-
ics ranges from 1.3 to 4% [69–73]. Benzocaine 
was once regarded as a good indicator of local 
anesthetic sensitization. Nowadays, however, 
it is rarely used by pharmaceutical companies, 
whereas cinchocaine is present in many over‐the‐
counter anogenital preparations. Topical anesthet-
ics generally produce a classic allergic contact 
dermatitis in the area of topical application. This 
manifests as acute erythema, and in severe cases 
blistering and bullae may be present. The onset 
of dermatitis can be favored by the application 
of topicals on damaged skin (for example on 
ulcers or burns) or on skin folds subject to fric-
tion (intergluteal folds) or mucous membranes 
(rectal, for example). Diffuse reactions (“baboon 
syndrome”) have been reported in patients sen-
sitized to local anesthetics, especially following 
their application in the rectal site. It is possible 
that these reactions were favored by absorption of 
the hapten through the inflamed mucosa [69].

22.2.3  Patch Testing

At present, benzocaine 5% petrolatum is rec-
ommended in the European baseline series as 
a screening allergen to show contact allergy to 
local anesthetics. Nevertheless, its efficacy has 
been repeatedly questioned since the 1980s 
[74, 75]. Several suggestions to use a caine mix 
[73] have not gained full acceptance [70, 71], 
although this is the current practice in some 
countries, such as Portugal.

22.2.4  Cross-reactions 
and Co-sensitizations

Benzocaine can cross-react with several aller-
gens that have in common the presence of 
an amino substituent at the para position of 
the benzene ring. This structural similarity 
could explain the frequency of cross-reactions 
between paraphenylenediamine and benzo-
caine. Moreover, patients with allergy to ester 
anesthetics can tolerate amide anesthetics, and 
vice versa. In the few reported cases of positive 
results to both groups of anesthetics, the reaction 
seems more likely to be a concomitant sensitiza-
tion than a cross-reaction [75, 76].

22.3  Chromium

Chromium is used in numerous industrial pro-
cesses and exposure to this metal can occur in 
occupational and extra-occupational fields [77].

22.3.1  Sources of Exposure

Cement. Cement has historically been the most 
common and important cause of chromium 
allergy [78, 79]. The first observations of con-
tact allergy to chromium date back to 1950, 
when Jaeger and Pelloni demonstrated sensi-
tization to metal in 30 of the 32 masons tested 
[80]. For many years, chromium was the hapten 
most frequently causing occupational allergy in 
men. An investigation conducted by the Italian 
Research Group on Contact and Environmental 
Dermatitis, in the decade 1984–1993, showed 
that 16% of patients with occupational aller-
gic contact dermatitis were sensitized to chro-
mium; most of them were male bricklayers [81]. 
However, the cement regulations, consisting on 
the one hand of the use of cement with a low 
chromium content, obtained through a careful 
selection of raw materials, and on the other hand 
by adding ferrous sulphate to cement, that is capa-
ble of inactivating the hapten [82, 83], have now 
changed the epidemiology of chromium allergy 
in EU nations [84–86]. In non-industrialized 
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countries, however, occupational chromium der-
matitis remains a major occupational health con-
cern in construction workers [87–90].

Leather Goods. It is estimated that 90% of the 
leather produced globally is tanned with chro-
mium sulfates [91], the consequence being that 
chromium exposure may occur from prolonged 
contact with various leather products, for example 
belts, leather covers for car steering wheels, foot-
wear, furniture, gloves, jackets, and watch straps 
[92]. Like in cement, also in leather goods the sen-
sitizing agent is hexavalent (Cr6) chromium, that 
is an impurity resulting from oxidation of trivalent 
(Cr3) chromium, used in leather tanning to provide 
softness, durability and flexibility thanks to its 
property of binding to collagen fibres [93, 94].

Mobile Phones. Multiple case reports of 
mobile phone-associated allergic contact derma-
titis have been published over the past 10 years. 
The first case was published in 2002 [95]; sev-
eral new cases were later published [96, 97]. 
Chrome allergy induced by contact with mobile 
phones can be isolated or associated with nickel 
and cobalt allergy [98].

Make-up/Cosmetics. The EU banned the use 
of chromium and other metals in cosmetic prod-
ucts in 1976 (Cosmetics Directive76/768/EEC), 
but these metals are still permitted in very low 
quantities as impurities [79].

Tattoo Ink. Pigments that contain chromium 
are used mostly in green and yellow tattoos, 
but the yellow colour may in rare cases contain 
chromium salts as well [79].

Detergents and Bleaches. In detergents and 
bleaches, chromium is contained in a quota 
below <1.0 μg/g [99] and is usually in a trivalent 
form, that is less sensitizing [79], so the pres-
ence of chromium in detergent and bleaches is 
rarely the cause of allergic contact dermatitis

Chrome-plated Metal Alloys. The surfaces of 
many metal products made of iron or zinc, such 
as screws, fittings, and other materials used in 
construction work, are chrome-plated to pre-
vent rust or surface oxidation. Exposure to these 
products induces contact sensitization in predis-
posed subjects [100, 101].

Implants/Prostheses. In increasingly age-
ing populations, metal implants and devices 

are widely used in medical treatment. All met-
als in contact with biological systems undergo 
some degree of corrosion, leading to the forma-
tion of metal ions, which may trigger activation 
of the immune system by forming complexes 
with endogenous proteins. Orthopedic implants 
containing chromium include stainless steel, 
cobalt–chromium alloys, and vitallium. The 
most widely used materials for vascular and 
cardiac stents are stainless steel or cobalt–chro-
mium alloys, both of which contain significant 
amounts of chromium [102]. It has been shown 
that the prevalence of metal allergy is higher 
among patients who have functional implants, 
and even higher in those with failed implants 
[103–105]; the extent to which metal sensitivity 
contributes to implant failure is a controversial 
issue.

22.3.2  Contact Allergy and Clinical 
Presentation

Chromium can cause allergic contact derma-
titis and burns. In fact, chromic acid burns are 
described above all in chromium metallurgic 
workers, tanners and dyers, and burns from 
chromium present in Portland cement wet-type 
in construction workers and in other subjects 
using this same cement [106, 107].

22.3.3  Patch Testing

Patch testing with potassium dichromate 0.5% 
pet. was introduced in 1931 [108]. Currently, 
it is present in the European baseline patch test 
series at the same concentration. The European 
Environmental and Contact Dermatitis Research 
Group conducted trials comparing 0.5% potas-
sium dichromate with 0.375 and 0.25% [109]. 
The conclusion was that patch testing with lower 
concentrations of potassium dichromate results 
in fewer irritant reactions but that at lower con-
centrations, some allergic reactions may be 
missed [109]. A high percentage of false nega-
tive epicutaneous tests is also obtained when 
testing the metal in its trivalent forms, chromium 
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trichloride and chromium sulphate [110]. In 
patients with negative patch tests to chromium 
and a clinical history suggesting metal allergy, 
intradermal testing with low quantities of metal 
may be useful. Meneghini and Angelini [111] 
demonstrated the high sensitivity of the intra-
dermal test and underlined its validity also for 
nickel sulphate and cobalt chloride in cases of 
false negative results to the patch test.

22.4  Cobalt

Cobalt is one of the substances most frequently 
responsible for allergic contact dermatitis [112, 
113]. It is a silvery-gray, crumbly and magnetic 
metal that may be found naturally in soil, dust 
and seawater. It is very rarely found in its pure 
form when mined from the earth, and is nor-
mally obtained as a by-product from the mining 
of ores of iron, nickel, copper, silver, manga-
nese, zinc and arsenic, which contain traces of 
cobalt. By the second decade of the 21st century, 
the Democratic Republic of the Congo, China, 
Canada, and Russia were the world’s leading 
producers of mined cobalt. The largest producer 
of refined cobalt, however, is China.

From a chemical point of view, cobalt is a 
relatively inert metal, slightly more reactive than 
nickel, and is able to resist in air and humidity. 
Salts and cobalt oxides have been used since 
very ancient times to color glass and ceramic 
glazes blue or pink. Metallic cobalt is used in 
the production of special alloys, as the addition 
of cobalt to chromium-nickel stainless steels 
improves its corrosion resistance and mechani-
cal properties even at high temperatures.

22.4.1  Sources of Exposure

22.4.1.1  Occupational Exposure
Occupational categories at risk of sensitization 
to cobalt are metal workers, pottery workers 
and bricklayers. An important cause of occu-
pational allergy to metal is cement, despite 
the fact that it contains only low quantities of 

cobalt, less than 0.01%. Cement-induced cobalt 
contact sensitization is known to accompany 
chromium-induced allergic contact derma-
titis in many cases [84, 114]. Cobalt is pre-
sent in cement as water-insoluble oxides, but 
forms complexes with amino acids in eczema-
tous skin [115] so cobalt allergy in cement 
eczema may be secondary to chromium 
hypersensitivity.

Workers treating metal surfaces, when using 
galvanizers for example, run a high risk of 
becoming sensitized to cobalt due to exposure 
to cobalt-containing electrolyte solutions [116]. 
Cobalt exposure in pottery workers derives from 
contact with this metal used as a pigment to dec-
orate porcelain. Uter and Coll. detected a high 
frequency of sensitization to cobalt in cashiers, 
almost exclusively in females. It is difficult to 
explain this result since the current euro coins are 
known not to contain cobalt; it has been specu-
lated that sensitization to cobalt may be induced 
by dyes or resins used in the production of 
bank notes that may contain cobalt [116]. Other 
causes of occupational allergic contact derma-
titis to cobalt are polyester resins, that can con-
tain cobalt naphthenate, commonly used in the 
manufacture of these resins [117]. Patch testing 
with cobalt chloride cannot detect contact allergy 
to cobalt naphthenate, that should be specifically 
patch tested [118]. Furthermore, cobalt is used as 
a pigment and drier in paint, in printing inks, as 
well as in animal feeds, but it is rarely reported 
as a sensitizing agent in patients occupationally 
exposed to these substances [116, 119].

22.4.1.2  Non Occupational Exposure
A common cause of consumer exposure source 
to cobalt is jewellery. It is found mostly in dark-
colored or black jewellery [120, 121]. Cobalt 
is also used in gold alloys and gold platings 
[122]. Over the years, thanks to technologi-
cal processes that have led to the extraction of 
the metal from the minerals containing nickel, 
the exposure to this metal has significantly 
decreased [113]. Studies carried out using the 
cobalt spot test detected the release of cobalt 
from only a very small proportion of jewellery 
[123–125].
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This suggests the possibility that sensitization 
to cobalt, in patients with contemporary allergic 
reactions to the two metals, may have a differ-
ent cause other than exposure to jewellery, and 
should be correctly investigated. Consumers 
may also be exposed to cobalt following contact 
with leather especially shoe leather. It has been 
shown that cobalt is the third most common 
shoe allergen after hexavalent chromium and 
p-tert-butylphenol formaldehyde resin [126].

Cobalt is an essential part of many alloys 
used for implants in orthopedics, cardiology, 
gynecology, dentistry, and surgery [127]. Metals 
in contact with body fluids may corrode and 
release metal ions that can induce skin disease 
(mostly dermatitis) and implant or device fail-
ure. Although it is well known that occasionally 
patients with allergy to cobalt and/or other met-
als can develop allergy-related complications 
from implanted devices, the extent to which 
metal sensitivity contributes to implant failure is 
a controversial topic.

Cobalt blue (azure blue and cobaltous alu-
minate) was responsible for a sarcoidal aller-
gic reaction in one patient that developed in 
the areas tattooed blue. A positive patch test to 
cobalt was demonstrated [128].

Cobalt is not permitted in cosmetics in the 
European Union but is permitted as an impurity 
at a maximum concentration of 5 ppm. Studies 
have demonstrated that this concentration is 
exceeded not only in adult cosmetics [129], 
such as eye shadow, but also in children’s play 
makeup [130].

Although detergents may contain cobalt as 
an impurity, they generally contain it in a mini-
mum quantity which cannot elicit allergic reac-
tions [113]. Considering that these products are 
diluted before use, the risk of allergy to cobalt 
when using such products is minimal.

22.4.1.3  Systemic Exposure
Systemic contact dermatitis may be caused by 
the oral intake of cobalt contained in foods such 
as liver, fish, nuts, and cereals and vitamin B12. 
However, supplementary vitamin intake will 
cause clinical problems only in very rare cases. 
In the past it was thought that metals could 

worsen contact dermatitis and especially acute 
and recurrent vesicular hand eczema [131–134]. 
It is currently believed that these reactions can 
only occur with high metal dosages [113] and 
in small groups of patients; therefore the need 
to subject cobalt-sensitized patients to dietary 
restrictions must be carefully evaluated.

22.4.2  Contact Allergy and Clinical 
Presentation

Cobalt is a strong skin sensitizer [135], and an 
estimated 5.9 and 7.4% of patch-tested der-
matitis patients in Europe and North America, 
respectively, are cobalt-allergic [136, 137]. 
However, the clinical relevance is often diffi-
cult to determine, and previous identification of 
occupational and consumer sources of cobalt 
seems to be insufficient. According to a Danish 
study, only 25% of positive patch test reactions 
to cobalt had a clinical relevance, and exposure 
sources were largely unknown [124].

Historically, occupational cobalt exposure 
has mainly been observed in metal workers, 
bricklayers, and pottery workers [138]. The hard 
metal industry is believed to be the main source 
of occupational cobalt exposure, particularly in 
the Europe and North America, because almost 
15% of the worldwide production of cobalt 
serves for hard metal production. Dental tools 
and alloys have also been reported to contain 
and release high levels of cobalt [139].

Although the dermatitis is most often caused 
by direct skin contact with cobalt- retaining 
items, airborne cobalt dermatitis is also 
observed. Cobalt exposure in pottery workers 
derives from contact with cobalt blue stains used 
to neutralize the faint yellow color produced 
by iron oxide in clay, and from contact with 
paints and glazes used to decorate the porcelain 
[140]. It has been estimated that cobalt release 
from blue and black pottery may reach 2–13 μg 
cobalt/cm2 per week, enough to cause dermatitis 
[141]. Despite the fact that modern production 
techniques have reduced the overall cobalt expo-
sure in pottery workers, as shown by a 10-fold 
decrease of cobalt in the urine, sensitization and 
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dermatitis may still occur [142]. Cobalt expo-
sure from cement has been a traditional cause of 
cobalt sensitization and dermatitis [143]. In line 
with this notion, the cobalt content in 8 brands 
of cement for sale in Sweden was 5–16 μg 
cobalt/g [144]. In Spain, 78% of the detergents 
and cleaning products contained cobalt in the 
range of 0.1–1.4 mg/L [145]; however, the level 
of cobalt in detergents, washing powder, textile 
softeners, and others is generally very low and is 
not suspected to cause clinical disease [79].

22.4.3  Patch Testing

Patch testing is typically done with 1.0% cobalt 
chloride in petrolatum. Unfortunately, it is 
sometimes very difficult to read and interpret 
positive test reactions. Patch testing with 1% 
cobalt chloride in 853 metal workers showed 
that 62 had allergic reactions, 30 had irritant 
reactions, and 103 had follicular (or ‘‘poral’’) 
reactions [146]. Another study showed that 32% 
of 222 dermatitis patients had irritant reactions, 
reflecting a toxic effect of cobalt on the acrosy-
ringium [147].

Cobalt and nickel patch-test reactivity is 
frequently observed together [148]. This has 
traditionally been interpreted as a result of 
concomitant exposure and sensitization rather 
than cross-reactivity, according to animal and 
in vitro studies [142]. Despite the convinc-
ing evidence against a cross-reactivity between 
nickel and cobalt, when Hindsén and Coll. 
performed oral nickel challenge in nickel-sen-
sitized dermatitis patients they observed previ-
ous cobalt patch-test flare-up reactions in some 
individuals [149]. This observation is very 
interesting, especially when considered together 
with other important observations: (i) cobalt 
is extracted from mined nickel because of its 
high cost and value, thereby limiting concomi-
tant exposure to nickel and cobalt; (ii) cobalt 
is infrequently released from consumer items 
for sale nowadays, even from those with a high 
rate of nickel release, again limiting concomi-
tant exposure; (iii) individuals who have strong 
nickel patch-test reactivity tend also to have 

cobalt patch-test reactivity, perhaps indicating 
that cobalt could be a marker of severity; and 
(iv) despite the fact that cobalt is a strong sen-
sitizer (grade 5), isolated cobalt sensitization is 
very infrequent.

The development of the cobalt spot test for 
detection of cobalt release from metallic items 
has markedly improved the diagnostic oppor-
tunities [142]. The test is similar to the dimeth-
ylglyoxime test used to detect nickel release 
[150]. In the cobalt spot test, a white cotton 
stick is dipped in the cobalt test solution, that 
is a clear yellow solution, and is then rubbed 
for 20–30 seconds against the test item. A color 
change from yellow to orange-red indicates 
that cobalt ions are released in concentrations 
that may elicit positive patch-test reactions in 
cobalt-allergic patients [142].

22.5  Colophonium

Colophonium (syn. colophony or rosin, CAS 
no. 8050-09-7) is a natural byproduct obtained 
from the distillation of oil from trees of the pine 
family (Pinaceae).

There are three major types of colophony, 
depending on whether the source of the oleo-
resin is gum, wood, or tall oil [151]. Gum 
rosin (the most common source) is recovered 
from the sap of living pine trees. Wood rosin is 
extracted from pine stumps. Tall oil is obtained 
as a by-product of paper pulp production [152]. 
Colophony is the residue left after the vola-
tile oil is distilled off from the oleoresin. The 
final product of this process can contain hun-
dreds of distinct chemical compounds. These 
constituents include 90% resin acids and 10% 
neutral matter. Of the resin acids, about 90% 
are isomeric with abietic acid; the other 10% 
are mixtures of dihydroabietic acid and dehy-
droabietic acid. These acids, if not oxidized, 
do not have a sensitizing potential, as this is 
acquired when oxidation takes place, yielding 
potent contact allergens. Potentially allergenic 
oxidation products include hydroperoxides, per-
oxides, epoxides, and ketones of abietic acid 
and dehydroabietic acid [151–156]. Because 
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allergenicity is mainly due to auto-oxidation, 
the allergenic potential is markedly affected 
by handling and storage times [157]. Rosin is 
often chemically modified to vary its physico-
chemical properties and allow adaptation to dif-
ferent uses. This occurs, for example, through 
reaction with maleic acid anhydride, through 
esterification with multivalent alcohols, through 
hydrogenation, through disproportionation 
or through dimerization (or polymerization). 
Other modifications are produced through reac-
tion with acrylates and epoxide compounds. 
Hydrogenated rosin has a lower contact sensitiz-
ing effect than native rosin [158]. On the other 
hand, other modifications of rosin can result in 
products that are allergenic in their own right 
[159, 160], that are generally strong sensitiz-
ers and do not cross react with those present in 
unmodified colophony. As a result, standard 
patch testing with unmodified rosins fails to 
detect patients who are allergic only to chemi-
cals in the modified rosins. Gäfvert and Coll. 
suggested several modified-rosin constituents 
for further testing [161].

22.5.1  Sources of Exposure

Because of its tackiness, and emulsifying and 
insulating properties, colophonium is widely used 
in an ample range of products, both at home and 
in the occupational setting. Occupational contact 
dermatitis to colophony has been reported in the 
electronics industry, where it can be found in 
soldering [162, 163], and in the metal engineer-
ing industry, where it is present in water-miscible 
metal-working fluid [157, 164]. Other possible 
occupational contact dermatitis to colophony can 
be observed in furniture-making industries, in 
the paints industry [165], in paper manufactur-
ing [166, 167], and in clothing industries [168]. 
Although, as an allergen, it should be declared, 
when present at concentrations of ≥0.1%, in 
the safety data sheets of the products used at the 
workplace, it has been shown that this does not 
always happen, so colophonium may be a hidden 

allergen [169]. The rosin is also contained in the 
pitch which is rubbed on the strings of musical 
instruments to improve the friction between the 
bow and the strings and so improve the sound 
quality. It can be responsible for allergic hand 
contact dermatitis in violinists and cellists [170]. 
Another exposure scenario is the health and per-
sonal care sector, where colophonium can be 
found as a tackifier in adhesive tapes and plasters 
[171], and in hydrocolloid dressings [172–174]. 
Adhesive tapes, plasters and dressings are com-
mon sources of colophonium-allergic contact 
dermatitis [153, 175]. Colophonium-allergic con-
tact dermatitis caused by these products is usu-
ally non occupational, but occupational cases do 
sometimes occur. Other causes of non occupa-
tional allergic contact dermatitis are related to its 
presence in electrocardiogram electrodes [176–
178] and as a sealant in dental prostheses [179], 
potentially causing allergic contact dermatitis in 
patients but also in dental technicians and nurses 
[180, 181]. Colophony is also used for shoe sole 
attachment, or for attaching layers below the 
insole, and can cause foot dermatitis [182, 183].

Colophonium can be present in topical tra-
ditional Chinese medicaments [184, 185], in 
nappies [186], and in cosmetics such as blush-
ers, eyeshadows, lip balm, lipsticks, mascara, 
powder foundation [187, 188] (Table 22.1). 
There have been many cases of contact der-
matitis from colophony in epilating products, 
especially in cold hair removers [189, 190]. The 
main causal allergens detected were modified-
colophonium derivatives in the wax, while colo-
phonium in the standard series was negative in 
most cases.

22.5.2  Contact Allergy and Clinical 
Presentation

Sensitization to colophonium may lead to aller-
gic contact dermatitis observable in the occu-
pational and non occupational field [191, 192], 
while asthmatic symptoms are induced mostly in 
the occupational field [154].
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22.5.3  Patch Testing

In the European standard patch test series, rosin 
is tested at 20% in petrolatum. One study dem-
onstrated that false-negative results of patch tests 
were minimized by keeping the oxidation prod-
ucts (the main allergens) at a constant level [193].

22.5.4  Prevention

For preventive purposes, the sensitizing power 
of rosin can be reduced by chemical processes, 
for example by hydrogenation, thanks to which 
the content of oxidizable acid substances, 
including abietic acid, is reduced [158].

22.6  Corticosteroids

Topical corticosteroids, introduced in clini-
cal practice in the early 1950s, are widely 
used to treat several inflammatory skin dis-
eases thanks to their antiinflammatory, immu-
nosuppressive and antiproliferative activities. 
Corticosteroids can induce a great variety of 
well-known adverse events, many of which are 
associated with prolonged use or local immune 
suppression. Contact allergy to corticosteroids 
is another possible untoward effect, which was 
initially regarded as a paradoxical phenomenon, 
bearing in mind that corticosteroids are the cor-
nerstone of treatment of contact dermatitis. 
Since the first descriptions of contact sensitiza-
tion to corticosteroids in 1959 [194, 195], other 
reports were subsequently published, but the 
real extent of the problem was recognized only 
in the late 1980s [196]. Hypersensitivity to cor-
ticosteroids is a problem of dermatological and 
allergological concern, that has been thought 
to affect only a minority of patients with a skin 
disease treated with these drugs. However, in 
view of their widespread use, the incidence of 
sensitization is very likely underestimated, also 
considering the difficulty in diagnosing these 
complaints owing to the peculiar characteristics 
of steroid allergens and the possible inadequacy 
of current diagnostic methods [197, 198].

Table 22.1  Products containing rosin

Adhesives
Aids for stomatization
Asphalt
Bath oils
Chewing gum
Coated papers
Cosmetics
    Blush
    Eyeshadows
    Lip balm
    Lipsticks
    Mascara
    Powder foundation
Dental products
    Dental cements
    Fluoride varnishes
    Impression pastes
    Periodontal dressings
Diapers/Feminine napkins
Furniture polishes and waxes
Glues/Adhesives
Hydrocolloid dressings
Inks
Insulating tapes
Industrial greases/Oils/Solvents
Lacquers and varnishes
Linoleum
Paints and stains
Paper
Patches
Pine-oil cleaners
Printing
Rosins
    For dancers’ shoes
    For violin, viola and cello
Powders to improve grip on various objects 
(controls of industrial machines, sports equipment)
Soap
Shoes
Soldering materials
Stain removers for clothes
Stamps
Tapes
Topical medications
    Acne treatment creams
    Antiseptic salve
Waterproofing materials
Wax depilatories
Waxed threads
Wood and Sawdust
Wood fillers
Wood wool

Yellow laundry bar soap
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22.6.1  Sources of Exposure

There are several corticosteroid molecules avail-
able in different topical formulations, alone or in 
combination with other drugs, such as antibiotic 
and antifungal agents. Topical corticosteroids 
are commonly present in creams, lotions, gels, 
mousses, ointments, eye drops, and nebulizers.

22.6.2  Contact Allergy and Clinical 
Presentation

The prevalence of corticosteroid-induced aller-
gic contact dermatitis ranges from 0.2 to 6% 
according to the different patients series [199]. 
This apparent variability of prevalence esti-
mates may be due to differences in patch test 
methodology, in terms of vehicles, allergens 
panels and concentrations, as well as the read-
ing times of test reactions. Differential use of 
corticosteroid molecules in various countries 
may be another cause of discrepancies in preva-
lence figures.

In a study lasting nearly 2 years conducted 
in 2073 patients who underwent patch tests 
to six corticosteroids, Dooms-Goossens and 
Morren observed 61 patients (2.9%) with a 
positive patch test to at least one of them [200]. 
Moreover, in accordance with this investigation, 
corticosteroids were the 7th most frequent con-
tact allergens, budesonide being the one most 
commonly responsible for allergic sensitiza-
tion, often in association with positive patch 
test reactions to other topical corticosteroids. A 
multicenter study carried out by the European 
Environmental and Contact Dermatitis Research 
Group evaluated contact allergy to corticoster-
oids in ten European countries, showing an over-
all incidence of 2.6%, with extremely variable 
percentages in the different member states, rang-
ing from 6.4% in Belgium to 0.4–0.6% in Spain 
and Portugal [201]. In a 6-year retrospective 
study performed in the USA at the Mayo Clinic, 
of 1188 patients patch tested, 127 (10.7%) had 
a positive reaction to at least one corticosteroid, 
while 56 patients reacted to multiple topical cor-
ticosteroids [202].

The clinical presentation of allergic contact 
dermatitis to corticosteroids is frequently char-
acterized by modest inflammatory changes, 
whereas clearly exudative lesions are rarely 
seen. Subjects with atopic eczema, hand derma-
titis, leg ulcers and stasis dermatitis are more 
prone to develop sensitization to corticosteroids 
[203]. The diagnosis can be difficult but should 
be suspected when an inflammatory skin disease 
does not improve or even worsens during treat-
ment with corticosteroids. The evolution of the 
lesions is usually subacute or chronic. Unusual 
clinical pictures of allergic contact dermatitis 
following the application of corticosteroids on 
the skin include edema, mostly affecting the face 
and genitalia, erythema multiforme-like erup-
tions, or lesions resembling granuloma annulare, 
acute generalized exanthematous pustulosis, or 
lupus erythematosus [204–211]. Contact allergy 
due to inhaled corticosteroids can cause swell-
ing of the lips and eyelids, stomatitis, perioral 
dermatitis, dysphagia, nasal congestion and pru-
ritus/burning, worsening of rhinitis, nasal sep-
tum ulceration and perforation, diffuse pruritus, 
eczematous lesions with variable extension, and 
also generalized skin eruptions, such as macular 
exanthema or urticaria [212–216].

In subjects previously sensitized to corticos-
teroids, the systemic absorption of these drugs 
through multiple routes of administration (oral, 
parenteral, or intra-articular) can induce a sys-
temic contact dermatitis, which can present as 
generalized maculo-papular, papulo-vesicular, 
pustular, or erythematous eruptions, as well as 
urticarial rash [217–220].

22.6.3  Patch Testing

Currently, the corticosteroids included in the 
European baseline series are tixocortol- 21-
pivalate 0.1% pet. and budesonide 0.01% pet. 
[221], while the Italian baseline series includes 
budesonide 0.01% pet. and hydrocortisone-
21-acetate 1% pet. [222].

Patch tests with corticosteroids in patients with 
contact sensitization to these agents can evoke 
false negative reactions because of the intrinsic 
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antiinflammatory action of corticosteroids, which 
may suppress or delay the cutaneous response. 
Therefore, reading should be postponed until day 
5 or 7 (up to 5 days after the usual evaluation of 
patch testing) [223]. At the first reading, the reac-
tion may appear only at the edges of the test area, 
while it can be completely absent in the central 
portion, where the antiinflammatory effect of the 
corticosteroids is more evident because of the 
accumulation at higher concentrations. This phe-
nomenon, named ‘edge- or border-effect’ fades 
away on successive readings after a few days.

22.6.4  Cross-Reactivity Among Topical 
Corticosteroids

The occurrence of cross-reactions among dif-
ferent corticosteroids is not rare, but predic-
tion of these is not yet sufficiently reliable. In 
1989, after analyzing the literature data and 
performing patch tests with various corticos-
teroids in a group of 19 patients, Coopman and 
Coll [224] proposed a classification of corti-
costeroids based on the molecular structure, 
dividing them into four groups (A, B, C, and 
D) (Table 22.2), corresponding to tixocortol 

pivalate, triamcinolone acetonide, betametha-
sone and hydrocortisone-17-butyrate, respec-
tively. They hypothesized that allergic contact 
reactions occurred more frequently with corti-
costeroids belonging to the same group, while 
cross-reactions were uncommon between 
groups. Nevertheless, clinical practice has partly 
denied the theoretical assumptions made by 
Coopman and Coll. because it has been seen 
that cross-reactivity exists also among corti-
costeroids belonging to different groups, par-
ticularly between those of group A and D. 
Cross-reactivity between group B and group D 
is rarer. The potential to cross-react among cor-
ticosteroids may be related not only to the struc-
tural homology but also to the stereoisomerism 
and metabolism of these drugs [224].

Lepoittevin and Coll. performed a comput-
erized conformational analysis of the corticos-
teroid molecules, demonstrating that groups 
A, B, and D were highly homogeneous within 
each group in terms of molecular structure (e.g., 
shape, volume and distribution of the charges). 
These authors were unable to represent the mol-
ecules of group C, that were comparable, in their 
view, to those of group A [225].

Although application of the above-mentioned 
four-group classification has proven much sim-
pler and more efficacious than other proposed 
classifications [226], various authors have raised 
some objections. For example, Wilkinson and 
English proposed that the immunogenicity of 
cortisol should be attributed to the entire cyclo-
pentane perhydrophenanthrene structure [227].

Consequently, the classification proposed by 
Coopman and Coll. was revised and updated, 
subdividing group D into two subgroups:

– subgroup D1 (with fluorination on C9, meth-
ylation on C16 and an esterified side chain on 
C17, potentially cross-reacting with corticos-
teroids in group C or causing co- sensitization 
to the latter, as in the case of clobetasol 
propionate);

– subgroup D2 (no halogenation on the car-
bon rings, neither methyl group on C16 nor 
ester on C17, like methylprednisolone ace-
ponate, that can cause cross-reactions or 

Table 22.2  Classes of allergenic cross-reactivity among 
corticosteroids [224]

Class A
Hydrocortisone types: hydrocortisone, prednisolone 
and methylprednisolone and their ester acetate, sodium 
phosphate and succinate, cortisone, prednisone, tixocor-
tol pivalate
Class B
Triamcinolone acetonide types: triamcinolone aceto-
nide, fluocinolone acetonide, amcinonide, desonide, 
fluocinonide, halcinonide, budesonide, flunisolide
Class C
Betamethasone types: betamethasone, dexamethasone, 
desoxymethasone, fluocortolone, halomethasone
Class D

Clobetasone or hydrocortisone esterified types: 
clobetasone butyrate, clobetasol propionate, hydro-
cortisone-17-aceponate, hydrocortisone-17-butyrate, 
beclomethasone dipropionate, betamethasone-17-valer-
ate, betamethasone dipropionate, methylprednisolone 
aceponate, prednicarbate
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co-sensitization to corticosteroids in group A) 
[228].

Not all topical or systemic corticosteroid mol-
ecules can be included in the four-group clas-
sification proposed by Coopman and Coll. For 
instance, molecules like deflazacort, fluticasone 
propionate, momethasone furoate, owing to 
their peculiar structure (oxazoline ring on C16/
C17 in deflazacort, esterification with short side 
chains on C17, the presence of a halogenated 
element on C21 and C17 as in fluticasone pro-
pionate and mometasone furoate) are difficult to 
classify correctly in the above-mentioned four 
groups without having to make some compro-
mise. The particular structural formula of flu-
ticasone propionate and mometasone furoate 
could also justify the low risk of allergic contact 
sensitization reported after their use [229, 230]. 
They could thus be an alternative molecule for 
use in patients with contact sensitization to two 
or more groups of corticosteroids [231].

22.7  Dimethylaminopropylamine

3-Dimethylaminopropylamine (CAS no. 
109-55-7) is an aliphatic amine mostly used in 
the synthesis of betaine and especially cocami-
dopropylbetaine (CAPB), an amphoteric sur-
factant that is very popular in the cosmetic 
industry owing to its low potential skin irritant 
property, together with its thickening power. 
The first step in the synthesis of cocamidopro-
pylbetaine is the reaction of coconut fatty acids 
with 3-dimethylaminopropylamine, yielding 
cocamidopropyl dimethylamine. This amido 
amine is converted to cocamidopropylbetaine 
by a reaction with sodium monochloroacetate. 
A small quota of 3-dimethylaminopropylamine 
can remain in the final product, and can be 
responsible for allergic reactions. Actually, 
3-dimethylaminopropylamine is considered the 
sensitizing agent in cocamidopropylbetaine since 
patch tests with “pure cocamidopropylbetaine” 
are negative in patients with a positive reac-
tion to the commercial hapten material used for 
patch tests (that can contain small amounts of 

3-dimethylaminopropylamine that can induce a 
false positive reaction) [232, 233]. Furthermore, 
cocamidopropylbetaine in predictive animal test-
ing was classified as a non-sensitizer [234]. A 
possible role in cocamidopropylbetaine sensiti-
zation could be played by amidoamines, which 
are also present as contaminants in products con-
taining cocamidopropylbetaine. In one of our 
studies, it was shown that patients with contact 
allergy to 3-dimethylaminopropylamine at 0.1% 
aq. showed simultaneous positive reactions to 
amidoamine at a concentration of 0.5% aq. It 
has been hypothesized that amidoamines can 
release 3-dimethylaminopropylamine by enzy-
matic hydrolysis and at the same time promote 
the penetration of 3-dimethylaminopropylamine 
(even when present at low concentrations) due to 
their highly irritant properties [235].

22.7.1  Sources of Exposure

Dimethylaminopropylamine is found in personal 
care products such as fabric softeners, dishwash-
ing detergents, liquid soaps, shampoos, and dyes. 
Leather, paper, and rubber industries also use this 
substance. It is an intermediate in the produc-
tion of agrochemicals, antistatic agents, bind-
ing agents, carburettor detergents, flocculating 
agents, fungicides, ion exchange resins, phthalo-
cyanine dyes, and water-resistant textile fibers.

22.7.2  Contact Allergy and Clinical 
Presentation

As to the prevalence of contact dermatitis 
to 3-dimethylaminopropylamine, the North 
American Contact Dermatitis Group reported 
a 1.7% prevalence of positive reactions to 
3-dimethylaminopropylamine among 10.877 
patients patch tested between 2009 and 2014 
[236]. In 2012 the records of 1092 patch tests per-
formed between 2002 and 2009 were reviewed 
at the Finnish Institute of Occupational Health, 
showing a 1.0% prevalence of occupational con-
tact allergy due to 3-dimethylaminopropylamine 
[233]. Our recent data on 5140 consecutive 
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patch tested patients in Italy over a 1-year period 
showed a prevalence of 1.3% of contact allergy to 
3-dimethylaminopropylamine [237].

Patients with contact allergy to 
3-dimethylaminopropylamine usually present 
eczematous reactions on the eyelids, armpits and 
ano- genital region related to the thinner skin and 
the greater use of detergents in these sites. The 
dermatitis can involve the scalp, where it often 
presents with scaling. Diffuse forms can also 
be observed. Occupational contact dermatitis 
to 3-dimethylaminopropylamine has also been 
reported [232].

22.7.3  Patch Testing

3-Dimethylaminopropylamine is not included 
in the European baseline series for patch test-
ing, but has been included in the Italian standard 
series since 2016 and is tested at 0.1% aq.

22.7.4  Prevention

The sensitizing potential of 3-dimethylaminopro-
pylamine is well known but currently no regula-
tion of the European Union or the United States 
of America defines a threshold for this substance 
in skin care products and there is no obliga-
tion to report its presence and quantity on pack-
aging labels. In December 2010, the Cosmetic 
Ingredient Review Expert Panel declared that 
3-dimethylaminopropylamine at a concentration 
of 0.01% in raw cocamidopropylbetaine is not 
sensitizing in finished cosmetic products [238]. 
Legislative interventions are advisable to enforce 
this limit and improve consumer safety.

22.8  Epoxy Resin

Usually epoxy resins are supplied as dual‐com-
ponent products, consisting of a resin compo-
nent (A) and a hardener (B). Some products 
consist of three components, the third one 
being filler. During curing, the resin and the 
hardener combine to create a tough, solid 

network. Chemically, epoxies are characterized 
by the “epoxide group,” which is very reac-
tive toward amino compounds in the hardener. 
Unfortunately, skin proteins are also amino 
compounds, and that is the reason why epoxies 
are such potent skin sensitizers. Of the epoxy 
resins commonly employed, 75–95% are polym-
erization products of the diglycidyl ether of bis-
phenol A, whereas 1% is based on the diglycidyl 
ether of bisphenol F [239, 240].

22.8.1  Sources of Exposure

Epoxy resins have unique technical properties 
that have made them very popular in the construc-
tion industry. They are characterized by an excel-
lent adhesion to various substrates, making them 
good corrosion‐protective coatings for metals 
and strong adhesives, by resistance to mechani-
cal wear, making them very suitable as industrial 
floorings; they are liquid-tight, chemically resist-
ant, and easy to clean, making them excellent as 
floor and wall coatings as well as joint fillers for 
tiling in the food industry, in professional kitch-
ens, petrol stations, etc.; fast curing, making them 
popular as concrete repairing agents in flat galler-
ies; they do not shrink during curing and are easy 
to sand, making epoxies the most widely used 
wood repairing agents [239, 240].

22.8.2  Contact Allergy and Clinical 
Presentation

Epoxy chemicals can induce direct or airborne 
contact dermatitis. The direct contact dermati-
tis generally involves the hands or forearms and 
sometimes the face. Workers who have acquired 
an epoxy allergy will be faced with an increasingly 
strong skin reaction after each contact with the 
products. Avoiding all contact is the only option. In 
practice, this means that the worker must change 
job because workers find it hard to completely 
avoid skin contact with epoxies: obvious times 
of skin contact are during the weighing and mix-
ing of the two components, manual transportation 
of (open) cans or vessels, direct contact during 
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application, and continued wearing of contami-
nated or even soaked clothes or shoes.

Epoxy chemicals may also induce airborne 
allergic contact dermatitis, particularly from 
the more volatile reactive diluents and hard-
eners [241]. Airborne allergic contact derma-
titis caused by epoxy resin systems has been 
reported in multiple occupational and non occu-
pational settings. IVDK data from 1994 to 2013 
showed that among 421 patients with occupa-
tional airborne contact dermatitis, 18% were 
sensitized to epoxy resin [242]. The prevalence 
of epoxy resin contact allergy was reported as 
0.9–1.4% in patients patch-tested during 1992–
2000 [243] and is similar worldwide [244]. 
Despite this, the prevalence of occupational 
contact allergy to epoxy resins is increasing. In 
a large study by Dickel and Coll., the occupa-
tional relevance of positive patch test reactions 
among patients with reported occupational der-
matitis was evaluated. The second most signifi-
cant sensitizer was found to be epoxy resin at 
67% [245]. Patients who started to work after 
1999 had higher percentages of epoxy resin sen-
sitization than those with an earlier start (18.2%, 
compared to 10.7% (starting in 1994–1999) and 
6.8% (starting before 1994)), and patients with 
a duration of employment in the building trade 
of less than 2 years were more often sensitized 
than those who had already been working for 
a longer time [84]. All these findings together 
strongly indicate that the risk of becoming sen-
sitized to epoxy resin when working in the 
building trade has increased in recent years. 
Additionally, it confirms clinical experience that 
epoxy resin allergy is acquired within a very 
short time. Therefore, effective measures to pre-
vent epoxy resin sensitization in the building 
trade are urgently needed.

22.8.3  Patch Testing

Epoxy resin is present in the baseline series of 
contact allergens in 1% petrolatum. However, 
only a fraction of the epoxy resin components 
currently in use are available for patch test-
ing. The most important sensitizers among the 

hardeners are m-xylene diamine and isophorone 
diamine, and among the reactive diluents 1,6‐
hexanediol diglycidyl ether, 1,4‐butanediol 
diglycidyl ether, phenyl glycidyl ether, and 
p-tert-butylphenyl glycidyl ether [246].

22.8.4  Prevention

Using protective gloves remains indispensable 
when working with epoxies. Leather or cotton 
gloves do not provide any protection against 
epoxies, nor do latex gloves meant for house-
hold use. Use of long‐sleeved gloves made 
of nitrile, neoprene, or butyl rubber over thin 
cotton inner gloves to absorb moisture is rec-
ommended. Using the gloves only once and fre-
quently changing them is also recommended.

22.9  Formaldehyde

Formaldehyde is a pungent-smelling gas that 
rapidly polymerizes. Formaldehyde and forma-
lin (37% formaldehyde aqueous solution) have 
an irritant sensitizing capacity.

22.9.1  Sources of Exposure

Formaldehyde is used for numerous applica-
tions both in the occupational and non occupa-
tional fields. In the occupational field it is used 
as a fixative in histological preparations [247] 
and, in the form of denatured alcohol with for-
maldehyde, for the sterilization of catheters 
and various instruments, thus causing numer-
ous cases of allergy in renal dialysis staff [248]. 
Formaldehyde is also used in the textile indus-
try, thanks to its characteristics as a primer, 
waterproofer and anti-crease agent [249]. About 
8% of rayon and cotton fabrics are treated with 
resins containing formaldehyde. Hairdressers 
can develop hand contact dermatitis due to 
exposure to formaldehyde contained in sham-
poos and hair straightening products [250]. 
Non occupational exposure to formaldehyde 
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is linked to its use as a preservative in medica-
ments, detergents, cosmetics and household 
products. Today, its use in the cosmetic field is 
limited to rinse-off products and to nail harden-
ers, and cosmetics are usually preserved with 
formaldehyde-releaser preservatives of dif-
ferent kinds. Among formaldehyde releasers, 
those more frequently used are quaternium-15, 
imidazolidinyl urea, diazolidinyl urea, and 
DMDM hydantoin. Formaldehyde exposure can 
also occur owing to the presence of this sub-
stance as a contaminant deriving from products 
in which formaldehyde has been included as a 
preservative in the raw materials used to make 
the product or from products prepared or stored 
in containers sterilized with formaldehyde 
[251]. Yet “occult” formaldehyde can result 
from formaldehyde-releasing resins used in the 
manufacture of tubes for cosmetics and phar-
maceutical products and byproducts containing 
compounds that form formaldehyde in situ dur-
ing degradation [252].

22.9.2  Contact Allergy and Clinical 
Presentation

Formaldehyde is present in the European base-
line series of patch tests; it is usually tested at 
the concentration of 2% aq.

Allergic contact dermatitis to formaldehyde 
is very common. Formaldehyde is a potent 
irritant and prolonged contact may cause dry-
ness of the skin with fissuring, discoloration 
of the nails and paronychia [253]. The allergy 
is often chronic due to the difficulty of avoid-
ing this allergen, that is practically ubiquitous 
in the home and workplace [252]. Non occupa-
tional allergy to formaldehyde usually affects 
the face and hands, especially if they are already 
the site of an irritant contact dermatitis, because 
in this case even minimal quantities of formal-
dehyde can penetrate through the altered skin. 
Occupational allergic contact dermatitis to for-
maldehyde is common and mostly affects the 
hands; it is particularly common in hairdressers 
and health care workers who come in contact 
with creams and soaps containing formaldehyde. 

Allergic contact dermatitis to textile formalde-
hyde resins mostly affects areas of the skin in 
contact with clothing such as the inside of the 
thighs, the neck, and areas prone to increased 
sweating such as the armpits, the groin, and 
elbow creases. Formaldehyde can, in rare cases, 
induce immunological contact urticaria [254].

22.9.3  Prevention

The prevention of contact with formaldehyde 
can be complicated because of the difficulty in 
avoiding exposure since it is found in so many 
everyday products, and can be present also as 
an occult ingredient. Formaldehyde-sensitized 
patients should also avoid formaldehyde-releas-
ers because the formaldehyde present in these 
products is usually insufficient to cause der-
matitis if the product is used on healthy skin 
but could nonetheless aggravate a pre-existing 
dermatitis. It should also be borne in mind that 
undeclared formaldehyde may be present in 
many products, owing to the addition of formal-
dehyde in the raw material or release from other 
chemicals, making it very difficult to prevent 
exposure to this substance [255].

22.10  Fragrances

Fragrances are a heterogeneous group of sub-
stances with a pleasant smell, which can be nat-
urally present in a compound, or may be added 
during production to improve its olfactory char-
acteristics. Substances used to neutralize the 
unpleasant smell of some products are also clas-
sified as fragrances by many authors. Several 
thousands of natural and artificial fragrances 
are known, and their number is steadily increas-
ing. The scent of a commercial product is usu-
ally the result of a mixture of fragrances (up to 
hundreds in some perfumes), often covered by a 
trade secret; for this reason, the identification of 
the cause(s) of an allergic reaction may be rather 
difficult [256].

The fragrances most widely used and most 
frequently responsible for allergic sensitization 
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have been grouped in two mixtures, defined as 
“fragrance mix I” and “fragrance mix II”, which 
are part of the baseline series recommended 
by the major dermoallergological societies 
worldwide.

Fragrance mix I contains cinnamic alcohol, 
cinnamic aldehyde, hydroxycitronellal, amylcin-
namaldehyde, geraniol, eugenol, isoeugenol, and 
Evernia prunastri (oak moss) absolute, each at 
1% concentration. The current concentration of 
the components was defined in 1984, after the 
observation of a high number of irritant reac-
tions with the original 2% [256, 257]. Fragrance 
mix I also contains a non-fragrance component, 
sorbitan sesquioleate 5%, which is an emulsi-
fier added to increase the cutaneous penetration 
of haptens, and, consequently, the sensitivity of 
patch tests [258].

Fragrance mix II was experimentally intro-
duced in 2005, to detect allergy to common fra-
grances not included in fragrance mix I [259, 
260], and was recommended for inclusion in 
the European baseline patch test series a few 
years later [261]. It contains citronellol 0.5%, 
citral 1%, coumarin 2.5%, hydroxyisohexyl 
3-cyclohexene carboxaldehyde (also known as 
hydroxymethylpentylcyclohexene carboxalde-
hyde or by its trade name Lyral®) 2.5%, farnesol 
2.5% and alpha-hexyl-cinnamal 5%.

The INCI (International Nomenclature 
of Cosmetic Ingredients) names, IUPAC 
(International Union of Pure and Applied 
Chemistry) names, CAS (Chemical Abstracts 
Service) numbers, EC (European Community) 
numbers and Cosing (Cosmetic ingredient 
database) numbers of the components of fra-
grance mix I and fragrance mix II are reported 
in Tables 22.3 and 22.4, respectively [262–264]. 
Synonyms for the components of fragrance 
mix I and fragrance mix II are reported in 
Tables 22.5 and 22.6, respectively [263, 264].

Components of fragrance mix I. Cinnamic 
alcohol is found mainly in cinnamon leaves, 
balsam of Peru, and storax, a resin isolated 
from the bark of the plants Liquidambar ori-
entalis and Liquidambar styraciflua. As the 
quantities present in vegetal sources are lim-
ited, industrial supply is obtained by chemical 

synthesis from cinnamaldehyde [256, 265]. 
According to Annex III to Regulation (EC) 
No. 1223/2009 of the European Parliament 
[266], cinnamic alcohol, as well as the other 
fragrances included in fragrance mix I, must be 
indicated in the list of ingredients when its con-
centration exceeds 0.001% in leave-on prod-
ucts or 0.01% in rinse-off products. The IFRA 
(International Fragrance Association) defined 
a restriction for its use: depending on the cat-
egory of products [267], the maximum con-
centration allowed ranges between 0.09% and 
2.2% (Table 22.7) [268].

Cinnamic aldehyde is another substance, 
which can be biosynthesized by plants, mainly 
cinnamon, or obtained in laboratory. It is also 
contained in balsam of Peru [256]. The lim-
its defined by the IFRA for use in commercial 
products are much lower than for cinnamic alco-
hol (Table 22.7) [268].

In human skin, cinnamic aldehyde can be 
converted into cinnamic alcohol (and vice 
versa) by alcohol dehydrogenase, conjugated 
with glutathione directly or via glutathione 
S-transferase, or irreversibly oxidized to cin-
namic acid by aldehyde dehydrogenase (or 
alcohol dehydrogenase acting as a dismutase, 
with NAD + as cofactor) [269]. Cinnamic alco-
hol can be converted into cinnamic aldehyde 
also by cytochrome P450 2E1 [269] or even 
spontaneously, upon air exposure [270]. Several 
studies demonstrated the important role of the 
metabolism in the activation/deactivation bal-
ance of these substances, which, in turn, con-
tributes to determine their skin sensitization 
potential [269–274].

Hydroxycitronellal is subject to the same 
labeling rules as cinnamic alcohol and cinnamic 
aldehyde, but Annex III to Regulation (EC) No. 
1223/2009 of the European Parliament [266] 
also limits its concentration in ready-to-use 
preparations other than oral products to 1.0%. 
The IFRA limits, instead, range between 0.1 and 
3.6% in different products (Table 22.7) [268].

Amylcinnamaldehyde is naturally con-
tained in jasmine. Maximum concentrations 
allowed by the IFRA are between 0.7 and 17.1% 
(Table 22.7) [268].
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Geraniol is a component of the oil obtained 
from Pelargonium odoratissimum (commonly 
known as geranium), rose oil, palmarosa oil 
and citronella oil, and can be synthesized from 
pinene [256]. It is also contained in balsam of 
Peru. According to the IFRA, it can be used at 
maximum concentrations of between 0.3 and 
8.6% (Table 22.7) [268]. Air exposure increases 
the sensitizing potential of geraniol, because 
autoxidation generates hydroperoxides, geranial 
and neral, which are highly reactive chemical 
species [275]. Enzymatic oxidation of geran-
iol, with similar results, occurs in human skin 
because of cytochromes CYP1A1, CYP3A5 and, 
to a lesser extent, CYP2B6 [276]. Some authors 
have even suggested that oxidized geraniol 
should be used in patch tests, to detect a higher 
number of cases of allergy to geraniol [277].

Eugenol is mainly extracted from clove oil, 
nutmeg, cinnamon, basil and bay leaf, but can 
also be synthesized by various methods, of 
which the most common is allylation of guai-
acol with allyl chloride [256, 278]. IFRA allows 

its use at maximum concentrations of between 
0.2% and 4.3% (Table 22.7) [268].

Isoeugenol differs from eugenol in the posi-
tion of the double bond in the propenyl side 
chain. It is present in ylang-ylang (Cananga 
odorata) and nutmeg, and can be synthesized 
from eugenol [256]. Annex III to Regulation 
(EC) No. 1223/2009 of the European Parliament 
[266] limits its concentration in ready-to-use 
preparations other than oral products to 0.02%. 
Maximum concentrations allowed by the IFRA 
are between 0.01 and 0.2% (Table 22.7) [268]. 
Some authors reported that isoeugenol deriva-
tives, mainly isoeugenyl acetate, are present in 
many consumer products, sometimes at high 
concentrations, and may be metabolized to 
isoeugenol in the skin: this may explain, at least 
in part, why the frequency of sensitization to 
isoeugenol is still fairly high, despite the afore-
mentioned limits [279].

Evernia prunastri is a lichen which grows 
mainly on the bark of oaks (hence the common 
name “oak moss”), but also on other deciduous 

Table 22.3  INCI (International Nomenclature of Cosmetic Ingredients) names, IUPAC (International Union of Pure 
and Applied Chemistry) names, CAS (Chemical Abstracts Service) numbers, EC (European Community) numbers 
and Cosing (Cosmetic ingredient database) numbers of the components of fragrance mix I [257–259]

Component INCI name IUPAC name(s) CAS number(s) EC 
number(s)

Cosing 
number(s)

Cinnamic alcohol Cinnamyl alcohol Cinnamyl alcohol 104-54-1 203-212-3 32853
Cinnamic aldehyde Cinnamal Cinnamaldehyde; 

2-Propenal, 3-phenyl-
104-55-2 203-213-9 32846

Hydroxycitronellal Hydroxycitronellal 7-Hydroxycitronellal; 
7-hydroxy-3,7-dimethyl-
octanal

107-75-5 203-518-7 34491

Amylcinnamaldehyde Amyl cinnamal 2-Benzylideneheptanal 122-40-7 204-541-5 31923
Geraniol Geraniol 2,6-Octadien-1-ol, 

3,7-dimethyl-, (2E)-
106-24-1 203-377-1 33991

Eugenol Eugenol Phenol, 
2-methoxy-4-(2-propenyl)-

97-53-0 202-589-1 33910

Isoeugenol Isoeugenol Phenol, 
2-methoxy-4-(1-propenyl)-

97-54-1 202-590-7 34653
5932-68-3 227-678-2

Evernia prunastri 
(oak moss) absolute

Evernia prunastri 
lichen extract

N/A [the hapten is an 
extract obtained from oak 
moss (Evernia prunastri)]

90028-68-5 289-861-3 39974
9000-50-4
68917-10-2

Sorbitan sesquioleate Sorbitan 
sesquioleate

Sorbitan, (Z)-9-
octadecenoate (2:3)

8007-43-0 232-360-1 38185
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Table 22.6  Synonyms for the components of fragrance mix II [258, 259]

Component Synonyms
Citronellol 3,7-Dimethyl-6-octen-1-ol; 2,3-Dihydrogeraniol; 2,6-Dimethyl-2-octen-

8-ol; Cephrol; Rhodinol
Citral 3,7-Dimethyl-2,6-octadienal; Geranial; (E)-Neral; Lemonal; Polyprenal
Coumarin Coumarin; 2H-1-Benzopyran-2-one; 2-Propenoic acid, 3-(2-hydroxyphe-

nyl)-, δ-lactone; 5,6-Benzo-2-pyrone; Benzo-α-pyrone; Benzopyrylium 
olate; cis-o-Coumarinic acid lactone; Coumarinic anhydride; o-Hydroxy-
cinnamic acid lactone; 2H-Chromen-2-one; 2-Oxo-1,2-benzopyran; Tonka 
bean camphor

Hydroxyisohexyl 3-cyclohexene 
carboxaldehyde

3-Cyclohexene-1-Carboxaldehyde, 4-(4-Hydroxy-4-Methylpentyl)-; 
3-(4-Hydroxy-4-methylpentyl)cyclohex-3-enecarbaldehyde; Lyral®

Farnesol 2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl-; Farnesyl alcohol
Alpha-hexyl-cinnamal 2-Phenylmethyleneoctanal; alpha-Hexylcinnamaldehyde; 

2-Benzylideneoctanal; alpha-n-hexyl-beta-phenylacrolein; 2-Hexyl-
3-phenyl-2-propenal; Octanal, 2-(phenylmethylene)-; 2-Hexenyl 
cynnamaldehyde

Table 22.5  Synonyms for the components of fragrance mix I [258, 259]

Component Synonyms
Cinnamic alcohol 1-Phenyl-3-hydroxy-1-propene; 1-Phenylprop-1-en-3-ol; 2-Propen-1-ol, 3-phenyl-; 

3-Hydroxy-1-phenylprop-1-ene; 3-Phenyl-2-propen-1-ol; 3-Phenyl-2-propenol; 
3-Phenylallyl alcohol; Cinnamyl alcohol; trans-Cinnamyl alcohol; Propenoic acid, 
3-phenyl-, (trans)-; Styrone; Styryl alcohol; Styryl carbinol; γ-Phenylallyl alcohol; 
Zimtalcohol

Cinnamic aldehyde 3-Phenyl-2-propen-1-al; 3-Phenyl-2-propenal; 3-Phenyl-2-propenaldehyde; 
3-Phenylacrolein; 3-Phenylacrylaldehyde; 3-Phenylpropenal; Abion CA; 
Benzylideneacetaldehyde; beta-Phenylcrolein; Cassia aldehyde; Cinnacure; 
Cinnamal; Cinnamaldehyde; trans-Cinnamaldehyde; Cinnamite; Cinnamyl aldehyde; 
Phenylacrolein; Zimtaldehyd; Zimtaldehyde; β-Phenylacrolein

Hydroxycitronellal 7-Hydroxycitronellal; 7-hydroxy-3,7-dimethyloctanal; Citronellal hydrate; Phixia; 
Cyclalia; Cyclosia; Laurine; Fixol; Lilyl aldehyde; Muguet synthetic; Musuet synthetic; 
Muguettine principle; Musuettine principle; 7-Hydroxy-3,7-dimethyloctan-1-al; 
7-Hydroxy-3,7-dimethyloctanol; 7-hydroxy-3,7-dimethyl-caprylaldehyde

Amylcinnamaldehyde alpha-Amylcinnamaldehyde; 2-Benzylideneheptanal; Heptanal, 2-(phenylmethylene)-; 
alpha-Pentylcinnamaldehyde; alpha-Amylcinnamic aldehyde; 2-Propenal, 3-phenyl-, 
monopentyl deriv.; 2-Amyl-3-phenylacrylaldehyde; 2-Amyl-3-phenyl-2-propenal; 
(2Z)-2-Pentyl-3-phenylacrylaldehyde

Geraniol 2,6-Octadien-1-ol, 3,7-dimethyl-, (2E)-; (E)-Nerol; Geranyl alcohol; Lemonol; 
Meranol; Guaniol; Neraniol

Eugenol Phenol, 2-methoxy-4-(2-propenyl)-; 2-methoxy-4-prop-2-enylphenol; 4-Allyl-
2-methoxyphenol; 4-Allylguaiacol; Eugenic acid; Caryophyllic acid; Engenol; 
4-Allylcatechol-2-methyl ether; 1-Hydroxy-2-methoxy-4-allylbenzene; 4-Hydroxy-3-
methoxy-1-allylbenzene; 2-Hydroxy-5-allylanisole; 4-Hydroxy-3-methoxyallylbenzene

Isoeugenol Phenol, 2-methoxy-4-(1-propenyl)-; 3-Methoxy-4-hydroxy-1-propenylbenzene; 
4-Hydroxy-3-methoxy-β-methylstyrene; 4-Propenylguaiacol

Evernia prunastri (oak 
moss) absolute

–

Sorbitan sesquioleate Sorbitan, (Z)-9-octadecenoate (2:3); Anhydrohexitol sesquioleate
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trees, like pines and firs [256]. Atranorin, ever-
nic acid and fumarprotocetraric acid were 
originally considered to be the causes of sensiti-
zation to oak moss absolute. Later, other studies 
revealed the allergenic properties of derivatives 
of atranorin and chloroatranorin formed during 
oak moss processing, like ethyl chlorohematom-
mate (formed by transesterification), atranol 
and chloroatranol (formed by transesterification 
and decarboxylation of the lichen depsides), or 
methyl-β-orcinol carboxylate, that is particu-
larly important from an olfactory standpoint 
[280]. In particular, atranol and chloroatranol 
are potent sensitizers, present in many commer-
cial products [281–283]. Reducing the levels of 
atranol and chloroatranol decreases the sensitiz-
ing potential of oak moss extracts [284, 285], 
but the occurrence of some cases of allergy sug-
gests the presence of other haptens that have not 
yet been completely defined [286]. IFRA rules 
allow the use of oak moss at maximum concen-
trations of between 0.02 and 0.5%, depending 
on the type of products (Table 22.7) [268]. In 
the European Union, products containing atranol 
and/or chloroatranol cannot be placed on the 
market since 23 August 2019, and shall not be 
available as from 23 August 2021 [287].

Sorbitan sesquioleate is an ester of fatty acids 
and sorbitol-derived hexitol anhydrides, used as 
an emollient, moisturizer and emulsifier [288]. 
It was added to fragrance mix I in the 1990s, to 
improve the detection of allergic patients, but 

subsequent studies showed its sensitizing poten-
tial [258, 289–293]. This suggested the possibility 
that some of the patch test reactions to fragrance 
mix I could be actually due to sorbitan sesqui-
oleate [294, 295] and led to a recommendation to 
include sorbitan sesquioleate in baseline series. 
Available data suggest that about 6% of patients 
sensitized to fragrance mix I are positive to sorbi-
tan sesquioleate and, without patch testing sorbi-
tan sesquioleate, could be wrongly diagnosed as 
allergic to fragrance mix I [296].

Components of fragrance mix II. Citronellol 
is a natural acyclic monoterpenoid present 
in citronella oils, oils of rose and plants of 
the Pelargonium genus. It can also be syn-
thesized by the hydrogenation of geraniol or 
nerol. Like linalool and geraniol, citronellol 
is prone to autoxidation when exposed to air, 
and this process increases its allergenic poten-
tial because some highly sensitizing molecules 
are formed, namely hydroperoxides [297]. 
Maximum concentrations allowed by the IFRA 
in different products are between 0.8 and 21.4% 
(Table 22.8) [268]. The European Union laws 
dictate that the presence of citronellol, as well as 
all molecules of fragrance mix II, be indicated 
in the list of ingredients when the concentration 
exceeds 0.001% in leave-on products or 0.01% 
in rinse-off products [266].

Citral can be found, at different concentra-
tions, in several plants: lemon myrtle, Litsea cit-
rata, Litsea cubeba, lemongrass, lemon tea-tree, 

Table 22.7  Maximum concentrations allowed by the IFRA (International Fragrance Association) standards [263] in 
products of different categories [262] for fragrances included in fragrance mix I

aIFRA Category 11 includes products for which no skin contact or incidental skin contact with fragrances is expected. 
The risk of induction of dermal sensitization through the normal formulation and use of such products is considered to 
be negligible. As such, the concentration of fragrance ingredient is not restricted in the finished product

Substance IFRA category

1 2 3 4 5 6 7 8 9 10 11a

Cinnamic alcohol 0.09 0.1 0.4 0.4 0.4 2.2 0.2 0.4 0.4 0.4 –
Cinnamic aldehyde 0.02 0.02 0.05 0.05 0.05 0.4 0.04 0.05 0.05 0.05 –
Hydroxycitronellal 0.1 0.2 0.8 1.0 1.0 3.6 0.4 1.0 1.0 1.0 –
Amylcinnamaldehyde 0.7 0.9 3.6 10.7 5.6 17.1 1.8 2.0 5.0 2.5 –
Geraniol 0.3 0.4 1.8 5.3 2.8 8.6 0.9 2.0 5.0 2.5 –
Eugenol 0.2 0.2 0.5 0.5 0.5 4.3 0.4 0.5 0.5 0.5 –
Isoeugenol 0.01 0.01 0.02 0.02 0.02 0.2 0.02 0.02 0.02 0.02 –
Evernia prunastri (oak moss) absolute 0.02 0.03 0.1 0.1 0.1 0.5 0.1 0.1 0.1 0.1 –
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Table 22.8  Maximum concentrations allowed by the IFRA (International Fragrance Association) standards [263] in 
products of different categories [262] for fragrances included in fragrance mix II

aIFRA Category 11 includes products for which no skin contact or incidental skin contact with fragrances is expected. 
The risk of induction of dermal sensitization through the normal formulation and use of such products is considered to 
be negligible. As such, the concentration of fragrance ingredient is not restricted in the finished product

Substance IFRA category

1 2 3 4 5 6 7 8 9 10 11a

Citronellol 0.8 1.1 4.4 13.3 7.0 21.4 2.2 2.0 5.0 2.5 –
Citral 0.04 0.05 0.2 0.6 0.3 1.0 0.1 1.4 5.0 2.5 –
Coumarin 0.1 0.13 0.5 1.6 0.8 2.5 0.3 2.0 5.0 2.5 –
Hydroxyisohexyl 3-cyclohexene carboxaldehyde 0.02 0.02 0.2 0.2 0.2 0.2 0.02 0.2 0.2 0.2 –
Farnesol 0.08 0.11 0.4 1.2 0.6 2.0 0.2 2.0 5.0 2.5 –
Alpha-hexyl-cinnamal 0.7 0.9 3.6 10.7 5.6 17.1 1.8 2.0 5.0 2.5 –

Ocimum gratissimum, Lindera citriodora, 
Calypranthes parriculata, petitgrain, lemon 
verbena, lemon ironbark, lemon balm, lime, 
lemon, orange [298]. It contains geranial and 
neral, which are also products of autoxidation of 
geraniol. IFRA limits the use of citral to maxi-
mum concentrations of 0.04–5%, depending on 
the type of product (Table 22.8) [268].

Coumarin was originally isolated in 1820 from 
tonka bean (Dipteryx odorata, in French “cou-
marou”), although on that occasion it was mistak-
enly identified as benzoic acid [299, 300]. Later, 
it was also found in several plants, like vanilla 
grass (Anthoxanthum odoratum), sweet wood-
ruff (Galium odoratum), sweet grass (Hierochloe 
odorata), sweet-clover (belonging to the genus 
Melilotus), cassia cinnamon (Cinnamomum cas-
sia), deertongue (Dichanthelium clandestinum), 
mullein (genus Verbascum), many plants of the 
genus Prunus, strawberries, black currants, apri-
cots, cherries [301, 302]. Additionally, many 
methods are known for its chemical synthesis. 
According to IFRA rules, coumarin can be used at 
maximum concentrations of between 0.1 and 5% 
(Table 22.8) [268].

Hydroxyisohexyl 3-cyclohexene carboxalde-
hyde, better known under the trade name Lyral®, 
is a synthetic fragrance typically obtained from 
myrcene. Because of its high sensitizing poten-
tial, the maximum concentrations allowed by the 
IFRA are rather low: 0.02–0.2% (Table 22.8) 
[268]. The policy adopted by the European 
Union is even more restrictive: cosmetic prod-
ucts containing hydroxyisohexyl 3-cyclohexene 

carboxaldehyde could not be placed on the 
Union market since 23 August 2019, and shall 
not be available on the Union market as from 23 
August 2021 [287].

Farnesol was first extracted from flowers of 
the Farnese acacia tree (Vachellia farnesiana), 
and is present in several essential oils. IFRA 
limits its presence in cosmetic products to a 
maximum of 0.08–5.0% (Table 22.8) [268].

Alpha-hexyl-cinnamal can be naturally found 
in jasmine or essential oil of chamomile, and 
can be synthesized from octanal and benzalde-
hyde, via a crossed-aldol condensation reaction. 
Maximum concentrations allowed by the IFRA 
in cosmetic products range between 0.7 and 
17.1% (Table 22.8) [268].

22.10.1  Sources of Exposure

Fragrances are almost ubiquitous in natural as 
well as industrial products for personal care, 
home care and professional use. They are obvi-
ously present at the highest concentrations in 
perfumes and essential oils, but are also impor-
tant components of products like cosmetics, 
detergents, creams, lotions, toothpaste, house-
hold cleaning agents, deodorants, air fresheners. 
Less known and sometimes overlooked sources 
are fabrics, clothes, some types of paper, diapers, 
wet wipes, makeup remover wipes, insect repel-
lent wipes, absorbents, mud baths, some products 
used in dentistry, topical drugs, lip sunscreens, 
children’s cosmetics [8, 256, 279, 303–318]. 
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Fragrances are also present in many vegetal 
foods as natural constituents (e.g. lemon, cinna-
mon, vanilla, cloves, curry), and in various other 
foods added as flavoring agents during prepara-
tion (e.g. syrups, chewing gum, ice cream, can-
dies). In this case, they may be ingested or come 
in contact with skin because of occupational 
exposure (housewives, cooks, bakers, pastry 
chefs, bartenders, etc.) [256, 319, 320].

22.10.2  Contact Allergy and Clinical 
Presentation

Fragrances are among the most frequent sen-
sitizers in the general population, despite the 
efforts of legislative authorities and producers 
to limit the magnitude of this problem. Allergic 
contact dermatitis is the most common clini-
cal presentation, occurring more frequently in 
women and prevalently localized on the hands, 
face, axillae and legs [256]. Other presentations 
reported in subjects allergic to fragrances are 
oral and perioral dermatitis (caused by tooth-
paste, mouthwashes, chewing gum), cheilitis, 
airborne contact dermatitis (mainly caused by 
plants, particularly lichens and Compositae, 
which contain fragrance haptens, but also by 
artificial sources like fragrance diffusers), sys-
temic contact dermatitis [256, 309, 319–327]. 
Connubial contact dermatitis, or consort con-
tact dermatitis, is a peculiar case where, as a 
consequence of interhuman contact, the patient 
is exposed to haptens contained in topical 
products used by his/her partner. Fragrances 
are a recurrent cause of this condition [256, 
328–330]. Contact urticaria may also be caused 
by fragrances, through immune-mediated or 
non immune-mediated mechanisms [256, 331, 
332]. The possibility of asthma due to fragrance 
allergy, particularly in occupational environ-
ments, has been reported in literature [333, 334], 
although in these cases the role of irritant, aller-
gic or even psychological effects of fragrances is 
debated [335]. However, a detailed discussion of 
this topic is beyond the scope of this chapter.

When investigating a suspect fragrance 
allergy, the so-called “perfume paradox” must 

be considered. Indeed, a patient may some-
times tolerate a fragrance to which he/she is 
allergic, when this fragrance is part of a mix. 
On the other hand, some patients may react to 
a mix of fragrances, but not to any single com-
ponent of the mix. The first phenomenon may 
be explained by competitive cutaneous absorp-
tion of different substances, while the second 
is usually due to chemical reactions between 
substances, which generate new haptens, or to 
the enhanced cutaneous penetration of some 
substances caused by other components of the 
mix [256]. For this reason, a positive patch 
test reaction to a fragrance mix or a perfume 
should be followed by a new test with individual 
substances.

22.10.3  Patch Testing

Patch testing with Fragrance mix I and 
Fragrance mix II is currently present in the 
Italian baseline patch test series at 8% and 14% 
pet. concentrations, respectively.

22.10.4  Cross-reactions 
and Co-sensitizations

Given the ubiquitous presence and the often 
composite nature of scents, it is often difficult to 
distinguish between co-sensitizations and cross-
reactions in the case of fragrances.

Balsam of Peru contains many fragrances, 
and so many patients show simultaneous positive 
patch test reactions to fragrances and balsam of 
Peru. Also not surprisingly, a simultaneous reac-
tion to fragrances which can be converted into 
each other through metabolic processes and/or 
exposure to specific environmental conditions 
(e.g. cinnamic aldehyde and cinnamic alcohol) 
can occur, as outlined elsewhere in this chapter. 
Apparent cross-reactivity between colophony and 
tree moss is actually a co-sensitization, due to 
the fact that colophony is a frequent contaminant 
of tree moss [336]. More in general, the prob-
lem of contamination is common in the field of 
allergy to fragrances, and the use of really pure 
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substances is advisable but difficult to achieve 
[337]. Sometimes, cross-reactivity between two 
substances can actually be due to their deriva-
tives. One example is that of citral and geraniol: 
these fragrances infrequently cross-react when 
pure, but oxidation of geraniol produces geranial, 
which is a component of citral [338]. The cross-
reactivity between cinnamic alcohol and ketopro-
fen is, instead, due to a classic model of structural 
similarity between haptens.

22.11  Isothiazolinones

5-Chloro-2-methyl-4-isothiazolin-3-one (MCI) in 
combination with 2-methyl-4-isothiazolin-3-one  
(MI), commercially known as Kathon™ CG 
(Cosmetic Grade), has been synthesized since 
the early 1960s (Rohm and Haas, Philadelphia, 
Pennsylvania, USA) and is a well-known con-
tact sensitizer. More recently (2005), MI alone 
was approved for use in cosmetics at a concen-
tration of less than 100 ppm in personal health 
care products, the maximum concentration of 
100 ppm having resulted in dramatic sensitiza-
tion rates in Europe and beyond. There are other 
isothiazolinones available for the production of 
industrial products, especially emulsion paints, 
varnishes, and adhesives such as benzylisothia-
zolinone (BIT), octylisothiazolinone (OIT,OI), 
dichlorooctylisothiazolinone (DCOIT,DCOI), 
butylbenzylisothiazolinone (BBIT), that can 
induce allergic contact dermatitis especially in 
occupational settings [339, 340]. The relative 
sensitization risk of the more frequently used iso-
thiazolinone derivatives is sometimes represented 
as: MCI > MI > BIT > OIT, coinciding with their 
clinical frequency of sensitization and their extent 
of use [341], although the evaluation based upon 
EC3-values from a murine Local Lymph Node 
Assay [LLNA] MCI > MI > OIT > BIT might be 
more correct [342].

22.11.1  Sources of Exposure

Isothiazolinones are antimicrobials used to con-
trol bacteria, fungi and algae and are widely 

used as preservatives or biocides in cosmetics, 
household and industrial products [343, 344].

Cosmetics. Cosmetics are the main source of 
sensitization to MCI/MI and MI [345, 346]. MI is 
present mainly in rinse-off products [347]. They 
can also be found in makeup and makeup remov-
ers, cosmetic nail products, childcare products 
(such as powders, oils, lotions, creams), deodor-
ants [348, 349], bath and shaving gels, skincare 
items, sunscreens, hair care products (such as 
gels, soaps, shampoos, conditioners, colouring, 
styling products), and many other products. They 
can be present in wipes (baby wipes), moist tis-
sues and moist toilet paper [350, 351].

Household Products. In household clean-
ing products, isothiazolinones are also prevalent 
and can be found in dishwashing and laundry 
detergents, stain removers, degreasers, softeners, 
window-cleaning liquids, air refreshers, and other 
types of cleansers. The isothiazolinones potentially 
present in household products include MCI/MI as 
well as octylisothiazolinone [341, 352] and BIT.

Paint. Paint can contain BIT [353, 354], 
MCI/MI [355–357] and MI [354]. MI is actually 
frequently associated to allergic contact derma-
titis by paints as it is used in water-based paint 
[358, 359].

Metalworking Fluids. They can contain MCI/
MI [355], MI, BIT, BBIT [360], and OIT. 

Textiles and Leather. Isothiazolinones are used 
in the textile industry to prevent microbial contam-
ination during several stages of the production pro-
cess [361, 362] of various textiles (e.g. garments 
and mattresses), leather wear, and fur. Besides 
MCI/MI, also OIT and BIT can be found in vari-
ous types of textiles and leather wear [363–366].

Plastic. Isothiazolinones can be contained in 
gloves [367, 368] and towels made of polyvinyl 
[369].

The different products containing isothia-
zolinones are indicated in Table 22.9.

22.11.2  Contact Allergy and Clinical 
Presentation

When MCI/MI was initially introduced in the 
1980s, the frequency of contact sensitization 
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rose to 8%, related to its high concentration in 
leave-on products [370, 371]. This triggered the 
implementation of restrictive recommendations 
for their use in terms of regulating the concen-
tration, both in the USA and in Europe [346, 
372]. However, these measures did not signifi-
cantly reduce the prevalence of sensitization in 

the general population, and the frequencies of 
contact sensitization remained between 1.8 and 
4.4% [373–376]. In 2005, the idea that MI was 
a weaker sensitizer than MCI led to approval 
of marketing it separately as a preservative in 
cosmetics and household-cleaning products at 
a maximum concentration of 100 ppm [377–
379] causing an epidemic of allergic reactions 
that was much worse than that observed with 
Kathon CG [380–384]. Subsequently, regula-
tory action has been taken, at least in Europe, 
aimed at reducing the risk of MI sensitization. 
The prevalence of MI contact allergy decreased 
by 50% from 2015 to 2017. As a consequence 
of regulations, the share of cosmetics products 
(leave-ons in particular) eliciting allergic contact 
dermatitis is decreasing [350]. Schwensen and 
Coll. reported that 16.8% of patients with seri-
ous MI contact allergy were exposed to occupa-
tional products containing MCI/MI or MI, the 
risk being highest for those who directly handle 
isothiazolinones [385].

Allergic contact dermatitis from MCI/MI and 
MI mainly affects the face (especially the eye-
lids) and hands [345, 349, 372, 383, 386, 387]. 
Airborne exposure to isothiazolinone contained 
in paint can cause intense eczema both in occu-
pational [357, 358] and non occupational set-
tings [388–391], with involvement of the face, 
behind the ears and the neck sometimes associ-
ated with respiratory symptoms [392]. Airborne 
allergic contact dermatitis can also be caused by 
exposure to household detergents. Allergic con-
tact dermatitis to isothiazolinones may appear 
with systemic allergic contact dermatitis as a 
consequence of inhaling these chemicals [389, 
393, 394]. Unusual presentations can also be 
observed, such as lupus erythematosus-like [395], 
lichenoid or lymphomatoid eruptions [395–397] 
and scalp lesions mimicking folliculitis decalvans 
due to MI-containing hair gels [398].

22.11.3  Patch Testing

As recommended by the European 
Environmental and Contact Dermatitis Research 
Group the optimal recommended concentration 

Table 22.9  Overview of non cosmetic and cosmetic 
sources of isothiazolinone derivatives

Water-based paints and varnishes
Glues (e.g. for wallpaper, shoes) and glue removers; 
also used during the manufacture of adhesives and 
plasters
Detergents (household and industrial cleaning products, 
including wet wipes; dishwashing and machine-washing 
liquids; fabric softeners); maintenance products for 
clothes (e.g. textile sprays to mask odors, or to make 
garments wrinkle-free)
Fillers (e.g. plaster and floor tile work); pottery
Gloss and polish products (e.g. maintenance products 
for cars, boats)
Metal-working fluids (cooling fluids and oils); cooling 
tower waters
Textile-, leather (shoes)- and fur industry
Printing inks and toners
Rubber industry (latex emulsions)
Plastics industry (polymer solutions); also used during 
the manufacture of plastic materials (e.g. chopping 
boards)
Paper and cardboard industry (e.g. as a biocide in paper 
pulp, in aqueous pigment liquids)
Wood cleaning and maintenance products
Pesticides
As a bactericide, fungicide and algicide in various 
industries (e.g. in the production of water soften-
ers, air fresheners, milk- and water industry), and in 
laboratories
Cosmetics, such as solid soap cubes, hand barrier 
creams, liquid makeup products
Mouth washes, maintenance products for dental 
prostheses
Toilet fresheners
Medical devices (e.g. “waist reduction belts” to 
lose weight, wet wipes for skin care, products to 
decontaminate)
Articles, objects and textiles ‘contaminated’ with iso-
thiazolinones, e.g. due to a detergent (sofas, toilet seats, 
towels)
Radiographic materials
Fuels (gasoline, diesel)

Products for gardening, do-it-yourself products
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22.12  Lanolin

Lanolin, also called wool wax or wool grease, is 
a yellow, waxy substance secreted by the seba-
ceous glands of wool-bearing animals. Most 
lanolin used by humans comes from domes-
tic sheep breeds that are raised specifically for 
their wool [405]. Crude lanolin constitutes about 
5–25% of the weight of freshly shorn wool. 
The wool from one Merino sheep will produce 
about 250–300 mL of recoverable wool grease. 
Lanolin is extracted by scouring the wool in 
hot water with a detergent to remove dirt, wool 
grease (crude lanolin), suint (sweat salts), and 
anything else stuck to the wool. The wool grease 
is continuously removed during this washing 
process by centrifugal separators, which con-
centrate it into a wax-like substance that melts 
at approximately 38 °C. Lanolin and its many 
derivatives are extracted from wool scouring 
liquor and converted to a value added product 
that is used extensively in both the personal care 
(e.g. in high value cosmetics, facial cosmetics, 
lip products, etc.) and health care sectors [406].

22.12.1  Sources of Exposure

Wool wax is a natural substance, designed by 
nature to soften both skin and wool fibres, and 
to protect them against adverse weather con-
ditions. The best known uses of refined wool 
wax products (lanolin and lanolin derivatives) 

for patch testing MCI/MI to avoid missing sen-
sitization is 200 ppm (0.02%) in aq. [399], while 
for MI, included in the European baseline series 
since 2013, it is 2000 ppm (0.2%) [400]. The 
most appropriate patch test concentration and 
vehicle for BIT is still debated. A concentration 
of 1000 ppm (0.1%) in pet. is mostly used. The 
different patch test concentrations and vehicles 
for isothiazolinone derivatives [339] are summa-
rized in Table 22.10. Cross-reactivity between 
the various isothiazolinones occurs infrequently 
and no markers of isothiazolinone allergy have 
been identified [401]. Therefore, when a reac-
tion to these substances is suspected, it is essen-
tial to test the suspected isothiazolinone.

22.11.4  Prevention

To avoid sensitization to isothiazolinones it is 
important that the correct application by manu-
facturers of EU recommendations, that permit 
MCI/MI and MI (since December 2013) use 
only in rinse-off products at a concentration 
below 15 ppm [402], be strictly complied with. 
In the workplace it is important to adopt preven-
tive protective measures, such as wearing nitrile 
rubber gloves, since isothiazolinones may eas-
ily penetrate several types of gloves (e.g. latex, 
polyvinyl chloride) [403]. As regards the prob-
lem of paints, isothiazolinone-free water-based 
paints are available, but are difficult to find in 
daily practice [404].

Table 22.10  Optimal concentrations for patch-testing isothiazolinone derivatives

Derivative Optimal concentration % 
(vehicle)

Methylchloroisothiazolinone/methylisothiazolinone 0.02 (aq.)
Methylisothiazolinone 0.2 (aq.)
Benzylisothiazolinone 0.1 (pet.)
Octylisothiazolinone 0.1 (pet.)
Butylbenzylisothiazolinone 0.05 (pet.)
Dichlorooctylisothiazolinone 0.1 (pet.)
Methyltrimethyleneisothiazolinone 0.03 (aq.)
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are in medicine, cosmetics and toiletries, which 
take advantage of these natural protective quali-
ties. Lanolin is a key ingredient in some of the 
world’s most popular cosmetics and pharmaceu-
ticals. Without it, they would not have the emol-
lient qualities that protect and care for our skin 
and hair. The composition of lanolin resembles 
the intercellular lipids of the stratum corneum. 
This is the outermost layer of the skin, which 
consists of cholesterol, cholesterol derivatives 
and free fatty acids. These lipids play a crucial 
role in the skin’s moisture control. Under normal 
conditions, water continuously evaporates from 
the skin surface. Insufficient rehydration from 
lower epidermal layers leads to a dry, inflexible 
and brittle stratum corneum. Anhydrous lano-
lin can absorb more than 200% of its weight in 
water (WW) to form stable water-in-oil (w/o) 
emulsions. It is also capable of redistributing 
this moisture to environments with low relative 
humidity [407].
Cosmetics. Lanolin is also widely used in:

• foundation creams and other skin-cream 
products as an emulsifier, stabiliser, emollient 
and skin moisturiser;

• oil-based skin lotions and cleansing oils as a 
skin moisturiser and to control viscosity;

• toilet soaps as a superfatting agent, minimis-
ing the dehydrating effect of detergents, and 
to retain perfume;

• aftershaves as a skin moisturiser and to con-
trol viscosity;

• nail polish removers to prevent the defatting 
of the surrounding skin;

• lipsticks and eye make-up as a film modifier 
and crystal inhibitor, to ensure a more uni-
form spread of the pigment;

• hair dressings and shampoos, as a conditioner 
against drying, scaling and brittleness of the 
hair shaft;

• hair sprays, as a plasticiser;
• hair bleaching agents, as a pH-stable 

emulsifier.

Medical Applications. Lanolin is widely used in:

• ointment bases, burns dressings and wound 
sprays or as an emulsifier, stabiliser and 

emollient or to support the wound healing 
process and also to deliver active ingredients 
through the skin (trans-dermal);

• pigmented medications (e.g. zinc oxide), as a 
dispersing agent;

• topical products for cutaneous infections (e.g. 
acne) and in deodorising toiletries, as an anti-
microbial and disinfectant;

• ophthalmic ointments, as an emollient with a 
high physiological compatibility and low irri-
tant potential;

• suppositories substantial bases, as a carrier 
for active ingredients;

• surgical adhesive tapes, as an impregnat-
ing agent, plasticiser and skin-suited stack 
enhancer;

• chewing gum bases as a food additive (physi-
ologically compatible emollient);

• pre-blended combinations for specific pur-
poses, such as absorption bases.

Industrial Application. Lanolin is also used in 
various industrial applications for its:

• anti-corrosive effect on ferrous metals: it is 
biodegradable and non-toxic, making it an 
ecologically friendly substance. Lanolin is 
also compatible with numerous additives that 
modify the consistency and characteristics of 
the resulting protective films (e.g. hard, soft, 
water-soluble or insoluble).

• Lubrificant applications: combined with its 
anti-corrosive potential, lanolin is also a valu-
able lubricating and preserving material for 
all types of engineering parts.

• Leather and textiles: to protect leather from 
natural degradation processes, it must be 
treated by chemical tanning agents to create 
a durable product from an organic source. 
Lanolin is widely used as an ingredient of fat 
liquors, that are applied after tanning to sof-
ten leathers.

22.12.2  Contact Allergy and Clinical 
Presentation

The prevalence of contact allergy to lanolin alco-
hols ranges from 0.6 to 5.7% among various 
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countries, with the lowest estimates in Odense, 
Denmark, and the highest estimates in Dortmund, 
Germany [408]. The prevalence of lanolin allergy 
was relatively stable between 1969 and 1996–
2000 across European patch test centres [408]. 
Interestingly, a positive association has been 
observed between atopic dermatitis (AD) and 
lanolin contact allergy [409], possibly because of 
the combination of frequent exposure to lanolin 
in topical products and increased skin absorption 
in atopic skin [410, 411]. However, other stud-
ies have failed to show a higher prevalence of 
lanolin allergy in patients with atopic dermatitis 
[412, 413], and the precise relationship therefore 
remains unclear. A recent study showed an overall 
increasing prevalence of contact allergy to lanolin, 
rising from 0.45% in 2004 to 1.81% in 2015 [414].

Allergic contact dermatitis caused by lanolin 
typically develops after repeated or prolonged 
topical exposure, especially on damaged skin 
[415]. Atopic dermatitis, leg ulcers and lower-
extremity venous stasis dermatitis have been 
identified as risk factors for the development of 
lanolin contact allergy [408, 410, 416, 417].

22.12.3  Patch Testing

Lanolin has been tested as lanolin alcohols (30% 
pet.) in baseline patch test series since 1969, and 
this has revealed clinically relevant allergic con-
tact dermatitis cases.

Knijp and Coll. suggested that adding 
Amerchol L101 50% pet. to lanolin alcohol in 
routine patch testing has an additional diagnostic 
value in detecting lanolin contact allergy [418]. 
Amerchol is a mixture of 10% lanolin alcohols 
and mineral oil. This mixture may give rise to 
false-positive reactions caused by the irritant 
properties of the mineral oil [418]. On the other 
hand, this latter could function as a penetration 
enhancer, thereby explaining the slightly higher 
reaction frequencies for Amerchol L101 than for 
lanolin alcohol.

22.13  Myroxylon pereirae Resin 
(Balsam of Peru)

Balsam of Peru is a substance obtained by 
cutting the bark of Myroxylon balsamum var. 
pereirae (also known as Myroxylon pereirae), 
a tree belonging to the Fabaceae family. It can 
also be produced by boiling pieces of bark of 
the same plant. The crude product is a vis-
cous but not sticky, reddish-brown, transpar-
ent liquid with a sweet, delicate odor similar 
to vanilla and cinnamon and a bitter taste. 
Myroxylon pereirae grows in various coun-
tries in Central America but is not present in 
Peru; hence, the name of the balsam does not 
reflect its geographical origin but the fact that 
in the 16th century it was shipped to Europe 
from Peruvian ports [419–421]. It has alter-
native names such as Balsam fir oil, China 
oil, Honduras balsam, hyperabsolute balsam, 
Indian balsam, Quina, Santos Mahogany, 
Surinam balsam, Tolu and Toluifera pereirae 
balsam [419, 420].

Despite the long history of use and the great 
dermoallergological interest, the qualitative and 
quantitative characterization of the components 
of balsam of Peru and its derivative products is 
still incomplete. About 250 different substances 
are contained in the oleoresin, and the concen-
tration or even chemical nature of many of them 
is still unknown [419, 422, 423]. The main com-
ponents are benzyl cinnamate, which accounts 
for up to 40% of the total, and benzyl benzo-
ate (up to 30%). The quantity of cinnamic acid 
(cis- and trans-) ranges from 3 to 30%, that of 
benzoic acid between 1.5 and 11%. The concen-
trations of coniferyl benzoate (cis- and trans-), 
nerolidol, benzyl alcohol and vanillin are lower 
than 10%, while those of cinnamyl cinnamate, 
cinnamyl alcohol, ferulic acid, benzyl isoferu-
late (cis- and trans-) and coniferyl alcohol are 
lower than 1%. Other known components, often 
identified only qualitatively, are reported in 
Table 22.11 [419, 424].
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22.13.1  Sources of Exposure

Balsam of Peru has aromatic, fixative (i.e. 
delayed evaporation) and mild antiseptic, 
antifungal and antiparasitic properties. In 
medicine, it was used in topical form for the 
treatment of chronic ulcers, wounds, burns, 
decubitus ulcers, eczema, skin irritation, pru-
ritus, hemorrhoids and anal pruritus (as rectal 
suppositories and ointment), scabies, frostbite, 
diaper rash, and intertrigo [419, 420]. However, 
the Committee on Herbal Medicinal Products of 
the European Medicines Agency reported that 
no well-established indication for use is based 
on available evidence [423]. Claims of efficacy 
of oral balsam of Peru in the treatment of cancer, 
fluid retention or intestinal parasitosis have no 

scientific basis (no papers published). Concerning 
non-medical uses, balsam of Peru has been used 
as a fragrance in cutting oils, cosmetics (soap, 
creams, lotions, perfumes, deodorants), and foods 
[419–421]. However, crude balsam of Peru was 
banned several decades ago from fragrances by 
the IFRA (International Fragrance Association) 
[425], but extracts and distillates are still allowed. 
The IFRA standard limits the amount of these 
substances in consumer products to 0.03–0.7% 
[426], while the limit defined by the European 
Union is 0.4% [427].

Because of the above reasons and the fre-
quency of allergic reactions, the use of bal-
sam of Peru has significantly decreased in the 
last decades. However, it may still be found in 
hemorrhoid suppositories, cough medicines/
suppressants and lozenges, diaper rash oint-
ments, oral and lip ointments, tincture of ben-
zoin, wound spray, calamine lotion, surgical 
dressings, insect repellents, toothpastes and 
mouthwashes, dental cement, eugenol used by 
dentists, some periodontal impression materi-
als, and in the treatment of dry socket in den-
tistry [419–421]. Moreover, balsam of Peru or 
some of its components may still be present in 
cosmetics, scented tobacco and several foods, 
such as biscuits, chocolate, candies, soft drinks, 
liqueurs, aromatised wines, tea, vermouth, bit-
ter, gin, barbecue sauces [419]. Ingredients and 
simple foods which contain balsam of Peru or 
some of its components include allspice, ani-
seed, asparagus, basil, bay leaves, beeswax, 
beets, blueberry, brewer’s yeast, cardamom, 
cassia (Chinese cinnamon, coumarin), cin-
namon, citrus peel/bark/juices, cloves, cran-
berry, curry, dill, eucalyptus oil, huckleberry, 
Jamaican pepper, lemon balm, mace, menthol, 
nutmeg, paprika, peppermint, rye, synthetic 
vanilla, vanilla, tomato and wheat.

22.13.2  Contact Allergy and Clinical 
Presentation

With some variability across countries, aller-
gic sensitization to balsam of Peru is among the 
most frequent complaints. Exposure is mainly 

Table 22.11  Components of balsam of Peru

Main components (quantitatively identified)

     Benzyl cinnamate, benzyl benzoate, cinnamic acid, 
benzoic acid, coniferyl benzoate, nerolidol, benzyl alco-
hol, vanillin, cinnamyl cinnamate, cinnamyl alcohol, 
ferulic acid, benzyl isoferulate, coniferyl alcohol
Other components (qualitatively identified)

     Acetic acid, acetophenone, acetovanillone 
(4-hydroxy-3-methoxyacetophenone), α- amorphene, 
amyrin, aristolene, benzaldehyde, benzyl p-coumarate 
(benzyl-trans-4-hydroxycinnamate), benzyl ferulate, 
benzyl formate, benzyl vanillate (benzyl 4-hydroxy-
3-methoxybenzoate), cis-α-, β- and cis- and trans-γ-
bisabolene, β-caryophyllene, 1,8-cineole, coniferyl 
cinnamate, α-copaene, α-curcumene, cycloisosativene, 
p- and trans-beta-cymene, docosanoic acid, dodecanoic 
acid, eicosanoic acid (arachidic acid), ethylbenzene, 
ethyl benzoate, ethyl cinnamate, ethylhexanoic acid, 
eugenol, α- and β-farnesene, farnesol, formic acid, 
geranyl acetone, guaiacol, heptadecanoic acid (margaric 
acid), hexacosanoic acid (cerotic acid), 1-hexacosa-
nol, hexadecanoic acid (palmitic acid), hydroconiferyl 
benzoate, hydroconiferyl cinnamate, hydroxycinnamic 
acid, isoferulic acid, lactic acid (2-hydroxypropanoic 
acid), limonene, methoxyeugenol, methyl benzoate, 
methyl cinnamate, methyl vanillyl ketone, naphtha-
lene, allo-, cis- and trans-β-ocimene, 1-octacosanol, 
patchoulene, α- and β-phellandrene, 1-phenylethanol 
(α-methylbenzyl alcohol), 3-phenylpropanol, α- and 
β-pinene, β-sesquiphellandrene, stearic acid (octade-
canoic acid), styrene, α- and γ-terpinene, 4-terpineol 
(terpinen-4-ol), α-terpineol, 1-tetracosanol (lignoceryl 
alcohol), tetradecanoic acid (myristic acid), 1-unde-
canol, vanillic acid (4-hydroxy-3-methoxybenzoic acid), 
p-vinylguaiacol
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non occupational. Few studies have estimated the 
prevalence in the general population. In multi-
center and/or multinational studies on consecutive 
patients, the frequency range was roughly between 
2 and 10% [419, 420, 424].

However, balsam of Peru is traditionally con-
sidered as an indicator of allergy to elements of 
the vast group of fragrances, rather than a hap-
ten directly responsible for allergy [419]. The 
relevance of the sensitization is seldom reported 
and is extremely variable, and even fewer stud-
ies have specified the products identified as the 
likely origin of the allergy [419, 424].

As there are multiple, common and often 
cross-reacting substances in balsam of Peru, 
it is difficult to assess which of them are more 
frequently responsible for sensitization and 
whether a substance is quantitatively sufficient 
to induce allergy (cross-reactions may enhance 
the individual potency). Differences between 
samples of the balsam further increase these dif-
ficulties. Also, it is almost impossible to exclude 
the possibility that a positive reaction to balsam 
of Peru is due to sensitization to one or more 
of its components, individually present in some 
products, rather than to contact with the balsam 
itself [419]. Within these limitations, litera-
ture data report coniferyl benzoate, isoeugenol, 
eugenol, cinnamyl alcohol, cinnamic acid and 
cinnamyl cinnamate as the major sensitizers. 
Hjorth, in 1961, observed that about 80% of 
patients allergic to balsam of Peru were allergic 
to coniferyl benzoate, and the high sensitizing 
potential of this substance was confirmed in ani-
mal models [428]. However, coniferyl benzoate 
is chemically unstable and undergoes rapid deg-
radation [424], and is consequently unlikely to 
be the most important sensitizer in “real world” 
conditions, except in the case of contact with 
fresh balsam of Peru.

Clinically, balsam of Peru can induce differ-
ent clinical aspects. The role of balsam of Peru 
ingested with foods as the causal factor of sys-
temic contact dermatitis or flares of localized 
dermatitis in sensitized subjects is debated. On 
one hand, many studies showed that oral provo-
cation test with balsam of Peru worsens the clini-
cal picture of these patients, while a diet devoid 

of this hapten is associated with a significant 
improvement [428–435]. However, it has been 
noted that in almost all studies, data about reac-
tions to food ingestion and improvement with a 
balsam of Peru-free diet were entirely reported 
by patients, without any objective verification 
[435]. The usefulness of such a diet is debated: 
according to a review published in 2019 [435], 
it should be considered for patients allergic to 
balsam of Peru who suffer from severe and long-
standing dermatitis or systemic contact derma-
titis, with a limited response to conventional 
treatment. However, neither these characteristics, 
nor even oral provocation test can predict those 
patients who will benefit from the diet [435]. 
Moreover, a balsam of Peru-free diet should not 
include foods containing benzoate preservatives 
[331, 434, 435].

22.13.3  Cross-reactions 
and Co-sensitizations

Balsam of Peru (like 25% pet.) is present in the 
baseline series in almost all countries. Positive 
patch tests to balsam of Peru and fragrances 
are often associated. The presence of many 
fragrances among the components of balsam 
of Peru is a frequent explanation of this phe-
nomenon. When this is not the case, alterna-
tive possibilities are cross-reactivity, chemical 
transformation of one or more substances (by 
oxidation or some metabolic process), or 
co-sensitization to multiple and independ-
ent haptens, simultaneously (because they are 
contained in the same product, or in products 
used concomitantly) or at different times [419, 
424]. Sorbitan sesquioleate may sometimes be 
a misleading factor: other than being present in 
commercial products, this potentially sensitizing 
emulsifier is included by some producers among 
the components of specific patch test prepara-
tions (balsam of Peru, many fragrances, but also 
some unrelated substances, like acrylates), and 
could be the actual cause of apparent polysen-
sitization. For this reason, it is important to test 
sorbitan sesquioleate routinely and separately 
from other haptens [419, 424].
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Patients allergic to balsam of Peru most fre-
quently have co-reactions to fragrance mix I, 
propolis, various essential oils, balsam of Tolu, 
styrax/storax, Siam benzoin, Sumatra benzoin, 
tincture of benzoin [424, 428, 436]. However, the 
pattern of co-reactivity between balsam of Peru 
and each of these substances is asymmetrical, i.e. 
not all patients allergic to balsam of Peru are also 
allergic to one of the above haptens, and vice 
versa. Other, less documented co-reactivities are 
with phenol-formaldehyde resins, vanilla, orange 
peels [419, 436]. Moreover, for reasons that are 
not as yet entirely clear, patients suffering from 
photoallergy to ketoprofen often have positive 
patch tests to balsam of Peru and fragrance mix 
I [39, 437], and patients allergic to resorcinol 
monobenzoate are frequently positive to balsam 
of Peru (although this substance was not found 
in the balsam), while the reverse situation is 
much rarer [438, 439].

22.14  Neomycin

Neomycin is an aminoglycoside antibiotic pro-
duced from Streptomyces fradiae, of which three 
fractions have been separated, namely neomy-
cin A, B and C, even if in therapy only neomy-
cin B is used. Neomycin is a broad-spectrum 
antibiotic with a bactericidal action against 
Gram-negative and Gram-positive bacteria, espe-
cially Staphylococcus aureus. It is not effective 
in the treatment of Pseudomonas aeruginosa and 
anaerobic bacteria and shows only a weak effec-
tiveness against streptococcus.

22.14.1  Sources of Exposure

Neomycin is present in drugs for topical use 
(dermatological, rhinological, otological, oph-
thalmologic). Orally it is only slightly absorbed 
and is used only for intestinal tract infections.

It is also present in drugs for veterinary use 
and as a food additive for birds, domestic ani-
mals and livestock. Its greatest use can be 
considered to be in the dermatological field, 
where the drug is used alone or more often in 

association with other antibiotics or with ster-
oids, in the form of dermatological powder, 
ointments or unguents. For its antibacterial and 
antifermentative properties neomycin is also 
used in a variety of products in both prescription 
and over-the-counter preparations such as dental 
paste, creams, deodorants, soaps, cosmetics and 
vaccines, where it is used to prevent bacterial 
contamination during the vaccines manufactur-
ing [440].

22.14.2  Contact Allergy and Clinical 
Presentation

Allergic contact dermatitis from neomycin was 
first described in 1952 [441]. In European cent-
ers, the rates of sensitization range from 1.1 to 
3.8%, being on average 1.9% [442]. Studies 
carried out by the North American Contact 
Dermatitis Group reveal much higher sensi-
tization rates, that have remained remarkably 
stable through the years, going from 11.6% in 
the 1994–1996 study period to 10% in the 
2005–2006 period and to 8.7% in the 2009–
2010 period [443, 444]. It is a common contact 
allergen postoperatively and in patients with leg 
ulcers [445], as well as in patients with venous 
stasis dermatitis. Because antibiotic preparations 
are applied to already damaged skin, allergic 
contact dermatitis from neomycin cannot be eas-
ily recognized and should be suspected in cases 
of persistence or worsening of a preexisting der-
matitis [440]. An intensification of itching and 
the progression of lesions beyond the initial site 
of involvement may raise the suspicion, allow-
ing a correct diagnosis. Occupational dermatitis 
is in rare cases observed in nurses, physicians, 
pharmacists, dentists, and veterinarians, local-
ized at the hands [446].

In subjects previously sensitized by topical 
exposure, neomycin administered orally and 
absorbed from the gastrointestinal tract [447], as 
well as the systemic administration of a related 
aminoglycoside such as streptomycin, kanamy-
cin, or gentamycin, may be responsible for sys-
temic contact dermatitis [448].
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22.14.3  Cross-reactions 
and Co-sensitizations

Neomycin frequently shows cross-reactions with 
other aminoglycoside antibiotics. This phenom-
enon is inevitable between neomycin, framycetin 
and paromomycin, since they are all contained 
in a neosaminic group [449]; neomycin can also 
present cross-reactions with kanamycin, genta-
mycin and tobramycin [450–452].

22.14.4  Patch Testing

The usual concentration of neomycin in topical 
formulations is 0.5%. However, patch testing on 
normal skin with the commercial preparation 
almost always yields negative results owing to 
its poor penetration through an intact epidermal 
barrier. To overcome this difficulty, patch test-
ing with neomycin is done at a concentration of 
20% in petrolatum. Neomycin is a hapten that 
can cause “delayed reactions”, therefore it is 
advisable that the reading of the tests be contin-
ued even after 3–4 days from the removal of the 
test. In order to avoid false negative reactions, is 
it also recommended to test neomycin by scratch 
patch test.

22.15  Nickel

Nickel is an element whose atomic number is 28. 
It is a silvery-white lustrous metal with a slightly 
golden tinge, that is hard and ductile. It belongs 
to the group of transition metals, which includes 

iron, chrome, cobalt, zinc, copper and titanium. 
Nickel is ubiquitous in the environment and is 
used very frequently in different applications, 
because of its great ductility. It has been widely 
employed in many alloys, particularly in stainless 
steel. In fact, nickel is contained not only in cos-
tume jewelry, coins, mobile phones, and dental 
materials, but also in many everyday objects such 
as detergents, soaps and cosmetics. Nickel is the 
most frequent cause of allergic contact dermati-
tis worldwide. The mechanism of allergic contact 
dermatitis to nickel has been closely studied and 
understood at the immunological and molecular 
level [453, 454], but although it is a very simple 
hapten, nickel can cause heterogenous and intri-
cate clinical pictures.

22.15.1  Sources of Exposure

Nickel is ubiquitous in our environment, and 
humans will inevitably continue to be exposed to 
it. Topical nickel exposure occurs when the skin 
comes in contact with metallic items, household 
products, and cosmetics. Systemic exposure to 
nickel also occurs, from food, water, surgical 
implants, and dental materials. Table 22.12 lists 
the most common causes of nickel exposure.

Less common nickel sources are: surgical 
instruments, orthopedic screws, medical instru-
ments, syringe, acupuncture and mesotherapy 
needles, electric cables, batteries, magnets, 
welding material, plating and silver plating, 
colors used for glass, enamel and wallpaper, 
insecticides, dyes, shoe waxes, inks and photo-
copier liquids.

Table 22.12  Most common causes of nickel exposure

Jewelry Earrings, finger rings, necklaces, bracelets, watches, rings, anklets, jewelry used for piercing ear 
and other body parts

Metal on clothing Buttons, zips, underwire and bra hooks, suspenders and other metal hooks in general; buckles 
and studs for belts and shoes, metal plantar supports

Coins €1 and €2, various national coins
Tools Files, pliers, saws, hammers, wrenches
Accessories Belt buckles, bags, umbrellas, keys, spectacle frames
Utensils Needles, electronic cigarettes
Electronic devices Laptop computers, mobile phones, activity bracelets
Cosmetics Mascara and dark eye shadows, personal hygiene cleaners and detergents
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22.15.2  Occupational Exposure

Contact allergy to nickel is predominantly 
extra-occupational but the possibility of occu-
pational exposure to metal should not be 
overlooked. The relevance of nickel as an occu-
pational allergen may, in some cases, be diffi-
cult to elucidate, also for many non occupational 
sources of the metal. In the past, occupational 
contact allergy to nickel was observed in work-
ers chroming nickel. Over the years, metal sensi-
tization in this category of workers has gradually 
decreased as a result of industrial hygiene and 
technical developments. Nevertheless, nickel 
exposure continues to be a problem in some 
occupational groups. A great variety of occu-
pational nickel exposure has been identified, 
including contact with coolants and cutting flu-
ids, work tools, keys, electrical components, 
coins, dental tools and alloys, crochet hooks, der-
matoscopes, guitar strings, and computers [455]. 
Moreover, many cases have been reported in 
industrial settings, in construction workers, and 
in the service and healthcare sectors [456, 457].

22.15.3  Non Occupational Exposure

Nickel sensitization has become endemic since 
the 1980s due to the increased use of ear-
rings containing this metal and from then on, 
it has been associated to a large number of 
metal objects. For this reason, extra-occupa-
tional contacts are frequent, especially in the 
female sex. Metallic items that are intended 
for repeated contact with the skin are now sub-
ject to regulations. To reduce the prevalence 
of nickel allergy and dermatitis in European 
citizens, the EU Nickel Directive was intro-
duced in 1994 for European Communities 
[458]. Nickel restriction prohibits the market-
ing of metallic items releasing over 0.5 g/week 

if they are intended for use in direct and pro-
longed contact with the skin. Epidemiological 
studies have shown that nickel allergy has 
begun to decrease in European countries 
following these directives, particularly in 
Denmark, Sweden and Germany. In other 
countries the effect is still questionable and 
the prevalence of nickel allergy is still high. 
Thyssen and Coll. disclosed the possible 
causes of this phenomenon: sensitization 
before the EU directive was in force, violation 
of the regulation and lack of control by the 
authorities, exposure to items imported from 
outside the EU, defective coatings [459].

22.15.4  Systemic Exposure

Diet. Nickel occurs naturally in drinking water 
and in various foods, and is therefore difficult to 
avoid. Examples of nickel-rich foods are reported 
in Table 22.13. Nickel release from cooking uten-
sils may contribute to enhance nickel ingestion 
[460]. Flare-ups of allergic nickel dermatitis and 
the development or aggravation of vesicular hand 
eczema can be induced by nickel ingestion in sen-
sitized patients [461].

Surgical Implants. Metallic implants, both 
orthopedic and cardiovascular, inserted into the 
human body may release nickel and other metal 
ions. Following insertion, they can induce der-
matitis reactions adjacent to the implant site, as 
well as generalized dermatitis, erythema, gen-
eralized urticaria, cutaneous vasculitis [462], 
and the development or aggravation of vesicu-
lar hand eczema [463]. Nickel allergy has been 
suggested as a possible cause of an unfavorable 
outcome to an implant [464], as well as a pos-
sible cause of restenosis in patients with a coro-
nary stent, but there are contradictory opinions 
regarding this possibility [465, 466].

Table 22.13  Foods containing high level of nickel

Whole wheat, rye, oats, cocoa, tea, gelatin, baking powder, kippered herrings, red kidney beans, eanuts, peas, hazel-
nuts, sunflower seeds, strong licorice and dried fruits margarine, pineapples, strawberries, raspberries beans, lentils, 
soy protein powder, spinach, rabe, kale, asparagus, onions, tomatoes, leeks, chocolate, carrot, apples citrus fruits 
(juice)
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Dental Materials. Dental alloys made of 
stainless steel are widely used in products for 
dental use [467]. The release of nickel from 
these materials is generally low, but the corro-
sive effect of the oral environmental can increase 
the nickel release. It was observed that ortho-
dontic treatment with stainless steel appliances 
did not trigger a hypersensitivity reaction but is 
capable of inducing symptoms in already sensi-
tized patients [468, 469]. The release of nickel 
from these products can cause local clinical signs 
including a burning sensation, gingival hyperpla-
sia, numbness of the sides of the tongue [470] 
and systemic allergic contact dermatitis [471].

22.15.5  Contact Allergy and Clinical 
Presentation

Allergic contact dermatitis to nickel usually pre-
sents as a local reaction on skin in direct contact 
with a metallic item. It is possible to observe 
edema with vesicles and oozing. In the chronic 
phase, the skin is dry, scaling and fissured. In 
some cases nickel may be absorbed transcutane-
ously and spread to secondary sites. These “sec-
ondary eruptions” are usually symmetrical, and 
involve flexural areas, the eyelids and the hands, 
presenting in the form of vesicular eczema, or 
affecting the entire body (generalized). A sym-
metrical skin eruption of the hands, flexural areas 
or a generalized eruption can be observed after 
systemic nickel exposure.

22.15.6  Patch Testing

Patch testing with 5% nickel sulfate in petro-
latum is used in the European baseline series, 
whereas a concentration of 2.5% pet. is used in 
North America; 5% nickel sulphate yields bet-
ter results than 2.5% nickel, but can induce irri-
tant responses (of folliculitis type), especially in 
atopic subjects [472]. False-negative responses 
have been reported in women during ovulation 
because the patch tests elicited significantly less 
intense responses than during the progestinic 
phase [473].

22.15.7  Treatment and Prevention

The most important way to prevent nickel allergy 
is by avoiding any exposure. In terms of nickel 
detection, the dimethylglyoxime test (also com-
mercially available) is very useful in detecting 
soluble nickel in occupational and domestic envi-
ronments. A pink color suggests a nickel content 
in the tested item (jewelry, coins, keys, buck-
les, and clasps). Once the presence of nickel in 
an article has been identified, its replacement is 
mandatory. To avoid nickel in clothes, several 
techniques are available. Closure pieces (such as 
a zipper, snap, or button) often contain nickel and 
can be exchanged for plastic or other nickel-free 
pieces. Duct tape can also be used as an interim 
solution to cover zipper handles, snaps, or buttons. 
Belt buckles commonly contain nickel; they can 
be replaced by brass buckles. Connecting hooks 
and underwires containing nickel in brasses can 
be replaced with plastic-based wires under foam 
supports. Nail polish can be applied to cover 
metal surfaces in contact with skin. Nickel jew-
elry can be replaced by brass pewter, bronze and 
titanium (except nitinol, which is a combination 
of titanium and nickel). Stainless steel may con-
tain 20% nickel, but the composition of the nickel 
in the alloy limits nickel release and is well toler-
ated in nickel-sensitized patients. In patients with 
oral prostheses, when the diagnosis of nickel 
hypersensitivity is established the nickel-titanium 
archwire should be replaced by a stainless steel 
wire or a titanium molybdenum alloy [470]. The 
most common non nickel-containing orthodontic 
brackets include ceramic brackets, polycarbonate 
brackets and gold brackets [470]. Rubber gloves 
are unable to prevent nickel contact because metal 
ions can penetrate through them [474]. However, 
barrier creams containing sodium EDTA can pre-
vent nickel allergy [474]. Drug therapy with disul-
firam has been reported to be effective in nickel 
allergy, as disulfiram acts as a chelating agent 
for nickel ions [475–477]. It is important to be 
aware that therapy with this substance can induce 
hepatotoxicity and, therefore, in patients under-
going this treatment, abstention from alcoholic 
beverages and a strict control of the transami-
nases is necessary [478]. Alternatively, disodium 
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cromoglycate therapy may reduce intestinal 
nickel absorption. A low-nickel diet may improve 
symptoms in a subpopulation of nickel-allergic 
individuals but this approach should be carefully 
considered in each case, and performed under 
strict control because there is a considerable risk 
of malnutrition [479]. Nickel desensitization with 
daily oral nickel intake for some weeks to months 
has shown interesting results, featuring a par-
tial improvement of clinical manifestations [480, 
481].

22.16  Parabens

Parabens are a family of p-hydroxybenzoic acid 
alkyl esters characterized by the presence in the 
para position of the benzene ring of various sub-
stituents [482]. Introduced in the 1930s, parabens 
are still the most commonly used preservatives in 
the cosmetics, pharmaceutical and food industries. 
The most common parabens are methylparaben, 
ethylparaben, propylparaben, butylparaben. Other 
less common ones include isobutylparaben, isopro-
pylparaben and benzylparaben, although the latter 
is no longer used in practice because it is associ-
ated with adverse effects on breast cancer and on 
the sexual hormonal sphere.

Parabens are relatively inexpensive, odor-
less, tasteless and colorless; they are considered 
safe and have a broad spectrum of antimicrobial 
activity. They are effective only at an acid pH 
and are poorly soluble in water (the most soluble 
ester is methylparaben); in the latter vehicle they 
hydrolyze slowly to p-oxybenzoic acid, with a 
consequent loss of the antimicrobial activity.

22.16.1  Sources of Exposure

In medicines, parabens are present both in topi-
cal and systemic products, especially if in multi-
dose packaging (antibiotics, corticosteroids, 
local anesthetics, vitamins, antihypertensives, 
diuretics, insulin, chemotherapy).

Methyl and propylparaben can also be pre-
sent in many foods, in quantities that are nor-
mally less than 1%: in purees, canned tomatoes, 
ketchup, fruit jellies, preserved fish products, 
soft drinks.

22.16.2  Contact Allergy and Clinical 
Presentation

Parabens are substances with little sensitizing 
power. In 1996 Kligman [483], through the max-
imization test, attempted to sensitize 25 subjects 
with 25% methylparaben; challenge with the 
same ester was performed at 10%. Only one of 
the 25 subjects was sensitized.

In 1973, Marzulli and Maibach [484] used 
the Draize test to induce sensitization, and for 
the challenge they used methyl and propylpa-
raben up to 10% each, with and without sodium 
lauryl sulfate. Only one of 397 subjects was sen-
sitized, equal to 0.3% of those tested. The first 
case of contact allergy to parabens was reported 
in 1940 [485] in a woman with a positive reac-
tion to ethylparaben contained in an antifungal 
preparation. Currently, the prevalence of con-
tact allergy to parabens is relatively low, rang-
ing in the world literature from 0.1 to 4.2%. 
In a recent French work [486] the incidence of 
positive reactions to parabens dropped from 
3.12% in the three-year period 2002–2004 to 
0.19% in the two-year period 2010–2011. In 
Italy, the incidence of positive reactions to para-
bens shows a comparable trend to the worldwide 
figure. In a study conducted from 1967 to 1972 
the percentage of positive reactions was 2.7%. 
This percentage had dropped to 0.18% by the 
two-year period 2011–2012 [482].

The first reports of contact allergy were 
referred to quite high concentrations of parabens 
in topical antifungals and antibiotics [486, 487]. 
Then the concentration in the medicaments was 
reduced to 0.1-0.5%. The incidence of sensiti-
zation varied according to the reason for use of 
the topical containing parabens and the state of 
the skin on which they were applied [488]. The 
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highest percentages were associated with condi-
tions such as stasis ulcers (11%), various trau-
mas (8.5%) and ano-perianal eczema (3%) [482, 
488–492]. The incidence of sensitization of the 
hands, on the other hand, is low even on hands 
affected by occupational contact dermatitis (2.2%) 
or dyshidrosis and in subjects with atopic der-
matitis (1.7%), and is further reduced in cases 
of use of cosmetics on generally healthy skin of 
the face. It is therefore clear that sensitization is 
much more common when parabens are used on 
damaged skin for various reasons, and especially 
in the case of pre-existing diseases with a chronic 
course, such as stasis ulcers. It is now universally 
recognized that paraben-containing cosmetics, 
when used on healthy skin, rarely cause sensitiza-
tion [482].

22.16.3  Patch Testing

The concentration of individual parabens in the 
patch test mix is still a matter of debate. Higher 
concentrations of the mixture have often been 
found to be more irritant than individual esters, 
while lower concentrations can cause weak or 
false negative reactions [493]. The reduction in 
the concentration of individual esters from 5 to 
3% elicited weak responses, prompting a return 
to the higher concentration.

There are different formulations of the indi-
vidual parabens on the market, and therefore of 
the mixture used for the patch tests, and they 
may also differ within the various Study Groups. 
Today, most of the European Study Groups use 
the 16% mix consisting of methyl, ethyl, propyl 
and butylparaben, each at 4% in petroleum jelly; 
benzylparaben is no longer used, because it has 
proven to be carcinogenic.

Until 1984, in the USA the 5% concentration 
was used for each paraben, then reduced to 3%; 
currently, however, parabens are not present in 
the American standard series due to the very low 
percentage of positive responses.

Patch tests with topical and cosmetic medica-
tions as such are not valid for the diagnosis of 
paraben allergy; in fact, in these products, the 

very low concentration of parabens (generally 
less than 0.3%) is not sufficient to elicit positive 
responses on healthy skin in most cases.

In subjects allergic to the mixture, test-
ing the individual constituents generally 
elicits positive reactions to one or more compo-
nents. Opinions about the possibility of cross-
reactions between parabens and the so-called 
para group substances are conflicting. In the 
literature there have been some reports of cross-
sensitization between these two groups of sub-
stances [494–496]. The ubiquity of parabens and 
the fact that the same para group-based products 
(local anesthetics, hair dyes) contain parabens 
as preservatives could lead to a co-sensitization 
phenomenon. From a chemical point of view, 
parabens are p-hydroxybenzoic acid esters, 
while the para group substances are p-amin-
obenzoic acid esters. However, both groups 
are characterized by the benzene aromatic ring 
whose substituents in the para position, OH 
and NH2, respectively, are strong activators, 
while the electronic activation effect of the 
ring and consequent polarization of the mol-
ecule favors its reactive orientation and hence 
the mechanisms of addition to other protein  
molecules.

The problem of cross allergy is quite com-
plex. The functional identity of the chemical 
group, albeit very important, is not sufficient on 
its own to define what is commonly called group 
allergies. Cross-reactions between 2 substances 
are due to their chemical and structural similar-
ity, to the metabolization to products that are 
similar to one or the other, or to their metaboli-
zation into the same compounds. It is not always 
possible to draw conclusions from the results 
of the skin tests without the specific knowledge 
of the metabolism of the individual substances. 
Only experimental studies in animals could clar-
ify this complex problem.

22.17  Paraphenylenediamine

Paraphenylenediamine was first described by 
Hofmann in 1863 [497]; it has a high capacity to 
induce contact sensitization.
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22.17.1  Sources of Exposure

This agent has several applications, including as 
an ingredient of the colors used in fabric dyes, 
rubber, lacquers, leather, eye shadow, and shoe 
polish. It has also been used as an antioxidant 
in plastics, printing ink, fax machines, photo-
graphic products, and liquid for x-ray film, as 
well as in lithography [498]. Nevertheless, sen-
sitization to paraphenylenediamine is essen-
tially linked to its use in hair dyes and henna 
tattoos [499]. There are three basic catego-
ries of hair dyes, depending on the color effect 
produced and how long it lasts: temporary, 
 semi-permanent and permanent (oxidative). As 
the name suggests, temporary hair dyes mod-
ify the color of the hair for a short time and 
are readily removed by washing. These prod-
ucts tend to be ready-to-use (no pre-mixing) 
and the color settles on the hair surface. Semi-
permanent hair dyes last longer than temporary 
ones because they settle within the natural scales 
of the hair coating (the cuticle). The color grad-
ually fades with washing, and normally stays in 
for up to 6–8 washes. Oxidation or permanent 
hair colorants normally consist of at least two 
components, hydrogen peroxide and the hair 
dyes, which have to be mixed together imme-
diately prior to use. Oxidative (permanent) hair 
colorants give the hair either “tone-on-tone” 
color (also referred to as semi-permanents) or 
permanent color. The effects of permanent col-
orants are resistant to washing and provide 
excellent coverage of grey hair.

22.17.2  Contact Allergy and Clinical 
Presentation

Different studies in dermatitis patients have 
shown a median prevalence of positive para-
phenylenediamine patch tests of 6.2% in North 
America, 4% in Europe, and 4.3% in Asia, 
although there may be broad variations within 
a country and between different countries 
[500–503]. Darker shades of hair dye prod-
ucts contain higher concentrations of paraphe-
nylenediamine and its related substances [504], 

so sensitization to paraphenylenediamine is 
more frequent in Southern and Central Europe, 
where the proportion of dark-haired subjects is 
prevalent, than in Scandinavian countries, due 
to the higher proportion of blonde individuals 
[505]. There has been an increase in the fre-
quency of positive patch test reactions to para-
phenylenediamine over time, which could be 
due to larger numbers of people dyeing their 
hair, often at a very young age [506], and to 
an increasing use of black henna tattoos [507]. 
Paraphenylenediamine in hair dyes can induce 
contact sensitization both in consumers and in 
hairdressers. Hair dye contact dermatitis can 
present as irritant contact dermatitis or allergic 
contact dermatitis. In irritant contact dermati-
tis the symptoms are usually mild and appear 
immediately after use of the hair dye, consist-
ing of pruritus and erythema. In allergic contact 
dermatitis the symptoms and signs can appear 
after a latent period of several hours to days 
following the exposure to the hair dye. In con-
sumers, allergic contact dermatitis to hair dyes 
can present with severe edema, vesicles and 
exudation of the scalp, face, eyelids, ears and 
beard skin, which are the sites where hair dyes 
are more commonly used. Dissemination of the 
dermatitis can also occur, involving other areas 
such as the neck, chest, arms, and in rare cases, 
erythroderma can develop. An angioedema-
like appearance is also common and may lead 
to diagnostic confusion. The timing and his-
tory of hair dye exposure is in any case key to 
clarifying the diagnosis. Rare presentations of 
allergic contact dermatitis to hair dyes include 
erythema multiforme [508], lichenoid erup-
tions [509], pseudolymphoma [510], contact 
urticaria [511] and contact leukoderma [512]. 
Occupational contact dermatitis to hair dyes 
involves the hands. Among hairdressers, sensi-
tization occurs in the early stages of the work-
ing activity, forcing these subjects to abandon 
this job. Detergents, lotions and moisture induce 
irritant contact dermatitis of the hands that pre-
disposes to sensitization to hair dyes. Atopic 
hand eczema is another factor that predisposes 
to occupational allergic contact dermatitis of 
the hands.
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Another common cause of allergic contact 
dermatitis to paraphenylenediamine is tempo-
rary henna tattoos, that are currently fashion-
able, especially among younger people [508]. 
Temporary henna tattoos are an important 
source of exposure and sensitization to para-
phenylenediamine, particularly in children; 
they may pose health and career problems later 
in life. We reported a case of eyebrow allergic 
contact dermatitis caused by m-aminophenol 
and toluene-2,5-diamine in an eyebrow dye, in 
a patient who was probably sensitized to para-
phenylenediamine through a black henna tattoo 
[513]. Once sensitized, patients may experi-
ence severe forms of allergic contact dermatitis 
caused by all paraphenylenediamine derivatives. 
The earliest signs of allergic contact dermati-
tis can develop within 1–3 days of exposure to 
black henna tattoos in previously sensitized 
patients and within 4–14 days in non-sensitized 
subjects [514, 515]. Post-inflammatory hypopig-
mentation is common, particularly in children, 
and can take more than 6 months to clear; it may 
even be permanent [512]. Hyperpigmentation 
occurs mostly in adults and adolescents 
[516–518].

22.17.3  Patch Testing

To confirm hair dye contact allergy, patch test-
ing with paraphenylenediamine 1% in pet-
rolatum is usually performed. Patients with 
allergic reactions to paraphenylenediamine in 
tattoo can develop a blistering reaction after 
patch testing, so in these patients patch testing 
with a lower concentration of paraphenylene-
diamine (0.3% in petrolatum) is recommended 
[519].

22.17.4  Cross-reactions 
and Co-sensitizations

Paraphenylenediamine may show cross-sensi-
tization with other compounds that also contain 
an amine group in their benzene ring at the 
para position. Paraphenylenediamine-allergic 

individuals have a relatively high risk of concur-
rent sensitivity to other chemically related hair 
dyes such as toluene-2,5-diamine, p-aminophe-
nol and 2-nitro-paraphenylenediamine [520], 
as well as to clothing dyes [521]. On the other 
hand, it has been demonstrated that patch test-
proven reactions to para-aminobenzoic acid, 
benzocaine and N-isopropyl-N′-phenyl-1,4-
phenylenediamine (IPPD) in paraphenylenedi-
amine-positive subjects with hair dye allergy 
resulted less than 10% [522].

22.17.5  Paraphenylenediamine-Free 
Alternative Hair Dyes

Patients with allergic contact dermatitis to para-
phenylenediamine should stop dyeing their hair 
with permanent hair dyes containg this substance. 
Some patients can tolerate hair dyes containg 
toluene-2,5-diamine [523]. These hair dyes are 
usually safer in patients with a mild reaction to 
paraphenylenediamine. Patch testing is manda-
tory before their use. Herbal hair dye derivatives 
like henna are generally well tolerated but their 
use is not always cosmetically acceptable.

22.17.6  Prevention

To avoid contact dermatitis to paraphenylen-
ediamine it is important to keep the concentra-
tion of this substance at minimum levels in hair 
dyes. It can be important to suggest that con-
sumers use paraphenylenediamine-derivatives, 
such as toluene-2,5-diamine, p-hydroxyethyl-
p-phenylenediamine sulfate and 2-methoxym-
ethyl-p-phenylenediamine, which have a lesser 
sensitization power than paraphenylenediamine. 
It is helpful to advise hairdressers and con-
sumers to use, during hair dye application, a 
pet. barrier to prevent the dye from spreading 
behond the scalp. Nitrile gloves are recom-
mended in hairdressers, to avoid both sensitiza-
tion to paraphenylenediamine and a recurrence 
of the dermatitis in those already sensitized 
[524].



476 C. Foti et al.

22.18  p-tert-Butylphenol 
Formaldehyde Resin

p-tert-Butylphenol formaldehyde resin 
(PTBPFR) is an alkyl phenol resin formed by 
combining PTBP and formaldehyde [525]. 
Synonyms include para-tertiary-butylphenol 
formaldehyde resin, PTBP formaldehyde, 
butylphen, 4-(1,1-dimethylethyl)phenol, and 
4-tert-butylphenolformaldehyde resin [526]. 
PTBPFR is widely used as an adhesive owing 
to its durability, flexibility, and heat resist-
ance. It is particularly useful as a glue compo-
nent on both leather and rubber products [525, 
527]. Since the first cases of contact allergy to 
PTBPFR were reported in the late 1950s, sensi-
tization to this resin has been increasing [528]. 
The components of the resin that are the actual 
sensitizers have been in question for years [528, 
529] because PTBPFR is in its macromolecular 
form when used as an adhesive, and this mol-
ecule is thought to be potentially too large to 
penetrate the epidermis [530]. Several chemi-
cally reactive components of varying molecu-
lar weights have been discovered, either within 
the resin or as degradation products [528, 529]. 
Examples of such components within the resin 
include PTBP, 2-methylol p-tert-butylphenol, 
2,6-dimethylol p-tert-butylphenol, and p-tert-
butylcatechol. Degradation products such as 
2(3)-tert-butyl-4-hydroxyanisole and 3,5-di-tert-
butyl-4-hydroxytoluene have also been reported 
to cause sensitization [529]. However, there 
is no clear association with contact allergy to 
PTBPFR and to free PTBP [530], and the pat-
tern of reactivity of the allergenic components of 
PTBPFR can differ among patients sensitized to 
PTBPFR [528].

22.18.1  Clinical Aspects

The prevalence of allergic contact dermati-
tis to PTBPFR was found to be 0.8–1.7% of 
patients [531, 532]; men and women are equally 
affected. The source of exposure to PTBPFR is 
mainly related to footwear but it can also cause 

occupational cases of allergic contact dermatitis 
in workers at companies producing footwear and 
other leather products (in which PTBPFR causes 
dermatitis of the hands). Furthermore, the NACDG 
reports the frequency of relevant positive patch test 
reactions to PTBPFR to be 1.3% in children (aged 
0–18 years) and 1.1% in adults (aged >19 years) 
[533]. Among adolescents, one relevant source 
of exposure to PTBPFR is sports equipment (i.e., 
wrist supports, shin and knee guards, athletic tape, 
and swimming goggles) [534–537]. Athletes may 
be particularly susceptible to allergic contact der-
matitis because of the warm, moist environment 
and the occlusion to which the skin is subjected 
[538]. In view of the ubiquitous use of PTBPFR 
(apart from its association with shoes), there may 
be potential sources that have been overlooked, 
such as toddler’s foam pillows, children’s toys, and 
Halloween costumes. Thus, testing of children may 
be necessary when allergy presentations other than 
foot dermatitis are noted.

In addition to playing an important role as a 
contact allergen in footwear, PTBPFR has also 
been reported as a cause of allergic contact der-
matitis associated with a significant number 
of other uses, such as plastic bonders in hear-
ing aids [539]. Up to 27% of patients who have 
otitis externa and use hearing aids show a posi-
tive reaction when patch tested with earmold 
components [540]. Additional PTBPFR sources 
that have been reported to cause allergic contact 
dermatitis are electrocardiograph-monitoring 
electrodes, adhesive dressings and labels, and 
fingernail adhesives [541–543]. PTBPFR is also 
used in the manufacture of glass fiber laminates. 
In some cases, allergic reactions to certain fab-
rics and glossy papers may occur. Other possi-
ble sources of contact with PTBPFR are denture 
adhesives, “do-it-yourself” glues, nail adhesives, 
motor oils, wooden boxes or toys, insulating 
substances used in the electrical industry and in 
the wood industry.

More recently, PTBPFR has frequently been 
recognized as a cause of allergic contact der-
matitis associated with wetsuits and thermal 
(neoprene) sauna shorts [544]. Although thio-
urea derivatives are classically thought to be a 
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primary source of sensitization to products made 
of or containing neoprene, PTBPFR also plays 
a role [544]; in fact, thiourea derivatives and 
PTBPFR are touted as the ‘‘neoprene cement 
allergens.’’ Neoprene is a durable synthetic 
rubber material resistant to oils, solvents, and 
extreme climate conditions [545]. Neoprene is 
now widely used in a number of products, rang-
ing from sports items (wetsuits), slimming suits, 
gloves, and footwear to holders and clips for 
hand sanitizers and insulating covers for canned 
drinks. PTBPFR is used in neoprene because of 
its adhesive qualities [546].

22.18.2  Patch Testing

p-tert-Butylphenol formaldehyde resin is cur-
rently included in both the European standard 
series and the NACDG standard series of aller-
gens and serves as a screening tool for PTBPFR 
and related allergens. In tests for contact allergy 
to PTBPFR, a concentration of 1% in petrolatum 
is commonly used.

22.19  Rubber

22.19.1   Mercaptobenzothiazole 
and Mercapto mix

Mercaptobenzothiazole is the main hap-
ten of the mercapto mixture, which also 
includes N-cyclohexylbenzothiazyl sulphena-
mide, morpholinylmercaptobenzothiazole and 
 2,2’-dibenzothiazyl disulphide.

22.19.1.1  Sources of Exposure
Mercaptobenzothiazole and other mercaptans 
are used as accelerators in the rubber vulcani-
zation process, and together with thiurams are 
the main allergens capable of causing allergic 
contact dermatitis due to rubber objects. These 
substances are contained in both natural and 
butyl rubber, neoprene and nitrile. Contact sen-
sitization can be established after contact with 

any rubber object, such as condoms, catheters, 
elastic bands, cushions, bags, caps and swim-
ming goggles, masks, ear plugs, toys, balls, 
makeup sponges, brushes for mascara, tires, 
knobs, handles, steering wheels, adhesives, insu-
lating tapes. In addition, mercaptobenzothiazole 
and other mercapto mix compounds can also be 
found in antifreeze, anticorrosives, cutting oils, 
fats, emulsions for photography, fungicides and 
insecticides.

22.19.1.2  Contact Allergy and Clinical 
Presentation

The current frequency seems to have decreased 
compared to previous years, having settled 
below 1% of patients tested in Europe in the 
years 2013–2014 [547]. Sensitization in an 
extra-occupational environment is mainly due 
to rubber parts of clothing, such as elastics 
and footwear, and localization on the foot is 
the most frequent, particularly in the male sex. 
Occupational complaints, on the other hand, are 
mainly secondary to the use of gloves in work-
ers involved in the care of the home, the kitchen, 
and in health workers [548]. In the case of occu-
pational allergic contact dermatitis, therefore, 
the localization is more frequent on the hands, 
forearms and face; this latter site is particularly 
frequent in rubber production workers, although 
mercaptans appear to be less incriminated than 
other allergens such as thiurams [549].

22.19.1.3  Patch Testing
2-Mercaptobenzothiazole is tested at a 2% con-
centration in petroleum jelly, while the mer-
capto mix consists of 2-mercaptobenzothiazole, 
N-cyclohexylbenzothiazyl sulphenamide, 2,2′-diben-
zothiazyl disulphide and 2-morpholinyl mercapto-
benzothiazole, each tested at the concentration of 
0.5% in petroleum jelly. Simultaneous testing of 
both is necessary, as it has been reported that patch 
testing with the mercapto mix alone was false nega-
tive in about a third of patients who subsequently 
tested positive for 2% 2-mercaptobenzothiazole 
[550].
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22.19.2  Thiuram mix

The thiuram mix contains four components: 
tetraethylthiuram disulphide, tetramethylthiuram 
disulphide, tetramethylthiuram monosulphide, 
and dipentamethylenethiuram disulphide.

22.19.2.1  Sources of Exposure
Thiurams are used in the vulcanization process 
of rubber, both natural and synthetic (butyl rub-
ber, neoprene, nitrile). Thiurams are, therefore, 
an important cause of sensitization through 
occupational contact in healthcare personnel, 
in housewives and, in general, in jobs requiring 
the use of occlusive gloves [550]. In addition, 
thiurams are used in agriculture as fungicides, 
in wall paints and as insect repellents. Another 
particular source of thiurams is in the treatment 
of alcohol dependence with tetraethylthiuram 
disulphide (disulfiram) [551].

22.19.2.2  Contact Allergy and Clinical 
Presentation

Thiurams are the most frequent sensitizers 
among rubber chemicals, accounting for around 
2% of patch test positivity in Europe [547]. 
Since in the industrial sector there are differ-
ent preferential uses of the different molecules, 
the prevalence of sensitization to the individual 
molecules varies among different geographical 
areas. The main source of sensitization is rubber 
gloves; variations in the sensitizing capacity of 
such gloves are described in relation to differ-
ent manufacturers, probably due to the different 
quantity of sensitizing residues after processing.

Eczema, that is more frequent in the female 
sex, takes on a very particular aspect due to the 
involvement of the backs of the hands and the 
forearms, where it takes on a “band” appearance 
at the end of the gloves. Facial eczema has been 
reported in one quarter of sensitized patients. In 
children, thiurams sensitization is mostly asso-
ciated with eczema of the feet, in particular the 
soles, being secondary to contact with the rubber 
soles of shoes [552]. Any rubber object, how-
ever, both in occupational and extra-occupational 

environments, can cause allergic contact derma-
titis in sensitized patients. In addition, disulfi-
ram (tetraethylthiuram disulphide), by inhibiting 
the aldehyde dehydrogenase enzyme, causes 
the accumulation of acetaldehyde after taking 
ethyl alcohol, resulting in various skin reactions 
such as diffuse erythema and urticarial erup-
tions. Similar manifestations may be seen in 
subjects taking disulfiram even after skin contact 
with alcohol. The use of disulfiram in patients 
sensitized to thiurams can induce a diffuse 
eczematous reaction (systemic allergic contact 
dermatitis) [551].

22.19.2.3  Patch Testing
The thiuram mix is usually considered to be a 
good indicator of allergy to thiurams, unlike 
tetramethylthiuram alone. In the standard series 
of patch tests the thiuram mix is tested at 1% in 
petroleum jelly, with each of the four compo-
nents tested at 0.25% in petroleum jelly.

22.19.3  N-Isopropyl-N′-Phenyl-p-
Phenylenediamine

N-isopropyl-N′-phenyl-p-phenylenediamine, 
together with N-cyclohexyl-N′-phenyl-
paraphenylenediamine and N-N′-diphenyl-
paraphenylenediamine, constitute the 
paraphenylenediamine mixture.

22.19.3.1  Sources of Exposure

Paraphenylenediamine is mainly used in the rub-
ber industry, before the vulcanization process. 
In particular, owing to its antioxidant and anti-
ozonizing properties, it can protect rubber from 
the deterioration induced by oxygen and atmos-
pheric ozone. This is particularly important for 
rubber objects that are subject to mechanical 
stress, such as those for industrial use (brake 
pads, gaskets, belts, tubes, cable insulators, 
milking machines), black tires and tires in gen-
eral. N-isopropyl-N′-phenyl-p-phenylenediamine 
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can be present in other objects such as steer-
ing wheels, knobs, boots, masks, and diving 
equipment.

22.19.3.2  Contact Allergy and Clinical 
Presentation

European data for the years 2013–2014 reported 
positivity towards N-isopropyl-N′-phenyl-p-
phenylenediamine in 0.6% of the patients tested 
[553].

N-isopropyl-N′-phenyl-p-phenylenediamine 
mostly causes eczema of the palms of the hands 
in the occupational sphere. Cases of purpuric 
contact dermatitis that can start at the contact 
site and then often spread to other skin areas 
have been described; even the patch test, in these 
cases, can take on a purpuric aspect [554].

22.19.3.3  Patch Testing
In the standard series the paraphenylenediamine 
mixture is tested at 0.6% pet.; the percentage 
of the individual components is: N-isopropyl-
N′-phenyl-p-phenylenediamine, tested at a 
concentration of 0.1% in pet., N-cyclohexyl-
N′-phenyl-paraphenylenediamine at 0.25% and 
N-N′-diphenyl-paraphenylenediamine at 0.25%.

22.19.3.4  Cross-reactions 
and Co-sensitizations

The use of dimethylbutyl-phenyl-p-phenylene-
diamine has been proposed as an alternative, in 
view of its supposedly lower sensitizing power 
in rubber processing; however, it has been 
shown that this substance cross-reacts with 
N-isopropyl-N′-phenyl-p-phenylenediamine. 
Cross reactions with other para group allergens, 
particularly with paraphenylenediamine, are 
infrequent.

22.20  Textile Dyes

Disperse dyes are the most prevalent causes of 
textile-related allergic contact dermatitis [555]. 
They are used for dyeing synthetic fabrics: 
polyester, acetate, triacetate, nylon, and fiber 
mixtures, while they are not used to dye natural 
fibres (e.g. wool, cotton, and linen). Disperse 

dyes do not bond chemically with the fibres, and 
can easily migrate onto the skin because they are 
small, lipophilic molecules. This explains their 
sensitizing properties. Approximately 60% of 
all disperse dyes are azo dyes. They are cheap 
and easy to apply and can provide all ranges of 
color, but have high sensitizing properties and 
are the main cause of allergic contact dermati-
tis to textiles. Other disperse dyes that are fre-
quently used are anthraquinone dyes, whereas 
quinophthalone, methine, naphthalimide, naph-
thoquinone and nitro dyes are rarely used.

22.20.1  Sources of Exposure

Disperse dyes have been reported to cause aller-
gic contact dermatitis when present in a vari-
ety of garments, including underwear, blouses, 
pants, swimsuits, pantyhose, shoulder pads, and 
the velvet material of leggings and body suits.

22.20.2  Contact Allergy and Clinical 
Presentation

Recently, the EU and the International Oeko-
Tex Association (a group of textile research 
and test institutes), restricted the use of some 
disperse dyes (mainly azo dyes) that are clas-
sified as allergenic, but allergic contact der-
matitis to disperse dyes can still be observed 
[556]. The distribution of the dermatitis usu-
ally corresponds to areas that come in contact 
with clothing. Often, the dermatitis is worse in 
areas with increased friction and sweating. In 
men, this is often the collar area on the neck. 
In women, it includes the axillary folds, the 
vulvar and suprapubic area. In both sexes, the 
waistband area, upper thighs, popliteal fossae, 
and buttocks are commonly involved. Allergic 
contact dermatitis to disperse dyes usually 
has the appearance of typical eczema, but the 
lesions are dry rather than vesicular and ooz-
ing. Allergic contact dermatitis to disperse dyes 
can develop with unusual presentations such 
as lichenoid, purpuric, nummular, dyshidrosi-
form, psoriasis-like and seborrohoeic dermatitis 
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[554, 557–560]. Lymphomatoid dermatitis and 
folliculitis have also been described [561]. 
Involvement of the skin folds may mimic an 
atopic dermatitis [562].

22.20.3  Patch Testing

To detect allergic contact dermatitis to disperse 
dyes it is advisable to use the textile dyes mix 
(TDM). The mix is recommended at 6.6% and 
has been included since 2015 in the European 
baseline series [563]. The composition of the 
textile dyes mix is as follows: Disperse Blue 
35 (DB 35), Disperse Yellow 3 (DY3), Disperse 
Orange 1 (DO1), Disperse Orange 3 (DO 3), 
Disperse Red 1 (DR 1) and Disperse Red 17, 
all at 1.0% w/w, and Disperse Blue 106 (DB 
106) and Disperse Blue 124 (DB 124), both at 
0.3% w/w. Studies performed in Europe and the 
USA [564–567] showed that 2.1–6.9% of con-
secutively tested dermatitis patients reacted to 
the mix. Clinical relevance was ascertained in 
30% of the positive cases. The dyes present in 
the mix are little used nowadays to color fabrics 
but it is still possible to find them, not only in 
garments made outside the EU, but also in those 
made in the EU, and the mix currently appears 
to be a good marker of sensitization to dyes 
present in fabrics. In patients with suspected 
contact dermatitis to textiles it is advisable to 
perform patch testing with the baseline series 
supplemented with the textile series, and with 
the suspected textile and its extract if allergens 
other than those in the baseline series are sus-
pected. A challenge test (stop and wear again) 
can also be used to demonstrate allergy.

22.20.4  Prevention

Patients with a positive reaction and a dermati-
tis which can be explained by a textile dermatitis 
should be given proper information about which 
garments may be safe. They should wear 100 
percent natural-based fabrics (i.e., cotton, linen, 
silk, wool), 100 percent silk long-sleeved under-
shirts and slip pants, and loose-fitting clothing. 

In any case, all new clothing should be washed 
at least 3 times prior to wearing to get rid of 
excess un-bound dyes.
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absorption of a substance. Moreover, the con-
centration of the allergen, that is rarely known 
in real-life, is ‘adjusted’ in patch tests to mini-
mize irritant reactions and any side effects. 
Despite such mild imperfections, patch tests at 
set concentrations and applied for standard times 
are still the best in vivo scientific diagnostic 
method. Therefore, they should be used much 
more frequently than they currently are, on con-
dition that the dermatologist performing them 
has gained adequate experience under the super-
vision of experienced staff with proper training 
in the field of skin allergy forms [1, 9–11]. It 
is sometimes believed that the medical history 
alone is sufficient to identify cases of contact 
allergy but this is not always true. Just a sim-
ple example is illustrative of this fact: a history 
of reactions to cheap jewelry, zippers or metal 
buttons could be clinically attributed to nickel 
allergy. Instead, this conviction may be false in 
53% of cases and may miss true nickel allergy in 
a further 35% of those surveyed [12].

The reasons why a dermatologist may be 
reluctant to use, or at any rate advise, patch tests 
(the time it takes the doctor to perform them, 
number of visits the patient needs to attend, cost 
of test materials, risk of side effects) are not 
usually supported by fact. In fact, it has been 
shown that the doctor’s and patient’s efforts in 
such cases are largely rewarded, demonstrating 
that patch testing is clearly cost-effective [13], 
bearing in mind that the costs (in terms of time, 
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Patch testing is the main investigation in the 
diagnosis of allergic contact dermatitis. It repro-
duces, albeit in miniature, the clinical expres-
sion (eczematous  erythemato-edemato-vesicular 
response) and the pathogenic mechanism 
(depicting the elicitation phase of delayed type 
hypersensitivity). If properly performed and 
interpreted, it is a direct, practical and scien-
tific diagnostic method. It may seem simple to 
apply and read but in actual fact, the procedure 
is fairly complicated and proper performance 
requires adequate experience [1–8].

First of all, it must be understood that the 
patch test does not duplicate the clinical expo-
sure to an allergen that occurs in real life. In 
fact, real-life exposure is quite different: vari-
ous factors (maceration, sweating, occlusion, 
repeated application over time) favor skin 
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There is little information in the literature 
about immunosuppressive drugs. In practice, 
when it is not possible to suspend these, patch 
tests can be performed just the same, but the 
clinician must be aware of the possibility of 
false-negative reactions. Some reports have 
shown, however, that positive reactions can 
occur despite immunosuppressive treatment, 
although at lower frequency and intensity [26, 
27]. Topical cyclosporin A seems to inhibit reac-
tions in man [28] and animals [29, 30]. Our 
studies of oral cyclosporin A [31] and those of 
other authors [32] have shown that the response 
to patch tests is not inhibited but the intensity is 
reduced. When using cyclosporin A in excited 
skin syndrome to distinguish allergic reactions 
from those of irritant type, we saw that the drug 
only blocks irritant type reactions [33].

As regards the time between the suspen-
sion of such oral treatments and the execution 
of patch tests, a period of five half-lives of the 
particular drug is thought to be a reasonable 
interval from the clinical point of view [1]. In 
particular, as regards systemic corticosteroids, it 
has been seen that a dosage of 20 mg of pred-
nisone does not affect the onset of reactions, or 
at least not of intensely positive reactions [34–
36]. All the same, if possible it is advisable to 
perform patch tests after the drug has been sus-
pended. Treatment with topical corticosteroids 
on the test site can also give rise to negative 
reactions [37].

Some antihistamines (cinnarizine adminis-
tered for one week) affected the intensity of the 
response in some cases [38], whereas in others 

money and health) for patients would be much 
higher if their disease and its etiology are not 
properly diagnosed, and so persists and worsens 
over time [14].

23.1  Who and When to Patch Test

Apart from in subjects with eczematous con-
tact dermatitis and noneczematous contact 
dermatitis (erythema multiforme-like contact 
dermatitis, lichenoid contact dermatitis, purpuric 
contact dermatitis, lymphomatoid contact der-
matitis, primary dischromic contact dermatitis, 
etc.) [15], patch tests should be done in all cases 
of other eczematous dermatoses [16–20]. They 
must also be performed in all cases of wors-
ening of preexisting other dermatoses (stasis 
 dermatitis, leg ulcers, psoriasis, acne, scabies, 
post-traumatic wounds) when a superimposed 
contact allergy is suspected, due to topical treat-
ments or occupational chemicals, for example 
[21–25] (Table 23.1).

Patch tests should be postponed in various 
cases in which the results might be invalidated 
(Table 23.2), resulting in false-negative reactions 
(UV light and tanning, topical medicaments, 
immunosuppression), or increasing the skin 
reactivity (active dermatitis).

Table 23.1  Patients who should be patch tested

Patients with eczematous contact dermatitis
Patients with noneczematous contact dermatitis
Patients with other eczematous dermatoses
     Atopic dermatitis
     Nummular eczema
     Pompholyx
Patients with a mucous membranes reaction
     Conjunctivitis
     Stomatitis
     Genital mucosa
Patients with worsening of preexisting dermatoses due 
to topical treatment or occupational chemicals
     Stasis dermatitis
     Leg ulcers
     Psoriasis
     Acne
     Scabies

     Post-traumatic wounds

Table 23.2  Conditions requiring postponement of patch 
tests

Dermatitis on the upper back or other sites of applica-
tion of patch tests
Recent use of topical corticosteroids on test sites
Recent ultraviolet exposure of test sites
Generalized active dermatitis
Systemic immunosuppressive treatment in relevant doses

Precautions should be taken in the following cases:
     Individuals with immunosuppressive diseases
     Individuals with atopic dermatitis
     Pregnancy or lactation
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they seemed inert [35]. In this sense, antihista-
mine treatment as a contraindication to patch 
tests is not generally accepted. Treatment with 
disodium chromoglycate and with NSAIDS is not 
considered to influence the reactions either [1].

Exposure to UVB rays temporarily reduces 
the elicitation of allergic reactions in sensitized 
subjects. UVA rays do not seem to pose the 
same risk [39, 40]; however, combined treatment 
with UVA rays plus psoralens reduced the posi-
tive reactions elicited [41]. Notoriously, UV irra-
diation reduces the number of Langerhans cells 
in the epidermis [42].

Some precautions need to be adopted in sub-
jects with atopic dermatitis, who, when regularly 
patch tested, present the same frequency of posi-
tive reactions as non atopic subjects. However, 
owing to their skin hyperreactivity, it is impor-
tant to make a particularly careful interpretation 
of the results because false-positive reactions are 
possible [17, 18]. Filaggrin mutations, by induc-
ing an altered barrier function, can foster contact 
sensitization [43, 44].

Subjects with some immunosuppressive dis-
eases, like severe generalized infections or neo-
plasia, can have a reduced capacity to develop 
contact allergy, althoug in some cases the onset 
of sensitization can occur, with positive reac-
tions [45, 46].

Finally, the execution of patch tests dur-
ing pregnancy or lactation does not seem to be 
harmful; nevertheless, most dermatologists pre-
fer to postpone the tests as a general precaution.

23.1.1  Patients Information

Patients must be accurately informed about the 
patch tests procedure and the advantages that they 
may offer. They must also be aware of the poten-
tial adverse effects, since they must give written 
consent to the performance of the patch tests.

Patients should avoid showering or in any 
way wetting the test sites; they should avoid 
activities that give rise to sweating and also 
physical effort because the test devices could 
detach, as well as UV irradiation. It is also 
very important to inform the patient about the 

possibilities of pruritus and burning at the zone 
of application of the tests, and that the skin man-
ifestations may worsen and new clinical lesions 
may appear.

23.2  Patch Test Procedures

Since there are various national legal regulations 
governing the execution of patch tests, derma-
tologists should be aware of the national frame-
works in their own country.

23.2.1  Materials: Type of Chambers

There are various different test chamber sys-
tems, some having circular chamber areas and 
some square. In some systems the allergen is 
applied manually before the patch testing and 
in others it is preloaded. The latter system has 
some advantages (rapidity of execution of the 
test, less health care operators needed, stand-
ard pre-established quantities of hapten mate-
rial applied), and also disadvantages (costs, use 
by insufficiently expert operators, a tendency 
toward non updated standard series available on 
the market). Moreover, pre-packaged systems 
contain a limited number of allergens, that do 
not in general cover the whole European base 
line series. In any case, there is no documenta-
tion demonstrating that either test system is 
superior to the other; the choice of test system is 
based on tradition and experience.

In one common system, the chambers are sup-
plied in strips of 5 or 10, and consist of small 
aluminium disks mounted on non-occlusive 
acrylic-based tape, chosen for its adhesive and 
hypoallergenic properties. Other systems con-
sist of square plastic chambers on hypoallergenic 
tape.

Of course, the inert plastic system must be 
used in cases of suspected contact allergy from 
aluminium. This chamber gives rise to a reaction 
only very exceptionally, but if the substance to 
be patch tested has a pH that facilitates ioniza-
tion, false-positive [47] or false-negative reac-
tions can be observed [48].
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23.2.2  Selection of Materials

The patient’s medical history and clinical exami-
nation can supply data on the possible allergens 
involved, and so offer guidance as to which 
patch test materials to choose. In practice, the 
“baseline series” of test allergens is applied 
to all patients with contact dermatitis, but this 
series should be seen as dynamic and subject to 
continual evaluation and modifications.

The baseline series includes allergens that 
result positive in routine patch testing of patients 
in more than 0.5–1% of cases [49] and are ubiq-
uitous. Naturally, in particular cases allergens 
with much lower positive reaction rates may be 
included (e.g. plants), as well as allergens that 
are locally important in specific areas.

Some allergens, such as fragrances and rub-
ber compounds, are compiled into mixes to 
save space. In cases of positive reactions to a 
mix, then all the individual components must be 
tested singly, so as to be able to offer the patient 
precise information.

Table 23.3 shows the Italian baseline 
series of the Italian Society of Allergological, 
Occupational and Environmental Dermatology. 
Naturally, this series, that is anyway in continual 
evolution, can be expanded with other allergens 
as suggested by the patient’s clinical history.

Most allergens are dispersed in petrolatum 
(white soft paraffin) and supplied in labeled 
syringes specifying the name and concentration 
of the substance. Other vehicles include water 
or ethanol. There are hundreds of test allergens 
available, and others can be prepared from the 
patient’s own materials or from ingredients sup-
plied by product manufacturers. It is important 
to check the expiry dates of the test materials, 
particularly in view of the instability of some 
vehicles. Patch test materials must be kept at 
4 °C and protected from light.

23.2.3  Dosing of Chambers

The dose is exceedingly important, since 
false positive, false negative and adverse reac-
tions are dose-dependent. Therefore the dose 

needs to be standardized for each type of test 
chamber (Table 23.4) [5, 50]. Petrolatum-
based allergens are pipetted from the syringe 
into the chamber; for aqueous-based aller-
gens, small filter papers are placed in the well, 
and these will hold about 15 μl of liquid dis-
pensed with a micropipette. The use of micro-
pipettes yields the best accuracy and precision 
as compared to other techniques [51]. Dosing 
of petrolatum-based allergens requires an expe-
rienced operator to minimize variations [52]. 
Usually, petrolatum-based substances are 
placed in the chambers just before the applica-
tion of the patches (not more than a few hours 
before), while liquids and some volatile aller-
gens (acrylates) are introduced at the moment of  
application.

23.2.4  Sites of Patch Test Application

The upper back is the preferential site for patch 
test application for various reasons: the flat sur-
face permitting good occlusion and the ample 
application surface, generally not affected by 
diseases, not normally exposed to the sun and 
less prone to scratching. If necessary, the outer 
surface of the upper arms or thighs can be used.

Skin reactivity varies from one anatomical 
region to another: the forearm, for example, is 
less sensitive than the back to the elicitation of 
contact allergy to nickel [53]; when executing 
a repeated open application test (ROAT), the 
lower arm is less sensitive than the upper arm, 
while the back is the most reactive [54]. The 
proposed greater reactivity of the upper back 
compared to the lower back [55] was not con-
firmed by other studies [53, 56].

23.2.5  Occlusion Time

An occlusion time of 48 hours is recommended. 
Allergen dose and occlusion time are, in theory, 
parameters that will affect the results of patch 
tests, and are also correlated, since the dose is 
standardized for an occlusion time of two days. 
Most textbooks and authors recommend this 
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Table 23.3  SIDAPA (Italian Society of Allergological, Occupational and Environmental Dermatology) baseline 
patch test series

Allergen Concentration (%) Vehicle
Nickel sulfate 5 pet.
Neomycin sulfate 20 pet.
Sorbitan sesquioleate 20 pet.
Thiuram mix 1 pet.
     Tetramethylthiuram monosulfide 0.25 —
     Tetramethylthiuram disulfide 0.25 —
     Tetraethylthriuram disulfide 0.25 —
     Dipentamethylenethiuram disulfide 0.25 —
p-tert-Butylphenol formaldehyde resin 1 pet.
N-isopropyl-N’-phenyl-p-phenylenediamine 0.1 pet.
 Fragrance mix I 8 pet.
     Cinnamic alcohol 1 —
     Cinnamal 1 —
     Hydroxycitronellal 1 —
     Amyl cinnamal 1 —
     Geraniol 1 —
     Eugenol 1 —
     Isoeugenol 1 —
     Oak moss absolute 1 —
Hydrocortisone 21 acetate 1 pet.
Peru balsam 25 pet.
Paraben mix 16 pet.
     Methylparaben 4 —
     Ethylparaben 4 —
     Propylparaben 4 —
     Butylparaben 4 —
Mercaptobenzothiazole 2 pet.
p-Phenylenediamine (free base) 1 pet.
Dimethylpropylamine 1 pet.
Budenoside 0.01 pet.
Benzocaine 5 pet.
Methylchloroisothiazolinone/methylisothiazolinone (3:1) 0.02 aq.
Cobalt chloride 1 pet.
Fragrance mix II 14 pet.
     Hydroxyisohexyl 3-cyclohexene carboxaldehyde 2.5 —
     Citral 1 —
     Farnesol 2.5 —
     Coumarin 2.5 —
     Citronellol 0.5 —
     Hexylcinnamal 5 —
Colophony 20 pet.
Potassium dichromate 0.5 pet.
2-Hydroxyethyl methacrylate 2 pet.
Formaldehyde 2 aq.
Wool alcohols 30 pet.
Disperse mix 6.6 pet.
     Disperse blue 35 1 —
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occlusion time, although some centers still pre-
fer 24 h occlusion [57]. A longer occlusion time 
is not recommended.

23.2.6  Practical Suggestions

Conservation of Haptens. Haptens must be kept 
in the refrigerator or in cold environments in the 
dark, because exposure to light and/or high envi-
ronmental temperatures can modify their diag-
nostic potential.

Sequence of Haptens. To minimize the 
excited skin syndrome phenomenon, it is wise to 
avoid testing haptens that provoke extreme posi-
tive reactions or cross react in nearby sites; this 
precaution is recommended even if the phenom-
enon is not reproducible [58].

Rimoval of Hairs. To improve the adhesion of 
the test apparatus to the skin, hairs must be dry 
shaved, although it should also be borne in mind 
that the patch applied on a shaved area can pro-
voke irritation.

Removal of Skin Grease. In cases of a greasy 
skin, it is better to delicately cleanse the site 
of application of the tests with ethanol, left to 
evaporate.

23.3  Reading Times

Patch tests are applied on day O (DO) and 
removed on D2. In the literature, the best solution 
is considered to be 3 readings at different times. 
The first reading should be at D2, 15–60 minutes 
after removal, being the time necessary for reso-
lution of pressure effects. A second reading at D3 
or D4 is a must [59]. A further reading between 
D5 and D10 is necessary at least for some aller-
gens, since about 7–30% of positive reactions 
would otherwise be missed [60–62].

In some countries, the first reading is made at 
D3 or D4. A single reading at D4 is absolutely 
not recommended. In one study in which read-
ing was done several times between D2 and D9, it 
was noted that most of the positive reactions were 
observed at D4, but various other reactions were 

Table 23.3  (Continued)

Allergen Concentration (%) Vehicle
     Disperse yellow 3 1 —
     Disperse orange 1 1 —
     Disperse orange 3 1 —
     Disperse red 1 1 —
     Disperse red 17 1 —
     Disperse blue 106 0.3 —
     Disperse blue 124 0.3 —
Epoxy resin 1 pet.
Mercapto mix 2 pet.
     2-4-Morpholinylmercaptobenzothiazole 0.5 —
     Dibenzothiazyl disulphide 0.5 —
     N-Cyclohexyl-2-benzothiazylsulfenamide 0.5 —
     Mercaptobenzothiazole 0.5 —
Hydroxyisohexyl-3-cyclohexene 5 pet.
Methylisothiazolinone 0.2 aq.

pet. = petrolatum, aq. = aqueous

Table 23.4  Dose of allergen in the common chamber 
sizes (modified, by [5])

Chamber Liquid 
preparation

Preparation in 
petrolatum

μl/mg/
cm2

Finn Chamber ® 
(area 0.5 cm2)

15 μl 20 mg 30/40/
cm2

Van der Bendt ® 
(area 0.64 cm2)

20 μl 25 mg 31/39/
cm2

IQ Ultra ® 
(area 0.68 cm2)

20 μl 25 mg 29/36/
cm2
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still evident at D7 [60]. A single reading at D2 is 
not therefore appropriate [63]. In conclusion, at 
least two readings of patch tests reactions are rec-
ommended: at D2/D3 or D4, and around D7 [64].

Our unpublished data on patch tests reading 
times demonstrated that at the reading on D2 the 
incidence of positive reactions was about 90%; 
this incidence increased at subsequent read-
ings until D7. “Delayed” positive reactions are 
observed after D3/D4, related in particular to 
neomycin, nickel, wool alcohols, paraphenylene-
diamine, corticosteroids, and aminoglycoside anti-
biotics. In 577 patients with clinical manifestations 
and a medical history definitely related to nickel 
allergy, we performed 5 patch tests with nickel sul-
fate 5% pet., and made daily readings from D1 to 
D5: at D1, 43.3% of the subjects already showed a 
positive response; at D3 the positive responses had 
reached 98.2% of the cases; a further 1.8% of pos-
itive responses was observed at D5 (Table 23.5). 
In another study conducted in 3312 patients patch 
tested with the standard European series, making 
daily readings from D2 to D6 we observed that 
over a total of 3510 positive reactions, 98.2% were 
observed at D3, 1.5% at D4, and a further 0.3% 
between D5 and D6 (Table 23.6).

23.4  Reading Scale

The quali-quantitive assessment of allergic 
reactions takes into account the reading param-
eters reported in Table 23.7, namely erythema, 

edema, infiltration, papules and vesicles. Other 
parameters are the fine skin structure, reaction 
surface and area involved [3–9]. Unequivocally, 
allergic reactions and those of irritant type are 
generally well defined.

Instead, a problem of interpretation arises 
in the presence of reactions featuring only 
erythema, and so reported as “?+” or “±”. 
Erythema is an intensity parameter and so can-
not discriminate alone between an allergic and 
a non allergic reaction. Edema is also essen-
tially an intensity parameter. A reaction with 
just erythema, or doubtful, must be checked at 
a later time by repeating the patch test, if neces-
sary with a different antigen concentration or by 
applying the use test.

The fine structure of an allergic reaction, that 
is also appreciable at superficial digitopalpation, 
consists of minute vesicles and/or papules and 
must be homogeneous all over the test area: the 
reaction will tend to spread beyond the test area, 
with indistinct borders (Fig. 23.1), although 
some antigens (Kathon CG, fragrance mix, thi-
uram mix) often induce well-demarcated reac-
tions circumscribed to the test area (Fig. 23.2).

The readings of patch tests must be done by 
a dermatologist with adequate experience, and 
even in this case inter-observer variability has 
been demonstrated, when discriminating irri-
tant and doubtful reactions and distinguishing 
between doubtful and weak positive reactions 
[65, 66]. It has also been observed that some 
substances (corticosteroids) in a liquid vehicle 
can give rise to a ring-shaped test reaction, and 
that clearly allergic reactions are then elicited at 
higher concentrations of the same allergen [67]. 
A continual process of standardization of read-
ing parameters is therefore desirable [65].

23.4.1  Irritant Reactions

The irritant reaction has typical morphologi-
cal characteristics, although it may sometimes 
be difficult to differentiate from a “one plus” 
reaction.

Irritant reactions are, of course, more likely 
when testing the patients’ own materials or 

Table 23.5  Positive reactions to nickel at D1–D5 in 577 
patients

D1 D2 D3 D4 D5
N° patients 250 296 21 8 2
% Positive reactions 43.3 51.3 3.6 1.5 0.3

Table 23.6  Reading times of patch tests after 48 h 
occlusion: 3510 positive reactions among 3312 patients

Positive reactions at D2 90.7% 98.2%
Positive reactions at D3 7.5%
Positive reactions at D4 1.5%
Positive reactions at D5 0.2%
Positive reactions at D6 0.1%
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substances that are not well known, so their 
concentration is not standardized. Even within 
the baseline series there can be problems of this 
type, as with formaldehyde, for example. When 
doubts arise, a dilution series should be per-
formed: in the presence of a true allergen, there 
will be a positive reaction in several dilutions, 
whereas this will not occur in cases of an irritant 
reaction.

In irritant type reactions the fine structure is 
not homogeneous all over the test area and the 
margins are in most cases clearcut. There are 
various types of irritant reactions (Table 23.8). 

Among those most frequently observed, purpu-
ric reactions (Fig. 23.3) are generally induced 
by cobalt chloride. Pustular reactions, with ele-
ments in follicular sites or the sweat gland out-
lets, sometimes on a poorly erythematous base, 
are generally linked to metals (chromium, cobalt 
and, in particular, nickel) (Fig. 23.4) and are 
most often observed in children and atopic sub-
jects; cytodiagnostic examination of the pustules 
reveals neutrophils. Exclusively papulous reac-
tions in follicular sites are not significant either. 
Blisters are uncommon if optimal hapten materi-
als are used; if they appear, or there is necrosis, 

Table 23.7   Qualitative/quantitative evaluation of allergic reactions

? + Doubtful reaction: faint erythema only
+ Weak positive reaction: homogeneous erythema, infiltration, possible papules or 

vesicles
++ Strong positive reaction: erythema, infiltration, papules and vesicles
+++ Extreme positive reaction: erythema, edema, infiltration, coalescing vesicles
IR Irritant reaction
– Negative reaction
NT Not tested

Fig. 23.1  Positive patch test reaction with indistinct borders (Reproduced with permission by Nettis and 
Angelini [8])
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an artefact should also be suspected, consciously 
induced by a simulator for illicit purposes (e.g. 
to gain recognition of an occupational disease) 
(Fig. 23.5).

The soap or shampoo effect, in which the 
skin is weakly erythematous, the skin folds are 
accentuated and the margins of the lesions are 
clearcut, is due to substances with a tensioactive 
power (soaps, shampoos, quaternary ammonium 
salts, triethanolamine). Owing to the poor vis-
cosity of vaseline or other vehicles, the hapten 

material can accumulate at the periphery of the 
test area, at a relatively increased concentration, 
thus causing erythemato-purpuric and/or bullous 
lesions (“edge effect”) (Fig. 23.6).

The excited skin syndrome, or “angry back”, 
is a skin hyperreactivity phenomonen whereby 
an intense positive reaction to one or more sub-
stances (e.g. those whose concentration in use 
for patch tests is near to the irritant threshold: 
formaldehyde, wool alcohols, parabens, para-
phenylenediamine) can give rise to false positive 
reactions to nearby haptens, even if to a lesser 
degree. This can also occur when patch tests are 
executed in the active disease phase, and when 
cross reacting substances are tested nearby. If 
this phenomenon is observed, all the substances 
that elicited positive responses must be retested, 
one at a time, at intervals of one week between 
each.

Reading patch tests on D3/D4 can be useful 
also in order to differentiate positive from irri-
tant reactions: in fact, the former tend to show 

Fig. 23.2  Positive patch test reaction with demarcated borders (Reproduced with permission by Nettis and Angelini [8])

Table 23.8  Irritant reactions

Non homogeneous faint erythema
Purpuric reaction
Pustular reaction (sometimes with weak erythema)
Papular elements with a follicular pattern
Shampoo or soap effect
‘Cigarette paper’ skin
Bullous reactions
Necrotic reactions

Excited skin syndrome
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an increased intensity over time whereas the lat-
ter generally decline or resolve over time.

23.5  False-Positive Reactions 
and False-Negative Reactions

Most common causes of false-positive and 
false-negative reactions are reported in 
Tables 23.9 and 23.10.

Some causes of false-positive reactions are 
controllable but others cannot be monitored. 
It may sometimes be useful to execute control 
tests using a blank patch or one containing just 
vaseline.

Among uncontrollable causes of false- 
negative reactions, the following are the most 
common events: the execution of the patch tests 
during a refractory or “anergic” phase; the test 
does not reproduce the real clinical conditions 

(e.g. multiple applications of the etiological 
agent in favoring conditions, such as sweating, 
pressure, damaged skin, friction); the possibil-
ity that the transcutaneous penetration is less 
in the test application site than in the clinical 
exposure (axillae, eyelids). In the latter event, 
scratch-patch tests or pretreatment of the site 
with stripping can be made, or else enhancers of 
skin absorption can be used (e.g. transcutol) [68].

23.6  Testing with the Patient’s Own 
Products

Guidelines for patch testing with the patient’s 
own products have been reported in the lit-
erature [1, 69–71]. These tests are particularly 
important in cases of occupational contact 
dermatitis, because many substances present 
in working environments are not available in 

Fig. 23.3  Irritant purpuric patch test reaction to cobalt chloride
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standardized doses on the market. Other fre-
quent test materials are topical medicaments, 
cosmetics, and rubber and leather products.

The execution of tests with the patient’s own 
materials requiries proper experience and a 
highly trained staff. Above all it is important to 
know all about the products to be tested, relying 
on safety data sheets, lists of ingredients on the 
packages (INCI lists) products information leaf-
lets, and the internet. Much of this information 
needs to be provided directly by the manufactur-
ers, although producers are often not aware of 
contaminants or materials present under a differ-
ent nomenclature.

The concentration of a substance that must be 
patch tested is vitally important. It may be too 
low in a product and so give rise to false- negative 
reactions. Many products need to be diluted 
in view of their irritant potential (shampoos, 

toothpastes), and this can also give rise to 
false-negative reactions. On the other hand, when 
a product is not sufficiently diluted it can elicit 
false-positive reactions or induce sensitization. 
It is therefore important to know the ingredients 
of a product in order to be able to test them sin-
gly. In this regard, some cosmetic companies 
provide the separate ingredients of a product at 
adeguate concentrations for patch testing, while 
others tend to supply the ingredients in dilu-
tions as used in the products, that may be too 
low and therefore give rise to false-negative reac-
tions. Dermatological centers with experience in 
non-standard test materials prefer to decide for 
themselves about the concentration, provided 
they have access to the pure substance and have a 
detailed knowledge of the chemical toxicity.

In any case, it is wise not to test completely 
unknown substances because of the possible 

Fig. 23.4  Irritant pustular patch test reaction to nickel
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local (necrosis, scarring, pigmentation/depig-
mentation) and systemic side effects they could 
induce. For the same reason, one should not 
test extremely hazardous substances, like strong 
acids and alkalis, and poisonous chemicals.

Other than patch and photopatch tests, addi-
tional methods can also be employed, such as 
open and semi-open or semiocclusive tests, use 
tests, repeated open application tests (ROATs), 
and prick tests (in cases of protein contact der-
matitis or immediate skin reactions). Patch 
tests are done with products lacking any irritant 
substances (cosmetics, lotions, topical medica-
ments), while open and semi-open tests are use-
ful if the products contain irritant ingredients 
(shampoos, liquid soaps, nail varnishes, medica-
ments containing benzoyl peroxide, tretinoin, 
capsaicine, quaternary ammonium compounds, 
industrial products such as glues, paints, inks, 
varnishes). The material is appliesd on the skin 
with a cotton swab (about 15 µl) on a small area 

(2 × 2 cm) and left to dry; then it is covered with 
acrylic tape [71].

The choice of vehicle depends on the product 
characteristics, solubility and pH. When testing 
water-soluble chemicals, it is necessary to check 
the pH before testing. Neutral products (pH 
4–9) can be diluted in distillled water (at this 
pH range few irritant type reactions occur). For 
more alkaline or acidic substances, the use of 
buffer solutions is recommended to reduce skin 
irritability: acid buffer (pH 4.7) is used for alka-
line products (pH > 9) and alkaline buffer (pH 
9.9) for acid products (pH < 4) [72]. Substances 
with a pH of less than 3 or more than 10, that 
are normallly used in closed systems, should not 
be tested. Water-insoluble chemicals are usually 
diluted in petrolatum or, alternatively, acetone, 
ethanol, olive oil.

Solid materials can be used as is, placing 
scrapings or fragments in the test chamber 
or directly on acrylic tape. Pieces of material 

Fig. 23.5  Irritant bullous patch test reaction: an artefact in conscious simulator
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(textiles, gloves, shoes) (2 × 2 cm mois-
tened with saline solution) or scrapings of 
plastic materials are placed in occlusion for 
48 hours. In these conditions, however, the 
possibility of false-negative (sensitizer con-
centration too low, sensitizer not released) 
or false-positive reactions (pressure effect of 
sharp particles) should be taken into account. 
The sensitizer can be extracted with water or 

solvents, depending on the characteristics of 
the material to be studied. Alternatively, for 
solid materials ultrasonic bath extracts can be 
used (small pieces of the material, in water 
or organic solvents, extracted in an ultra-
sonic cleaner device and finally filtered) [73]. 
Another method is to perform patch tests with 
thin layer chromatograms of textiles, gloves, 
rubber, and any other materials [74].

Fig. 23.6  Irritant patch test reaction (“edge effect”) (Reproduced with permission by Nettis and Angelini) [8])

Table 23.9  Most common causes of false-positive reactions

High concentration of the hapten
Irritant vehicle (in particular solvents)
Impurities or contamination products in the test substance
Eczematous lesions on or near the site of application of the test
Execution of patch tests in the active disease stage
Highly irritable skin
Intense reaction to the patch
Substance in crystals form not uniformly distributed in the vehicle
Mechanical irritation due to solid material compressed in the support
Excited skin syndrome

Finn Chamber® (following immunotherapy with intradermic allergenic extracts for allergy to pollens, some patients 
develop sensitization to aluminium. Moreover, some substances with a mercury base can react with aluminium)
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Table 23.10  Most common causes of false-negative reactions

Low concentration of the hapten
Insufficient quantity of hapten applied
Substance not released by vehicle
Insufficient occlusion
Too short a duration of the contact due to detachment of the test apparatus
Test not applied at the recommended sites
Topical treatment with corticosteroids or UV irradiation at the test sites
Reading of tests not prolonged over time: some substances can give ‘delayed’ reactions
Allergen in non active form, because insufficiently oxidated (turpentine) or degraded
High patient sensitization threshold

Systemic treatment with corticosteroids or immunosuppressants

Table 23.11  Testing of some patients’ products

w = water, pet = petrolatum, oo = olive oil

Product Concentration Comment
Eye makeup As is Semi-open test first (mascara, cleansers)
Facial makeup As is Photopatch for sunscreens in lipsticks
Moisturizers As is Photopatch for sunscreens

ROAT or use test to confirm positive patch test reaction with 
lotions

Sunscreens As is Photopatch tests
Self-tanning creams As is
Perfume products As is Photopatch for chronic actinic dermatitis
Deodorants As is
Shaving products (creams, 
soaps)

1% (w) Semi-open test

Cleaning products 1% (w) Semi-open test
Hairdressing products
     Spray, gels As is Semi-open test first
     Dyes 2% (w) Active sensitization possible; semi-open test
Nail cosmetics
     Lacquers As is Semi-open test only
     Lacquer removers Do not test (highly irritant)
     Glue for artificial nails 0.01–1% Semi-open test first
Paints, lacquers 0.1–5% (pet.) Detailed information on chemical composition first
Organic solvents 0.1–10% (pet.)
Greases, oils
     Lubrificant greases As is and 20% (pet.) Semi-open test first
     Lubrificant oils As is, 50%,10% (oo)
     Hydraulic oils 1% (oo)
Metal working fluids
     Water-based 5% (w)
     Oil-based 50% (oo)
Adesive tapes As is
Glues 1–10% (pet.) Semi-open test only; strong irritants



51323 Patch Testing

Table 23.11 reports details on how to test 
some patients products [71]. Leave-on cosmet-
ics and topical medicaments can be tested as is 
but a negative result does not exclude a contact 
allergy (possible low concentration in the prod-
uct). Rinse-off cosmetics can be tested at con-
centrations of 1–10% in aq., depending on the 
formulation.

Metal-working fluids are often diluted before 
use at the work place. The allergens they con-
tain are biocides, rust preventives, emulsifi-
ers, and tall oil derivatives. It is best to take the 
 products to be used directly off the machine 
because they may contain important impurities, 
like metals, preservatives and perfumes added 
as odour masks in the circulatory system. Fresh 
water-based products are tested at a concentra-
tion of 5% in aq.; used products have generally 
been diluted at 4–8% and so can be tested as 
is, while otherwise the concentration must be 
adjusted to 5%. Oil-based metalworking fluids, 
fresh or used, are tested at a 50% concentration 
in olive oil.

Powdery materials (ground dust, scrapings 
or small cut pieces) should first be moistened 
with water or organic solvents and then tested 
in chambers. Larger pieces (textiles, gloves) can 
be tested semi-open, covered with surgical test 
tape, without a chamber.

As regards plants, fresh or dried material can 
be tested as is provided that the botanical iden-
tity is known. The different parts of the plant are 
tested in duplicate, with a drop of saline and eth-
anol, since some components are water-soluble 
and others ethanol-soluble. Tropical woods may 
be strong irritants or sensitizers.

Naturally, any center that intends to test the 
patient’s own products must be equipped with 
the proper laboratory equipment (containers, 
syringes, stirrers, spatulas, mortars, pipettes, 
etc.).

23.7  Potential Adverse Effects

According to the various authors, the great-
est hazard is the omission of patch testing pro-
cedures in the management of patients with 

contact dermatoses [7, 75], as this omission 
could cause the dermatitis to become chronic 
and gradually worsen, seriously affecting the 
patient’s work and quality of life.

Like all in vivo diagnostic methods, patch 
tests can have adverse effects, albeit rarely and 
in most cases of a mild degree (Table 23.12). 
The occurrence of adverse effects is directly 
proportional to the dermatologist’s experience 
and to any failure to observe the correct norms 
for the performance of the tests and recommen-
dations reported in the guidelines. In any case, 
adverse effects must be regarded as “complica-
tions” not “risks” of patch tests, and therefore 
should not exclude their use.

Irritant Reactions. Skin irritation can be 
observed when testing non standardized prod-
ucts or substances, despite appropriate dilutions. 
Irritant and allergic reactions to patch test mate-
rials and to adhesive tapes have been greatly 
minimized since the introduction of modern 
acrylate adhesives and aluminium patches (Finn 
Chamber ®) (Figs. 23.7, 23.8, 23.9, and 23.10) 
[76–86].

Active Sensitization. This is an important 
complication of patch testing, even if rare. It 
consists of a positive patch test reaction that 
generally develops after two weeks from an ini-
tial negative response on the same site. It can 
sometimes be difficult to differentiate active 
sensitization due to patch testing from a delayed 
patch test elicitation reaction [87]. To confirm 
the diagnosis of active sensitization, the patch 
tests need to be repeated: a positive elicitation 
response appearing after a normal latency of 

Table 23.12  Adverse effects of patch testing

Irritant reactions
Active sensitization
Koebner phenomenon
Persistence of positive reactions
Necrosis, scarring, and keloids
Flare-up and/or worsening of dermatitis
Hyper- and hypopigmentation at the sites of positive 
reactions
Anaphylactoid reactions
Adhesive tape and patch test material reactions

Bacterial and viral infections
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1–4 days supports the suspicion of active sensi-
tization, especially in cases when the substance 
has been diluted 10–100 times [88]. However, 
in some cases it is likely that the tests may 
have the effect of boosting a preexisting weak 
sensitization.

The allergens most prone to give rise to 
active sensitization are paraphenylenediamine, 
para-tertiary-butylcatechol, acrylates tested at 
higher concentrations, compositae mix, primula 
extracts, isothiazolinones, and chloracetamide 
[87–92].

To study the risk of patch tests sensitizing, 
Meneghini and Coll [93] repeated patch testing 
of 181 patients who had contact dermatitis and 
100 patients with various dermatoses: new posi-
tive patch tests were observed in 31 patients with 

eczema and 4 from the other group. The authors 
concluded that the new reactions had been due 
to further environmental exposure rather than 
to patch test active sensitization. In a follow-up 
study, Meneghini and Angelini [94] followed a 
further group of 461 patients who were retested 
one or more times over a period of 3 years 
(Table 23.13); in 25% of the cases of allergic 
contact dermatitis, new positive reactions were 
observed. Nevertheless, the clinical history 
and follow-up of these patients highlighted the 
specific role of further contacts, especially of 
occupational type or with topical medicaments. 
Moreover, in a further 25% of the cases, despite 
the persistence of the harmful contact, the previ-
ous allergic reactivity disappeared, most likely 
due to the development of immune tolerance. 

Fig. 23.7  Allergic reaction to adhesive tape from colophony
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This phenomenon has been demonstrated in both 
experimental and clinical studies.

In addition, the same authors conducted daily 
observation for 20–30 days of 351 hospitalized 
patients affected by contact dermatitis and patch 
tested. They did not observe any cases of active 
sensitization (unpublished data). On the basis of 
this finding, the authors emphasized that patch 

testing does not cause new sensitizations pro-
vided that proper techniques are employed.

Flare-up of Contact Dermatitis. Sometimes, 
a strong positive patch test reaction may be 
accompanied by a specific flare of an existing 
or previous contact dermatitis. These flare-up 
reactions confirm the specific causal role of the 
allergen in inducing the contact dermatitis; they 

Fig. 23.8  Irritant reaction to acrylate-based adhesive tape
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seem to be more frequent in cases of polysensi-
tized patients [95].

The Koebner Phenomenon. A positive patch 
test reaction in a patient with active psoriasis or 
lichen planus may reproduce these dermatoses 
at the patch test sites. This localized effect will 

resolve rapidly with the use of a topical corticos-
teroid product.

Persistent Reaction. A positive patch test 
reaction can sometimes persist for up to several 
weeks. The case of a persistent reaction to para-
phenylenediamine lasting more than one month 
has been reported [96]. Notoriously, gold chlo-
ride 0.5% aq. causes persistent reactions, even 
when the allergic subject has not been reexposed 
to gold for a long time. Palladium tetrachloride 
has also been reported to cause persistent granu-
lomatous reactions [97, 98]. Intralesional injec-
tions of a corticosteroid will rapidly resolve the 
problem.

Pigmentation Alterations. Hyperpigmentation 
from patch testing rarely occurs; it is more 

Fig. 23.9  Allergic reaction to common (colophony) and acrylate-based adhesive tapes (Reproduced with permission 
by Nettis and Angelini [8])

Table 23.13  Results of repeated patch tests done once 
or several times over a period of 3 years in 461 patients 
with contact dermatitis

A. 208 patients with allergic contact dermatitis
1. In 50% persistence of sensitization
2. In 25% disappearance of positive reactions
3. In 25% appearance of new positive reactions

B. 253 patients with irritant contact dermatitis
No appearance of sensitization
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common in dark pigmented subjects. Such a 
change may last for several weeks. Exposure 
to the sun immediately after the removal of 
patch tests for fragrances can induce hyperpig-
mentation. Hydroquinone and various other 
depigmenting substances cause depigmentation 
(see Chap. 17). These pigmentary changes are 
not a serious problem because patch tests are 
normally performed on the back, and so such 

reactions are covered by clothing. Preparations 
like Covermark ® can hide the marks until they 
resolve.

Necrosis, Scarrings, and Keloids. These 
extremely rare adverse effects may occur after 
patch tests with strong acids and alkalis or 
chemicals of unknown composition, in particu-
lar if the patient keeps scratching or a superim-
posed infection develops.

Fig. 23.10  Allergic reactions to modified colophony present in adhesive tape used to fix the filter papers patches
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Anaphylactoid Reactions. In rare cases, these 
have been observed 30 minutes after performing 
patch tests with penicillin, neomycin, gentamy-
cin, or bacitracin. Ammonium persulfate, used 
to bleach hair, can in rare cases produce a non 
specific idiosyncratic release of histamine and 
consequently an anaphylactoid reaction, and 
should not therefore be used for routine patch 
testing.

23.8  The Excited Skin Syndrome

The term “angry back” is used to describe a 
regional phenomenon caused by a strongly 
positive reaction whereby, due to a state of skin 
hyperreactivity, various other nearby patch test 
sites become reactive (Fig. 23.11) [99–101]. 
Repeating patch tests with the substances that 
gave these concomitant “positive” reactions, it 

Fig. 23.11  Multiple positive patch test reactions (excited skin syndrome)
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was found that 42% of them were negative, sug-
gesting that false-positive reactions had occurred 
[101]. The approximately 40% incidence of 
excited skin syndrome has been confirmed by 
other authors [102]. In such circumstances each 
substance needs to be retested singly.

The allergens that most often induce strongly 
positive reactions, and hence non specific reac-
tions in adjacent patch tests sites, are nickel sul-
fate and potassium dichromate. Therefore, when 
a patient’s history strongly suggests causality 
of one of the two allergens, it can be tested in 
another skin site in order to minimize the phe-
nomenon, also known as “status eczematicus” 
[103]. Since patch tests can be performed else-
where besides the back, the term “angry back” 
was later changed to “excited skin syndrome” 
[104, 105]. In subjects with excited skin syn-
drome on the shoulders, patch tests repeated on 
the arms give comparable results, some of which 
are reproducible and others non reproducible; a 
strong reaction on an arm can produce a unspe-
cific response on the other arm, so the phenom-
enon is not necessarily localized.

This phenomenon, not convalidated by other 
studies [58], has raised the problem of reactions 
that can be lost when retesting patients. It is, of 
course, true that over time new reactions can 
develop. This was demonstrated by Meneghini 
and Angelini [94] who patch tested 309 patients 
with contact dermatitis and found that 208 of 
them had one or more positive tests. Retesting 
the same patients with the same series of 31 
allergens after 1–36 months from the first patch 
testing, a new situation emerged, featuring 52 
cases of “loss” (25%) but 52 new cases (25%) 
(Table 23.13). Also other authors, retesting 174 
patients with the same allergens five years after 
the original testing, found 18% of ‘lost’ cases, 
29% with new reactions and 53% with the same 
positive reactions [106].

The principles to be followed in cases of 
excited skin syndrome are summarized in 
Table 23.14. If several positive responses to 
patch tests are obtained it is important to probe 
more deeply into the clinical history; this may 

be sufficient to resolve the problem, inasmuch as 
all the reactions could be found relevant. It is not 
necessary to retest singly those haptens that have 
elicited positive reactions if contact with them 
is easily avoided (e.g. neomycin), or when the 
clinical history decidedly denies any relevance. 
By contrast, it is clearly important to retest ubiq-
uitous substances or those that are difficult to 
avoid, or otherwise when a medicolegal judg-
ment is involved, or a job change for the worker 
under observation.

The pathogenic mechanism underlying 
the excited skin syndrome is not known. The 
phenomenon does not seem to be linked, in 
the absolute sense, to a state of delayed gen-
eralized hypersensitivity. In fact, it has been 
shown in albino mice [107] and guinea pigs 
[108] that it can also be provoked by an irritant 
mechanism. 

23.9  Clinical Relevance

In order to establish the diagnosis of allergic 
contact dermatitis, at least two important steps 
should be considered: the accurate recording 
of positive patch test reactions as true allergic 
reactions or false-positives, and the assessment 
of their clinical relevance. This second point is 
extremely important in order to be able to offer 
the patient useful prevention norms.

Few works in literature have dealt specifi-
cally with the problem of the clinical relevance 
of positive reactions [109–115], and in one 
of these studies complaints were made about 
the lack or insufficient consideration of the 
relevance in most clinical studies of allergic 
contact dermatitis [112]. In practice, the ques-
tion of relevance is not easily solvable and one 
cannot but agree with Ian Wahlberg when he 
said that “evaluating the relevance of a reac-
tion is the most difficult and intricate part of 
the patch test procedure, and is a challenge to 
both dermatologist and patient. The dermatolo-
gist’s skill, experience and curiosity are crucial 
factors” [114].
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Table 23.14  Behavior strategy in patients with excited skin syndrome

1. If several positive reactions appear, concentrate on eliciting a more detailed clinical history
2. It is not necessary to retest substances singly if:
A. the substance can easily be avoided
B. the clinical history decisively denies any relevance
3. It is important to retest single substances if:
A. the substance is ubiquitous
B. the substance is not easy to avoid
C. the patient has the possibility of a job change

D. a medico-legal assessment is involved

Table 23.15  Assessment of clinical relevance of posi-
tive patch test reactions

1. Probe the present and past clinical history more 
deeply
2. Reconsider occupational and non occupational 
exposure
3. Important clinical aids
a. Correspondence between the site of the dermatitis and 
site of exposure
b. Peculiar clinical pictures due to specific allergens
4. Consider recurrence or worsening of the dermatitis 
following patch tests
5. Carefully consider all possible contact modes (direct, 
airborne, ectopic)
6. Consult detailed lists of ubiquitousness of allergens
7. Consider a visit to inspect the work place
8. Analyze the environmental conditions at the work 
place
9. Gather information about chemical products from the 
producers

10. Resort to additional tests

Table 23.16  Additional tests to make a more precise 
assessment of relevant reactions

Use test
Roat
Patch tests with scaled dilutions of the allergen
Chemical analysis of the incriminated product
Search for impurities in the incriminated product

Spot tests

Relevance is the capability of a diagnostic 
system—in this case, patch testing—to select 
and highlight data appropriate to a patient’s 
needs [111]. In this regard, positive test reac-
tions can be classified in three categories based 
on the medical history [1, 113, 116].

Current Clinical Relevance. “Current” or 
“present” relevance is applicable when expo-
sure to the allergen eliciting positive results can 
be demonstrated, and this exposure can fully or 
partly explain the localization and the course of 
the current dermatitis that led the patient to seek 
a dermatological visit, and the resulting execu-
tion of patch tests. The dermatitis therefore dates 
back some weeks or even months.

Past Clinical Relevance. This refers to clini-
cal events in the past, explainable by the aller-
gen but not directly correlated to the current 
clinical problems. Among previous clinical 
events and the current situation there is therefore 
an interim period of some time.

The possible coexistence of past and current 
clinical relevance also needs to be taken into 
account. Between present and past relevance it 
is not always easy to make a clear distinction: 
in fact, the dermatologist is often faced with the 
same harmful contact repeated over time, even 
if discontinuously, that started in the past and is 
still present today.

Unknown Clinical Relevance. All the possible 
events that do not fit into the above three points 
can be summarized in this last point. The posi-
tive reaction to a patch test in this case may be 
a sign of manifestation of a latency due to a past 
sensitization to an allergen (mostly of ubiquitous 
type), without there having been any objective 
clinical signs (or perhaps the patient does not 
remember them because they were too long ago).

Other reasons for unknown relevance include:

1. Insufficient information provided by the 
patient, also perhaps due to the clinician’s 
inability to ask the appropriate questions.
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2. The problem of the substance being ubiq-
uitous in the environment and so the signifi-
cance of the contact not being clarified by the 
clinical history.

3. The patient may be sensitized but has never 
developed dermatitis because of lack of expo-
sure to sufficient allergen quantities after the 
sensitization.

4. Contact occurred only with cross reacting 
substances that were used for completely dif-
ferent purposes.

The term of “unknown” relevance should in any 
case be used only with extreme caution and after 
having exhaustively excluded all the above-said 
points through proper clinical history taking and 
investigations.

The assessment of the clinical relevance 
of a positive patch test reaction is, as stated 
above, a complicated process with many pit-
falls. The essential points for making as accu-
rate an assessment as possible are reported in 
Table 23.15. In each case, depending on the 
results of the patch tests, the present and past 
clinical history need to be further probed, as 
well as any specific exposure in an occupational 
or non occupational setting. The various types 
of contact (direct, airborne, systemic, ectopic) 
must be carefully considered. An examination of 
the detailed lists available about the ubiquitous-
ness of allergens, a visit to the work place and 
study of the environmental conditions, as well 
as questioning the producers about the chemical 
products used, can be measures offering practi-
cal aid.

A precise assessment will demand further 
tests (Table 23.16), that need to be resorted to in 
the circumstances listed below.

Positive Patch Test to Substances in Common 
Use Products. In cases of positive patch tests to 
a substance contained in a product (e.g. a cos-
metic) in common use by the patient, can it be 
stated that the reaction is relevant only because 
the culprit hapten is present in the product in 
use? In fact, this cannot be stated with any 
certainty for two reasons. The first is that the 
allergen that resulted positive is contained in the 
incriminated product, but may be present in such 

low quantities that it cannot elicit a reaction and 
so induce the dermatitis in course (it should not 
be forgotten that in normal conditions of use 
patch tests are made to elicit a high level of skin 
stress). If in doubt, the use test or ROAT can 
be made: of 10 patients with positive reactions 
to patch tests with Kathon CG 100 ppm, only 5 
responded to the ROAT with the incriminated 
product [117]. Otherwise scalar dilutions of the 
substances resulting positive can be made, to 
establish the minimal elicitation threshold and 
compare it with the quantity of substance con-
tained in the incriminated product. In this way, 
the problem of stressing the patient with pre-
ventive norms that may then be found useless 
can be avoided. It is pointless to ban the use of 
cosmetics in nickel-sensitive patients because 
although it is true that these products contain 
nickel, they generally contain such low quanti-
ties (<0.5 ppm) as to be unable to elicit a posi-
tive reaction.

The second reason is that the substance that 
elicited the positive response is contained in the 
incriminated product, but may not be released 
because it may be in some way complexed or 
kelated to carriers, preventing its release. In 
this case, too, the use test with the product can 
resolve the doubt.

Chemical analyses of products must be made 
when the aim is to reveal any impurities not 
reported in the ingredients but that may result 
positive because they are present in the patch 
test standard series.

Evaluation of Patient’s Own Products. Also 
in cases of positive reactions to products in the 
patient’s own use, when correctly tested, if nec-
essary chemical analysis of these or the use test 
should be made.

Evaluation of a Negative Patch Test Result. A 
negative patch test to a product does not neces-
sarily exclude its current clinical relevance. If 
a specific product is strongly suspected to have 
contributed to the dermatitis, but gives negative 
patch test results, a use test must be performed. 
In fact, the dose required to elicit a positive 
patch test reaction is up to 28-fold greater than 
the dose needed at open application to elicit a 
reaction in 14 days [118].
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A use test is therefore useful to establish the 
clinical relevance. However, it has some limits, 
being valid in particular for products destined 
for repeated use on the skin, such as creams and 
topical medicaments, or products that regularly 
come in contact with the skin, such as cutting 
fluids at the use concentration, for instance [1].

Further Recommendations. In cases of posi-
tive reactions to nickel, cobalt, chronium, and 
formaldehyde the spot test is recommended, to 
identify sources of exposure at the workplace or 
at home.

In cases of cross reactions, it should be 
remembered that the sensitization could be due 
to another, chemically similar substance, per-
haps after air oxidation or metabolic activation. 
This possibility should be taken into account 
when the substance that caused the positive 
patch test is not present in the environment.

In cases of a doubtful reaction, further inves-
tigations need to be made. The patch tests con-
centration may have been too low and should be 
increased. A weak patch test reaction can also 
be attributable to cross-reactivity to another sub-
stance, that is actually the primary sensitizer.

Finally, if negative patch test results are 
obtained but there is a strong suspicion of true 
sensitization in course, the patch tests should be 
repeated, widening the range of test substances 
as far as possible and also reconsidering various 
‘individual factors’ that could affect the response.

Final Diagnosis. In cases of a current clinical 
relevance in a sensitized subject, the diagnosis 
of allergic contact dermatitis is made. In cases 
of unknown relevance, the subject is clearly 
sensitized and so has a contact allergy, but the 
criteria for a diagnosis of allergic contact derma-
titis are lacking. Nevertheless, since the subject 
is at risk, allergy must in any case be mentioned 
in the diagnosis and prevention norms should be 
suggested to the patient. In some cases exposure 
to an allergen may not fully explain the derma-
titis; constitutional factors and exposure to irri-
tants must therefore be considered.

Assessment of the Clinical Relevance. 
When is it necessary to make a specific assess-
ment of the relevance of an allergic reaction? 
This should, of course, be done in all cases so 

as to be able to provide the patient with tar-
geted prevention norms. Such an assessment is 
in any case mandatory in all cases involving a 
medico-legal judgment, change of work activity, 
pre-employment medical test.

23.10  Patch Testing in Children

Children, whether atopic or not, can be sensi-
tized to various environmental substances, such 
as topical medicaments, cosmetic products, topi-
cal products used by their care-givers (dermatitis 
by proxy), or to any other chemicals that come 
in contact with the skin [17, 18, 119–122]. The 
contact allergens spectrum in children is simi-
lar to that in adults. Patch testing in children is 
considered to be safe, and so is recommended in 
cases of suspected allergic contact dermatitis or 
to exclude the disease.

The patch testing technique is the same as 
in adults. However, in children, and especially 
very young children, some technical problems 
need to be considered [123]. Because of the 
smaller test area on the back, it may be impos-
sible to test the whole baseline series and so 
selection must be made of the allergens, that 
should include the products the child is actually 
exposed to, such as topical products, antiseptics, 
and toys (patient’s own materials) with their 
potential ingredients, while contact allergens 
used for occupational settings can be omitted.

In cases of contact dermatitis following the 
use of temporary black henna tattoos, paraphe-
nylenediamine at a concentration of less than 
1% pet. for a shorter exposure time [64], or 
else open testing, to avoid strong patch test reac-
tions, can be done [93].

Due to the greater mobility of younger chil-
dren, a stronger adhesive tape should be used.

23.11  Patch Testing in Occupational 
Contact Dermatitis

In cases of work-related contact dermatitis, the 
dermatologist needs to have a certain experience 
of the various work activities, the respective 
substances the worker will be exposed to, and 



52323 Patch Testing

the work cycles. In such cases, a medico-legal 
judgment is often required.

When taking the patient history, the specific 
work activity must be taken into account, and 
the specific environment where it is performed; 
analysis of the latter can be done in collabora-
tion with the occupational healthcare staff, 
including an occupational hygiene specialist.

The products and materials the patient comes 
in contact with should be collected, and infor-
mation on each of their ingredients acquired. 
Spot tests can be helpful to screen the environ-
ment for the presence of some allergens. For air-
borne allergens it is necessary to collect samples 
of air and dust for chemical analysis. Patch tests 
must also be made with materials at the work 
station, according to the norms reported for 
patients’ own materials.

Assessment of the clinical relevance of 
the patch test results may be needed for 
medico-legal, prognostic and preventive pur-
poses. Sometimes, the incriminated allergen 
can be present in both the occupational and a 
non occupational context, and it may be difficult 
to estimate the relative contribution of the two 
forms of exposure.

23.12  Patient Education

Patients should be properly informed about 
all clinical, etiological and environmental 
aspects, occupational or not, of their dermatitis. 
Sufficient time needs to be devoted to preven-
tive measures, bearing in mind the obvious dif-
ficulties in managing the problem that patients 
may encounter. Information communicated 
orally must be supported by written informa-
tion (prevention cards) to ensure that the patient 
gains the best understanding of their complex 
problem.

In addition, patients should be informed 
about possible concomitant causes that can 
complicate the dermatitis or cause it to become 
chronic: constitutional factors, personal hygiene, 
irritant contact at home or at work, and the 
possibility of cross reactions and secondary 
allergies.

Spot tests can be done by the patients them-
selves to identify metal objects containing 
nickel, for example, both at home and at work.

Another fundamental part of prevention is 
that Allergology Centers should arrange meet-
ings with patients suffering from allergies, in 
order to reinforce the prophylactic criteria and to 
update their knowledge of practical allergologi-
cal aspects.
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Photopatch Testing

Paolo Daniele Maria Pigatto, Alessia Pacifico, 
Giovanni Damiani and Antonio Cristaudo

Patients with a positive history for photoexposed 
site dermatitis, precipitation or aggravation by 
sunlight exposure or an adverse reaction to a 
sunscreen –containing product, should be inves-
tigated with this technique. PPT should also be 
considered in a photosensitive patient who dete-
riorates without identifiable cause.

The method involves the application of dupli-
cate series of allergens and, after 24–48 hrs, one 
set of allergens is irradiated with a suberythemal 
dose of UVA. The results are assessed 48 hrs 
following irradiation, although several centers 
do additional readings at other time points.

Considerable difficulty may be encountered 
in interpretation of the PPT results as phototox-
icity, photoallergy and photoaugmentation of 
either irritancy or contact allergy may compli-
cate the clinical morphology.

It is clear that with higher doses of irra-
diation, irrelevant phototoxic reactions can be 
induced in the normal population further empha-
sizing the difficulties in distinguishing between 
toxicity and true allergy. Chemical sunscreens 
are currently the main photoallergens of rel-
evance and despite the problems with method-
ology, the incidence of photocontact allergy to 
sunscreens appears to be low although clinically 
significant [2].

Photocontact allergy has been reported to 
most of the chemical sunscreens available in 
commercial products. However, frequent review 
of the agents is required in order to define the 

© Springer Nature Switzerland AG 2021 
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24.1  Introduction

The photocontact reaction is a delayed type hyper-
sensitivity in response to the synergical presence 
of an exogenous contact agent (photoallergen) 
and ultraviolet/visible irradiation. A positive reac-
tion may result from a combination of an irritant 
or contact allergen with irradiation or, much less 
commonly, be due to photocontact allergy [1].

Photopatch testing (PPT) should be used in 
patients clinically suspectful for photocontact 
allergy, with erythematous/eczematous derma-
titis involving only photo-exposed body areas. 
This is a relatively simple technique which is not 
standardized to the same extent as patch testing. 
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and skin cancer. Moreover, ultraviolet (UV) fil-
ters are often contained in cosmetics and day 
care skin products in order to prevent photoage-
ing. The presence of UV filters in cosmetic prod-
ucts is responsible to an increase in the incidence 
of photoallergy to these compounds and in some 
cases substances like isopropyl dibenzoylmeth-
ane were definitively removed from the market.

Recently, evidence point out that a correct 
sunscreen strategy should employ filters capable 
to stop both UVA and UVB, since UVA play a 
pivotal role either in photocarcinogenesis or in 
photoageing processes. UV filters can be divided 
in organic and physical agents. The physical 
agents (zinc and titanium oxide) usually do not 
induce sensitization since they act reflecting 
UV without undergoing photochemical reac-
tions. They also reflect visible light so they tend 
to confer a white appearance. This cosmetically 
unpleasant characteristic has been reduced intro-
ducing the use of microfine titanium dioxide. 
Even in this case sensitization does not occur 
and the microfine form might be used in high 
concentrations without percutaneous absorption. 
Microfine particles tend to aggregate and the 
aggregation leads to a decreased effectiveness. 
In order to prevent this, they are coated with 
dimethicone, thus reducing free radical forma-
tion and increasing photostability [7, 8].

Organic filters absorb UV through a chemical 
transformation that confers the potential to be 
photoallergenic.

Organic filters can be divided in the follow-
ing groups:

– Benzophenones: it is mainly a UVB absorber 
but it also absorbs a small part of the UVA 
range (UVA II) and it augments UVB pro-
tection. During UV exposure oxybenzone 
becomes highly unstable and generates oxy-
gen radicals. This compound is one of the 
most commonly used but it has been regarded 
as the most allergic agent and it has been 
proved to determine the highest incidence of 
contact and photoallergic dermatitis.

– Para-aminobenzoic acid (PABA): it is the 
first UVB filter having a peak of absorption 
at 283 nm. PABA is not soluble and binds 

scale of the problem and to account for changes 
in exposure pattern.

In 2012 a consensus PPT series was estab-
lished on the basis of the results of a European 
multicenter study that was conducted in 30 differ-
ent centers between 2008 and 2011. Twenty sub-
stances were chosen to be part of the European 
photopatch test baseline series and additional 15 
substances were recommended to be included for 
a selected population of patients [3, 4].

24.2  Prevalence

Photoallergies prevalence in the general population 
remains still elusive. Remarkably, patients with 
photodermatoses are frequently misdiagnosed as 
photoallergic, due to the large use of sunscreens 
among photosensitive patients. This clinical behav-
ior might be explained considering the big amount 
of sunscreens applied on the skin by photosensitive 
patients. Filters applied on a damaged and chroni-
cally inflamed skin tend to easily penetrate through 
the epidermal barrier. This is the main reason why 
until 10 years ago, most reports of PPT series sug-
gested that 7–10% of tested patients had at least 
one photoallergic reaction [5, 6].

24.3  UV Filters/Photoallergens

Many substances have been described as pho-
toallergens, including halogenated salicylani-
lides and sulfonamides. They caused many cases 
of photosensitivity until they were excluded 
from the marketplace and they were replaced by 
other substances in several industrial products 
(cosmetics, pharmaceuticals). Musk ambrette 
use was also diffused in high concentrations in 
toiletries, aftershaves, soaps and hair sprays. Its 
fragrance caused eczema localized to the appli-
cation area or a more widespread dermatitis. The 
concentration of this fragrance was gradually 
reduced and the incidence of this kind of eczema 
dramatically decreased.

In the last 30 years, a great increase in the use 
of sunscreens has been recorded in response to 
several educational campaigns on photoageing 
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keratinocytes via hydrogen bond. This prop-
erty allows to withstand water immersion and 
perspiration determining in the meantime 
skin staining. Many reports of contact aller-
gies to PABA exist and there are also con-
cerns regarding the carcinogenic potential of 
this agent. PABA has been recently replaced 
by less effective PABA derivatives includ-
ing Padimate O that do not stain skin and it 
is combined with other UV filters in order to 
increase the overall SPF

– Cinnamates: After PABA, Cinnamates (octi-
noxate and cinoxate) are the most potent 
UVB absorbers and unlike PABA and its 
derivatives they do not stain and rarely cause 
irritation. Sunscreens containing cinnamates 
require frequent reapplication since they are 
less potent and have a decreased water resist-
ance as compared to Padimate O.

– Salycilates: The Salicylates group includes 
octisalate, homosalate and tolamine saly-
cilate. They are considered as the weakest 
UVB absorbers and high concentrations of 
these compounds are required to obtain a 
proper SPF. Salicylates are usually used to 
augment the UVB protection in a sunscreen. 
Octisalate and homosalate are highly pho-
tostable agents and they both have a good 
safety profile. They are commonly used to 
stabilize other sunscreen ingredients [9–11].

In about 65% of patients photoallergic reac-
tions are due to organic filters (in particular 
 benzophenone-3 and benzophenone-10) [12].

Photoallergens other than UV filters include 
in the majority of cases topical non steroidal 
anti-inflammatory drugs (NSAIDs), a category 
of drugs commonly used in Europe. Also chlor-
promazine may induce photoallergic reactions 
[13–15].

24.4  Methodological Issues

The major indication for PPT is the onset 
of eczema affecting UV exposesed areas. In 
some cases patients use substances potentially 

photoallergenic and cutaneous manifestations 
exacerbate following sun exposure.

False negative results can be obtained in 
patients treated with immunosuppressive drugs 
either applied topically or given systemically 
and antihistamines. When programming PPT it 
is suggested to stop immunosuppressive drugs at 
least 1 week before performing the test.

When programming PPT, substances which 
frequently cause phototoxic reactions should be 
avoided. The list of agent tested varies greatly 
among different centres. There is agreement that 
substances of historical interest including anti-
bacterial salicylanilides, sulphonamides should 
be omitted. In the last period PPT investigated 
reactions to organic sunscreens. In Europe, 
also reactions to NSADs agents should be 
considered.

The best choice of site corresponds to the 
mid upper back skin, avoiding 3–5 cm on either 
side of the vertebrae. It has been suggested 
to apply maximum 30 agents using the Finn 
Chamber technique. It has been recommended 
that duplicate sets should be placed in the stand-
ard position for either 24 or 48 hours after which 
both they can be removed. Afterwards, one set 
should be shielded by a UV opaque material 
while the other set is irradiated with a broad 
spectrum UVA source [3].

24.5  UVA Source

The source is always UVA because it is more rel-
evant than UVB or visible light to photoallergy.

Fluorescent UVA lamps of the kind used 
for PUVA therapy are commonly used since 
they have an output across all the UVA region. 
Moreover, different types of these tubes have 
similar spectra standardizing the output between 
different centers.

The dose of UVA usually ranges between 
5 and 15 Joules/cm2 since the dose should be 
low in order not to induce sunburn. In case of 
patients very sensitive to UVA and potentially 
carrying the risk of a severe reaction, the sug-
gested dose may be decreased to 2.5 J/cm2 [16].
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24.6  Photopatch Reading

Results should be evaluated using the 
International Contact Dermatitis Research 
Group scoring system immediately after irra-
diation, post irradiation and 48 post irradiation. 
Further readings at 72 and 96 hours are not man-
datory and are aimed to distinguish allergic from 
non allergic reactions. False positive PPT can 
be detected as a result of a weak irritant/allergic 
response [17, 18].

A peak of the reaction within the first 24 
hours indicate phototoxicity whereas a reaction 
becoming stronger after 24 hours usually indi-
cates photoallergy [18].

24.7  Interpretation of Results

Possible reactions to PPT are the following listed 
above:

– Negative
– Photoallergic
– Phototoxic
– Irritant
– Photo augmented irritant
– Photo suppressed irritant
– Allergic
– Photoaugmented allergic
– Photo suppressed allergic

No reaction at non irradiated site but a reaction 
at irradiated site: photoallergy

Equal reaction in both sites: ordinary allergy 
[19].
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Other in Vivo Diagnostic Tests,  
Spot Tests, and Noninvasive 
Techniques

Fabrizio Guarneri

test. Neurological and some infectious dis-
eases (such as leprosy) may be a cause of false 
negatives. Also some medications can alter 
skin reactivity to allergens, and consequently 
an adequate wash-out period, depending on 
the type of drug, must be observed before skin 
prick tests. The most important among these 
drugs are H1-antihistamines and imipramines, 
whose inhibitory effect on skin prick tests 
can last for two to seven days (up to 30 days 
for some older molecules) and up to 21 days, 
respectively. Phenotiazines and corticosteroids 
(particularly topical) seem to have a less pro-
nounced but significant effect, which lasts up to 
ten and seven days, respectively. UV light treat-
ments may inhibit skin reactions, and must be 
stopped four weeks before skin prick tests [1–
3]. Additionally, children may have cutaneous 
hyporeactivity even if not suffering from any 
disease nor being under medical treatment [1].

Materials used for the test are allergen 
extracts, a positive and a negative control, ster-
ile disposable lancets, cotton, alcohol or other 
skin disinfectant; emergency medications 
(corticosteroids, adrenalin) must be readily 
available. Many allergens are available as com-
mercial extracts, but quality and/or potency of 
different preparations may vary significantly, 
as a consequence of their quantitative and/or 
qualitative composition (major and minor aller-
genic proteins, non-allergenic components) and 
extraction/production process (which can cause 
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25.1  Other in Vivo Diagnostic Tests

25.1.1  Skin Prick Test

Skin prick test is the most common in vivo diag-
nostic method for IgE-mediated allergy. It is 
well standardized, minimally invasive, immedi-
ate, economic in comparison with other methods 
and, when correctly performed by adequately 
trained specialists, has a generally high sensi-
tivity and specificity, and an excellent negative 
predictive value (except in the case of some 
extracts, mainly food extracts, containing ther-
molabile allergens) [1–3].

Before executing skin prick tests, clinical his-
tory of the patient must be carefully considered, 
to select the most appropriate allergens for each 
single case and to make sure that necessary pre-
requisites are met. The skin area used for the test 
(volar aspect of the forearm or, less commonly, 
back) has to be clear from lesions, and the 
patient must be evaluated for dermographism. 
A personal history of severe IgE-mediated 
allergic reactions is a contraindication for the 
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from comparison with the positive control: + if 
the average diameter of the wheal caused by an 
allergen is between 3 and 4 mm, ++ if between 4 
and 5 mm, +++ if between 5 and 6 mm, ++++ if 
equal to 6 mm or more [4].

Unwanted effects, infrequent when the test 
is correctly performed, include local large 
reactions (intense erythema and edema, lym-
phangitis and/or lymphadenitis), flares of the 
pre-existing disease, systemic reactions (up to 
anaphylactic shock in exceptional cases) [1–3].

Prick by Prick Test (Prick + Prick Test, Prick-
Prick Test)

This variant of skin prick test is performed 
using the substance to be tested rather than an 
extract. Because of poor standardization, pos-
sible false positive reactions and higher risk 
of unwanted effects, it is recommended only 
when a commercial extract is not available 
or clinical history is strongly suggestive for 
allergy despite negative results of ordinary skin 
prick tests (for possible loss or denaturation of 
some allergens during the preparation of the 
extract). It is mainly used to check for food 
allergy [1, 3, 5].

Apart from this difference, the test procedure 
for liquids is identical to that of ordinary skin 
prick tests. When the substance to be tested is 
solid, it is punctured with the lancet, which is 
subsequently used to perform the test as usual 
[1, 3].

Reliability is generally good, particularly for 
which concerns the negative predictive value, 
but may vary because of the sometimes not uni-
form distribution of allergens in the substance 
tested [6]. Presence of irritants, as well as high 
content of histamine and/or lectins (frequent in 
foods), may cause false positivity or enhanced 
reactions [1, 3, 5].

25.1.2  Intradermal Test

Intradermal test is a potential alternative to 
skin prick test. Compared with skin prick test, 
intradermal test is more sensitive and detects 
immune responses to allergens with greater 

degradation of some substances). Extracts stand-
ardized using biological methods and labelled in 
biological units or micrograms of major aller-
gens are preferable. Positive control usually 
contains 9% histamine hydrochloride or 10 mg/
ml histamine in saline solution, while negative 
control is saline solution or physiological glyc-
erine. Lancets are available in various materials 
and formats; however, plastic devices appear to 
be more frequently associated with false nega-
tive results due to insufficient penetration of skin. 
Emergency medications may become necessary 
in the rare but dangerous cases of systemic reac-
tions caused by skin prick tests [1–3].

To perform the test, the selected skin area 
must be gently wiped with alcohol. Next, one 
drop of each allergenic extract is deposited on 
skin surface, and a lancet is passed through the 
drop, penetrating to a depth of approximately 
1 mm to avoid bleeding. Finally, the drop is 
removed using cotton or blotting paper, without 
spreading it. A different lancet must be used for 
each allergen. The minimum distance between 
drops is 2–3 cm, to avoid cross-contamination 
or overlapping reactions. In the most typical 
situation, when tests are performed on the volar 
aspect of the forearm, the usable area is between 
5 cm from wrist and 3 cm from antecubital 
fossa. Positive and negative controls should be 
applied in the most distal position, and are used 
to verify normal skin reactivity to histamine 
(wheal of at least 3 mm in diameter) and lack 
of reactivity to physical stimulation (no wheal), 
respectively [1–3].

Wheals which occur in allergic subjects reach 
their maximum size in 10–20 minutes, so read-
ing is usually performed at 15 minutes, and the 
average diameter of each wheal is recorded. 
Reactions are considered positive when this 
measure is at least 3 mm. Classically, the inten-
sity of the reaction is expressed in function 
of the ratio between the mean diameter of the 
wheals caused by an allergen and the positive 
control: + if the ratio is between 0.25 and 0.5, 
++ if between 0.5 and 1, +++ if between 1 and 
2, ++++ if higher than 2 [1]. More recent guide-
lines suggest a different system, independent 



53525 Other in Vivo Diagnostic Tests, Spot Tests …

accuracy. Unfortunately, it is also characterized 
by a higher number of false positive reactions 
and a much higher risk of systemic reactions, 
including anaphylactic shock [1, 7, 8]. For these 
reasons, it is not recommended in the diagnos-
tics of allergy to food or aeroallergens, and is 
routinely used only in the diagnostics of allergy 
to insect venom and drugs, where sensitivity is 
particularly important, because of the frequently 
high severity of reactions. To minimize risks, 
intradermal test is performed after a negative 
prick test, and with different dilutions of aller-
gens (this also decreases the possibility of false 
positives) [7].

To perform the test, 0.01–0.02 ml of aller-
gen are injected intradermally, using different 
needles for each allergen or dilution. Pre-test 
recommendations and positive/negative control 
solutions are the same of skin prick tests [1, 7, 
8]. There is no complete agreement on how 
results should be evaluated: the rules used for 
skin prick tests are generally accepted, but some 
authors suggest that the minimum wheal diame-
ter for a positive reaction should be 5 mm, while 
others consider positive any reaction larger than 
the negative control [1, 7].

25.1.3  Scratch Test and Scratch-
Chamber Test

Originally described by Blackley in 1873 and in 
better detail by Schloss in 1912 [8], the scratch 
test is performed by scarification of a small area 
(~5 mm) of forearm of back, where allergens 
are subsequently applied. The scratch-chamber 
test is a variant which involves application of a 
Finn chamber on the test area, to prevent drying 
of the material tested (most commonly foods). 
Positive and negative controls are those used 
for skin prick tests. Scarification is made using 
a sterile lancet or needle, caring not to cause 
bleeding. Results are evaluated 15–20 minutes 
after allergen application, with the same rules 
used for skin prick tests [1].

The scratch test was once very popular: 
Schadewaldt stated that, after the introduction 
of patch test, it started “the history of modern 

allergological skin tests” [9]. However, subse-
quent studies showed that it is less specific than 
skin prick test, and for this reason it is nowa-
days almost abandoned: the most recent papers 
in the international literature which report use of 
scratch test or scratch-chamber test date back to 
2011 [10] and 2003 [11], respectively. Currently, 
these tests may be considered in the diagnostics 
of allergy only in selected cases, when no stand-
ardized allergen is available [1].

25.1.4  Open Test and Semi-open Test

The open test is recommended as a first step in 
the diagnostics of suspect allergy to products or 
substances of uncertain composition, most often 
materials brought by the patient.

The test is usually performed on the volar 
aspect of the forearm, although upper arm or 
upper back can also be used. Depending on their 
characteristics, substances can be applied on the 
skin directly (with some drops of water in case 
of dry materials) or after dissolving them in an 
appropriate solvent (water, ethanol, acetone…). 
Usually, 0.1 ml of fluid are spread on a 5 by 
5 cm area. Products are then allowed to dry, or, 
when this can not happen (e.g. solid materials), 
kept in contact with skin for 15–60 minutes. 
Subsequently, readings are performed at regular 
intervals for 60 minutes, in order to detect urti-
caria or other immediate reactions. Further read-
ing is performed 72–96 hours after application. 
A negative result may be due to lack of sensi-
tization or insufficient penetration of the sub-
stance, but in both cases it is possible to proceed 
with an occlusive patch test [1, 12, 13].

The semi-open test was suggested by 
Goossens [14] for products with suspect irritant 
properties brought by patients, like shampoos, 
detergents, paints, varnishes, cooling fluids, 
pharmaceuticals, and some cosmetics. In this 
test, a small quantity of the product is applied on 
1 cm2 of skin and allowed to dry. After checking 
for irritation or signs of contact urticaria (within 
20–30 minutes), the area is covered with perme-
able tape and read like an ordinary patch test, 
after 48 and 96 hours [1, 12, 13].
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25.1.5  Repeated Open Application Test 
(ROAT)

The standardized form of ROAT was developed 
by Hannuksela and Salo in 1986 [15]. It mim-
ics a use situation, and may be useful in experi-
mental studies as well as in clinical practice to 
clarify the clinical relevance of specific positive 
reactions to patch test; sometimes, it is the only 
method to assess contact allergy to a product [1, 
12, 13].

To perform ROAT, the material to be tested 
(commercial products like cosmetics or topi-
cal drugs, or special test substances identical, 
for vehicle and concentration, to those used for 
patch tests) is applied on a 3 × 3 cm or 5 × 5 cm 
area on the volar aspect of forearm, twice daily, 
for up to two weeks (four weeks in some cases). 
Alternatively, the test can be performed on the 
upper back [1, 12, 13].

The test is considered positive when, in the 
above time frame, an erythematous-vesicular 
reaction is observed. To rule out the possibil-
ity of a reaction induced by components of the 
product different from the hapten of interest, it 
is advisable to simultaneously perform ROAT 
with a hapten-free version of the original prod-
uct on the controlateral forearm. It may also be 
useful to perform the test in a blinded fashion 
[1, 12, 13].

25.1.6  Handling Test and Rub Test

In the handling test, patients are invited to han-
dle the product under investigation as they nor-
mally would, for 15 minutes. This test can be 
used for the diagnosis of contact urticaria, pro-
tein contact dermatitis or allergic contact derma-
titis: reading will be at 20–60 minutes in the first 
two cases, at 48–72 hours in the latter [1].

The rub test or friction test, introduced 
by Oehling in 1961 [9], is performed by rub-
bing the product under investigation on the 
volar aspect of the forearm for 15 minutes. 
Indications and reading times are the same of 
handling test [1].

25.1.7  Oral Challenge Test

Oral challenge test, also known as oral provoca-
tion test, involves oral administration of increas-
ing amounts of a substance. In the diagnostics 
of contact dermatitis, it is mainly used in cases 
of suspect systemic allergic contact dermatitis, 
pompholyx, or systemic nickel allergy syndrome 
[16–18]. The usually tested haptens include met-
als (nickel, gold, chromium, cobalt) and balsam 
of Peru [16, 17]. Additionally, it is used in the 
diagnostics of food allergy and adverse drug 
reactions [1].

Because of possible systemic reactions, a 
careful evaluation of risks and expected benefits 
is necessary in each case, and the oral challenge 
test must be performed in a protected hospi-
tal environment, under strict surveillance of 
adequately trained medical personnel, able to 
promptly manage possible emergencies. Before 
test, the presence of diseases which could be 
aggravated must be excluded. The test starts 
with administration of placebo.

Response to oral challenge test can occur 
in a variable interval of time, from few 
hours to 2–3 days, and consists in a flare of 
dermatitis. Lesions are not necessarily eczema-
tous (they can be also dyshidrotic, papular, 
erythematous-urticarioid, erythema multiforme-
like) and may be localized to previously unin-
volved body sites [1].

25.2  Laboratory Tests

25.2.1  Determination  
of Allergen-Specific Serum 
IgE (RAST, ELISA, ISAC)

The first laboratory technique for the quantita-
tive determination of allergen-specific serum 
IgE was the Radio Allergo Sorbent Test (RAST), 
introduced in 1974 [19]. In this test, an allergen 
bound to an insoluble substrate was incubated 
with the serum of the patient. Subsequently, 
radiolabeled anti-human IgE antibodies were 
added. After washing away unbound antibodies, 



53725 Other in Vivo Diagnostic Tests, Spot Tests …

only the complexes formed by allergen, spe-
cific IgE and radiolabeled anti-human IgE 
remained on the substrate, and the quantity of 
allergen-specific IgE could be assessed by meas-
urement of radioactivity.

A peculiar drawback of RAST was the use 
of radioactive materials. For these reasons, 
it has been replaced by the ELISA (Enzyme 
Linked Immuno Sorbent Assay) test. In all of 
its versions, this test reveals the presence of 
specific IgE bound to an allergen thanks to an 
enzyme-substrate reaction, which produces 
a quantifiable “signal” (e.g. color change) 
whose intensity is directly proportional to the 
amount of specific IgE in the serum tested [19]. 
Quantification is performed using the calibration 
curves reported in the International Standard 
of the World Health Organization [20], and 
expressed in kUa/L.

The third and most recent milestone in the 
determination of allergen-specific serum IgE 
is molecular-based allergy diagnostics. This 
method is a result of the availability of purified 
natural or recombinant allergenic molecules 
(allergen components) at reasonable costs. 
While the traditional ELISA methods may be 
used for molecular-based allergy diagnostics, 
new laboratory instruments allow to perform 
multiplex measurements for many more aller-
gens with a minimal amount of serum. The 
Immuno-Solid phase Allergen Chip (ISAC), a 
system which uses a biochip technology, may 
measure specific serum IgE antibodies against 
more than 100 allergens in a single assay [21, 
22].

Compared to skin prick test, determination 
of allergen-specific serum IgE has higher costs 
and requires longer times to get results. For this 
reason, it is not considered a first-line technique 
in the diagnostics of allergy, despite its good 
standardization, accuracy and reproducibility. 
Traditional methods with allergen extracts (for-
merly RAST, now ELISA) are generally used 
when skin prick tests cannot be performed (e.g. 
possibly interfering treatments, presence of 
cutaneous lesions, other contraindications) or 
the clinical suspect of allergy persists after a 
negative skin prick test. Molecular-based allergy 

diagnostics cannot be considered an alterna-
tive to traditional in vivo and in vitro tests for 
monitoring sensitization; instead, this technique 
may be useful for selection of specific immuno-
therapy, evaluation of cross-reactivity between 
allergens and definition of the intensity of reac-
tion to single allergenic molecules. It is then rec-
ommended in case of poly-sensitization, unclear 
symptom and/or sensitization pattern, or lack of 
response to treatments based on the results of 
other tests [21, 22].

25.2.2  Lymphocyte Transformation 
Test/Lymphocyte Proliferation 
Test

The test consists in the in vitro stimulation, with 
relevant allergen, of memory T-lymphocytes 
present in the peripheral blood of allergic 
individuals, to elicit a specific response [23]. 
Schematically, peripheral blood mononu-
clear cells are isolated from a blood sample 
using density gradient centrifugation, then 
incubated with different concentrations of 
the allergen under investigation (free chemi-
cal or chemical-modified protein) for five to 
seven days, and their proliferation is measured. 
Several variants of the procedure exist, which 
differ in the type of lymphocytes selected, 
culture media and conditions, and/or param-
eters evaluated (additional end-points, cytokine  
secretion).

In various forms, the test has been used in 
studies on hypersensitivity to low molecular 
weight drugs and to achieve detailed knowl-
edge of the mechanisms of skin sensitiza-
tion and allergic contact dermatitis. Allergy to 
nickel is the main focus of such research, but 
studies exist also on allergy to cobalt, chro-
mium, methylchloroisothiazolinone/methyli-
sothiazolinone, 2,4-dinitrochlorobenzene and 
p-phenylenediamine; the study of lipophilic 
chemicals (which include many contact aller-
gens) appears more difficult, because they can 
not be simply dissolved in the aqueous cul-
ture media used for lymphocytes [24]. With 
some modifications, the test can be used also 
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to observe naïve T-lymphocyte activation and 
priming in vitro, allowing to identify potential 
skin sensitizers [25].

While the usefulness of the lymphocyte 
transformation test in research is undeniable, 
attempts to use it in clinical practice yielded 
controversial results. One study showed good 
correlation with patch test in case of positive 
results, but 30% of patch test-negative subjects 
with positive lymphocyte transformation test 
[26]. Other authors reported that the lympho-
cyte transformation test was less sensitive than 
patch test in the identification of  nickel-allergic 
patients [27]. More recent studies instead 
report better results [27–38], maybe because of 
improvements occurred in the quality of rea-
gents and laboratory techniques. However, fur-
ther standardization and more data on accuracy, 
validity and reliability appear still necessary 
and, for these reasons, the test is currently used 
only for research purposes.

25.2.3  Memory Lymphocyte 
Immunostimulation Assay

The memory lymphocyte immunostimulation 
assay is a modified version of the lymphocyte 
transformation test, particularly used in the 
diagnostics of allergy to metals. In this variant, 
defibrinated blood is used instead of heparin, 
monocyte/macrophage content is reduced by 
plastic adherence, and a positive result is defined 
by the presence of lymphoblasts in association 
with increased DNA synthesis [39]. Available 
data on the usefulness of this test in clinical 
practice are contrasting [39–48]: as in the case 
of the lymphocyte transformation test, the main 
criticism made by various authors is the high 
number of false positives.

25.2.4  Leukocyte Migration Inhibition 
Test

The leukocyte migration inhibition test is an old 
assay, based on the observation that, in case of 
allergy, the migration of leukocytes is inhibited 

when they are exposed to the allergen to which 
the patient is sensitized [49]. There are few stud-
ies on the use of this test in clinical practice [50–
52], which essentially suggest that diagnostic 
accuracy is low in comparison to patch test.

25.2.5  Lymphocyte Activation Test

The lymphocyte activation test evaluates the 
expression of CD69 on lymphocytes from 
peripheral blood after stimulation with an aller-
gen. Very few studies are available on its reli-
ability in the diagnostics of allergic contact 
dermatitis, and current evidence, although prom-
ising, is insufficient to recommend use in clini-
cal practice [53, 54].

25.3  Techniques for Identification 
of Haptens in Materials

25.3.1  Spot Tests

“Spot tests” is the common term for a group of 
sensitive and selective detection methods, based 
on chemical reactions, that can be used to assess 
the presence of specific substances in a mate-
rial or product. These tests are performed with 
a drop of reagent added to the test material, and 
a colored spot indicates a positive result (hence 
the name “spot tests”) [1, 55]. Thanks to ease of 
execution and interpretation, some of them can 
be useful in the clinical practice, to find specific 
haptens in objects or compounds suspected as 
possible causes of allergy [1]. A summary of 
spot tests which may be easily used in clinical 
practice for the detection of some common hap-
tens is presented in Tab.25.1; few of them (e.g. 
test with dimethylglyoxime for the detection of 
nickel) are available as commercial kits.

25.3.2  Cromatography

Cromatography is a physical method used to 
separate the components of a mixture on the 
basis of their differential interactions with two 
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chemical or physical phases, defined as “station-
ary phase” and “mobile phase”. The stationary 
phase is the immobile part of the system, while 
the mobile phase moves through or over the sta-
tionary phase carrying the components of the 
sample under investigation. The principle of this 
method is that substances which have stronger 
physical and/or chemical interactions with the 
stationary phase will travel through the system 
more slowly than those which have more affin-
ity with the mobile phase. Based on the charac-
teristics and properties of the substances to be 
separated and identified, various materials can 
be chosen for both the stationary and the mobile 
phase [58].

The first cromatographic system, described 
in 1903 by Mikhail Tswett, contained support 
and stationary phase in a column. This type of 
cromatography, still in use, is known as “column 
chromatography”. A variant, introduced later, 
is “planar chromatography”, where support and 
stationary phase are on an open or plane surface. 
Another type of classification of cromatogra-
phy is based, rather than on the type of support, 
on the type of mobile phase, stationary phase, 
or type of interaction between stationary phase 
and sample components. Thus, we can distin-
guish, for example, gas cromatography (gase-
ous mobile phase), liquid cromatography (liquid 
mobile phase), gas-solid or gas-liquid chroma-
tography, adsorption chromatography, partition 
chromatography, ion-exchange chromatography 
[58].

Thin-layer chromatography (TLC) is a type 
of planar cromatography. In this technique, the 
stationary phase is a layer of adsorbent mate-
rial (usually silica gel, aluminium oxide or cel-
lulose) with a thickness of 0.1–0.25 mm for 
analytical TLC and 0.5–2.0 mm for preparative 
TLC, deposited on a sheet of glass, plastic, or 
aluminium foil. The solvent that constitutes the 
mobile phase is drawn up by capillary action. 
Differently from other types of cromatography, 
in TLC the process is stopped before the mobile 
phase reaches the end of the stationary phase. 
An evolution of TLC is high-performance TLC, 
where a thinner layer of stationary phase and a 
smaller quantity of sample are used, increasing 

resolution thanks to the reduction of diffusion 
of the substances [59]. While easier and requir-
ing smaller samples than “classic” cromatogra-
phy, TLC can only give qualitative results about 
the composition of a mixture, and results are 
not easy to reproduce [59]. In the diagnostics of 
contact dermatitis, TLC may have in some cases 
an additional, direct use in clinical practice: as 
shown by several authors, to determine which 
of the components of a compound is responsible 
for an allergy, it is possible to perform a patch 
test with the TLC strips [60–64].

25.3.3  X-ray Fluorescence 
Spectrometry

X-ray fluorescence spectrometry is a 
 non-destructive technique of qualitative and 
quantitative evaluation of the elements present 
on the surface of materials. In this analysis, 
high-energy X-rays are projected onto the sam-
ple, causing the excitation of atoms, with release 
of electrons from the inner orbitals. To restore 
the original, stable electronic structure, elec-
trons move from outer to inner orbitals, releas-
ing energy as photons. Each element has orbitals 
of characteristic energy, and there is a limited 
number of ways in which electrons can move 
between orbitals: for these reasons, analysis of 
the fluorescent photons emitted by the sample 
after irradiation allows to define type and quan-
tity of the elements present on its surface. In 
particular, the energy of each photon emitted is 
correlated to the atomic number of an element 
(Moseley’s law), allowing qualitative assess-
ment of the sample, while the number of emit-
ted characteristic photons allows to determine 
the quantity of an element [65]. X-ray fluores-
cence spectrometry is accurate, rapid, multiele-
ment, and can be performed without destroying 
the sample. The radiations used have a lim-
ited depth of penetration (up to about 100 μm, 
depending on the elements and on the matrix 
or type of sample) [65], but usually this is not 
a problem when the investigation is aimed to 
detect possible surface haptens responsible for 
contact allergy [66–69]. However, if the sample 
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is not homogeneous, a minimal or, in some 
cases, extensive destruction of the sample may 
be necessary to obtain a correct qualitative and 
quantitative representation of its constituents by 
means of X-ray fluorescence spectrometry [65].

25.3.4  Mass Spectrometry

Mass spectrometry is an analytical technique 
for the identification and quantification of com-
ponents of a sample, which is based on the 
measurement of the mass-to-charge ratio of 
sample-derived ions [70]. This analysis involves 
ionization of the sample and subsequent expo-
sure of the ions to electric and magnetic fields; 
the path of the particles in such system is deter-
mined by their mass and charge. Technologies 
used for the main components of the system (ion 
generator, mass analyzer, detector) and the dif-
ferent steps of the process may vary, depending 
on the type and characteristics of the sample 
and the substances being researched. To further 
expand analytical capabilities, mass spectrom-
etry can be coupled with gas or liquid chroma-
tography [70].

In the clinical practice, mass spectrom-
etry can be highly useful, and has been widely 
used, for the analysis of samples of unknown 
composition and to evaluate the exact quan-
tity of a substance in a sample [71–75]. Indeed, 
high precision in quantitative measurement and 
the ability to detect multiple substances, even 
simultaneously, are important advantages of 
this method; on the other hand, destruction of 
the sample has to be noted as a disadvantage in 
comparison to other techniques.

25.4  Noninvasive Techniques

25.4.1  Transepidermal Water  
Loss (TEWL)

TEWL is defined as the amount of water which 
is lost by diffusion across the stratum corneum, 
in a given unit of time and skin surface (usually 

grams of water per square meter per hour). It is 
the most commonly used instrumental test for 
quantitative assessment of the efficiency of skin 
barrier function [76].

Transepidermal water loss is measured by 
comparison of the water vapor density at the 
skin surface and in the surrounding environ-
ment. TEWL measurement can be performed 
using open-chamber, unventilated-chamber or 
condenser-chamber devices. In open-chamber 
devices, a cylinder open at both extremities is 
placed on the skin, and two sensors at different 
distance from cutaneous surface read tempera-
ture and relative humidity, allowing calculation of 
the humidity gradient. This method does not alter 
cutaneous microclimate and allows continuous 
measurement, but is strongly subject to ambient 
disturbances (e.g. air movements). In unventi-
lated-chamber devices, the upper extremity of the 
cylinder is closed, and sensors can reveal the 
increase of air humidity which occurs with time 
inside the chamber because of cutaneous water 
loss. This type of device is not influenced by air 
movements, but is not suitable for continuous 
measurement, because water vapor inside the 
chamber must be eliminated after each reading. 
Condenser-chamber devices are an evolution of 
the two above technologies: in these instruments, 
two sensors at different distance from cutaneous 
surface are placed inside a cylinder whose upper 
extremity is closed by a condenser, kept at a tem-
perature lower than the freezing point of water. 
Other than protecting from ambient air move-
ments, the condenser controls the microclimate 
inside the chamber and removes water vapor, 
allowing continuous TEWL measurement [76].

Independently from the device used, the test 
must be performed under standardized condi-
tions, because it is sensitive, other than to air 
movements, also to environmental humidity 
and temperature. For these reasons, it is recom-
mended to perform TEWL measurement in a 
room with a constant temperature of 18–21 °C, 
40–60% relative humidity, avoiding exposure 
to direct light, and after 20–30 minutes of accli-
matization [76]. Ideally, measurements should 
be performed at the same time of day and in the 
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same seasons, avoiding summer, but this is more 
difficult to accomplish.

TEWL results from the combination and inter-
action of structural and acquired characteristics of 
all components of skin barrier (corneocytes, inter-
corneocyte lamellar lipid matrices, hydrolipidic 
film). Consequently, it is physiologically differ-
ent between body areas, and may vary because 
of diseases, but also use of medical or cosmetic 
topical products [76, 77]. For optimal results, top-
ical products and washing should be avoided for a 
minimum of twelve and two hours, respectively, 
before TEWL measurement [76, 78].

Applications of TEWL are mainly in the field 
of research, on diseases or substances which 
impair skin barrier function and on drugs, cos-
meceuticals and cosmetics aimed to repair skin 
barrier. Main interests are atopic dermatitis 
[79, 80] and allergic/irritant contact dermatitis 
[81–83].

25.4.2  Corneometry

This test measures the water content of the stra-
tum corneum. Current techniques are based on 
the assessment of capacitance or impedance. 
The capacitance method is based on the differ-
ence between the dielectric constant of water 
and other substances. Variations of skin surface 
hydration lead to corresponding changes of the 
dielectric constant [84]. The impedance method 
is based on the measure of the opposition that 
skin presents to a current when a voltage is 
applied [85]. The capacitance method has a 
quicker measurement time (one second), results 
are highly reproducible and there is no galvanic 
contact between the skin and the measuring 
apparatus. On the other hand, its sensitivity is 
limited for the highest hydration values [84, 85].

The test is used essentially for research pur-
poses, in fields substantially overlapping with 
those of TEWL [86–89]. Other similarities with 
TEWL are the possible significant influence 
of environmental conditions and topical prod-
ucts, and the consequent need to apply the same 
standardization rules.

25.4.3  Colorimetry

Quantitative measurement of skin color (color-
imetry) is performed by projecting a monochro-
matic light on skin and measuring the quantity 
of light reflected (reflectance) with a photometer. 
Multiple measurements with different mono-
chromatic lights in the wavelength spectrum of 
visible yield a diagram of spectral reflectance, 
which can be used for comparative analysis [90]. 
In the study of dermatitis, only erythema can be 
considered a parameter of interest which can be 
measured by colorimetry. However, skin color 
is determined by multiple factors, and, even in 
the same subject and skin area, the intensity of 
the red component is not linearly correlated with 
the intensity of inflammation. Indeed, vasodila-
tion tends to fade out as edema progresses, and 
microanatomical superficial changes occurring 
in strong reactions, as well as typical features 
of chronic dermatitis such as hyperkeratosis and 
scaling, significantly affect optical properties of 
skin. For these reasons, colorimetry can distin-
guish between positive and negative reactions, 
particularly in case of acute irritant contact der-
matitis, but is not useful for quantitative assess-
ment of the intensity of a reaction [91, 92].

25.4.4  Ultrasonography

Skin thickening and edema which occur dur-
ing allergic or irritant contact dermatitis can be 
measured using high-frequency ultrasonography 
(20 MHz). This has been done in several studies, 
mainly performed in the 1990s, which revealed 
significantly increased values in lesional skin 
compared to uninvolved skin [81, 92–100]. A 
relationship with the dose of causal agent of 
the dermatitis has been observed, particularly 
in cases of less evident damage to skin barrier. 
Despite these advantages, applications of this 
technique are still essentially limited to research, 
and use has progressively decreased after the 
1990s. This is probably due to a combination of 
several factors, including cost of the instrument, 
need for specific training and experience to 
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correctly perform the exam, non uniform edem-
atous response of skin, accuracy inferior to that 
of other diagnostic methods.

25.4.5  Laser Doppler Perfusion 
Imaging

The most used technique for noninvasive meas-
urement of blood flow is based on the physi-
cal phenomenon known as Doppler effect or 
Doppler shift. Briefly, the perceived frequency 
of a wave increases when the source and/or 
receiver move towards each other, and decreases 
when they move away from each other. To 
measure cutaneous blood flow a helium-neon 
laser is used as light source. An evolution 
of classical laser Doppler flowmetry is laser 
Doppler perfusion imaging, which creates a 
flow map of a cutaneous area thanks to a com-
puter controlled system of mirrors, that moves 
the laser beam stepwise. In this variant, contact 
between the device and the skin is not necessary 
[101].

To limit the possibility of measurement 
errors, the subject should acclimatize for 
20–30 minutes in the test room, in a comfortable 
position. Room temperature should be stand-
ardized, because it can affect cutaneous blood 
flow. Ambient light and noise should be as low 
as possible, and unnecessary movements, activi-
ties or communication in the room should be 
avoided during the test, which can require sev-
eral minutes. Moreover, the instrument should 
be carefully calibrated (ideally on a daily basis) 
and positioned, and the area to be tested should 
be clearly marked [101].

Several studies performed show good cor-
relation between visual scoring (current gold 
standard) and results of laser Doppler perfusion 
imaging in the evaluation of contact dermatitis 
and skin tests [102–106]. However, the instru-
ment cannot distinguish between allergic and 
irritant reactions. Because of this limitation, cost 
of the device and technical difficulties of execu-
tion, laser Doppler flowmetry and laser Doppler 
perfusion imaging are currently used for 
research purposes rather than in clinical practice.

25.4.6  Thermography

Thermography (or, more properly, telether-
mography) is a technique that allows to assess 
the surface temperature of a cutaneous area 
through measurement of the infrared radiations 
emitted, without any contact between skin and 
the measuring device. It is performed with an 
infrared camera, and represents an evolution of 
traditional thermometric techniques (thermom-
eters, thermocouples, thermistors), which only 
allowed temperature measurement in a single 
point [107].

First use of thermography in the field of 
contact dermatitis dates back to 1977 [108]. 
Since then, only few papers have been pub-
lished on this topic, and agree on the reliability 
of the method to distinguish allergic from irri-
tant reactions and to quantitatively assess the 
intensity of dermatitis and patch test response 
[109–112]. However, similarly to other non 
invasive techniques, thermography may be 
influenced by many microenvironmental, indi-
vidual or instrumental factors, which limit its 
usability in clinical practice. Thus, this tech-
nique is essentially used only for research 
purposes, in adequately controlled and stand-
ardized room conditions and under supervision 
of expert personnel.

25.4.7  Confocal Laser Scanning 
Microscopy

The principle of confocal laser scanning micros-
copy was first described in 1955, but only in 
relatively recent times technological progress 
allowed the production of devices of reasonable 
size and cost, adequate for use in dermatology 
clinics, although mainly for research purposes 
[113]. The exam is performed by illuminat-
ing a small spot of a tissue with a point light 
source, and capturing reflected light through a 
pinhole which is present in front of the detector.  
Reflected light from the spot is in-focus and may  
be used for image generation, while light com-
ing from other planes is out-of-focus and conse-
quently eliminated. With appropriate movements 
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of the objective, it is possible to obtain, noninva-
sively, images very similar to histomorphologi-
cal horizontal sections of the skin. Images are in 
grayscale, and the natural cutaneous pigments 
act as contrast agents. The most refractive of 
them is melanin, which appears white in confo-
cal laser scanning microscopy. In more recent 
devices, the standard method may be used in 
combination with multi-laser fluorescence tech-
niques [113].

Confocal laser scanning microscopy has been 
used mainly in the study of skin tumors, but 
some authors also aimed to explore its possible 
usefulness in the diagnostics of contact derma-
titis. Although still limited, results are encourag-
ing: confocal laser scanning microscopy seems 
to be a valid adjunctive tool in differentiating 
acute allergic and irritant contact dermatitis, as 
well as allergic, irritant, and negative equivo-
cal patch test reactions, particularly in doubtful 
cases where visual assessment is more prone to 
errors. Moreover, it also allows to visualize sub-
tle differences, related to type of causal agent 
or ethnicity, in apparently similar reactions 
[113–131].

Cost, still rather high, and need for proper 
training and experience to interpret images cor-
rectly are the main factors which currently limit 
to research applications the use of confocal laser 
scanning microscopy.

25.4.8  Dermoscopy

Dermoscopy is a well known and consolidated 
non invasive diagnostic technique, consisting in 
the examination of skin lesions with an instru-
ment (dermoscope) composed of a source of 
light (polarized or not) and a magnifying optic.

There are very few published data on the 
use of dermoscopy in the diagnostics of con-
tact dermatitis. One workgroup studied the der-
moscopic characteristics of 173 positive patch 
tests (of which 46 yielded weak allergic reac-
tions), 54 irritant reactions to patch test and 
11 irritant reactions to sodium lauryl sulphate 
experimentally induced in healthy subjects as a 
control. They found that dermoscopy improves 

diagnostic accuracy of visual assessment alone, 
particularly in differentiating weak allergic and 
irritant patch test reactions [132, 133].

Other authors described, in 222 patients, the 
videomicroscopic characteristics of “poral” reac-
tions, typical of patch tests with cobalt, and the 
features which allow to distinguish irritant from 
allergic manifestations in these cases [134].

Vega et al. showed, in an experimental study 
on four volunteers, that dermoscopy may be 
useful in the differential diagnosis of cuta-
neous reactions to processionary caterpillar 
(Thaumetopoea pityocampa), because the setae 
of this lepidopteran appear clearly visible in 
affected skin at 30× magnification or more, for 
two to three weeks after exposure [135].

Tosti et al. evaluated the dermoscopic images 
of seven cases of contact dermatitis caused by 
topical minoxidil, six patients with intense scalp 
itching during treatment with topical minoxidil 
but negative patch test and 19 controls, and did 
not find any difference between the patterns of 
the three groups [136].

Available data, both positive and negative, are 
too limited to draw definitive conclusions about 
the usefulness of dermoscopy in dermoallergol-
ogy. However, in consideration of the wide dif-
fusion of dermoscopes and the characteristics 
of the exam (rapid, non invasive, inexpensive, 
requiring no particular setting or complex proce-
dures), new studies and developments are possi-
ble and expected in the next future.
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be impossible to eliminate contact with certain 
substances that are ubiquitous, such as metals 
and balsam of Peru. In fact, most recurrences 
are observed in patients who are allergic to these 
common substances.

26.1.1  Prognosis of Occupational 
Contact Dermatitis

In the occupational field it is important to under-
stand the prognostic mechanisms underlying 
contact dermatitis in order to be able to predict 
the course of the dermatitis in the patient, to 
implement risk management of patients exposed 
to noxious substances, and plan preventive 
measures against forms of occupational derma-
titis [3].

Various data in literature have demonstrated 
that the prognosis has improved in recent times 
thanks to improvements in health education 
and to effective preventive measures [4–6]. 
Complete clearance of occupational contact der-
matitis is now reported to range from 8 to 77%, 
over follow-up periods ranging from 1 year to 
more than 10 years [4–8]. While in the 1960s 
and ‘70s total clearance was obtained only in 
8–33% of the patients, after the 1990s the total 
clearance rate reached about 70%.

Most studies have not observed signifi-
cant gender differences in the prognosis of 

© Springer Nature Switzerland AG 2021 
G. Angelini et al. (eds.), Clinical Contact Dermatitis, https://doi.org/10.1007/978-3-030-49332-5_26

26.1  Prognosis

The course of contact dermatitis is vari-
able. After the first contact, the condition may 
resolve, or recur in the same site, or else spread 
and become unpredictably chronic. Although 
rarely, it can be complicated by erythroderma, 
which is often irreversible, has a poor prognosis 
and can even be fatal [1, 2].

If we exclude the rare complication of eryth-
roderma, the prognosis of contact dermatitis in 
its various clinical expressions is favorable. With 
the removal of the noxious agents and adequate 
therapy, the duration of the clinical manifesta-
tions can be significantly shortened. Various 
combinations of factors can influence the devel-
opment of a chronic disease status and recur-
rences of contact dermatitis: the persistence of 
contact with the irritant or allergen, multisensiti-
zation and a possible cross-reactivity with chem-
ically related substances. Bacterial infection or 
trauma, pressure, friction, irritants and improper 
medications can also contribute to turn contact 
dermatitis into a chronic disease. Finally, it may 
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26.2  Management

The treatment of contact dermatitis relies first 
and above all on early recognition and proper 
management. These depend on: diagnosis, iden-
tification of the factors responsible, interpreta-
tion of the results of patch tests, and appropriate 
therapy [16].

In general the clinical diagnosis of contact 
dermatitis does not present particular problems. 
When considering the possibility of contact 
dermatitis, the patient’s life can be subdivided 
into different areas (Table 26.1) [17]: personal, 
household and work. Identification of the fac-
tors involved in causing the contact dermatitis 
is absolutely essential to proper patient man-
agement. These factors can be constitutional 
(atopy), chemical, mechanical (trauma) and 
physical (climatic factors). The allergens respon-
sible can be identified using patch tests, that 
should be performed if there is the least sus-
picion of allergy [18]. In fact, in most cases it 
is not possible to identify the allergens on the 
basis of clinical data alone, and these need to 
be checked in the light of the patient’s personal, 
household and job contacts with substances. In 
cases of occupational contact dermatitis, exami-
nation of the work station is essential [19].

occupational contact dermatitis [4, 6], nor does 
the age of onset of the dermatitis appear to influ-
ence its prognosis.

Most reports show that irritant contact der-
matitis tends to have a poorer prognosis than 
allergic contact dermatitis [4–6]. Some occupa-
tional irritants, such as cutting fluids, are more 
likely to induce chronic disease than others [4]. 
Among occupational allergens, metals and rub-
ber chemicals seem to be associated with poor 
prognosis, having a chronicity rate of 50% [4]. 
In Denmark, despite the introduction of ferrous 
sulphate in cement to reduce the hexavalent 
chromate concentration, chromate allergy con-
tinued to show poor prognosis and only 30% of 
workers who stayed on the job achieved clear-
ance of their dermatitis [9].

Among the various occupations at particular 
risk, construction workers with contact allergy 
have the poorest prognosis, and a complete 
clearance rate of the dermatitis was only 20% 
over a 2 to 9-year follow-up period, compared 
with a clearance rate of 35% among hairdressers 
and food handlers and 40% among medical staff 
[5]. A poor prognosis was demonstrated also in 
metal workers suffering from cutting-fluid der-
matitis [10, 11].

In previous work contexts no significant 
improvement in the prognosis of occupational 
contact dermatitis was found in most reports 
following a change of job [8, 12, 13], whereas 
today, workers who change their job tend to 
have a better outcome than those who do not. 
Nevertheless, many workers prefer to go on with 
their chosen job despite their dermatitis. In a 10 
to 13-year follow-up study, only 20% of workers 
with occupational dermatitis stopped working 
because of their dermatitis; among those who 
continued to work, only about 18% of workers 
had clearance of the dermatitis [7]. Among hair-
dressers with dermatitis, a job change seems to 
confer a good prognosis [14].

A personal history of atopy, as compared 
to non atopic patients, significantly affects the 
prognosis of patients with occupational contact 
dermatitis according to some authors [5] but not 
others [6, 11, 15].

Table 26.1  Environmental areas posing a risk in 
patients with contact dermatitis

1. Personal
Cosmetics
Clothing
Medicaments
Personal hygiene
Partner (connubial dermatitis)

2. Environmental
A. Household
Various substances
Plants and flowers
B. Work
Office
Factory
C. Recreational
Hobbies
D. Occasional
Holidays
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26.3  Therapy

The course of the disease can be stopped only 
if contact with the agent or agents responsible 
is avoided. Topical or systemic treatments are 
useful only to reduce the duration of the clinical 
episode.

26.3.1  Acute Contact Dermatitis

Irritant contact dermatitis presents variable 
clinical signs ranging from mild skin dryness 
to severe reactions that are indistinguishable 
from those of allergic contact dermatitis. Topical 
treatment and in part, systemic treatment are 
therefore largely similar in the two different 
forms, except in cases of chemical burns of a 
lesser or greater depth and severity. These need 
to be treated like all burns, from both the medi-
cal and surgical standpoints, and using specific 
medications to neutralize as much as possible 
the irritant substances involved.

In the management of contact dermatitis it is 
important to remember that even in mild cases 
of dermatitis the anatomo-physiological barrier 
functions are impaired and the skin will remain 
vulnerable for a number of weeks after appar-
ent clinical resolution. Avoidance of the primary 
cause and continual skin protection with emol-
lients will contribute to the complete recovery of 
these functions.

26.3.1.1  Topical Therapy
Local treatment of contact dermatitis relies on 
Galenic products, that serve to abbreviate the 
clinical course of the disease and prevent any 
septic complications. Such products include 
solutions or antiseptic tinctures, emulsions and 
soothing lotions, powders, pastes and creams 
[20, 21]. In cases of acute, congested, edema-
tous and exudative dermatitis wet dressings are 
to be preferred, at room temperature, repeated 
2–4 times a day. The most efficacious solutions 
are those that combine antiseptic, anti-exudation 
and detergent actions and entirely lack sensitiz-
ing powers, as follows:

1 Sodium hypochlorite (oxidizing agent), 
1–3%.

2 Silver nitrate (effective astringent and anti-
septic), 0.1–0.5%.

3 Aluminum acetate (Burow’s solution, astrin-
gent and mildly antiseptic); the solution (alu-
minum sulphate, acetic acid, tartaric acid, and 
calcium carbonate) contains 5% aluminum 
acetate and is diluted 1:10–1:40 with water.

4 Potassium permanganate (oxidizing agent 
with an antiseptic and fungicidal activity). It 
is used at concentrations of 1:4000–1:25,000. 
It is important to remember that it is messy 
and stains the skin and other materials.

Phenolized fucsin or gentian violet tinctures, 
both brushed on at 1%, are advised in particular 
in cases of exudative manifestations of the skin 
folds (but they stain clothes).

In the congested and exudative phases of the 
dermatitis, aqueous oil and lime water emul-
sions can also be used, or water and glycerin 
or oil pastes (Darier paste: equal parts of zinc 
oxide, calcium carbonate, glycerin and distilled 
water; oil paste: olive oil, lime water, starch and 
zinc oxide in equal parts). In cases of intoler-
ance to wet dressings, equal parts of zinc oxide, 
talcum and starch powder may be useful.

Apart from these Galenic products that have 
long been used, and whose utility and efficacy 
has recently been reconfirmed in view of their 
lack of sensitizing power, topical corticosteroids 
can be used, in different formulations: creams, 
lotions or gels. Among these medicaments, 
which should preferably be non fluorinated and 
used as a single daily dosage, compliance with 
some important criteria is necessary:

1. The steroid must not be used on wide sur-
faces to prevent the absorption of large quan-
tities of drug from provoking systemic side 
effects.

2. In general, a period of 5–7 days is sufficient 
to resolve most active dermatitis forms; med-
ication can then be continued with non ster-
oid topical drugs (e.g. their bases) for another 
week. If necessary the steroid applications 
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can be repeated. In other words, the criterion 
is to alternate steroid and non steroid medi-
cations, also to avoid the tachyphylaxis phe-
nomenon [9–11].

In cases of a superimposed bacterial infection, 
systemic antibiotic treatment is to be preferred, 
bearing in mind the potential harmful action of 
many topical antibiotics, that are highly sensitiz-
ing and photosensitizing.

26.3.1.2  Systemic Treatment
The goal of systemic treatment is to achieve 
specific desensitization but this problem is 
still unsolved. Oral or parenteral therapy with 
 antihistamines and sedatives is important to 
calm the itching and other skin paresthesia and 
to eliminate reflex psychic phenomena, such as 
insomnia and erethism.

Systemic antiinflammatory treatment with 
corticosteroids is advisable only in special cases, 
when the normal treatments have failed, and in 
diffuse and severe cases.

26.3.2  Subacute Contact Dermatitis

The treatment is above all based on topical 
 corticosteroids and Galenic products, or topical 
emollients in cream or gel formulations.

As regards topical corticosteroids, the 
 above-mentioned criteria of using non fluori-
nated administered in a single daily dosage are 
again valid, as also the alternation of their bases. 
Among the 4 groups of corticosteroids subdi-
vided by potency, light formulations can be used 
on the face, folds and genitals, and more pow-
erful ones on the hands and feet, obviously for 
brief periods of treatment. Gels and lotions can 
be used on hairy zones and creams on all other 
skin areas. Emollient aqueous oily creams can 
be alternated with corticosteroids or can be used 
after their administration is concluded.

Systemic antihistamines and antiinflamma-
tory products can be used as in the acute phase.

26.3.3  Chronic Contact Dermatitis

26.3.3.1  Topical Treatment
In this phase, topical treatment can be with 
Galenic products in the form of oily pastes like 
Lassar paste (modified: zinc oxide and starch, 
ana g 25, in white vaseline g 50), to which 
reducing substances like ichthyol and mineral 
tar can be added, and keratolytic substances like 
2–5% salicylic acid.

In the chronic phase of the dermatitis, cor-
ticosteroids can also be used in the form of 
creams or ointments, alternated with oily bases.

26.3.3.2  Systemic Treatment
Antihistamines can be used for short or long 
periods to calm the pruritus. The sedative effect 
of first generation drugs must be stressed, and so 
great care must be taken when prescribing them 
for patients who carry out particular jobs, like 
drivers and builders, to ensure proper surveil-
lance and adequate patient instruction.

Systemic corticosteroids are used only in forms 
that are highly refractory to other treatments, and 
in diffuse and erythrodermic forms. The dosage 
must be tapered and gradually suspended after 
obtaining remission of the clinical symptoms. 
Sudden suspension could induce a rebound effect 
and new exacerbation of the dermatitis.

26.3.4  Immunomodulation

Immunological tolerance is a highly experimen-
tal phenomenon characterized by failure of the 
immune system to respond to a given hapten 
that would normally induce a response in a non 
sensitized subject [22]. In general, oral, intrave-
nous or intraperitoneal administration of a hap-
ten induces immunotolerance when the same 
substance is later applied to the skin or intro-
duced subcutaneously. Tolerance has also been 
induced by applying the hapten on skin irradi-
ated with UVB rays [23, 24], or using chemical 
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substances that have been modified as compared 
to the sensitizing substance. Tolerance to poison 
ivy can be obtained in this way using pentade-
cylcatechol and its derivatives [25] and to dini-
trofluorobenzene using dinitrocyanobenzene 
[26, 27].

In the infiltrate of allergic contact dermatitis 
lesions, T cells with a CD4+ phenotype are pre-
dominant over those with a CD8+ phenotype. 
As the dermatitis evolves there will be a gradual 
increase of cells expressing receptors for IL-2 
and Ki-67+  [28]. The tolerance is linked to a 
lymphocytes suppressor clone specific to the 
hapten that inhibits the immune response effec-
tor lymphocytes. The suppressor cells tend to 
develop when the antigen is not presented by 
the epidermic Langerhans cells presenting the 
antigen (LC/PC). The inappropriate presenta-
tion of the antigen stimulates the proliferation 
of the specific suppressor lymphocytes clones, 
that block the cascade of events leading to sen-
sitization. This mechanism, that is useful to 
evade immune surveillance, can also be induced 
by UVB rays [29–32]. In fact, at low doses the 
latter, used in experimental animals, make them 
unable to become sensitized by inducing a lym-
phocytes suppressors clone [24]. In vitro, the 
same UVB doses inhibit antigen presentation 
by LC/APC [29], although this phenomenon is 
not constant in all subjects [30] and seems to be 
genetically determined [31].

However, in clinical practice patients are already 
sensitized when they come under observation. Is 

it therefore possible to modulate the skin reactiv-
ity using chemicals with a suppressive action? 
Sometimes desensitization occurs spontaneously, 
even if it is not yet known if this is linked to some 
specific allergens, to the individual due to genetic 
reasons, or to an inability to respond, as occurs in 
immunodepressed subjects [33]. In fact, it is known 
that subjects with AIDS are unable to develop sen-
sitization to dinitrochlorobenzene [34].

Spontaneous desensitization, meaning nega-
tive results to previously positive patch tests, can 
anyway be clinically observed after some years, 
as shown in subjects who underwent re-patch 
tests [35–37]. In some of these subjects there 
was a correlation between the cessation of expo-
sure (prevention) to the sensitizing hapten and 
the negative results to later patch tests.

The various attempts at immunomodulation 
made in contact allergy subjects using physi-
cal and chemical substances are reported below 
[2, 16, 22, 38–42].

Ultraviolet Light. The inhibition of con-
tact allergy exerted by ultraviolet rays (UVR) 
is linked to the reduction of Langerhans cells 
and hence antigen presentation, the inhibition 
of T lymphocytes and the induction of suppres-
sor lymphocytes, as well as a possible blockade 
of mast cells mediators release and endothelial 
damage.

Short-wave ultraviolet light (UVB) and 
PUVA (psoralen plus UVA) are effective in 
chronic dermatitis, most notably in hand derma-
titis [43–49]. In some forms of hand dermatitis, 

Table 26.2  General guidelines for the treatment of hand eczema

· Wash hands with warm water and the mildest, unscented soaps or hand cleansers free from dyes or antiseptics. 
Rinse and dry carefully with a cotton towel. Do not wash hands more than three times a day. Each time, rings must 
be taken off (soap under rings can induce a flare-up of the dermatitis)
· Avoid hobbies and household jobs that involve direct contact with solvents, turpentine, waxes, and adhesives: if 
 necessary, protective gloves must be used
· Avoid touching fruit juices, fruits, vegetables, raw meats, fish, and especially raw onions and garlic, with bare hands
· Avoid touching hair tonics and lotions (use a cotton-tipped swab), and shampoos (use vinyl gloves)
· Babies can be washed with bare hands because the soaps used for this purpose are mild and do not generally cause 
irritation
· When using rubber gloves, white cotton gloves must be worn underneath them. In cases of contact allergy to rubber, 
use heavy-duty vinyl gloves. Wear cotton gloves during dry, dusty and dirty housework. Vinyl gloves offer better 
protection against some chemicals than latex rubber gloves. However, neither vinyl nor rubber gloves can prevent 
the penetration of some chemicals, such as many solvents. Plastic polymer gloves are usually more protective. Limit 
the time wearing gloves to approximately 30 min or less at a time, and wear thin cotton gloves even underneath vinyl 
gloves to absorb perspiration
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topical application of psoralens is useful during 
PUVA therapy in order to intensify the thera-
peutic effect. It seems to be possible to obtain a 
certain degree of “protective hardening” using 
UVB [50]. Good results can also be obtained 
using UVA1 and narrow-band UVB, particularly 
in dermatitis of the hands [51–53].

Grenz Rays. These inhibit contact allergy by 
blocking the Langerhans cells. The dermatitis 
and relative positive patch tests are inhibited for 
up to 3 weeks after the treatment with 3Gy once 
weekly for 3 weeks. The same treatment induces 
the inhibition of the Langerhans cells even after 
6 weeks [54]. In various studies, Grenz ray ther-
apy has proven helpful in the treatment of con-
tact dermatitis [55–58]. However, due to harmful 
cumulative effects of these rays to the skin, 
these treatments are contraindicated today and 
justified only in exceptional cases [58].

Corticosteroids. Systemic corticosteroids are 
well known immunosuppressors in inflamma-
tory skin diseases in general. They induce a non 
specific inhibition of the expression and action 
of most cytokine cascades involved in the Th0, 
Th1, and Th2 pathways [41].

To control acute flares in severe chronic con-
tact dermatitis, systemic corticosteroids can 
provide temporary relief. However, steroid-
sparing is important, both in terms of duration 
and of concentrations, to prevent major adverse 
effects [39, 59], such as the inhibition of the 
hypothalamic-pituitary-adrenal axis, diabetes, 
Cushing’s disease, hypertension, osteonecrosis, 
peptic ulcer, hirsutism, skin atrophy, osteopo-
rosis, and the risk of opportunistic infections. 
Triamcinolone 40 mg can be administered intra-
muscularly in acute forms of contact dermatitis. 
Nevertheless, the use of tapered oral prednisone 
(1 mg/kg/day) is preferable since it allows moni-
toring of improvements of the dermatitis or flare 
during tapering [60].

Before performing patch tests, it is neces-
sary to wait about 6 weeks after the completion 
of a cortisone therapy cycle. Dosages of 10 mg 
of oral prednisone significantly reduced positive 
patch tests to various substances [60]. Dosages 
of 20 mg suppressed nickel sensitivity [61], 

while dosages of 40 mg induced the complete 
suppression of responses to most allergens [62].

When prescribing topical corticosteroids var-
ious factors need to be considered, such as the 
site and frequency of application, the vehicle 
(ointment, cream, gel, lotion, solution, foam), 
and the quantity to be used. Although topi-
cal corticosteroids have shown some efficacy 
in the treatment of allergic contact dermatitis 
[63, 64], their role in irritant contact dermatitis 
remains controversial [40]. Triamcinolone ace-
tonide 0.05% cream has been assessed in the 
treatment of irritant contact dermatitis induced 
by repetitive short exposure to a low molar-
ity sodium dodecyl sulfate (SDS) solution [65]. 
Twenty-four volunteers, patch tested with SDS 
(0.2%) for four hours for five consecutive days, 
were monitored clinically (erythema), func-
tionally (TEWL), and on cell biology (by skin 
biopsies, assessing any upregulation of pro-
liferative cells measured by the expression of 
Ki-67-antigen and of differentiation markers, 
such as involucrin). While little effect was elic-
ited on erythema and TEWL, triamcinolone 
cream induced a significant reduction in the 
number of cycling keratinocytes and a decrease 
in involucrin-positive cell layers in the epider-
mis [65]. Betamethasone-17-valerate was effica-
cious in SDS-induced irritant contact dermatitis 
in vivo [40], showing a significant reduction in 
the number of cycling cells and a decrease of 
 erythema and TEWL. The effects on erythema 
and TEWL can be attributed to the higher 
potency of betamethasone-17-valerate compared 
to triamcinolone acetonide.

Other authors found corticosteroids ineffec-
tive in the treatment of surfactant-induced irri-
tant contact dermatitis, induced in six healthy 
volunteers with an open application of 10% 
sodium lauryl sulfate (SLS) fives times in one 
day on the hands [66]. Open application to 
induce irritant contact dermatitis may more 
closely mimic real-life scenarios compared to 
closed patch tests. Low (hydrocortisone 1%) 
and medium (0.1% betamethasone-17-valerate) 
potency steroids have been employed in petrola-
tum. The parameters used to assess the response 
were visual grading of erythema and dryness, 
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bioengineering techniques (TEWL and chro-
mometry), and squamometry. After 5 days, no 
significant difference was observed between cor-
ticosteroid-treated and untreated skin.

In short, the efficacy of topical corticos-
teroids in irritant contact dermatitis remains 
unclear and warrants further studies.

Antimetabolites. At the origin of contact 
allergy there are some particular cell lines, such 
as Th1 lymphocytes and APCs: the allergens at 
skin level are detected by APCs (Langerhans or 
dendritic cells) that then trigger adaptive Th1 
responses. Immunosuppression using therapeu-
tic measures involves destroying the action of 
these cells, inhibiting their production or pro-
liferation, or else inducing apoptosis. Among 
immunomodulators, the antimetabolites class 
(methotrexate, azathioprine, and mycophenolate 
mofetil) exert their action by suppressing the 
proliferation of rapidly producing cells in gen-
eral [41]. Methotrexate, a folic acid analog, acts 
by inhibiting purine and pyrimidine synthesis of 
DNA in rapidly dividing cells [67]; it also inhib-
its the migration of T cells to some tissue loca-
tions and shows anti-inflammatory effects due to 
increasing adenosine production [68].

In literature, some studies have demonstrated 
its efficacy in the treatment of allergic contact 
dermatitis. In 32 patients treated with metho-
trexate 15–30 g/wk, 78% of them showed a 
clinical improvement [69]. Improvement of the 
contact dermatitis due to Parthenium was also 
obtained in 7 patients after 6 months of therapy, 
although in 3 of them the response could have 
been confounded by the concomitant use of 
prednisolone during the first 2–4 weeks of treat-
ment [70].

Azathioprine, a purinic analog which inhibits 
mitotic cellular division, has been used to treat 
refractory chronic hand eczema (off-label), par-
ticularly the vesicular type, along with airborne 
Parthenium dermatitis (off-label) [70–75]. A 
delayed onset (8–12 weeks) should be expected, 
along with a relatively safe side effect profile.

Mycophenolate mofetil, an antimetabolite 
agent, has been used in many cases of atopic 
dermatitis, but its action in allergic contact der-
matitis is not well documented. In a guinea 

pig model of allergic contact dermatitis due to 
dinitrofluorobenzene, a topical preparation of 
mycophenolate mofetil improved the dermatitis 
for up to 3 days [76]. The drug proved effica-
cious in a patient with combined atopic derma-
titis and contact allergic dermatitis, but then the 
patient developed hepatitis [77].

IFN-  Antagonists. Contact allergy is known 
to be supported by a complex interplay between 
both the Th1 and Th2 axes of immunity; none-
theless, IFN-  and its associated chemokines 
(IFN- -induced protein 10, IFN-inducible T-cell 
α chemoattractant, and monokine induced by 
IFN- ) play an essential role in the generation 
of contact sensitization [78], particularly toward 
some allergens such as nickel [79] and dinitro-
chlorobenzene [80]. In theory, there is a scien-
tific rationale underlying the efficacy of IFN-  
inhibition for the treatment of allergic contact 
dermatitis, although further studies are needed 
to confirm this.

Cyclosporin, a calcineurin inhibitor, primar-
ily inhibited the TH1-mediated production of 
IL-2 and IFN-  necessary for CD8+ activity and 
decreased histamine release from mast cells [81, 
82]. A reduction of the Langerhans cells in the 
epidermis has also been reported, and a reduc-
tion of IL-1 [83]. Overall, therefore, a reduc-
tion of antigen presentation by the Langerhans 
cells, and so also the keratinocytes, occurs. The 
reduced cellular immune response is also linked 
to the failed clonal expansion of CD4+ lympho-
cytes owing to the blockade of the production 
of IL-2. Cyclosporin therefore intervenes above 
all in blocking the induction phase of contact 
allergy and therefore seems useful in particu-
lar in the acute phase of the dermatitis. There is 
limited clinical experience of cyclosporin used 
in the treatment of allergic contact dermatitis, 
but the results are encouraging [84]. In our expe-
rience, cyclosporin induced a rapid regression 
of the skin symptoms and pruritus, already after 
5 days of administration of a dosage of 5 mg/kg/
die [85]. Off-label use of cyclosporin has been 
reported for severe cases of contact dermati-
tis refractory to topical steroids and of chronic 
hand eczema [86]. However, some negative 
results have also been reported in the literature, 
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featuring a lack of efficacy, as well as exacerba-
tion of the allergic contact dermatitis [87, 88].

Apremilast, an oral phosphodiesterase 4 
inhibitor, has a limited off-label use in allergic 
contact dermatitis [89, 90]. Although the sys-
temic reduction of IFN- + CD3+ Th1 cells and 
IL-17+ CD3+ Th17 cells and the increase in reg-
ulatory B and T cells should benefit particular 
subsets of patients with allergic contact dermati-
tis, a study of 10 subjects with recalcitrant aller-
gic contact or atopic dermatitis demonstrated 
minimal effectiveness after 20 mg apremilast 
treatment twice daily for 12 weeks [91].

TNF-α Antagonists. Cytokine tumor necro-
sis factor α, a mediator of systemic inflamma-
tion, has an important role in the development 
of allergic contact dermatitis in both the sensi-
tization and the elicitation phase [92]. After the 
innate immune system has been activated by the 
hapten, TNF-α released during the sensitization 
phase promotes the migration of the Langerhans 
cells into draining lymph nodes to interact with 
naїve T cells for the differentiation of Th0 to 
CD8+ and Th17 T cells [93, 94]. TNF-α also up-
regulates the expression of leukocytic adhesion 
molecules that are essential for the recruitment 
of CD8+ and memory T cells in response to hap-
ten reexposure [95].

Infliximab, a well known anti-TNF-α-based 
chimeric monoclonal antibody, indirectly 
reduces the differentiation and proliferation of 
Th1-mediated CD8+ T cells [92]. Few reports 
in lierature have considered the role of inflixi-
mab in the treatment of contact allergy [96–99]. 
Apart from the drug effectiveness, some studies 
have demonstrated the absence of a suppressive 
effect on patch test results in psoriasis patients 
[96, 97, 99].

Etanercept, a TNF receptor 2-Fc fusion 
protein inhibitor, was used in a study of aller-
gic contact dermatitis induced by injections 
of Dermatophagoides pteronyssinus and 
Dermatophagoides farinae. A modest reduction 
in the magnitude of the acute-phase reaction was 
observed, but no response as regards the late-
phase reaction [100]. In the authors’ view, these 
results indicate that TNF receptors may have a 

role in allergic contact dermatitis but may be 
less effective in atopic dermatitis [100].

IL-4 Receptor-α Antagonists. Interleukin 4 is 
a Th2-mediated signal with a well known role 
in mediating type I hypersensitivity reactions 
and Th2 lymphocyte-mediated adaptive humoral 
immunity [41]. IL-4, however, can also have a 
differentiation, proliferation and immunosuppres-
sion effect on allergic contact dermatitis [101], 
that has traditionally been considered a Th-1-
mediated process. More recent studies, in fact, 
have shown that certain contact allergens can 
preferentially elicit a Th2 response [102–107].

Dupilumab, a human monoclonal IgG 4 anti-
body to the IL-4 receptor α chain, seems to be 
an effective treatment option in patients with 
recalcitrant allergic contact dermatitis, as dem-
onstrated in various studies [104, 108–112]. It 
is important to stress that various authors have 
suggested that nickel, balsam of Peru, coloph-
ony, formaldehyde, cocamidopropyl betaine, 
textile dyes, and rubber may elicit Th2 signa-
ture responses in some patients, given their 
response to dupilumab. In patients treated with 
dupilumab, patch tests are reported to be effica-
cious [108, 111].

Calcineurin Inhibitors. The immunosuppres-
sive action of this drugs group relies on the inhi-
bition of protein calcineurin, that subsequently 
prevents the dephosphorylation of the nuclear 
factor of activated T cells, a transcription factor 
[113]. As a result, the signal trasduction path-
ways in T cells are blocked, and inflammatory 
cytokine production is inhibited [110].

Tacrolimus and pimecrolimus are calcineurin 
inhibitors with a macrolactam structure. Unlike 
cyclosporin, that as a topical preparation has a 
limited penetration through the epidermis, both 
tacrolimus and pimecrolimus have been shown 
to be efficacious anti-inflammatory drugs for 
topical use. Topical tacrolimus, initially licensed 
in 1984 for the treatment of atopic dermatitis, 
was later used also in allergic contact dermatitis. 
Tacrolimus 0.1% ointment proved efficacious 
in the treatment of nickel-induced allergic con-
tact dermatitis, showing positive results against 
erythema, vesiculation, induration, and pruritus 
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[114]. The most common side effects were 
burning and stinging at the side of application; 
however, long term effects such as any potential 
carcinogeneticity have still to be determined and 
monitored. Tacrolimus does not cause skin atro-
phy, which is associated with long-term steroid 
use.

Pimecrolimus, with its higher lipophilic-
ity (it is 20-fold more lipophilic than tacroli-
mus), is a more skin-selective compound [115]; 
in addition, it is 3-fold less potent an inhibitor 
of calcineurin than tacrolimus and cyclosporin 
[115]. In 66 adult subjects with nickel-induced 
allergic contact dermatitis, pimecrolimus 0.2 
and 0.6% cream were compared to the vehicle 
and betamethasone-17-valerate 0.1% cream. 
Pimecrolimus 0.6% cream was comparable to 
betamethasone-17-valerate 0.1% cream and was 
more effective than the vehicle [115]. The most 
common side effect was a transient burning sen-
sation at the site of application, lasting up to 
3 days in most individuals.

In various nations, calcineurin antagonists are 
only approved for the treatment of atopic der-
matitis. In general, they are less effective than 
strong corticosteroids in allergic contact derma-
titis [116–119]. However, in cases of long-term 
therapy, calcineurin antagonists, as compared to 
corticosteroids, may be more indicated particu-
larly in sensitive areas of the skin, such as the 
face and intertriginous areas, since they do not 
cause skin atrophy [120].

26.3.5  Repair of Damaged Skin

Approaches to contact dermatitis treatment have 
increasingly incorporated repair of the dam-
aged skin as one of the major elements [38, 
39, 42, 121–126]. Restoration of the skin bar-
rier function can be achieved using creams and 
ointments as they act as moisturizers (they con-
tain humectants that bind water molecules to 
hydrate the stratum corneum) [127] and emol-
lients (they form a semi-occlusive layer on the 
surface of stratum corneum that prevents water 
from evaporating from the skin surface, allowing 
it to penetrate the stratum corneum and increase 

skin hydratation) [128]. Moreover, emollients 
produce a protective layer that reduces the pen-
etration of harmful chemicals into the skin 
[129]: emollients with a rich lipids content (non-
polar) reduce the penetration of water-soluble 
chemicals, whereas water-rich emollients (polar) 
reduce the penetration of lipophilic chemicals. 
Furthermore, emollients are able to restore the 
barrier function, which relieves the itch and 
inflammation associated with contact dermati-
tis [129]. Use of an emollient alone, without a 
corticosteroid cream, is usually sufficient to treat 
mild cases of contact dermatitis.

Emollients also offer a valid support in con-
tact dermatitis prevention. Daily use of emol-
lients can improve the integrity of the skin 
barrier in subjects with contact dermatitis [124]. 
The use of emollients should therefore be a part 
of the normal skin care routine of all people 
with skin barrier problems. It has been demon-
strated that daily emollient usage leads to a sta-
tistically significant reduction in the cumulative 
incidence of atopic dermatitis in children with a 
family history of atopic disease [130].

Regular prophylactic application of skin 
creams is widely recognized to be an effective 
prevention strategy also against occupational 
contact dermatitis. In this sector, however, com-
pliance rates remain low [131, 132]. In this 
regard, an expert panel of dermatologists identi-
fied three times when best to apply skin cream 
in the work place, namely before starting a work 
period, after hand washing, and after work [132].

Nevertheless, it is important to remember 
that in some cases excessive use of emollients 
is inadvisable. In cases of airborne contact der-
matitis due to fibers or sharp dust particles, for 
example, moisturizing creams are contraindi-
cated as they may exacerbate the irritation and 
increase allergen penetration [133].

26.3.6  Management of Hand 
Dermatitis

Hand eczema is one of the most frequent der-
matological disorders encountered in clinical 
practice. It is usually long-lasting [134–136], is 
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caused by a combination of endogenous (indi-
vidual susceptibility, atopy) and exogenous 
(exposure to irritants and allergens) factors 
[137], and is more common in women and in 
younger subjects [138]. The estimated preva-
lence in the general population is about 4%; the 
1-year prevalence is nearly 10% [138]. However, 
various authors have stressed that only about 
44% of subjects with hand eczema actually seek 
medical advice and treatment [139, 140].

In cases of chronic hand eczema, a subset of 
hand eczema with a multifactorial aetiology, it 
is rarely possible to identify all causative fac-
tors and remove them [141, 142]. Severe chronic 
hand dermatitis can cause a grave impairment 
of the quality of life, prolonged sick leave, loss 
of the job, sometimes early retirement, and high 
direct and indirect costs [143–145].

In a cross-sectional multicentre study includ-
ing 14 Italian centres, 981 patients with hand 
eczema, consecutively accessing the centres over 
a 6-month period, were enrolled. Hand eczema 
was chronic in 83.5% of the cases; 21.3% had 
severe eczema, and 62.0% of these patients were 
refractory to standard therapy. Food processing 
and related work, the health professions, crafts 
and related trade work (building, plumbing, elec-
trical), hairdressing, beauty and handicraft work 
were most frequently associated with chronic 
hand dermatitis. Severe forms of hand eczema 
most often affect men, older patients and those 
with less education. Unemployed and atopic 
subjects were most often affected by severe, 
refractory hand eczema [146].

In Table 26.2 some general guidelines of 
management of hand eczema are reported [121].

26.3.6.1  Principles of Treatment
In the acute phase of dermatitis, cold water 
compresses are effective. In the presence of 
infection, the addition of Burow’s solution (1 
tablespoon to a pint of cold water) is indicated. 
It is better to avoid wet dressings with a potas-
sium permanganate base because they can cause 
skin dryness and discoloration of the nails.

After using wet dressings, topical corticos-
teroids must be employed, preferably creams by 
day and ointments overnight (in particular on the 

palms), wearing polyethylene gloves at night to 
enhance the effect of the ointment.

If a secondary infection develops, with fissur-
ing and scabs, antibiotic creams are necessary. 
Oral antibiotics may also be useful.

In cases of severe eczema that do not respond 
quickly to topical remedies, systemic corticos-
teroids are indicated: 1 mg/kg of prednisone or 
its equivalent for several days; the dosage should 
be decreased by 10–15 mg every few days over 
about 2 weeks. At the discretion of the derma-
tologist, other systemic immunomodulant treat-
ments or physical alternatives (PUVA therapy, 
Grenz ray treatment) can be employed.

In cases of pruritic and sleepless patients, 
antihistamines (such as cyproheptadine hydro-
chloride 4 mg twice a day or other similar prod-
ucts) can be introduced.

26.3.7  Oral Hyposensitization in Nickel 
Contact Allergy

Nickel is the most common contact allergen in 
industrial countries. The prevalence of nickel 
allergy in the general population ranges between 
8 and 17% in females and between 1 and 5% in 
males [147–150]. With a few exceptions, nickel 
allergy is a lifelong condition [35], and this 
is why interventions aimed at reducing nickel 
hypersensitivity offer an attractive alternative to 
current immunosuppressive strategies.

Oral tolerance is a mechanism that impedes 
the development of undesired immune responses 
towards dietary antigens [151, 152]. Animal 
models have clearly shown that oral adminis-
tration of haptens, including nickel, leads to a 
state of immunological unresponsiveness that 
prevents subsequent sensitization through the 
skin. Tolerance induced by oral feeding is long-
lasting, hapten-specific, and can be transferred 
into naїve animals with CD4+ T lymphocytes 
[153, 154].

Multiple mechanisms can explain the induc-
tion of tolerance [155], including the expan-
sion of CD4+ CD25+ T regulatory cells (Tregs) 
[156], augmented secretion of interleukin 
(IL)-10 in response to hapten challenge [157], 
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induction of suppressive CD8+ T cells [152, 
158], apoptosis of effectors T lymphocytes 
[159], intervention of natural killer T cells [160], 
and the suppressive function of plasmacytoid 
dendritic cells [161]. Whether single or multi-
ple mechanisms are simultaneously armed fol-
lowing antigen feeding is still debated. Possibly, 
the dose of antigen administered is critical for 
tolerance induction. In mice, oral tolerance 
can be induced either with a single administra-
tion of a high dose of antigen or with repeated 
low-dose exposures. The current view is that 
low-dose tolerance depends on the expansion 
of Tregs, whereas high-dose tolerance relies on 
the induction of anergy/apoptosis of effectors 
lymphocytes. However, the definition of “low” 
or “high” is somewhat arbitrary, being highly 
dependent on the antigen considered, and on the 
characteristics of the recipient of the hyposensi-
tization protocol.

Although in vitro evidence has been pro-
vided that human allergic contact dermatitis 
due to nickel is a highly regulated process [162, 
163], the possibility of inducing specific toler-
ance in vivo has not been adequately investi-
gated. Indirect evidence that nickel allergy can 
be modulated and/or prevented in vivo has been 
provided by epidemiological studies reporting 
a lower frequency of nickel allergy in children 
wearing orthodontic braces prior to ear piercing 
[164, 165].

More direct evidence has been provided 
by attempts to induce specific oral tolerance 
to the metal in nickel-allergic individuals. In 
a double-blind study, oral administration of 
5 mg of nickel sulfate once weekly reduced the 
in vitro response of T cells to the metal in aller-
gic patients, but failed to improve the clinical 
expression of the dermatitis [166]. In contrast, 
other reports showed that oral administration 
of 3.5 or 5 mg, but not 0.5 mg, of nickel sulfate 
once weekly for 6 weeks, as well as sublingual 
adminstration, significantly improved cutaneous 
manifestations and nickel reactivity [167, 168].

To investigate the efficacy of oral hypo-
sensitization in nickel-allergic subjects and 
how this affects in vitro T cell responsiveness 
to the metal, Bonamonte and Coll. conducted 

an open multicenter study in 28 nickel-allergic 
patients, involving the oral administration of a 
daily dose of 50 µg of elemental nickel (given 
as NiSO4·6H2O) in cellulose capsules for 
3 months. The severity of clinical manifesta-
tions, in vivo nickel responsiveness and in vitro 
T cells responses to the metal were assessed 
after 1 and 3 months [169]. All patients enrolled 
had a history of contact dermatitis caused by 
nickel lasting at least 4 months (mean, 14 years), 
confirmed by patch testing with nickel sul-
fate 5% pet. At T0 (first visit), T1 (at 1 month 
of treatment), and T3 (at 90 days), apart from 
evaluating the affected body surface area (BSA), 
patch tests were performed with scalar concen-
trations (2.5%, 1%, 0.5%, 0.1%, and 0.05% wt/
vol) of NiSO4·6H2O in water, as well as taking 
blood samples for immunological investiga-
tion (performed in 12 patients). Two patients 
 discontinued the protocol because of adverse 
effects: one patient, a 55-year-old female, 
complained of itching, abdominal distension, 
dyspnoea and flushing after 3 days of treat-
ment; and a 54-year-old female complained of 
worsening of skin changes at day 20 of treat-
ment. Twenty-six patients finished the study. In 
these patients, oral hyposensitization improved 
the clinical manifestations despite continued 
nickel exposure: BSA decreased from 6.34% 
(range 2–18%) to 3.65% (range 0–12%) at T1, 
and to 2.11% (range 0–9%) at T3. As regards 
the patch tests, the minimal eliciting concentra-
tion progressively increased from 0.49% (range 
0.05–1%) to 0.69% (range 0.1–1%) at T1, and to 
1.54% (range 0.1–5%) at T3.

Importantly, the clinical improvement was 
accompanied by a significant reduction of 
in vitro nickel responsiveness of both CD4+ and 
CD8+ T lymphocytes in all but one patient. All 
except the 1 patient showed a significant reduc-
tion of T cell proliferation in vitro (ranging from 
28 to 95%). Decreased T cell proliferation was 
parallelled by impaired secretion of IFN-  and 
TNF-α, whereas the secretion of IL-10 remained 
unchanged. In the 1-year follow-up, 50% of 
patients experienced relapses of the clinical 
manifestations at sites of topical exposure to 
nickel.
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Despite the various protocol limits (dose and 
duration of treatment, further functional studies 
required to investigate the mechanisms under-
lying the induction of nickel oral tolerance), 
the results show that oral hyposensitization is 
a promising approach in the management of 
nickel allergy [169, 170].

26.3.8  Nickel Elimination Diets

Hyposensitization therapy with oral nickel seems 
currently to be the only treatment acting on 
the pathogenic mechanisms underlying nickel 
allergy, so it could be considered the only effec-
tive treatment [170]. There are, however, other 
therapeutic measures aimed at alleviating contact 
allergy symptoms, such as a special diet. There 
is some evidence to support the benefits of low 
nickel diets in some nickel-allergic subjects [171, 
172]. As is well known, nickel is present in vari-
ous foods in a normal diet, some of which have 
a very high nickel content. However, the nickel 
content in specific foods can vary greatly depend-
ing on a number of factors, so the daily intake of 
nickel is highly variable both in different popula-
tions and even in the same individual, in different 
seasons and even different days. It is therefore 
difficult to suggest a useful quantitative and qual-
itative low-nickel diet composition [40, 173].

26.3.9  Nickel Dermatitis and Chelating 
Agents

Another nickel-specific therapeutic option is 
the use of chelating agents, such as diethyldithi-
ocarbamate (DDC), tetraethylthiuramdisulfide 
(TETD) (disulfiram or Antabuse®, also used in 
the treatment of chronic alcoholism; in the cir-
culation it splits into two DDC molecules), and 
trientine [174–179]. The underlying rationale is 
to increase the excretion of nickel penetrating 
the organism through the skin or food, prevent 
its binding with the specific vector and remove 
from the epidermis the nickel bound to the 
membrane antigens of the Langerhans cells. In 
this way, the antigenic stimuli can be reduced.

The chelating agents shown to be most effi-
cacious are DDC and TETD, whereas trientine 
did not yield satisfactory results. Such treatment 
is not free from side effects [180] and should be 
given under close biohumoral monitoring (liver 
function should be monitored before and dur-
ing treatment). Absolute avoidance of alcohol 
is essential during the treatment because alco-
hol intake will cause nausea and vomiting. This 
treatment (the chelating agent binds nickel and 
allows it to be excreted in the urine and stool) 
should only be used in cases refractory to other 
tretaments, and lacking any possible prevention 
methods, for brief periods and at low dosage. It 
is necessary to associate the treatment with an 
iron-rich diet, the administration of polyvita-
mins, and as already stated, to avoid alcohol.

26.3.10  Oral Hyposensitization in Plant 
Dermatitis

Parthenium hysterophorus has caused contact 
dermatitis of epidemic proportions in Northern 
India [181–183]. The onset of the dermatitis can 
occur after direct contact with the plant, or as a 
result of airborne contact dermatitis. The prin-
cipal allergens are sesquiterpene lactones, par-
thenin and ambrosin, present in the trichomes of 
the plant. During the dry season, these are scat-
tered by the wind and can cause airborne contact 
dermatitis [181–183]. The clinical picture may 
be further complicated by the development of 
photosensitivity [184].

Twenty four subjects with positive patch test 
reactions to P. hysterophorus were enrolled in a 
study to investigate the effect of oral administra-
tion of parthenium extract [184]. At the start of 
treatment and at the end of the study (12 weeks) 
a clinical severity score and any change in the 
contact hypersensitivity titres calculated using 
serial dilutions of the patch tests concentrations 
were recorded. Ether extract of dried parthe-
nium leaves was diluted in corn oil to produce 
a stock solution of 1000 µg/ml. The first dilution 
used was 10,000 µ/ml. Oral hyposensitization 
was started at 1 dilution lower than the patient’s 
own titre, determined after patch testing with 
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serial dilutions. Initially started at 5 drops/
day, the dose was increased over a week, up to 
a maximum of 30 drops/day. This therapy was 
associated with antihistamines and topical corti-
costeroids only after the first 2-weeks follow-up.

Of the 24 patients enrolled, 4 dropped out 
and 20 completed the study; among the latter, 
6 patients (30%) experienced exacerbation and 
hence interruption of the therapy. In the remain-
ing 14 patients, there was a gradual fall in the 
mean clinical severity score. However, there was 
no significant change in the individual contact 
hypersensitivity titres after treatment [184].

Studies of oral hyposensitization were also 
made in patients with contact allergy to rhus/
urushiol [185, 186]. Epstein and Coll. [185] 
observed a decrease in patch test positivity after 
the oral administration of urushiol when the 
therapy was extended to 6 months.
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the progression of the disease (ensuring the 
best quality of life) and above all circumvent-
ing subjects’ inability to work, and re-inserting 
them, if necessary, in another working activity. 
Occupational dermatoses in general, and con-
tact dermatitis in particular, entail both individ-
ual and socioeconomic aspects, and therefore it 
would be of great benefit if people exposed to 
harmful chemicals and products, physical fac-
tors, and biotic agents, could be protected from 
developing the related skin diseases. In the spe-
cific case of contact dermatitis prevention, it is 
clear that those responsible for primary preven-
tion are in particular factories and manufactur-
ers of chemical products, government agencies, 
consumer organizations, industrial physicians 
and nurses, and safety engineers. Those respon-
sible for secondary and tertiary prevention are 
the physicians who observe and treat the patients 
affected (dermatologists, industrial physicians), 
nurses and safety engineers [6]. In this chapter, 
the overall aspects of the prevention of occupa-
tional and non occupational contact dermatitis 
due to chemical causes will be considered.

27.1  Collective Prevention

The key elements of primary and secondary col-
lective prevention are reported in Table 27.2. 
These norms are largely complied with as far as 
possible in large and medium-sized industries, 
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Contact dermatitis accounts for about 90% of 
all the occupational dermatoses (in their turn 
responsible for a large proportion of all profes-
sional diseases), hence the enormous importance 
of prevention of contact dermatitis [1–7]. There 
can be no doubt that suitable prevention meas-
ures are able to reduce the incidence of occu-
pational contact dermatitis. The solution of the 
problem seems to be more difficult in the non 
occupational field, although in this sector too, a 
more rational use of topical medicaments, cos-
metics and other products in common use can 
at least lower the frequency of relapses of the 
dermatitis. In both the occupational and non 
occupational fields, prevention is subdivided 
into primary, secondary and tertiary measures 
(Table 27.1). Primary prevention, both collec-
tive and individual, is aimed at eliminating all 
the risks of onset of contact dermatitis in a pop-
ulation of healthy subjects. The aim of second-
ary prevention is to avoid relapses in subjects 
already affected by contact dermatitis. Tertiary 
prevention, focused on the affected individ-
ual, treats the subject with the aim of blocking 
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but in small industries, and in particular among 
craftsmen, these same norms are extremely dif-
ficult, if not impossible, to implement, and are 
certainly antieconomic. The key elements of ter-
tiary prevention are reported in Table 27.3.

27.1.1  Rotation of the Staff

Improvements in the physical and psychic well-
being of workers by means of constant continual 
education and the introduction of incentives is 

Table 27.1  Prevention of contact dermatitis
A. Primary prevention
                 Collective (or general) and individual 

measures
                Inhibition of the induction of a disease
B. Secondary prevention
                Collective and individual measures
                Inhibition of relapses of the disease
C. Tertiary prevention
                Individual measures
                Inhibition of worsening of the disease
                Rehabilitation as a medical and social goal

Table 27.2  Primary and secondary prevention measures in contact dermatitis

Legislation, regulations
Closed systems work cycles
Automation
Robotization
Regulation norms for industrial hygiene
                Ventilation
                Temperature
                Environmental humidity
                Forced aspiration of the air
                Illumination
                Cleanliness
                Hygienic devices
Reduction or elimination of potentially harmful substances
Allergen removal (e.g. in topical drugs, cosmetic formulations)
Atmospheric pollution measurement to reduce the amount of aeroallergens
Preventive controls of the activity of the chemicals
The use of alternative substances and materials
Neutralization of haptens
Rotation of the staff
Technical data sheets for all the substances, and labeling of the relative containers, specifiying the norms of use for 
each product and material safety data sheets
Qualitative and quantitative analyses of products to identify haptens
Medical-technical supervision
Medical education of workers and consumers, using posters, illustrated leaflets and videos, as well as organizing 
courses on the prevention of skin disorders and skin protection
Protective clothing (in particular appropriate gloves)
Use of barrier creams and/or gels before and during work
Systematic use of moisturizing creams after work
Medical guidelines related to vocational choice (e.g., for atopics)
Research on prevention and widespread communication of the results obtained
Training of industrial physicians and nurses
Training of workers in special industrial processes
Good housekeeping
Early detection of the clinical signs of contact dermatitis
Careful investigation of the medical history to seek links between environmental conditions and skin signs
Diagnostic procedures (patch tests and other allergological cutaneous tests when needed)
Determination of the relevance of positive allergic reactions
Information systems: product labeling, data bases
Skin cleansers with a low irritant and/or allergologic potential
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of extreme importance, as well as ensuring com-
pliance with a series of general norms, such as 
hygiene at the work place and the rationalization 
of very heavy, tiring work, especially if carried 
out at excessive work rhythms. This rationali-
zation process involves the rotation of staff, in 
order to achieve the periodical removal of con-
tacts with an irritant or allergenic potential. This 
system of getting staff to take turns at different 
tasks is always possible except in rare cases of 
highly specialist jobs, and allows recovery of the 
physiologic skin defence conditions, that may be 
altered by exposure to irritant chemicals.

27.1.2  Closed Systems and Automation

It is crucially important that extremely potent 
allergens be used only in “closed systems”, in 
order to prevent any contact with the worker’s 
skin. Automation is the only practical modal-
ity to avoid epidemics of contact dermatitis 
in industrial plants, in particular if there is a 
problem of airborne contact irritants or sen-
sitizers. Lachapelle [8] reported an epidemic 
of slag dermatitis in a metallurgic plant. At 
one stage of production, when workers poured 
slag (a mixture of silicium oxide and calcium 
oxide powders) into ingot moulds, dust, pen-
etrating through protective clothes or between 
sleeves and gloves, accumulated in the folds 
and the extensor faces of the thighs and arms. 
This caused the onset of airborne irritant con-
tact dermatitis with subjective and objective 
symptoms comparable to those of fiberglass 
dermatitis. Microscopy examination of dust 
particles revealed that some were oblong and 

sharp-edged, so the dermatitis was linked to 
mechanical irritation of the skin by sharp-edged 
particles, as well as to their particular alkaline 
pH (between 8 and 12). The problem was solved 
by instituting complete automation [8]. In 
Scandinavian countries, the problem of allergic 
contact dermatitis from color developers in pho-
tographers has been solved thanks to the wide-
spread use of automated procedures [9, 10].

27.1.3  Allergen Removal 
or Replacement

Prevention must be aimed at reducing or elimi-
nating potentially sensitizing or irritant sub-
stances by means of the appropriate selection of 
raw materials and of production processes that 
reduce to a minimum any exposure to harm-
ful products. When a new allergen is identified, 
the manufacturer and the governmental agencies 
must decide whether to ban it or allow its use 
only with the adoption of specific precautions. 
This can be easy to achieve in the case of cos-
metics and medicaments, for instance, although 
attention must always be paid not only to the 
finished product but also to all intermediate syn-
thesis side products, of course. The presence of 
the latter in the form of impurities in the finished 
product, even at concentrations of a few ppm, 
may result harmful if they have a sensitizing or 
irritant power. We have observed such events 
in the case of cocamidopropylbetaine, a sur-
factant used in shampoos, detergents and other 
cosmetic products. The substance resulted sen-
sitizing due to impurities such as dimethylami-
nopropylamine used in the synthesis of betaine 

Table 27.3  Tertiary prevention of contact dermatitis

Diagnosis of disabling contact dermatitis
Careful taking of the medical history to seek links between environmental conditions and clinical signs
Diagnostic procedures (patch tests and other allergological cutaneous tests when needed)
Determination of the relevance of positive allergic reactions
Individual strategies based on the removal of allergen(s) or reduction of harmful contacts, and wearing protective 
clothing
Topical and systemic treatment of the dermatitis
In occupational sectors, recording the side effects and applying legal measures (that vary from nation to nation)
Psychosocial aid
Rehabilitation and a possible change of job
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[11–15]. It has also been shown that the same 
substance can have different sensitizing pow-
ers depending on its origin. Laurus nobilis L. 
from Morocco, for example, contains a greater 
quantity of sesquiterpene lactones and so is 
more sensitizing than the Tunisian variety [16]. 
In American and French essence of turpentine 
there is a smaller quantity of ∆-3-carene than in 
the Finnish, Swedish and Russian varieties [17].

The addition of ferrous sulphate to cement 
immediately before mixing reduces the hexava-
lent chromium to the trivalent state and may thus 
prevent dermatitis [18]. In Denmark, the inci-
dence of chromium contact sensitization among 
cement workers has decreased since the addition 
of iron sulphate to the cement [19]. The removal 
of chromate from household and/or industrial 
products is crucial. The decision by French pro-
ducers to remove sodium dichromate from eau 
de Javel was exceedingly important not only in 
preventing housewives’ dermatitis but also in the 
occupational field, because there is large scale 
use of eau de Javel for cleaning or antiseptic 
purposes [20].

In the cosmetology field, the example of 
Kathon CG is highly illustrative. The biocide 
chloromethoxy isothiazolinone caused outbreaks 
of allergic contact dermatitis among consum-
ers of cosmetic products in the 1980s and early 
’90s. Most of these cases were observed when 
Kathon CG was used in “leave on” formulations 
at a concentration of 15 ppm. The decision was 
then made to maintain Kathon CG as a biocide 
only in “rinse-off” formulations, such as sham-
poos at a concentration of 7.5 ppm: these sham-
poos are better tolerated by patients who have 
had problems of contact allergy with “leave-on” 
formulations [5].

27.1.4  Measures to Increase 
the Knowledge of the Chemical 
Composition of End-Products

In cases of documented sensitization to a given 
substance, it is necessary to perform specific 
analyses to check for this substance at the work 
environment. Naturally, considerable data in this 

regard are supplied by the technical sheets of the 
various products. Owing to their great impor-
tance, these technical sheets must be continually 
updated and available for all types of consulta-
tion. Sometimes, however, such information 
is unavailable, being an industrial secret [21]. 
Quali-quantitative analytical methods for identi-
fying and dosing the various substances include: 
spectroscopy and spectrophotometry; various 
analytical methods (polarography, gravimetrics, 
potentiometric determinations) and “spot tests”; 
methods for separating organic compounds 
(chromatography).

It is also important for the dermatologist to 
have a good knowledge of the work conditions. 
Visiting factories or other work facilities is 
therefore very important in order to gain useful 
information about all the various aspects of the 
work cycles [22, 23].

27.1.5  Predictive Testing

The irritant or sensitizing activity of chemicals 
and products can be checked before their intro-
duction into the environment by making pre-
dictive tests. Among skin irritation tests, one of 
those most commonly used in the past was the 
Draize dermal irritation test on albino rabbits. 
The use of laboratory animals for skin irrita-
tion testing was then abandoned in favor of the 
development of in vitro models [24] and a more 
frequent use of human volunteers [25–27].

Still, predictive tests to identify sensitizing 
chemicals can be carried out in experimental 
animals (guinea pigs, mice) and in human vol-
unteers. About 15 guinea-pig methods have been 
described: those in most widespread use are the 
guinea pig maximization test and the Buehler 
topical closed-patch technique [28]. In mice, 
two methods have been employed, namely the 
local limph node assay-LLNA, and the mouse 
ear swelling test-MEST [29–31]. In man, the 
best known methods are the human maximiza-
tion test and the modified Draize repeated-insult 
patch test [32, 33]. When applying predictive 
tests, it is important to remember that some sub-
stances can be sensitizing in one species and 
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not in another, such as those that are notori-
ously sensitizing in man but not in animals: one 
example is lanolin, that is a grade I allergen in 
guinea pigs, likely due to the variable composi-
tion of the lanolins studied. The opposite phe-
nomenon is more common, when substances are 
allergenic in guinea pigs, for instance, but not in 
humans. Contact allergy in humans, however, 
does not depend only on the intrinsic allergenic 
potential of the substance but also on various 
other conditions of exposure (the concentration 
and penetration of the substance, individual con-
ditions of the skin, exposure time and type, skin 
surface exposed, and so on).

27.2  Individual Prevention

Individual primary and secondary prevention 
(Table 27.4) must start from the moment when 
the subject enters the employment, and consist 
of various strategic steps.

27.2.1  Dermatological Visit

The medical history and the medical visit 
before the subject’s employment with the 
firm must be done very accurately to reveal 

the presence of any skin diseases that could 
limit the options and types of tasks the worker 
could carry out. This norm, that in prac-
tice, for various reasons, is rarely complied 
with, would allow a certain degree of selec-
tion or at least a more suitable assignment of 
tasks. Table 27.5 lists some skin diseases that 
could potentially predispose to occupational  
dermatitis.

27.2.1.1  Atopic Patients
The various problems inherent to atopy are con-
tinually under study. The most relevant data are 
as follows. The frequency of atopy in the gen-
eral population is about 25%; subjects with a 
current episode or past history of atopic der-
matitis have an inferior skin quality, with an 
impaired barrier function. In about 80% of cases 
of occupational dermatitis there is a positive 

Table 27.4  Primary and secondary individual preven-
tion measures

Dermatological history
Dermatological examination
Cutaneous allergological tests
Protective clothing
Protective barrier creams
Correct cleansing
Skin care product application after work

Table 27.5  Skin diseases potentially predisposing to occupational dermatoses

Skin complaint Possible occupational dermatosis
Atopic dermatitis Irritant contact dermatitis

Contact urticaria
Allergic contact dermatitis Relapses and worsening due to occupational activities
Psoriasis Koebner due to physical stimuli

Palmar occupational psoriasis
Xerosis, icthyosis Occupational contact dermatitis
Symptomatic dermographism Contact urticaria
Urticaria, cold and heat urticaria Relapses and worsening due to occupational activities
Hyperhidrosis, dyshidrosis Contact dermatitis also due to the use of accident-preventive shoes and 

gloves
Miliaria due to high temperatures

Seborrhoeic dermatitis, severe acne Folliculitis to oils
Chloracne

Raynaud’s phenomenon Worsening due to occupational reasons
Actinic skin disorders Worsening with outdoor activities
Scleroderma Worsening due to occupational reasons
Stasis dermatitis, varices Worsening in particular occupations
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history of atopy [7]. Apart from a few excep-
tions linked to particular activities, atopy of the 
mucosa alone is not a factor fostering occupa-
tional diseases, whereas subjects with a history 
of severe atopic dermatitis, especially localized 
on the hands, are more predisposed to occupa-
tional contact dermatitis. Irritant contact der-
matitis is undoubtedly more frequent in atopic 
subjects than controls. Instead, there seem to be 
no differences in the incidence of contact allergy 
between atopic subjects and controls [34–36]. A 
greater frequency of contact allergy to balsam of 
Peru and fragrances has been reported in atopic 
subjects [37, 38]. There are discordant views as 
to the relative rates of contact allergy to nickel, 
although most studies do not seem to demon-
strate a higher frequency.

27.2.1.2  Irritant and Allergic Contact 
Dermatitis

Subjects with contact allergy may not present 
dermatitis at the time of the pre-employment 
visit, hence the importance of paying close 
attention to the medical history. Patch tests are 
not always performed and cannot be advised as 
routine pre-employment tests. Besides, a posi-
tive reaction to a substance does not predispose 
the subject to sensitization to other substances, 
while a negative reaction clearly does not 
exclude a future development of allergy.

In cases of subjects with irritant contact der-
matitis, it is important to remember that the 
impaired skin barrier function can persist for 
long periods even when not evident to the naked 
eye. Although it is difficult to ascertain on a sci-
entific basis, the normal barrier function is con-
sidered to be restored after several months; in 
this context, non-invasive bioengineering tech-
niques can be a valid aid.

27.2.1.3  Patients with Other Dermatoses
The medical history and medical visit before 
the subject’s employment with the firm can be 
very helpful in orienting the worker’s choice 
of particular occupational activities rather than 
others (Table 27.5). Subjects with other types 
of eczema (seborrhoeic, stasis, nummular, etc.) 
often present contact allergy to medicaments, 

preservatives or fragrances. Patients with hand 
psoriasis must avoid work involving repeated 
trauma of the hands, and those with severe acne 
must avoid contact with oils and grease.

27.2.2  Worker Protection: Gloves

The first line of defence against hand contact 
dermatitis is the use of gloves, even if in some 
jobs it is not possible to wear them because 
they cause a loss of dexterity (in such circum-
stances, one alternative is to use barrier creams). 
There is an ample range of different glove 
 materials (e.g., nitrile, neoprene, natural rubber 
latex, PVC, PVA, laminated film, vinyl, butyl 
gloves) and properties (e.g., disposable gloves, 
single-use gloves) [39–47]. Also, as compared 
to the past, nowadays processes are available to 
produce low-protein rubber gloves, vulcaniza-
tion  accelerator-free gloves or specific-purpose 
gloves, such as gloves containing antimicrobial 
agents or moisturisers [48].

27.2.2.1  Gloves for Protection 
from Chemicals

It is fairly difficult to manufacture vulcanisation 
accelerator-free gloves to protect against chemi-
cals. In Europe this type of gloves is regulated 
by the Personal Protective Equipment Directive 
89/686/EEC [49]. There are no gloves in exist-
ence that are universally suitable for all chemi-
cals and all situations. The protective capacity 
is material-hazard-specific: a protective equip-
ment material that can protect against some 
substances may be useless or nearly so against 
others [47]. The adverse effects of gloves must 
also be taken into account (occlusion, latex and 
contact allergy) [40, 50]. In practice, depending 
on the type of job and types of substances that 
the worker may come in contact with, it is neces-
sary to select the relative protective gloves taking 
due account of the material, thickness, length, 
and other traits (Table 27.6) [5, 45, 51, 52].

According to European regulations, three 
levels of risk of potential injury have been iden-
tified, and hence three different categories of 
protective gloves [47]:



57527 Prevention and Rehabilitation

Category I: gloves of simple design for mini-
mum risk

Category II: gloves of intermediate design for 
intermediate risk

Category III: gloves of complex design for high 
risk.

To aid the selection of the appropriate gloves, 
manufacturers provide the relative charts and 
computer software; several websites also report 
useful information in this field [48].

Various types of medical gloves (low-protein 
latex gloves, rubber accelerator-free gloves, 
specific purpose gloves) are also available [48, 
53–59].

27.2.2.2  Limits of Gloves
The limits of gloves are reported in Table 27.7 
[60]. The risk of trauma when wearing gloves 
and working in contact with machinery in 
motion is well known in the industrial field; it is 
important that the gloves should be well-fitting. 
Sprays of chemicals, oils and solvents at the 
edges of gloves foster the passage inside of the 
substances being handled without the worker 
noticing; it is therefore necessary to wear long 
gloves rolled back or tucked under the sleeves. 
The external surface of gloves may be contami-
nated, and the contaminants can be trasferred 
onto the skin of the hands when they are being 

taken off, especially if this is repeated several 
times during the work shift. Before removal, 
the gloves should be washed; in addition, they 
should never be left lying on dirty work spaces.

Microlesions of the gloves can go unnoticed, 
especially when handling sharp metal tools. The 
gloves should therefore be changed often. Some 
workers cannot tolerate rubber or polyvinylchlo-
ride gloves for long periods, especially in cases 
of major hand sweating or dyshidrosis. In such 
events the gloves should be removed at frequent 
intervals; wearing cotton gloves underneath can 
be useful.

The risk of penetration (passage of chemicals 
through macroscopic holes or pores) or of per-
meation (migration of chemicals on a molecular 

Table 27.6  Glove materials for protection against various chemicals [5, 45, 51, 52]

Glove material Applications
Natural rubber (cis-isoprene) Soaps and detergents, water-soluble irritants, weak acids and 

alkalis
Butyl (isobutene, isoprene) Aldehydes, amines (except butylamine and triethylamine), 

amides, ketones, esters (butyl acrilate excluded). Highest 
permeation resistance to gas and water vapors

Neoprene (chloroprene) Soaps and detergents, weak acids and alkalis, certain esters 
and amines, most alcohols, vegetable oils. Excellent tensile 
strength and heat resistence. Moderate abrasion resistence

Nitrile (acrylonitrile, butadiene) Oils, greases, petroleum products, and some acids and caus-
tics. Abrasion resistence

Fluorocarbon (vinilydene fluoride, hexafluorpropene) Organic solvents, particularly halogenated and aromatic 
hydrocarbons

Polyvinyl chloride (PVC) Soaps and detergents, oils, metalworking fluids, weak acids 
and alkalis, vegetable oils. Good abrasion resistence

Polyvinyl alcohol (PVA) Several organic solvents. Not in water or water-based solu-
tions. Highly impermeable to gases

Table 27.7  Limits of gloves

Physical risk
Microlesions
Contamination
Risk of sprays
Sweating and dyshidrosis
Penetration and permeation
Deformation
Disintegration
Contact dermatitis
                Irritant contact dermatitis
                Allergic contact dermatitis
                Contact urticaria
                Chemical leukoderma
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level) of gloves is well known. Thin gloves are 
obviously more vulnerable. A correct selec-
tion of the right gloves for the task is always 
necessary.

Gloves of all materials can induce contact 
dermatitis. In general, rubber gloves are those 
that most commonly cause allergic reactions, as 
compared to plastic or leather. Various studies 
have demonstrated that 3.8–14.7% of patients 
with contact allergy are sensitized to rubber 
additives [40, 61–64]; the percentages are higher 
in cases of occupational contact dermatitis. The 
rubber additives most likely to cause contact 
allergy are accelerants, antioxidants and vulcan-
izers. First among them are thiurams, followed 
by carbamates, and cross reactions between 
the two groups are possible. In third place 
is mercaptobenzothiazole, followed by thio-
ureas. Antioxidants derived from paraphenylen-
ediamine are less often the cause of allergy to 
gloves. Allergic contact dermatitis due to plas-
tic gloves is primarily linked to dyes and addi-
tives, whereas in leather gloves the main culprit 
is chromium. Natural latex polymers can also 
induce contact allergy [65, 66].

Another complaint quite commonly observed 
is chemical leukoderma (or contact leuko-
derma), an acquired cutaneous pigment loss 
arising from repeated exposure to specific 
chemical compounds, particularly certain phe-
nol and catechol derivatives also present in rub-
ber as antioxidants, that act through selective 
melanocytotoxicity [67–72]. We have observed 
23 cases of contact chemical leukoderma, 18 of 
which were occupational. In 17 cases, the hands 
and wrists were involved due to occupational 
contact with rubber gloves, whereas the perila-
bial region was affected in another case, due to 
contact with a rubber mouthpiece. In all cases, 
the leukoderma appeared after a period ranging 
from 4 months to 3 years after the harmful con-
tact. In 2 cases, biopsy of the lesion, performed 
on the wrist, showed the absence of melanocytes 
and mild intraepidermal spongiosis [71, 72].

The first reports of cases of type I allergic 
reactions (contact urticaria) to natural latex date 
back to 1979 and 1980 [73, 74]. Since then, the 
problem has got continually worse, especially in 

the occupational field. Prolonged use of gloves 
made of natural latex from the rubber tree Hevea 
brasilensis can induce immediate sensitization, 
linked above all to the proteins in natural rub-
ber latex polymers [75]. The onset of the clini-
cal symptoms can occur both after direct contact 
with the latex and after inhaling these allergens. 
The symptoms can be local or generalized, rang-
ing from urticaria, angioedema, rhinitis, asthma, 
tachycardia through to anaphylactic shock.

Contact allergy can also be linked to sub-
stances that pass through the gloves in some 
way: nickel, glyceril monothioglycolate, epoxy 
resins, organic solvents and acrylic monomers. 
Glove powder used as lubrificant can macerate 
the occluded skin and cause mechanical irrita-
tion. The bacterial endotoxins released while 
sterilizing gloves by irradiation with gamma 
rays and ethylene oxide can also irritate the skin 
[76]. Moreover, gloves can be an important fac-
tor in the pathogenic mechanism of cumulative 
irritant contact dermatitis [77].

27.2.3  Worker Protection: Clothing

Allergic contact dermatitis due to rubber or plas-
tic additives can also be linked to various items 
of protective clothing: shoes and boots, masks, 
goggles, snorkels, fins and rubber suits in scuba 
divers [78].

Various articles of clothing, including over-
alls, can induce contact dermatitis due to azoic 
dyes [79, 80]. There have also been reports of 
epidemics of occupational contact dermati-
tis due to residues of perchloroethylene in dry 
cleaned clothing [81] and protective equipment 
of various types [82].

Contamination of clothing can be yet another 
cause of occupational contact dermatitis. 
Fiberglass fibers and mineral oils can impregnate 
overalls and give rise to irritant contact dermati-
tis and folliculitis, respectively. Elasticated cloth-
ing can also cause problems due to mechanical 
pressure, as well as contact allergy to the rubber 
additives in the elastic. Particularly close-fitting 
protective clothing can give rise to pressure urti-
caria, acneiform eruptions and also aggravate 
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preexisting dermatitis forms. A foot  dermatitis 
due to contact with tributyltin oxide was 
reported in some soldiers due to excessive use of 
this substance to disinfect socks [83].

27.2.4  Barrier Creams

Barrier creams (protective ointments, “invis-
ible gloves”) are used as substitutes of protec-
tive clothing in situations where gloves and 
face guards cannot be safely or conveniently 
used. They are formulated to prevent or reduce 
the penetration of the skin by various harmful 
substances [5, 50, 84–87]. Their efficacy has 
been investigated in in vivo and in vitro studies 
[87–89]. All the same, their real benefit is still 
under debate [88, 90–94]. Inappropriate applica-
tion of barrier creams can exacerbate rather than 
improve the problems [89, 95, 96].

The idea of the mechanism of action under-
lying barrier creams is that of posing a physi-
cal obstacle between the skin and the harmful 
substances. Those most often quoted are water 
in oil (W/O) emulsions, effective against aque-
ous solutions of irritants, and oil in water (O/W) 
emulsions, effective against lipophilic materi-
als [91, 97]. However, some studies have dem-
onstrated that there are exceptions to this rule 
[98, 99]; in any case, in various workplaces 
skin contact to both water-miscible and non 
 water-miscible irritants takes place in exchang-
ing circumstances [50].

In practice, barrier creams are generally rec-
ommended only for low-grade irritants (water, 
detergents, some organic solvents) [88, 89]. 
They are also used to protect the face and neck 
against chemical dust and vapors. They are the 
only preventive measure possible in cases of 
work processes requiring an enhanced sense of 
touch and finger mobility, or when working at 
rotating machines [100].

Depending on their Galenic composition 
and interaction with the irritant substance, bar-
rier creams can have a protective or an irritant 
effect, and can even boost the penetration of the 
irritant [101]. Some beneficial results have been 
obtained with barrier creams against allergens 

like chromium and nickel. In the first case, in 
chromate-sensitive construction workers the use 
of a barrier cream composed of silicone, tar-
taric acid and glycine chelates chromate, reduc-
ing chrome VI to the less allergenic chrome 
III [102]. In another study, the application of a 
carbopol gel with 10% Ca Na2-EDTA (a nickel 
ligand) beneath a nickel disk completely abro-
gated the allergenic contact response in 100% 
of nickel-sensitive patients [103, 104]. Further 
studies of the use of barrier creams in contact 
irritation are warranted, using the various effi-
cacy test methods available for use in humans 
and guinea pigs [84].

The method of application of barrier creams 
is important and can significantly affect their 
efficacy. They must be applied on clean dry 
skin to avoid any increased penetration of irri-
tants remaining on the skin surface [42]. They 
must be applied quite frequently and in adequate 
quantities to all skin areas. Using a fluores-
cence method for visualizing the barrier cream 
applied, the subjects’ application was shown 
to be generally incomplete, especially on the 
backs of the hands and in the interdigital spaces: 
proper worker education about this point is 
essential [105, 106].

27.2.5  Skin Cleansing and Care

Cleansing the hands is an important part of the 
prevention of occupational contact dermatitis, so 
proper training of workers to do this is necessary 
[107]. When skin cleansers are used, these must 
maintain the acid protection of the skin, and so 
have a neutral pH value (approx. pH 5.5) [108]. 
They must not contain dyes, fragrances and pre-
servatives, while they should contain mild ten-
sides. They must also be free from solvents and 
abrasives. After cleansing, the hands must be 
carefully dried with disposable paper towels [47].

27.2.6  Skin Care

After work, appropriate skin care products must 
be used on the hands; in fact, emollients alone 
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have been demonstrated to be able to treat and 
prevent irritant contact dermatitis [109]. The 
selection of a moisturizer, that must be used 
regularly, must take into account some norms, 
namely that a greasy ointment must be applied if 
there is skin damage, generally before going to 
bed. During the day, moisturizing ointments or 
creams should be used, that are generally more 
efficacious than lotions. These products must 
never be applied under some gloves because 
they alter their protective function. When nec-
essary, such products can be used under cotton 
gloves during the night [47].

27.2.7  Worker Education

In the prevention of occupational contact der-
matitis, important elements in the skin protec-
tion program are educational measures (primary 
prevention) and patient education (secondary 
and tertiary prevention) [110]. These consist of 
a series of practical instructions aimed at spe-
cific groups of people or at workers at their work 
station.

Patient educational programs have multi-
ple aims: to reduce the risk in wet occupations, 
improve compliance to norms, and improve the 
knowledge of what to do with healthy and dis-
eased skin. Young people, in particular, need 
to be informed about potentially dangerous 
occupations, so that they can adopt preventive 
measures to reduce the risk of occupational skin 
diseases [100, 111–113]. According to some 
authors, lectures, discussions, reflection, home-
work, and feedback need to be included among 
such educational activities [114–117]. Specific 
educational tools, including pamphlets, video-
tapes, and lectures, are available on the websites 
of different institutions [118, 119].

27.3  Rehabilitation

In the 1968 and 2003 WHO Expert Committee 
on Medical Rehabilitation reports, rehabilitation 
is defined as “the combined and coordinated use 
of medical, social, educational and vocational 

measures for training or retraining the individual 
to the highest possible level of functional ability” 
[120]. Rehabilitation must thus be considered 
a continuous process of social integration that 
must be adapted to the individual needs of each 
disabled person in a national or a global context.

In the case of occupational dermatoses, it is 
of paramount importance to discover the cause 
of the disease, both at the work station and in all 
extra-occupational activities, so as to achieve a 
prompt correct diagnosis. All the various elicit-
ing factors (chemical, physical and biological) 
must be investigated in accordance with the 
principles of prevention.

All efforts must be made to allow the worker 
to continue with the usual job. In cases of dis-
ease relapse, it may be necessary to reanalyze 
the conditions of exposure and reconsider the 
prevention measures. It may also be necessary 
to grant a longer period of convalescence to 
guarantee complete restoration of the skin bar-
rier function. In cases of allergens present in the 
occupational environment in the form of dusts 
or vapors that cannot be eliminated using proper 
ventilation systems or other methods, then a 
change of job will be necessary. The latter may 
also be necessary if the patient suffers a number 
of relapses, taking into account the following 
factors: degree of worker disability, age, motiva-
tion, intelligence level. Therefore, multidiscipli-
nary care, medical and social (social institutions, 
trade unions, work inspectors, employers, tech-
nicians, dermatologists, occupational medicine 
specialists, rehabilitation specialists) is essential; 
this contribution to the treatment is, of course, 
regulated by the national norms in each country.

However, it should be borne in mind that 
rehabilitation cannot be seen as a rigid, immu-
table system to be applied in every country. The 
specific rehabilitation process must rather be 
based on the level of harm and the particular 
situation in each nation: the experience, needs, 
financial resources and traditions. It is particu-
larly difficult to transfer experiences of rehabili-
tation, for example, from an industrialized to a 
developing nation, but even so (and this is very 
important) the individual methods for medical 
rehabilitation must be universally applied.
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The rehabilitation program must follow the 
nation’s social development, that is a continual, 
progressive process: the higher the standard 
of medicine in a nation, the higher the cost of 
rehabilitation will be. In addition, the greater 
the life expectancy the heavier will be the bur-
den of medical and social rehabilitation. What 
is absolutely and universally mandatory is that 
the rehabilitation process be ‘tailored’ to each 
individual both from the medical and the social 
standpoints.
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are conscious of what they are doing and why. 
There are no psycological disturbances underly-
ing these particular forms of behavior, therefore. 
Artefactual skin diseases for illicit purpose, aim-
ing to gain some advantage, are true simulations.

28.1  Diagnostic Criteria

The diagnosis of dermatitis artefacta does not 
usually present particular difficulties, despite the 
fact that the dermatologist cannot rely on precise 
anamnestic data or the patient’s collaboration. 
The diagnostic criteria can be as follows.

28.1.1  Site

The lesions are usually localized in areas exposed 
to the possible action of occupational risks and of 
easy access (the left arm, or the right if the simu-
lator is left handed, the lower limbs, the anterior 
region of chest, and rarely the face and the neck). 
The back is usually left alone, unless the simula-
tor can persuade a friend to collaborate.

28.1.2  Morphology

Unlike spontaneous lesions, those of dermatitis 
artefacta are generally irregular, sometimes even 
having a bizarre, decorative appearance, with 
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Dermatitis artefacta (term coined in 1908 by the 
writer Paul Bourget, who had been asked by a 
dermatologist to define the behaviour of one of 
his patients, who had self-inflicted gangrene 
of a limb using potassium hydroxide) is a self-
inflicted complaint provoked by the patient for 
various purposes and by various means [1–7].

In some subjects, the simulated disease is due 
to psychiatric problems (psychoses, mental retar-
dation, and personality disorders). These uncon-
scious simulators, who generally hope to attract 
the attention of the people they are surrounded 
by, or else they are reacting to unfavourable envi-
ronmental conditions, are prevalently females. 
Lesions provoked by patients with psychological 
disturbances, i.e. irresponsibly and without a venal 
interest, are described as pathomimic.

In contrast, disease can be simulated with ille-
gal intent: to gain advantage from situations of 
professional nature (to obtain prolongation of a 
disease or its recognition as a professional afflic-
tion, to attain a higher class of disability pension) 
or to escape various duties (e.g. military) or a 
prison sentence. In all these cases the simulators 
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The following tests at the level of the lesions 
may provide confirmation of a simulated 
dermatitis. Extraneous material on the surface 
of suspicious lesions can be elicited by means 
of surface biopsy, performed by stripping with 
a polyethylene polyester plaster with a drop of 
cyanoacrylate glue placed in the centre. The plas-
ter is held against the skin surface for 30–60 s 
and then detached. The layer of corneum cells 
obtained can be used for histological examina-
tion. In cases of ulcerous lesions, brushing the 
base of the ulcer may lead to possible identifica-
tion of foreign material. Determination of the pH 
may be helpful to demonstrate the use of acid or 
alkaline substances applied shortly before and 
not rinsed away. In all cases, histopathological 
and other more selective examinations are clearly 
necessary to make a definitive differential diag-
nosis with respect to spontaneous clinical forms 
presenting the same appearance.

28.1.5  Clinical Course

The most common artefact lesions have a sudden 
acute onset and rapidly resolve. Exceptions to this 
rule are associated with severe trophic damage to 
the dermal-hypodermal tissue (ulcers, gangrene, 
paraffinomas), which present a slower clinical 
course. For rapid healing, it is essential that the 
topical medication be applied under occlusive 
bandaging and constant medical and paramedical 
supervision. Refractory response to treatment is 
typical when the medicated zone is easily acces-
sible or careful supervision is lacking.

28.2  Etiological Agents

The etiological agents may be physical, 
chemical or biotic in nature (Table 28.1), 
although those in the first two categories are 
more commonly used.

Strong acids have a corroding action, while 
weak acids have an astringent effect. Hydrochloric 
acid provokes deep burns, and blisters may form; 
sulphuric acid carbonizes the skin, forming ulcers 

clearly defined margins, broken lines and acute 
angles. They are sometimes noticeably linear, or 
monomorphous, with no excessive involvement 
of the surrounding skin. Often, particularly 
in cases of ulcerous or ulcero-escharotic 
lesions, there is a distinct pattern visible, witch 
reproduces the shape and the size of the object 
used to inflict the lesions.

28.1.3  Lesions

Virtually all elementary lesions can be observed, 
perhaps excluding nodules, gummata, primary 
atrophy and sclerosis. Erythematous lesions 
are usually livid or cyanotic with clear-cut 
margins; purpuric lesions and excoriations are 
also frequently observed. Vesicular lesions are 
rare, whereas bullous lesions are quite common. 
Pustules are usually due to secondary impetigi-
nization. Ecchymoses with sharp margins are 
often observed, procured by repeated trauma from 
pinching or beating with various objects [4].

Subcutaneous introduction of various 
substances (paraffin, milk) gives rise to infiltrating 
lesions, which can later take on a wooden consist-
ency and may evolve into ulcers (paraffinomas). 
Pigmented lesions with linear borders can be an 
outcome of previous erythematous manifestations. 
Ulcers are very commonly observed, whereas 
gangrenous lesions of the legs, with irregular 
contours, are less frequent. In the latter cases, the 
normal surrounding tissue and integrity of the 
annexes can help to exclude a vascular origin of 
the affliction.

28.1.4  Complementary Investigations

In all cases of primary occupational dermatitis 
artefacta, rather than the secondary forms due to 
worsening of the spontaneous pre-existing con-
dition, the various laboratory tests give normal 
results, apart from inflammatory-type findings in 
acute pictures (raised erythrocyte sedimentation 
rate, leukocytosis), and the latter values rapidly 
normalize.
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which are slow to heal; nitric acid has a marked 
oxidizing effect and induces deep burns of an intense 
yellowish color. The other strong acids generally 
provoke ulcerating lesions with soft margins. Strong 
alkaline substances destroy wide areas of skin, solu-
bilizing the tissues and causing hard eschars to form.

The many different, complex mechanisms 
of action of the numerous biotic agents can 
essentially be summarized under the heading 
“pharmacological”, due to the freeing of proteo-
lytic biochemical mediators and enzymes.

In reality, discovering the etiological agent is 
often very difficult, owing to obstinate reticence 
of most simulators. In these cases, some general 
assumptions can be made: blisters are more 
commonly induced by vegetable substances, 
ecchymoses by mechanical agents and ulcers 
by chemical substances. Sometimes, however, it 
is impossible to discover the exact agent unless 
the simulator confesses: it is difficult to imagine 
the use of such substances as salted sardines, 
propane gas from the cigarette lighter and so on, 
which emerged in some of our cases.

28.3  Occupational Dermatitis 
Artefacta

The spread of state insurance has certainly 
increased the number of simulations, but, 
although many common cases of self-aggravated 
spontaneous dermatoses have been reported, only 
rarely do forms intended to reproduce a picture 
of professional-type dermatitis seem to be docu-
mented. The first group includes cases of volun-
tary aggravation of traumatic lesions secondary 
to accidents at the work site: wounds that fail to 

heal, suppurate or eczematize; burns that heal but 
then ulcerate again and have a recurrent clinical 
course. Despite occlusive bandaging, which 
should resolve such cases very rapidly, the risk of 
cunning simulators injecting harmful substances 
under the bandage should be born in mind.

From a pathogenic viewpoint, occupational 
dermatitis artefacta of the second type can be 
subdivided into two groups:

1. Dermatitis provoked directly on healthy skin.
2. Aggravation of pre-existing spontaneous con-

tact dermatitis.

Diagnosis can be fairly simple when the simulator 
attempts to reproduce eczema on healthy skin. It 
is in fact difficult to provoke erythemato-vesicular 
spongiotic lesions in different phases of evolu-
tion and so self-inflicted lesions tend to manifest 
as groups of gross blisters. The epicutaneous tests 
may be useful in such cases.

These criteria do not apply if the patient 
aggravates a pre-existing spontaneous eczema-
tous dermatitis. It should be remembered that the 
simulator may be well aware of what substance 
provokes his dermatitis and may make use of it 
during convalescent periods. In this event, only 
hospitalization and continual supervision of the 
patient can sometimes provide a precise diagnosis.

In addition to the above-two classical types 
of occupational dermatitis artefacta, pro-
voked on healthy or on damaged skin, there is 
another aspect to the problem. This is consti-
tuted by attempts to produce positive reactions 
on skin patch testing which would otherwise 
give negative results. The phenomenon was 
already reported by Meneghini and Rantuccio 

Table 28.1  Most common etiological agents of dermatitis artefacta

Physical agents
Metal objects (paper knives, scissors, tweezers, forks, various tools), fingernails, small sandbags, hemostatic liga-
tures, pumice stone, incandescent needles, lighted cigarettes
Chemical agents
Acids (hydrochloric, acetic, formic, trichloroacetic, chromic)
Alkalis (sodium and potassium salts, caustic potash, chlorinated lime and calcium oxide)
Solvents (turpentine oil, boiling oils and liquids, propane gas, petrol, salt)
 Biotic agents
Plants (nettle, cactus, agave, ferula, primula, fig latex)
Animals (jellyfish, sea-anemones, caterpillars, salted sardines)
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in 1962 [8] in two of eight cases of occupational 
dermatitis artefacta and has since been observed 
by ourselves and other authors [9, 10]. Other 
three cases of artefactual dermatitis caused 
by manhandling of the patch tests have been 
described [11]. Clearly, in suspicious cases the 
patch tests must be applied without allowing the 
patient to identify the site of the individual sub-
stances and the results must be interpreted with 
some caution.

28.4  Other Occupational Artefact 
Dermatoses

Secrétan’s syndrome is characterized by a hard, 
sometimes cyanotic, edema on the back of one 
or both hands. This can be obtained by applying 
a hemostatic ligature or bandage tightly around 
the forearm or by repeated self-inflicted trauma 
using hard objects [4]. This condition, first 
described in 1901 by Henri Secrétan [12], a 
Swiss doctor, and experimentally reproduced 
in monkeys by means of repeated injuries, has 
been observed in professional environments 
in simulators with an eye to their pension. The 
edema is likely to be of lymphatic nature and is 
associated with spontaneous or provoked pain 
and limited flexion of the metacarpal-phalangic 
joints. Edema from a hemostatic ligature can 
sometimes present with clear-cut margins and a 
fairly regular horizontal erythematous ring.

Secrétan’s syndrome must be differentiated 
from genuine professional traumatic complaints 
featuring hard, persistent and spontaneous 
lymphedema, which we have described in 
fishermen, due particularly to repeated trauma 
from sea-urchin spines and the tight cuffs of the 
wetsuit [13, 14]. In the spontaneous, chronic 
professional cases, limphography may show 
alterations of the lymph vessels [13, 14].

Secrétan’s syndrome must also be differentiated 
from other types of acute or chronic edema, such 
as lymphatic aplasia, recurrent erysipelas, deep 
trombophlebitis, angioedema, filariasis, venous 
obstruction, post-surgical disturbances, and carci-
noma and other tumors of the breast.

A simulated edema can, of course, involve 
either or both lower limbs. Investigation of the 
arterial, venous and lymphatic circulation, uro-
genital and intestinal function and such other 
tests as may fit the case should help to provide 
a diagnosis.

A simulated dermatitis may also assume an 
epidemic character in a professional environ-
ment. Among factory workers, in fact, epidem-
ics of simulated dermatoses can be observed, 
aiming to reinforce protest actions. These epidem-
ics must be differentiated from group psychoses 
(mass psychogenic disease, or closed-building 
syndrome) [15, 16]. Group psychoses in their 
turn must be differentiated from so-called “sick 
building syndrome” [17], a term describing 
situations that can arise in particular factories 
whose workers present a series of subjective 
symptoms due to causes not at first recognized.

28.5  Diagnosis

Among the various diagnostic criteria, clinico-
morphological examination is the most impor-
tant. The types of lesions and especially their 
arrangement and configuration are elements 
useful for diagnosis. Nevertheless, this criterion 
must not be overemphasized because spontane-
ous dermatitis can sometimes assume bizarre 
shapes. A diagnosis of simulated dermatitis 
should only be made after all the other possi-
ble extraneous causes have been diligently and 
impartially excluded on the basis of anamnes-
tic and clinical data. In short, the diagnosis of 
dermatitis artefacta should not be the result of a 
process of elimination but should be regarded as 
a possible diagnosis among others. Even when 
the diagnosis of a simulation is almost certain 
it is always best to request a neuropsychiatric 
consultation to exclude concomitant or prevalent 
psychiatric disturbances.

Owing to its variable aspects, differen-
tial diagnosis of dermatitis artefacta is made 
in the presence of different dermatological 
conditions.
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28.6  Personal Data

Over the years, we have observed 46 cases of 
occupational dermatitis artefacta. They were 
true simulations because the suspicion, sug-
gested by the combination of work “problems”, 
the particular morphology of the lesions, and 
the repeated negative findings of all the rela-
tive tests and clinical consultations, was then 
confirmed by confessions obtained from all the 
patients after repeated, confidential and informal 
discussions.

The causal agents used, reported in Table 28.1, 
include metal objects (Figs. 28.1, 28.2, and 28.3), 
incandescent needles (Figs. 28.4, 28.5, and 28.6), 
lighted cigarettes (Figs. 28.7, and 28.8), chromic 

mixtures (Figs. 28.9, 28.10, 28.11, 28.12, and 
28.13), small sand-bags, acetic acid, caustic pot-
ash, propane gas, salted sardines, and plants. The 
most part of subjects were masons. In 38 cases, 
the reason for the simulation was to obtain legal 
recognition of professional disease, in 2 to gain a 
higher class of disability pension, and in 6 to pro-
long the disease [5].

In Table 28.2 are reported the criteria for dif-
ferential diagnosis between occupational derma-
titis artefacta and pathomimic artefacta (apart, 
of course, from the psychiatric problems under-
lying the latter). These criteria are based on our 
experience of many cases of unconscious simu-
lators, in addition to above 46 cases of deliberate 
simulation [3, 6].

Fig. 28.1  Floor-layer (stigmata on the knees) with dermatitis artefacta induced by metal object (Reproduced with 
permission by Angelini and Bonamonte [5])
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Fig. 28.2  Dermatitis artefacta induced by metal object on pre-existing spontaneous contact dermatitis (Reproduced 
with permission by Angelini and Bonamonte [5])

Fig. 28.3  Dermatitis artefacta: ulcerative lesions induced by metal objects
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Fig. 28.4  Dermatitis artefacta induced by incandescent needles

Fig. 28.5  Dermatitis artefacta induced by incandescent metal object (Reproduced with permission by Angelini and 
Bonamonte [6])
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Fig. 28.6  Artefact induced by incandescent metal object on pre-existing spontaneous contact dermatitis

Fig. 28.7  Dermatitis artefacta induced by lighted cigarette
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Fig. 28.8  Dermatitis artefacta induced by lighted cigarette (Reproduced with permission by Angelini and Bonamonte [5])

Fig. 28.9  Ulcerative dermatitis artefacta induced by chromic mixture (Reproduced with permission by Angelini and 
Bonamonte [5])
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Fig. 28.10  Ulcerative dermatitis artefacta induced by chromic mixture (Reproduced with permission by Angelini 
[7])

Fig. 28.11  Dermatitis artefacta induced by chromic mixture (Reproduced with permission by Angelini and 
Bonamonte [5])
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Fig. 28.12  The same case as in Fig. 28.11 (Reproduced with permission by Angelini [7])
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Fig. 28.13  Dermatitis artefacta induced by chromic mixture

Table 28.2  Differential diagnosis between occupational dermatitis artefacta (ODA) and pathomimic artefacta (PA)

Criteria ODA PA
Gender Generally male Generally female
Age Young and adult Young and adult
History Episodic affliction with acute onset Chronic history of complaint
Cutaneous sites Hands, arms, and unusual sites Generally face and arms
Morphology More bizarre lesions Less bizarre lesions
Causal agents Highly varied, strange and unimaginable Common mechanical objects or chemical 

agents
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28.7 Conclusions

In conclusion, the diagnostic criteria for 
occupational dermatitis artefacta can be sum-
marized as follows.
1. Presumptive criteria. These raise a suspi-

cion of fraud and are based particularly on 
detailed history of the development of the 
lesions and of working conditions (loss of 
job, reduced hours and hence salary, disa-
greements with the employer).

2. Probability criteria. These serve to con-
firm the suspicion and are based on clin-
ico-morphological findings, observation 
of the lesions over time and the results of 
occlusive bandaging.

3. Certainly criteria. These are constituted 
by the identification of residues of causal 
agent (chemical or biological) on the 
damaged site or by a partial or complete 
confession.

In cases of true simulated dermatitis, the der-
matologist must unmask the situation and 
explain his conclusions in clear terms to the 
individual involved, when he has gained suf-
ficient evidence to prove his diagnosis. The 
professional and legal consequences are usu-
ally fairly serious and the dermatologist may 
be of considerable help to the legal doctor.
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