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Abstract

High-molecular-weight agents are a major cause of allergic occupational asthma in the workplace.
High-molecular-weight agents comprise proteins from plant, microorganism or animal origin in
the 10-60 kDa range. A few occupational asthma allergens are man-made chemicals such as iso-
cyanates or acid anhydrides. Allergens with a major public health relevance are derived from flour,
latex, enzymes and laboratory animals. The structures of antigenic determinants and mechanisms
of many occupational allergens have been elucidated, whereas those of others, e.g. of platinum,
recognized by immunocompetent cells are still obscure.

The underlying immune mechanisms of allergic occupational asthma correspond to type I
allergy, i.e., antigen recognition and processing by antigen-presenting cells, induction of the Th2
immune response resulting in the production of antigen-specific IgE antibodies, and finally release
and generation of bronchospastic and inflammatory mediators by mast and other cells.

The pathological mechanisms of allergic and non-allergic occupational asthma are relevant to
diagnostics, management, and prevention, and are also briefly covered in this chapter. Related to
this chapter is a useful listing of know occupational allergens, of high and low molecular weight,
included in an Appendix.

Introduction

Asthma characterized by variable airflow obstruction due to immunological mecha-
nisms against agents occurring in the workplace is called ‘allergic occupational
asthma’ (allergic OA) (Fig. 1). Immunological mechanisms associated with allergen-
specific IgE antibodies have been identified for most causative high-molecular weight
(HMW) and for some causative low-molecular weight (LMW) occupational agents.
The importance of other immunological mechanisms initiating airway inflammation
without detectable IgE antibodies needs further investigations (see below).

Typically, allergic OA has a latency period, which differs from ‘non-allergic
OA’ that is caused by exposure to irritant (non-allergenic) gases, fumes or particles
(Tab. 1). Non-allergic OA or irritant OA encompasses the reactive airways dysfunc-
tion syndrome (RADS), sometimes even occurring after a single exposure but also
after multiple exposure events to high concentrations of nonspecific irritants.
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Figure 1.

Schematic representation of occupational asthma (OA) as part of work-related asthma.

Table 1. Specific aspects of allergic occupational asthma (OA) and differences in comparison
with non-allergic (irritant) OA

Allergic OA Non-allergic (irritant-induced) OA
Causes Mainly HMW and some LMW agents | Airway irritants
Mechanisms Specific IgE antibodies Acute or chronic irritant injury to

bronchial mucosa

Essential features

Latency period of exposure and
sensitization prior to onset of
symptoms

Mostly sudden onset without latency
period; evidence for chronic low-dose
pathogenesis (rare)

Evidence of causal

Specific IgE antibodies, positive skin

Temporal relationship between

removal from exposure source; airway
hyperresponsiveness may persist

relationship prick test results exposure to irritant agents and
the (mostly rapid) onset of asthma
symptoms
Diagnostics Assessment of obstructive Assessment of obstructive
ventilation pattern, bronchial ventilation pattern, and bronchial
hyperresponsiveness, and eosinophilic | hyperresponsiveness associated with
inflammation associated with exposure | exposure
Serial PEFR plus symptom diary (Serial PEFR, if possible during relevant
exposure)
Specific inhalation challenge (Specific inhalation challenge rarely of
diagnostic value)
Outcome Improvement or normalisation after Improvement after removal from

exposure source; frequently persistent
airway hyperresponsiveness

HMW, High-molecular weight; LMW, low-molecular-weight; PEFR, peak expiratory flow recordings
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Pathophysiology and immunology of allergic OA

Initial pathophysiological mechanisms of allergic OA differ fundamentally from irri-
tant OA (Tab. 1), although similar inflammatory changes have been described for
the chronic course of both disorders. Furthermore, there is no difference between
asthma caused by allergens from the general environment and asthma caused by
occupational allergens, as shown by various investigations including sputum cytol-
ogy, bronchoalveolar lavage (BAL) analyses, bronchial biopsies and postmortem
lung tissue studies.

The most relevant involved mechanisms, cells and cytokines, are shown in Fig-
ure 2.

Inhaled occupational allergens gain access to the viable airway epithelium where
they engage and activate local dendritic cells, which keep mucosal surfaces under
surveillance. Allergens are processed by these cells, bind to major histocompatibil-
ity complex class IT (MHC-II) molecules, and their fragments (highly polymorphic
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Figure 2.
Scheme on immune mechanisms, mediators and pathophysiology of type I allergy.
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short peptides) are then transported by these cells to regional lymph nodes and

presented to T lymphocytes, which recognize them by their T cell receptors (TCR).

The cytokine milieu is critical to T cell differentiation in Th1 or Th2 responses.

IL-12 production leads to Th1 phenotypes, and increased IL-4/IL-13 production

leads to Th2 phenotypes. The Th2-dominant cytokine response drives the synthesis

and secretion of allergen-specific IgE antibodies by B cells (plasma cells). IgE regu-
lates the expression of its own high-affinity IgE receptors (FceRI) and low-affinity

IgE receptor (CD23) on the surface of mast cells, basophils and possibly of mac-

rophages, dendritic cells, eosinophils and platelets. IgE-dependent up-regulation of

FceRI and CD23 receptors subsequently amplifies immunological reactions. It leads

to a greater release of mast cell and basophil mediators at lower concentrations of a

specific allergen. Upon new exposure, the allergen cross-links between these specific

IgE antibodies on cell surfaces, gives rise to a cascade of events, and leads to an

inflammatory cell activation with subsequent synthesis and/or release of a variety

of preformed mediators (e.g., histamine) and newly formed inflammatory ones (e.g.,

prostaglandins, leukotrienes). These mediators orchestrate the inflammatory reac-

tion in bronchial mucosa and submucosa (Fig. 2).

An interesting finding is the cleavage of the tight junction protein occludin by
allergenic proteases, e.g., from house dust mites or moulds, which damage the air-
way epithelium barrier and subsequently increase epithelial permeability and stimu-
lation of the release of mediators. This also orchestrates local immune responses and
the inflammatory process [1, 2].

Airway remodeling, as typically found in bronchial asthma [3, 4], also takes
place in OA. It can be interpreted as an exaggerated and uncontrolled injury repair
process influenced by type and intensity of airway injury and modulated by host
as well as genetic factors. It involves epithelial changes, increases in smooth muscle
mass and subepithelial collagen deposition, proteoglycans and elastin content,
angiogenesis, cartilage changes, goblet cell and glandular hyperplasia. Airway mod-
eling may lead to persistently increased airway responsiveness and mucous produc-
tion, airflow limitation, and probably to a decline in lung function [5]. Besides its
detrimental effect it may protect against excessive bronchoconstriction and inflam-
mation.

Typical morphological findings in airways of allergic OA patients include:

- epithelial desquamation or hyperplasia;

- an increased number of inflammatory cells, especially of eosinophils, in mucosal
and submucosal layers (demonstrated by bronchial biopsies); they are also found
in sputum and BAL;

- evidence for the activation of eosinophils and lymphocytes;

- increased airway wall thickening;

- increased thickness of the basement membrane, especially of the reticular layer
due to interstitial cross-linked collagens produced by myofibroblasts;
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- airway smooth muscle hyperplasia, hypertrophia, an increased secretion of
cytokines as well as growth factors recruiting inflammatory cells and stimulating
the production of extracellular matrix proteins; submucosal and peribronchial
vessels are dilated, congested and exhibit thickening of arterial media [4];

- increased NO concentrations in exhaled air (FENO) after exposure to causative
allergens, isocyanates, ozone, swine confinements [6].

It should be noted, however, that there is no consistency with regard to the parallel
changes in inflammatory cell counts and/or their activation status on the one hand
and asthma severity on the other hand.

Exposure cessation does not always lead to an improvement of abnormal mor-
phological and cellular changes and clinical findings [7]. Subepithelial collagen
thickening may reverse after exposure termination and treatment with inhaled
steroids.

Determinants of allergic OA

Atopy affecting approximately one third of the population, and defined as the ten-
dency to produce specific IgE antibodies to environmental allergens like those from
house dust mites, pollen, and cat or dog fur, modifies the risk of allergic OA resulting
from HMW sensitizers as found in bakers (especially in those with hay fever) [8-12],
laboratory animal workers (in those sensitized to pets) [13-16], subjects exposed to
detergent enzymes, certain reactive dyes, latex [17], and other HMW allergens [18].
In contrast, atopy does not modify the risk for developing asthma caused by isocya-
nates, acid anhydrides, platinum salts or plicatic acid of red cedar wood. An increas-
ing number of studies show convincing evidence for exposure-response relationships
in allergic OA, with higher exposure levels associated with specific sensitization,
symptoms, and obstructive ventilation patterns [19-30]. The exposure-response
relationships show mostly a linear shape, but bell-shaped relations have also been
described for some OA allergens [12]. There is a need for prospective studies with
more detailed investigations on dose and timing of occupational exposures.
Recently there has been increased interest in the role of specific genes and gene-
environment interactions, which are often complex and non-linear. Generally, most
studies on allergic asthma are small and replication studies have seldom been pub-
lished. Mostly candidate gene studies have been performed focusing on polymor-
phisms in genes responsible for metabolism of chemicals (like for isocyanates) or
genes coding for certain steps in immunological pathways such as antigen presenta-
tion [human leukocyte antigen (HLA) genes]. Very few gene environment studies
have been conducted. One of the more interesting ones refers to a promoter single
nucleotide polymorphism in the CD14 gene (-159 T to C). This polymorphism and
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exposure to endotoxin were found to be associated with a decreased frequency of
allergic asthma in children living on farms [31-33]. One early study showed that
o-1-antitrypsin alleles were associated increased hyperresponsiveness in farming
students only, indicating a gene-environment interaction [34]. Recent studies pro-
vide strong evidence for a genetic basis of increased skin and mucosa permeability
in atopics. This involves defects of filaggrin, facilitating terminal differentiation of
the epidermis and formation of a skin barrier [35, 36]. Its mutations are linked with
eczema-associated asthma and asthma severity [37]. Furthermore, overexpression of
Th2 cytokines down-regulates filaggrin expression [38].

Other polymorphisms that code for genes of HLA class II or transmembrane
proteins or respiratory anti-oxidant mechanisms may also explain susceptibility to a
number of causative occupational agents; however, respective definitive risk factors
cannot be provided yet [39-44]. Genetic studies and gene-environment studies are, at
the moment, mainly of mechanistic interest. Applications for risk profiling, diagnosis
or personalized treatment or prevention over the short term are not expected.

Cigarette smoking increases the risk of specific sensitization and OA due to sev-
eral LMW agents [45-49]. This was shown in workers of platinum refineries [50,
51], snow-crab processing plants [52], and subjects exposed to tetrachlorophthalic
anhydride [53] or Ispaghula dust [54].

Allergic occupational rhinitis frequently occurs as a co-morbid condition in
allergic OA. Typically, allergic occupational rhinitis or rhinoconjunctivitis develop
before the onset of allergic OA, indicating an increased OA risk in affected subjects
[22, 26, 55-60].

Occupational allergens
List of known occupational allergens

There are about 350 OA-inducing allergens, mainly HMW compounds represent-
ing airborne (glyco)proteins from plants, microorganisms, and animals (see Tab. 2),
and eliciting IgE-mediated hypersensitivity. Several LMW agents may also elicit IgE
responses; some of them thus seem to be complete allergens. Other LMW agents
such as acid anhydrides and isocyanates form allergenic conjugates upon reaction
with autologous human proteins. Specific IgE antibody responses may be directed
against the newly formed structures (especially against the binding regions of such
conjugates behaving as new antigenic determinants) or against the haptenic ligand
(the latter was shown for phthalic acid anhydride and himic anhydride). There is
evidence that ring structures, positions of double bonds and methyl group substitu-
tions are critical determinants of IgE-mediated sensitization [61, 62]. Many of the
allergenic LMW agents also behave as irritants, i.e., OA may be due to the IgE-
mediated pathway or, especially at high concentrations, due to irritative effects. This
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Table 2. Allergenic agents reported to cause OA: Groups and important examples
(Complete list available at: http://www.uke.uni-hamburg.de/institute/arbeitsmedizin/
—Publikationen “Allergenic agents reported to cause occupational asthma”) (accessed 6
November 2009)

Group Important examples

Microorganisms and their products Aspergillus enzymes, e.g., fungal a-amylase,
detergent enzymes

Plants Flour, grain
Latex
Wood dust
Flowers

Animals Rats, mice
Cows

Birds

Storage mites
Insects
Seafood

Chemicals Isocyanates

Acid anhydrides

Metal dust, e.g., platinum salts
Synthetic drugs

Hairdressing chemicals

means that the detection of respective IgE antibodies is a specific but not necessarily
a sensitive diagnostic marker of OA caused by such LMW agents.

For some occupational agents such as plicatic acid and morphine, respective IgE
antibodies seem not correlated with clinical findings. This unexpected finding raises
the question of the specificity of IgE tests used or the absence of IgE.

For details on OA-inducing occupations and confinements comprising some
specific, heterogeneous or unidentified allergens, see the Appendix.

Clinical aspects

Exposure of a sensitized and hyperresponsive subject to a causative allergen elicits
an early asthmatic reaction, which is characterized by smooth muscle contraction,
mucosal edema and an inflammatory response. A late asthmatic reaction may take
place several hours afterwards, which is associated with a prolific influx of inflam-
matory cells and followed by remarkable and long-term inflammatory reactions and
an increase in bronchial hyperresponsiveness.
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Diagnosis of allergic occupational asthma

The initial suspicion of OA is mostly expressed by the general practitioner, pneu-
mologist, allergologist or occupational or factory physician due to work-related
asthma symptoms. Diagnostic measures should be performed before the worker
leaves her/his workplace since prolonged avoidance of contact with the causative
substance(s) can reduce susceptibility and lead to false-negative diagnostic results.
A basic clinical examination and environmental evaluation should be performed
in any suspicious case. If there is evidence for an occupational cause of asthmatic
symptoms and/or disorders a more detailed assessment should follow to establish
a working hypothesis of the disorder. Evaluation tests will confirm or definitely
negate the provisional diagnosis. These measures usually require considerable
effort and expertise. For details, see Figure 3 and 4. One should realize that specific
mechanisms involved in the different phenotypes of OA related to different causes
determine to some extent the sequence and choice for specific diagnostic procedures.
This makes the diagnosis a complicated process and the likelihood of making wrong

Work-related asthma symptoms
]
Medical and occupational history; physical examination; skin prick test 1
or specific IgE; lung function testing
Confirmation of occupational asthma; 2
obstructive airway disease
‘ yes
no
T 7 7 3
I Test of non-specific bronchial hyperresponsiveness I
e 1 : 4
e orerrerer s ra ey Mon-specific bronchial hyperresponsiveness
no ' no ¥ L yes
I Serial spirometry-PEFR in workplace and off work I 5
- Obstructive ventilation pattern during work >_ 6
H T es
: I no ¥
Y
I Specific inhalation challenge I 7
é < Asthmatic response > 8
§ no yes h
. Occupational asthma
10 @ Non-occupational asthma 11 Pty stbakhiv bepoui 9

Figure 3.

Stepwise scheme for the diagnostic procedure to confirm or exclude OA. * Consider possibil-
ity of false-negative testing of nonspecific bronchial hyperresponsiveness. In case of positive
allergological test results, the diagnosis is allergic OA.
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Figure 4.

Specific inhalation challenge test by the isocyanate MDI eliciting a dual asthmatic response.
The 51-year-old foam worker has suffered from work-related asthma attacks for 15 months
as well as from nocturnal asthmatic symptoms that could not clearly be related to a causative
agent so far.

decisions is always present. In brief, the diagnostic workup consists of the following
steps with some relevant details for each step related to mechanisms:

- The detailed occupational history and the detailed medical history (Tab. 1 and
3) are the central parts of the diagnostic algorithm;

- Allergic OA has to be differentiated from irritant OA (see basic toxicological
information for an agent, check medical literature, interpret results of allergo-
logical tests);

- Commercially available well-standardized allergen extracts should be used for
allergological testing and specific inhalative challenge tests; mostly they have to be
supplemented by self-made extracts of HMW agents occurring in the workplace;

- The use of standardized and sensitive methods for the measurement of specific
IgE antibodies in serum is highly recommended if the routine skin prick testing
is not possible or its results are not reliable;
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Table 3. Components of the medical, occupational, and environmental history

Components of the medical, occupational, and environmental history

A. History of the present illness
1. Detailed record of the circumstances resulting in the onset and worsening of disease
2. Temporal relationships between recurrent exposures and disease exacerbations
3. Course and rate of airway diseases in the particular workplace/branch
4. Asthma severity at the time of initial evaluation
B. Medical history
1. Premorbid medical history, e.g., childhood asthma, hay fever, pet allergy
2. Associated symptoms and concomitant diseases

C. Occupational and environmental history
1. Type (quality) of noxious substances in the workplace (e.g., allergens, irritants,
carcinogens, etc.)
2. Intensity (concentrations) of exposure by inhalation, and skin contact
3. Cumulative dose during working life
4. Use of protective equipment

- The course of lung function parameters and symptoms before, during and after
occupational exposure has to be evaluated in detail. Further, exact analyses of all
medical reports before, during and after employment including medical surveil-
lance data should be performed; Table 4 gives an overview on indications and
further details of specific inhalative challenge tests.

- If the occupational exposure generated a new onset of asthma or a significant
aggravation of preexisting asthma, the disorder and its deteriorating proportion
have to be reported to the responsible insurance institution for occupational
diseases, be recognized and compensated as an occupational disease (respective
national legal definitions and regulations have to be observed).

New diagnostic tools

New additional diagnostic tools include measurements of the fraction of exhaled
nitrous oxide (FeNO), and analyses of induced sputum and exhaled breath con-
densate during occupational exposure. These methods have been shown to provide
valuable information on occupationally induced allergic airway diseases and dif-
ferential diagnoses [63, 64].
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Table 4. Overview of specific inhalative challenge tests: indications, methodology, advan-
tages and limitations

Indications - uncertain diagnosis and unclear etiology
- the respective information is necessary for preventive and/or
therapeutic measures or compensation.

Methodology - generate constant, well-defined non-irritative air concentrations

- start with a concentration that is expected not to cause a response
and increase it in several ~15-min intervals, each with an ~3-fold
increase in concentration up to the workplace atmosphere level or
OEL (TLV)

- monitor air concentration continuously with validated equipment,
e.g., isocyanates by an MDA 7700 device.

Advantages - Identification/exclusion of an individual occupational agent as OA
cause.
Limitations - High concentrations of an irritative agent may lead to unspecific

effects, i.e., to a false-positive result
- A false-negative result may occur due to:

. anti-asthmatic treatment

- a long latency period

- use of an inappropriate substance or too low concentration of the
causative agent

. cumulative effects of an occupational agent over days or of several
agents with additive effects present in the workplace (the latter two
cannot be reproduced in the laboratory).

OEL, occupational exposure limit; TLV, threshold limit value

Appendix: Occupational asthma-inducing occupations and work environ-
ments comprising some specific, heterogeneous or unidentified allergens

Animal confinements and farm working

The prevalence of rat allergy among laboratory animal workers ranges from 12%
to 31% [65]. Cross-sectional and cohort studies revealed that the exposure levels
to rat urinary aeroallergens correlated positively with the frequency of positive
skin test results as well as with work-related upper and lower airway responses |8,
66—68]. Atopic workers had a more than threefold increased sensitization risk at
low allergen levels than non-atopics. Major allergens in rat excreta and epithelium
involve o2p-globulin (17 kDa), prealbumin (21 kDa) and a 23-kDa protein. Similar
results were reported for mouse allergens/urinary proteins [65, 69]. An increase in
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asthma prevalence also occurs in farm animal confinements [70-73]. Cow allergens
were reported to be a major cause of respiratory allergies of farmers [74-76]. Con-
centrations as low as 1-20 pg (atopics), and 25-50 pg (non-atopics) of the major
cow allergen Bos d 2 per gram dust were found to be significantly associated with
specific IgE antibodies [77]. Furthermore, Rautiainen et al. [78] reported that the
level of antibodies to bovine epithelial allergens among exposed subjects reflects the
level of clinical allergies.

Working in swine confinements [79-83], poultry confinements [84, 85], poultry
slaughter houses [86, 87] or contact with raw poultry [88] causes lung function
declines and OA. Further, a dose-response relationship between daily working hours
inside animal houses and symptoms was established for pig farmers [82]. However,
recent publications indicate that endotoxins represent the predominant cause of
obstructive airway diseases in poultry and swine confinement workers [81, 89]. Irri-
tating gases such as ammonia and NO_ may also elicit OA in these environments.
Thus, animal and farm working is associated with an increased prevalence of OA
and also of chronic obstructive pulmonary disease [82]. In addition to specific ani-
mal allergens, causative exposures in animal confinements comprise hay and grain
dusts and other animal feed as well as storage mites [90]. Allergic reactions and
irritant OA have to be differentiated in these workers [91].

For flour mill workers, Peretz et al. [12] also described a positive association
between exposure to up to ~10 ug EQ/m?> and sensitization, but a decline in sensiti-
zation at higher concentrations The healthy worker effect may have contributed to
these findings [92, 93]. Recently, Cullinan et al. [23] reported an annual incidence
of work-related chest symptoms of 4.1%, and their association with a positive skin
prick test to flour or o-amylase of 1% (sensitization to o-amylase was a little more
frequent than that to flour). Interestingly, predominantly atopics became symptom-
atic and sensitized to o-amylase; and exclusively atopics were sensitized to flour.

Industrial enzyme production

A variety of natural and an increasing number of genetically modified recombinant
enzymes produced on a large-scale behave as potent inhalative allergens [94]. These
include many mould enzymes, detergent enzymes derived from Bacillus subtilis and
other bacteria as well as plant proteins such as bromelain (a pineapple protease) or
papain (derived from the papaya fruit). The latter enzyme is used as meat tenderizer
and capable of sensitizing workers in industrial kitchens. Obviously all enzymes
have to be regarded as inhalative allergens affecting mainly pharmaceutical factory
and laboratory workers [95].

Fungal o-amylase, derived from Aspergillus oryzae is widely used as a baking
additive; sensitizing air concentrations in bakeries are in the ng/m? range. In the late
1960s, the introduction of alkaline heat-stable enzymes (proteases, amylases, cel-
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lulases) in the detergent industry was associated with estimated enzyme air concen-
trations in the workplace of ~300 ng/m?> and higher; 40-50% of the workers were
sensitized and developed asthma and/or rhinitis. Follow-up studies showed high
exposures (estimates were based on the dustiness of workplace atmospheres) and
atopy to be related with an increased sensitization incidence. The highest sensitiza-
tion occurred within the first 2 years of observation, although follow-up was short
[96]. Nevertheless, Cullinan et al. [24] found 19% of detergent workers exposed to
enzymes (the geometric mean concentration was 4.25 ng/m?) to be sensitized; 16%
had work-related respiratory symptoms. In 2007, ACGIH [97] published a thresh-
old limit value (TLV)-short-term exposure limit (STEL)-C (ceiling) of 0.06 ug/m? for
the bacterial protease subtilisin.

More recently, it has been established that aeroallergens containing proteases
may have a critical role in overcoming airway tolerogenic mechanisms that ordi-
narily exclude allergic responses to inhaled allergens. Proteases, e.g., from mites
and moulds, probably do not only behave as typical allergens. They permit allergic
responses by enhancing antigen presentation via the degradation of tight junction
structures. Moreover, protease activation of epithelial cell protease-activated recep-
tors (PARs) may facilitate allergic responses to aeroallergens by directly inducing
the expression of chemokines required for maximal leukocytic activation and infil-
tration. The latter may induce a non-allergic, innate inflammatory response via the
release of pro-inflammatory cytokines.

Floricultures, florists; greenhouses

Floriculture and greenhouse workers have an increased risk of sensitization and OA
[82, 98-101]. Many fresh or dry flowers and non-flowering green plants were found
to cause OA, frequently also rhinitis, and/or dermatitis including: amaryllis (Ama-
ryllis hippeastrum) [102], asparagus (Asparagus officinalis) [103], aster (Asteraceae)
(98, 104, 105], baby’s breath (Gypsophila paniculata) [106-108], bells of Ireland
(pollen, Molucella laevis) [109], canari palm pollen (Phoenix canariensis) [110], car-
nation (Dianthus caryophillus) [111-113], Carthamus tinctorius and yarrow (Achil-
lea millefolium) [114], Christmas cactus (Schlumbergia) [115], Chrysanthemum
leucanthemum, Chrysanthemum spp. and other flowers [105, 116-118], compositae
such as chamomile (Matricaria chamomilla) [104], Easter lily (Lilium longiflorum)
[119, 120], eggplant (Solanum melongena) [121], freesia (Freesia hybrida) [117, 122,
123], G. paniculata [108], German statice (Limonium tataricum) [124], hyacinth
(Hyacinthus orientalis) [125], Liliaceae [102], Madagascar jasmine (Stephanotis
floribunda) [126], mimosa pollen (Acacia floribunda) [104, 127], narcissus (Narcis-
sus pseudonarcissus) [128], paprika (Fructus capsici) [122], pea, sweetpea (Lathyrus
odoratus) [129], peach (Prunus persica) [130], poppy (Papaver somniferum) [131],
rose (Rosa sp.) [132, 133], safflower (Carthamus tinctorius) [114], saffron pol-
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len (Crocus sativus) [134], spathe flowers (Spathiphyllum wallisii) [135], statice
(Limonium tataricum) [124], sunflower (Helianthus annus) [136-138], Tetranychus
urticae [139], tulip (Tulipa) [117, 140, 141], umbrella tree (Schefflera) [142], various
decorative flowers [98, 104, 117], weeping fig (Ficus benjamina) [142-144].

The predatory mites Amblyseius cucumeris [145], Phytoseiulus persimilis and
Hypoaspis [146, 147] were also reported to cause OA among horticulturists work-
ing in greenhouses.

Further causative allergen sources are the red spider mite (Tetranychus urticae)
[139, 148] and biopesticides containing Bacillus thuringiensis or Verticillium lecanii
[149]. Furthermore, high indoor temperatures und humidity in greenhouse facili-
ties may result in intensive mould growth, particularly of Cladosporium herbarum,
penicillium, aspergillus and alternaria spp., which have been shown to be associated
with an increased asthma prevalence [150]. For more details, see chapter “Exposure
to moulds”.

Exposure to other important plant allergens

A variety of plant components and plant products represent important occupa-
tional respiratory allergens, e.g., baking flour, grain and soy bean dust, natural
latex. They also comprise aniseed powder [151], asparagus [103], banha [152],
carrot [153], chicory [154], fenugreek [155], garlic dust [156, 157], ginseng [158],
aromatic herbs [159], hobs [160], ipecacuanha [161], kapok [162], licorice roots
[163], lycopodium powder [164], ‘Maiko’ (derived from the tuberous root of devil’s
tongue) [165], mushroom powder [166, 167], onion [168], peach leaves [130],
pectin powder [169], potato [170], freeze-dried raspberry [171], rose hips [133],
sanyak [172], sarsaparilla root [173], various spices such as coriander, mace [174],
fermented tea [175-177], green tea [178, 179], herbal teas (sage, chamomile, dog,
rose, mint and others). Vegetable gums derived from plant materials and contain-
ing carbohydrates produce mucilage upon reaction with water. They are frequently
used in the industry and in pharmacies. Exposed workers may develop respiratory
allergies inducing OA. Mostly printers exposed to acacia gum [180-183], hairdress-
ers having contact to karaya [184], pharmaceutical workers and nurses handling
psyllium seeds [185-196] and carpet manufacturers in contact with guar gum [197]
are affected.

Hairdressing salons
OA-inducing hairdressing chemicals comprise persulfate salts, p-phenylenediamine,

reactive dyes, henna, other dyes and natural latex and hairdressers are thus exposed
to a complex mixture of HMW and LMW sensitizers and irritants [198-206].
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Drug-manufacturing plants

Drug manufacturing and application may be associated with the generation of air-
borne dust containing particles of raw materials, intermediate or end products capa-
ble of causing OA. These materials and products include amoxicillin, amprolium
(the latter also causes asthma in poultry feed mixers), ceftazidine, cephalosporins,
cimetidine, hydralazine, ipecacuanha, isonicotinic acid hydrazide, methyl dopa,
mitoxantrone, opiate compounds, penicillamine, penicillin and ampicillin, phenyl-
glycine acid chloride, piperacillin, psyllium, salbutamol intermediate, spiramycin,
tetracycline and tylosin tartrate. An IgE-mediated mechanism has not been proven
for all of these compounds.

Isocyanate application

Isocyanates are increasingly used for the production of polyurethane foam, elasto-
mers, adhesives, varnishes, coatings, insecticides and many other products. These
highly reactive chemicals have become the number 1 of occupational airway sensi-
tizers in several western countries. The study by Petsonk et al. [207] should be men-
tioned, which evaluated respiratory health in a new wood products-manufacturing
plant using diphenylmethane-4,4’-diisocyanate (MDI) and its prepolymer. In the
follow-up survey 15 out of 56 workers (27%) in areas with the highest potential
exposures to liquid isocyanates had an onset of asthma-like symptoms. In addition,
47% of workers with MDI skin staining and 19% without skin staining developed
such symptoms, which were associated with variable airflow limitation and specific
IgE to MDI-HSA, while controls did not develop any OA cases. Our cross-sectional
studies performed in two factories showed in comparison to the group exposed
to 5-10 ppb MDI significantly fewer symptomatic subjects, lung function impair-
ments and specific IgE antibodies in the group exposed to less than 5 ppb toluene
diisocyanate (TDI) [208]. Tarlo et al. [209] found evidence for higher isocyanate
exposures in facilities with OA claims. In another study [210], specific sensitization
did not occur at TDI concentrations <0.02 ppm over 3 years, whereas elevated anti-
body levels were found in subjects who experienced accidental exposures without
a clear exposure-response relationship. There is evidence that dermal exposure to
isocyanates can induce OA [211, 212]. Only a minority of symptomatic isocyanate
workers show IgE antibodies to diisocyanate-HSA conjugates [213-218]. Sev-
eral authors observed isocyanate exposure-dependent lung function declines in the
occupational exposure limit (OEL) range [219-223]. It is worth mentioning that in
most western countries OELs for monomer diisocyanate exposure have been set at
10 ppb. From the clinical point of view, this value seems to be too high. According
to literature, 5-2.5 ppb considering all isocyanates in a particular workplace would
be health-based levels [224, 225]. OELs for isocyanates should consider gaseous as
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well as aerosol forms and also the increasingly used polyisocyanates or oligomers
causing similar disorders as monomeric diisocyanates. Moreover, the prevention of
isocyanate skin contact is obviously also an effective measure to reduce the risk of
respiratory disorders. The TLV-time weighted averages (TWAs) currently proposed
by ACGIH (2007) [97] are for TDI 0.005 ppm (TLV-STEL 0.02 ppm), for MDI
0.005 ppm and for HDI 0.005 ppm based on monomer exposure.
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