
OCCUPATIONAL ALLERGIES (JA POOLE, SECTION EDITOR)

Occupational Respiratory Allergic Diseases
in Healthcare Workers

Jacek M. Mazurek1
& David N. Weissman1

Published online: 29 October 2016

Abstract Healthcare workers (HCWs) are exposed to a range
of high and low molecular weight agents that are allergic
sensitizers or irritants including cleaners and disinfectants,
natural rubber latex, and various medications. Studies have
shown that exposed HCWs are at risk for work-related rhinitis
and asthma (WRA). Work-related rhinitis may precede devel-
opment of WRA and should be considered as an early marker
of WRA. Avoidance of causative exposures through control
strategies such as elimination, substitution, engineering con-
trols, and process modification is the preferred primary pre-
vention strategy for preventing development of work-related
allergic diseases. There is limited evidence for the effective-
ness of respirators in preventing occupational asthma. If
sensitizer-induced WRA is diagnosed, it is important to avoid
further exposure to the causative agent, preferably by more
rigorous application of exposure control strategies to the
workplace. This review focuses on allergic occupational re-
spiratory diseases in HCWs.
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INTRODUCTION

The World Allergy Organization defines allergy as Ba hyper-
sensitivity reaction initiated by immunological mechanisms.
Allergy can be antibody- or cell-mediated^ [1]. Allergic dis-
eases such as allergic rhinitis, asthma, and allergic contact
dermatitis are often caused by pathological immune responses
to exogenous environmental or occupational antigens.
Numerous studies have indicated that health care workers
(HCWs) are at increased risk for respiratory diseases such as
occupational rhinitis and asthma caused by hazardous expo-
sures in the workplace [2–9]. However, only a limited number
of studies have specifically addressed allergic respiratory dis-
eases in HCWs [10–13]. This review focuses on allergic oc-
cupational respiratory diseases in US HCWs.

Healthcare Industry

In 2015, over 16.8 million (11.5 %) of 146.4 million US
workers were employed in the healthcare industries [14].
Most of these were ambulatory healthcare services workers
(7.5 million; 44.7 %), followed by hospitals (6.7 million;
39.7 %), and nursing and residential care services (2.6 mil-
lion; 15.6 %) workers. Of ambulatory healthcare services
workers, 3.2 million (42.5 %) were employed in the offices
of health practitioners (e.g., physicians, dentists, chiroprac-
tors) and 2.7 million (36.0 %) in home and other health care
services.

Among the healthcare industry workers, 77.3 % (13.0 mil-
lion) were women, 16.8% (2.8 million) were Black or African
American, and 11.4 % (1.9 million) were Hispanics.
Registered nurses was the occupation with the largest number
of employed women (2.7 million) and the dental hygienists
occupation had the highest proportion of employed women
(96.4 %) [14].
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Allergic Respiratory Diseases

Allergic respiratory diseases such as allergic rhinitis,
rhinosinusitis, and asthma frequently result from
immunoglobulin-E (IgE) antibody sensitization to occupa-
tional and environmental allergens (i.e., antigens that induce
an IgE response). Once IgE sensitization has occurred, subse-
quent exposure to allergen can cross-link IgE found on the
surfaces of mediator-releasing cells such as mast cells, leading
to a cascade of vascular, smooth muscle, and inflammatory
reactions in the airways. Allergic occupational diseases devel-
op after a variable period of time during which sensitization to
a workplace substance occurs [15]. Respiratory sensitization
may be induced by the inhalation route as well as by skin
exposure [16].

Allergic IgE sensitization is common in the US population.
Salo and colleagues reported that an estimated 44.6 % of the
population 6 years and older have serum specific IgE directed
against at least one inhalant or food allergen [17•]. Prevalence
of IgE sensitization to any indoor (30.3 %) and any outdoor
allergen was similar (30.0 %) and greater than sensitization to
foods (16.2 %). Half of those aged 20–29 years (50.8 %) and
30–39 years (49.7 %) were sensitized to any inhalant allergens
with sensitization decreasing with age. A study of sensitiza-
tion prevalence among US workers showed that among cur-
rently employed adults, 45.6 % had serum specific IgE for at
least one of 15 inhalant allergens tested [18]. The same study
showed that 26.6 % (24.2 % of healthcare and social assis-
tance industry workers) of workers had a total serum IgE level
≥100 kUA/L. Results from the European Community
Respiratory Health Survey 2 showed a positive association
between specific IgE levels and the risk of respiratory
allergen-related symptoms and indicated that specific IgE lev-
el is the most important predictor of allergen-related symp-
toms [19].

Not all persons with evidence of IgE sensitization have
allergy symptoms [20]. In a Dutch study, 43% of persons with
detectable specific IgE to four common aeroallergens were
asymptomatic [21]. Data from the 2014 US National Health
Interview Survey (NHIS) showed that the prevalence of se-
lected respiratory diseases among all adults aged ≥18 years
was 7.7 % for allergic rhinitis (hay fever), 11.9 % for sinusitis,
and 7.4 % for asthma [22]. These results were based on self-
reported physician diagnosis of Bhay fever,^ Bsinusitis,^ or
Basthma^ in the 12 months prior to the interview and likely
are underestimates.

Respiratory allergic conditions are associated with consid-
erable direct and indirect costs and substantially affect pa-
tients’ quality of life [23–28]. In the US, health care and treat-
ment expenditures for allergic rhinitis have increased 84 %
from the year 2000 ($6.1 billion) to the year 2005 ($11.2 bil-
lion) [28]. Approximately 30 % of patients reported that their
nasal allergies caused them to miss work [25]. Nathan

estimated that allergic rhinitis results in 3.5 million lost work
days annually [29]. The overall annual costs of chronic
rhinosinusitis in the US was estimated at $22 billion (in
2014 dollars) [27]. The estimated total cost of asthma in-
creased 5.7 % from $53 billion in 2002 to $56 billion (2009
dollars) in 2007, approximately $3259 per person per year
[23]. The authors reported that asthma accounted for a 66 %
increase in work days lost and the value of additional days lost
attributable to asthma per year was approximately $300 for
each worker. Overall, asthma causes approximately 14.4 mil-
lion work days lost per year. Moreover, costs of asthma in-
crease in the presence of asthma exacerbations and with dis-
ease severity [30].

CLINICAL PROBLEMS

Work-Related Rhinitis

Rhinitis, defined as the presence of nasal congestion,
rhinorrhea, sneezing, and/or itching, can be classified by eti-
ology (allergic or non-allergic) and seasonality (seasonal or
perennial) [31•, 32]. A subset of rhinitis, work-related rhinitis,
is caused by allergic or non-allergic (irritant) factors in the
workplace and can be categorized as occupational rhinitis
(caused by factors related to work or the workplace environ-
ment) and work-exacerbated rhinitis (preexisting or concur-
rent rhinitis worsened by factors related to work or the work-
place environment) [31•].

Precise estimates of work-related rhinitis prevalence and
incidence are currently not available. A review of cross-
sectional studies conducted in various working populations
indicated that occupational rhinitis affects 10 to 60 % of
HCWs [33]. Occupational exposures are important risk factors
for work-related rhinitis. Rhinitis may appear as the first man-
ifestation of a common allergic airway disease affecting the
upper and lower airways and symptoms of rhinitis may pre-
cede non-occupational and occupational asthma [34–38]. In
his review, Vandenplas summarized evidence for the associa-
tion between rhinitis and asthma and underscored that work-
related rhinitis should be considered as an early marker of
WRA [38]. Work-related allergic rhinitis and asthma have
common risk factors and are discussed below.

Work-Related Asthma

Work-related asthma, a subset of asthma, includes occupation-
al asthma (asthma caused by factors related to work or the
workplace environment) and work-exacerbated asthma
(preexisting or concurrent asthma worsened by factors related
to work or the workplace environment). Similarly to rhinitis,
work-related asthma is caused by allergic or non-allergic
(irritant) factors in the workplace [15, 39, 40••]. Symptoms
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of WRA are identical to those in non-occupational asthma
patients and often are associated with rhinoconjunctivitis
[15, 41].

The prevalence of asthma among HCWs has been previ-
ously reported from the US and other countries [2, 4, 5, 8, 9,
42, 43]. Syamlal and colleagues analyzed lifetime asthma and
asthma attack prevalence using the 1997–2004 NHIS data
[44]. The authors found that the prevalence of lifetime asthma
was highest among health service (11.5 %) and health tech-
nologist and technicians (11.5 %) occupations. Moreover, the
prevalence of an asthma attack in the past year among indi-
viduals with asthma was also high among health-related oc-
cupations (i.e., health assessment and treating and health
service). An estimated 42.3 % of those with asthma in the
health services, except hospitals and 40.2 % of those in the
hospital industry had an asthma attack in the past.
Approximately 1 % (40,000 cases) of asthma cases reporting
an asthma attack were attributed to employment for the health
services, except hospitals industry workers and 0.3 % (10,000
cases) for the hospital industry workers [44].

These findings were consistent with a report by Delclos
and colleagues who analyzed self-reported asthma data for
3650 Texas HCWs [2]. The overall asthma prevalence was
6.6 %; by occupation, the prevalence was 4.2 % for physi-
cians, 7.3 % for nurses, 5.6 % for occupational therapists, and
4.5 % for respiratory therapists. Arif and colleagues in their
cross-sectional survey of Texas licensed nurses found that
among nursing professionals, registered nurses had the
highest prevalence of asthma (10.2 %) followed by licensed
practical nurses (8.0 %) and nurse practitioners (6.9 %) [43].

A recent analysis of the 2013 Behavioral Risk Factor
Surveillance System (BRFSS) data from 21 states showed that
asthma prevalence in the health care and social assistance
industry workers ranged from 6.6 % in Nebraska to 15.2 %
in Michigan [45]. Workers in healthcare support occupations
inMichigan were found to have the highest asthma prevalence
(21.5 %). Anderson and colleagues analyzed the 2006–2009
Washington State BRFSS data to estimate the prevalence of
physician-diagnosed current asthma by 19 occupational
groups [42]. The overall asthma prevalence for all workers
in the state was 8.1 %. The prevalence of asthma was
11.2 % for workers in other health services (e.g., health
aides/nursing aides) and 8.5 % for health assessment, diagno-
sis and treatment professionals (e.g., physicians, registered
nurses). These two occupational groups had significantly
higher prevalence of asthma symptoms caused or worsened
by any current or past job compared with workers in executive,
administrative, and managerial group.

WRA can be a fatal disease. Case reports described fatal
asthma in a mill worker exposed to shark cartilage [46], in a
worker who applied a polyurethane spray-on bedliner inside a
van [47], and in a waitress exposed to environmental tobacco
smoke at work [48]. To our knowledge, no reports of fatal

WRA in HCWs have been published. However, during
1990–1999, of the 29,703 asthma decedents with known oc-
cupation, 2031 were associated with healthcare and social
assistance industry sector and workers in health services and
hospitals industries were associated with the highest propor-
tionate mortality ratio for asthma [49]. In 2009, asthma was
responsible for 3500 deaths among adults with current asthma
[50].

Occupational Anaphylaxis

Any agent that causes asthma through IgE-sensitization may
also potentially cause anaphylaxis, a systemic allergic reaction
that can be life-threatening or fatal. When anaphylaxis occurs
in the workplace, usually the causative agent is also present in
the workplace [51•, 52]. Anaphylactic reactions may also re-
sult from non-occupational exposures or be the result of anti-
genic cross-reactivity between non-occupational and occupa-
tional allergens. Two recent reviews summarized published
literature on occupational anaphylaxis. Moscato and col-
leagues reviewed various agents and tasks associated with
occupational anaphylaxis [51•]. In HCWs, the occupational
anaphylaxis was most frequently triggered by natural rubber
latex (NRL), chemicals (disinfectants), and medications (see
below). Quirce and Fiandor addressed the diagnosis and man-
agement of occupational anaphylaxis and underscored the im-
portance of identification of the anaphylaxis trigger [52].

EXPOSURES

Multiple agents have been associated with work-related respi-
ratory diseases. Workplace allergens are often high molecular
weight (HMW) agents such as proteins that are >10 kDa mo-
lecular weight and cause IgE sensitization [15]. Sensitizing
low molecular weight (LMW) agents are often reactive
chemicals such as isocyanates. They may cause IgE sensitiza-
tion or cause allergic disease after a latency through other
immune mechanisms that remain to be fully characterized.
LMW agents may act as haptens, binding to autologous or
heterologous carrier proteins to form complete functional al-
lergens [38, 53]. A recent study indicated that occupational
asthma caused by LMWagents had a significantly higher risk
of severity than asthma caused by HMW agents [54].
Vandenplas reviewed current evidence and determinants of
allergic sensitization to occupational allergens [38]. The au-
thor discussed sensitizing potential of agents, at-risk occupa-
tions, the role of environmental risk factors (level of expo-
sures, the mode and route of exposure, co-exposure to pollut-
ants) and individual susceptibility (atopy, genetic factors, rhi-
nitis, pre-existing non-specific bronchial hyper-responsive-
ness, gender).
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Sources of Information on Occupational Asthmagens

Listings of agents associated with work-related respiratory
diseases are continuously revised and new ones are reported.
Based on information from published journal articles, Chan-
Yeung and Malo developed a list of agents causing occupa-
tional asthma with key references [55]. This list is also avail-
able on the Commission des normes, de l’équité, de la santé et
de la sécurité du travail (CNESST) web site at http://www.
as thme.css t .qc .ca /document / Info_Med/ IdCauses
/Bernstein/AgentsAnglais.pdf. The Association of
Occupational and Environmental Clinics (AOEC), a network
of approximately 60 occupational and environmental clinics
from the US, Canada, and Germany, established formal
criteria for agents causing WRA to be designated as
sensitizers. Using the AOEC criteria, Rosenman and Becket
recently reviewed peer-reviewed medical literature and devel-
oped a list of asthmagens that meet specified criteria for caus-
ing WRA by sensitization or acute irritant-induced asthma
[56]. Of the 327 asthma-causing agents, 175 agents were rec-
ognized as sensitizers. The AOEC list is available at
http://www.aoecdata.org/ExpCodeLookup.aspx [57••].

Baur has systematically examined the agents and worksites
causing allergic or irritant occupational asthma using the mod-
ified Royal College of General Practitioners grading system
[58]. The author identified 372 different causes of allergic
occupational asthma and found the strongest evidence of as-
sociation with allergic asthma for exposure to laboratory ani-
mals. Only a few agents and worksite allergens were poten-
tially associatedwith health care settings (with moderate/weak
evidence for associations with allergic asthma). Quirce and
Bernstein reviewed the most common and novel causes of
occupational asthma [59]. A summary of information on
agents associated with respiratory allergies in health care set-
tings from these and other sources [4, 55, 57••, 59–62, 63•] is
shown in Table 1 and described below.

Disinfecting Products

Disinfectants currently in use for high-level disinfection of
heat-sensitive medical devices include glutaraldehyde, ortho-
phthalaldehyde (OPA), hydrogen peroxide, and peracetic acid
with hydrogen peroxide. Glutaraldehyde and peracetic acid–
hydrogen peroxide mixture have been recognized as sensi-
tizers and an important cause of WRA in HCWs [3, 64]. In
1999, OPAwas introduced as a safer alternative to glutaralde-
hyde for high-level disinfection of heat-sensitive medical de-
vices because glutaraldehyde had been associated with an eye
and skin irritation, sensitization, and occupational asthma. In
2013, Pala and Moscato reviewed irritancy and sensitization
potential of OPA and identified reports of immunologic reac-
tions caused by OPA in patients and HCWs [65]. Fujita and
colleagues described a case ofWRA associated with exposure

to OPA in a nurse in an endoscopy unit [66]. The laboratory
test results were negative for eosinophilia or elevated serum
total IgE. No pulmonary function test or specific inhalation
challenge was done. Pala and Moscato identified additional
studies by Fujita [67] and by Miyajima [68] reporting a high
proportion of endoscopy disinfection workers exposed to
OPA who complained of respiratory symptoms. These find-
ings were consistent with a report by Johnson and colleagues
who found that inhalation of OPA vapor in mice can induce
respiratory allergy [69].

In contrast, a recent investigation of employee exposure to
OPA did not find evidence of associated adverse health effects
[70••]. The investigators collected blood samples for antibod-
ies to OPA, did puncture skin tests for allergic reactions to
common allergens and OPA, and evaluated employee respira-
tory symptoms and exposures to OPA. Of 151 participants (74
in an OPA exposed group), 5 (1 in an OPA exposed group)
had positive allergy skin tests to OPA, no participants had
OPA-specific antibodies, and very few reported symptoms
related to work.

Cleaning Products

Cleaning and disinfecting products for use on building sur-
faces have been associated with allergic diseases. Folletti and
colleagues provided a systematic review of epidemiological
studies linking exposure to cleaning products and the risk of
asthma and rhinitis in cleaning workers [71••]. Quinn and
colleagues recently reviewed the published literature on tasks,
activities, and health effects related to the use of cleaning and
disinfecting products in health care settings [72••]. Products
that can cause or exacerbate asthma include chlorine, ammo-
nia, ethanolamine (used as surfactant), 2-butoxyethanol (used
in window cleaners, carpet cleaners, and other cleaners), and
quaternary ammonium compounds (e.g., benzalkonium chlo-
ride) among others. A review of potentially hazardous chem-
ical ingredients in cleaning and disinfecting products used in
health care was developed by Bello and colleagues [73]. The
main sensitizers identified in cleaning products include qua-
ternary ammonium compounds, amine compounds and alde-
hydes (e.g., formaldehyde, glutaraldehyde), and fragrances
[60, 74].

Studies have examined occupational respiratory health
risks associated with cleaning and disinfecting products in
health care settings [2, 9, 63•, 72••, 73, 75, 76]. For example,
based on a survey of Texas physicians, nurses, and respiratory
and occupational therapists, Delclos and colleagues found a 2-
fold increased likelihood of asthma among HCWs who used
cleaning products on building surfaces and those who were
involved in medical instruments cleaning and disinfecting [2].
In addition, bronchial hyperresponsiveness-related symptoms
were found to be associated with use of adhesives, solvents, or
gases in patient care, use of cleaning products on building
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surfaces, and exposure to a chemical spill at work. However, it
was not documented whether asthma and asthma symptoms
were the result of allergic immune sensitization or irritant
effects.

Natural Rubber Latex (NRL)

The use of products manufactured with NRL, i.e., products
derived from latex of the tropical rubber tree Hevea
braziliensis, and associated exposure to HMW latex allergens
in the work environment are important causes of IgE

sensitization and occupational allergy in HCWs [77, 78]. In
healthcare settings, NRL is used in medical devices (e.g.,
catheters, drainage tubes, tourniquets) and personal protective
equipment (e.g., examination and surgical gloves) [78]. Glove
powder may serve as a vehicle for airborne transmission of
NRL proteins, and in settings where powdered NRL gloves
are used, airborne antigen exposure is a major source of latex
IgE sensitization in HCWs [79]. Latex allergy can manifest in
HCWs as a range of allergic diseases, including urticaria/an-
gioedema, rhinitis, asthma, and even life-threatening anaphy-
laxis. The estimated prevalence of IgE sensitization to NRL

Table 1 Agents causing occupational asthma in healthcare workers [4, 55, 57••, 59–62, 63•]

Agent AOECa Occupation

Exposure code Designation

High molecular weight agents
Animal-derived antigens
Bovine serum albumin 380.13 A, Rs Laboratory technician
Endocrine glands NL NL Pharmacist

Plant-derived natural products
Latex 270.02 A, G Health professional

Biologic enzymes
Pancreatin 324.05 A, Rs Endoscopy nurse and technician,

surgical technician, sterile supply technicianEmpynase (pronase B) NL NL
Vegetable gums

Gutta-percha 372.06 A Dental hygienist
Low molecular weight agents
Diisocyanates
Methylene diphenyl diisocyanate (MDI) 221.09 A, Rs Orthopedic nurse

Quaternary amines
Quaternary ammonium compounds 322.320 – Dental assistant and laboratory technician, nurse,

certified nursing assistant, endoscopy technician,
medical equipment preparer, floor stripper/waxer, housekeeper

Drugsb

Mitoxantrone 321.011 A, Rs Nurse
Ribavirin 321.32 – Respiratory therapist

Biocides
Hexachlorophene 181.02 A, Rs Nurse
Chlorhexidine 200.08 A, Rs Nurse
Glutaraldehyde (CidexTM) 120.051 A, Rs Endoscopy nurse and technician, respiratory therapist
Ortho-phthalaldehyde (Cidex OPATM) 120.10 R Endoscopy nurse and technician
Peracetic acid–hydrogen peroxide mixture 050.480 A, Rs Endoscopy nurse and technician
Fungicides
Tributyl tin oxide (TBTO)c 020.363 A, Rs Venipuncture technician

Other agents
Ethylene oxide 110.03 A, Rr Medical equipment preparer, nurse
Enflurane 190.151 A, Rs Anesthesiology care provider
Sevoflurane + isoflurane 190.157 A, Rs Anesthesiology care provider
Methyl blue 325.10 A Nurse
Terpene 060.17 R Laboratory technician
Radiographic fixative 320.32 R Radiology technician
Sulfathiazole NL NL Nurse
Formaldehyde 120.03 A, G Laboratory technician
Methyl methacrylate and cyanoacrylates 142.07 A,Rs Dental and clinical laboratory technicians
ECG ink (synthetic material) 170.02 R Laboratory nurse

aAOEC Association of Occupational and Environmental Clinics; A asthmagen; Rs sensitizer; Rr irritant; R neither; G generally accepted as a sensitizer,
not reviewed; NL not listed
b The following drugs were listed [55] for pharmaceutical occupation: aescin, 5-aminosalicylic acid, piperacillin, ceftazidime, opiate compounds,
amoxicillin, vancomycin; and for chemical workers: lasamide (precursor of furosemide)
c Asthma developed from exposure to a carpet deodorizer containing TBTO
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among HCWs before 2000 ranged from 2.8 to 17.1 %, with
lower prevalence if sensitization was assessed by skin test and
higher if assessed by measuring serum specific IgE [77].
Review of studies published during 2000–2014 indicate that
the prevalence decreased and ranged from 2.7 to 11.4 % [80].
Studies conducted in the US showed the latex sensitization
prevalence to range from 4.4 to 5.8 % [79, 81]. The decrease
in latex allergy likely resulted from the removal of powdered
latex medical gloves from the workplaces and the use of non-
latex gloves [79]. Despite available interventions, anaphylac-
tic reactions to latex in HCWs [82] and patients [83] are still
reported [51•].

Pharmaceutical Products

Various medications have been confirmed as causing occupa-
tional allergy in healthcare and pharmaceutical workers. In his
review, Whitaker summarized reports on commonly used
medications [84•]. Drugs causing occupational respiratory
diseases included β-lactam antibiotics (cephalosporins), van-
comycin, antimalarials (hydroxychloroquine), antineoplastic
drugs (etoposide, mitoxantrone), porcine pancreatic amylase,
biodiastase, and anesthetics (succinylcholine, sevoflurane,
and isoflurane). Sensitization to drugs may occur through top-
ical contact with spilled drugs or by inhalation of powder or
foam and present as rhinitis, asthma, urticaria, or allergic con-
tact dermatitis. The author discussed the assessment and man-
agement of affected persons and underscored the need for a
good medical surveillance program.

Diisocyanates

Diisocyanates, LMW chemicals widely used to produce poly-
urethane foam insulation and paints, are recognized as one of
the most common causes of WRA in building and automotive
industry workers. Suojalehto and colleagues reported on two
WRA cases due to methylene diphenyl diisocyanate (MDI)-
containing orthopedic plaster casts in nurses [62]. Both nurses
had a negative specific IgE test and a negative skin prick test
to diisocyanates and latex. The diagnoses were made based on
the results of specific inhalation challenge with MDI.

Damp Indoor Environments

Dampness, the presence of unwanted and excessive mois-
ture in buildings, may cause adverse respiratory health
effects. Cox-Ganser and colleagues reported five new-
onset asthma cases among 53 employees located on the
top floor of an eight-story hospital [85]. The investigators
found mold contamination in the walls and ceilings, likely
a result of multiple episodes of significant roof and win-
dow leaks during heavy rains over several years.
Moreover, the hospital had ongoing and past renovations

and remodeling on many floors that could have resulted in
chemical emissions and release of hidden microbial con-
tamination from past water incursion. The authors con-
cluded that exposure to damp indoor environments and
mold lead to the development of asthma.

Specific Agents Associated with Occupational
Anaphylaxis

As previously noted, a recent review indicated that occupa-
tional anaphylaxis in HCWs is most frequently triggered by
NRL, chemicals (disinfectants), and medications [51•].
Among the classes of drugs, β-lactam antibiotics are an im-
portant concern. In a study of 161 Korean HCWs, including
138 nurses and 23 pharmacists, Kim and colleagues found the
prevalence of serum specific IgE antibodies to be 17.4 % for
any cephalosporin, 10.4% for cefotiam, 6.8 % for ceftriaxone,
and 3.7 % for ceftizoxime [86]. A case of anaphylaxis has
been reported to occur in a nurse with specific IgE sensitiza-
tion to piperacillin after she administered an injection of the
drug [87]. Newman and Goel reported a case of an anesthesi-
ologist trainee who developed an occupational allergy and
anaphylaxis to multiple neuromuscular blocking drugs
(rocuronium, vecuronium, pancuronium, and succinylcho-
line) [88]. Other medications associated with occupational
anaphylaxis were psyllium [89], chlorhexidine [90], and aller-
gen immunotherapy extract (after a needlestick) [91].

MANAGEMENTAND PREVENTION

Rhinitis, rhinosinusitis, and asthma frequently co-exist. The
understanding of the functional relationship between the up-
per and lower respiratory tract led to a concept of united air-
ways disease [92]. There is some evidence that asthma may be
prevented or controlled by appropriate management of rhinitis
[61, 93, 94].

Collecting a detailed occupational history among adults
with rhinitis or asthma is critical for making a diagnosis
and recommending optimal treatment and management.
Obtaining safety data sheets can facilitate identification
of agents the worker may be exposed to at work.
Guidelines intended to optimize patient care, promote ef-
fective diagnosis and therapy, and reduce harmful or un-
necessary variations in care of allergic rhinitis are avail-
able [32, 95]. Diagnosis and management of WRA has
been outlined by the American College of Chest
Physicians [15]. Heederik and colleagues evaluated pub-
lished reports on the effectiveness of various interventions
aimed at controlling work exposure on the prevention of
occupational asthma [96]. Avoidance is the preferred pri-
mary strategy used to reduce signs and symptoms of
work-related rhinitis and asthma. Removal of patients
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with sensitizer-induced WRA from further exposure to the
causative agent in addition to providing other asthma
management may be necessary if primary prevention
through application of the hierarchy of controls (e.g.,
elimination, substitution, engineering controls, adminis-
trative controls, personal protective equipment; available
at http://www.cdc.gov/niosh/topics/hierarchy/) is not
possible. However, exposure reduction is less effective
in controlling symptoms [97]. There is limited evidence
for the effectiveness of respirators in preventing
occupational asthma and other options higher in the
hierarchy of controls for occupational exposures should
be used preferentially [96].

For HCWs exposed to NRL, NIOSH has recommended
that employers periodically screen workers for latex allergy
symptoms and that workers with symptoms be evaluated for
NRL allergy [78]. HCWs undergoing evaluation for NRL
allergy or documented to be sensitized should avoid further
exposure to NRL to prevent progression to more severe aller-
gic disease. It is also recommended that HCWs with NRL
allergy wear a medical alert bracelet. That way, if they require
medical care, providers will know to avoid using NRL-
containing medical devices. Parallel approaches to surveil-
lance may be useful in addressing respiratory allergic disease
caused by other agents.

A report by the Lowell Center for Sustainable Production,
Asthma Regional Council provided evidence of the cost-
effectiveness of multi-faceted asthma interventions for em-
ployers [98]. Finally, particularly for evaluation of suspected
new or emerging causes of allergic respiratory disease, em-
ployees, union officials, or employers can ask the NIOSH
Health Hazard Evaluation Program (http://www.cdc.
gov/niosh/hhe/) to examine potential health hazards present
at their workplace.

CONCLUSIONS

Because of the potential adverse health effects of allergic
work-related rhinitis and asthma, physicians and other
healthcare professionals should recognize rhinitis and asthma
symptoms in relation to work. Prevention of occupational al-
lergic respiratory diseases is important, and a variety of pre-
vention and intervention strategies are available. Reduction or
elimination of exposures in the workplace should be consid-
ered as the most effective and important preventive measure.
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