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ABSTRACT

Asthma is one of the most prominent respiratory diseases
worldwide. It is defined by airflow limitation and/or airway hy-
perresponsiveness and can be exacerbated by a number of envi-
ronmental allergens. When allergic asthma exacerbations are
attributed to stimuli in a particular work environment, then occu-
pational asthma must be considered. Incidence estimates vary, but
in 1999 the Surveillance of Work-Related and Occupational Re-
spiratory Disease in the United Kingdom estimated 4293 incident
cases of occupational respiratory disease, an increase of 1427
cases over the previous year. Occupational asthma represented
26% of these cases. Baker’s asthma is one of the most frequently
reported types of occupational asthma in several countries. Diag-
nostic steps include thorough history, careful exam, and demon-
stration of functional reversible airflow obstruction. Treatment
modalities used for occupational asthma are similar to those used
in the management of other forms of asthma, with particular
attention to reducing the level of exposure to the inciting allergen.
(Allergy and Asthma Proc 25:151-156, 2004)
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CASE REPORT

35-year-old male business owner presented with a

complaint of sneezing and nasal congestion for 8
years. Symptoms were worse at home and at night while
indoors, and upper respiratory tract infections exacerbated
his symptoms. The patient denied any past history of
asthma, hay fever, or eczema. He had never taken regular
medications of any sort. His social history included business
ownership since the age of 27 years and he had a 15-pack-
year smoking history that concluded 1 year ago. Physical
exam was significant only for edema and pallor of the nasal
turbinates. Pulmonary function test revealed a forced expi-
ratory volume in 1 second (FEV,) of 2.03 L (52% pre-
dicted), a forced vital capacity of 3.71 L (75% predicted), an
FEV,/forced vital capacity ratio equal to 0.55, and a forced
expiratory flow at 25-75% of 1.13 L/s. The [3,-agonist
administration reversed his FEV, to 2.30 L. Skin testing to
environmental allergens showed local reactions to grass
pollen, tree pollens, and dust mites. Chest x ray showed no
abnormality. Additional history revealed he was a bagel-
store owner and was involved directly with the baking
process. This prompted additional laboratory investigation.
The patient’s eosinophil count was 360 cells/uL (normal,
100-300 cells/nL), immunoglobulin E (IgE) was 212
IU/mL (normal, 0-150 IU/mL), and «-1-antitrypsin was
147 mg/dL (normal, 140-320 mg/dL). Special testing re-
vealed allergen-specific IgE antibody to be very positive to
wheat (class V) and strongly positive to rye grain (class IV).
Specific antibody to baker’s yeast and brewer’s yeast were
negative. He was diagnosed with allergic rhinitis and bak-
er’s asthma.
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DEFINITION

Asthma is one of the most prominent respiratory diseases

encountered by allergists and physicians in general
with an increasing worldwide prevalence. In the United
States alone, the prevalence in 1994 was estimated at 5.6%
of the general population or 14.6 million persons.’ Induc-
tion of reactive airways disease involves interaction be-
tween environment and intrinsic susceptibility. The work-
place can be a significant contributor to inflammatory
airway disease. Occupational asthma has been defined clas-
sically as a “disease characterized by variable airflow lim-
itation and/or airway hyperresponsiveness due to causes and
conditions attributable to a particular occupational environ-
ment and not to stimuli encountered outside the work-
place.”” Within this definition of occupational asthma there
are two pathogenic types, namely “immunologic*” and
“nonimmunologic.?” These can be distinguished from one
another based on a latency period that exists in immuno-
logically based occupational asthma but is absent in non-
immunologically based occupational asthma.

EPIDEMIOLOGY

Incidence estimates have used a number of voluntary
reporting surveillance schemes including sentinel-based
and medicolegal data. One of best-known programs is the
Surveillance of Work-Related and Occupational Respira-
tory Disease, which collects reports from British specialists
in occupational or respiratory diseases on newly diagnosed
occupational lung disease. There were an estimated 4293
incident cases of occupational respiratory disease reported
in the United Kingdom in 1999, an increase of 1427 cases
over the previous year. Occupational asthma represented
26% of these cases.” This occupational asthma incidence
was stable with some changes in the responsible agents.
There was an increase in the number of cases among nurses,
construction and mine workers, and bakers, with a decrease
among hairdressers and laboratory technicians.* In the
United States, the Sentinel Event Notification System for
Occupational Risks identifies potentially dangerous sentinel
cases at work. Between the years of 1993 and 1995, the
Sentinel Event Notification System for Occupational Risks
surveillance in California, Massachusetts, Michigan, and
New Jersey identified 1101 people with occupational
asthma, including 210 people with work-aggravated asthma
and 891 new-onset diagnoses.

Occupational asthma prevalence is said to range between
2 and 6% of the asthmatic population.® Epidemiological
evidence suggests occupational asthma is underdiag-
nosed.”®* A New England health maintenance organization
contributed data to a prospective cohort study that revealed
only 7% of health care practitioners record job exposures in
new-onset asthma cases, among whom almost three-quar-
ters had asthma associated with work.” Epidemiological
studies encounter what is referred to as the healthy worker
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effect whereby workers developing occupational asthma
quit without reporting their illness, leaving behind an
asymptomatic, “healthy” population. Nonetheless, preva-
lence studies have their place and remain useful for the
examination of workforces exposed to newly recognized
agents.10

RISK FACTORS

he reason one worker succumbs to occupational asthma
while a coworker in identical conditions does not is

most likely because of personal risk factors. Atopy, defined
by skin test positivity to common aeroallergens, is a risk
factor for occupational asthma,'' but only in workers ex-
posed to high molecular weight antigens. Examples of
cross-sectional studies in which a greater prevalence of
occupational asthma was seen in atopic groups include
health care workers with allergy to latex, detergent workers
with allergy to microbial enzymes, and laboratory handlers
allergic to animal proteins.'*'* There was no increased
prevalence of atopy among patients who have asthma and
respond to the low molecular weight antigen found in the
western red cedar.'® Previous studies do not support atopy
as a risk factor for workers with occupational asthma from
reactive chemicals.'' Smoking tobacco has been shown to
increase the likelihood for development of IgE-specific an-
tibody and asthma at work. In a group of workers exposed
to tetrachlorophthalic anhydride (TCPA), a greater propor-
tion of workers with allergen-specific IgE antibody to
TCPA were smokers compared with workers who did not
have the allergen-specific IgE.'® In addition to greater risk
of allergic sensitization to TCPA among smokers, smoking
was found to be more common in salmon-processing work-
ers,'” enzyme-related workers, and snow crab workers.'?
The relation of smoking to occupational asthma has been
thought to be protective for red cedar asthma workers,
because 94% of affected workers were nonsmokers or
former smokers. This discrepancy illustrates the need for
continued study of particular risk factors in occupational
allergy. To date, no risk factors should strictly preclude a
person from entering a particular occupation, but risk asso-
ciations should alert the physician to possible confounding
factors leading to the development of occupational asthma.

GENETIC FACTORS

Reports on allergic diseases have suggested a genetic
liability to the environment as high as 40%.'° Both
genetics and environment make occupational asthma a het-
erogeneous and multifactorial condition. Consequently, no
single study has yet examined the complex interaction of
genes and environment perfectly. Although studies of hu-
man leukocyte antigen—associated polymorphisms focusing
primarily on class II polymorphism have shown associa-
tions with exposure to some low molecular weight
agents,”®?! most lack consistently reproducible results.?
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TABLE 1

Common Agents Causing Occupational Asthma and
Workers at Risk

Agent Workers at Risk

High molecular weight agents
Animal-derived Animal handlers

allergens

Cereals Bakers, millers

Enzymes Bakers, detergent users,
pharmaceutical workers

Gums Carpet makers,
pharmaceutical workers

Latex Health professionals

Seafood Seafood processors

Low molecular weight agents

Acrylate Adhesive handlers

Amines Lacquer and shellac handlers,
solderers

Anhydrides Epoxy resins, plastic users

Chloramine-T Cleaners, janitors

Drugs Health professionals,
pharmaceutical workers

Dyes Textile worker

Formaldehyde, Hospital workers

glutaraldehyde

Isocyanates Manufacturers of foam,
synthetic rubbers, plastics;
insulation installers, spray
painters

Metals Refiners, solderers

Persulfate Hairdressers

Wood dusts Cabinet makers, carpenters,
foresters

Source: Ref. 25.

Linkage studies have been used to identify regions where a
disease-associated gene may reside. Promise has been great-
est in regions 5q31-33, 6p21, 11ql3, 12q, 13q, and 16pl12
linking asthma and atopy.*® Linkage-disequilibrium-map-
ping technology using single nucleotide polymorphisms
may be a useful means to understand the pathophysiology of
asthma.?* Additional investigative schemes are underway
currently. Advances in genetic understanding have contrib-
uted significantly to innumerable other disease states. Oc-
cupational asthma certainly will be no exception.

CAUSATIVE AGENTS

More than 250 agents are considered major inducers
of occupational asthma. Most agents have been

categorized broadly according to their molecular weight

and the associated occupations at risk are known
(Table ).%
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PATHOGENESIS

Common agents causing occupational asthma have been
identified and are implicated in both immunologic
and nonimmunologic types of occupational asthma.

Immunologic types of occupational asthma are more
common and typically depend on the molecular weight of
the inciting agent. High molecular weight allergens such as
animal protein, fish and shellfish proteins, arthropods,
plant-derived proteins, and enzyme components are large
enough to act as complete antigens and can induce produc-
tion of allergen-specific IgE antibodies. Cross-linking of
surface-bound IgE on mast cells, basophils, and perhaps
eosinophils and macrophages leads to activation of these
inflammatory cells, with synthesis and release of inflamma-
tory mediators that cause an inflammatory reaction in the
airways.”?® Low molecular weight agents typically are
highly reactive electrophilic compounds that first haptenate
with hydroxyl, amino, or thiol functionality of autologous or
heterologous airway proteins to form functional antigen
capable of acting via an IgE-mediated mechanism.?**° Plat-
inum salts, tri-metallic anhydride and other acid anhydrides
can produce allergenic epitopes after such conjugation, and
specific antibodies against these chemicals correlate with
the presence of occupational asthma.*' > Some low molec-
ular weight agents, including isocyanates and plicatic acid,
cause occupational asthma by non-IgE-mediated means.
Allergen-specific IgG antibodies have been reported to play
an important role in asthma induced by diisocyanates such
as hexamethylene diisocyanate and diphenylmethalene-4'-
4'diisocyanate.®® Allergen-specific IgE antibodies were
found in only 20% of asthma patients who reacted to pli-
catic acid from western red cedar.’®> Depending on the
exposure, detection of IgE or IgG allergen-specific antibod-
ies to high molecular weight and some low molecular
weight compounds can be useful in the diagnosis of occu-
pational asthma.

Nonimmunologic types of occupational asthma, also
known as irritant-induced asthma, are less common and
follow workplace exposure to concentrated irritant gases,
fumes, or chemicals on one or several occasions.*® The
underlying mechanism by which nonspecific irritants lead
to reactive airways disease is not known. It is thought
denuding of the respiratory epithelium leads airway inflam-
mation by eosinophil and T-cell infiltration, neurogenic
inflammation via axon reflexes, and nonspecific activation
of mast cells with subsequent release of their preformed,
proinflammatory mediators and cytokines.?’

PATHOPHYSIOLOGY

he pathological airway changes in occupational asth-
matic subjects are the same, regardless of the cause,

and similar to other forms of asthma.?® Desquamation of the
epithelium, epithelial cell ciliary abnormalities, smooth
muscle hyperplasia, and subepithelial fibrosis; increase in
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inflammatory cells; and obstruction of the airway by exu-
dates or mucus are involved.” These changes were found in
the airways in a patient who died of isocyanate-induced
asthma®® and in bronchial biopsy specimens from occupa-
tional asthma patients.**' Additionally, in isocyanate-in-
duced asthmatic bronchial specimens, mast cells were found
localized in the epithelium, and an increase in activated
T-lymphocytes and eosinophils in the mucosal and submu-
cosal layers was noted.** In those with toluene diisocyanate-
associated asthma, a reduction of bronchial subepithelial
fibrosis occurred 5-12 months after cessation of exposure,
but the inflammatory cell infiltrate persisted.*®

DIAGNOSIS

An important element in diagnosis of any form of asthma

is a thorough history. This should include complete
medical history to confirm the diagnosis of asthma and its
relation of asthma symptoms to work. Special investigation
should be made into the extent and mode of any work-
related exposures in both past and present occupations be-
cause the duration of illness can be prolonged. Epidemio-
logical studies have supported the level of exposure as the
most important determinant of occupational asthma. Even
differences in the mode of exposure to the same high
molecular weight agent can give different patterns of IgE
response.** A suggestive symptom history of occupational
asthma may include cough, wheezing, shortness of breath,
and chest tightness that worsens at work and improves away
from work during weekends or vacation. Questions regard-
ing nasal, ocular, or urticarial contact symptoms are impor-
tant as well. Allergic rhinitis may precede or appear con-
currently with the development of allergic asthma and may
be a manifestation of the same disease entity.*>*

If the history is consistent with occupational exposure
and a positive response to bronchodilators shows reversibil-
ity, then it is important to determine the possible causative
agents. Employee health records, material safety data
sheets, and product labels may be useful. Computerized data
lists of occupational agents and associated workplaces are
available.*” Appropriate skin testing assays for allergen-
specific IgE can be helpful if available. Skin reactivity or
increased allergen-specific IgE or IgG antibodies may re-
flect exposure or sensitization but may not imply allergen
effect on the airway. This difference in target organ suscep-
tibility has been shown for occupational allergens including
isocyanates, psyllium, and snow crab.***%4% Negative skin
tests make occupational asthma unlikely with high molec-
ular weight chemicals such as cereal or psyllium.’® The
standardization and reliability of each test must be assessed
before interpreting any test results.

Determination of peak expiratory flow rates and bron-
chial responsiveness to nonallergic stimuli is a critical step
in diagnosis. Peak expiratory flow assessed prospectively
using specific inhalational challenge as the gold standard
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revealed a sensitivity and a specificity of 81-89% and
74-89%, respectively.’'>* These relatively low values may
be related to a number of factors including effort depen-
dence and improper estimation of peak expiratory flow
assessed during FEV, determinations. If the patient is at
work and does not show any decrement in pulmonary func-
tion, occupational asthma is virtually excluded. Positive
tests require additional laboratory and workplace chal-
lenges. Unfortunately, combining peak expiratory flow rate
with serial determinations of bronchial hyperresponsiveness
both away from work and at work is no more sensitive or
specific than peak flow monitoring alone.” If peak flow
results suggest occupational asthma, a medical technician
can attend the patient’s workplace to monitor FEV, values
before work and at hourly intervals while at work.>® If a
question still remains, controlled specific inhalational chal-
lenge tests simulating occupational exposure may be de-
vised whereby patients are monitored during slowly increas-
ing doses of the agent believed to be the cause of the
occupational asthma. This may be dangerous and one must
proceed with caution. Positive tests establish the diagnosis
of occupational allergy.®” If challenges are negative or
specialized testing is not available, the patient may return to
work with close monitoring.

Diagnosis of nonimmunologic, irritant-induced occupa-
tional asthma is based solely on clinical history and dem-
onstration of airway obstruction and/or hyperresponsive-
ness. A history of respiratory symptoms appearing shortly
after a workplace exposure to an irritant on one or several
occasions should exist.”*

DIFFERENTIAL DIAGNOSIS

hen a worker presents with symptoms of asthma and
is confirmed to have reversible airflow obstruction,
the diagnosis of asthma should be considered. Occupational
asthma can not be diagnosed unless there is convincing
proof that the symptoms are attributed only to the work-
place. If evidence is lacking, an alternative diagnosis should
be considered.”® The most obvious is nonoccupational
asthma. Some other disease states may be confused with
asthma including chronic obstructive pulmonary disease,
hypersensitivity pneumonitis, cystic fibrosis, bronchiecta-
sis, bronchitis obliterans, gastroesophageal reflux disease,
and central or extrathoracic airway obstruction. Less com-
mon considerations are pulmonary infiltration with eosino-
philia, systemic mastocytosis, carcinoid syndrome, lym-
phangioleiomyomatosis, and amyloidosis.”® A broad
differential is necessary because asthma symptoms may
masquerade as other diseases and treatments of these vary
greatly.

TREATMENT

he treatment of occupational asthma is similar to the
management of other forms of asthma with particular
attention to reducing the level of exposure. For example,
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bakeries have established permissible exposure limit con-
centrations of 0.2 ug/m? for wheat allergen or 0.5 mg/m? for
dust exposure during a work shift to achieve considerable
risk reduction for sensitization to wheat flour.>” Other in-
dustries should establish exposure limits because once oc-
cupational asthma occurs, the level of exposure required to
react may be lower. Removal from exposure altogether is
ideal. A study comparing the outcome of toluene diisocya-
nate-induced asthma patients revealed that workers with
persistent potential exposures experienced more symptoms,
required more medication, and were considered more med-
ically unstable than workers whose exposure discontinued.
Compared with those no longer exposed, some workers
exposed with only occasional risk showed decrements in
FEV, and PCI15, the concentration of agent in broncho-
provocation challenge testing required for 15% fall in FEV .
Workers exposed to isocyanates for >10 years or who
continued to work for >3 years after asthma onset failed to
recover.”® Respiratory masks should not be considered ac-
ceptable protection, especially in the already sensitized oc-
cupational asthmatic patient. Masks may increase work of
breathing, resistance to the flow of air, and dead space
ventilation.® Immunotherapy has been reported to be suc-
cessful but needs additional evaluation.®® The importance of
removing the occupational asthma patient from the aggra-
vating exposure can not be overemphasized.

CASE DISCUSSION

aker’s asthma is among the most frequently reported
types of occupational asthma in several countries.
According to Surveillance of Work-Related and Occupa-
tional Respiratory Disease, from 1989 to 1994, the annual
incidence in Britain was estimated between 290 and 450
cases per million population.® Allergen-specific IgE anti-
bodies in bakers are found most often against wheat, rye, or
barley. There are as many as 40 flour proteins with aller-
genic capacity and because of their taxonomic relation,
one-half cross-react with rye.®’~®® Cross-reactivity occurs
less with oats, corn, and rice. In addition to grain, other
additives besides grain also can cause baker’s asthma, in-
cluding the dough-conditioning food enzyme additives
a-amylase, hemicellulase, and papain,64 and contaminant
mold spores Aspergillus and Alternaria.®> Dust mites and
storage mites in grain also can cause asthma. Nasal and
ocular symptoms almost always precede the onset of
asthma, and the latency period can last from months to even
years before the onset of asthma.'' As with other forms of
allergic asthma, avoidance is the key. The amount of aller-
gen exposure required to exacerbate baker’s asthma is so
small that discontinuance of the job may be necessary. In
this case, the patient improved when he sold the bakery and
found an alternative, unrelated profession. As his symptoms
and pulmonary function improved with time away from
work, his symptomatic therapy has decreased.
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