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ABSTRACT

Occupational asthma (OA) accounts for 5–10% of all asthma in adults. Although OA secondary to enzymes has been
reported, it is rare in the context of food preparation. In the cheese production industry, multiple powdered enzymes are used
to soften and flavor cheese. Work-related asthma secondary to enzymes used in this manner has not been previously reported.
We present two cases of OA after exposure to airborne enzyme powders used in cheese production. Both patients were adult
women without histories of asthma who worked in a facility that used fungal and pancreatic-based enzymes to soften and flavor
cheese. Both developed asthma symptoms within 1 year of employment and experienced relief of symptoms away from work. One
patient had occupational rhinitis. Each underwent allergy skin testing, chest radiograph, pulmonary function testing, and
methacholine challenge. Both patients had markedly positive skin tests to multiple enzyme antigens used at work. Spirometry,
lung volumes, and chest radiographs were normal for both patients when they were asymptomatic and had implemented
avoidance measures. Methacholine challenge was positive in one patient (PC20 � 0.13 mg/mL). Both workers took appropriate
respiratory protection measures during powder exposure and their symptoms improved. Enzyme powder used in cheese
production is a trigger for OA.

(Allergy Asthma Proc 29:376–379, 2008; doi: 10.2500/aap.2008.29.3134)
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Occupational asthma (OA) is the most prevalent
form of occupational lung disease, accounting

for 25% of all cases1 and 5–10% of all asthma in adults.2

Although OA secondary to enzymes has been report-
ed,3,4 it is rare in the context of food preparation. In the
cheese production industry, multiple powdered en-
zymes, derived from fungal and animal sources, are
used to soften and flavor the cheese. We present two
cases of OA after exposure and sensitization to air-
borne enzyme powders used in cheese production,
etiologic agents that have not been previously re-
ported.

CASES

Patient 1
Patient 1 was a 34-year-old woman who developed

wheezing, coughing, and shortness of breath 1 year
after beginning work at a local cheese processing plant.
Her symptoms also included rhinorrhea, sneezing, oc-

ular erythema, and occasional urticaria that began at
the same time. Her job included mixing various pow-
dered enzymes into a liquid form that would later be
used to soften and flavor cheese. The patient was ex-
posed to these powdered enzymes on a daily basis. She
did not work in a negative-pressure hood and did not
wear personal respiratory protection. Her symptoms
would occur rapidly on exposure to the enzymes and
dramatically improved on weekends and while on va-
cation. On three occasions the patient had to leave the
mixing laboratory secondary to respiratory distress.
She regularly used a short-acting bronchodilator 10–15
times during an 8-hour shift. The patient had no his-
tory of asthma. However, she had allergic rhinitis and
had known sensitivity to multiple allergens including
cat dander and multiple pollens but not to mold. She
had a 10-pack-year history of smoking.

Patient 2
Patient 2 was a 42-year-old woman with no history of

asthma. She developed cough and dyspnea within 1
year of employment at the same plant. She denied
having rhinitis symptoms at work, but had a history of
allergic rhinitis. Her job was similar to patient 1 and
she was exposed to airborne powdered enzymes daily.
She did not consistently use personal respiratory pro-
tection. Her symptoms improved away from the work-
place on weekends and immediately returned on reex-
posure to the enzymes. She reported partial or limited
relief from short-acting bronchodilators while at work.
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She had no history of smoking. At the time of visit to
our clinic, she had been removed from the enzyme
mixing laboratory for several years and reported dra-
matic improvement of her symptoms. Although only
these 2 workers presented for further evaluation, both
patients indicated that at least 30 other workers at the
plant had respiratory symptoms at work.

RESULTS
The seven most common antigens in the enzyme

mixture were obtained in powdered form and diluted
with 0.9% normal saline to a concentration of 10 mg/
mL. These antigens included fungal enzymes—As-
pergillus oryzae, Penicillium roqueforti, Candida rugosa,
mixed fungal, and Rhizopus oryzae—and animal-de-
rived enzymes—porcine pancreas and calf glandular
tissue. Percutaneous skin testing was performed using
Quintip devices (Hollister-Stier, Spokane, WA) (Table
1). Histamine phosphate (10 mg/mL) and sterile 0.9%
saline were used as positive and negative controls,
respectively. A wheal greater than the negative control
20 minutes after puncture was considered a positive
response. Grading of skin tests from 1� to 4� was
according to increasing wheal size. Patient 1 was sen-
sitive to P. roqueforti, C. rugosa, mixed fungal, and
porcine pancreas extracts. Patient 2 was sensitive to all
of the antigens except mixed fungal antigen. Skin test-
ing was also performed to common aeroallergens. Pa-
tient 1 was sensitive to ragweed and grass pollen, and
cat and dog dander. Patient 2 was sensitive only to tree
pollen.

Complete blood counts were normal in both patients.
Total serum IgE was elevated (918 IU/mL) in patient 1
but was normal in patient 2. Spirometry and chest
radiographs showed no significant abnormalities in
either patient. Methacholine challenge for patient 1
revealed significant bronchial hyperresponsiveness
(BHR) with a PC20 of 1.3 mg/dL. Patient 2 had minimal
BHR, with a PC20 of 13 mg/dL. However, the challenge
for patient 2 was performed several years after avoid-
ance measures had been established at the plant.

Patient 1 was started on daily inhaled corticosteroids
and was removed from direct exposure to the en-
zymes. Patient 2 was advised to continue avoidance.
Each patient was instructed to wear a dual canister
personal respirator while in the workplace. The com-
pany also installed more efficient ventilation systems
throughout the plant. These avoidance measures re-
sulted in dramatic improvement of symptoms in pa-
tient 1 and allowed for rapid weaning of the inhaled
corticosteroids. Both patients are currently doing well
with no pharmacologic treatment. The plant has since
closed and moved to another state. To our knowledge,
this decision to relocate was unrelated to the health
affects to the workers.

DISCUSSION
We present two workers who experienced OA re-

lated to enzymes used in cheese processing. Enzymes
are high molecular weight antigens used in various
industrial processes. They were first used commer-
cially in the United States in 1967 for detergent pro-
duction.3 Since then, they have been used in several
other industries including pharmaceutical manufactur-
ing, dry cleaning, and food preparation.4

OA secondary to enzymes was first described by
Flindt and Pepys in 1969 after several workers in a
detergent plant developed respiratory symptoms from
exposure to alcalase, a Bacillus subtilis–derived en-
zyme.5,6 The authors showed positive skin tests to the
enzyme in most of the workers and inhalation chal-
lenges induced dual airway responses in several sub-
jects. Epidemiologic surveys performed in the 1970s
determined that workers exposed to B. subtilis–derived
enzymes became sensitized at a rate of 20–60%.7 Since
that time, OA secondary to numerous other enzymes,
both fungal and animal derived, have been reported.4

OA secondary to enzyme exposure in food prepara-
tion has been described in bakers and egg processors.
Enzymes in baker’s yeast can trigger baker’s asthma,
one of the most common forms of OA. Amylase en-
zymes derived from A. oryzae (one of the antigens in
our cases) are used to improve the rising of dough and
the quality of the bread. In a cohort study, 35 of 118
bakery workers had asthma and/or rhinitis symptoms
after exposure to flour.8 Twelve of these 35 patients
had specific IgE to Aspergillus-derived amylase based
on radioallergosorbent testing. Other studies have con-
firmed the importance of enzymes as antigens in
baker’s asthma.9,10

OA was reported in a worker exposed to enzymes in
an egg processing plant.11 The worker developed re-
spiratory symptoms after daily exposure to airborne
hen egg-white–derived lysozyme. Sensitivity to the
lysozyme was confirmed by skin testing, serum IgE
antibodies, and specific bronchoprovocation with ly-
sozyme inducing significant airflow obstruction.

Table 1 Percutaneous skin test results for each
patient with enzymes used in the plant

Antigen Patient 1 Patient 2

Aspergillus oryzae Negative 4�
Porcine pancreas 4� 4�
Rhizopus oryzae Negative 2�
Penicillium roqueforti 3� 1�
Candida rugosa 4� 2�
Mixed fungal 4� Negative
Calf glandular tissue Negative 1�
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The diagnosis of OA begins with a detailed clinical
and occupational history. This should include duration
of symptoms and employment, evaluation of symp-
toms away from work, potential antigen exposures,
and workplace conditions.12 Both of our patients had
histories consistent with OA. They each had significant
exposure to multiple airborne allergens without respi-
ratory protection. They also had relief of symptoms
away from the workplace and after avoidance mea-
sures were implemented.

It is important to evaluate other risk factors for OA,
including prior atopic disease and smoking history.
Studies have indicated an increased rate of sensitiza-
tion to enzymes in atopic workers compared with
nonatopic workers.13,14 One study showed an increase
in OA in atopic patients exposed to enzymes, although
this data has not been consistently replicated.15 Al-
though neither of our patients had a history of asthma,
both had allergic rhinitis. One of our patients also had
a history of smoking. Cigarette smoking is a potential
predisposing and aggravating factor in the develop-
ment of OA. Flood et al. showed cigarette smokers to be
several times more likely to develop OA secondary to
enzymes.16 Race, gender, and age are not considered
risk factors for enzyme-induced OA.13,14

Diagnosis of enzyme-induced OA includes percuta-
neous skin testing to the enzyme antigens in question
as well as seasonal and perennial aeroallergens. One
study, using specific bronchial challenge as the gold
standard, showed enzyme-specific skin testing was
100% sensitive and 93% specific. In comparison, IgE
radioallergosorbent testing yielded a sensitivity of 62%
and specificity of 96%.17 Both of our patients showed
significant skin hypersensitivity to multiple antigens
used in the plant. In addition to skin testing, lung
function testing and BHR should be evaluated. Al-
though antigen-specific inhalation challenge is consid-
ered the gold standard, it is often impractical and
potentially unsafe.18 Additional evidence of workplace
asthma includes cross-shift peak flows to assess for
declines in peak expiratory flow measurements before
and after antigen exposure. If possible, more complete
pulmonary function testing could be performed before
and after exposure at work. In our patients, specific
inhalation challenges were declined by each patient.
Pulmonary function testing was normal and methacho-
line provocation testing was positive in patient 1 but
borderline in patient 2. Methacholine sensitivity can
return to normal after avoidance of the inciting
antigen.19

The most effective treatment of OA is avoidance of
the offending agent. This may include relocating the
worker to a different area of the plant or installing
more efficient ventilation systems. Utilization of ap-
proved respirators may also be helpful. Several studies
have shown reduction of skin reactivity and clinical

symptoms when appropriate avoidance has been used
by workers.20,21 Both of our patients reported rapid
resolution of their symptoms when the enzymes were
mixed in a separate laboratory and appropriate respi-
ratory protection was used. Improved ventilation sys-
tems in the plant were also effective in reducing their
symptoms.

Pharmacologic treatment may also be necessary but
should not be considered replacement for avoidance
measures. Inhaled corticosteroids may be useful while
methods to reduce exposure are being initiated or in
patients who show symptoms after avoidance is im-
plemented. Although patient 1 initially required phar-
macologic therapy, it was quickly weaned after avoid-
ance measures were incorporated at the plant. At this
time, both patients have sought employment where
enzymes are not used. They are healthy and require no
medications.

CONCLUSION
We report two workers who developed OA to en-

zyme powders used in cheese production. This repre-
sents a new OA with a known enzyme to be included
in the expanding list of occupational allergens.
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