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Diagnosis and frequency of work-exacerbated asthma among bakers
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B S T R A C T

ackground: Work-exacerbated asthma (WEA) is asthma worsened by workplace exposures, although the
sthma is not caused by sensitizers in the work environment.
bjectives: To evaluate the frequency of WEA in bakers reporting work-related respiratory symptoms and
e usefulness of diagnostic tests in differentiating WEA from occupational asthma (OA).

Methods: The study group included 393 bakers reporting respiratory symptoms at the workplace. In all
patients, questionnaire, spirometry, skin prick tests (SPTs), and evaluation of serum total and specific IgE
levels were performed. Recognition of OA was based on a specific inhalation challenge test.
Results: Occupational asthma was found in 44.5% of patients, whereas WEA was recognized in 16%. The
latency period was 11.2 � 8.2 years in patients with OA vs 13.3 � 9.7 years in those with WEA. Sixty percent
of patients with OA and 50.8% of those with WEA had positive SPT reactions to common allergens; occu-
pational SPT results were positive in 74.9% and 34.9%, respectively. Specific IgE to flours were found in 61.7%
of patients with OA and 28.6% of those with WEA. In addition, OA frequently coexisted with occupational
rhinitis (53.7% of patients), whereas WEA and rhinitis were found in 31.7% of patients.
Conclusion: Work-exacerbated asthma was diagnosed in 16% of bakers who reported allergic respiratory
symptoms. The specific challenge test for occupational allergens should be performed in bakers with sus-
pected work-related asthma, because an assessment of sensitization (SPT to occupational allergens, evalu-
ation of specific IgE) is not specific enough to differentiate OA from WEA.
� 2013 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction

Exposure to flour and additive allergens can result in work-
related respiratory symptoms in bakers. Conversely, irritants are
the most frequently reported workplace exposures for those with
history of work-exacerbated asthma (WEA). Different exposures at
work can exacerbate asthma, although there are sparse data con-
cerning bakers’ environments and WEA.

Work-exacerbated asthma and occupational asthma (OA)
represent important clinical problems. In addition, it is sometimes
difficult to distinguish OA fromWEA. OA andWEA are not mutually
exclusive and may coexist in the same patient.

No generally accepted clinical and research definition and
diagnostic criteria for WEA have been established. In the American
College of Chest Physician consensus concerning work-related
asthma (WRA), WEA was defined as asthma triggered by various
work-related factors (eg, aeroallergens, irritants, or exercise) in
workers who are known to have pre-existing or concurrent asthma
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(ie, asthma that is occurring at the same time but is not caused by
workplace exposures).1 Other investigators have used the term
WEA to describe the worsening of pre-existing or coincident (adult
new-onset) asthma because of workplace environmental expo-
sure.2,3 Similarly for Henneberger,4 WEA is the worsening of
asthma attributable to workplace conditions, which occurs in
people with asthma whose onset occurred before starting the
suspected job (ie, pre-existing asthma) or while on the suspected
job, but with onset not attributable to workplace conditions (ie,
coincident or concurrent asthma). The working definitions forWEA
and OA adopted in the present study were as follows. WEA was
confirmed by documented baseline airflow obstruction and
reversibility in forced vital capacity or forced expiratory volume in
1 second (FEV1) greater than 12% or 0.2 L or bronchial hyper-
reactivity to a histamine challenge with a provocation concentra-
tion that caused a decrease in FEV1 of 20% lower than 8 mg/mL and
a 20% decrease in FEV1 or a 3-fold increase in nonspecific bronchial
hyper-reactivity accompanied by at least 3% of sputum eosinophils
that could not be found with work-associated allergen exposure
performed as described in the “Methods” section. OA was
confirmed by documented baseline airflow obstruction and
reversibility in forced vital capacity or FEV1 greater than 12% or
0.2 L or bronchial hyper-reactivity to a histamine challenge with
a provocation concentration that caused a decrease in FEV1 of 20%
Immunology. Published by Elsevier Inc. All rights reserved.
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Figure 1. Study scheme.
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lower than 8mg/mL and a 20% decrease in FEV1 or a 3-fold increase
in nonspecific bronchial hyper-reactivity accompanied by at least
3% of sputum eosinophils that could be found withwork-associated
allergen exposure.

Because symptoms at work can be found in OA and in WEA, the
essential point in WEA is that the disease has not been caused by
sensitizers present in the workplace. To the authors’ knowledge,
detailed characteristics and assessments of sensitization to occu-
pational allergens in bakers with WEA have never been performed.

The aim of the study was to evaluate the frequency of WEA in
bakers reporting work-related respiratory symptoms and the
usefulness of diagnostic tests in differentiating WEA from OA.

Methods

Patients

The study group included 393 bakers with suspected OA and/or
allergic rhinitis caused by flours and additives whowere diagnosed
at the Department of Occupational Diseases, Nofer Institute of
Occupational Medicine (Lodz, Poland) from 1997 through 2009. Of
this group, 238 patients with a history of asthma (reporting work-
related lower airway symptoms) were selected and underwent
a histamine challenge test and a specific inhalation challenge test
(SICT). After these procedures, OA was recognized in 175 cases and
WEA was diagnosed in 63 bakers with asthmatic symptoms but
with negative SICT result. One hundred fifty-five patients who did
not exhibit asthma symptoms were not considered in the analysis
of the data. The study scheme is presented in Figure 1.

The regional bioethical committee approved the study protocol.
All participants gave their informed written consent before the
study.

Questionnaire

The patients were administered a questionnaire that was an
adaptation of the instrument developed by the International Union
against Tuberculosis and Lung Disease.5 Among other items, it
included a history of respiratory symptoms (ie, cough, wheezing,
shortness of breath, chest tightness), skin symptoms, personal and
family histories of atopy, exposure to pet allergens at home,
medication use, and smoking habits.
Skin Prick Tests

Skin prick tests (SPTs) were performed on the volar part of the
forearm using a standard battery of common allergens and bakery
series, including tree and grass pollens, Dermatophagoides pter-
onyssinus, Dermatophagoides farinae, molds, weeds, oatmeal, wheat,
corn, barley, and rye flour (Allergopharma, Reinbek, Germany). The
negative control was an allergen diluent and the positive control was
1 mg/mL of a histamine dihydrochloride solution. The largest wheal
diameter was assessed after 15 minutes. Awheal diameter of at least
3 mm and at least half that formed by histamine was defined as
a positive result indicating sensitization.

Total and Specific IgE

Total serum IgE was evaluated using ImmunoCap (Phadia AB,
Uppsala, Sweden). A total IgE level higher than 100 kU/L was
considered elevated. Specific IgE (sIgE) reactions against flours
were measured using ImmunoCap (fx20 or f4; Phadia AB). Specific
IgE levels of at least 0.35 kU/L were regarded as a positive result.

Specific Inhalation Challenge Tests

The SICT with flours (eg, oatmeal, corn, barley, and rye flour) and
improvers (eg, containing a-amylase or xylanolytic enzymes, which
are used to improve the quality of baking products and economize
the technologic process) was performed in a workplace simulation
setting (room space 6 m2 with temperature 22e25�C) with the
patient’s own samples. The patient sifted approximately 500 g of
flours and improvers for 30 minutes or until the asthmatic reaction
symptoms appeared. Potato flour was used as placebo and the test
was performed on the previous day before the specific challenge.

Bakers who did not exhibit a significant (�20%) decrease in FEV1
during the challenge test underwent a repeated challenge test for
2 hours the next day. In patients with changes in FEV1 ranging from
10% to 20% after that challenge, the exposure was prolonged to
3 hours.

The study participants did not receive any systemic or local
medication. Inhaled short-acting b2-agonists were stopped at least
8 hours before the study, inhaled long-acting b2-agonists 48 hours
before the study, inhaled steroids 5 days before the study, systemic
steroids 14 days before the study, and antihistamine medications 7



Table 1
Characteristics of patients with OA (n ¼ 175) and WEA (n ¼ 63) in study

OA (n ¼ 175) WEA (n ¼ 63) P value

Men, n (%) 154 (88) 41 (65.1) .0001
Age (y), mean � SD (min; max) 37.76 � 11.64 (18; 68) 40.6 � 11.87 (20; 70) NS
Family history of atopy, n (%) 44 (25.1) 11 (17.5) NS
Smoking status, n (%)
Active smokers 31 (17.7) 14 (22.2) NS
Ex-smokers 60 (34.3) 18 (28.6) NS
Total pack-years of smoking, mean � SD (min; max) 13.4 � 9.4 (2; 30) 13.8 � 9.2 (3; 30) NS

Pets at home, n (%) 42 (24) 12 (19) NS
Age at clinical asthma symptom onset (y), mean � SD (min; max) 30.8 � 9.6 (16; 54) 32.3 � 10.5 (5; 59) NS
Baseline FVC (% predicted), mean � SD (min; max) 92.7 � 17.1 (31; 136) 93.9 � 15.9 (42; 122) NS
Baseline FEV1 (% predicted), mean � SD (min; max) 86.9 � 18.2 (23; 136) 87.9 � 19.9 (26; 121) NS
Baseline histamine PC20 (mg/mL), mean � SD (min; max) 3.5 � 4.4 (0.08; 16) 4.4 � 3.4 (0.15; 8) NS
Baseline change in FEV1 after albuterol (%), mean � SD (min; max) 16.8 � 6.8 (9; 38) 18.7 � 8.1 (12; 37) NS

Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; max, maximum; min, minimum; NS, not statistically significant; OA, occupational
asthma; PC20, provocation concentration that causes a decrease in forced expiratory volume in 1 second of 20%; SD, standard deviation; WEA, work-exacerbated asthma.
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to 42 days before the challenge test depending on the duration of
action. The patient’s oral statement determined compliance with
such recommendations.

Pulmonary Function

Resting spirometry (Vicatest 2A, Mijnhardt, The Netherlands)
was performed in all patients. Bronchial responsewas measured by
serial monitoring of FEV1 and peak expiratory flow rate before and
5 minutes, 30 minutes, 1 hour, 2 hours, 4 hours, 6 hours, and
24 hours after the provocation.

Histamine challenge was performed according to the method of
Cockcroft.6 Bronchial response was measured by FEV1 monitoring.
Nonspecific bronchial hyper-reactivity was evaluated the day
before the specific challenge test and 24 hours after the test.

Symptom Score

The number of sneezes and the degree of mucosal edema, rhi-
norrhea, and itching were evaluated. Total symptom score ranged
from0 to 8 and represented the sum of scores for sneezing (0 sneeze,
0 point; 1e4 sneezes, 1 point; >4 sneezes, 2 points), rhinorrhea
(none, 0 point; mild, 1 point; abundant, 2 points), mucosal edema
(none, 0 point; mild, 1 point; nasal block, 2 points), and itching
(none, 0 point; itching of nose or throat, 1 point; itching of nose and
throat, 2 points).

Nasal Lavage and Challenge Procedure

All procedures were performed according to the “nasal pool”
method.7 Nasal washings were collected immediately before the
Table 2
Prevalence and duration of reported symptoms in the study population

Reported symptoms OA (n ¼ 175) WEA (n ¼ 63) P
value

�1 allergic symptom, n (%) 175 (100) 63 (100) d

Cough 134 (76.6) 46 (73) NS
Dyspnea 173 (98.9) 59 (93.7) .044
Rhinitis 149 (85.1) 45 (71.4) .027

Skin symptoms, n (%) 24 (13.7) 11 (17.5) NS
Duration of symptoms (y),
mean � SD (min; max)

6.94 � 6.63 (0.5; 38) 8.25 � 7.4 (1; 36) NS

Latency period (duration of
exposure before occurrence
of symptoms) (y), mean � SD
(min; max)

11.21 � 8.16 (0.1; 36) 13.31 � 9.7 (0.1; 37) NS

Abbreviations: max, maximum; min, minimum; NS, not statistically significant; OA,
occupational asthma; SD, standard deviation; WEA, work-exacerbated asthma.
provocation and 30 minutes, 4 hours, and 24 hours afterward. The
washing process has been described in detail elsewhere.8

Diagnostic Criteria

Occupational allergic rhinitis was recognized in patients
reporting work-related nasal symptoms with a positive nasal
response to provocation testing, namely a total score higher than
3 points and significant increases in the total count and proportion
of eosinophils (2-fold increase and eosinophilia �5% after the
challenge) in nasal lavage fluid.

Recognition of OA was based on the SICT result with an evalu-
ation of bronchial response (�20% decrease in FEV1) or a 3-fold
increase in nonspecific bronchial hyper-reactivity accompanied by
increased sputum eosinophilia (�3% of eosinophils after the SICT).

Work-exacerbated asthma was recognized in patients reporting
work-related chest symptoms for whom the SICT did not induce
a significant bronchial response (�20% decrease in FEV1), namely
early or dual asthmatic reaction or a 3-fold increase in nonspecific
bronchial hyper-reactivity accompanied by increased sputum
eosinophilia.

Statistical Analysis

Analyses were performed using STATISTICA 8 (StatSoft, Krakow,
Poland). The c2 test (or Fisher exact test) and Wilcoxon rank-sum
were used to compare patients with OA vs WEA. A P value lower
than .05 was considered significant.

Results

The group under study consisted of 195 men and 43 women.
Baseline characteristics are presented in Table 1. Rates of reported
symptoms are presented in Table 2. In patients with OA, the latency
period (duration of exposure before the occurrence of symptoms)
was 11.21�8.16 years and the duration of those symptomswas 6.94
� 6.63 years; in patientswithWEA, thesemeanperiodswere longer.

The SPT results to common and occupational allergens are
presented in Table 3. In bakers with OA, the most frequent allergens
yielding positive results were D pteronyssinus, D farinae, and grass
pollens, whereas those in the WEA group were dust mite allergens.
Sensitization to grass and tree pollens was more frequent in
patients with OA (22.9%,18.3%, and 17.1% respectively) than in those
in WEA (9.5%, P ¼ .005; 3.2%, P ¼ .003; and 6.4%, P ¼ .037,
respectively). Obviously, sensitization to the tested flours was more
frequently associated with OA (74.9%) than with WEA (34.9%,
P< .0001); however, more than 30% of patients without recognized
OA were sensitized to allergens present in the workplace. SPT
results for occupational allergens in the 2 groups showed the most



Table 3
SPT results for common and occupational allergens and evaluation of total and specific IgE levels in study population

Positive SPT results OA (n ¼ 175) WEA (n ¼ 63) P value

�1 common allergen, n (%) 105 (60) 32 (50.8) NS
Grass pollen 40 (22.9) 6 (9.5) .035
Tree pollen Ia 32 (18.3) 2 (3.2) .006
Tree pollen IIb 30 (17.1) 4 (6.4) .036
Mold Ic 9 (5.1) 2 (3.2) NS
Mold IId 1 (0.6) 1 (1.6) NS
Dermatophagoides pteronyssinus 48 (27.4) 18 (28.6) NS
Dermatophagoides farinae 42 (24) 15 (23.8) NS
Weeds 23 (13.1) 6 (9.5) NS

�1 occupational allergen, n (%) 131 (74.9) 22 (34.9) <.0001
Wheat flour 76 (43.4) 10 (15.9) .0001
Rye flour 82 (46.9) 7 (11.1) <.0001
Corn flour 37 (21.1) 5 (1.9) .030
Oatmeal flour 40 (22.9) 1 (1.6) <.0001
Barley flour 59 (33.7) 5 (7.9) <.0001

Total IgE level (kU/L), mean � SD (min; max) 331.84 � 469.8 (28; 4,000) 209.54 � 133.9 (47; 1,000) .004
Total IgE >100 kU/L, n (%) 91 (52) 26 (41.3) NS
Specific IgE to flours, n (%) 108 (61.7) 18 (28.6) <.0001

Abbreviations: max, maximum;min, minimum; NS, not statistically significant; OA, occupational asthma; SD, standard deviation; SPT, skin prick test;WEA, work-exacerbated
asthma.
aAlder, hazel, poplar, elm, and willow.
bBirch, beech, oak, and plane.
cAlternaria tenuis, Botrytis cinerea, Cladosporium herbarum, Culvularia lunata, Helminthosporium species, and Fusarium moniliforme.
dAspergillus fumigatus, Mucor mucedo, Penicillium notatum, Pullularia pullulans, Rhizopus nigricans, and Serpula lacrimans.

M. Wiszniewska and J. Walusiak-Skorupa / Ann Allergy Asthma Immunol xxx (2013) 1e64
frequent positive results were for wheat and rye flour. Average total
IgE level was elevated in the 2 groups and a significant percentage
of patients with IgE levels higher than 100 kU/L was found. Specific
IgE to flours were found in 61.7% of patients with OA and in 28.6% of
those with WEA (P < .0001).

Almost 54% patients with OA had accompanying occupational
rhinitis; however, of patients with WEA, rhinitis was recognized in
31.7% cases.
Discussion

Recent published reviews of literature on WRA have empha-
sized the need for further research on different topics related to
WEA, including diagnostic techniques. Distinguishing OA from
WEA with symptoms from irritant substances is essential during
the diagnostic process because the final diagnostic result for
a patient has important health and socioeconomic consequences
(eg, removal from a job, need for retraining, financial compensa-
tion). For legal purposes, in some countries, including Poland, it is
essential to confirm whether the asthma is caused by workplace
agents, because diagnosis of an occupational respiratory allergy
results in significant compensation for an employee. Objective
testing is useful, especially in patients claiming compensation. Few
studies have comparedWEAwith OA in differentwork settings, and
there is a lack of clinical data concerning WEA in bakers.

It has been emphasized that WEA is highly prevalent and
underdiagnosed.9 The diagnosis of WEA usually is based on
changes in symptoms, medication use, and/or lung function
temporally related to work.1 In most epidemiologic studies on
WEA, the diagnosis was mainly based on questionnaire and
medical records and less frequently on clinical tests conducted by
researchers.10e13 Because the diagnosis of WRA requires confir-
mation of asthma and the establishment of a relation to work,1 the
bakers in the present study were examined by physicians using
questionnaire and pulmonary function testing, and then SICT was
performed to distinguish OA from WEA. Similarly, in some other
clinical studies, the most reliable diagnosis of WEAwas established
from SICT results.14e16

It has been estimated that about 20% of adults with asthma
exhibit worsening of their symptoms at work4; however, about
a half of them show no objective evidence of asthma worsening
during a challenge test.17 The true prevalence of WEA is not
established and the proportion of patients with WEA ranges from
about 10% to 50% of cases of WRA in working adults.1,18,19 In the
present study, WEA was recognized in 26.5% of bakers with WRA
after applying diagnostic procedures, including SICT. Moreover,
Moscato et al20 concluded that a definite WEA diagnosis should be
based on “objective indicators” of worsening of asthma and of
deterioration of pulmonary function related to the work environ-
ment. In addition, if there is documented exposure to sensitizing
agents, the SICT should be performed. For example in a study by
Santos et al,21 objective tests in the diagnosis of WRA were more
common in patients with OA than in those with WEA. The most
common tests performed in patients with OA were serial peak
expiratory flow recordings at work and off work (58%), repeat
methacholine challenges during work and off-work periods (49%),
and skin tests using a work agent (29%), and only 2 patients
underwent an SICT.

Work-exacerbated asthma refers most often to coincidental or
concurrent asthma aggravated or exacerbated at work.21 In
contrast, some investigators have restricted the term to a previ-
ously diagnosed asthma that has worsened, but was not caused, by
agents found in the workplace.22 In the present study, all included
patients reported the onset of asthma symptoms after starting their
exposure to baker’s allergens; however, it is difficult to establish
whether they might have had asthma as a child or in the distant
past and might have declared the later symptoms after starting to
work, because of legal regulations in recognizing OA in Poland. In
the present study, in patients with WEA, symptoms began while
they were working as bakers; however, owing to the SICT results,
they were not diagnosed as having OA even when specific sensiti-
zation to occupational allergens was found.

Comparison of baseline characteristics of patients with OA and
WEA showed no statistically significant differences except for male
sex. Similarly to Santos et al,21 OA was recognized more frequently
recognized in men. This finding was not observed in the study by
Chiry et al,16 although they examined a smaller study group
exposed to heterogeneous occupational agents.

Work-related respiratory symptoms in bakery workers ranges
from 4.9% to 14.3%, although a positive SPT result to flour allergens
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has been found in 5% to 28% of patients.23e25 In the present study,
all included bakers reported work-related symptoms; nevertheless,
dyspnea and rhinitis were found more frequently in patients with
OA. In a study by Meijer et al26 in bakers with OA or WEA, work-
related rhinitis and/or conjunctivitis were reported in most cases
(85%). Nasal symptoms usually precede or coexist with asthma,
especially in cases of OA induced by high-molecular-weight aller-
gens.27 Aggravation of asthma in the workplace can manifest as an
increase in frequency or severity of asthma symptoms and/or
increase in medication required to control symptoms on working
days in patients with OA and those with WEA.2 It has been estab-
lished that patients who experience exacerbation of asthma
symptoms at work do not present significant objective evidence of
worsening asthma when they are exposed to a suspected work-
sensitizing agent at nonirritating levels and monitored in the
workplace or laboratory.2,28

In the present study, a positive SPT reaction to at least 1
common allergen and a family history of atopy were similar in
frequency in the study groups, although sensitization to grass and
tree pollens was more frequent in patients with OA, in contrast to
the report by Lemiere et al14 in which atopy was more common in
OA (87%) than in WEA (74%) cases.

It is widely acknowledged that in bakers with suspected OA, IgE
antibodies to occupational allergens can be detected by analyzing
circulating IgE levels and SPT. In general, in immunologic tests,
high-molecular-weight substances display a high sensitivity.
However, the diagnostic sensitivity and specificity of SPT extracts to
wheat and rye flours range from 40% to 67% and 86% to 100%,
respectively, for a diagnosis of baker’s asthma.29 High serum levels
of flour-specific IgE and confirmed positive SPT results for flour
extract have been shown to be good predictors of a positive chal-
lenge test result in 107 bakers.30 Based on this observation, the
authors suggest that challenge tests may not always be necessary in
cases displaying a clear SPT result and a serologically sIgE response.
Similarly, Malo et al31 found a significant correlation between SPT
results and sIgE antibodies to wheat flour with the presence of OA.
Positive SPT results to flours were found in 50% of atopic bakers
with asthma, 21% of atopic bakers, and 13% of nonatopic bakers.25

In a study by Jacobs et al,32 46% of bakery workers with asthma
were IgE sensitized to wheat allergens, emphasizing the impor-
tance of occupational exposure in bakery workers with asthma. In
the present study, sensitization to flours was certainly associated
with OA; however, 34.9% of patients with WEA were sensitized to
occupational allergens. Nevertheless, demonstrating skin sensiti-
zation to workplace agents supports the possibility of airway
sensitization, but, according to the present results, a significant
proportion of patients with positive SPT results to bakery occupa-
tional allergens most likely developed a concomitant sensitivity to
these workplace agents. Another explanation for the high preva-
lence of specific sensitization in bakers withWEA is cross-reactivity
with other allergens (eg, pollens). This finding indicates practical
limitations for identifying OA in patients with a positive SPT
response to occupational bakery allergens and a history of asthma
without using other objective diagnostic methods.

For OA caused by high-molecular-weight agents, evidence of
specific sensitization (positive SPT result and/or presence of sIgE)
associated with a suggestive history is not enough for a diagnosis of
allergic OA to the given agent. The diagnosis requires objective
confirmation of asthma and work-related functional changes,
a suggestive history, and exposure to an agent known to cause OA.33

In general, the SICT has been proposed as the “gold standard” or
reference test in the diagnosis of OA related to specific sensitiza-
tion.33 SICT has not been recommended for routine use because of
the high cost, limited availability, potential risk of inducing severe
asthmatic reactions, and possible false-positive and false-negative
results.34 One crucial issue in the present study was the possibility
of false-negative SICT results, especially because all bakers appar-
ently developed asthma after starting work. In OA, false-negative
test results can occur as a result of using the wrong agent or too
low a dose.34 In the present study, the employers were asked to
provide samples of the same flours used by the patient; however, in
single cases, the supplied samples may have differed from those
originally used at the workplace. Although wheat flour is the most
common sensitizing agent in Polish bakers, during SICT, all types of
flours used by the patients were tested (eg, oatmeal, corn, barley,
and rye flour). In addition, if some bakers used other powdered
foods, such as powdered eggs or milk, then they were tested before
deciding that challenge results were negative. Unfortunately, dust
concentrations were not measured during the challenges in all
cases; however, because the patients re-created their workplace
conditions, the authors concluded that the concentrations were high
enough. Moreover, concentrations of other chemical or allergen
exposures (eg, cleaning agents, degreasers used for machinery,
allergens from nuts used for baking, etc) were not measured.

The authors also identified (by self-report) patients who did not
stop bronchodilator or steroid treatment, so some may have used
these medications before the challenges, which may have been
related to false-negative results. However, in the authors’ opinion,
the patients likely were honest in declaring their medicine use
because they had no motive to try to obtain a negative challenge
result after claiming compensation. Moreover, some patients had
normalization of their nonspecific bronchial reactivity after
removal from the workplace exposure. In the present study,
repeated and prolonged challenge tests were performed the next
day to re-expose patients to the occupational agent and determine
significant decreases in FEV1 or increases in nonspecific bronchial
hyper-reactivity in sensitized patients. In contrast, Lemiere et al35

concluded that specific bronchial reactivity to high-molecular-
weight agents persists in most cases despite normalization of
nonspecific bronchial reactivity, and that is associated with the
persistence of specific immunization. In patients with negative SICT
results in the laboratory, a return to the normal workplace to
maximally extend the diagnostic testing was impossible because
Polish legal regulations preclude employees from returning towork
before establishing or excluding a final diagnosis of OA. In addition,
Moscato et al33 emphasized that the prevalence of false-negative
test results has not been assessed prospectively by returning the
worker to the workplace and examining changes in functional
status.

It has been pointed out that SICTs are not useful in diagnosing
WEA.1 In this study, the SICT was monitored by histamine airway
responsiveness and sputum differential eosinophil counts. Beach
et al36 compared available procedures in the diagnosis of OA and
found that none of the tests used alone yields a sufficiently high
combination of sensitivity and specificity that would allow it
to replace SICT. Nevertheless, a combination of the presence of
nonspecific bronchial hyper-responsiveness and positive results
of immunologic tests has been shown to increase the likelihood of
OA.34 Therefore, the diagnosis should be made carefully consid-
ering the present study results. There is no consensus as to which
method should be used to distinguish patients with occupational
airway allergy from those with WEA. Tarlo and Liss37 included
negative responses to challenges with specific sensitizing agents
from the workplace and negative responses to workplace sensi-
tizers in immunologic tests among the features used to classify
patients as having aggravation of pre-existing or coincidental
asthma. Previous clinical studies also have indicated that the visual
interpretation of peak expiratory flow graphs do not allow an
accurate differentiation between OA and WEA.16 It might be
claimed that patients with WEA, especially those sensitized to
occupational allergens, may have been misclassified and actually
had OA. Although possible, the diagnostic procedures performed
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during this study were extensive and, in the authors’ opinion, the
misclassification is unlikely.

Vandenplas et al38 showed that sputum eosinophilia is an early
markerof bronchial response to occupational agents,whereaspatients
with WEA show neutrophilic airway inflammation when exposed to
a specific agent at the workplace.39 In the present study, increased
sputum eosinophilia was one of the essential criteria to recognize OA;
unfortunately, changes in neutrophils were not assessed.

There are only few data concerning the potential role of food
allergy as the mechanism of sensitization in bakers. In the present
study, no patient reported intolerance after ingestion of food
products containing baker’s occupational allergens. However,
wheat a-amylase inhibitor has been reported to be a relevant
sensitizing allergen after ingestion and inhalation.40 In a study by
Baur and Posch,41 patients with baker’s asthma and rhinitis usually
were able to consume wheat without symptoms, although they
showed reactions to wheat proteins. Tatham and Shewry42 sug-
gested there is little doubt if the most important components
responsible for baker’s asthma (a-amylase) appear to be less
important in food allergy, whereas wheat proteins, despite
contributing to respiratory and food allergies, appear to be minor
contributors and their clinical relevance requires further study.

In conclusion, WEA was recognized in 16% of bakers reporting
allergic respiratory symptoms and in 26.6% reporting work-related
lower airway symptoms. The study has practical implications and
clinical relevance. These findings suggest the need for performing
SICTs when OA is suspected in bakery workers, because assessment
of sensitization (SPTs to occupational bakery allergens, evaluation
of serum sIgE) is not specific enough to differentiate OA fromWEA.
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