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Abstract
Objectives: Various indirect or direct airway challenge tests are used to measure nonspecific bronchial hyper-responsiveness (NSBHR). The evalua-
tion of NSBHR in diagnosing occupational asthma (OA) is performed, e.g., to monitor the specific inhalation challenge test (SICT). The aim of this 
study was to preliminarily compare the results of methacholine and mannitol inhalation challenge tests in SICT monitoring in bakers with work-relat-
ed airway symptoms. Material and Methods: Four bakery workers with a suspicion of OA underwent single-blind placebo-controlled SICTs involving 
workplace allergens, accompanied by the evaluation of NSBHR with mannitol and methacholine, both before and after SICTs. Clinical examinations, 
spirometry tests, skin prick tests (SPTs) to common aeroallergens and occupational allergens, as well as tests to determine serum specific IgE antibod-
ies to occupational aeroallergens were also performed. Results: Positive SPTs results to occupational aeroallergens were found in all bakery workers, 
and specific IgE antibodies to flour were detected in 2 subjects. Three patients displayed positive SICT reactions. In all of these 3 patients, airway 
responsiveness to methacholine increased significantly. In 2 patients, airway reaction to mannitol was significant, whereas in 1 subject there was no in-
crease in NSBHR after mannitol inhalation. The patient with a negative SICT result did not reveal any changes in NSBHR before and after the test, 
either to methacholine or mannitol. Conclusions: The data obtained by the authors show that there is no clear correlation between the methacholine 
and mannitol inhalation challenge tests in SICT monitoring. Preliminary results indicate the need for further investigations to evaluate the usefulness 
of the mannitol challenge test in the diagnostics of OA. Int J Occup Med Environ Health. 2020;33(2):235 – 9
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INTRODUCTION
Various indirect or direct airway challenge tests are used 
to measure nonspecific bronchial hyper-responsiveness 
(NSBHR). The evaluation of NSBHR at baseline and af-
ter a specific inhalation challenge test (SICT) for diagnos-
ing occupational asthma (OA) is needed [1]. For example, 
a methacholine challenge test is used for confirming oc-
cupational asthma, but while its sensitivity in diagnosing 
clinically significant asthma is excellent, the specificity is 

poor [2]. To date, few studies have evaluated the mannitol 
challenge test in occupational settings. The recently pub-
lished data demonstrated that the mannitol challenge test 
has high specificity but low sensitivity to detect symptom-
atic subjects in the workplace [3].
The aim of this study was to preliminarily compare the re-
sults of methacholine and mannitol inhalation challenge 
tests in SICT monitoring in bakers with work-related air-
way symptoms.
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the participation in the study required their written in-
formed consent.

RESULTS
The baseline characteristics and presenting symptoms of 
the patients are summarized in Table 1. The detailed re-
sults of SPTs to common occupational allergens, asIgE to 
occupational allergens, and the results of methacholine 
concentrations and mannitol doses before and after SICTs 
are presented in Table 2.
The SICT with occupational allergens was positive in 3 ba-
kers. In all of the patients with positive SICT results, airway 
responsiveness to methacholine increased significantly. In 
2 patients, airway reaction to mannitol was significant, 
whereas in 1 subject with a positive SICT result, no in-
crease in NSBHR was observed after mannitol inhalation. 
The patient with a negative SICT result did not reveal any 
changes in NSBHR before and after the test, either to 
methacholine or mannitol inhalation.

DISCUSSION
The monitoring of SICTs for the diagnosis of OA in bak-
ers’ allergy includes FEV1 changes and the measurement 
of NSBHR. According to Vandenplas et al., any validated 
test to detect NSBHR can be used in SICT monitoring [1]. 
Thus, in this study, the authors have presented a compari-
son of the measurements of methacholine and mannitol 
inhalation challenge tests before and after SICTs involving 
occupational allergens.
The clinical usefulness of methacholine and mannitol 
tests has been reviewed in a number of studies. Published 
papers indicate that the mannitol test is reported to have 
a sensitivity of 55–59% and a specificity of 73–98%, while 
the sensitivity and specificity of the methacholine test is 
51–69% and 75–80%, respectively [6,7]. Some reports 
have shown that the diagnostic properties of both chal-
lenge tests are comparable, and there is a strong agree-
ment between the mannitol and methacholine challenge 

MATERIAL AND METHODS
The study group consisted of 4 bakery workers with a sus-
picion of OA, who were admitted to the Department of 
Occupational Diseases.
Physical examinations and routine laboratory tests were per-
formed on admission to the hospital. Sensitization to com-
mon and occupational allergens was tested using SPTs (Aller-
gopharma, Germany, and Stallergenes, France); the levels of 
serum allergen-specific IgE antibodies (asIgE) to workplace 
allergens were also evaluated (ImmunoCap System, Phadia, 
Sweden). All spirometry measurements were carried out us-
ing the Jaeger Master Scope Spirometer (VIASYS Health-
Care, Germany). The placebo-controlled SICTs with wheat, 
barley, rye and oat flour were conducted using a standard-
ized protocol in a special challenge room. The SICT response 
was evaluated according to a previously described protocol 
and international recommendations [1,4].
Bronchial provocation tests with methacholine and man-
nitol were performed before and after SICTs according to 
a standardized methodology. The provocation concentra-
tion (PC20) of methacholine to cause a 20% decrease in 
the forced expiratory volume in 1 s (FEV1) was measured 
48 h before and after SICTs. The mannitol challenge test 
was performed using the Aridol test kit (Pharmaxis Ltd., 
New South Wales, Australia) containing dry powdered 
mannitol. The provocation dose (PD15) of mannitol to 
cause a 15% decrease in FEV1, was measured 24 h be-
fore and after SICTs. A positive result of the bronchial 
hyper-responsiveness test was defined as a 15% decrease 
in FEV1 to ≤ 635 mg [5].
The exclusion criterion for the study was the continu-
ous use of antihistamines, oral corticosteroids and 
antidepressants.

Ethics
The Regional Bioethical Committee approved the study 
protocol. The involved patients were informed about 
the research process in an oral and written manner, and 
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the fractional exhaled nitric oxide (FeNO) levels, but 
decreased NSBHR to mannitol with a non-significant 
increase in FeNO. This implies that the unexpected non-
responsiveness using mannitol after the allergen challenge 
test requires further investigation [9].
To the best of the authors’ knowledge, the presented study 
is the first to evaluate airway responsiveness using man-
nitol before and after SICTs in bakers with work-related 
airway symptoms although some limitations of this project 
should be recognized. The main limitation is the size of 
the study group. The authors examined only 4 subjects, 
this number being too small to make any statistical com-
parisons or to draw any significant conclusions. The ob-
tained data should, therefore, be considered only as pre-
liminary results. Moreover, sputum induction was unsuc-
cessful, which happens in 25% of asthmatic patients [1]. 
The relationship between allergen-induced airway eosino-
philia and airway responsiveness is well documented [10];  
however, it could not be shown in this study. Also, due 
to technical problems, the level of fractional exhaled ni-

test despite the fact that they detect different components 
of airway hyper-responsiveness [6,7]. Probably, in order to 
confirm the diagnosis of asthma, performing both the di-
rect and indirect challenge tests may be needed if 1 test is 
negative, but the pre-test probability of asthma is high.
In this study, the subjects had no strongly positive im-
munological sensitization. However, SICTs caused 
a positive response at a relatively high rate. In 3 subjects 
with positive SICT results, the airway responsiveness to 
methacholine as a direct stimulus was increased signifi-
cantly after the challenge tests, while the responsiveness 
to indirect stimuli was increased significantly in 2 sub-
jects after SICTs.
Few published studies apply to atopic asthmatic patients. 
For example, Amakye et al. reported that 3 h after the al-
lergen challenge test, the airway responsiveness to metha-
choline was increased but, at the same time, the airways 
became refractory to mannitol challenge [8]. In a study 
by Davis et al., allergen challenge increased NSBHR to 
methacholine after 24 h, with a significant increase in 

Table 1. Characteristics of the study group consisting of 4 bakery workers with a suspicion of occupational asthma,  
who were admitted to the Department of Occupational Diseases, Łódź, Poland, in 2015–2016

Variable
Participants

(N = 4)

case 1 case 2 case 3 case 4

Sex male female male female
Age 41 years 32 years 53 years 48 years
Smoking status never never ex-smoker ex-smoker
Family history of atopy yes no yes no
Animal at home yes (dog, cat) no yes (dog, cat) yes (dog)
Reported symptoms eye symptoms,  

nasal symptoms, 
dysponea

eye symptoms,  
nasal symptoms,  
cough, dysponea

cough,  
dysponea

cough,  
dysponea

Exposure
occupational exposure time 20 years 11 years 33 years 27 years
symptoms duration at work 4 years 6 years 10 years 4 years
last exposure working and exposed working and exposed 2 years ago 1.5 years ago
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with methacholine and mannitol. The results obtained by 
the authors indicate the need for further investigations to 
evaluate the usefulness of the mannitol challenge test in 
the monitoring of SICT diagnostics of OA.
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Test
Test results

case 1 case 2 case 3 case 4
SPTs to common and occupational allergens
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asIgE to occupational allergens
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f7 (oat) [kUA/l] 0.18 1.39 0.15 0.03
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(early response)

positive  
(dual reaction)

positive  
(early response)

negative

asIgE – allergen-specific IgE antibody; fx20 (wheat, rye, barley, rice) – allergen-specific IgE antibody to wheat, rye, barley, rice; fx3 (wheat, oat, maize, 
sesame seed, buckwheat) – allergen-specific IgE antibody to wheat, oat, maize, sesame seed, buckwheat; f4 (wheat) – allergen-specific IgE antibody 
to wheat; f5 (rye) – allergen-specific IgE antibody to rye; f6 (barley) – allergen-specific IgE antibody to barley; f7 (oat) – allergen-specific IgE anti-
body to oat; k87 (α-amylase) – allergen-specific IgE antibody to α-amylase; PC20 – the provocation concentration of methacholine to cause a 20% 
decrease in the forced expiratory volume in 1 s (FEV1); PD15 – the provocation dose of mannitol to cause a 15% decrease in the forced expiratory 
volume in 1 s (FEV1); SICT – specific inhalation challenge test; SPTs – skin prick tests.
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