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Abstract

Introduction: Sensitizer-induced occupational asthma (OA) has significant health and 
socioeconomic outcomes in affected subjects. 

Objective: To evaluate clinical and functional outcomes of sensitizer-induced OA in bakers and 
cotton workers three to five years after cessation of exposure to the offending workplace agent. 

Methods: We studied 16 patients with sensitizer-induced OA (10 bakers and 6 textile workers), 
eight males and eight females, aged 32 to 48 years. All study subjects completed a questionnaire and 
underwent spirometric measurements and metacholine challenge, in the same manner as at the time 
of diagnosis. The findings obtained were compared with findings registered at the time of diagnosis. 

Results: We found significantly lower prevalence of patients with respiratory symptoms in the 
previous 12 months after the mentioned period of removal from exposure than their prevalence at 
the time of diagnosis (100% vs. 68.7%; P = 0.014). In regard to nasal symptoms, their prevalence 
at the time of the study was lower than at the time of diagnosis but statistical significance was not 
reached (62.5% vs. 37.5%; P = 0.107). The values of spirometric parameters at the time of the study 
were similar to their values at the time of diagnosis. The level of the non-specific bronchial hyper 
responsiveness (NSBHR) at the time of the study was improved in all study subjects. The mean 
value of the provocative concentration 20 (PC20) at the time of the study was significantly higher than 
its mean value registered at the time of diagnosis (2.9 vs. 2.1; P = 0.032). However, none subject 
normalized his/her NSBHR. 

Conclusions: Our findings indicate resolution of the respiratory and nasal symptoms in a part 
of the study subjects. In addition, all study subjects are left with their NSBHR, although all of them 
improve.

of exposure to the causal agent and pharmacological treatment that 
follows clinical-practice guidelines is the preferable approach to the 
management of sensitizer-induced asthma. Reduction of exposure to 
the causal agent may be an alternative to the complete avoidance of 
exposure, but it seems that reduced exposure is less beneficial than 
exposure cessation [3,4]. 

According to the findings from studies on outcomes of sensitizer-
induced OA after removal from the offending environment, asthma 
symptoms and non-specific bronchial hyperrespnsivenes (NSBHR) 
persist several years in majority of patients with sensitizer-induced 
OA. The outcomes are best when the diagnosis is established early, 
the exposure is stopped, and the asthma is not yet severe [1,5].

The aim of the present study was to evaluate the clinical and 
functional outcomes in patients with sensitizer-induced OA after 
removal from the exposure to the offending agent. 

Methods
Study design and setting

The present study, performed at the Institute for Occupational 

Introduction 
Occupational asthma (OA) is the most frequent occupational 

lung disease in the last decades, causing considerable morbidity 
and disability. As developed by different pathogenetic mechanisms, 
OA is distinguished in two different categories: sensitizer-induced 
OA and irritant-induced OA. Sensitizer-induced OA accounts for 
approximately 90% of all OA cases. Specific occupational sensitizers, 
i.e. the agents that induce asthma through a mechanism associated 
with a specific immunologic response, may be high-molecular-
weight (HMW) agents (proteins or glycopeptides that cause 
production of specific IgE antibodies and typical allergic responses) 
or low-molecular-weight (LMW) agents (most of which induce 
asthma through mechanisms that are still poorly understood). 
Common HMW agents are: animal allergens, plants and plant 
products, cereals and grains, other foods, and enzymes (workers in 
detergent production, pharmaceutical workers, laboratory workers, 
etc.). In addition, common LMW sensitizers that may induce OA 
are: diisocyanates, acid anhydrides, acrylic monomers, nickel and 
chromium salts, platinum salts, drugs, and persulfates [1,2]. 

Existing evidence indicates that complete and definitive avoidance 
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Health of R. Macedonia, Skopje – World Health Organization (WHO) 
Collaborating Center and Global European Allergy and Asthma 
(GA2LEN) Collaborating Center in the period January – June 2015, 
is a comparison of prevalence of respiratory symptoms, spirometric 
parameters and NSBHR in patients with sensitizer-induced OA at 
the time of diagnosis and three to five years (36 to 60 months) after 
removal from the offending workplace exposure. 

Study subjects
We studied 16 subjects with sensitizer-induced OA, 10 bakers 

(industrial or traditional) and six cotton workers (cotton weavers or 
cotton spinners), eight males and eight females, aged 32 to 48 years. 

Inclusion criteria: patients with diagnosed sensitizer-induced 
OA three to five years removed from exposure to the offending 
occupational agent. 

Exclusion criteria: patients with diagnosed sensitizer-induced 
OA who were not removed from the harmful workplace exposure 
and patients with diagnosed sensitizer-induced OA removed from 
exposure to the offending occupational agent for shorter or longer 
period. 

At the time of diagnosis (2010-2012), all examined subjects 
were symptomatic and their asthma symptoms were work-related. 
The diagnostic work-up included skin prick tests (SPT) to standard 
inhalant and to relevant workplace allergens, spirometry, and 
metacholine challenge (as it was not contraindicated in any of them). 
The diagnosis of sensitizer-induced OA was established by finding of 
significant changes of the peak expiratory flow rate (PEFR) registered 
by serial PEFR measurements at and away from work. After the 
diagnosis was confirmed all examined subjects were removed from 
the offending occupational exposure and controller treatment 
with inhaled corticosteroids was initiated according to the actual 
recommendations and local availability of asthma medications [6]. 
Removal from offending occupational exposure was realized mainly 
by relocation in the workplace and, less commonly, by a change in 
occupation. 

In both groups there was no subject in whom metacholine 
challenge was contraindicated [7,8], nor subject with upper 
respiratory viral infection within 3 weeks before the metacholine 
challenge test. All study subjects were informed about the study and 
their written consent was obtained.

Questionnaire
Respiratory symptoms in the previous 12 months (cough, 

shortness of breath, wheezing, and chest tightness) were documented 
using the European Community Respiratory Health Survey (ECRHS) 
screening questionnaire [9]. The patient was considered symptomatic 
if he/she had one or more respiratory symptoms in the previous 12 
months.

Nasal symptoms in the previous 12 months (sneezing, itching, 
runny nose, blocked nose, and red, itchy eyes) were documented 
according to the Allergic Rhinitis and its Impact to Asthma (ARIA) 
Pocket Guide [10]. The patient was considered symptomatic if he/she 
had one or more nasal symptoms in the previous 12 months. 

Detailed smoking history, family history of asthma (taking 
into account the first-degree relatives), accompanying disease, and 
medication use were also evaluated. Smoking was classified according 
to the WHO Guidelines for Controlling and Monitoring the Tobacco 
Epidemic [11]. Daily smoker was defined as a subject who smoked at 
the time of the survey at least once a day, except on days of religious 
fasting. Ex-smoker was defined as a formerly daily smoker, no longer 
smokes. Passive smoking or exposure to environmental tobacco 
smoke (ETS) was defined as an exposure to tobacco combustion 
products from smoking by others (at home, workplace, etc.), i.e. 
as a presence of at least one smoker in the household and/or in the 
workplace [12,13]. 

Spirometry
The Spiro metric measurements, including measures of forced 

vital capacity (FVC), forced expiratory volume in one second (FEV1), 
FEV1/FVC ratio, and maximal expiratory flow at 75%, 50%, 25%, and 
25-75% of FVC (MEF75, MEF50, MEF25, and MEF25-75, respectively), 
was performed in all subjects using spirometer Ganshorn Sano 
Scope LF8 (Ganshorn Medizin Electronic GmbH, Germany) with 
recording the best result from three measurements the values of FEV1 
of which were within 5% of each other. The results of spirometry 
were expressed as percentages of the predicted values according to 
the actual recommendations of European Respiratory Society (ERS) 
and American Thoracic Society (ATS) [14,15].

Metacholine challenge
The metacholine challenge tests were performed in all subjects 

according to the European Respiratory Society (ERS) / American 
Thoracic Society (ATS) recommendations [7,8], in the same manner 
as at the time of diagnosis. Concentrations of 0.25, 0.5, 1, 2, 4, 8, and 
16 mg/mL metacholine (Fagron GmbH, Germany) were prepared 
by dilution with buffered saline. The doses of aerosol generated by 
Pari LC nebulizer (Pari GmbH, Germany) were inhaled through 
a mouthpiece. The subjects inhaled increasing concentrations of 
metacholine by tidal breathing method until FEV1 fell by more than 
20 % of its base value (provocative concentration 20 – PC20) or the 
highest concentration was reached. The method of calculating the 
PC20 is described elsewhere [16]. The logarithmic transformation of 
PC20 was used in the analysis. 

According to the ATS recommendations bronchial hyper 
responsiveness (BHR) (i.e. NSBHR) was categorized as moderate to 
severe BHR (PC20 < 1.0 mg/mL), mild BHR (PC20 = 1.0 – 4.0 mg/mL) 
and borderline BHR (PC20 > 4.0 mg/mL). The test was considered 
positive if PC20 was equal or less than 4 mg/mL (8). Significant 
improvement of the NSBHR was considered in the patients with 
twofold increase of the PC20 as compared to its value at the time of 
diagnosis. 

Statistical analysys
Continuous variables were expressed as mean values with 

standard deviation (SD), whereas the nominal variables as numbers 
and percentages. A chi-square test (or Fisher’s exact test where 
appropriate) was used for testing difference in the prevalence. 
Comparison of the mean values was performed by an independent-
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samples t-test. Relation between changes in respiratory symptoms 
and increase of the PC20 was tested by a chi-square test. A P-value less 
than 0.05 was considered as statistically significant. Statistical analysis 
was performed using the Statistical Package for the Social Sciences 
(SPSS) version 11.0 for Windows.

Results
Demographic characteristics of the examined subjects are shown 

on Table 1. 

At the time of diagnosis, all study subjects reported respiratory 
symptoms in the previous 12 months. In addition, 62.5% of them 
reported nasal symptoms in the previous 12 months. All study subjects 
with respiratory and nasal symptoms reported work-relatedness of 
their symptoms (i.e. worsening of the symptoms during working days 
and their improvement during weekends, holidays and vacations). 
Metacholine challenge test was positive in all examined subjects. 
According to the PC20 value, the NSBHR in three patients (patient 
8, 10 and 15) was categorized as severe to moderate, while in other 
patients the NSBHR was categorized as mild (Table 2). 

SPT to one or more standard inhalant allergens were positive in 
all examined subjects. All bakers had positive SPT to wheat and two 
of them besides being positive to wheat also had positive SPT to meal, 
whereas all textile workers had positive SPT to cotton. 

The prevalence of patients with respiratory symptoms in the 
previous 12 months at the time of the study was significantly lower 
than their prevalence at the time of diagnosis of sensitizer-induced 
OA, i.e. at the time of study symptomatic was around two thirds of 
them (100% vs. 68.7%; P = 0.014). The prevalence of patients with 
nasal symptoms at the time of the study was also lower than their 
initial prevalence but the difference was not statistically significant 
(62.5% vs. 37.5%; P = 0.107). The values of spirometric parameters 
(FEV1 and FEV1/FVC) at the time of the study were similar to their 
values registered at the time of diagnosis. As at the time of diagnosis, 
at the time of the study all study subjects had positive metacholine 

challenge test. The values of the PC20 in all study subjects were 
higher than their values at the time of diagnosis, i.e. at the time of 
the study the NSBHR in all study subjects, except in the patient 15, 
was categorized as mild. Significant improvement of the NSBHR 
was registered in four patients (patient 4, 8, 14 and 15). The mean 
PC20 value was significantly higher than its mean value at the time of 
diagnosis (2.9 vs. 2.1; P = 0.032) (Table 3). 

We did not any relationship between the presence of respiratory 
symptoms in the previous 12 months and the period since removal 
from the exposure less or more than 48 months (improvement as 
opposed to no change). There was either no significant association 
between increase of the PC20 and the period of removal from the 
exposure less or more than 48 months (significant as opposite to non-
significant increase of the PC20). 

Discussion
As it is mentioned above, OA is the most common occupational 

lung disease in industrialized countries and despite intensive 
preventive measures there is little evidence that its overall incidence 
is declining [17]. More than 90% of all OA cases develop as a 
consequence of allergic sensitization to HMW and LMW present 
at the workplace. Existing evidence indicate that more than 250 
sensitizing agents was recognized as causing asthma through 
different immunologic mechanisms [18]. The high-risk occupations 
and industries associated with the development of sensitizer-
induced OA vary depending on the dominant industrial sectors in 
a particular country. According to the results of the population-
based study carried out by Kogevinas et al. [19], which included 
more than 15.000 people randomly selected from general population 
of 12 industrialized countries aged 20 to 44 years, the highest risk 
for OA was found for farmers, painters, plastic workers, cleaners, 
spray painters, and agricultural workers. Baker’s asthma is one of 
the leading causes of sensitizer-induced OA worldwide [20,21]. The 
disease is caused by inhalation of cereal flour allergens, enzymes and 
storage proteins, particularly wheat flour allergens [22]. It is also well 

Table 1: Demographics of the study subjects at the time of diagnosis.
Pt. Sex Age (yr) Workplace Smoking status Exposure 

to ETS
Duration of employment at the actual workplace (yr)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Mean
SD

M
F
F
M
F
M
M
F
M
M
F
M
F
F
F
M

28
34
38
34
40
30
42
43
33
29
42
34
29
38
44
32

35.6
5.4

Industrial baker
Industrial baker
Traditional baker
Industrial baker
Industrial baker
Industrial baker
Traditional baker
Industrial baker
Industrial baker
Traditional baker
Cotton spinner
Cotton weaver
Cotton spinner
 Cotton spinner
Cotton weaver
Cotton spinner

DS
DS
NS
NS
DS
NS
ES
DS
DS
ES
DS
ES
NS
NS
DS
NS

+
-
-
+
-
-
+
+
-
-
-
-
+
+
-
+

2
5
7
3
4
3
4
7
3
3
6
3
3
7
8
3

4.4
1.9

Pt: Patient; Yr: Year; M: Male; F: Female; DS: Daily S; NS: Non Smoker; ES: Ex-Smoker; ETS: Environmental Tobacco Smoke; SD: Standard Deviation.
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Table 2: Clinical and functional features of the study subjects at the time of diagnosis.
Pt. Respiratory symptoms Nasal symptoms Duration of

respiratory symptoms
(mo)

FEV1 
(%pred)

FEV1/FVC PC20
(mg/mL)

Asthma controller
Daily dose
(μg)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Mean
SD

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+

+ 
+ 
+ 
+ 
-
+ 
-
-
+
-
+
+
-
-
+
+

7
18
9
12
10
15
22
14
8
12
24
18
9
15
18
10

13.8
5.1

88%
83%
87%
79%
84%
95%
74%
76%
84%
89%
73%
90%
87%
76%
75%
83%

82.7
6.6

0.79
0.77
0.82
0.75
0.80
0.83
0.74
0.77
0.81
0.74
0.76
0.81
0.80
0.78
0.73
0.76

0.78
0.03

2.4
3.1
3.4
1.2
3.3
2.5
1.4
0.7
2.5
0.8
1.6
3.7
2.7
1.2
0.4
3.2

2.1
1.1

Fluticasone propionate 500 
Fluticasone propionate 250 
Fluticasone propionate 250 
Fluticasone propionate 500
Fluticasone propionate 250
Fluticasone propionate 500
Fluticasone/Salmeterol 250/50
Fluticasone/Salmeterol 500/50
Fluticasone propionate 250
Fluticasone propionate 750
Fluticasone propionate 500
Fluticasone propionate 250
Fluticasone propionate 250
Fluticasone propionate 500
Fluticasone/Salmeterol 500/50
Fluticasone propionate 250

Pt: Patient; Mo: Month; FEV1: Forced Expiratory Volume in one second; Pred%: % of Predicted value; FVC: Forced Vital Capacity; PC20: Provocative 
Concentration 20; mg: milligram; mL: milliliter; μg: microgram; SD: Standard Deviation.

Table 3: Clinical and functional features of the study subjects at the time of the study.
Pt. Respiratory 

symptoms
Rhinitis 
symptoms

Period since removal from 
exposure (mo)

FEV1 
(%pred)

FEV1/FVC PC20
(mg/mL)

Asthma controller
Daily dose
(μg)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Mean
SD

+ 
- 
+ 
+ 
+ 
+ 
- 
+ 
- 
+ 
+ 
+ 
- 
- 
+ 
+

- 
- 
- 
+ 
-
+ 
-
-
+
-
+
+
-
-
-
+

42
55
38
43
51
48
46
60
42
57
51
58
44
45
57
39

48.5
7.2

86%
81%
91%
77%
84%
93%
72%
78%
83%
86%
75%
88%
89%
78%
72%
81%

82.1
6.5

0.77
0.78
0.84
0.74
0.83
0.82
0.73
0.78
0.79
0.73
0.78
0.78
0.83
0.83
0.74
0.76

0.77
0.04

2.9
3.8
3.7
2.8
3.4
2.9
2.1
1.7
2.8
1.2
1.8
3.8
3.1
3.0
0.9
3.5

2.9
0.9

Fluticasone propionate 250
Fluticasone propionate 250
Fluticasone propionate 250
Fluticasone/Salmeterol 250/50
Fluticasone propionate 250
Fluticasone propionate 250
Fluticasone/Salmeterol 250/50
Fluticasone/Salmeterol 250/50
Fluticasone propionate 250
Fluticasone/Salmeterol 250/50
Fluticasone/Salmeterol 500/50
Fluticasone propionate 250
Fluticasone/Salmeterol 500/50
Fluticasone/Salmeterol 250/50
Fluticasone/Salmeterol 250/50
Fluticasone propionate 250

Pt: Patient; NSBHR: Non-Specific Bronchial Hyper Reaponsiveness; Mo: Month; FEV1: Forced Expiratory Volume in one second; Pred%: % of Predicted Value; 
FVC: Forced Vital Capacity; PC20: Provocative Concentration 20; mg: milligram; mL: milliliter; μg: microgram; SD: Standard Deviation.

established that occupational exposure in textile industry increases 
risks of chronic nonspecific lung disease including sensitizer-induced 
OA [23]. According to the findings of the study on distribution of 
sensitizer-induced OA in R. Macedonia in the period 2005-2014 by 
occupation, baker’s asthma and sensitizer-induced OA in cleaners 
and textile workers were the three most common types accounting 
for more than 30% of all sensitizer-induced OA cases [24].

Existing evidence about clinical outcomes after establishing the 
diagnosis of sensitizer-induced OA produces somewhat inconsistent 
results [25]. In addition, besides its health implications, diagnosis 
of sensitizer-induced OA is related with serious socioeconomic 
implications. Namely, cessation of exposure to offending occupational 

agent usually is associated with a decrease in asthma severity and in 
pharmaceutical expenses, but it is often associated with a deterioration 
of patient’s socioeconomic status (professional downgrading and loss 
of work-derived income) [26,27]. 

In the present study we investigated clinical and functional 
outcomes (respiratory symptoms in the previous 12 months, lung 
function, and NSBHR) of sensitizer-induced asthma in bakers and 
cotton workers after removal from exposure to the offending agent. 
None of the study subjects had neither childhood asthma, nor asthma 
before the entering the certain workplace. The mean duration of 
employment at the time of diagnosis in these workers was 4.4 years. 
At the time of diagnosis all examined subjects were symptomatic (i.e. 
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had one or more respiratory symptoms in the previous 12 months). 
In addition, around two third of them also had one or more rhinitis 
symptoms. The mean duration of respiratory symptoms before the 
diagnosis was established was around 14 months. Sensitizer-induced 
OA is characterized by a variable time during which sensitization 
takes a place and is usually caused by only one agent [18]. Existing 
evidence indicates that in approximately a half of the sensitizer-
induced OA cases the disease develops in the first two years of the 
exposure to offending workplace agent [28]. At the time of diagnosis, 
the spirometric parameters of the study were in the range of their 
referent values. Metacholine challenge test was positive in all study 
subjects, being categorized as severe to moderate in four of them. 
The diagnosis of sensitizer-induced asthma was established by 
positive results of serial PEFR measurements. After the diagnosis was 
established, all study subjects were removed from their workplaces 
and appropriate treatment was initiated.

The findings from several studies indicated that majority of 
patients with sensitizer-induced asthma did not recover, even after 
several years away from offending exposure and that they may have 
permanent impairment and disability [25,29,30]. The duration of 
symptoms, the severity of NSBHR at the time of diagnosis, the total 
duration of exposure to the offending workplace agent and its duration 
afte the onset of symptoms are important determinants of outcome 
[31]. According to the findings from study conducted by Perfetti et 
al., longer duration of the interval from cessation of exposure appears 
to be an important factor in improving the outcome and that current 
or past use of inhaled corticosteroids is not a significant predictor for 
explaining different outcomes in workers removed from offending 
exposure [32]). In addition, findings from the double- blind study 
conducted by Malo et al., indicated that inhaled corticosteroids 
induce a small but important overall improvement in patients with 
sensitizer-induced OA [33]. On the other hand, the studies that 
examined the changes in NSBHR and changes in specific bronchial 
responsiveness (evaluated by specific inhalation challenge) did 
not find any correlation between these two factors, i.e. registered 
significant improvement in specific bronchial hyper responsiveness 
was not accompanied by significant improvement in NSBHR 
[29,34,35]. 

In the present study the mean duration of the interval since 
removal from exposure to the offending workplace agent to the 
second metacholine challenge test was around 48 months. In this 
period, the recommended pharmacological treatment was used by all 
study subjects. At the time of the study, we registered improvement 
in the clinical and functional parameters of the study subjects. 
Around 30% of the study subjects at this time was asymptomatic, 
i.e. did not report any respiratory symptom in the previous 12 
months. An improvement of the prevalence of nasal symptoms was 
also registered. We did not perform SPT at the time of the study, so 
eventual immunological changes in the study subjects could not be 
documented. The values of spirometric parameters were similar as 
compared to their values registered at the time of diagnosis. At the 
time of the study, we registered improvement in the NCBHR level 
in all study subjects. Furthermore, the NCBHR level in four study 
subjects was significantly lower than its level registered at the time 
of diagnosis. However, although the NSBHR level was improved in 

all study subjects, it was not normalized in none of them (i.e. none 
study subject had a complete loss of the NSBHR). The studies on 
clinical and functional outcome of sensitizer-induced OA caused by 
specific workplace sensitizers produced different results. In workers 
with sensitizer-induced asthma due to isocyanates, Mapp et al. found 
that NSBHR (evaluated by metacholine challenge) decreased slowly 
and gradually and continued after 96 months from the cessation 
of exposure [36]. In addition, in the study including patients with 
sensitizer-induced asthma due to tetrachlorphtalic anhydride, Barker 
et al. found persistent symptoms and NSBHR level despite avoidance 
of exposure for 12 years [37]. In the present study we did not register 
significant association neither between the presences of respiratory 
symptoms in the previous 12 months, nor between the improvement 
of the NSBHR and duration of the period since removal from the 
offending exposure. 

The present study has some limitations. First, relatively small 
number of the study subjects could have certain implications on the 
data obtained and its interpretation. Second, relatively short period 
of the removal from the exposure to offending agent could also have 
certain implications of the data obtained and its interpretation. Third, 
although the study subjects worked at similar workplaces, their work 
environments at the time of diagnosis, as well as at the time of the 
second NSBHR, were different, that may have significant impact on 
our findings. The strength of the study is the comparison of clinical 
and functional features of sensitizer-induced OA developed at the 
specific workplaces after removal from the offending exposure. 

Conclusions
In conclusion, in a study aimed at evaluation of respiratory 

symptoms, lung function and NSBHR in bakers and cotton workers 
with sensitizer-induced OA three to five years after removal from 
the offending workplace exposure, we found a lower prevalence of 
respiratory and nasal symptoms in the previous 12 months, similar 
values of spirometric parameters, and a decrease in the level of 
NSBHR than at the time of diagnosis. Our findings also indicate a 
need of further investigations in this field in order to improve the 
understanding of the course of sensitizer-induced OA and to improve 
the management of these patients. 
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