
IJOMEH 2008;21(3) 219

O R I G I N A L  P A P E R S

International Journal of Occupational Medicine and Environmental Health 2008;21(3):219 – 225
DOI 10.2478/v10001-008-0024-x

EXHALED NITRIC OXIDE LEVELS AFTER SPECIFIC 
INAHALATORY CHALLENGE TEST IN SUBJECTS 
WITH DIAGNOSED OCCUPATIONAL ASTHMA
DOMINIKA ŚWIERCZYŃSKA-MACHURA1, ANNA KRAKOWIAK2, MARTA WISZNIEWSKA2,  
WOJCIECH DUDEK1, JOLANTA WALUSIAK2, and CEZARY PAŁCZYŃSKI1,2

1 Nofer Institute of Occupational Medicine, Łódź, Poland
Centre of Occupational and Environmental Allergy
2 Nofer Institute of Occupational Medicine, Łódź, Poland
Department of Occupational Diseases

Abstract
Objectives: Measuring exhaled nitric oxide (eNO) is a useful method for the assessment of bronchial inflammation in asth-
matic subjects. The aim of the study was to evaluate the changes in eNO level in the subjects with suspected occupational 
asthma (OA) after a specific inhalation test (SIT) with occupational agents. Materials and Methods: Forty two patients, 
including 17 farmers, 15 bakers and 10 health care workers had a physical examination, skin prick tests with common and 
occupational allergens, total serum IgE level, specific anti-allergen IgE determinations, spirometry and SIT. Also, mor-
phological changes in induced sputum (ISP) and nasal lavage fluid (NLF) were analysed and eNO measurements were 
performed. Results: SIT revealed a significant increase in the proportion of eosinophils in NLF and in ISP in the cases 
with diagnosed OA. Moreover, these cases showed significantly increased eNO levels only 24 h after SIT, compared to the 
measurements before SIT. We also found a significant correlation between eNO level at 24 h after SIT and the percentage 
of eosinophils in NLF before, and 4 and 24 h after SIT, as well as in ISP before and 24 h after SIT in all subjects with diag-
nosed OA. Conclusion: The findings may confirm the usefulness of exhaled nitric oxide measurements for diagnosing OA. 
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INTRODUCTION

Nitric oxide (NO) is an endogenous, soluble gas. Its highly 

reactive molecules are involved in many biological and 

pathophysiological organic processes [1]. It is generated 

from arginine through the activity of nitric oxide syn-

thase, an enzyme that has three isoforms (NOS-1, NOS-2, 

NOS-3). One of them, called the inducible nitric oxide syn-

thase (NOS-2 or iNOS), is more active than the other two 

and its synthesis continues to increase under conditions 

of an inflammation [2,3]. The iNOS expression correlates 

with the exhaled nitric oxide (eNO) level [4].

Allergic airway inflammation plays a  crucial role in the 
pathogenesis of asthma. Over the last several years, at-
tempts have been made to develop accurate and non-inva-
sive diagnostic methods for this particular inflammation. 
Lately, great hopes have been associated with the use of 
measurements of exhaled nitric oxide for estimating bron-
chial inflammation in asthmatic subjects [5–7]. Further-
more, positive correlations between eNO and blood eo-
sinophilia and the number of sputum eosinophils in atopic 
children and asthmatic adults have been observed [8,9].
The aim of the present study was to evaluate the changes in 
eNO in subjects with suspected occupational asthma (OA) 
after a  specific inhalation test (SIT) with occupational 
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wheat, oat, maize, sesame flour, grass, and corn, and also 
sheep, pig, cow, horse epidermis and furs, grass and cereal 
pollens. Specific IgE values > 0.35 kU/l were regarded as 
positive.

Inhalation challenge tests
SIT was performed in a worksite simulation setting (room 
space 6 m2) with the patient’s own samples. Bakers had 
SIT with wheat, rye, corn, barley or oatmeal flour. The pa-
tient was sifting approximately 100 g of each kind of flour 
and 10 g of bakers’ additives for 30 min. SIT performed 
on farmers included the following materials: grain dust, 
animal epidermis, furs, feathers, several kinds of hays and 
cereals.
HCWs had SIT with latex gloves: they were powdering 
them with talc for 30 min. 

Pulmonary function and histamine challenge testing
Resting spirometry (Vicatest 2A, Mijnhardt, The Nether-
lands) was performed in all subjects. Bronchial response 
was measured by serial monitoring of forced expiratory 
volume in 1 s (FEV1) and peak expiratory flow rate (PEFR) 
before and 5 min, 30 min, 1 h, 2 h, 4 h, 6 h, and 24 h after 
the provocation. Histamine challenge was performed ac-
cording to Cockroft before, and 24 h after SIT [11] .

Induced sputum and nasal lavage fluid
Cellular and biochemical profiles of nasal washings were 
determined for all patients. All the procedures were 
similar as in the ‘nasal pool’ method [12,13]. Nasal wash-
ings were collected immediately before the provocation, 
and 4 h and 24 h afterwards.
Cellular and biochemical profiles of induced sputum (ISP) 
were analysed in 24 patients. ISP testing was performed 
before and 22 h after SIT. The whole process of collecting 
ISP has been described elsewhere [13,14]. 

Exhaled nitric oxide measurements
Nitric oxide was measured with a  chemiluminescence 
analyser (NIOX, Aerocrine, Sweden) adapted for online 
recording of NO concentrations. This chemiluminescence 
analysis is based on the reaction of NO with ozone, which 

agents. In addition, the authors searched for a correlation 
between the percentage of eosinophils in induced sputum 
(ISP) and nasal lavage fluid (NLF) of the subjects with di-
agnosed OA.

MATERIALS AND METHODS

Materials
The subjects comprised 42 patients (18 women and 24 men) 
with suspected OA who were referred to the Department 
of Occupational Diseases for a  consultation. The study 
group included bakers, farmers and health care workers 
(HCWs). The study was approved by the local Biomedi-
cal Ethics Committee and all the subjects presented their 
written informed consent prior to the study.

Methods
Questionnaire
Each subject had a medical history collected to gain infor-
mation on the history of atopy, occupational exposure, re-
spiratory symptoms, the presence of animals at home and 
the smoking status. 

Skin prick tests
Skin prick tests (SPTs) were performed on the volar part 
of the forearm. Common allergens included tree and grass 
pollens, Dermatophagoides pteronyssinus, Dermatopha­
goides farinae, moulds, feathers (Allergopharma, Ger-
many) while the occupational allergens were represent-
ed by a  standarized battery of different kinds of flours, 
α-amylase, several kinds of hays, animal furs, threshings, 
cereals, storage mites (Allergopharma, Germany) in the 
tests on bakers and farmers and latex in testing HCWs 
(Stallergen, France). The SPTs were performed according 
to standardized techniques [10].

Total and specific IgE
Total IgE was evaluated with the Uni-CAP system (Phar-
macia, Sweden). Specific IgE antibodies to occupational 
allergens were measured using the Uni-CAP system (Phar-
macia, Sweden): wheat, barley and rye flour, α-amylase 
and latex; or with Allergopharma system (Germany): 
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family history of allergic diseases, ten subjects (23.8%) 
were assumed to be atopic. Five subjects (11.9%) were ac-
tive smokers and 14 (54.8%) ex-smokers.
The mean total IgE level was 140.8±177.5  kU/l. Posi-
tive SPT to at least one common allergen was found in 
28 (66.7%) subjects out of the 42 taking part in the study 
and to occupational allergen in 18 (42.9%) participants. 
The incidence of skin reactivity to occupational allergens 
was similar among bakers and farmers. The most frequent 
allergens of skin reactivity among bakers was corn flour, 
while among farmers were storage mites. Positive SPTs 
with latex allergens were recorded in 1 subject.
Specific IgE to occupational allergens was found in  13 
(30.9%) subjects (Table 2). 
Serum sensitisation to occupational allergens developed 
most frequently among bakers.
SIT induced very severe symptoms of rhinitis in  17 out 
of 19 subjects with diagnosed occupational airway allergy 
(SOAA) (asthma and/or rhinitis) (score: 1.17±0.88 be-
fore and 4.64±0.68 immediately after; 6.78±0.82 at 4  h 
and 5.0±0.75 at 24 h after SIT, respectively p < 0.05 vs. 
baseline value). 
The reactions to flours in subjects with atopic asthma 
(SAA) and in subjects without airway allergy (SWAA) 

allows measurements down to approximately 1 part per 
billion (ppb). Measurements of eNO were performed as in 
the recommendations of the American Thoracic Society 
(ATS) Documents [15]. Measurements of eNO were made 
during three exhalation manoeuvres and mean values were 
calculated. Values < 20 ppb were regarded as normal. 
The measurements were carried out in the morning be-
fore the challenge tests and 5 min, 1 h, 2 h, 3 h, 4 h, 5 h 
and 24 h after SIT. Each measurement was made before 
the spirometry. Patients were asked not to smoke or have 
a heavy meal just before NO measurements.

Diagnostic criteria
Hypersensitivity to any allergen has been defined as at 
least one positive result of SPT and/or positive specific 
serum IgE assay [16]. Diagnosis of occupational allergic 
rhinitis [17,18] was based on work-related symptoms and 
positive nasal response to the provocation test i.e. a total 
score of more than 3 [17] and a significant increase in the 
proportion of eosinophils [17,18]. We regarded the nasal 
challenge test positive when the increase in eosinophils 
proportion persisted for up to 24 h after the provocation 
and when a two-fold increase in these parameters was ob-
served [14,19].
OA [15] was diagnosed in subjects reporting work-related 
chest symptoms, for whom SIT was found to induce an 
early or dual asthmatic reaction (at least a 20% decrease 
in FEV1) or a three-fold increase in non-specific bronchial 
hyperactivity (PC20).

Statistical analysis
The eNO levels were compared with basal values by the 
paired t-test. The data were expressed as the mean ±SD. 
Correlations were assessed by Pearson’s rank method. The 
differences were regarded as significant at p < 0.05.

RESULTS

The characteristics of the study group are shown in Ta-
ble 1. The mean age of the subjects was 43.9±9.80 years. 
The group comprised 17 (40.5%) farmers, 15 (35.7%) bak-
ers, and 10 (23.8%) HCWs. From the analysis of positive 

Table 1. Characteristics of study population

Study parameter Patients (n = 42)
Age (Mean ±SD) (years)
Gender

Male
Female

43.9±9.80

24 (57.1%)
18 (42.9%)

Employment duration (Mean ± SD) (years) 
Bakers (N = 15)
Farmers (N = 17)
Health care workers (N = 10)

15.8±9.75
13.07±10.16
16.47±10.09

18.6±8.4
Mean latency period of reported symptoms 

(Mean ±SD) (years)
Bakers
Farmers
Health care workers

7.27±6.40

4.46±2.58
10.35±7.36
6.25± 6.9

Family history of atopic diseases 10 (23.8%)
Smoking status

Active smokers
Ex-smokers
Never-smokers

5 (11.9%)
14 (33.3%)
23 (54.8%)
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bronchial asthma was diagnosed in  6 patients and in  17 
cases we did not diagnose any allergic airway disease 
(Table 3).
Of the 42 active specific inhalation tests (SITs), 19 were 
positive (asthmatic dual or early response and/or in-
creased bronchial responsiveness to histamine) and 23 
were negative (Table 3). Positive results of SIT were found 
in 12 bakers, 5 farmers, and 2 HCWs. 
Statistically significant difference in PC20 was found in 
SOAA after SIT (Table 3).
The provocation with allergen did not induce significant 
changes in FEV1 and PC20 in any subject from the control 
groups.
The SIT caused a  significant increase in the proportion 
of eosinophils either in NLF or ISP of 19 individuals with 
diagnosed OAA, p < 0.05 (Table 4). 
A slight change in the proportion of eosinophils was noted 
either in NLF or ISP of subjects with atopic non-occupa-
tional asthma, but the differences did not reach the level 
of statistical significance, p > 0.05 (Table 4).

were slight, so the differences did not reach the level of 
statistical significance. 
Occupational airway allergy (OAA) was diagnosed in 19 
subjects, including 17 subjects with asthma and occupa-
tional allergic rhinitis and 2 cases with OA alone. Atopic 

Table 2. Laboratory findings

Study parameter Patients
n (%)

All subjects participating in the study 
Total IgE (mean ±SD) kU/l

42 (100%)
140.8±177.5

Positive SPT with at least one common 
allergen
Bakers
Farmers
Health care workers

28 (66.7%)
12 (28.6%)
11 (26.2%)

4 (9.5%)
Serum sIgE with occupational allergens

Bakers
Farmers
Health care workers

13 (30.9%)
9 (21.4%)
3 (7.1%)
1 (2.4%)

Positive SPT with at least one occupational 
allergen 
Bakers [N = 15 (100%)]

Wheat flour
Corn flour
Oatmeal flour
Barley flour
Threshings
α-amylase

18 (42.9%)
13 (30.9%)
3 (20.0%)
4 (26.7%)
2 (13.3%)
3 (20.0%)
3 (20.0%)

0
Farmers [N = 17 (100%)]

Animal allergens
Hay and straw dust
Cereals
Storage mites

14 (33.3%)
3 (17.6%)
1 (5.9%)

3 (17.6%)
4 (23.5%)

Health care workers [N = 10 (100%)]
Latex allergens

1 (2.4%)
1 (10.0%)

Table 3. Clinical features

Diagnosis n (%)
Occupational asthma + occupational rhinitis
Asthmatic dual response
Asthmatic early response
PC20 his (mg/ml) before SIT
PC20 his, 24 h (mg/ml) 
Occupational asthma alone
Atopic non-occupational asthma and rhinitis
Without airway allergy
Total 

17 (40.5%)
10 (23.8%)
7 (16.7%)

6. 4±1.8
2.1±0.9*
2 (4.7%)

6 (14.3%)
17 (40.5%)

42 (100.0%)

* p < 0.05 vs. baseline value.

Table 4. Percentage of eosinophils in nasal lavage fluid and 
induced sputum in subjects with diagnosed occupational airway 
allergy and the controls before and after SIT

% of 
eosinophils Before SIT 4 h after 24 h after — NLF

22 h — ISP

Subjects with 
diagnosed
OAA
NLF
ISP

3.9±1.7
5.2±3.8

10.4±4.3* 13.4±4.9*
17.2±8.0*

Atopic non-
occupational 
asthma and 
rhinitis
NLF
ISP

1.3±0.09
12.0±5.6

1.8±1.0 1.8±0.7
20.0±9.8

Subjects 
without 
airway allergy
NLF
ISP

1.7±1.4
5.0±3.5

1.8±1.1 1.7±1.3
4.6±3.8

* p < 0.05 vs. baseline value.
NLF — nasal lavage fluid, ISP — induced sputum, OAA — occupa-
tional airway allergy.
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In our study, we found a significant increase in eNO con-
centration 24  h after SIT in  19 patients with diagnosed 
OA. These results are consistent with earlier reports show-
ing elevated eNO levels after allergen challenges at the 
time of the late response [21–23]. It is unlikely that our 
NO measurements could be partly affected by NO derived 
from nasal cavities by diffusion. According to the ATS rec-
ommendation, the mouth pressure obtained during the 
study was 5 cm H20 [15]. It has been proved that a  low 
positive mouth pressure — about 4 cm H20 during exhala-
tion is sufficient to close up the soft palate and separate 
the nasal from the oral cavity, thereby eliminating the con-
tamination of the sample with nasal air [24]. Reports are 
available describing nasal NO increase after nasal allergen 
challenge [25] but we could not find any article dealing 
with the relationship between changes in nasal NO and 
bronchial allergen challenge.
Several reports are accessible considering eNO measure-
ments in the diagnostics of occupational allergy. Baur et 
al. investigated latex allergen-induced eNO changes in dif-
ferent groups of HCWs [26]. Only latex-sensitised employ-
ees showed a significant eNO increase 22 h after the chal-
lenge. These findings correspond with those of an earlier 
study by the same author, where an active challenge with 
isocyanate caused the highest increase in eNO level also 
after 22 h [27]. 
There was also an increase in the percentage of eosino-
phils without any increase in eNO level in subjects with 
atopic non-occupational asthma. The explanation of that 
fact is not simple, probably the expression of iNOS could 
be reached earlier in subjects sensitised to the occupation-
al allergens after the specific challenge tests than in non-
sensitised individuals. We think that further studies should 
be performed to elucidate this point. 
Both ISP and NLF examinations are reliable research 
tools for measuring allergen-induced airway inflamma-
tion in asthma and allergic rhinitis. They are generally ap-
proved for use in the diagnostics of OA [19,28].
In this study, we found a significant increase in the propor-
tion of eosinophils in ISP from OA patients at 24 h after 
SIT, compared to baseline values. We also observed a sig-
nificant influx of eosinophils in NLF from subjects with 

No significant changes in the proportion of eosinophils 
were observed either in NLF or ISP of SWAA after SIT, 
p > 0.05 (Table 4). 
Moreover, those 19 subjects with OAA also showed 
a  significant increase in eNO levels only 24 h after SIT 
compared to the pre-SIT measurements (p  <  0.05) 
(Figure 1).
No significant changes in eNO levels were observed at any 
time point after SIT either in subjects with atopic non-
occupational asthma or in subjects without any airway al-
lergy.
The findings of the study revealed a significant correlation 
between eNO level 24 h after SIT and the percentage of 
eosinophils in NLF of 19 subjects with OAA before, and 
4 h and 24 h after SIT (Pearson r = 0.50, r = 0.54, and 
r  =  0.47, respectively; p <  0.05) and also in ISP of the 
same group before and 24 h after SIT (Pearson r = 0.17, 
and r = 0.24, respectively; p < 0.05).

DISCUSSION

SIT is the most appropriate way to diagnose OA. Asth-
matic reaction is followed by the changes in the functional 
parameters, such as FEV1 or peak expiratory flow (PEF), 
as well as changes in airway responsiveness to histamine 
and morphological and biochemical changes in ISP and 
NLF. There are reports indicating that exhaled nitric ox-
ide measurements can give additional information useful 
for the interpretation of occupational challenge tests [18]. 
Significant increase in eNO after SIT indicates allergen-
induced inflammatory reaction [20]. 

Fig 1. eNO levels after specific challenge test.
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diagnosed OA at 4 and 24 h after SIT. The majority of sub-
jects with diagnosed occupational asthma had also allergic 
rhinitis, so our findings support earlier observations that 
nasal inflammation may reflect bronchial allergic inflam-
matory reaction [29].
The present study revealed a  significant correlation be-
tween the percentage of eosinophils in ISP and NLF and 
the level of exhaled NO after SIT in 19 subjects with dia
gnosed OAA. Our observations confirm the results ob-
tained by other authors. Jatakanon et al. have demonstrat-
ed a relationship between exhaled NO and the fraction of 
eosinophils in ISP. They measured sputum eosinophils and 
exhaled NO in a  group of stable asthmatics maintained 
on β2-agonists alone, and found a  significant correlation 
between the two parameters [8]. Canadian authors have 
found a significant relationship between exhaled NO and 
sputum eosinophils in subjects with Western redcedar-in-
duced OA who continued to be exposed and in those who 
failed to recover after removal from the exposure [30].
Our findings confirm that further studies should be per-
formed to compare allergen-induced changes in eNO level 
as an indirect marker for changes in bronchial and/or na-
sal inflammation.
We conclude that exhaled nitric oxide measurements may 
be used as a complementary tool for the interpretation of 
occupational challenge tests, but other data are necessary 
for the determination of its sensitivity.

REFERENCES:

1. �Bhagat K, Vallance P. Nitric oxide 9 years on. J R Soc Med 
1996;89(12):667–73.

2. �Hamid Q, Springall DR, Riveros-Moreno V, Chanez P, 
Howarth P, Redington A, et al. Induction of nitric oxide syn­
thase in asthma. Lancet 1993;342:1510–3.

3. �Silkoff PE, Robbins RA, Gaston B, Landberg JO, Town-
ley  RG. Endogenous nitric oxide in allergic airway disease. 
J Allergy Clin Immunol 2000;105(3):438–48.

4. �Lane C, Knight D, Burgess S, Franklin P, Horak F, Legg J, 
et al. Epithelial inducible nitric oxide synthase activity is the 
major determinant of nitric oxide concentration in exhaled 
breath. Thorax 2004;59:757–60.



EXHALED NITRIC OXIDE LEVELS AND OCCUPATIONAL ASTHMA        O R I G I N A L  P A P E R S

IJOMEH 2008;21(3) 225

matic airway inflammation with segmental allergen challenge. 
J Allergy Clin Immunol 1999;104(6):1174–82.

24. �Silkoff PE, McClean PA, Slutsky AS, Furlott HG, Hoff-
stein E, Wakita S, et al. Marked flow-dependence of exhaled 
nitric oxide using a new technique to exclude nasal nitric oxide. 
Am J Respir Crit Care Med 1997;155:260–7.

25. �Kirsten AM, Jörres RA, Kirsten D, Magnussen H. Effect 
of a  nasal challenge with endotoxin-containing swine con­
finement dust on nasal nitric oxide production. Eur J  Med 
Res 1997;2(8):335–9.

26. �Baur X, Barbinova L. Latex allergen exposure increases ex­
haled nitric oxide in symptomatic healthcare workers. Eur 
Respir J 2005;25:309–16.

27. �Barbinova L, Baur X. Increase in exhaled nitric oxide (eNO) 
after work-related isocyanate exposure. Int Arch Occup Environ 
Health 2006;79(5):387–95.

28. �Lemiere C, Pizzichini MM, Balkissoon R, Clelland L, Ef-
thimiadis A, O’Shaughnessy D, et al. Diagnosing occupa­
tional asthma: use of induced sputum. Eur Respir J 1999;13: 
482–88.

29. �Bousquet J, van Cauwemberg P, Khaltaev N, ARIA Work-
shop Group, World Health Organization. Allergic rhinitis 
and its impact on asthma. J Allergy Clin Immunol 2001;108 
(Suppl 5):S147–334.

30. �Chan-Yeung M, Obata H, Dittrick M, Chan H, Abboud R. 
Airway inflammation, exhaled nitric oxide, and severity of 
asthma in patients with Western red cedar asthma. Am J Re-
spir Crit Care Med 1999;159(5):1434–38.

16. �Johanson SGO, Hourihane JO’B, Bousquet J, Bruijnzeel-
Koomen C, Dreborg S, Haahtela T, et al. a revised nomencla­
ture for allergy: An EAACI position statement from the EAACI 
nomenclature task force. Allergy 2001;56(9): 813–24.

17. �Wihl JA. Methodological aspects of nasal allergen chal­
lenges based on tree-pollen immunotherapy study. Allergy 
1986;41(5):357–64.

18. �Pałczyński C, Walusiak J, Ruta U, Górski P. Occupational 
asthma and rhinitis due to glutaraldehyde: changes in nasal 
lavage fluid after specific inhalatory challenge test. Allergy 
2001;56(12): 1186–91.

19. �Pałczyński C, Walusiak J, Ruta U, Górski P. Nasal provo­
cation test in the diagnosis of natural rubber latex allergy.  
Allergy 2000;55(1):34–41.

20. �Piipari R, Piirilä P, Keskinen H, Tuppurainen M, Sovijär-
vi A, Nordman H. Exhaled nitric oxide in measurements in 
specific challenge tests to assess occupational asthma. Eur Re-
spir J 2002;20:1532–7.

21. �Kharitonov SA, O’Connor BJ, Evans DJ, Barnes PJ. 
Allergen-induced late asthmatic reactions are associated with 
elevation of exhaled nitric oxide. Am J  Respir Crit Care 
Med 1995;151(6):1894–9.

22. �Paredi P, Leckie MJ, Horvath I, Allegra L, Kharitonov SA, 
Barnes PJ. Changes in exhaled carbon monoxide and nitric 
oxide levels following allergen challenge in patients with asth­
ma. Eur Respir J 1999;13:48–52.

23. �Thomassen MJ, Raychaudhuri B, Dweik RA, Farver C, 
Buhrow L, Malur A, et al. Nitric oxide regulation of asth­




