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INTRODUCTION

The harmful effects of tobacco and tobacco smoke are 
caused by nicotine and numerous chemical substances [16]. 
Moreover, people occupationally engaged in processing 
tobacco leaves and cigarettes could be exposed to various 
microorganisms growing on tobacco and dispersed into air 

during the production processes. These microorganisms, 
comprising mould fungi, bacilli, cocci, and Gram-negative 
bacteria, may evoke allergic and immunotoxic reactions 
and mycoses in exposed people [3, 7, 8, 10, 11]. 

In November 2007, the Department of Occupational 
Biohazards of the Institute of Agricultural Medicine in Lu-
blin was notifi ed by the Customs Chamber in locality D., 
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to microbial allergens in the precipitin test, the test for inhibition of leukocyte migration 
and the bronchial provocation challenge, except for a weak reaction to fungal allergens 
in the test for inhibition of leukocyte migration. Moreover, one patient responded with 
subjective symptoms after exposure to inhalation of increased doses of Penicillium sim-
plicissimum antigen. Both cases were diagnosed as a specifi c form of organic dust toxic 
syndrome (ODTS). It is hypothesized that the symptoms were evoked most probably by 
the non-specifi c action of low molecular fungal metabolites, such as mycotoxins or VOCs 
(volatile organic compounds), with the possible contribution of bacterial endotoxin. How-
ever, as there is no a direct proof to support this presumption, and the effects of nicotine 
and other tobacco constituents cannot be excluded, further studies are needed to elucidate 
etiopathogenesis of the disorders associated with the exposure to stored tobacco.
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situated at the eastern border of Poland, about the occur-
rence of work-related symptoms in the offi cer employed 
in the depository of confi scated cigarettes and asked an 
assessment of the potential microbial hazards in the work 
environment. Accordingly, during the fi rst half of 2008 we 
performed the microbiological examination of the work 
environment in customs depository “D” situated in locality 
D. and in another depository “K” situated in the locality K., 
which had been rented for improving storing conditions. 
Thereafter, 2 customs offi cers complaining of work-related 
symptoms, one working in depository “D” (patient M. P.) 
and another working in depository “K” (patient J. K.), were 
subjected to clinical examinations at the Clinic of Pneu-
monology, Oncology and Allergology of the Medical Uni-
versity in Lublin. 

MATERIALS AND METHODS

Microbiological examination of work environment. 
Two customs depositories “D” and “K”, situated in the lo-
calities D. and K. on the territory of Lublin province (east-
ern Poland) and covering areas of 420 m2 and 3,600 m2 
respectively were examined. In the depositories, circa 2.5 
and 4 million confi scated packs of cigarettes respectively 
were stored in plastic bags or cardboard boxes on shelves 
or in piles. In the depository “D” visible signs of damp-
ness and mouldiness (damp and mouldy patches on fl oor, 
moist cigarettes) were recorded. Air samples of the volume 
1,500 l each were collected at 3 sites of each depository on 
polypropylene fi lters (FIPRO-37, Instytut Włókiennictwa, 
Łódź, Poland) with an AS-50 aspirator (TWO-MET, Zgierz, 

Poland). Filters were extracted in saline (0.85% NaCl) and 
serial 10-fold dilutions were examined for the presence of 
various types of microorganisms and microbial markers, as 
described earlier [8, 13, 14, 15]. Moreover, in depository 
“D”, 5 samples of damp cigarettes and 1 sample of mouldy 
fl oor scraps were examined by dilution plating. 

Briefl y, 0.1-ml aliquots of each dilution were spread on 
duplicate sets of different agar media for cultivation and 
determination of total mesophilic bacteria (blood agar), 
Gram-negative bacteria (EMB agar), thermophilic actino-
mycetes (half-strength tryptic soya agar), and fungi (malt 
agar and potato-dextrose agar). The bacteria were identi-
fi ed by using the API 20E, API 20NE (bioMérieux, Marcy 
l‘Etoile, France), and BIOLOG (Biolog, Inc., Hayward, 
CA, USA) systems. The fungi were identifi ed by using mi-
croscopy [8, 15].

An integrated method for determining microbial mark-
ers in examined extracts by gas chromatography – tandem 
mass spectrometry (GC-MSMS) was performed at the 
University of Lund, Sweden. The method includes a proto-
col for preparation and analyzing samples for: 3-hydroxy 
fatty acids (3-OH FAs) of 10–18 carbon chain lengths as 
markers of lipopolysaccharide (LPS, endotoxin), muramic 
acid (MuAc) as marker of peptidoglycan, and ergosterol 
(Erg) as marker of fungal biomass [8, 13, 14]. Moreover, 
the presence of biologically active endotoxin (LPS) was 
determined by the Limulus (LAL) test [15]. 

Clinical examinations. Included: anamnesis, physical 
examination, routine laboratory examination of blood, gas-
ometry, radiography, spirometry, computer tomography of 

Table 1. Concentration of microorganisms and microbial compounds in the air of customs cigarette depositories. 

Organism/compound  Custom depository “D”  Custom depository “K”

 Concentrationa 
(median, range) 

 Dominant species 
(percent of total isolates)

 Concentrationa 
(median, range) 

 Dominant species 
(percent of total isolates)

Mesophilic bacteria (cfu/m3)  60 
(30–183,790)

 Providencia rettgeri (91.4) 
Alcaligenes xylosoxidans (8.2)

 4700 
(460–45,420)

 Enterococcus spp. (73.2) 
Staphylococcus spp. (16.6)

Gram-negative bacteria (cfu/m3)  0 
(0–0)

 0  0 
(0–10)

 Pseudomonas mesophilica (100)

Thermophilic actinomycetes (cfu/m3)  0 
(0–0)

 0  200 
(10–360)

 Thermoactinomyces vulgaris (70.7)
 Thermoactinomyces thalpophilus (19.0)

Fungi (MA)b (cfu/m3)  310 
(10–7,090)

 Penicillium simplicissimum (94.6) 
Penicillium infl atum (5.4)

 110 
(0–510)

 Aspergillus fumigatus (41.9) 
Trichoderma viride (32.3)

Fungi (PDA)c (cfu/m3)  220 
(20–2,000)

 Penicillium simplicissimum (50.0) 
Penicillium infl atum (49.5)

 110 
(0–220)

 Aspergillus fumigatus (70.0) 
Rhizopus nigricans (21.2)

LPS (GC-MSMS, ng/m3)  N. d.  138.24 
(30.10–1,116.48) 

 

LPS (Limulus, ng/m3)  0.41 
(0.21–4.2)

 0.42 
(0.42–1,739.3)

 

Muramic acid (GC-MSMS, ng/m3)  N. d.   N. d. 

 Ergosterol (GC-MSMS, ng/m3)  N. d.  0.88 
( 0.84–8.51) 

 

a Data for 3 sampling points; b Malt agar; c Potato-dextrose agar; N. d.: not detected. 
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chest, and bronchofi beroscopy following British Thoracic 
Society guidelines [2], comprising bronchoalveolar lavage 
(BAL) and histopathological examination of biopsy speci-
mens. 

Both patients were tested for sensitization to 12 extrinsic 
microbial antigens associated with organic dusts: Acineto-
bacter calcoaceticus, Arthrobacter globiformis, Pantoea 
agglomerans, Saccharopolyspora rectivirgula, Streptomy-
ces albus, Thermoactinomyces vulgaris, Aspergillus can-
didus, Aspergillus clavatus, Aspergillus fumigatus, Penicil-
lium citrinum, Penicillium commune, Penicillium simpli-
cissimum. They were selected on the basis of the presence 
in the work environment and/or known allergenic proper-
ties [4, 9]. The antigens were lyophilized saline extracts 
of microbial cells, prepared at the Institute of Agricultural 
Medicine, as described earlier [5, 9].

The following allergological tests were applied:
• Agar-gel precipitation test, performed by Ouchterlony 

double diffusion method in purifi ed 1.5% agar using stain-
ing with azocarmine B as earlier described [5] with all 12 
antigens.

• Test for inhibition of leukocyte migration (MIF test) in 
the presence of specifi c antigen, performed by the whole 
blood capillary microculture method, as described earlier 
[5], with the antigens of Aspergillus fumigatus (both pa-
tients), Pantoea agglomerans (both patients), Penicillium 
commune (patient M. P.), Penicillium simplicissimum 
(patient M. P.), Streptomyces albus (patient M. P.), and 
Thermoactinomyces vulgaris (patient J. K.). The test was 
considered as positive at the migration index (MI) equal to 
0.790 or lower. 

• Bronchial provocation challenge, performed by Lung 
Test 1000 spirometer provided with ISPA adapter for inha-
lation challenge (MES, Kraków, Poland) with the antigens 
suspended in saline (0.85% NaCl), selected on the basis of 
abundant presence in the work environment: Penicillium 
simplicissimum (patient M. P.), and Aspergillus fumigatus 
(patient J. K.). The breath-steering protocol was applied 
with increasing concentrations of allergen after initial inha-
lation of saline. Both patients were tested with increasing 
concentrations of allergen up to 20 μg/ml (1, 3, 5, 10, 20 
μg/ml). Moreover, patient M. P. was tested at another time 
with increasing concentrations of allergen up to 50 μg/ml 
(12.5, 25, 30, 35, 40, 50 μg/ml). The results were assessed 
on the basis of spirometry, blood morphology and occur-
rence of subjective symptoms. 

RESULTS

Microbial pollution of work environment. The air of 
both depositories was polluted with various bacteria and 
fungi (Tab. 1). The maximal concentrations of bacteria in 
the depositories “D” and “K” and the maximal concen-
tration of fungi in the depository “D” exceeded the pro-
posed threshold limit value of 5,000 cfu/m3 [1, 6]. Among 
airborne fungi, prevailed potentially pathogenic species: 
Penicillium simplicissimum and Penicillium infl atum in the 
depository “D” and Aspergillus fumigatus in the depository 
“K”. Among fungi recovered from damp cigarettes and the 
mouldy fl oor in depository “D” distinctly prevailed the 
species Penicillium commune, while among bacteria the 
most numerous were, respectively, Enterococcus cecorum 

Table 2. Concentration of microorganisms and microbial compounds in stored cigarettes and scrapings of mouldy fl oor in customs cigarette depository “D”. 

Organism/compound Cigarettesa Scrapings of mouldy fl oorb

Concentrationa 
(median, range) 

 Dominant species 
(percent of total isolates)

Concentrationb Dominant species 
(percent of total isolates)

Mesophilic bacteria (cfu × 103/g) 1,050 
(70–56,010)

 Enterococcus cecorum (92.7) 
Bacillus subtilis (2.4)

 4,510 Streptomyces albus (84.4) 
Bacillus spp. (6.3)

Gram-negative bacteria (cfu × 103/g)  0 
(0–0)

 0 0 0

Thermophilic actinomycetes (cfu × 103/g)  0 
(0–50)

 Thermoactinomyces vulgaris (100) 0 0

Fungi (MA)c (cfu × 103/g)  0 
(0–70)

 Penicillium commune (100) 730 Penicillium commune (85.6) 
Oidiodendron cerealis (14.4)

Fungi (PDA)d (cfu ×103/g)  1 
(0–90)

 Penicillium commune (94.8) 
Penicillium ramusculum (5.2)

595 Penicillium commune (75.6) 
Penicillium sclerotiorum (15.1)

LPS (GC-MSMS, μg/g)  104.8 
(68.8–109.6)

N. t.

LPS (Limulus, μg/g)  6,250.0 
(312.5–31,250.0)

N. t.

Muramic acid (GC-MSMS, μg/g)  3.6 
(3.2–5.3)

N. t.

Ergosterol (GC-MSMS, μg/g)  21.0 
(11.0–144.0)

N. t.

a Data for 5 packs; b Data for 1 sample; c Malt agar; d Potato-dextrose agar; N. t.: not tested. 
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and Streptomyces albus (Tab. 2). The abundant presence of 
moulds in stored cigarettes was confi rmed by the detection 
of considerable amounts of ergosterol which is a biomarker 
of fungal growth (Tab. 2). The cigarettes also contained 
bacterial endotoxin (LPS) which is a biomarker of Gram-
negative bacteria (Tab. 2). The presence of low concentra-
tions of ergosterol and LPS was also detected in the air of 
depository “K” (Tab. 1). 

Case description 

CASE 1. On 11 May 2008, a 33-year old patient: M. P. 
(183 cm tall, 96 kg weight) was admitted to the clinic; he 
has been a non-smoker for 2 years, and worked at the Cus-
toms Chamber for 4 years. He had suffered from pneumo-
nia in the early childhood and had not reported the com-
plaint ever since. The family history was negative for res-
piratory system diseases. In 2006–2007, the patient bred 
pigeons. On admission, he reported symptoms related to 
work in a cigarette storeroom for 2 years. The symptoms 
were: dyspnoea, raised body temperature, general discom-
fort, the sensation of excessive tiredness. The complaints 
occurred directly during exposure and lasted about 8 hours 
after fi nishing work, when they declined spontaneously, 
without treatment.

Auscultation revealed physiological vesicular murmur, 
bilaterally over the lung fi elds. Laboratory blood exami-
nation: Hb – 14.l g/dl; Hct – 0.39, RBC – 4.55 T/l, WBC 
– 6.34 G/l, neutrophils – 59%, eosinophils – 3%, basophils 
– 0.6%, lymphocytes – 28%, monocytes – 5.4%. Arterial 
capillary blood gasometry: pO2 – 76 mm Hg, pCO2 – 42 
mm Hg, pH – 7.44, O2SAT – 95%. Radiological examina-
tion of the chest did not show signifi cant abnormalities. 
Spirometric test fell within the normal values range: FEV1 
– 4,200 ml (94% of the predicted value), VC – 5,920 ml 
(105% of the predicted value), FEV1%VC - 87%, MEF 25 
– 1,490 ml/s (57% of the predicted value), MEF 50 – 5,300 
ml/s (95% of the predicted value), MEF 75 – 8,850 ml/s 
(103% of the predicted value), PEF – 10,280 ml/s (103% 
of the predicted value).

Bronchofi beroscopy included bronchoalveolar lavage 
(BAL) and taking biopsy specimens for histopathological 
examination. Bronchofi beroscopy results: larynx, trachea, 
main carina – normal. Mucosa slightly swollen and hy-
peremic, a net of individual, submucous vessels visible in 

the main left bronchus. Two biopsy specimens were taken 
from the carina between RB4 and RB5a, and one specimen 
from the area of the middle lobe bronchus opening. 

BAL results. RB4b was washed out with 140 ml of 0.85 
NaCl, 102 ml of the fl uid was recovered. The lavage fl uid 
contained: lymphocytes – 21.17%, granulocytes – 0.95%, 
macrophages – 72.67%. The cytometric results for the lym-
phocyte subpopulations were following: CD3+ – 81.72%, 
CD19+ – 0.22%, CD4+ – 60.61%, CD8+ – 18.27%, CD4+, 
CD8+ – 2.01%, CD4:CD8 index – 3.32, NK cells – 3.96%, 
CD3+, HLA DR+ – 69.69%. BAL test revealed an increased 
proportion of lymphocytes, especially T HLA DR+ activat-
ed lymphocytes, and a slightly increased CD4:CD8 index.

Results of histopathological examination of the bron-
chus specimens. In the serially examined material, frag-
ments of the mucosa were partially covered by ciliated 
epithelium. Swelling and lymphocyte infl ammatory infi l-
trations were found in the stroma.

Computer tomography of the chest. Normally air-
fi lled lung parenchyma without infi ltrative lesions. A sin-
gle 3 mm nodule in segment 6 of the right lung. Trachea 
and main bronchi showed no signs of obturation. Bilateral 
pleural cavities were fl uid-free. Lymph nodes in the mid 
thorax were not enlarged. Expirational HRCT section re-
vealed air traps. 

Allergological tests. No precipitins were found in pa-
tient’s serum against 12 microbial antigens tested. MIF test 
with 5 antigens was negative. Nevertheless, the MI val-
ues with fungal antigens were distinctly lower compared 
to those with bacterial ones (Tab. 3), indicating low grade 
sensitivity. Inhalation challenge with increasing concentra-
tions of Penicillium simplicissimum allergen up to 20 μg/
ml caused neither specifi c symptoms nor spirometric and 
blood morphology changes. The challenge with the greater 
concentrations of this allergen up to 50 μg/ml resulted in 
the appearance of specifi c symptoms: at 35 μg/ml hoarse-
ness, at 40 μg/ml cough and nausea, and chest tightness 20 
hours post challenge. No changes were recorded in spirom-
etry and blood morphology. Similarly, computer examina-
tion of the chest before and after the inhalation challenge 
did not show signifi cant differences.

Table 3. Test for inhibition of leukocyte migration in the presence of environmental antigens.

Patient Migration index (MI) in the presence of antigens

Pantoea 
agglomerans

Streptomyces 
albus

Thermoactinomyces 
vulgaris

Aspergillus 
fumigatus

Penicillium 
commune

Penicillium 
simplicissimum

M. P.  0.9033 0.9936 N. t. 0.8535 0.8493 0.8493

J. K.  0.8987 N. t. 0.9557 0.8101 N. t. N. t.

N. t. = not tested 
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Final diagnosis. On the basis of the obtained results 
(anamnesis positive for work-related symptoms, the nature 
of these symptoms, histopathological examination results) 
the fi nal diagnosis of organic dust toxic syndrome (ODTS) 
was established with the recommendation of avoidance of 
exposure to organic dusts. 

CASE 2. On 22 June 2008, a 46-year old patient: J. K. 
(181 cm tall, 93 kg weight) was admitted to the clinic; he 
has been a non-smoker for 23 years and was employed as 
a storekeeper at the Customs Chamber for 3 years. A year 
ago he had bronchitis and did not report any other respira-
tory system diseases. His father suffered from a chronic 
obturative lung disease. On admission, the patient reported 
having symptoms related to work in a tobacco depository 
since circa 6 months. The symptoms were: headaches, dry 
cough, dyspnoea, chest tightness, general discomfort, anxi-
ety, nausea, conjunctival itch, lacrimation. The symptoms 
occurred at work and lasted about 12 hours afterwards, 
when they declined spontaneously, without treatment.

Auscultation revealed vesicular murmur over the lung 
fi elds. Laboratory blood examination: Hb – 14.8 g/dl; Hct 
– 0.41, RBC – 4.64 T/l, WBC – 7.24 G/l, neutrophils – 
48.3%, eosinophils – 5.4%, basophils – 0.4%, lymphocytes 
– 36.1%, monocytes – 6.8%. Arterial capillary blood gas-
ometry: pO2 – 84.3 mm Hg, pCO2 – 32.8 mm Hg, pH – 
7.47, O2SAT – 97%. Radiological examination of the chest 

did not show signifi cant abnormalities. Spirometric test fell 
within the normal values range: FEV1 – 3,680 ml (94% of 
the predicted value), VC – 5,030 ml (100% of the predicted 
value), FEV1%VC – 93%, MEF 25 – 1,170 ml/s (54% of 
the predicted value), MEF 50 – 4,130 ml/s (82% of the pre-
dicted value), MEF 75 – 8,150 ml/s (102% of the predicted 
value), PEF – 8,450 ml/s (92% of the predicted value).

Bronchofi beroscopy included bronchoalveolar lavage 
(BAL) and taking biopsy specimens for histopathological 
examination. Bronchofi beroscopy results: larynx, trachea, 
main carina – normal. Bronchial tree accessible for exami-
nation was patent, showed normal breathing mobility, a 
net of dilated vessels was visible in the area of left minor 
carina. One biopsy specimen each was taken from the ca-
rina between RB4, RB5a, and RB8b, and one from the left 
minor carina. 

BAL results. RB5 was washed out with 140 ml of 0.85% 
NaCl, 95 ml of the fl uid was recovered. The lavage fl uid 
contained: lymphocytes – 20.0%, granulocytes – 0.93%, 
macrophages – 75.89%. The cytometric results for the lym-
phocyte subpopulations were following: CD3+ – 71.32%, 
CD19+ – 3.97%, CD4+ – 49.68%, CD8+ – 23.58%, CD4+, 
CD8+ – 0.63%, CD4:CD8 index – 2.1, NK cells – 10.28%, 
CD3+, HLA DR+ – 31.37%. BAL test revealed a slightly 
increased proportion of lymphocytes.

Results of histopathological examination of the bron-
chus specimens. Fragments of the mucosa were covered 
by ciliated pseudostratifi ed epithelium, numerous infi ltra-
tions due to chronic infl ammation were found in the stroma 
(Fig. 1).

Computer tomography of the chest. Normally air-
fi lled lung parenchyma without infi ltrative lesions. Pleural 
cavities were fl uid-free. Lymph nodes in the mid-thorax 
were not enlarged. Fibrotic lesions located in the left sub-
pleural area.

Allergological tests. Similarly to Case 1, the precipitin 
and MIF tests were negative with all antigens tested. Also, 
the MI value with the dominant fungal antigen A. fumi-
gatus was distinctly lower compared to those with bacte-
rial antigens (Tab. 3). Inhalation challenge with increasing 
concentrations of Aspergillus fumigatus allergen up to 20 
μg/ml caused neither specifi c symptoms nor spirometric 
and blood morphology changes. Computer examination of 
the chest before and after the inhalation challenge did not 
show signifi cant differences.

Final diagnosis. On the basis of the obtained results 
(anamnesis positive for work-related symptoms, the nature 
of these symptoms, histopathological examination results), 
the fi nal diagnosis of organic dust toxic syndrome (ODTS) 
was established with the recommendation of avoidance of 
exposure to organic dusts. 

Figure 1. Patient J. K., bronchus biopsy specimen. Infl ammatory infi ltra-
tions of lymphocytes in stroma. H+E, × 200.
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DISCUSSION

The described cases provide evidence that occupational 
exposure to stored tobacco products could be a cause of 
work-related respiratory symptoms which may occur in 
customs offi cers (as presented above), warehousemen, 
transportation workers, and others. The environmental ex-
aminations showed that the symptoms may be associated 
with the exposure to airborne fungi and bacteria, mostly 
moulds of the genera Penicillium and Aspergillus, which 
may develop on damp fl oors and in damp cigarettes, and 
are released to the air of stores. As the patients under 
study did not show a specifi c sensitization to fungal aller-
gens (except for a weak reaction in the test for inhibition 
of leukocyte migration), the symptoms were evoked most 
probably by non-specifi c action of low molecular fungal 
metabolites, such as mycotoxins or VOCs (volatile organic 
compounds) [12], with the possible contribution of bacte-
rial endotoxin. However, as there is no direct proof to sup-
port this presumption, and the effects of nicotine and other 
tobacco constituents cannot be excluded, further studies 
are needed to elucidate etiopathogenesis of the disorders 
associated with the exposure to stored tobacco. 
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