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Abstract

Purpose The aim of the study was to evaluate exposure to

moulds and house dust mite Dermatophagoides pteronys-

sinus in poultry farms, and related health effects in poultry

workers (PW).

Methods The study involved 41 PW and 45 control office

workers. Working environment was evaluated for D.

pteronyssinus allergen (Der p 1), moulds and endotoxin. In

workers, eye, skin and respiratory symptoms, ventilatory

lung function, atopy markers (skin prick test to inhalatory

allergens, total IgE) and specific IgG to moulds were

assessed.

Results Der p 1 levels ranged\0.1–3.3 lg/g, exposure to

fungi was 4.9 9 103–6.8 9 104 cfu/m3, with prevailing

Aspergillus, Penicillium and Mucor species, and endotoxin

levels ranged 230–284 EU/m3. In comparison to control

subjects, significantly higher prevalence of work-related

nose, asthma, eye and skin symptoms, and slight decline in

ventilatory lung function was found in PW. PW had sig-

nificantly higher prevalence of IgG antibodies to moulds

comparing to controls (63 vs. 36%, respectively,

P = 0.01), especially to Alternaria and Aspergillus spe-

cies. The prevalence of atopy markers in PW was lower

than in population-based studies.

Conclusions Hazardous levels of Der p 1, endotoxin and

moulds were determined in poultry houses. High prevalence

of work-related symptoms and IgG antibodies to moulds

was found in PW. Healthy worker effect is proposed as an

explanation of low atopy markers prevalence among PW.

Keywords Poultry workers � Hypersensitivity �
Moulds � Dust mites � Der p 1 � Endotoxin �
Healthy worker effect

Introduction

Agricultural workers, especially pig and poultry farmers,

are at increased risk of occupational respiratory diseases

(Kogevinas et al. 1999; Senthilselvan et al. 1997; Novak

1994; Radon et al. 2001a). Exposure to organic dust is one

of the most recognized respiratory hazards associated with

animal production. Dust, bacteria, moulds, endotoxin and

ammonia are considered central elements in daily exposure

of agricultural workers (Omland 2002). These substances

are known to cause allergic and non-allergic rhinitis,

asthma, extrinsic alveolitis, organic dust toxic syndrome

and can also induce chronic bronchitis (Radon et al.

2001a). Epidemiological studies showed increased preva-

lence of respiratory symptoms and adverse changes in

pulmonary function parameters in poultry workers (Radon

et al. 2001b; Rylander and Carvalheiro 2006). Little is

known, however, about the occurrence of sensitization to

allergens common in poultry houses. Although pyroglyp-

hid (‘‘house dust’’) mites may be present in bird nests,

including poultry houses (Macan et al. 2005; Spieksma

1997), exposure to house dust mites in poultry farms is not

well defined and occupational health risks of exposure to

these ubiquitous allergens have been rarely studied so far.

Additionally, data regarding sensitization to moulds in

poultry workers are also scarce in the literature.
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In the present study, we evaluated the exposure to

moulds and house dust mite Dermatophagoides pteronys-

sinus (Pyroglyphidae) on two poultry farms. Health effects

of occupational exposure to organic dust in poultry work-

ers, including allergic sensitization and the effects on

respiratory system, were also examined.

Methods

Subjects and study protocol

This study was designed as a cross-sectional study in

accordance with Helsinki Declaration, and approved by the

Ethical Committee. Poultry workers from two poultry

houses with laying hens for egg production from Zagreb

and its surroundings were included, and a control group

comprised office workers from the same region with no

occupational exposure to organic dust. All subjects vol-

unteered for the study. They were informed about the study

protocol and had to sign a consent form. All participants

were free to withdraw from the study at any time.

Study protocol is presented in Fig. 1. A total number of

58 poultry workers and 176 control subjects employed in

an insurance company and a library were examined.

Response rates were 77% for poultry workers and 30% for

controls. The study involved 41 poultry workers who

reported more than 20 h per week spent inside the poultry

house. They all worked from Monday to Friday, 8 h per

day, and had an additional 5-h shift on Saturday. Out of

176 control subjects, stratified random sample of 30

women and 15 men was frequency matched to poultry

workers by sex, smoking habit (active smoker or non-

smoker) and age. Only subjects who never smoked were

designated as non-smokers. Main characteristics of study

subjects are presented in Table 1.

Environmental monitoring in poultry houses

Environmental monitoring was conducted in May on two

poultry farms for egg production situated near Zagreb, each

housing about 15,000 laying hens of Shaver breed. Each

farm had several poultry houses sized 84.00 9 12.00 m.

Hens were kept in cages sized 80 9 45 9 45 cm. Cages

were placed in three levels with 8–10 hens per cage.

Poultry houses had mechanical lateral and ceiling ventila-

tion and automated feeding of hens. Fester cleaning was

performed once a week.

Monitoring was performed in one poultry house on each

farm (poultry farm I and II) as a single day measurement.

Microclimate parameters were determined and air samples

collected for airborne total dust, moulds and endotoxin

determination from five locations in each poultry house.

Sampling locations were chosen randomly through corri-

dors at the level of the second cage floor in order to obtain

a mean bioaerosol exposure in each analysed poultry

house. Settled dust samples for measurement of dust mite

allergen levels were collected with clean brush into clean

plastic bags from floors and horizontal surfaces above the

floor in poultry houses. Horizontal surfaces were located

around the second cage level representing parts of the

feeder and ventilation system. A total of 10 (five floor and

five horizontal surfaces) and 7 (three floor and four hori-

zontal surfaces) settled dust samples were collected from

Fig. 1 Study protocol
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poultry house I and II, respectively. Air filters and dust

samples were stored at -20�C until analysed.

Air temperature (�C), relative humidity (%) and airflow

rate (m/s) were determined with a TESTO device (Testo

Inc., Germany). The concentration of ammonia and carbon

dioxide was determined with a Dräger-Multiwarn II device

(Dräger, Darmstadt, Germany). Dust was sampled onto

glass fibre filters (Whatman International Ltd., Maidstone,

UK) with an SKC pump (SKC Ltd., Blandford Forum,

UK). The airflow rate was 4.0 l/min. Filters were weighed

before and after sampling in a controlled laboratory at air

temperature of 22�C and relative humidity of 45% (±5%).

Air samples for determination of mould concentrations

were collected with Merck MAS-100 (Merck KgaA,

Darmstadt, Germany) device onto commercial Sabouraud

medium (Biolife, Milan, Italy). Medium was then incu-

bated for 5 days on 22�C. Grown mould colonies were

counted with mechanical Colony Counter and additional

correction (Anonimus 1998), and expressed as colony

forming units per m3 (CFU/m3). Mould species were

identified microscopically in native preparations.

Endotoxins were analysed using the end-point Limulus

amoebocyte lysate method (LAL), as previously described

(Varnai et al. 2004). A commercial kit for endotoxin assay

was supplied by Endochrome (Charles River Endosafe,

USA). Extraction procedure of filter samples and endotoxin

analysis were performed on the same day according to

general recommendations (Anonymous 1987). Sterile and

pyrogen-free glassware and microplates (Greiner Labor-

technik, GmbH, Germany) were used. Each sample was

analysed in duplicate. Optical density was read at 405 nm

on a Personal Lab microplate analyzer (Iason, Graz, Aus-

tria). Endotoxin concentrations were read from the standard

curve and expressed in endotoxin units per 1 m3 (EU/m3).

Blank filters revealed a very low level of background

endotoxin. Recovery of the assay was 95%. The assay limit

of detection was 0.008 EU/ml.

Concentrations of dust mite allergen Der p 1 (major

Dermatophagoides pteronyssinus allergen) were measured

by double monoclonal antibody (mAb)-based enzyme

immunoassay (ELISA) as described previously (Prester

et al. 2007). Set of monoclonal antibodies (5H8 and 4C1)

and standard of Der p 1 were purchased from Indoor

Biotechnologies Ltd (Cardiff, UK). The intensity of the

colour was measured by a microtiter plate reader (absor-

bance at 450 nm) on PersonalLab (IASON, Graz, Austria).

The concentrations of mite allergens were calculated from

the standard curve. Each allergen sample was measured in

duplicate. The low limit of detection was 2 ng/mL. The

intra- and interassay variations were determined to be 6.9

and 13.1%, respectively.

Questionnaire

A questionnaire based on ‘‘Organic dust questionnaire’’

(Rylander et al. 1990) was completed by a physician

interviewing each subject. Smoking habit was expressed as

dichotomous variable (smokers and non-smokers) and as

smoking index (number of cigarettes smoked per

day 9 number of smoking years). Subjects who never

smoked were designated as non-smokers. Questionnaire

recorded reports on occurrence of work-related eye,

respiratory, skin and general symptoms during the last

12 month. Eye symptoms included eye itching and lacri-

mation; nasal symptoms included sneezing, rhinorrhea,

nasal itching and nasal obstruction (not related to common

cold); asthmatic symptoms included wheezing and dysp-

nea; skin symptoms included itching, erythema, rush,

Table 1 Descriptive data of poultry workers and control group

Total Women Men

Controls Poultry

workers

P Controls Poultry

workers

P Controls Poultry

workers

P

Number of subjects 45 41 30 28 15 13

Age [y, mean ± SD] 44.9 ± 8.74 46.0 ± 8.71 0.556 43.5 ± 8.08 44.0 ± 8.77 0.809 47.7 ± 9.59 50.3 ± 7.15** 0.434

Duration of work

as a farmer

[y, mean ± SD]

– 17.6 ± 8.00 – – 17.1 ± 7.72 – – 18.5 ± 8.75

Smokers [N (%)] 17 (37.8) 21 (51.2) 0.210 8 (26.7) 10 (35.7) 0.573 9 (60.0)* 11 (84.6)** 0.221

Smoking index

in smokers

[median (range)]

480 (10–900) 200 (0.2–1600) 0.354 350 (100–600) 37 (0.2–600) 0.050 600 (10–900) 520 (100–1600)** 0.594

P: Significance of the difference between poultry workers and control subjects

* Significant difference between female and male controls, P \ 0.05

** Significant difference between female and male poultry workers, P \ 0.05
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eczema (vesicular rush and itching) and urticaria; and

general symptoms included fever and joint pain. The var-

iable ‘‘work-related symptoms’’ was defined as a presence

of at least one eye, nasal, asthmatic, skin and general

symptom.

Contraindications for clinical tests included in the study

were evaluated for each subject during the questionnaire

completion and physical examination.

Skin prick testing

In all subjects, skin prick testing (SPT) was performed by

standard method (Dreborg and Frew 1993) with a panel of

common inhalatory allergens: grass pollen mixture, birch,

hazel, weed (Ambrosia elatior, Artemisia vulgaris) pollens,

mites Dermatophagoides pteronyssinus, Dermatophago-

ides farinae and Lepidoglyphus destructor, cat, dog and

moulds Cladosporium herbarum and Alternaria alternata

(Allergopharma, Germany). Poultry workers were addi-

tionally tested with hen egg, hen feather and moulds

Aspergillus fumigatus, Penicillium notatum and Mucor

mucedo. SPT included testing with positive control solu-

tion (10 mg/mL of histamine hydrochloride) and negative

control solution (buffer). Skin reaction (wheal) was eval-

uated after 15 min. The mean skin reaction (mean wheal

diameter) was calculated according to the formula

(D ? d)/2, where D represents the largest longitudinal

diameter and d its mid-point orthogonal diameter in mm.

For statistical evaluation of SPT results, difference between

mean skin reaction to each allergen and negative control

solution was used as a parameter of SPT reactivity. The

results of SPT were considered positive when mean wheal

diameter was larger than the negative control for more than

3 mm.

Total IgE

Serum total IgE antibodies were measured from venous

blood samples by the ELISA method (IASON, Austria)

(Aberer and Kranke 2002). IgE levels were expressed in

kIU/L.

Specific IgG to moulds

Precipitating IgG antibodies to moulds Aspergillus species,

Mucor racemosus, Penicillium species, Rhysopus nigri-

cans, Fussarium moniliforme and Alternaria alternata

were detected in sera from all poultry and control workers

by two-way immunodiffusion in agar gel (Ouchterlony

1958). Mould antigens were obtained from Institute of

Immunology, Zagreb, Croatia. Variable ‘‘IgG to moulds’’

was expressed as dichotomous variable (positive or

negative).

Spirometry

As common ventilatory function parameters, forced vital

capacity (FVC), forced expiratory volume in one second

(FEV1), FEV1/FVC ratio (Tiffnaoud index), forced expi-

ratory flow at 50% of FVC (FEF50), forced expiratory flow

between 25 and 75% of FVC (FEF25–75) and forced expi-

ratory flow at 75% of FVC (FEF25) were determined by

standard method (Quanjer et al. 1993) using the spirometer

Pneumoscreen II (Jaeger, Wt‹ rzburg, Germany). At least

three measurements were recorded per subject, and the best

value was used for analysis. Ventilatory function parame-

ters were expressed and analysed as measured values,

percentage of referent values, and number of subjects with

ventilatory function parameters below referent range

(\80% for FVC and FEV1,\70% for FEV1/FVC ratio, and

\60% for FEF50, FEF25–75 and FEF25).

Statistical analysis

Statistical analysis was performed using software Stata/SE

9.0 for Windows (StataCorp LP, USA). Significant dif-

ferences between control subjects and poultry workers

were tested by Student’s t-test for independent samples,

Mann–Whitney U test and Pearson v2 or Fisher’s exact

test. To control for the possible effect of smoking on

ventilatory function parameters, especially due to high

number of smokers found in male poultry workers (11 out

of 13), the analysis was performed separately in smoking

subjects of both sexes and in non-smoking women. Two-

way analysis of covariance (ANCOVA) with occupational

exposure and sex as factors and age and smoking index as

covariates was applied in smoking subjects, and one-way

ANCOVA with age as covariate in non-smoking women.

Analyses were done for measured values and percentage

of referent values. Homoskedasticity and normality of

residuals were checked for each model. Monday to Friday

differences in exposed subjects were tested by Student’s t-

test for paired samples and McNemar’s v2 test. Distribu-

tion of data was tested by Shapiro–Wilk normality test.

The results were considered statistically significant at

value of P \ 0.05.

Results

Environmental measurements

Environmental parameters at two poultry farms are pre-

sented in Table 2.

Most prevalent moulds at poultry farm I were Penicil-

lium species, Fusarium species, Aspergillus species and

Mucor species. At poultry farm II, Aspergillus species,
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Mucor species, Rhyzopus species, Scopulariopsis species

and Penicillium species prevailed.

Measurable levels of Der p 1 were determined only in

poultry farm I with wide range from\0.1 to 3.3 lg/g. In 5

floor dust samples, Der p 1 levels ranged from \0.1 to

0.79 lg/g, and in five samples from horizontal surfaces

from 0.42 to 3.3 lg/g.

Ventilatory function testing

Ventilatory function parameters were measured at the

beginning and at the end of the working week (Monday

pre-shift and Friday post-shift spirometry) in poultry

workers, and at the beginning of the working week in control

subjects. Results are shown on Fig. 2 only for smoking

subjects due to the high number of smokers, especially in

males. In smoking subjects, two-way ANCOVA (with

occupational exposure and sex as factors and age and

smoking index as covariates) showed significantly lower

values of FEF25–75 and near-significantly lower FEF50

measured on Monday in poultry workers compared to con-

trols. Significant difference for FEF25–75 was found both for

measured values (L/s) (P = 0.028) and for percentage of

predicted values (P = 0.045). Near-significantly lower

Table 2 Environmental measurements (median and range)

Variable Poultry farms

I II

Na Values Na Values

Temperature (�C) 5 29.7 (27.4–30.8) 5 18.9 (18.3–19.7)

Air humidity (%) 5 46.9 (44.4–47.2) 5 77.6 (74.4–81.1)

Air velocity (m/s) 5 0.17 (0.13–0.19) 5 0.11 (0.04–0.13)

NH3 (ppm) 5 7 (3–8) 5 2.71 (0–4.00)

CO2 (vol%) 5 0.03 (0.03–0.08) 5 0.03 (0.03–0.04)

Total dust (mg/m3) 5 0.35 (0.20–0.50) 5 1.10 (0.70–1.50)

Total fungi (cfu/m3) 5 1.27 9 104 (4.90 9 103–3.12 9 104) 5 2.59 9 104 (7.60 9 103–6.84 9 104)

Endotoxin (EU/m3) 2 233.8 (230.0–237.5) 1 283.8

Mite allergen Der p 1 (lg/g) 10 0.78 (\0.10–3.30) 7 \0.10

a Number of samples/measurements
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Fig. 2 Ventilatory function parameters in smoking controls and

poultry workers of both sexes. Values are expressed as percent of

referent value (% predicted). Spirometry was performed at the

beginning and at the end of the working week (Monday pre-shift and

Friday post-shift spirometry) in poultry workers, and at the beginning

of the working week in control subjects. There were 17 controls (9

men) and 20 poultry workers (11 men). Two poultry workers had no

spirometry test on Friday. * Statistically significant difference

between controls and poultry workers by two-way ANCOVA;

Pmodel = 0.021, P = 0.045 for the effect of occupational exposure;

the effect of sex was not significant (P = 0.699)
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FEF50 (P = 0.056) was found only for measured values (L/

s). In non-smoking women, one-way ANCOVA (with age as

covariate) did not show significant differences in spiromet-

ric values between control and exposed group (data not

shown). There was no increase in the prevalence of subjects

with parameters below referent values in poultry workers

compared to controls, neither in smoking subjects of both

sexes nor in non-smoking women (Table 3). No significant

differences in ventilatory function parameters were found

between Monday and Friday values in poultry workers

(Fig. 2; Table 3).

Hypersensitivity markers

Table 4 presents the prevalence of positive SPT to com-

mon inhalatory allergens, dust mites, moulds, hen egg and

feather and results of total serum IgE levels.

The prevalence of positive SPT with common inhalatory

allergens including dust mites was higher in control group

than in poultry workers (42.2 vs. 12.2%, respectively,

P = 0.003). The prevalence of subjects with positive SPT

to dust mites was similar in poultry workers and control

subjects. Positive SPT to moulds was found in two female

poultry workers (positive SPT to Mucor mucedo), and one

male control subject (positive SPT to Alternaria alternata).

Total IgE values were similar in both groups, but the

prevalence of subjects with elevated total IgE was higher in

controls than in poultry workers, with near significant

difference (26.7 vs. 10%, respectively, P = 0.057).

Serum-specific IgG to moulds are presented in Table 5.

The prevalence of subjects with positive IgG to one or

more tested moulds was significantly higher in poultry

workers than in controls (63.4 vs. 35.6%, respectively,

P = 0.010), as well as the prevalence of subjects with

positive IgG to Alternaria alternata (22 vs. 2.2%, respec-

tively, P = 0.015). When analysed separately in women

and men, these differences were found only in females. The

prevalence of subjects with positive IgG to Aspergillus

species was also significantly higher only in female poultry

workers in comparison to female controls (21.4 vs. 0%,

respectively, P = 0.009).

Symptoms

The prevalence of self-reported work-related symptoms

including eye, nose, skin and asthma symptoms was sig-

nificantly higher in poultry workers in comparison to

control group (Table 6). No general symptoms were

reported by poultry workers or control subjects.

Discussion

In this study, we evaluated potentially hazardous exposures

in poultry houses, emphasizing the presence of mite and

mould allergens and related health effects in poultry

workers.

Ammonia, carbon dioxide and total dust concentrations

were considerably below the Croatian occupational expo-

sure limits (ammonia: 25 ppm for 8-h exposure and

35 ppm for short-term exposure; CO2: 5,000 ppm for

eight-hour exposure and 30,000 ppm for short-term expo-

sure; total dust: 10 mg/m3) (Croatian regulation on maxi-

mal permissible concentrations of hazardous substances at

the workplace and biological exposure limits, 1993) and

below values usually observed in poultry houses with

Table 3 The prevalence of subjects with ventilatory function parameters below referent values in poultry workers and controls

Smoking controls

(male and female)

Smoking poultry workers

(male and female)

Female non-smoking

controls

Female non-smoking

poultry workers

Monday Friday Monday Friday

Number of subjects 17 20 18 22 18 16

FVC \ 80% predicted 1 3 3 1 3 1

FEV1 \ 80% predicted 1 5 4 1 1 1

FEV1/FVC \ 70% predicted 0 3 2 1 0 0

FEF50 \ 60% predicted 1 3 3 4 0 0

FEF25–75 \ 60% predicted 1 4 3 5 0 1

FEF75 \ 60% predicted 2 6 5 7 1 3

Results are present as number of subjects with spirometric parameters below expected values

FVC forced vital capacity, FEV1 forced expiratory volume in one-second, FEF50 forced expiratory flow at 50% of FVC, FEF25–75 forced

expiratory flow between 25 and 75% of FVC; FEF75 forced expiratory flow at 25% of FVC

There were no significant differences (P \ 0.05) between smoking controls and poultry workers. Near-significantly higher prevalences of

FEF25–75 (P = 0.054) and of FEF75 (P = 0.053) were found in female non-smoking controls compared to poultry workers (Fisher’s exact test).

Male non-smoking subjects were not analysed due to low number of non-smoking poultry workers (2 out of 13). There were no significant

differences between Monday and Friday prevalences in poultry workers (McNemar’s test)
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Table 4 Markers of IgE-mediated hypersensitivity in poultry workers and controls

Total Women Men

Controls Poultry

workers

P Controls Poultry

workers

Controls Poultry

workers

Number of subjects 45 41 30 28 15 13

Positive SPT [N (%)]

Common inhalatory

allergens (C1 positive)a
19 (42.2) 5 (12.2) 0.003* 10 (33.3) 3 (10.7) 9 (60.0) 2 (15.4)

Mites

Dermatophagoides pteronyssinu 4 (8.9) 3 (7.3) 1.000 2 (6.7) 2 (7.1) 2 (13.3) 1 (7.7)

Dermatophagoides farinae 5 (11.1) 1 (2.4) 0.205 3 (10) 0 2 (13.3) 1 (7.7)

Lepidoglyphus destructor 3 (6.7) 1 (2.4) 0.618 2 (6.7) 0 1 (6.7) 1 (7.7)

Moulds

Alternaria alternata 1 (2.2) 0 1.000 0 0 1 (6.7) 0

Cladosporium herbarium 0 0 – 0 0 0 0

Aspergillus fumigatus – 0 – – 0 – 0

Penicillium notatum – 0 – – 0 – 0

Mucor mucedo – 2 (4.9) – – 2 (7.1) – 0

Hen feather – 0 – – 0 – 0

Hen egg – 0 – – 0 – 0

IgE

Total IgE [kIU/L, median (range)] 24.4

(0–1,000)

21.8

(0.7–743.4)b
0.625 15

(0–910.8)

18.9

(0.7–243.8)

168.6

(2.75–1,000)

40.8

(5.5–743.4)b

Elevated total IgE [N (%)] 12 (26.7) 4 (10)b 0.057 4 (13.3) 1 (3.6) 8 (53.3) 3 (25)b

P: difference between controls and poultry workers by Fisher’s exact test. Analysis was performed for total number of subjects, and not

separately in men and women

SPT Skin prick test

* Significant difference between poultry workers and control subjects, P \ 0.05
a Grass pollens, hazel, birch, Ambrosia elatior, Artemisia vulgaris, cat, dog, Dermatophagoides pteronyssinus, Dermatophagoides farinae,

Cladosporium herbarum, Alternaria alternata
b IgE was not measured in one male poultry worker

Table 5 Specific IgG to moulds in poultry workers and controls

Total Women Men

Control

group

Poultry

workers

P Control

group

Poultry

workers

P Control

group

Poultry

workers

P

Number of subjects 45 41 30 28 15 13

Positive specific IgG

(C1 positive of

listed below) [N (%)]

16 (35.6) 26 (63.4) 0.010* 6 (20.0) 19 (67.9) 0.000* 10 (66.7) 7 (53.8) 0.700

Aspergillus species 3 (6.7) 10 (24.4) 0.069 0 6 (21.4) 0.009* 3 (20.0) 4 (30.8) 0.670

Mucor racemosus 0 2 (4.9) 0.494 0 2 (7.1) 0.229 0 0 –

Penicillium species 2 (4.4) 4 (9.8) 0.677 2 (6.7) 2 (7.1) 1.000 0 1 (7.7) 0.464

Rhyzopus nigricans 13 (28.9) 17 (41.5) 0.503 5 (16.7) 10 (35.7) 0.136 8 (53.3) 6 (46.2) 1.000

Fusarium moniliforme 3 (6.7) 6 (14.6) 0.485 2 (6.7) 3 (10.7) 0.665 1 (6.7) 2 (15.4) 0.583

Alternaria alternata 1 (2.2) 9 (22.0) 0.015* 0 6 (21.4) 0.009* 1 (6.7) 2 (15.4) 0.583

P: difference between controls and poultry workers by Fisher’s exact test

* Significant difference between poultry workers and control subjects, P \ 0.05
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laying hens (Clark et al. 1983). Endotoxin levels in the air

from poultry houses (230–284 EU/m3) were about 10 times

lower than reported in other studies (Omland 2002; Radon

et al. 2002). However, comparison with other studies is

somewhat impaired due to methodological differences in

endotoxin measurement. Contrary to our study in which

end-point LAL method was applied, majority of published

data are obtained with kinetic LAL test. Other inter-labo-

ratory variations could also influence the results (e.g.

variations in extraction and collection, storing and handling

of samples, high variability in potency of different batches

of LAL reagents) (Varnai et al. 2004). Low endotoxin

levels paralleled with low levels of total dust, confirming

previous observations about the positive correlation

between these indoor environmental parameters (Vučemilo

et al. 2008). No exposure limits are available for endo-

toxins so far. Several proposals were made for an exposure

standard ranging from 5–200 ng/m3 (about 50–2,000 EU/

m3). The National Health Council of the Netherlands has

recently proposed an exposure limit of 4.5 ng/m3 (45 EU/

m3), while the International Commission on Occupational

Health proposed an occupational exposure limit of 12.5 ng/

m3 (125 EU/m3) (Radon et al. 2002). The value of 10 ng/

m3 (100 EU/m3) is suggested as a threshold for airway

inflammation (Rylander and Carvalheiro 2006). Therefore,

endotoxin levels established in this study can be considered

hazardous for respiratory system.

Der p 1 levels measured in poultry houses, with median

value 0.78, range \0.1–3.3 lg/g, were moderate and

comparable to levels found in house dust samples from the

same region. Our previous study established Der p 1

median value 0.85, range 0.18–2.45 lg/g, in house dust

from urban homes in Zagreb, and Der p 1 median value 2,

range 0–20 lg/g, in house dust from rural homes in Zagreb

surroundings (Macan et al. 2003). Although the exposure to

house dust mite allergen in poultry houses did not exceed

general exposures in homes, our results present the evi-

dence that this allergen can be found in poultry houses and

should be identified as one of the specific hazards present

in poultry dust in levels hazardous for the induction of

sensitization ([2 lg Der p 1/g of dust) (Dreborg 1998).

According to our results, such hazardous levels were found

only in dust samples from horizontal surfaces above the

floor in the poultry house which were near hen cages, while

floor levels did not exceed 1 lg/g. Such result was

expected because bird nests, i.e. hen cages, should be

considered as reservoirs of dust mites (Macan et al. 2005;

Spieksma 1997). Therefore, allergens of the house dust

mite Dermatophagoides pteronyssinus can be considered

relevant work-related allergens for poultry workers with

hazardous levels in and around hen cages. It should be

expected that disturbances and movements in cages will

contribute to the spreading of dust mites and their excreta

in the air, making inhalable allergen levels higher.

In this study, high exposure to fungi was found in

poultry houses, comparable to a number of previous find-

ings in this type of animal confinement buildings (Omland

2002). Dominating species were Penicillium, Mucor and

Aspergillus, which were considered also by other authors

as the most prevalent fungi species in occupational

Table 6 The prevalence of work-related eye, respiratory, skin and general symptoms in poultry workers and controls

Total Women Men

Control group Poultry workers P Control group Poultry workers Control group Poultry workers

Number of subjects 45 41 30 28 15 13

Eye symptomsa 5 (11.1) 14 (34.1) 0.018* 5 (16.7) 12 (42.9) 0 2 (15.4)

Nose symptomsb 4 (8.9) 16 (39.0) 0.002* 3 (10.0) 14 (50.0) 1 (6.7) 2 (15.4)

Skin symptomsc 2 (4.5) 12 (29.3) 0.003* 2 (6.7) 10 (35.7) 0 2 (15.4)

Asthma symptomsd 0 16 (39.0)f 0.000* 0 11 (39.3) 0 6 (46.2)

General symptomse 0 0 – 0 0 0 0

Results are presented as [N (%)]

P: difference between controls and poultry workers by Fisher’s exact test. Analysis was performed for total number of subjects, and not

separately in men and women

* Significant difference between poultry workers and control subjects, P \ 0.05
a Itching and/or lacrimation
b Itching, obstruction, rhinorrhea and/or sneezing
c Itching, rush, erythema, eczema and/or urticaria
d Wheezing and/or dyspnea
e Fever and/or joint pain
f Asthma symptoms were equally distributed among smoking and non-smoking poultry workers (eight subjects with asthma symptoms were

smokers)
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environments (Lugauskas et al. 2004). Exposure levels

established in this study (4.9 9 103–6.8 9 104 cfu/m3)

were about 100 times higher than air levels established

during summer in the same region (Segvić Klarić and

Pepeljnjak 2006). Some of the fungal species prevailing in

this study (Penicillium and Aspergillus spp.) have been

described to cause hypersensitivity reactions in humans,

with clinical manifestations in the form of allergic rhinitis,

asthma and extrinsic alveolitis (Halonen et al. 1997; Ostro

et al. 2001; Horner et al. 1995).

It should be noticed that environmental monitoring for

this study was limited to a single day measurement in one

poultry house on each farm, and variations in levels of

measured pollutants due to variations in animal and

working activities should be expected. Nevertheless,

recorded hazardous exposure levels of endotoxin, mite

allergens and moulds should be expected to occur, at least

intermittently.

Concomitantly to environmental monitoring in poultry

houses, we evaluated the health effects in exposed workers,

especially atopy and sensitization to moulds and mites

found as constituents of poultry house organic dust.

According to recent atopy definition, this disorder is

defined as ‘‘personal and/or familiar tendency, usually in

childhood or adolescence, to become sensitized and pro-

duce IgE antibodies in response to ordinary exposures to

allergens, usually proteins’’. As a consequence, these per-

sons can develop typical symptoms of asthma, rhinocon-

junctivitis or eczema (Johansson et al. 2004). The

prevalence of subjects with positive objective atopy

markers in our study was higher in controls than in poultry

workers. Number of subjects with positive SPT to common

inhalatory allergens was 4 times higher, and the frequency

of subjects with elevated total IgE was 3 times higher in

controls than in poultry workers. The interpretation of this

difference is impaired by the fact that the prevalence of

atopy in control group was higher than that reported in

population-based studies in Croatia (Macan et al. 2007;

Munivrana et al. 2007), indicating selection bias. The

response rate was 30% in the control group, and it is highly

possible that individuals with atopic symptoms had higher

motivation for volunteering in the study than healthy sub-

jects. However, the prevalence of positive SPT and ele-

vated total IgE was about 2 times lower in poultry workers

than that observed in recent population-based study about

the prevalence of atopy among Croatian subjects who

underwent pre-employment examination at the very end of

the twentieth century (1995–1999) (Macan et al. 2007).

Bearing in mind high response rate among poultry workers

(77%), the results suggest that atopy status affects the

selection of occupation, with less atopic workers employed

in poultry farms than should be expected according to

population-based studies. Our results are in line with

previous findings suggestive of the ‘‘healthy worker effect’’

in population occupationally exposed to respiratory and

skin hazards, including allergens (Hollander et al. 1997;

Zock et al. 1998; Drexler et al. 1999; Bünger et al. 2000;

Portengen et al. 2003; Tabar-Purroy et al. 2003). Due to the

low number of atopics among poultry workers, findings of

IgE-mediated sensitization (positive SPT) to occupational

allergens like mites, moulds, hen egg or hen feather were

scarce or absent. Two female poultry workers were sensi-

tized to mould Mucor mucedo, and one of them reported

work-related atopic symptoms, indicating that this mould

may cause an atopic disease in the exposed subjects.

Subjects were also analysed for precipitating IgG anti-

bodies to moulds Aspergillus species, Mucor racemosus,

Penicillium species, Rhysopus nigricans, Fussarium mon-

iliforme and Alternaria alternata, revealing different

results among species. In poultry workers, the prevalence

of subjects with positive IgG antibodies to Aspergillus spp.

and Alternaria alternata was significantly higher than in

control subjects. Precipitating IgG antibodies were only

scarcely found for Mucor racemosus in both tested groups,

while for Penicillium species, Fusarium moniliforme and

Rhysopus nigricans, similar prevalences of IgG antibodies

were found in both groups. These results could suggest

different immunological activity among mould species in

humans, especially for Aspergillus, Alternaria and Mucor

species. Additionally, we should consider insufficient

specificity of the antigen preparations, particularly for

Rhysopus nigricans. Significant difference in the preva-

lence of positive IgG antibodies to Aspergillus spp. and

Alternaria alternata was found only in females, supporting

earlier results showing sex differences in production and

regulation of immunoglobulins (Macan et al. 2007; Simell

et al. 2008). Suggested sex differences in the production of

immunoglobulins G need additional clarification in larger

sample. None of the poultry workers reported any sign or

symptom of extrinsic alveolitis, a disorder known to be

related to the precipitating IgG antibodies. As suggested

also by other authors (Skorska et al. 2007), it is likely that

precipitins to moulds should be considered only as markers

of exposure, or perhaps markers of immunological

tolerance.

Despite of the absence of sensitization markers, slight

decline in ventilatory function parameters was observed in

poultry workers compared to controls (Fig. 2), and nearly

40% of them reported work-related asthmatic symptoms.

This finding supports previous evidence of decline in lung

function due to exposure to poultry dust (Rylander and

Carvalheiro 2006; Zuskin et al. 1995). The prevalence of

other self-reported work-related symptoms was also sig-

nificantly higher in poultry workers than in controls (3

times for eye, 4 times for nose and 6.5 times for skin

symptoms). High prevalence of respiratory symptoms,
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especially nasal irritation, among farming population was

shown also by other authors (Radon et al. 2001a). In the

present study, the evaluation of respiratory health was

limited to spirometry and the prevalence of respiratory

symptoms, which are rather crude biomarkers of airway

inflammation. More sensitive methods capable of detecting

early, subclinical inflammatory changes in the airways,

such as airway responsiveness, induced sputum analysis,

exhaled nitric oxide or exhaled breath condensate analysis,

would probably reveal more distinctive results on respira-

tory health in poultry workers (Rylander and Carvalheiro

2006; Lemiere 2007; Do et al. 2008; Fireman et al. 2008).

Conclusions

This study confirmed that work environment of poultry

houses involves variable exposure to respiratory and skin

irritants, pro-inflammatory agents and allergens. Hazardous

levels of endotoxin, main allergen of dust mite Dermato-

phagoides pteronyysinus (Der p 1) and moulds (particularly

Aspergillus, Penicillium and Mucor species) were deter-

mined. In line with these occupational exposures, signifi-

cantly higher prevalence of work-related respiratory, eye

and skin symptoms was found in poultry workers in com-

parison to control subjects. Poultry workers also had higher

prevalence of IgG antibodies to moulds, especially Alter-

naria and Aspergillus species, and slight decline in venti-

latory lung function. Results indicate that poultry houses as

hazardous working environment should be considered

selective for individuals with atopy who are susceptible to

irritants and allergens. Therefore, less atopics was found

among poultry workers than should be expected according

to population-based studies. Consequently, low prevalence

of markers of IgE-mediated sensitization to occupational

allergens like mites, moulds, hen egg or feather was found

among poultry workers.
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Munivrana H, Vorko-Jović A, Munivrana S, Kursar M, Medlobi-

Gluhak M, Vlahek P (2007) The prevalence of allergic diseases

Int Arch Occup Environ Health

123



among Croatian school children according to the ISAAC Phase

One questionnaire. Med Sci Monit 13(11):CR505–CR509

Novak D (1994) Prevalence and risk factors for airway diseases in

farmers: a new EC multicentre project. Ann Agric Environ Med

1:81–82

Omland O (2002) Exposure and respiratory health in farming in

temperate zones–a review of the literature. Ann Agric Environ

Med 9:119–136

Ostro B, Lipsett M, Mann J, Braxton-Owens H, White M (2001) Air

pollution and exacerbation of asthma in African-American

children in Los Angeles. Epidemiology 12:200–208

Ouchterlony O (1958) Diffusion in gel. Methods for immunological

analysis. Progr Allergy 55:1–78

Portengen L, Hollander A, Doekes G, de Meer G, Heederik D (2003)

Lung function decline in laboratory animal workers: the role of

sensitisation and exposure. Occup Environ Med 60(11):870–875
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Vučemilo M, Matković K, Vinković B, Macan J, Varnai VM, Prester

LJ et al (2008) Effect of microclimate on the airborne dust and

endotoxin concentration in a broiler house. Czech J Anim Sci

53:83–89

Zock JP, Heederik D, Doekes G (1998) Evaluation of chronic

respiratory effects in the potato processing industry: indications

of a healthy worker effect? Occup Environ Med 55(12):823–827

Zuskin E, Mustajbegovic J, Schachter EN, Kern J, Rienzi N,

Goswami S et al (1995) Respiratory function in poultry workers

and pharmacologic characterization of poultry dust extract.

Environ Res 70:11–19

Int Arch Occup Environ Health

123


	Exposure to poultry dust and health effects in poultry workers: impact of mould and mite allergens
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Subjects and study protocol
	Environmental monitoring in poultry houses
	Questionnaire
	Skin prick testing
	Total IgE
	Specific IgG to moulds
	Spirometry
	Statistical analysis

	Results
	Environmental measurements
	Ventilatory function testing
	Hypersensitivity markers
	Symptoms

	Discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


