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allergies in the workplace

RESPIRATORY HEALTH EFFECTS IN POULTRY WORKERS

INTRODUCTION
The South African poultry industry dominates the 
agricultural sector with more poultry products consumed 
annually than all other animal-protein sources combined.1 
The poultry industry provides 65.5% of locally produced 
animal protein, and according to the South African Poultry 
Association, the poultry industry contributed 22.3% of 
agriculture income in 2012. Being an important contributor 
to job creation and formal employment opportunities, 
the poultry sector employs about 10% of all workers in 
agriculture.2 

Agricultural production is associated with a variety of 
occupational illnesses.3 Individuals involved in animal 
production, particularly poultry workers, have been shown 
to have greater prevalence of respiratory symptoms than 
other farmers or other rural residents.4 This is because 
working in this industry is associated with a large spectrum 
of potentially hazardous airborne agents including chemical 
pollutants, dust particulate, allergens, endotoxins, micro-
organisms and organic gases.5 Both acute and chronic 
work-related respiratory symptoms have been reported in 
poultry workers exposed to these pollutants.6,7 

This review focuses on respiratory diseases associated 
with poultry work as it continues to be the most commonly 
reported adverse health effect. To identify relevant articles, 
Google Scholar and MEDLINE searches were undertaken 
for studies on adverse respiratory outcomes in poultry 
workers from 1980-2014. Review articles identified in the 

process were surveyed for additional and earlier citations. 
Key words that were used included: poultry, dust, asthma, 
allergy, occupational, work related, poultry, chicken, 
broiler, bioaerosols, bacteria, fungi, virus, endotoxin, (1-
3) β-D glucan, allergens, and mites. Reports from credible 
international occupational health and safety institutions 
such as the Health and Safety Executive (UK) and the 
National Institute for Occupational Safety and Health (USA) 
were also included.
 
THE POULTRY WORKING POPULATION AND 
WORK PRACTICES 
Although exposure patterns related to development of 
respiratory symptoms in the poultry industry are not 
clearly understood, the literature suggests that the type 
of production, housing systems, and tasks performed, 
have significant influence on the level of exposure to 
environmental contaminants in workers, which has an 
impact on their respiratory health.8 

Poultry facilities may operate by either housing birds in 
cages or on litter on the floor.  These two types of production 
processes may influence the levels of various environmental 
contaminants from poultry dust.9 In the cage-based system, 
birds are kept in cages mainly for egg production, while in 
the floor-based system, birds are housed on the floor mainly 
for meat production.10,11 

The two poultry operations differ in a number of ways 
including the time spent by workers in bird houses, the 
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age of birds, the time spent by birds in the houses and the 
housing management practices.10 Workers in cage-based 
systems usually spend less time in poultry houses, which 
is associated with a reduced duration of exposure and 
possibly reducing the risk of adverse health effects.12 

Table 1 summarises important tasks that are sources of 
potential airborne exposure to poultry dust in poultry 
workers.

Particles in poultry dust vary in size from 0.5 to 50 microns. 
This range includes respirable particles (<5 microns), which 
are capable of penetrating in the gas exchange region of the 
lung.7

Constituents of poultry dust have been reported to vary 
depending on the type of birds, the point in the growing 
cycle and the work activity in the poultry farm.7,17 

allergies in the workplace

Task Description of duties Source of exposure
Laying down litter/bedding Spreading litter/bedding in 

poultry houses
Nature of material. Some 
contamination with fungal spores 
and inhalable dust.

Catching Repopulating and depopulating 
chicks/chickens

Proteins from feather debris or 
dander, mites (dust mites, storage 
mites), faecal residues, dust 
particulate, airborne bacteria, 
endotoxin.

Litter/manure removal Removing soiled litter Inhalable dust, organic compounds 
released during degradation of litter 
and feed.

Cleaning Routine cleaning Exposure to feathers, mites, feed 
particulate.

Routine housework/flock 
management

•  �Adding fresh litter/bedding 
and feed 

•  �Routine checks (inspections, 
weighing, vaccinations) 

Microbial degradation of material. 
Bedding contaminated with 
organic material from feed, faeces, 
feathers, dander, mites, micro-
organisms and their constituents.

Forklift drivers Load boxes/cages of chicken 
into trucks for transportation to 
slaughter-houses

Inhalable poultry dust.

  Modified and adapted from Singh and Matuka, 201035

CONSTITUENTS OF POULTRY DUST
‘Poultry dust’ is used to describe dust, including biological 
agents, that is produced from work activities in poultry 
farms.7 The constituents of poultry dust may range from 
pure wood dust to a complex mixture of organic and 
inorganic materials containing poultry faeces, feathers, 
dander, bacteria, endotoxin, fungi, fungal spores and 
mites.13 In addition to particulates, the decomposition of 
biological materials may produce gases such as ammonia, 
hydrogen sulphide and carbon dioxide that may also cause 
respiratory health problems.14-16

EXPOSURE LEVELS OF DUST AND BIO-
AEROSOLS IN POULTRY HOUSES
Various studies have been conducted to evaluate different 
airborne contaminants that poultry workers may be exposed 
to when working in poultry houses.

a)	 POULTRY DUST 
	� The reported mean concentration of total dust from 

poultry operations range between 0.12 mg/m3 to 26 
mg/m3.18,19 The inhalable dust concentration has been 
shown to range from 0.02 to 81.33 mg/m3 and that 
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of respirable dust from 0.01 to 6.5mg/m3.20,21 Higher 
dust concentrations have been reported in floor-based 
operations than in cage-based operations.19-23 

b)	 MICROBES

	 Bacteria 
�	� Bacteria in poultry dust may be derived from soil, bird’s 

faeces, skin micro flora and zoonotic agents, as well as 
feed and bedding.7 

	� The average concentration of viable bacteria from 
different studies ranged between 3.86x105 to 4.66x105 
CFU/m3.18,24,25 Using epifluorescence microscopy, the 
median total bacteria (viable and non-viable) was 
4.7x109 cells/m3 with a range between 2.7x107 and 
4.2x109 cells/m3.26 

	� The concentration and kind of bacteria in poultry 
houses depend on factors such as the type of the 
housing system, tasks performed, number of birds, 
type of ventilation systems, dust concentration and 
microclimatic conditions (humidity, temperature), 
concentration of gases and lighting.27,28 

Poultry House

	 Fungi 
	� As with bacteria, fungi in poultry dust may be derived 

from soil, dust, feed and bedding and to a lesser extent 
from the birds themselves. Fungi present in bedding 
materials usually grow and multiply in moist conditions.7 

	� Published data on poultry workers’ exposure to fungi 
reports the concentration of airborne fungi ranging from 
1800 CFU/m3 to levels reaching 110 million CFU/m3 
air.26,29-31 A study that measured fungal levels with respect 
to specific tasks done in poultry houses reported a range 
from 1120 CFU/m3 during depopulating (catching) task 
to 4 million CFU/m3 during laying of bedding or litter.
Using epifluorescence microscopy, the median fungal 

concentration was 2.0x107cells/m3, ranging from below 
detection limit to 1.1x109 cells/m3.26 

c)	� TOXINS: ENDOTOXIN AND MYCOTOXINS 
(GLUCANS)

	
	 Endotoxins
	� Endotoxins are common air contaminants in agricultural 

setting including poultry operations.10 They are structural 
components of the outer lipopolysaccharide containing 
membrane of gram negative bacteria.23 When compared 
to the swine, grain, and animal feed industries, the 
poultry industry has been reported to have the highest 
endotoxin concentrations.32 These agents have been 
shown to be present in samples of poultry dust collected 
in all stages of the production cycle.7

	� Studies of exposure in poultry farms have reported 
concentrations ranging from below detection limit to 
83640 EU/m3 for total endotoxin, 7.1 to 704 EU/m3 for 
airborne respirable endotoxin and 1000 to 8600 EU/
m3 for non respirable endotoxin.23,29,33,34 Similar to dust 
particulate, personal endotoxin exposure concentrations 
may be influenced by the type of poultry housing, age 
and number of birds, type of litter and feed, ventilation, 
amount of worker time spent in contact with birds, 
manure management system and general housekeeping 
practices.10 These levels have been shown to be similar 
or higher in cage based as compared to floor based 
operations.9,12,15 

	 (1-3) β-D-glucan
	� (1-3) β-D-glucans are non-allergenic cell wall 

components of most fungi, some bacteria and plants 
and can be found in organic dust. They are usually used 
as surrogate markers of fungal exposure.35,36 A study 
that measured the levels of (1-3) β-D-glucan reported 
values of 20 (0.01–70) ng/m3 for water soluble and 270 
(4–870) ng/m3 for non-water soluble (1-3) β-D-glucan.37 
Another study reported values ranging from 0.8 to 6886 
ng/m3.29

d)	 ALLERGENS

	� Allergen exposure in poultry industry may occur from 
contact with mites, poultry dust containing grain or 
animal feed protein allergens (wheat allergens), and 
allergenic fungi (mostly from Aspergillus spp).7,38 Other 
sources include bird feathers, dander, serum, droppings 
which poultry workers may be exposed to during close 
handling of birds.7 

allergies in the workplace
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	� A study evaluating exposure to moulds and house dust 
mite Dermatophagoides pteronyssinus allergen in poultry 
farms reported levels ranging from  <0.1 to 3.3 ug/g.39 
Another study of indoor dust samples from poultry farms 
for quantifying Asp f 1 the major allergen of Asperillus 
fumigatus, reported levels of 17.9 (3.8-72.4) ng/g dust.38

	 Chemical pollutant gases 
	� Livestock buildings have been reported to be one 

of the major anthropogenic sources of atmospheric 
pollutants, such as ammonia, methane, nitrous oxide 
and carbon dioxide.15 Among the studies that measured 
environmental levels of different gases in poultry 
houses, ammonia levels have been the most commonly 
reported ranging from below detection limits in active 
areas26 to 170ppm in unused areas of poultry houses.33 
Carbon dioxide levels have been reported in the range of 
600 to 4100 ppm26 while methane and nitric oxide levels 
reported as being similar to general ambient levels.15 

Tasks associated with significant exposure to poultry dust.

UPPER AND LOWER AIRWAY RESPIRATORY 
OUTCOMES ASSOCIATED WITH POULTRY 
DUST EXPOSURE
Exposure to poultry dust is associated with increased 
incidence of upper and lower airway respiratory symptoms 
and deficits in lung function.9,39 The severity of symptoms 
may be influenced by the airborne levels of the dust as well 
as the composition of the dust.5 The extent to which these 
components cause disease will depend on the dose, the 
duration of exposure, and possible worker’s susceptibility.35 

RHINITIS
The prevalence of rhinitis among poultry workers from  
various studies has been in the range of 19% to 39%.22,26,39-42 

Rimac et al reported a fourfold higher prevalence of rhinitis 
among poultry workers when compared to controls.39 
Symptoms of rhinitis were reported in all workers with a 
job-duration greater than 11 years in a poultry farm, and 
the incidence of rhinitis was shown to have bearing on the 
incidence of both cough and breathlessness.42 A higher 
prevalence was reported among workers in floor-based 
operations when compared to cage-based operations in a 
study comparing the two housing systems.22

ASTHMA
Studies conducted among poultry workers have documented 
the prevalence of asthma varying between 1% and 43% for 
self-reported asthma and 6% to 14% for asthma diagnosed 
using spirometry.4,6,39,43-46 

The prevalence reported in most studies has been that of 
general adult asthma, which is generally higher in poultry 
workers than other occupations including other farm 
workers.40,41 Additionally, studies have reported a higher 
prevalence of work-related symptoms that were consistent 
with asthma in poultry workers compared to non-poultry 
workers. Fourteen out of 16 poultry workers were reported 
to have work-related asthma like symptoms, one of whom 
tested positive to northern fowl mites.47 Asthma had been 
diagnosed in 4%, 13% and 11% in poultry workers with low, 
medium and high exposure to poultry dust respectively, 
compared to 3% in controls in a South African study.6 
10.7% of Victoria broiler growers had asthma compared 
to a prevalence of 5.7% among adults in South Australia.48 
Symptoms of occupational asthma were reported in 5.3% 
of poultry feed workers49 whereas no significant difference 
in asthma symptoms between poultry workers and controls 
have been reported in other studies.45,50 

CHRONIC BRONCHITIS
The prevalence of chronic bronchitis in various studies 
among poultry workers varied between 4.4% to 
21%.6,32,45,51,52 This prevalence had been reported to be 
higher when compared to unexposed controls. A study 
done to assess the respiratory symptoms and lung function 
of Norwegian farmers reported a two fold increase in odds 
of chronic bronchitis among poultry farmers compared to 
crop farmers (OR 2.2, CI 1.3-4.0).51 Similarly, a significantly 
increased risk of chronic bronchitis was reported in South 
African poultry workers with medium (OR=2.88, CI: 1.14 
-7.28) and high dust exposure (OR=2.86, CI: 1.04-7.90). The 
prevalence of work related chronic bronchitis was higher in 
poultry handlers (15.5%) as compared to other workers 
exposed to organic dusts in a UK study.32

allergies in the workplace
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OTHER SYMPTOMS
Other acute and chronic work-related symptoms common 
in poultry workers include, sneezing, cough, wheezing, 
shortness of breath, eye irritation, phlegm, flue like illness, 
chest tightness, dry throat, dry nose, nose bleeding, 
headache, and fever.8,9,26,45 These symptoms are usually 
non-specific and may disappear during periods away 
from work.7 This wide range of symptoms emphasises the 
complexity of pathophysiological mechanisms by which 
poultry dust may cause respiratory disease. 

ENVIRONMENTAL RISK FACTORS AND 
EXPOSURE-RESPONSE RELATIONSHIPS FOR 
POULTRY DUST AND RESPIRATORY DISEASES
Environmental risk factors for development of respiratory 
disease among poultry workers depends on the level of 
exposure to the agent, concomitant exposure to other 
agents in the workplaces, and the design and operation of 
the poultry facilities. 

LEVEL OF EXPOSURE 
An association between the levels of exposure to poultry 
dust and respiratory illnesses among poultry workers 
has been reported. The odds of having cough, wheeze, 
dyspnoea, chronic bronchitis and asthma was shown to 
increase among poultry workers from low medium to high 
exposure groups.6 

A dose response relationship between the number of 
poultry on the farm and wheeze has been documented.4 
A 2.4mg/m3 concentration of total dust, 0.16 mg/m3 
respirable dust, 614 EU/m3 endotoxin, and 12 ppm ammonia 
have been shown to have significant pulmonary function 
decrements.53  

Poultry workers with more than ten years of exposure 
have a higher prevalence of symptoms and/or decreased 
lung function compared to those with fewer years of 
exposure.7,45,47 Workers spending more than five hours 
at a time in confinement areas have been shown to be at 
increased risk of having rhinitis.54 

CONCOMITANT EXPOSURES TO CHEMICAL 
POLLUTANTS IN THE WORKPLACE 
The risk of respiratory illnesses has been shown to 
increase with poultry workers exposed to combination of  
bioaerosols, particulates, and gases.55,56 Synergistic effects 
between ammonia levels and airborne dust have been 
reported to explain up to 43% and 63% of the decline in 
FEV1 and FEF25-75 respectively.16 

These findings emphasise the importance of considering 
the combined effects of air contaminants in causation of 
health problems, and the need to redefine occupational 
exposure limits of airborne contaminants when workers are 
exposed to more than one agent known to have synergistic 
effects. 

DESIGN AND OPERATION OF FACILITIES
Ventilation of the poultry facility has a major impact on the 
risk of respiratory disease.26 The use of wood shavings for 
bedding, disinfectants, dry feeds and non-slatted floors has 
been shown to increase the risk of flu like illness (ODTS).57 
A greater preponderance of workers from cage-housed 
operations reporting cough and wheeze and decreased 
lung function compared to workers from floor-housed 
facilities has been reported.9 A 3-hr exposure in confined 
buildings for egg production was shown to induce an acute 
inflammatory reaction in the upper airways and increased 
bronchial responsiveness in workers exposed to facilities 
with loose housing for laying hens compared to those using 
the cage system.12 

HOST-ASSOCIATED RISK FACTORS FOR 
RESPIRATORY DISEASES ASSOCIATED WITH 
POULTRY DUST

GENETICS
The role of genetics in the development of asthma and other 
work related respiratory illnesses among poultry farmers has 
not been well documented. A study done on Indian farmers 
did not demonstrate any hereditary factors to influence the 
incidence of respiratory symptoms in examined poultry 
and other farm workers (except farm workers working in 
granaries).42 It would appear that the environment and 
other host related factors are more important.58

ATOPY
Atopy has been shown to have independent and additive 
effects on the occurrence of chronic bronchitis in dusty 
farm work.59 The odds of wheeze in poultry production have 
been reported to be greater among atopic than non-atopic 
individuals.4 A South African study reported tentative 
evidence that atopic workers may have been selected out of 
the poultry workforce, because the prevalence of workers 
with atopy declined with increasing years of service.6 

AGE
Advancing age has been shown to increase the risk of 
occupational asthma among farmers.60 An epidemiological 
survey of respiratory diseases among agricultural industry 
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workers reported a high incidence (31.6%) of breathlessness 
in poultry workers in the age group of 30–44 years when 
compared to only 13.6% incidence in workers under 29 
years.42

GENDER
Relatively few studies have compared the effect of poultry 
work on respiratory function by gender. A Brazilian study 
reported no association between gender and respiratory 
test results.61 The study by Zuskin et al, demonstrated that 
the prevalence of chronic cough, chronic phlegm, chronic 
bronchitis were higher in males than in females with similar 
asthma prevalence in males and females.45 

SMOKING
Smoking has been reported to increase the risk of many 
respiratory illnesses including chronic bronchitis among 
farmers.59 Male poultry workers who were smokers have 
been reported to have a higher prevalence of chronic 
cough, chronic phlegm, and chronic bronchitis than male 
poultry workers who were non-smokers.45 The odds of 
wheeze associated with egg production was highest in past 
smokers (OR=2.88) followed by never smokers (OR=1.46) 
and then current smokers (OR=0.80) in the Agricultural 
Health Study.4 Smoking habit has also been shown to 
influence the incidence of cough but had no direct effect on 
breathlessness and rhinitis.42 

CONCLUSION
This review has demonstrated that poultry farm workers 
are at increased risk of developing adverse respiratory 
health outcomes that may be attributed to exposure to 
dust and other airborne contaminants in poultry house 
environments. Intervention programs aimed at reducing 
exposure to dust is likely to have a positive impact on the 
respiratory health of workers. 

While most studies report on the prevalence of asthma 
based on symptoms and occasionally using spirometry, 
further research needs to focus on describing the various 
asthma phenotypes and their prevalence in poultry 
workers. Furthermore, very few studies have documented 
the extent to which occupational exposure to various 
allergens constitute a risk to health of poultry workers. 
Future research may be needed to explore the complex 
interaction between environmental exposures and host  
risk factors in causing respiratory disease. This will enable 
the development of improved preventive strategies in 
reducing the adverse respiratory health impacts associated 
with poultry work.

ACKNOWLEDGEMENTS
I would like to thank Prof Mohamed Jeebhay (Centre for Occupational and 
Environmental Health Research, University of Cape Town) for his comments on this 
manuscript.

REFERENCES
1. 	� Department of Agriculture Forestry and Fisheries. A profile of the South African 

broiler market value chain [Internet]. Pretoria; 2012 p. 3–5. Available from: 
http://www.nda.agric.za/doaDev/sideMenu/Marketing/Annual Publications/
Commodity Profiles/Livestock/Broiler market value chain profile 2012-13.pdf

2. 	� South African Poultry Association. The South African Poultry Industry profile for 
2012 [Internet]. Gauteng; 2012. Available from: http://www.sapoultry.co.za/pdf 
permanent/2012 sapa industry profile v5.pdf

3. 	� Essen SG Von, McCurdy SA. Health and safety risks in production agriculture. 
West J Med 1998;169(4):214-20. 

4. 	� Hoppin JA, Umbach DM, London SJ, Alavanja MCR, Sandler DP. Animal 
production and wheeze in the Agricultural Health Study: interactions with atopy, 
asthma, and smoking. Occup Env Med 2003;60(8):e3. 

5. 	� Hartung J, Schulz J. Risks caused by bio-aerosols in poultry houses. Poultry in the 
21st Century–Avian Influenza and Beyond. Bangkok: FAO; 2007. 

6. 	� Rees D, Nelson G, Kielkowski D, Wasserfall C, da Costa A. Respiratory health and 
immunological profile of poultry workers. S Afr Med J. 1998;88(9):1110-7. 

7. 	� Health and Safety Executive. Statement of evidence: Respiratory hazards of 
poultry dust [Internet]. Liverpool; 2009. Available from: www.hse.gov.uk/
pubns/web40.pdf. 

8. 	� Kirychuk SP, Senthilselvan A, Dosman JA, Juorio V, Feddes JJR, Willson P, et 
al. Respiratory symptoms and lung function in poultry confinement workers in 
Western Canada. Can Respir J 2003;10(7):375-80. 

9. 	� Kirychuk SP, Dosman JA, Reynolds SJ, Willson P, Senthilselvan A, Feddes JJR, 
et al. Total dust and endotoxin in poultry operations: comparison between 
cage and floor housing and respiratory effects in workers. J Occup Env Med 
2006;48(7):741-8. 

10. 	� Just N, Duchaine C, Singh B. An aerobiological perspective of dust in cage-
housed and floor-housed poultry operations. J Occup Med Toxicol 2009;4:13. 

11. 	� Senthilselvan A, Beach J, Feddes J, Cherry N, Wenger I. A prospective evaluation 
of air quality and workers’ health in broiler and layer operations. Occup Env Med 
2011;68(2):102-7. 

12. 	� Larsson BM, Larsson K, Malmberg P, Mártensson L, Palmberg L. Airway 
responses in naive subjects to exposure in poultry houses: comparison between 
cage rearing system and alternative rearing system for laying hens. Am J Ind 
Med 1999;35(2):142-9. 

13. 	� Crook B, Easterbrook A, Stagg S. Exposure to dust and bioaerosols in poultry 
farming. Summary of observations and data [Internet]. 2008. Available from: 
www.hse.gov.uk/research/rrpdf/rr655.pdf

14. 	� Davis M, Morishita TY. Relative ammonia concentrations, dust concentrations, 
and presence of Salmoneua species and Escherichia coli inside and outside 
commercial layer facilities. Avian Dis 2005;49(1):30-5. 

15. 	� Wathes CM, Holden MR, Sneath RW, White RP, Phillips VR. Concentrations and 
emission rates of aerial ammonia, nitrous oxide, methane, carbon dioxide, dust 
and endotoxin in UK broiler and layer houses. Br Poult Sci 1997;38(1):14-28. 

16. 	� Donham KJ, Cumro D, Reynolds S. Synergistic effects of dust and ammonia on 
the occupational health effects of poultry production workers. J Agromedicine 
2002;8(2):57-76. 

17. 	� Oppliger A, Charrière N, Droz P-O, Rinsoz T. Exposure to bioaerosols in poultry 
houses at different stages of fattening; use of real-time PCR for airborne 
bacterial quantification. Ann Occup Hyg 2008;52(5):405-12. 

18. 	� Bakutis B, Monstviliene E, G J. Analyses of Airborne Contamination with 
Bacteria, Endotoxins and Dust in Livestock Barns and Poultry Houses. Acta Vet 
Brno 2004;73:283-9. 

19. 	� Le Bouquin S, Huonnic D, Balaine L, Michel V, Guillam MT, Ségala C, et al. Dust 
concentration in various laying hen housing systems. Animal hygiene and 
sustainable livestock production Proceedings of the XVth International Congress 
of the International Society for Animal Hygiene. Vienna, Austria; p. 739–41. 

20. 	� Ellen HH, Bottcher RW, von Wachenfelt E, Takai H. Dust levels and control 
methods in poultry houses. J Agric Saf Heal 2000;6(4):275-82. 

21. 	� Le Bouquin S, Huneau-Salaün A, Huonnic D, Balaine L, Martin S, Michel V. Aerial 
dust concentration in cage-housed, floor-housed, and aviary facilities for laying 
hens. Poult Sci 2013;92(11):2827-33. 

22. 	� Guillam M-T, Pédrono G, Le Bouquin S, Huneau A, Gaudon J, Leborgne R, et al. 
Chronic respiratory symptoms of poultry farmers and model-based estimates of 
long-term dust exposure. Ann Agric Env Med 2013;20(2):307-11. 

23. 	� Kirychuk SP, Reynolds SJ, Koehncke NK, Lawson J, Willson P, Senthilselvan A, 
et al. Endotoxin and dust at respirable and nonrespirable particle sizes are not 
consistent between cage- and floor-housed poultry operations. Ann Occup Hyg 
2010;54(7):824-32. 

24. 	� Wang-Li L, Li Q, Byfield GE. Identification of Bioaerosols Released from an Egg 
Production Facility in the Southeast United States. Env Eng Sci 2013;30(1):2-10. 

allergies in the workplace



Current Allergy & Clinical Immunology 2014 June Vol 27 No.2

124

25. 	� Brooks JP, McLaughlin MR, Scheffler B, Miles DM. Microbial and antibiotic 
resistant constituents associated with biological aerosols and poultry litter 
within a commercial poultry house. Sci Total Env 2010;15;408(20):4770-7. 

26. 	� Radon K, Weber C, Iversen M, Danuser B, Pedersen S, Nowak D. Exposure 
assessment and lung function in pig and poultry farmers. Occup Env Med 
2001;58(6):405-10. 

27. 	� Green AR, Wesley I, Trampel DW, Xin H. Air quality and bird health status in 
three types of commercial egg layer houses. J Appl Poult Res 2009;21;18(3):605-
21. 

28. 	� Popescu S, Borda C, Diugan E. Microbiological Air Contamination in Different 
Types of Housing Systems for Laying Hens. ProEnvironment 2013;6(16):549-
555. 

29. 	� Lawniczek-Walczyk A, Górny RL, Golofit-Szymczak M, Niesler A, Wlazlo A. 
Occupational exposure to airborne micro-organisms, endotoxins and β-glucans 
in poultry houses at different stages of the production cycle. Ann Agric Env Med 
2013;20(2):259-68. 

30. 	� Sowiak M, Bródka K, Kozajda A, Buczyńska A, Szadkowska-Stańczyk I. Fungal 
aerosol in the process of poultry breeding--quantitative and qualitative analysis. 
Med Pr 2012;63(1):1-10. 

31. 	� Matković K, Vucemilo M, Vinković B. Airborne fungi in dwellings for dairy cows 
and laying hens. Arh Hig Rada Toksikol 2009;60(4):395-9. 

32. 	� Simpson JC, Niven RM, Pickering CA, Fletcher AM, Oldham LA, Francis HM. 
Prevalence and predictors of work related respiratory symptoms in workers 
exposed to organic dusts. Occup Env Med 1998;55(10):668-72. 

33. 	� Jones W, Morring K, Olenchock SA, Williams T, Hickey J. Environmental study of 
poultry confinement buildings. Am Ind Hyg Assoc J. 1984 Nov;45(11):760–6. 

34. 	� Hartung J. [Nature and amount of aerial pollutants from livestock buildings]. 
Dtsch Tierarztl Wochenschr 1998;105(6):213-6. 

35. 	� Singh T, Matuka O. Health effects associated with exposure to hazardous 
biological agents and their constituents in poultry farming. Occup Heal South 
Africa 2010;16(3):8-17. 

36. 	� Sander I, Fleischer C, Borowitzki G, Brüning T, Raulf-Heimsoth M. Development 
of a two-site enzyme immuno-assay based on monoclonal antibodies to 
measure airborne exposure to (1-->3)-beta-D-glucan. J Immunol Methods 
2008;20;337(1):55-62. 

37. 	� Rylander R, Carvalheiro MF. Airways inflammation among workers in poultry 
houses. Int Arch Occup Env Heal 2006;79(6):487-90. 

38. 	� Prester L, Macan J, Matković K, Vucemilo M. Determination of Aspergillus 
fumigatus allergen 1 in poultry farms using the enzyme immuno-assay. Arh Hig 
Rada Toksikol 2010;61(2):167-73. 

39. 	� Rimac D, Macan J, Varnai VM, Vucemilo M, Matković K, Prester L, et al. Exposure 
to poultry dust and health effects in poultry workers: impact of mould and mite 
allergens. Int Arch Occup Env Heal 2010;83(1):9-19. 

40. 	� Magarolas R, Monsó E, Aguilar X, Radon K, Nowak D, Martínez C, et al. 
[Prevalence and risk factors of respiratory symptoms in farmers; comment]. 
Med Clin 2000;13;114(18):685-9. 

41. 	� Kimbell-Dunn M, Bradshaw L, Slater T, Erkinjuntti-Pekkanen R, Fishwick D, Pearce 
N. Asthma and allergy in New Zealand farmers. Am J Ind Med 1999;35(1):51-7. 

42. �	 Singh AB, Singh A, Pandit T. Respiratory diseases among agricultural industry 

workers in India: a cross-sectional epidemiological study. Ann Agric Env Med 
1999;6(2):115-26. 

43. 	� Borghetti C, Magarolas R, Badorrey I, Radon K, Morera J, Monsó E. [Sensitization 
and occupational asthma in poultry workers]. Med Clin 2002;2;118(7):251-5. 

44. 	� Guillam M-T, Pédrono G, Le Bouquin S, Huneau A, Gaudon J, Leborgne R, et al. 
Chronic respiratory symptoms of poultry farmers and model-based estimates of 
long-term dust exposure. Ann Agric Env Med 2013;20(2):307-11. 

45. 	� Zuskin E, Mustajbegovic J, Schachter EN, Kern J, Rienzi N, Goswami S, et al. 
Respiratory function in poultry workers and pharmacologic characterization of 
poultry dust extract. Env Res 1995;70(1):11-9. 

46. 	� Viegas S, Faísca VM, Dias H, Clérigo A, Carolino E, Viegas C. Occupational 
exposure to poultry dust and effects on the respiratory system in workers. J 
Toxicol Env Heal A 2013;76(4-5):230-9. 

47. 	� Bar-Sela S, Teichtahl H, Lutsky I. Occupational asthma in poultry workers. J 
Allergy Clin Immunol 1984;73(2):271-5. 

48. 	� Brown AM. The respiratory health of Victorian broiler growers. Med J Aust 
1990;21;152(10):521-4. 

49. 	� Zuskin E, Kanceljak B, Mustajbegovic J, Schachter EN, Stilinovic L. Respiratory 
symptoms and immunological status in poultry food processing workers. Int 
Arch Occup Env Heal 1994;66(5):339-42. 

50. 	� Donham KJ, Leistikow B, Merchant J, Leonard S. Assessment of U.S. poultry 
worker respiratory risks. Am J Ind Med 1990;17(1):73-4. 

51. 	� Eduard W, Pearce N, Douwes J. Chronic bronchitis, COPD, and lung function in 
farmers: the role of biological agents. Chest 2009;136(3):716-25. 

52. 	� Kimbell-Dunn MR, Fishwick RD, Bradshaw L, Erkinjuntti-Pekkanen R, Pearce N. 
Work-related respiratory symptoms in New Zealand farmers. Am J Ind Med 
2001;39(3):292-300. 

53. 	� Donham KJ, Cumro D, Reynolds SJ, Merchant JA. Dose-response relationships 
between occupational aerosol exposures and cross-shift declines of lung 
function in poultry workers: recommendations for exposure limits. J Occup Env 
Med 2000;42(3):260-9. 

54. 	� Omland Ø. Exposure and respiratory health in farming in temperate zones--a 
review of the literature. Ann Agric Env Med 2002;9(2):119-36. 

55. 	� Reynolds SJ, Parker D, Vesley D, Smith D, Woellner R. Cross-sectional 
epidemiological study of respiratory disease in turkey farmers. Am J Ind Med 
1993;24(6):713-22. 

56. 	� Lenhart SW, Olenchock SA, Cole EC. Viable sampling for airborne bacteria in a 
poultry processing plant. J Toxicol Env Heal 1982;10(4-5):613-9. 

57. 	� Radon K, Danuser B, Iversen M, Monso E, Weber C, Hartung J, et al. Air 
contaminants in different European farming environments. Ann Agric Env Med 
2002;9(1):41-8. 

58. 	� Popp, W, Zwick H, Steyrer K, Rauscher H, Wanke T. Sensitization to 
aeroallergen depends on environmental factors. Allergy 1989;44:572-5. 

59. 	� Terho EO, Husman K, Vohlonen I, Heinonen OP. Atopy, smoking, and chronic 
bronchitis. J Epidemiol Community Heal 1987;41(4):300-5. 

60. 	� Rask-Andersen A. Asthma increase among farmers: a 12-year follow-up. Ups J 
Med Sci 2011;116(1):60-71. 

61. 	� Alencar M do C de, Naas I de A, Gontijo L. Respiratory risks in broiler production 
workers. Rev Bras Cienc Avic 2004;6(1):23-9. 

allergies in the workplace


