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ABSTRACT
Introduction:  In addition to grooming, horse grooms’ tasks include live breeding, foaling, night 
watch duty, raising and training horses, mucking stalls, landscaping, and horse maintenance. 
Horse stables are reported to have high organic dust levels, which pose a risk to horse grooms. 
Studies have reported an association between working with horses and an increased risk of 
respiratory symptoms and/or organic dust toxic syndrome. Some studies demonstrated that 
horses were exposed to high levels of endotoxin as well as (1,3)-β-D-glucan in horse stables. 
Objective: To describe occupational biological exposures and associated respiratory diseases 
among horse grooms, shedding light on their working and living conditions.
Methods: A scoping review was undertaken using the PRISMA extension for scoping  
reviews (PRISMA-ScR) checklist. Data were extracted using key questions and eligibility cri-
teria as a starting point. The keywords and phrases, occupational health, infectious diseases, 
workplace exposure, coronavirus disease 2019 (COVID-19), Mycobacterium tuberculosis, 
(1,3)-β-D-glucan, endotoxin, and horse grooms were used to search PubMed, Google Scholar, 
and ScienceDirect. 
Results: Forty-six papers were selected for final review from the 94 identified for potential 
inclusion. These papers highlighted possible biological exposure in horse grooms’ day-to-
day tasks. Hostel living conditions, similar to those in the mining industry, were identified 
as a source of biological exposures. Due to overcrowding, the spread of tuberculosis was 
highlighted as a major concern. 
Conclusion: More research on horse grooms is necessary, considering the paucity of occu-
pational health information in this sector, especially in South Africa. Future studies should 
focus on environmental conditions, hostel living conditions, health outcomes among horse 
grooms, and prevention strategies.

INTRODUCTION
Horses played a crucial role in the agricultural, mining, and transport 
sectors in the growing economy towards the end of the nineteenth 
century and early in the twentieth century.1 Currently, horses in South 
Africa are used in various activities, such as racing, competitive and 
leisure riding, policing, and military purposes.1 The sport enjoys a long 
and rich history in South Africa that can be traced back to 1795.2 The 
first recorded race club meeting of the National Horse Racing Authority 
took place in 1802.2 Racing in South Africa is currently controlled by 
two bodies: 1) 4Racing (Eastern Cape, Gauteng, Free State, and Northern 
Cape provinces) and 2) Gold Circle (KwaZulu-Natal and Western Cape 
provinces).2,3 The horse-racing industry is divided into different catego-
ries, such as the thoroughbred breeders’ association, which focuses on 
horse breeding, sales, and purchases; the owners’ association, which 
buys and owns these horses; the trainers’ association, which trains the 
horses; and the jockeys’ association, whose members ride horses during 
races.4 These entities collectively report to the National Horseracing 
Authority.4 Often overlooked is the South African Grooms Assoc- 
iation (SAGA), representing horse grooms in the country, who lack 
adequate representation and voice within the industry.5

The South African horse-racing industry contributed R2.71 billion 
annually to the country’s gross domestic product from 2009 to 2018.6 

While horse racing can be a thrilling experience for sports fanatics, 
gamblers, and fashionistas, the glamour and glitz are not shared by all 

who work in the industry, such as the grooms who maintain the horses7 
and play an essential role in their training and overall wellbeing.7 Their 
work in the thoroughbred horse industry includes preparing horses for 
sale, boarding, and breeding.8 Typical tasks include live breeding, foal-
ing, grooming, night watch duty, raising and training horses, cleaning 
horse stalls, and landscaping.8 Grooms also hold down horses during 
treatment by farriers and veterinarians, and assist with preparations 
for shipping horses to shows or races.7 Horse grooms in South Africa 
have been reported to work under appalling conditions,9 and their 
plight has been highlighted by both the SAGA and the Department of 
Employment and Labour.5

The working environments of grooms expose them to bioaerosols 
that include allergens (Table 1), microorganisms, by-products of micro-
bial agents such as endotoxins, (1,3)-β-D-glucans, and organic dust. 
Elevated endotoxin levels have been measured in horse stables,10,11 
affirming the presence of endotoxin and (1,3)-β-D-glucan in these 
environments.12 Individuals who regularly work with horses, including 
jockeys, trainers, and horse grooms, experience long-term exposure, 
leading to allergic diseases.12,13 The hostel living conditions of horse 
grooms are a cause for concern as several workers live in confined spaces 
similar to those in the mining industry.14 Up to eight men may occupy 
a room, with minimal ventilation.15 The risk of tuberculosis (TB) and 
severe acute respiratory coronavirus 2 (SARS-CoV-2) transmission have 
been highlighted,16,17 particularly among those with comorbidities.18
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Table 1. Allergenic proteins of Equus caballus

Major allergen Biochemical name Description

Equ c1 Lipocalin A 25 kDa lipocalin, which is believed to be the major horse allergen; up to 76% of horse-allergic 
patients react to Equ c1

Equ c2 Lipocalin A 17 kDa lipocalin that showed IgE binding, by immunoblotting, in horse-sensitised patients

Equ c3 Serum albumin A 67 kDa horse serum albumin that showed IgE binding in 50% of patients tested

Equ c4 Latherin A 17 (20.5) kDa protein with latherin function

Equ c6 - 15 kDa lysozyme, which seems to be both a food and dermal allergen

Horse allergen - mAb: 103, 14G4

IgE: immunoglobulin E, kDa: kilodalton, mAb: monoclonal antibodies

Sources: Mitlehner, et al., 2015; Victor, et al., 201919, 20 

Given the anecdotal information on poor working and living condi-
tions, and the lack of scientific evidence for biological exposures and 
possible health outcomes among horse grooms in South Africa, fur-
ther research is warranted. This scoping review sought to investigate 
potential occupational biological exposures and related respiratory 
diseases among horse grooms, associated with working and living 
conditions. The investigation encompassed respiratory diseases such as 
TB, coronavirus disease 2019 (COVID-19), asthma and allergies caused by 
Mycobacterium tuberculosis, SARS-CoV-2, endotoxin, (1,3)-β-D-glucan, 
and horse allergens in the horse industry. 

METHODS
Search strategy
The search terms used were: (horse grooms OR horse stables) AND (horse 
allergens OR horse industry OR South African horse racing industry) 
AND (occupational health OR infectious diseases OR workplace expo-
sure) AND (COVID-19 OR Mycobacterium tuberculosis OR endotoxin OR 
(1,3)-β-D-glucan) AND (workers living hostels OR TB AND COVID-19) in 
overcrowded areas. English language, peer-reviewed articles published 
from January 1990 to December 2021 were identified from PubMed, 
Google Scholar, and ScienceDirect. Information was also obtained 
from Horse Racing South Africa, the World Health Organization (WHO), 
4Racing, and Gold Circle webpages. Figure 1 summarises the search 
strategy and the selection of articles. The 32-year period was chosen 
as it likely provided insights into more current conditions, excluding 
studies from the distant past. 

Fifty-five publications (46 articles and nine reports) were included, 
comprising peer-reviewed journal articles, non-peer-reviewed articles, 
reports, and webpages. Due to the anticipated limited information on 
horse grooms, studies related to horse workers’ living and working 
conditions were included. Bioaerosol exposure was confined to TB, 
COVID-19, endotoxin, (1,3)-β-D-glucan, and horse allergens in the 
horse industry. 

Data extraction
The authors’ names, year of publication, article title, country of study, 
study sample size, living conditions, biological agents, and health effects 
were extracted from identified articles (Table 2). 

RESULTS
Ninety-four potential articles were identified (Figure 1); 10 were removed 
before screening, and 20 were excluded as the content was unrelated 
to the review, leaving 64 eligible articles. A further 17 articles were 
excluded as the full text was unavailable. Ultimately, 55 articles met the 
inclusion criteria, of which 46 related to the review topic (Table 2). Most 
articles (n = 46, 83.63%) were identified from databases; nine (16.3%) 
were obtained from websites and organisations but were only used to 

support the findings in the other 46 articles. Only five articles on working 
and living conditions for horse grooms were identified, highlighting the 
limited literature on this topic. 

Occupational exposure to endotoxin and (1,3)-β-D-glucan 
Eleven studies reported exposures to endotoxin and (1,3)-ß-D-glucan in 
the horse industry, including horse grooms and veterinary practition-
ers.11,12,21-26 In a study by Hwang et al., 2020, the endotoxin concentration 
of inhalable particles (geometric mean (GM): 50.2–1,024 EU/m3) was 50 
times higher than that of respirable particles (GM: 1.72–19.0 EU/m3).25 
They showed that cleaning tasks produced higher concentrations 
while horse care generated the lowest endotoxin concentrations.25 
Similar endotoxin levels were also shown by Samadi et al., 2009, with 
GM concentrations ranging from 608 EU/m3 to 9 846 EU/m3 in horse 
stables.12 However, the measurements in the latter study were collected 
for a full work shift, while they were collected over a shorter period by  
Hwang et al., 2020.25 Positive associations were found between endo-
toxin exposure and respiratory disorders, such as asthma-like symptoms, 
chronic airway obstruction, and bronchitis.21,22 Some studies demon-
strated an increased risk of respiratory symptoms, including organic 
dust toxic syndrome (ODTS), among workers exposed to horses.23,24

Limited data exist for (1,3)-β-D-glucan exposures, with only a few arti-
cles reporting airborne concentrations in different horse barns.10, 25,27  
Samadi  et  a l .  (2009)  demonstrated personal  exposure to  
(1,3)-β-D-glucan with a GM of 9.5 μg/m3 (0.4–631 μg/m3) in the horse 
stables.12 Elfman et al. (2009) conducted a study in Sweden in summer 
and winter and found (1,3)-β-glucan levels ranging from 0.01 to  
70 ng/m3, with a mean of 20 ng/m3.28 Health effects from exposure to  
(1,3)-ß-D-glucan included cough, wheezing, chest tightness, short-
ness of breath, nasal irritation, throat and sinus trouble, ODTS, 
bronchitis, atopy, and asthma.23,26,29-32,40 

Occupational exposures to horse allergens 
Horse allergens are mainly acidic proteins, of which Equ c1 through c5 
have been well characterised.19 The 16 proteins identified from horses 
are located in skin dander, hairs, urine, and saliva.19,20 There are different 
allergens of horses (Equus caballus) listed in the WHO and International 
Union of Immunological Society (WHO/IUIS) Allergen Nomenclature 
Database (Table 1). 

Nine studies (Figure 1) reported exposures to horse allergens, 
including horse hair, dander, and allergens found in bedding materi-
als and feed (Table 2).13,19,20,23,24,28,33,34 Health effects included rhinitis,  
eczema, airway disease, urticaria, conjunctivitis, allergic sensitisation, 
bronchial inflammation, headache, throat irritation, nasal irritation,  
and dry productive cough, and chronic obstructive pulmonary 
disease (COPD) and asthma were also reported.13,14,34,35 In a cross-sectional 
study among horse grooms in Istanbul, asthma was found in 14.4%, 
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allergic rhinitis in 42.4%, allergic conjunctivitis in 35.2%, and allergic skin 
diseases in 32.8% of the grooms.20 A 1.8-fold increased risk of allergic 
rhinitis, a 3.9-fold increased risk of allergic conjunctivitis, and a 3.25-fold 
increased risk of skin diseases were also reported.20

Mycobacterium tuberculosis in horse grooms’ hostels
Only six of the studies included in the review related to M. tuberculosis 
exposure in agriculture and hostels.36-40 According to one South African 
online news source, horse grooms live in single-sex hostels provided by 
horse owners or trainers. 9 Similar to the South African mining industry,15 
most are African male migrant labourers who leave their rural homes in 
South Africa and neighbouring countries to work at the horse-racing 
centres. According to a 2019 newspaper article, housing and living 
conditions of horse grooms are sub-standard and have been associ-
ated with adverse health effects, reduced productivity, and poor social 
wellbeing.9 It was reported that the horse grooms’ toilets and showers 
are dirty, and that they sleep on steel beds with mattresses in confined 
rooms that accommodate four to eight people.9, 16 

Potential SARS-CoV-2 in horse grooms’ living hostels
Seven studies were related to exposure to SARS-CoV-2.17,18,41-45 Poorly 
ventilated and crowded spaces, such as hostels where grooms reside, 
may increase the risk of viral transmission and adverse health outcomes, 
including acute respiratory distress syndrome (ARDS).17,41-43,45 

COVID-19 disease spreads in poorly ventilated and/or crowded 
indoor settings, where people tend to spend longer periods.43,46 Two 
SARS-CoV-2 outbreaks have been associated with poor ventilation.47 
These outbreaks strongly suggest that many secondary infections may 
occur in a confined, crowded, and poorly ventilated environment.47,45 
Like refugees and migrant workers,44 horse grooms live in individual 
and communal accommodations in horse-racing centres. They face 
similar health threats from COVID-19 as refugees and migrant workers.44

DISCUSSION
This scoping review was conducted to describe the occupational 
biological exposures and related respiratory diseases associated with 
working and living conditions among horse grooms in the horse indus-
try. The limited literature on horse grooms suggests that they are an 
under-researched occupational group, particularly regarding exposures. 
Studies from similar agricultural settings were included in the review 
to provide context regarding potential biological exposures and health 
risks. Working conditions involved significant exposure to bioaerosols, 
including endotoxin and (1,3)-β-D-glucan, which are linked to respira-
tory diseases such as asthma, bronchitis, and ODTS. Routine activities 
such as cleaning and caring for horses contribute to these exposures.7,19

 The high concentrations of endotoxins reported in the various 
studies indicate that horse grooms are at risk of developing respira-
tory symptoms while performing their daily tasks, particularly cleaning 
activities.20 Additionally, the limited data on (1,3)-ß-D-glucan exposure 
highlights the need for further research to assess its impact on workers’ 
health.2,12,22,25 Horse grooms are particularly susceptible to respiratory 
conditions, infections, and allergic reactions directly linked to prolonged 
exposure to bioaerosols and microorganisms in the stable environment. 
These findings emphasise the importance of assessing and managing 
exposure to endotoxin and (1,3)-ß-D-glucan to mitigate respiratory 
health risks. 

The presence of allergens in horse hair, dander, and feed contributes 
to allergic reactions among workers, including asthma and eczema.13,14 
Horse grooms face an increased risk of allergic diseases,13,14 under-
scoring the need for preventive measures to reduce allergen exposure. 

Horse grooms’ poor living conditions, which resemble those of 
other high-risk groups such as migrant workers and miners, increase 
the risk of communicable diseases such as TB and COVID-19.9,16 

Overcrowding and poor ventilation are key factors in the transmission 
of these diseases.36

Identification of studies via databases Identification of studies via other methods
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Figure 1. PRISMA flow diagram, summarising selection of articles
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CONCLUSION
Information about exposure to bioaerosols in the horse industry 
is derived primarily from international studies. The findings of this 
review highlight the unique occupational hazards faced by horse 
grooms, including exposure to bioaerosols, allergens, and com-
municable diseases. Addressing these risks through improved air 
quality, personal protective equipment, and better living conditions 
is essential to protect the health and wellbeing of this workforce. 
There is a need to identify and appropriately quantify the responsi-
ble agents and their health impacts on horse grooms in South Africa. 
Exposure to bioaerosols in South Africa’s horse-racing industry is 
likely exacerbated by prolonged close contact with horses, frequent 
handling of bedding and feed materials, and inadequate ventilation 
in both stables and worker accommodations. This review serves as 
a foundation for future research endeavours and the development 
of targeted interventions aimed at promoting the occupational 
health and wellbeing of horse grooms in all relevant industries. 

KEY MESSAGES 
1.	 Horse grooms face significant exposure to bioaerosols, such as 

endotoxin and (1,3)-β-D-glucan, which are linked to respiratory 
diseases like asthma, bronchitis, and organic dust toxic syndrome.

2.	 Cleaning tasks contribute significantly to high endotoxin 
exposure.

3.	 Horse allergens in hair, dander, bedding materials, and feed pose 
a significant occupational hazard.

4.	 Horse grooms often live in overcrowded, poorly ventilated condi-
tions, similar to other high-risk groups such as migrant workers 
and miners. 

DISCLAIMER
Any opinions expressed, conclusions drawn, and recommenda-
tions provided here are those of the authors and do not neces-
sarily reflect the views of the NHLS, NIOH, or the University of 
Johannesburg.

DECLARATION
The authors declare that this is their own work; all the sources 
used in this paper have been duly acknowledged and there are no 
conflicts of interest.

AUTHOR CONTRIBUTIONS 
Conception and design of the study: TD, TS
Data acquisition: TD
Data analysis: TD
Interpretation of the data: TD, TS, NN
Drafting of the paper: TD, TS, NN
Critical revision of the paper: TD, TS, NN

ACKNOWLEDGEMENTS
The authors thank the National Institute for Occupational Health 
and the University of Johannesburg for supporting the study.

REFERENCES
1. McShane C, Swart S. Designing equids in South Africa and North America. 

Safundi. 2011; 12(2):203-227. doi: 10.1080/17533171.2011.557194.

2. South Africa’s rich horse racing industry. The Thoroughbred Breeders 

Association of South Africa; undated. Available from: https://www.tba.co.za/

horse-racing-south-africa/ (accessed 4 October 2024).

3. South Africa. Dept. of Trade, Industry and Competition. Competition Act, 

1998 (Act No. 89 of 1998). Notification to approve with conditions the trans-

action involving: 4Racing Proprietary Limited and the Horseracing, Media 

Production and Distribution of the Horseracing Products and Tote Betting 

Business conducted by Phumelela Gaming and Leisure Limited (in Business 

Rescue): Case Number: 2021Jan0038. Government Gazette No. 45250:963; 

2021 October 1. Available from: https://archive.opengazettes.org.za/archive/

ZA/2021/government-gazette-ZA-vol-676-no-45250-dated-2021-10-01.pdf 

(accessed 4 October 2024).

4. Pienarr JJ, Du Toit ASA. Management of intellectual capital in the South 

African horseracing industry. SAJIM. 2008; 10(2). Available from: https:// 

journals.co.za/doi/pdf/10.10520/AJA1560683X_249 (accessed 4 October 2024).

5. Labour Committee discusses workers’ rights in horse-racing industry; 

2018 June 13. Available from: https://www.parliament.gov.za/press-releases/

labour-committee-discusses-workers-rights-horse-racing-industry (accessed 

3 October 2024). 

6. Ngalonkulu M. The South African horse industry: a potential billion Rand 

market. Forbes Africa; 2018 December 13. 

7. Kramer MH. Learn about being a horse groomer. Livabout.com; 2019 

September 24. Available from: https://www.thebalancecareers.com/horse-

groom-125750 (accessed 3 October 2024). 

8. Swanberg JE, Clouser JM, Westneat SC, Marsh MW, Reed DB. Occupational 

injuries on thoroughbred horse farms: a description of Latino and non-Latino 

workers’ experiences. Int J Environ Res Public Health. 2013; 10(12):6500-6516. 

doi: 10.3390/ijerph10126500.

9. Pijoos I. ‘It looks like a coffin’ – grooms demand better living conditions 

as labour department raids stables. Times Live; 2019 July 31. Available from: 

https://www.timeslive.co.za/news/south-africa/2019-07-31-it-looks-like-a-

coffin-grooms-demand-better-living-conditions-as-labour-department-raids-

stables/ (accessed 30 January 2020). 

10. Berndt A, Derksen FJ, Edward Robinson N. Endotoxin concentrations within 

the breathing zone of horses are higher in stables than on pasture. Vet J.  

2010; 183(1):54-57. doi: 10.1016/j.tvjl.2008.09.001.

11. McGorum BC, Ellison J, Cullen RT. Total and respirable airborne dust 

endotoxin concentrations in three equine management systems. Equine Vet 

J. 1998; 30(5):430-434. doi: 10.1111/j.2042-3306.1998.tb04514.x.

12. Samadi S, Wouters IM, Houben R, Jamshidifard AR, Van Eerdenburg F, 

Heederik DJ. Exposure to inhalable dust, endotoxins, beta(1,3)-glucans, and 

airborne microorganisms in horse stables. Ann Occup Hyg. 2009; 53(6):595-603. 

doi: 10.1093/annhyg/mep040.

13. Roberts G, Lack G. Horse allergy in children. BMJ. 2000; 321(7256):286-287. 

doi: 10.1136/bmj.321.7256.286.

14. Gawlik R, Pitsch T, Dubuske L. Anaphylaxis as a manifestation of 

horse allergy. World Allergy Organ J. 2009; 2(8):185-189. doi: 10.1097/

WOX.0b013e3181b2fe51.

15.  Pelders  J ,  Nelson G.  L iv ing condit ions  of  mine workers  f rom 

eight  mines in  South Afr ica .  Dev South Afr.  2019;  36(3) :265-282.  

doi: 10.1080/0376835X.2018.1456909.

16. Fuzile B. Racehorse stables ‘better’ than the rooms for the grooms. Sunday 

Times; 2019 May 26. Available from: https://www.timeslive.co.za/sunday-

times/news/2019-05-26-racehorse-stables-better-than-the-rooms-for-the-

grooms/ (accessed 4 October 2024).

17. Song J, Zeng M, Wang H, Qin C, Hou HY, Sun ZY, et al. Distinct effects of 

asthma and COPD comorbidity on disease expression and outcome in patients 

with COVID-19. Allergy. 2021; 76(2):483-496. doi: 10.1111/all.14517.

18. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical characteristics of 

138 hospitalized patients with 2019 novel coronavirus-infected pneumonia in 

Wuhan, China. JAMA. 2020; 323(11):1061-1069. doi: 10.1001/jama.2020.1585.

19. Mitlehner W, Mitlehner HC, Niggemann B. Horse allergy: Curly Horses 

allow horse allergic riders to ride again. Pneumologie. 2015; 69(12):711-718. 

doi: 10.1055/s-0034-1393396.

http://www.occhealth.co.za


132Occupational Health Southern Africa     www.occhealth.co.za Vol. 30, No. 3   2024

ORIGINAL RESEARCH PEER REVIEWED

20. Victor S, Binnmyr J, Lampa E, Rask-Andersen A, Elfman L. Levels of horse 

allergen Equ c 4 in dander and saliva from ten horse breeds. Clin Exp Allergy.  

2019; 49(5):701-711. doi: 10.1111/cea.13362.

21. Madsen AM. Airborne endotoxin in different background environments and 

seasons. Ann Agric Environ Med. 2006; 13(1):81-86. 

22. Mendy A, Wilkerson J, Salo PM, Weir CH, Feinstein L, Zeldin DC, et al. Synergistic 

association of house endotoxin exposure and ambient air pollution with asthma 

outcomes. Am J Respir Crit Care Med. 2019; 200(6):712-720. doi: 10.1164/

rccm.201809-1733OC.

23. Gallagher LM, Crane J, Fitzharris P, Bates MN. Occupational respiratory health of 

New Zealand horse trainers. Int Arch Occup Environ Health. 2007; 80(4):335-341.  

doi: 10.1007/s00420-006-0141-4.

24. Mazan MR, Svatek J, Maranda L, Christiani D, Ghio A, Nadeau J, et al. 

Questionnaire assessment of airway disease symptoms in equine barn personnel. 

Occup Med (Lond). 2009; 59(4):220-225. doi: 10.1093/occmed/kqp003.

25. Hwang S, Park DU, Yoon C. Seasonal variation in (1,3)-β-D-glucan levels 

with health risk assessment and related factors in indoor environments of 

microbiology laboratories. Hum Ecol Risk Assess. 2019; 25(5):1096-1106.  

doi: 10.1080/10807039.2018.1460578.

26. Clements JM, Pirie RS. Respirable dust concentrations in equine stables. Part 1: 

validation of equipment and effect of various management systems. Res Vet Sci. 

2007; 83(2):256-262. doi: 10.1016/j.rvsc.2006.12.002.

27. Woods PS, Robinson NE, Swanson MC, Reed CE, Broadstone RV, Derksen FJ. 

Airborne dust and aeroallergen concentration in a horse stable under two differ-

ent management systems. Equine Vet J. 1993; 25(3):208-213. doi: 10.1111/j.2042-

3306.1993.tb02945.x.

28. Elfman L, Riihimäki M, Pringle J, Wålinder R. Influence of horse stable environment 

on human airways. J Occup Med Toxicol. 2009; 4:10. doi: 10.1186/1745-6673-4-10.

29. Gioffrè A, Marramao A, Gesu ID, Samele P, Paba E, Marcelloni AM, et al. Exposure 

to airborne endotoxin in Italian greenhouses: environmental analyses. Ind Health. 

2018; 56(2):150-154. doi: 10.2486/indhealth.2017-0080.

30. Kozajda A, Jeżak K, Cyprowski M, Szadkowska-Stańczyk I. Inhalable dust, 

endotoxins and (1-3)-β-d-glucans as indicators of exposure in waste sorting 

plant environment. Aerobiologia (Bologna). 2017; 33(4):481-491. doi: 10.1007/

s10453-017-9484-4.

31. Samadi S, Wouters IM, Heederik DJ. A review of bio-aerosol exposures 

and associated health effects in veterinary practice. Ann Agric Environ Med.  

2013; 20(2):206-221.

32. Rosenthal FS, Gruntman A, Couetil LL. A comparison of total, respirable, and 

real-time airborne particulate sampling in horse barns. J Occup Environ Hyg.  

2006; 3(11):599-605. doi: 10.1080/15459620600948557.

33. Felix K, Ferrándiz R, Einarsson R, Dreborg S. Allergens of horse dander: com-

parison among breeds and individual animals by immunoblotting. J Allergy Clin 

Immunol. 1996; 98(1):169-171. doi: 10.1016/s0091-6749(96)70239-7.

34. Tutluoglu B, Atiş S, Anakkaya AN, Altug E, Tosun GA, Yaman M. Sensitization 

to horse hair, symptoms and lung function in grooms. Clin Exp Allergy.  

2002; 32(8):1170-1173. doi: 10.1046/j.1365-2745.2002.01439.x.

35. Zahradnik E, Janssen-Weets B, Sander I, Kendzia B, Mitlehner W, May C, et al. 

Lower allergen levels in hypoallergenic Curly Horses? A comparison among 

breeds by measurements of horse allergens in hair and air samples. PLoS One.  

2018; 13(12):e0207871. doi: 10.1371/journal.pone.0207871.

36. Narasimhan P, Wood J, Macintyre CR, Mathai D. Risk factors for tuberculosis. 

Pulm Med. 2013; 2013:828939. doi: 10.1155/2013/828939.

37. Almekhlef A, Khouri A, Al-Kayali R. Prevalence and risk of latent tuberculosis 

infection among internally displaced people in Aleppo City shelters. International 

Journal of Academic Scientific Research. 2016; 4(4):136-144. Available from: 

https://www.ijasrjournal.org/wp-content/uploads/2016/12/DEC18.pdf (accessed 

4 October 2024).

38. Kulchavenya E, Kim CS, Bulanova O, Zhukova I. Male genital tuberculosis: 

epidemiology and diagnostic. World J Urol. 2012; 30(1):15-21. doi: 10.1007/

s00345-011-0695-y.

39. Hlokwe TM, Sutton D, Page P, Michel AL. Isolation and molecular char-

acterization of Mycobacterium bovis causing pulmonary tuberculosis and 

epistaxis in a thoroughbred horse. BMC Vet Res. 2016; 12(1):179. doi: 10.1186/

s12917-016-0813-6.

40. Carruth L, Roess AA, Mekonnen YT, Melaku SK, Nichter M, Salman M. 

Zoonotic tuberculosis in Africa: challenges and ways forward. Lancet. 2016; 

388(10059):2460-2461. doi: 10.1016/s0140-6736(16)32186-9.

41. Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin HJ, et al. The origin, 

transmission and clinical therapies on coronavirus disease 2019 (COVID-19) 

outbreak – an update on the status. Mil Med Res. 2020; 7(1):11. doi: 10.1186/

s40779-020-00240-0.

42. Morawska L, Cao J. Airborne transmission of SARS-CoV-2: the world 

should face the reality. Environ Int. 2020; 139:105730. doi: 10.1016/j.

envint.2020.105730.

43. Somsen GA, Van Rijn C, Kooij S, Bem RA, Bonn D. Small droplet aerosols in 

poorly ventilated spaces and SARS-CoV-2 transmission. Lancet Respir Med. 

2020; 8(7):658-659. doi: 10.1016/s2213-2600(20)30245-9.

44. Azuma K, Yanagi U, Kagi N, Kim H, Ogata M, Hayashi M. Environmental 

factors involved in SARS-CoV-2 transmission: effect and role of indoor envi-

ronmental quality in the strategy for COVID-19 infection control. Environ 

Health Prev Med. 2020; 25(1):66. doi: 10.1186/s12199-020-00904-2.

45. Li Y, Qian H, Hang J, Chen X, Cheng P, Ling H, et al. Probable airborne 

transmission of SARS-CoV-2 in a poorly ventilated restaurant. Build Environ. 

2021; 196:107788. doi: 10.1016/j.buildenv.2021.

46. Coronavirus disease (COVID-19): how is it transmitted? World Health 

Organization; 2021 December 23. Available from: https://www.who.int/news-

room/questions-and-answers/item/coronavirus-disease-covid-19-how-is-

it-transmitted#:~:text=The%20virus%20can%20spread%20from,%2C%20

speak%2C%20sing%20or%20breathe (accessed 4 October 2024). 

47. Azuma K, Yanagi U, Kagi N, Kim H, Ogata M, Hayashi M. Environmental 

factors involved in SARS-CoV-2 transmission: effect and role of indoor envi-

ronmental quality in the strategy for COVID-19 infection control. Environ 

Health Prev Med. 2020; 25:66. doi: 10.1186/s12199-020-00904-2.

48. Pirie RS, Collie DD, Dixon PM, McGorum BC. Inhaled endotoxin and 

organic dust particulates have synergistic proinflammatory effects in equine 

heaves (organic dust-induced asthma). Clin Exp Allergy. 2003; 33(5):676-683.  

doi: 10.1046/j.1365-2222.2003.01640.x.

49. Douwes J, Thorne P, Pearce N, Heederik D. Bioaerosol health effects 

and exposure assessment: progress and prospects . Ann Occup Hyg.  

2003; 47(3):187-200. doi: 10.1093/annhyg/meg032.

50. Mackiewicz B, Prazmo Z, Milanowski J, Dutkiewicz J, Fafrowicz B. 

[Exposure to organic dust and microorganisms as a factor affecting respira-

tory function of workers of purebred horse farms]. Pneumonol Alergol Pol.  

1996; 64 Suppl 1:19-24. [Polish]. 

51. Bulfin K, Cowie H, Galea KS, Connolly A, Coggins MA. Occupational 

exposures in an equestrian centre to respirable dust and respirable crystal-

line silica. Int J Environ Res Public Health. 2019; 16(17):3226. doi: 10.3390/

ijerph16173226.

52. Wolny-Koładka K. Microbiological quality of air in free-range and box-

stall stable horse keeping systems. Environ Monit Assess. 2018; 190(5):269.  

doi: 10.1007/s10661-018-6644-0.

53. Bush AM, Westneat S, Browning SR, Swanberg J. Missed work due to 

occupational illness among Hispanic horse workers. J Agric Saf Health.  

2018; 24(2):89-107. doi: 10.13031/jash.12735.

54. Nowakowicz-Dębek B, Pawlak H, Wlazło Ł, Kuna-Broniowska I, Bis-

Wencel H, Buczaj A, et al. Evaluation of working conditions of workers 

engaged in tending horses. Ann Agric Environ Med. 2014; 21(4):718-722. 

doi: 10.5604/12321966.1129921.

55. Curtis L, Raymond S, Clarke A. Dust and ammonia in horse stalls with 

different ventilation rates and bedding. Aerobiologia. 1996; 12(1):239-247. 

doi: 10.1007/BF02248160.

http://www.occhealth.co.za



