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ABSTRACT
Background Veterinary medicine students who practice
with animals are potentially exposed to many
occupational agents, yet sensitisation and allergic
symptoms among this group have not been studied
extensively.
Objective The objective of this study was to estimate
the prevalence of sensitisation and allergic symptoms in
veterinary medicine students in association with study
specialisation over time.
Methods A questionnaire-based cross-sectional study
was conducted. Blood was collected and tested for total
and specific serum IgE for 16 different common
and study-specific allergens using enzyme immunoassay.
Results New development of self-reported allergic
symptoms to various allergens occurred in 8.7%, of
which 44% was deducted against animals. Handling farm
animals was strongly associated with self-reported
allergies to various allergens (OR¼6.9, 95% CI 1.9 to 25)
and animal allergens (OR¼12, 95% CI 1.4 to 103).
Sensitisation to at least one allergen occurred in 33.1%.
Sensitisation prevalence tended to be elevated in later
years of the equine study program. In contrast to
self-reported allergies, the prevalence of sensitisation to
any allergen decreased with prolonged study duration for
those specialising in farm animal health (years 3e5:
OR¼0.5, 95% CI 0.3 to 1.1; year 6: OR¼0.2, 95% CI 0.1
to 0.5). This was independent of whether people were
raised on a farm, which is in itself a protective factor for
allergy and sensitisation.
Conclusion This study provides evidence of an elevated
prevalence of allergic symptoms with increasing years of
veterinary study, suggesting that contact with animals,
more specifically contact to farm animals, is a risk factor
for the development of symptoms.

INTRODUCTION
Veterinarians and coworkers are potentially
exposed to various occupational hazardous agents
such as allergens shed by animals and
plants,1 microbial agents (eg, endotoxins)1e3 and
chemical agents (eg, disinfectants).4 Exposure to
animal-derived allergens are well known to induce
immediate (IgE-mediated) sensitisation5 and
development of respiratory, eye and skin symp-
toms, as well as allergic asthma.6e9 There are only
a few published studies describing allergic symp-
toms among veterinary populations.6 7 9e14 These
studies suggest that veterinary populations are at
risk of developing allergic sensitisation, allergic
rhinitis, conjunctivitis, asthma and dermatitis,

with prevalences ranging between 40% and 69% for
respiratory symptoms7 10 15 and 11% and 46% for
dermal symptoms.12e14

Studies among laboratory animal workers
exposed to rodents show that allergies can develop
within months after first exposure.16 17 This
prompted us to hypothesise that veterinary medi-
cine students, who come into contact with animals
during their education, might be at risk of devel-
oping allergy. We thus conducted a cross-sectional
investigation on the prevalence and self-reported
incidence of allergic symptoms in all veterinary
medicine students studying in the year 2006. In
addition, sensitisation to various allergens was
investigated. Since students follow specialisation-
specific study paths (individually kept animals,
equine, companion animals and farm animals), this
information could be used as a surrogate of expo-
sure to specific agents. The main objective of this
study was to explore the occurrence of self-reported
allergic symptoms and sensitisation among veteri-
nary medicine students in association with study
specialisation and study duration.

METHODS
Study design and population
For this cross-sectional investigation, all 1416
students who were registered as a veterinary
medicine student in 2006 at the Utrecht University
in the Netherlands were invited to participate
and asked to complete an internet-based
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What this paper adds

< Veterinary medicine students during practice
with animals can be potentially exposed to
many occupational agents, yet sensitisation and
allergic symptoms among this group have not
been studied extensively.

< This study provides evidence of an increased
prevalence of (allergic) symptoms with elevated
years of veterinary study, suggesting that
contact with animals is a risk factor for the
development of symptoms.

< Handling farm animals emerged as the strongest
risk factor for the onset of self-reported
symptoms.

< Since (allergic) symptoms are likely to occur
through veterinary practice, medical surveillance
should be considered throughout the studies.
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self-administrated questionnaire. Additionally, they were invited
to provide a 20 ml blood sample for serological IgE testing. Up to
two reminders were sent to non-responders.

Questionnaire
The questionnaire included questions on demographic charac-
teristics, history of and current contact with animals outside the
study program, growing up on a farm (farm childhood) and
smoking status. Information on previous and current contact
with animals besides animal contacts during the study was
ascertained for horse, farm animals (cow, sheep, pig, goat and
poultry) and some of the more important pet species (cat, dog
and rodent). A farm childhood was derived from the question
‘Did you live on a farm during childhood?’ Smoking status was
divided into current smokers, non-smokers and former smokers.

The health assessment part of the questionnaire addressed
questions on airway and allergic symptoms. Questions on
airway symptoms were adopted from the Dutch version of the
European Community Respiratory Health Survey question-
naire,18 and questions on allergic symptoms were ascertained as
previously,19 with the main question on allergy: ‘Are you sensi-
tive or allergic to one or more agents?’ If the answer was ‘yes’,
then the participants were asked to report whether they have
nose, eye, respiratory or skin symptoms to a possible list of
allergens, including animals, house dust or grass pollen. Infor-
mation on the time course of the allergy being before or after
starting the veterinary medicine study was ascertained. The self-
reported allergy was considered as new onset when the initia-
tion of the allergy was reported to occur after the veterinary
medicine study was started. Self-reported bronchial hyper-
responsiveness was defined as experiencing difficulties in
breathing in one of the following situations: fog, baking and
frying, change in temperature, freezing cold or smoke.19

As a potential risk factor, we studied the diversity and dura-
tion of specialisation within the veterinary medicine curriculum.
The veterinary curriculum was divided into two main cate-
gories: individually kept animals and farm animal health. After
the first and second year in these study directions, the curric-
ulum was subdivided into specialisation as companion animals
or equine for the individually kept animal direction and as
animal husbandry together with veterinary public health or
farm animals for the farm animal health direction. During
the third to fifth year within the specialisation, the students
have most theoretical and some practical courses. In the sixth
year of the specialisation, the students follow internships for
their specific study direction. The type of animals being
encountered mostly during the curriculum differed for the
different specialisations, being mainly cats and dogs for
companion animal specialisation, horses for equine specialisa-
tion and farm animals such as cows, sheep, goats, pigs and
poultry for farm animal health.

Total and specific serum IgE
Sera were stored at �208C until IgE analysis was performed.
Total serum IgE antibody was quantified using a sandwich
enzyme immunoassay as described previously.20 The results
were expressed in kilo units per litre. Enhanced total IgE was
defined as $100 kU/l. Specific serum IgE antibodies for 16
different allergensdincluding common allergens (house dust
mites, grass mixture (1:1 mixture of Lolium perenne and Phleum
pratense), birch pollen (Betula verrucosa), cat fur and dog fur),
laboratory or domestic animal allergens (rat urine, mouse urine,
budgerigar feather, guinea pig hair and skin scrape), horse
allergen (horse hair and dander), farm occupational allergens

(cow hair and dander, goat hair and skin scrape, pig feces, pig
skin scrape and chicken feces)dwere measured by means of
enzyme immunoassay as described elsewhere.20 This method
previously showed to be very well correlated to skin prick test
positivity, as well as to Phadiazym RAST.20 Serum was tested in
a 1:5 dilution. Sera with an optical density (OD) of 0.05 and
above, following correction for the OD of serum blank and OD
of reagent blank, were considered to contain specific IgE for the
tested allergen. Participants were considered to be sensitised to
an allergen group, for example, common allergens, domestic
allergens and farm animal allergens, if they tested positive for at
least one of the specific allergens within the group.

Statistical analysis
Total IgE levels were best described by a log normal distribution;
subsequently, geometric means and geometric SDs were calcu-
lated. Multiple logistic regression analysis was performed to
associate the prevalence of self-reported respiratory and skin
symptoms, self-reported allergy and sensitisation with different
exposure groups based on study specialisations over time. The
first 2 years of the specific study specialisations are the reference.
ORs and 95% CIs were calculated and adjusted for potentially
confounding variables including gender, smoking status and
farm childhood. All statistical analyses were performed with
SAS V.9.1 (Statistical Analysis Software; SAS Institute Inc).

RESULTS
Of the 1416 veterinary medicine students approached, 968
(68.4%) responded to the questionnaire, of which 673 (70.3%)
provided a blood sample aswell. Seven participants were excluded
for further analyses: three because they did not complete the
whole questionnaire and four because of a too small number in
their specific specialisation. Numbers and percentage of partici-
pants per study specialisation and phase are depicted in figure 1.
Table 1 presents the demographic characteristics of the study

population. The population was predominately women (80.3%).
Only 5.5% was older than 30 years (ranged from 18 to 47 years).
Current smokers were more likely to be men (16.4%) than
women (9.2%). Most subjects had previous or current contact
with animals outside the study program. About 25.8% of the
study population reported a history of allergy prior to
commencement of veterinary medicine study. This was inde-
pendent of study specialisation or gender (26.2% women and
24.7% men). Participants with a history of allergy were more
likely to provide a blood sample (27.8% vs 21.2%, p¼0.03). The
geometric means total IgE was 20.1 kU/l (geometric SDs 9.5),
with 24.2% of sera being above 100 kU/l.
The association between self-reported health symptoms and

categories of study specialisation is presented in table 2. The
most commonly reported symptom was rhinitis, with an overall
prevalence of 58.8%. The prevalence of various symptoms were
more likely to report in the higher years of study, particularly
during farm animal specialisation, compared with the reference
groups, except rhinitis where companion animal students
reported less symptom of rhinitis with increasing years of study
(years 3e5, OR¼0.7 (95% CI 0.5 to 1.0); year 6, OR¼0.5 (95%
CI 0.3 to 0.8)) compared with the reference group. Dermatitis
was reported more often during practice with animal husbandry
in years 3e5 (OR¼4.2 (95% CI 1.5 to 14)) and farm animals in
year 6 (OR¼2.4 (95% CI 1.7 to 8.5)) than the reference group.
Self-reported new-onset allergies (developed during the veter-

inary education) occurred in 8.7% of the population (men 9.0%
vs women 8.7%, table 3), with a tendency of higher prevalence
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with increasing years of study. Of those reporting allergic
symptoms to various allergens, 44% reported animal allergy,
with sneezing or runny nose as the most common symptoms
(59.4%). About 10.8% of those with animal allergy were also
allergic to grass and house dust, while 51.4% exclusively
reported animal allergy. Working with farm animals appeared to
be the strongest risk factor associated with self-reported symp-
toms of allergy to various allergens (OR¼6.9, 95% CI 1.9 to 25,
p<0.05) and to animal allergens (OR¼12, 95% CI 1.4 to 103,
p<0.05). Students in the final year of the companion animal or
equine specialisation also tended to report more often the
development of allergies.

Based on the serological evaluation, 33.1% of participants
appeared to be sensitised to at least one specific allergen
(table 4). Highest sensitisation prevalence was found for grass
pollen (16.2%) and house dust mite (12.9%). Sensitisation to
animal allergens was less common with the highest prevalence
for cow allergen (3.7%). Only 1.3% of all tested students were
sensitised to dog, and none were sensitised to chicken.

Presence of positive specific IgE to any allergen was dimin-
ished for participants in years 3e5 (overall: OR¼0.5, 95% CI 0.3

to 1.1, p<0.05) and in year 6 (overall: OR¼0.2, 95% CI 0.1 to 0.5,
p<0.05) of the farm animal specialisation compared with
the reference group (table 4). This is in contrast to the self-
perceived (allergic) symptoms (table 3). In the equine speciali-
sation group, participants in the sixth year were more likely to
be sensitised to horse allergen, albeit not being statistically
significant (p>0.05).
Growing up on a farm is in itself protective against sensitisation

to allergens (OR¼0.6, 95% CI 0.3 to 1.0). Nonetheless, adjusting
for farm childhood did not change the association between
allergic symptoms or sensitisation with study specialisations
and over time.
A substantial number of participants with new onset of self-

reported allergic symptoms did not have specific IgE. Of those
reporting allergic symptoms to various allergens or to specific
animal allergens, 47% and 77%, respectively, had no specific IgE,
suggesting an over-representation of self-perceived symptoms.
Conversely, 86.5% of sensitised individuals had no new self-
reported symptoms of allergy. This number is an overestimation
though, as those who reported symptoms prior to commence-
ment of veterinary medicine study were excluded in the anal-
yses. When taking into account self-reported symptoms before
the study, the number of participants with sensitisation who did
not report symptoms decreased to 38.3%.
Being sensitised to farm animals, horse, cat or dog allergens

was in itself strongly and positively associated with the preva-
lence of symptoms, including wheezing (in the last year or
without a cold), wheezing with shortness of breath, asthma
attack (ever, last year or diagnosed by doctor) and itchy and red
skin (range in ORs 2.3e15, p<0.05).

DISCUSSION
To the best of our knowledge, this is the first study to document
the prevalence of adverse health outcomes among veterinary
medicine students, in which the associations between self-
reported allergic symptoms and sensitisation determined by
specific IgE with study specialisations as a surrogate of specific
animal exposure have been investigated.
The overall prevalence of new-onset self-reported symptoms

of allergy to animals was 3.9% (n¼37). This figure should be
interpreted as an incidence as only new-onset allergic symptoms
were included. An incidence of 3.9% is lower than the 20%

Study population

n=1416

Phase: years 1–2

Questionnaire n=312 (32.5%)

Blood n=221 (70.8%)

Completed questionnaires

n=968 (response rate 68.4%)

Used questionnaires

n=961 (67.9%)

Consent to giving blood

n=673 (70.3%)

Phase: years 3–5

Questionnaire n=438 (45.5%)

Blood n=336 (76.7%)

Individually kept animals

Questionnaire n=225

Blood n=158 (70.2%)

Phase: year 6

Questionnaire n=211 (22%)

Blood n=116 (55.0%)

Equine

Questionnaire n=62

Blood n=45 (72.6%)

Animal husbandry

Questionnaire n=87

Blood n=63 (72.4%)

Equine

Questionnaire n=30

Blood n=12 (40%)

Companion animals

Questionnaire n=216

Blood n=163 (75.5%)

Companion animals

Questionnaire n=100

Blood n=53 (53%)

Animal husbandry + VPH

Questionnaire n=160

Blood n=128 (80%)

Farm animals

Questionnaire n=81

Blood n=51 (63%)

Figure 1 Flow diagram shows recruitment of the study population, number and relative proportion of participants in the different specialisations.
VPH, veterinary public health.

Table 1 Descriptive characteristics of study participants

Population characteristics
Total Giving blood Non-giving blood
961 673 (70%) 288 (30%)

Women, n (%) 772 (80.3) 539 (80.1) 233 (80.9)

Weight (kg), AM (SD) 68.5 (11.2) 68.3 (10.7) 69.1 (12.2)

Height (cm), AM (SD) 175 (8.3) 174 (8.2) 175 (8.5)

Age, AM (SD) 23.7 (3.7) 23.7 (3.6) 23.8 (3.8)

Smoking status

Current smoker, n (%) 102 (10.6) 69 (10.3) 33 (11.5)

Former smoker, n (%) 85 (8.8) 60 (8.9) 25 (8.7)

Non-smoker, n (%) 774 (80.5) 544 (80.8) 230 (79.9)

History of allergy

Yes, n (%) 248 (25.8) 187 (27.8) 61 (21.2)

Farm childhood

Yes, n (%) 110 (11.5) 25 (8.7) 85 (12.6)

Previous or current contact with animals outside the study

Horse, n (%) 648 (67.2) 451 (67.0) 195 (67.7)

Farm animals, n (%) 491 (51.1) 348 (51.7) 143 (50.0)

Pets, n (%) 938 (97.6) 659 (98.0) 279 (97.0)

AM, arithmetic mean.
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incidence, which has been reported for laboratory animal
sensitisation.21 This seems a plausible estimate though, because
participants in the early years of their education are involved
more in theoretical courses and consequently less in practical
work; thus, the exposure intensity and exposure frequency
is probably too low to induce the development of allergic
symptoms in early years.

We used study specialisation groups as a surrogate of exposure
and observed that the prevalence of self-reported symptoms of
allergy was elevated in later years, but the onset of self-reported
symptoms based on different study specialisation groups was
variable. Handling farm animals emerged as the strongest risk
factor for self-reported allergic symptoms to animals (11.1%).
This risk is lower than the 20% risk of laboratory animal allergy
among laboratory workers reported by a review study,5

suggesting that those participants without allergy at the end of
their education might still remain at a high risk of developing
allergy in their future career.

The widespread symptoms of sneezing or runny nose
(59.4%) among those with self-reported allergic symptoms to
animals are in line with previously reported symptoms in Cali-
fornian veterinarians (62%)7 and also similar to the figure
reported for swine veterinarians (69%).10 Symptoms of itchy
and red skin attributed to animals were less likely to occur
(2.3%) similarly as reported for Californian veterinarians (11%).7

The comparison should be interpreted with caution as we
only included new-onset symptoms compared with the overall
prevalence in the Californian study. The animals that were most
commonly implicated in causing itchy and red skin were
farm animals, followed by cat and dog. These findings are
consistent with those reported earlier by Susitaival et al.7

Dermatitis might partially occur due to contact with animal
dander resulting in urticaria.22 Urticaria derived from cow
dander has been reported as a major cause of occupational
dermatitis among veterinarians before. Furthermore, dermatitis
could be partially associated with the use of gloves13 and
antibiotics.23

The allergy prevalence noticeably differs whether derived by
questionnaire or serological assessment.5 A high number of
participants with newly self-reported allergic symptoms
without evidence of positive IgE are in line with what has been
reported previously.16 19 Veterinarians are very likely exposed to
proinflammatory agents such as bacterial endotoxin and fungal
b-(1e3)glucan, as well as irritant agents such as ammonia and
disinfectants in animal houses.1 2 24 Therefore, it is reasonable to
assume that reported allergic symptoms without IgE could also
be caused by these agents and thus might be mediated through
other than type II allergic mechanisms. We also found
a substantial number of sensitised individuals (38.3%) without
self-reported symptoms of allergy, either before or after starting
veterinary medicine study. This observation is in agreement
with a previous study.19 However, sensitised participants
without any symptoms are known to be more prone to develop
symptoms in the near future.25

In the present study, cat sensitisation was the most prevalent
animal sensitisation (4.2%), with a lower sensitisation risk for
dog (1.3%). The pattern of sensitisation to cat is known to be
inconsistent among cat owners in comparison with those people
without having cat.26 In contrast to cat owners, sensitisation
risk for dog is consistently reduced among dog owners.26

Although most animals treated in the companion animal
hospital were dogs ($95%) and, to a lesser extent, cats (<5%),
less sensitisation to dogs and more sensitisation to cats in the
present study support earlier studies and might probably reflect

previous contacts with cats and dogs since 97% of the study
population had previous contact with cats and/or dogs.
We found an inverse risk of sensitisation in the study

specialisations of animal husbandry (years 3e5) and farm
animals (year 6) compared with the reference group, while the
prevalence of self-reported symptoms was elevated. Previous
studies described tolerance associated with IgG and IgG4 anti-
body responses to animal allergens,27 28 consequently specific IgE
antibodies against animal allergens could not be detected.
However, a longitudinal study is needed to investigate the
relationship between exposure to specific animal allergens and
risk of sensitisation.
Several important limitations of this study need to be

considered. Two of the participants in this study changed study
specialisation during the course of their education because they
had been seriously affected by allergy. This might be an under-
estimation because participants with allergy that completely
end their education might not be included.29 Most of the
participants in this study have had previous and/or current
contact with animals, especially domestic animals, besides the
study program. As a result, it is difficult to distinguish between
the exposure to animals through the study program and the
exposure outside the study program in association with the
development of allergy.
Participation bias needs to be considered. Although partici-

pants with a history of allergy more likely provided a blood
sample than those without a history of allergy, this suggests
a possible source of bias in the sensitisation part of this cross-
sectional study. However, as the relative number of participants
with history of allergy who provided a blood sample was the
same for the different study durations, the association between
sensitisation and study over time is not affected. For some
specialisation groups, the number of participants sensitised or
reporting allergic symptoms was low, limiting our ability to
estimate associations over time. The self-reported time course of
symptoms might be a source of bias as well due to misclassifi-
cation of the time of initiation of symptoms. How this would
have affected the outcomes cannot be said.
However, known factors previously associated with enhanced

or decreased sensitisation such as enhanced total IgE and
growing up on a farm behaved similarly in the current study.
Enhanced total IgE $100 kU/l was strongly associated with
sensitisation as in other studies demonstrating enhanced total
IgE as a strong determinant for sensitisation.19 21 30 Farm
childhood exposure was associated with a reduced risk of self-
reported allergy or sensitisation in adulthood. There is consistent
evidence for this finding as illustrated for French farmers,31

Danish farmers32 and Dutch farmers.33 This suggests that
veterinary medicine students with an earlier exposure to farm
environments might be protected from developing allergy,
although current farm animal exposure still is associated with
an increased risk to report respiratory symptoms. A similar
paradoxical finding had been reported for Dutch agricultural
population previously.33

CONCLUSIONS
The findings of this study provide evidence of an increased
prevalence of (allergic) symptoms with elevated years of veter-
inary study, proposing that contact with animals, more specifi-
cally contact to farm animals, is a risk factor for developing
symptoms. There is still a need for further investigation to
determine the incidence of sensitisation and allergic symptoms
in a follow-up study and also to find out a doseeresponse
relationship between bioaerosol exposure and health outcomes.

54 Occup Environ Med 2012;69:48e55. doi:10.1136/oem.2010.064089

Workplace

 group.bmj.com on December 8, 2011 - Published by oem.bmj.comDownloaded from 

http://oem.bmj.com/
http://group.bmj.com/


Acknowledgements We are grateful to all participants. We thank Lützen
Portengen for advice on data analysis, as well as Manon Bogaerts and Lot Bannink
for their assistance in data collection.

Competing interests None.

Patient consent Obtained.

Ethics approval This study was conducted with the approval of the ethical
committee of the Utrecht University (record number 06/076).

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1. Samadi S, Heederik DJ, Krop EJ, et al. Allergen and endotoxin exposure in

a companion animal hospital. Occup Environ Med 2010;67:486e92.
2. Samadi S, Wouters IM, Houben R, et al. Exposure to inhalable dust, endotoxins,

{beta}(1->3)-glucans, and airborne microorganisms in horse stables. Ann Occup
Hyg 2009;53:595e603.

3. Elbers AR, de Vries M, van Gulick PJ, et al. Veterinary practice and occupational
health. An epidemiological study of several professional groups of Dutch
veterinarians. II. Peak expiratory flow variability, dust and endotoxin measurements,
use of respiratory protection devices, and time distribution of professional activities.
Vet Q 1996;18:132e6.

4. Meggs WJ. Chemical hazards faced by animal handlers. Occup Med
1999;14:213e24.

5. Hunskaar S, Fosse RT. Allergy to laboratory mice and rats: a review of the
pathophysiology, epidemiology and clinical aspects. Lab Anim 1990;24:358e74.

6. Krakowiak A, Wiszniewska M, Krawczyk P, et al. Risk factors associated with
airway allergic diseases from exposure to laboratory animal allergens among
veterinarians. Int Arch Occup Environ Health 2007;80:465e75.

7. Susitaival P, Kirk JH, Schenker MB. Atopic symptoms among California
veterinarians. Am J Ind Med 2003;44:166e71.

8. Bush RK, Stave GM. Laboratory animal allergy: an update. ILAR J 2003;44:28e51.
9. Lutsky I, Baum GL, Teichtahl H, et al. Occupational respiratory disease in

veterinarians. Ann Allergy 1985;55:153e6.
10. Andersen CI, Von Essen SG, Smith LM, et al. Respiratory symptoms and airway

obstruction in swine veterinarians: a persistent problem. Am J Ind Med
2004;46:386e92.

11. Tielen MJ, Elbers AR, Snijdelaar M, et al. Prevalence of self-reported respiratory
disease symptoms among veterinarians in the Southern Netherlands. Am J Ind Med
1996;29:201e7.

12. Leggat PA, Smith DR, Speare R. Hand dermatitis among veterinarians from
Queensland, Australia. Contact Dermatitis 2009;60:336e8.

13. Susitaival P, Kirk J, Schenker MB. Self-reported hand dermatitis in California
veterinarians. Am J Contact Dermat 2001;12:103e8.

14. Tauscher AE, Belsito DV. Frequency and etiology of hand and forearm dermatoses
among veterinarians. Am J Contact Dermat 2002;13:116e24.

15. Poole JA, LeVan TD, Slager RE, et al. Bronchodilator responsiveness in swine
veterinarians. J Agromedicine 2007;12:49e54.

16. Elliott L, Heederik D, Marshall S, et al. Incidence of allergy and allergy symptoms
among workers exposed to laboratory animals. Occup Environ Med
2005;62:766e71.

17. Kruize H, Post W, Heederik D, et al. Respiratory allergy in laboratory animal workers:
a retrospective cohort study using pre-employment screening data. Occup Environ
Med 1997;54:830e5.

18. Burney PG, Luczynska C, Chinn S, et al. The European community respiratory health
survey. Eur Respir J 1994;7:954e60.

19. Hollander A, Doekes G, Heederik D. Cat and dog allergy and total IgE as risk factors
of laboratory animal allergy. J Allergy Clin Immunol 1996;98:545e54.

20. Doekes G, Douwes J, Wouters I, et al. Enzyme immunoassays for total and allergen
specific IgE in population studies. Occup Environ Med 1996;53:63e70.

21. Krop EJ, Heederik DJ, Lutter R, et al. Associations between pre-employment
immunologic and airway mucosal factors and the development of occupational
allergy. J Allergy Clin Immunol 2009;123:694e700. 700.e1e3.

22. Amaro C, Goossens A. Immunological occupational contact urticaria and contact
dermatitis from proteins: a review. Contact Dermatitis 2008;58:67e75.

23. Gielen K, Goossens A. Occupational allergic contact dermatitis from drugs in
healthcare workers. Contact Dermatitis 2001;45:273e9.

24. Kullman GJ, Thorne PS, Waldron PF, et al. Organic dust exposures from work in
dairy barns. Am Ind Hyg Assoc J 1998;59:403e13.

25. Botham PA, Lamb CT, Teasdale EL, et al. Allergy to laboratory animals: a follow-up
study of its incidence and of the influence of atopy and pre-existing sensitisation on
its development. Occup Environ Med 1995;52:129e33.

26. Simpson A, Custovic A. Pets and the development of allergic sensitization. Curr
Allergy Asthma Rep 2005;5:212e20.

27. Platts-Mills TA, Vaughan JW, Blumenthal K, et al. Serum IgG and IgG4 antibodies
to Fel d 1 among children exposed to 20 microg Fel d 1 at home: relevance of a non-
allergic modified Th2 response. Int Arch Allergy Immunol 2001;124:126e9.

28. Portengen L, de Meer G, Doekes G, et al. Immunoglobulin G4 antibodies to rat
urinary allergens, sensitization and symptomatic allergy in laboratory animal workers.
Clin Exp Allergy 2004;34:1243e50.

29. Monso E, Malo JL, Infante-Rivard C, et al. Individual characteristics and quitting in
apprentices exposed to high-molecular-weight agents. Am J Respir Crit Care Med
2000;161:1508e12.

30. Jang JH, Kim DW, Kim SW, et al. Allergic rhinitis in laboratory animal workers and
its risk factors. Ann Allergy Asthma Immunol 2009;102:373e7.

31. Leynaert B, Guilloud-Bataille M, Soussan D, et al. Association between farm
exposure and atopy, according to the CD14 C-159T polymorphism. J Allergy Clin
Immunol 2006;118:658e65.

32. Portengen L, Sigsgaard T, Omland O, et al. Low prevalence of atopy in young Danish
farmers and farming students born and raised on a farm. Clin Exp Allergy
2002;32:247e53.

33. Smit LA, Zuurbier M, Doekes G, et al. Hay fever and asthma symptoms in
conventional and organic farmers in The Netherlands. Occup Environ Med
2007;64:101e7.

OEM online

Visit OEM online for free editor’s choice articles, top ten articles, online archive, blogs and online
first articles. Keep informed and up to date by registering for electronic table of contents at oem.
bmj.com.

Occup Environ Med 2012;69:48e55. doi:10.1136/oem.2010.064089 55

Workplace

 group.bmj.com on December 8, 2011 - Published by oem.bmj.comDownloaded from 

http://oem.bmj.com/
http://group.bmj.com/


doi: 10.1136/oem.2010.064089
2011

 2012 69: 48-55 originally published online May 31,Occup Environ Med
 
Sadegh Samadi, Jack Spithoven, Ali-Reza Jamshidifard, et al.
 
in The Netherlands
Allergy among veterinary medicine students

 http://oem.bmj.com/content/69/1/48.full.html
Updated information and services can be found at: 

These include:

References
 http://oem.bmj.com/content/69/1/48.full.html#ref-list-1

This article cites 33 articles, 10 of which can be accessed free at:

service
Email alerting

the box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on December 8, 2011 - Published by oem.bmj.comDownloaded from 

http://oem.bmj.com/content/69/1/48.full.html
http://oem.bmj.com/content/69/1/48.full.html#ref-list-1
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://oem.bmj.com/
http://group.bmj.com/

