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Abstract
Objective Working with animals is characterized by exposure to particulate, biological or chemical matter, and respiratory 
complaints are common. The aim of our cross-sectional study was to assess the prevalence of respiratory symptoms and 
diagnoses among veterinary staff.
Methods Participants working in veterinary practices were examined and a detailed questionnaire was used to collect data. 
IgE tests to common and animal allergens were performed to specify sensitization. Associations with respiratory outcomes 
were analysed using logistic regression models while controlling for potential confounders.
Results Atopy was seen in 31% of the 109 female participants. Symptoms of rhinoconjunctivitis were the most frequent 
complaints (n = 92; 84%). In 18% the diagnosis was confirmed by physicians. Symptoms of upper and lower airways were 
highly correlated and an asthma diagnosis was confirmed in 11% of participants. Modelling revealed that sensitization against 
cats/dogs was a significant risk factor for respiratory symptoms of upper [odds ratio (OR) 4.61; 95% confidence interval (CI) 
1.13–18.81] and lower airways (OR 5.14; 95% CI 1.25–21.13), physician-confirmed rhinoconjunctivitis (OR 13.43; 95% CI 
1.69–106.5) and asthma (OR 9.02; 95% CI 1.16–70.39) in assistant staff of small-animal practices.
Conclusions In several cases, rhinoconjunctivitis worsened after entering the profession. Atopy and specific sensitization to 
cats/dogs were risk factors for health impairments. Thus, to implement preventive measures, veterinary practice staff should 
be educated that upper respiratory tract symptoms are not harmless and should be diagnosed and treated early.
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Introduction

Veterinary medicine workers have an increased risk of sen-
sitization, development of allergies, and occupational res-
piratory disease as a result of the field’s many and varied 
sources of exposure (Lutsky et al. 1985; Samadi et al. 2013). 
Respiratory diseases can be classified as allergic and non-
allergic based on inflammatory mechanisms. Allergic rhini-
tis and allergic asthma are two well-known allergic respira-
tory diseases that may occur due to handling animals (Elbers 
et al. 1996). In rather rarer cases, hypersensitivity pneumo-
nitis (HP) may be induced through inhalation of fungi- or 
animal-derived compounds (Kozak et al. 2012). On the other 
hand, exposure to irritative or toxic agents may result in non-
allergic rhinitis, non-allergic asthma, bronchitis, and chronic 
obstructive pulmonary disease (COPD) (Tielen et al. 1996; 
Guerra 2005).

In Germany, 1016 occupational diseases were reported 
among employees in veterinary practices between 2007 and 
2011, with occupational asthma induced by allergens ranked 
as the second most common occupational disease (28.8%) 
(Kozak et al. 2012). Veterinary assistants, like veterinarians, 
should be particularly considered when investigating aller-
gen-induced occupational asthma (Nienhaus et al. 2005).

Studies have reported that among veterinarians the prev-
alence of symptoms ranges from 11% to 46% for dermal 
symptoms and from 40% to 60% for respiratory symptoms 
(Samadi et al. 2013). Specifically those working in large-ani-
mal practices or with farm animals and horses were reported 
to have an elevated risk of developing respiratory symptoms 
(Tielen et al. 1996; Samadi et al. 2013). In addition to the 
specific exposure conditions on site, personal characteris-
tics, such as an atopic status and their private environment 
were also considered influencing factors for the development 
of respiratory complaints (Boulay & Boulet 2003; Samadi 
et al. 2012a). Overall, the current data on sensitization rates 
with regard to workplace-related or ubiquitous allergens and 
the prevalence of allergic symptoms of the upper and lower 
respiratory tract in veterinary medical staff are scarce or not 
available.

The main objective of this cross-sectional study con-
ducted on veterinary staff was to evaluate self-reported 
respiratory symptoms and diseases, and serologically based 
sensitization. In addition, exposure assessment was included 
as part of the study design, and performed in the rooms of 
each practice, as well as the private homes of the partici-
pants, as described separately in detail (Zahradnik et al. 
2021). Our examinations provide relevant information about 
upper and lower respiratory symptoms, which do not neces-
sarily have to be associated with an allergic disease, taking 
into account the duration of the professional activity and the 
individual predisposition to atopy.

Methods

Participants and study design

The study was approved by a local Ethics Committee of 
the Ruhr University Bochum (registration number 17-6022) 
and was performed in accordance with the Declaration of 
Helsinki.

Information about the project and the first contact with 
the veterinary practices was primarily made by the Insti-
tution for Statutory Accident Insurance and Prevention in 
the Health and Welfare Services (BGW) and via announce-
ments in various professional journals. Predominantly, vet-
erinary practices located within a radius of about 50 km 
from Bochum (Germany) were included. Subsequently, 
practices within 75–100 km were contacted and subjects 
were recruited to reach the primary target number of 100 
assistants. The owners of the practices were asked to inform 
their employees and motivate them to participate in the study 
and also to allow the exposure measurements in their prac-
tices. After obtaining the consent, the examinations were 
carried out on the voluntary study participants at the prem-
ises of the IPA. All study participants (n=122) gave written 
informed consent and received financial compensation for 
their participation.

Questionnaire

A detailed questionnaire was used to collect data on the par-
ticipant’s own and family history, allergic diseases in child-
hood and adolescence, as well as smoking habits and private 
animal contact. The overall time spent in veterinary medi-
cine as a doctor or an assistant (profession years) and the 
employment in the practice under investigation (employment 
years) were assessed. Questions related to working condi-
tions included the type of practice (small or large animals) 
and occupational animal contact in detail. In addition, during 
the examination current symptoms were recorded by a doc-
tor’s interview. Questions concerning allergic rhinitis were 
taken from the European Community Respiratory Health 
Survey (ECRHS) and answers to those questions were used 
in different symptom scores as described in the following 
paragraph (Janson et al. 2001).

Rhinitis and conjunctivitis were defined by symptoms 
indicating irritation of nose or eyes (Hoffmeyer et al. 2014). 
Questions comprised runny nose, nasal congestion, itching 
nose, sneezing, and phlegm in the pharynx or watering eyes, 
burning and itching eyes. Answers to the questions were 
rated according to intensity of symptoms: 0 (no), 1 (weak), 
2 (mild), and 3 (strong). The affirmative answers were inte-
grated into additive symptom scores in the range of 0–15 
(rhinitis, upper airways) and 0–6 (conjunctivitis). The sum 
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of the conjunctivitis and rhinitis scores was termed rhino-
conjunctivitis score (range 0–21). Symptoms of the lower 
airways were also rated according to intensity (0 to 3) and 
the additive score (up to 9) comprised the symptoms cough-
ing or wheezing, excess phlegm or sputum and shortness 
of breath. Finally, the current prevalence with respect to a 
definitive doctor’s diagnosis was assessed for allergic rhini-
tis and asthma. Information was also obtained on the timing 
of the onset of respective symptoms in relation to the begin-
ning of working as a veterinarian doctor or assistant. The 
relationship between work and respiratory symptoms was 
also addressed by asking whether symptoms have worsened 
at work in their cumulative occurrence or intensity.

IgE determination

Measurements of total IgE and specific IgE to cat dander 
(e1), dog dander (e5), horse dander (e3), and the house 
dust mite (HDM) Dermatophagoides pteronyssinus (d1) 
were performed using ImmunoCAP 250 (ThermoFisher-
Scientific, Uppsala, Sweden). Additionally, atopy status 
was determined with the inhalation allergy screening tool, 
sx1 (including Dermatophagoides pteronyssinus, cat and 
dog dander, timothy grass pollen, rye grass pollen, Clad-
osporium herbarum, birch pollen, mugwort pollen). Specific 
IgE values ≥ 0.35 kU/L were considered positive.

Statistical analysis

Mean and standard deviation (SD) or median and inter-
quartile range (IQR) were used to report measures of cen-
tral tendency and dispersion of normally or non-normally 
distributed variables, respectively. Comparisons of strati-
fied variables across two groups were done using t test or 
Mann–Whitney U test, as appropriate. The Kruskal–Wallis 
test was applied to compare more than two groups for a non-
normally distributed variable.

Two-by-two contingency tables were analysed using 
Fisher’s exact test, bigger contingency tables were analysed 
with Pearson chi-squared test unless the expected cell counts 
of less than 5 comprised 25% or more of a table, in which 
case Fisher’s exact test was applied. Influences of profes-
sion and specific sensitization on respiratory symptoms and 
diseases were estimated. For a dependent dichotomous vari-
able, like the presence of confirmed rhinoconjunctivitis and 
asthma, a logistic regression model (logit model) was used. 
To adjust for potential confounding, personal characteristics 
(age and smoking) known to affect respiratory symptoms 
and diseases were added to the model. We used a maximum 
likelihood approach and the iteratively reweighted least 
squares algorithm (Fisher scoring) to fit the different logis-
tic regression models. For validation purposes, we used the 

Newton–Raphson algorithm instead of Fisher scoring, which 
led in all cases to very similar results (data not shown).

Symptom scores were categorized as follows and cumu-
lative logit models were applied to predict the ordinal 
responses: rhinoconjunctivitis score, four categories “0”, 
“1–3”, “4–6”, and “≥7”; lower airway score, three categories 
“0”, “1–2”, and “≥3”. The association between lower and 
upper airway score values were analysed with Spearman’s 
rank correlation. The association between age and job dura-
tion is presented as squared Pearson correlation coefficient 
r2.

p values <0.05 were considered statistically significant, 
though for interpretation it should be noted that no correc-
tion for multiple comparisons was applied. The statistical 
analysis was performed with SAS, version 9.4 (SAS Insti-
tute, Inc. Cary, NC). The graphs were made with GraphPad 
Prism, version 8.4.1 (GraphPad Software, Inc., La Jolla, 
CA).

Results

Participating practices

Primarily, 174 eligible practices located within a radius of 
50 km were contacted. Of these, 26 owners (15%) agreed to 
participate and 80 subjects could be motivated for the study. 
After expanding the radius, an additional 42 subjects from 
19 practices were recruited. The recruitment was stopped 
after examination of 103 assistants (and 19 veterinarians).

Subject characteristics

One hundred twenty-two participants in total were recruited 
for the study. Male participants were excluded due to their 
overall small number (n =12). Of the 12, 5 were veterinar-
ians, 7 were assistants, and all but one worked in a practice 
treating only small animals. In addition, 1 female belong-
ing to the assistant staff of a small-animal practice had to 
be excluded from further analyses due to an incomplete 
dataset. Characteristics, including serological parameters 
of the female participants with complete dataset (n = 109) 
stratified according to job title and practice speciality are 
shown in Table 1. No significant differences were observed 
concerning the anthropometric measures of the assistant 
staff working in small animal (group A), or mixed or large 
animal practices (group B). The duration of profession was 
similar in both groups with a median of 7 years. In contrast, 
the female veterinarians (group C) were significantly older 
(p < 0.0001), longer in profession (p = 0.004), and—though 
not significant—were less frequent current smokers (p = 
0.121) compared to the assistant staff (groups A and B). 
Atopy, with respect to sx1 level, was identified in groups 
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A, B, and C with a prevalence of 33.7%, 16.7%, and 28.6%, 
respectively. Sensitization to animals were most frequent for 
cats (n = 13; 11.9%) and dogs (n = 10; 9.2%) and compa-
rable among all three subgroups. The majority of subjects 
were sensitized to both cats and dogs (n = 9; 8.3%) result-
ing in a sensitization against cats and/or dogs (cats/dogs) 
in 14 of 109 subjects analysed (12.8%). One subject dem-
onstrated slightly elevated specific IgE levels to cat dander 
(0.44 kU/L) without being defined as atopic. Sensitization 
to horse allergens was detected in three subjects (2.8%), all 
of whom were co-sensitized to cat dander. Assistant staff 
and veterinarians working in small-animal practices showed 
enhanced sIgE levels to HDM in 13.3% (group A) and 14.3% 
(group C), respectively; whereas, no sensitization could be 
detected against HDM among the assistant staff working 
in other practices (group B). Veterinary medical staff were 
often pet owners (81.7%), e.g. dog 51.4%, cat 43.1%, and 
both 16.5%. In addition, 28.4% of the staff reported private 
contact with horses.

Symptoms and physician‑confirmed diagnoses

Results on symptoms of the upper and lower respiratory 
tracts and physician-confirmed diagnoses are given in 
Table 2. The prevalence rates and frequencies for assistant 
staff in small-animal practices were 51.8% (n = 43) for con-
junctivitis, 88.0% (n = 73) for rhinitis and 49.4% (n = 41) 
for lower airway symptoms. Assistant staff in the mixed or 
large-animal practices reported comparable levels of these 
symptoms, e.g. 41.7% (n = 5), 83.3% (n = 10), and 25.0% 
(n = 3), respectively. All subjects reporting signs of conjunc-
tivitis also complained about rhinitis. Thus, the number of 
people with rhinoconjunctivitis (rhinitis and/or conjunctivi-
tis) symptoms corresponded to the number of people with 
rhinitis; in minor cases subjects primarily complained about 
affected eyes. Among the small-animal practice staff, 20.8% 
(n = 16) of assistants (Group A) and 14.3% (n = 2) of veteri-
narians (Group C) were officially diagnosed with rhinocon-
junctivitis by a physician. Asthma was diagnosed in 13.0% 
(n = 10) and 7.7% (n = 1) in both groups, respectively. 

Table 1  Characteristics of the participating females stratified by job title and type of practice

p value for group A vs group B vs group C, IQR interquartile range, HDM house dust mite (Dermatophagoides pteronyssinus)
sx1 and sIgE: specific IgE data are frequencies of values ≥ 0.35 kU/L,  sIgE concentrations are presented as median with IQR, for up to n = 3 
subjects individual results are given

All; n = 109 Group A; n = 83 Group B; n = 12 Group C; n = 14 p value
Job title Assistant staff Assistant staff Veterinarians

Type of practice Small animals Mixed or large animals Small animals

Age (years)
 [median (IQR)]

31.0 (25.5; 43.0) 29.0 (25.0; 38.0) 27.5 (19.3; 40.8) 47.5 (42.3; 54.3)  < 0.0001

Smoking habits
 Current (n/%) 33/30.3% 29/34.9% 3/25.0% 1/7.1% 0.121
 Former (n/%) 13/11.9% 11/13.3% 0 2/14.3%
 Never (n/%) 63/57.8% 43/51.8% 9/75.0% 11/78.6%

Profession (years) [median (IQR)] 7.4 (3.3; 17.3) 6.8 (3.2; 15.2) 6.7 (2.4; 22.0) 18.3 (11.5; 24.8) 0.004
Employment (years) [median (IQR)] 4.0 (1.8; 11.3) 3.3 (1.8; 8.9) 6.7 (2.4; 22.0) 12.5 (5.2, 19.3) 0.017
sx1
 (n/%) 34/31.2% 28/33.7% 2/16.7% 4/28.6% 0.500
 (kU/L) 3.64 (0.61; 14.76) 3.64 (0.64; 17.28) 1.56; 5.42 3.96 (0.43; 35.83)

sIgE cat
  (n/%) 13/11.9% 10/12.1% 1/8.3% 2/14.3% 0.884
 (kU/L) 1.66 (0.90; 12.16) 1.54 (0.96; 11.43) 2.13 0.44; 49.04

sIgE dog 
 (n/%) 10/9.2% 7/8.4% 1/8.3% 2/14.3% 0.737
 (kU/L) 1.70 (0.56; 2.85) 1.95 (0.49; 2.76) 1.45 0.71; 3.12

sIgE horse
  (n/%) 3/2.8% 1/1.2% 1/8.3% 1/7.1% 0.141
 (kU/L) 1.05; 2.51; 4.44 2.51 1.05 4.44

sIgE HDM 
 (n/%) 13/11.9% 11/13.3% 0 2/14.3% 0.590
 (kU/L) 1.37 (0.78; 12.87) 1.37 (0.97;12.24) 0.58; 17.42
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Assistant staff of mixed or large animal practices (Group 
B) reported no physician-confirmed diagnosis of rhinocon-
junctivitis or asthma.

A high percentage of the respiratory diseases were work-
related, e.g. aggravation of rhinoconjunctivitis was reported 
in 56.3% of the affected subjects in group A (n = 9) and 
all subjects in group C (n = 2); aggravation of asthma was 
work-related in 50% (n = 5) of the cases in group A. The 
incidence rates of new-onset respiratory diseases that could 
be attributed to work were 2.4% (n = 2) and 7.1% (n = 1) 
for rhinoconjunctivitis, and 6.0% (n = 5) and 7.1% (n = 1) 
for asthma in groups A and C, respectively.

Respiratory symptoms and atopy

The results described above demonstrate a high prevalence 
of eye and even higher number of nose complaints, sug-
gesting underlying rhinoconjunctivitis. To verify this, we 
compared these complaints (rhinoconjunctivitis score) with 
the doctor’s diagnosis of rhinoconjunctivitis. Since irrita-
tive and allergic influences can be the causative factors of 
this complex of complaints, we tested the hypothesis that 
atopy influences the severity of respiratory symptoms. Fig-
ure 1A shows the severity of symptoms depending on the 
presence of atopy in subjects with physician-confirmed rhi-
noconjunctivitis among the veterinary staff. Subjects with 
an official rhinoconjunctivitis diagnosis had significantly 
more symptoms (stratified by RC score) than those without 
(p = 0.0005). The majority of subjects with rhinoconjunc-
tivitis were also classified as atopics (16 of 18; 88.9%), and 
atopics had a significantly higher RC score than non-atopics 
(p = 0.004). In the absence of a disease diagnosis, fewer 
symptoms were reported, which showed no significant dif-
ferences in relation to atopy status (p = 0.246).

Accordingly, complaints of the lower airways were ana-
lysed with respect to underlying asthma (physician-con-
firmed diagnosis) and atopy (Fig. 1B). Again, those with 

physician-confirmed disease reported significantly more 
symptoms (p < 0.0001), which was independent of a posi-
tive or negative atopic classification. Although only eleven 
participants in total suffered from asthma, more than a third 
were non-atopics. Regardless of atopy status, however, 
there was a significant correlation between the upper and 
lower respiratory symptoms reported (Spearman correlation 
r=0.573; p < 0.0001; data not shown). Lower airway symp-
toms like cough, phlegm, and shortness of breath are also 
typical for chronic bronchitis or COPD resulting from smok-
ing. Interestingly, the intensity of lower airway symptoms 
did not differ between never, former, and current smoker 
(Kruskal–Wallis test, p = 0.582). After additionally strati-
fying for atopy status, elevated lower airway scores were 
observed in atopics regardless of smoking habits. In par-
ticular, respiratory tract symptoms were reported more fre-
quently by the never smoking but atopic subjects compared 
to the smoking non-atopics (p = 0.058) (Fig. 2).

Duration of profession and atopy

The results above indicated an increased incidence of respir-
atory complaints and manifest (diagnosed) upper and lower 
respiratory diseases in the presence of atopy (serological 
sensitization to common allergens, sx1). The median job 
duration for non-atopic and atopic subjects was 8.3 and 6.7 
years, respectively (p = 0.195). With respect to the total 
group of participants included in this evaluation (n = 109), 
57.8% of the subjects were employed for less than 10 years 
(non-atopic 35.8%/ atopic 22.0%) and 42.2% for more than 
10 years (non-atopic 33.0%/ atopic 9.2%). Thus, it appears 
that individuals identified as atopic tended to have shorter 
periods of employment. There was also no real difference 
in age between non-atopic (32.0; IQR 26.0–45.0 years) and 
atopic participants (27.5; IQR 24.0–40.0 years) (p = 0.222). 
A significant correlation (p < 0.0001 each) was observed 

Table 2  Allergic and respiratory symptoms and physician-confirmed diagnoses stratified by job title and type of practice

Conjunct. conjunctivitis, AW airways, RC rhinoconjunctivitis
RC diagnosis: results reduced for group A (n = 77) and group B (n = 9) due to missing values
Asthma diagnosis: results reduced for group A (n = 77), group B (n = 10), and group C (n = 13) due to missing values

All; n = 109 Group A; n = 83 Group B; n = 12 Group C; n = 14 p value
Job title Assistant staff Assistant staff Veterinarians

Type of practice Small animals Mixed or large animals Small animals

Conjunct. sympt. (n/%) 53/48.6% 43/51.8% 5/41.7% 5/35.7% 0.472
Rhinitis sympt. (n/%) 92/84.4% 73/88.0% 10/83.3% 9/64.3% 0.070
Rhinoconjunct. sympt. (n/%) 92/84.4% 73/88.0% 10/83.3% 9/64.3% 0.070
Lower AW sympt. (n/%) 52/47.7% 41/49.4% 3/25.0% 8/57.1% 0.215
RC diagnosis (n/%) 18/18.0% 16/20.8% 0 2/14.3% 0.349
Asthma diagnosis (n/%) 11/11.0% 10/13.0% 0 1/7.7% 0.736
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between age and job duration for all (r2=0.607), non-atopic 
(r2=0.627), and atopic subjects (r2=0.579; data not shown).

Modelling of personal and occupational factors 
related to symptoms and diseases

To further explore the relationship between personal char-
acteristics, respiratory symptoms and diseases, multiple 

Fig. 1  Symptom scores 
in employees stratified by 
physician-confirmed diagnosis 
and atopy [A rhinoconjunctivi-
tis (RC) score and diagnosis, B 
lower airway score and asthma 
diagnosis]. RC rhinoconjunc-
tivitis (nine subjects were 
unsure about the diagnosis and 
excluded from the analysis). 
AW airway (nine subjects were 
unsure about the diagnosis and 
excluded from the analysis). 
Boxes comprise the 25th and 
75th percentiles and the median 
values, vertical bars show the 
5th and 95th percentiles, and 
circles represent values outside 
of the given percentiles. Only p 
values for statistically signifi-
cant differences are presented 
above the box plots, based 
on Mann–Whitney U test. 
Physician-confirmed diagnosis: 
no white bars; yes filled bars, 
atopy: no horizontal hatching; 
yes vertical hatching
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logistic regression models were applied (Table 3). Instead 
of atopy in general, we used specific sensitization for model-
ling. As shown in Table 3A, higher age was associated with 
a significantly elevated odds ratio (OR) for symptoms of 
lower airways (OR 1.98; 95% CI 1.24–3.17), and confirmed 
rhinoconjunctivitis (OR 2.31; 95% CI 1.10–4.88). There was 
also a trend for an association with asthma (OR 1.85; 95% 
CI 0.91–3.77). For participants working between 5 and 10 
years, an increased risk of rhinoconjunctivitis (OR 3.18; 
95% CI 0.82–12.3) was suggested. A trend for higher risks 
of respiratory symptoms (upper airways OR 2.15; 95% CI 
0.73–6.35, lower airways OR 3.08; 95% CI 0.98–9.64) and 
diseases (rhinoconjunctivitis OR 4.17; 95% CI 0.91–19.1, 
asthma OR 3.26; 95% CI 0.62–17.0) were observed among 
staff demonstrating a specific sensitization to cats/dogs. 
Furthermore, specific sensitization to HDM must also be 
addressed as a potential risk factor for a physician-confirmed 
rhinoconjunctivitis (OR 4.13; 95% CI 0.93–18.4) but not 
asthma diagnosis. Finally, as expected, smoking habits could 
influence the prevalence of lower airway symptoms for cur-
rent smokers (OR 1.79; 95% CI 0.77–4.19).

When modelling was restricted to assistant staff work-
ing in small-animal practices (group A, n=83, Table 3B), 
which represented a more uniformly exposed group, then 
higher age, and specific sensitization to cats/dogs turned out 
to be risk factors for a statistically significant elevated OR of 

symptoms of upper, and lower airways, rhinoconjunctivitis 
and asthma, respectively.

Discussion

Among the female veterinary staff examined in our study, the 
prevalence of upper and lower respiratory tract symptoms 
was 84% and 48%, respectively. Atopy, assessed by specific 
IgE to ubiquitous environmental allergens, was found in 31% 
of all study participants. Although the participants in our 
study were older (median age 31 years), the results corre-
spond well with a previous study on predominantly female 
veterinary students (Samadi et al. 2012a), where 25% of the 
participants were found to be sensitized to at least one com-
mon allergen (house dust mites, grass mixture, birch pollen, 
cat, and dog fur). The results of that study (Samadi et al. 
2012a) also showed that among the complaints, “rhinitis” 
was the most common (59%). Although (allergic) rhinitis 
has typical symptoms, only 18 individuals in our study 
reported that they were officially diagnosed with rhinitis 
by a physician. In the vast majority of these cases (89%), 
the subjects were also atopic, which was consistent with 
the hypothesis of an underlying allergic cause, e.g. allergic 
rhinitis. This result matches an earlier study from the UK 
reporting that only 18% of subjects with suspected allergic 
rhinitis visit a general practitioner for diagnosis (Bauchau 
and Durham 2004). Perhaps because of the typical symp-
toms, people take matters into their own hands with respect 
to self-diagnosis and treatment. However, if allergic rhinitis 
remains uncontrolled and untreated, more severe secondary 
problems can develop, including allergic asthma (Boulay 
and Boulet 2003). In agreement, most of our study partici-
pants with lower airway symptoms also reported concurrent 
upper airway symptoms, the intensity of which was highly 
correlated.

Our female veterinary staff group had an overall preva-
lence of current physician-diagnosed asthma of 11%, which 
is similar to the figures reported among female California 
veterinarians (Susitaival et al. 2003). Among veterinary 
medicine students in the Netherlands (80.3% women), 7.3% 
were officially diagnosed with asthma by a doctor (Samadi 
et al. 2012a). In comparison, the prevalence of asthma in a 
German survey (DEGS1) among female subgroups between 
18–29 and 30–39 years was 12.8% and 9.4%, respectively 
(Langen et al. 2013). Compared to rhinitis, only 63.6% of our 
participants reporting asthma were identified as atopic. Vet-
erinarian staff is exposed to animal dander, which includes 
important high molecular weight allergens. However, they 
are also exposed to irritative microbial components, such as 
endotoxin and β-glucan, and irritative substances like clean-
ing agents and disinfectants for most of their working hours 
(Samadi et al. 2012b, 2013). Thus, veterinarians and their 

NS_NA NS_A FS_NA FS_A CS_NA CS_A
0

1

2

3

4

5

6

7

8

9
lo
w
er

A
W

Sc
or
e

n: 43 20 10 3 22 11

0.064

0.286
0.128

0.058

Atopy: - + - + - +
Smoking: never former current

Fig. 2  Symptoms of lower airways (AW score) in female veterinary 
staff stratified by smoking habits and atopic status. Boxes comprise 
the 25th and 75th percentiles and the median values, vertical bars 
show the 5th and 95th percentiles, and circles represent values out-
side of the given percentiles. p values for comparisons are presented 
above the box plots based on Mann–Whitney U test. Smoking: never 
white bars; former light gray bars, and current dark gray bars. Atopy: 
yes diagonal hatching



672 International Archives of Occupational and Environmental Health (2022) 95:665–675

1 3

staff are not only exposed to animal-related allergens, but 
also to relatively high levels of non-allergenic components 
known to induce airway irritation (Iversen and Pedersen 
1990). Therefore, apart from an underlying allergic mecha-
nism, an irritative asthmatic disease must also be considered.

Reports suggested that respiratory symptoms among vet-
erinarians might be influenced by specific working condi-
tions. In this respect, a study on veterinarians in the Southern 
Netherlands showed that chronic cough and chronic phlegm 
production were distinctly higher in veterinarians working 
in large animal practices with swine, poultry, and feeder 
calves primarily living in confinement buildings, compared 
to veterinarians working in other types of practices (Tielen 
et al. 1996). Furthermore, veterinarians, specifically those 
working with farm animals and horses, were reported to 
have an elevated risk of developing respiratory symptoms 
(Samadi et al. 2013). Ronmark et al. (2003) found that sen-
sitization to horse specific allergens was a significant risk 
factor for the development of rhinitis and asthma. With this 
in mind, we stratified our participants according to type of 
praxis, e.g. handling small or large animals. Complaints of 
upper and lower airways were frequently reported by the 

veterinary staff in our study but regardless of the practice 
specialty. Also an association between sensitization to 
horse specific allergens and respiratory diseases could not 
be verified in our study. This can be accounted for in part by 
the low rate of serologically proven sensitization to equine 
allergens and because more than 75% of the study partici-
pants worked in small animal practices and, therefore, had 
no professional contact with horses. Our questionnaire also 
inquired about incidence of physician-confirmed respiratory 
diseases in relation to the period since they began working. 
This resulted in incidences of 2.8% (n=3/109) for rhino-
conjunctivitis and 4.6% (n=5/109) for asthma, which agrees 
with an incidence of 3.9% based on self-reported symptoms 
indicative of asthma (Samadi et al. 2012a). About half of 
the asthma sufferers in our study also reported increased 
symptoms as a result of their work in veterinary practices.

Veterinary medical staff often have had contact to animals 
before beginning their professional career and during their 
leisure time, especially with pets or recreational animals 
(Das et al. 1992). This is not unexpected considering their 
choice of career in the field of veterinary sciences. A study 
on allergy among veterinary students revealed that 97% of 

Table 3  Logistic regression analyses* of associations between exposure and prevalence of respiratory symptoms and diseases by subject charac-
teristics

*Upper and lower airway (AW) score: cumulative logit model; rhinoconjunctivitis and asthma: logit model, statistically significant values are 
marked in bold

Table 3A Upper AW score, n = 109 Lower AW score, n = 109 Rhinoconjunctivitis, n = 100 Asthma, n = 109

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Age (per 10 years) 1.12 0.74 1.69 1.98 1.24 3.17 2.31 1.10 4.88 1.85 0.91 3.77
Profession
  < 5 years 1 1 1 1
 5–10 years 0.70 0.28 1.78 0.65 0.22 1.86 3.18 0.82 12.35 0.81 0.13 4.94
  > 10 years 0.66 0.23 1.86 0.54 0.17 1.71 0.09 0.01 0.81 0.42 0.06 2.94

Sensitization cats/dogs
 No 1 1 1 1
 Yes 2.15 0.73 6.35 3.08 0.98 9.64 4.17 0.91 19.09 3.26 0.62 17.04

Sensitization HDM
 No 1 1 1 1
 Yes 1.75 0.56 5.45 2.45 0.74 8.10 4.13 0.93 18.40 1.17 0.18 7.38

Smoking
 Never – 1 – –
 Former – – – 0.66 0.18 2.42 – – – – – –
 Current – – – 1.79 0.77 4.19 – – – – – –

Table 3B Upper AW score, n = 83 Lower AW score, n = 83 Rhinoconjunctivitis, n = 77 Asthma, n = 83

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Age (per 10 years) 1.24 0.75 2.03 1.96 1.12 3.43 2.87 1.20 6.87 2.39 1.05 5.46
Sensitization cats/dogs
 No 1 1 1 1
 Yes 4.61 1.13 18.81 5.14 1.25 21.13 13.43 1.69 106.5 9.02 1.16 70.39
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the study population had previous contact with cats and/or 
dogs (Samadi et al. 2012a). According to the questionnaire, a 
large fraction of the participants in our study (81.7%) stated 
that they had private contact with animals, especially dogs 
(51.4%), cats (43.1%), and horses (28.4%). Data collected 
in our study on allergen exposure at the workplace and at 
home have already been published separately (Zahradnik 
et al. 2021).

Specific IgE to allergens of cat, dog, and horse was 
detected in 11.9%, 9.2%, and 2.8% of the veterinary staff, 
respectively. In a study among veterinary medicine students, 
4.2%, 1.3%, and 1.6% of all participants were sensitized to 
these animals (Samadi et al. 2012a). Due to our cross-sec-
tional study design, we could not determine the incidence 
of new-onset sensitization or allergy to animal allergens. 
Sensitization may have already occurred during childhood 
(Dotterud et al. 1997; Sander et al. 2018). Pets are com-
mon, and animal allergens are found in places like day care 
centers, schools, and public transport (Sander et al. 2018; 
Zahradnik and Raulf 2017).

Our results of an overall 12.8% sensitization prevalence 
to animal allergens are comparable to the DEGS1 survey 
with respect to female subgroups of same age. Using the 
same allergens, an overall sensitization rate of 14.7% (18–29 
years) and 12.5% (30–39 years) was previously reported 
(Haftenberger et al. 2013).

Modelling showed that sensitization to furry animals was 
a consistent and major risk factor for respiratory symptoms 
and physician-confirmed respiratory diagnoses. This became 
statistically significant when the analyses were restricted to 
the veterinary staff of small animal practices. Sensitization 
to HDM was a relevant risk factor for physician-confirmed 
rhinoconjunctivitis. In addition, other airborne allergens 
(e.g. grass pollen) must be considered when discussing risk 
factors for allergic diseases. Despite some positive associa-
tions, smoking status did not significantly influence indi-
vidual prevalence of symptoms or disease. Furthermore, a 
report on disease association with occupational exposures 
revealed that the prevalence of physician-diagnosed asthma 
did not differ with respect to smoking habits (Abraham-
sen et al. 2017). Our results suggest that the atopy status 
or more specifically, sensitization to cats/dogs, might have 
an even greater impact on respiratory health than smoking 
in younger employees. We adjusted the analyses for age, 
which reflects lifetime exposure, whether at work or pri-
vately. While respiratory health burden increased with age, 
this was not shown for the duration of occupational employ-
ment. Rather the duration of employment in exposed work-
places was shown to be positively associated with the sever-
ity of the symptoms of airway diseases (Vermeulen et al. 
2002). Our results show that individuals identified as atopic 
tended to have shorter periods of employment indicating that 

there might be confounding by some “healthy worker effect” 
(Stayner et al. 2003).

Allergic diseases and diseases caused primarily by irrita-
tion should be differentiated. While the former are character-
ized by clear signs of disease (especially wheezing, shortness 
of breath) with a direct relationship to exposure, COPD-type 
diseases tend to present gradually, and the clinically mani-
fested diseases often appear only after decades. Respira-
tory symptoms observed in bioaerosol-exposed workers are 
thought to be mainly based on non-allergic inflammatory 
reactions (Eduard et al. 2001). Often, an increased risk of 
COPD defined by lung function impairment was seen for 
10 working years (Hoffmeyer et al. 2014; Schantora et al. 
2015). Moreover, irritative components, e.g. endotoxin, 
were suspected to mediate the onset of respiratory symptoms 
when working with farm animals or in pig barns. In accord, 
an association between the onset of respiratory symptoms 
and duration of animal exposure was reported in studies by 
Tielen et al. (1996) and Samadi et al. (2012a). Although 
our study group had no occupational exposure to farm ani-
mals, our results also indicate a relatively high prevalence of 
lower respiratory tract symptoms and asthma in non-atopics 
(non-allergic irritant asthma?), suggesting that non-allergic 
mechanisms may be the causative factor. 

We would like to explain some of the limitations of the 
study in the following. Although the contents of the study 
were communicated in advance in appropriate profession-
specific journals and all practices were contacted according 
to the directories of the medical associations, the response 
in the primary study area within a radius of 50 km was lower 
than expected at 15%. Extended recruitment was slow, possi-
bly because the travel costs (and time commitment) were no 
longer compensated for distances of up to 100 km. It could 
be speculated that individuals with an interest in health 
and pre-existing health problems in particular participated. 
Furthermore, it was important to recruit participants who 
worked in practices where the collection of airborne dust 
samples for allergen measurement was also possible (results 
published in Zahradnik et al. 2021). This again required the 
consent of the practice owners. Therefore, it cannot be ruled 
out that practice owners being aware of poor working con-
ditions or health problems among their staff did not further 
motivate their staff to participate.

Another limitation is the cross-sectional design, which 
did not allow any deductions about causal relationships 
between the study variables. This study was based on self-
reports of symptoms and physician-confirmed respiratory 
diagnoses. The differentiation between allergic and irritant-
toxic forms of asthma is difficult. The detection of specific 
IgE to ubiquitous allergens may be a first indication of an 
allergic form. But even the detection of specific sensitization 
does not necessarily allow the diagnosis of allergic asthma. 
Ultimately, the causal link can only be proven with a high 
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degree of probability by a specific challenge test, which was 
not possible in the scope of this study. As mentioned above, 
we were able to measure animal allergen levels at some prac-
tices but based on this single observation no exposure-effect 
associations could be estimated. A further limitation of our 
study is that we were not able to assess the exact nature and 
intensity of exposure to disinfectants and other toxic-irritant 
agents. But it is reasonable to assume relevant exposure for 
the veterinarian staff. As this workforce is dominated by 
women, it was not possible to recruit a gender-balanced 
collective.

A strength of our study is that we focused on assistants, 
about which there is only limited data on sensitization rates 
with regard to animal allergens and the prevalence of respir-
atory symptoms and diseases. Moreover, associations with 
respiratory outcomes were analysed using logistic regression 
models, controlling for potential confounders

In summary, veterinary assistant staff and veterinarians 
reported a high prevalence of respiratory complaints in the 
questionnaire. A relevant proportion of diseases, e.g. rhino-
conjunctivitis worsened after subjects began working in the 
field. Atopy and specific sensitization against furry animals 
were risk factors for health impairment. Therefore, staff of 
veterinary practices should be made aware that upper res-
piratory tract symptoms are not harmless, to begin imple-
menting preventive measures.

Acknowledgements The authors thank the employees of the veterinary 
practices for their support and participation in this study. We also thank 
Dr Rosemarie Marchan for checking and improving the language of 
the manuscript.

Author contributions FH took the lead in writing the manuscript. FH 
and AB carried out the examination of subjects and designed the fig-
ures. AL and CN designed the model and the computational framework 
and analysed the data. OK contributed data of participating practices. 
EZ performed analytics. AN supervised the project. MR conceived the 
study and was in charge of overall direction and planning. All authors 
discussed the results and contributed to the final manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This study was financially supported by Deutsche Gesetzliche 
Unfallversicherung (DGUV) and Berufsgenossenschaft für Gesund-
heitsdienst und Wohlfahrtspflege (BGW) (IPA-148-AllergoMed). The 
content and the opinions of this article are solely the responsibility 
of the authors and do not necessarily represent the official views of 
DGUV or BGW.

Data availability The datasets generated during and/or analysed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflict of interest The authors declare no conflicts of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Abrahamsen R, Fell AK, Svendsen MV, Andersson E, Torén K, Hen-
neberger PK, Kongerud J (2017) Association of respiratory symp-
toms and asthma with occupational exposures: findings from a 
population-based cross-sectional survey in Telemark. Norway 
BMJ Open 7:e014018. https:// doi. org/ 10. 1136/ bmjop en- 2016- 
014018 (PMID:28336744;PMCID:PMC5372104)

Bauchau V, Durham SR (2004) Prevalence and rate of diagnosis of 
allergic rhinitis in Europe. Eur Respir J 24:758–764. https:// doi. 
org/ 10. 1183/ 09031 936. 04. 00013 904 (PMID: 15516669)

Boulay ME, Boulet LP (2003) The relationships between atopy, rhinitis 
and asthma: pathophysiological considerations. Curr Opin Allergy 
Clin Immunol 3:51–55. https:// doi. org/ 10. 1097/ 00130 832- 20030 
2000- 00009 (PMID: 12582315)

Das R, Tager IB, Gamsky T, Schenker MB, Royce S, Balmes JR (1992) 
Atopy and airways reactivity in animal health technicians. A Pilot 
Study J Occup Med 34:53–60 (PMID: 1552384)

Dotterud LK, Van TD, Kvammen B, Dybendal T, Elsayed S, Falk ES 
(1997) Allergen content in dust from homes and schools in north-
ern Norway in relation to sensitization and allergy symptoms in 
schoolchildren. Clin Exp Allergy 27:252–261 (PMID: 9088651)

Eduard W, Douwes J, Mehl R, Heederik D, Melbostad E (2001) Short 
term exposure to airborne microbial agents during farm work: 
exposure-response relations with eye and respiratory symptoms. 
Occup Environ Med 58:113–118. https:// doi. org/ 10. 1136/ oem. 
58.2. 113 (PMID:11160989;PMCID:PMC1740096)

Elbers AR, Blaauw PJ, de Vries M, van Gulick PJ, Smithuis OL, Ger-
rits RP, Tielen MJ (1996) Veterinary practice and occupational 
health. An epidemiological study of several professional groups 
of Dutch veterinarians. I. General physical examination and preva-
lence of allergy, lung function disorders, and bronchial hyper-
reactivity. Vet Q 18:127–131. https:// doi. org/ 10. 1080/ 01652 176. 
1996. 96947 11 (PMID: 8972059)

Guerra S (2005) Overlap of asthma and chronic obstructive pulmonary 
disease. Curr Opin Pulm Med 11:7–13. https:// doi. org/ 10. 1097/ 
01. mcp. 00001 46780. 33963. bf (PMID: 15591882)

Haftenberger M, Laußmann D, Ellert U, Kalcklösch M, Langen U, 
Schlaud M, Schmitz R, Thamm M (2013) Prevalence of sensiti-
sation to aeroallergens and food allergens results of the German 
health interview and examination survey for adults (DEGS1). 
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz 
56:687–697. https:// doi. org/ 10. 1007/ s00103- 012- 1658-1 (PMID: 
23703487)

Hoffmeyer F, van Kampen V, Taeger D, Deckert A, Rosenkranz N, 
Kaßen M, Schantora AL, Brüning T, Raulf M, Bünger J (2014) 
Prevalence of and relationship between rhinoconjunctivitis and 
lower airway diseases in compost workers with current or former 
exposure to organic dust. Ann Agric Environ Med 21:705–711. 
https:// doi. org/ 10. 5604/ 12321 966. 11299 19 (PMID: 25528906)

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/bmjopen-2016-014018
https://doi.org/10.1136/bmjopen-2016-014018
https://doi.org/10.1183/09031936.04.00013904
https://doi.org/10.1183/09031936.04.00013904
https://doi.org/10.1097/00130832-200302000-00009
https://doi.org/10.1097/00130832-200302000-00009
https://doi.org/10.1136/oem.58.2.113
https://doi.org/10.1136/oem.58.2.113
https://doi.org/10.1080/01652176.1996.9694711
https://doi.org/10.1080/01652176.1996.9694711
https://doi.org/10.1097/01.mcp.0000146780.33963.bf
https://doi.org/10.1097/01.mcp.0000146780.33963.bf
https://doi.org/10.1007/s00103-012-1658-1
https://doi.org/10.5604/12321966.1129919


675International Archives of Occupational and Environmental Health (2022) 95:665–675 

1 3

Iversen M, Pedersen B (1990) Relation between respiratory symptoms, 
type of farming, and lung function disorders in farmers. Thorax 
45:919–923. https:// doi. org/ 10. 1136/ thx. 45. 12. 919 (PMID:2281
423;PMCID:PMC462838)

Janson C, Anto J, Burney P, Chinn S, de Marco R, Heinrich J, Jarvis 
D, Kuenzli N, Leynaert B, Luczynska C, Neukirch F, Svanes C, 
Sunyer J, Wjst M (2001) European community respiratory health 
survey II. The European community respiratory health survey: 
what are the main results so far? European community respiratory 
health survey II. Eur Respir J 18:598–611. https:// doi. org/ 10. 1183/ 
09031 936. 01. 00205 801 (PMID: 11589359)

Kozak A, Wendeler D, Schedlbauer G, Nienhaus A (2012) Unfälle und 
Berufskrankheiten bei Beschäftigten in Tierarztpraxen. Fallzahlen 
der Jahre 2007 bis 2011. Deutsches Tierärzteblatt 9:1230–1236 
([in German])

Langen U, Schmitz R, Steppuhn H (2013) Häufigkeit allergischer 
Erkrankungen in Deutschland. Ergebnisse der Studie zur Gesund-
heit Erwachsener in Deutschland (DEGS1). Bundesgesundheitsbl 
56: 698–706 [in German; An English full text version of this arti-
cle is available at SpringerLink under supplementary material: dx.
doi.org/https:// doi. org/ 10. 1007/ s00103- 012- 1652-7.

Lutsky I, Baum GL, Teichtahl H, Mazar A, Aizer F, Bar-Sela S (1985) 
Occupational respiratory disease in veterinarians. Ann Allergy 
55:153–156 (PMID: 4025958)

Nienhaus A, Skudlik C, Seidler A (2005) Work-related accidents and 
occupational diseases in veterinarians and their staff. Int Arch 
Occup Environ Health 78:230–238. https:// doi. org/ 10. 1007/ 
s00420- 004- 0583-5 (Epub 2005 Mar 18 PMID: 15776262)

Ronmark E, Perzanowski M, Platts-Mills T, Lundback B (2003) Dif-
ferent sensitization profile for asthma, rhinitis, and eczema among 
7–8-year old children: report from the obstructive lung disease 
in northern Sweden studies. Pediatr Allergy Immunol 14:91–99. 
https:// doi. org/ 10. 1034/j. 1399- 3038. 2003. 00042.x (PMID: 
12675754)

Samadi S, Spithoven J, Jamshidifard AR, Berends BR, Lipman L, 
Heederik DJ, Wouters IM (2012a) Allergy among veterinary med-
icine students in The Netherlands. Occup Environ Med 69:48–55. 
https:// doi. org/ 10. 1136/ oem. 2010. 064089 (Epub 2011 May 31 
PMID: 21632519)

Samadi S, van Eerdenburg FJ, Jamshidifard AR, Otten GP, Droppert 
M, Heederik DJ, Wouters IM (2012b) The influence of bedding 
materials on bio-aerosol exposure in dairy barns. J Expo Sci Envi-
ron Epidemiol 22:361–368. https:// doi. org/ 10. 1038/ jes. 2012. 25 
(Epub 2012 May 2 PMID: 22549719)

Samadi S, Wouters IM, Heederik DJ (2013) A review of bio-aerosol 
exposures and associated health effects in veterinary practice. Ann 
Agric Environ Med 20:206–221 (PMID: 23772565)

Sander I, Lotz A, Neumann HD, Czibor C, Flagge A, Zahradnik E, 
Raulf M (2018) Indoor allergen levels in settled airborne dust are 
higher in day-care centers than at home. Allergy 73:1263–1275. 
https:// doi. org/ 10. 1111/ all. 13371 (Epub 2017 Dec 15 PMID: 
29193190)

Schantora AL, Casjens S, Deckert A, van Kampen V, Neumann HD, 
Brüning T, Raulf M, Bünger J, Hoffmeyer F (2015) Prevalence 
of work-related rhino-conjunctivitis and respiratory symptoms 
among domestic waste collectors. Adv Exp Med Biol 834:53–61. 
https:// doi. org/ 10. 1007/ 5584_ 2014_ 71 (PMID: 25252907)

Stayner L, Steenland K, Dosemeci M, Hertz-Picciotto I (2003) Attenu-
ation of exposure-response curves in occupational cohort studies 
at high exposure levels. Scand J Work Environ Health 29:317–
324. https:// doi. org/ 10. 5271/ sjweh. 737 (PMID: 12934726)

Susitaival P, Kirk JH, Schenker MB (2003) Atopic symptoms among 
California veterinarians. Am J Ind Med 44:166–171. https:// doi. 
org/ 10. 1002/ ajim. 10253 (PMID: 12874849)

Tielen MJ, Elbers AR, Snijdelaar M, van Gulick PJ, Preller L, Blaauw 
PJ (1996) Prevalence of self-reported respiratory disease symp-
toms among veterinarians in the Southern Netherlands. Am 
J Ind Med 29:201–207. https:// doi. org/ 10. 1002/ (SICI) 1097- 
0274(199602) 29:2% 3c201:: AID- AJIM11% 3e3.0. CO;2-7 (PMID: 
8821364)

Vermeulen R, Heederik D, Kromhout H, Smit HA (2002) Respiratory 
symptoms and occupation: a cross-sectional study of the general 
population. Environ Health 1:5. https:// doi. org/ 10. 1186/ 1476- 
069x-1- 5. PMID: 12537 592; PMCID: PMC14 9394

Zahradnik E, Raulf M (2017) Respiratory allergens from furred mam-
mals: environmental and occupational exposure. Vet Sci 4:38. 
https:// doi. org/ 10. 3390/ vetsc i4030 038 (PMID:29056697;PMC
ID:PMC5644656)

Zahradnik E, Sander I, Kleinmüller O, Lotz A, Liebers V, Janssen-
Weets B, Kler S, Hilger C, Beine A, Hoffmeyer F, Nienhaus A, 
Raulf M (2021) Animal allergens, endotoxin and β-(1,3)-glucan 
in small animal practices: exposure levels at work and in homes 
of veterinary staff. Ann Work Expos Health. https:// doi. org/ 10. 
1093/ annweh/ wxab0 53

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1136/thx.45.12.919
https://doi.org/10.1183/09031936.01.00205801
https://doi.org/10.1183/09031936.01.00205801
https://doi.org/10.1007/s00103-012-1652-7
https://doi.org/10.1007/s00420-004-0583-5
https://doi.org/10.1007/s00420-004-0583-5
https://doi.org/10.1034/j.1399-3038.2003.00042.x
https://doi.org/10.1136/oem.2010.064089
https://doi.org/10.1038/jes.2012.25
https://doi.org/10.1111/all.13371
https://doi.org/10.1007/5584_2014_71
https://doi.org/10.5271/sjweh.737
https://doi.org/10.1002/ajim.10253
https://doi.org/10.1002/ajim.10253
https://doi.org/10.1002/(SICI)1097-0274(199602)29:2%3c201::AID-AJIM11%3e3.0.CO;2-7
https://doi.org/10.1002/(SICI)1097-0274(199602)29:2%3c201::AID-AJIM11%3e3.0.CO;2-7
https://doi.org/10.1186/1476-069x-1-5.PMID:12537592;PMCID:PMC149394
https://doi.org/10.1186/1476-069x-1-5.PMID:12537592;PMCID:PMC149394
https://doi.org/10.3390/vetsci4030038
https://doi.org/10.1093/annweh/wxab053
https://doi.org/10.1093/annweh/wxab053

	Upper and lower respiratory airway complaints among female veterinary staff
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Participants and study design
	Questionnaire
	IgE determination
	Statistical analysis

	Results
	Participating practices
	Subject characteristics
	Symptoms and physician-confirmed diagnoses
	Respiratory symptoms and atopy
	Duration of profession and atopy
	Modelling of personal and occupational factors related to symptoms and diseases

	Discussion
	Acknowledgements 
	References




