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Abstract 
Introduction: In veterinary medicine, with its diverse exposures, employees 
are at increased risk of sensitization, allergies, and occupational respiratory 
diseases. Methods: In this cross-sectional study, we investigated the lung 
function of 103 veterinary assistants and nineteen veterinarians in veterinary 
practices regarding sensitization, atopy, and asthma. All participants com-
pleted a questionnaire. We determined specific IgE, and lung function using 
spirometry and body plethysmography according to the ATS criteria. The re-
sults were compared with the reference values of the Global Lung Initiative 
(GLI) based on the z-score. Subjects with known, physician-confirmed asthma 
or regular medication use were excluded, leaving 109 subjects. Results: Spi-
rometry and body plethysmography showed repeatable results without arti-
facts. The median z-score of the Tiffeneau-index and the maximal mid-ex-
piratory flow (MMEF), parameters for identifying obstructive ventilation 
limitations, were significantly reduced compared to the norm. Manifest ob-
structive airway disease was found in 6.3% (n = 2/32) atopic and 9.1% (n = 
7/77) non-atopic subjects. The TLC z-score showed a normal median and 
normal distribution. According to the GLI reference values, 4.6% of these 
values were below the normal (LLN) limit. The analyses showed a relevant 
influence of atopy status, sensitization to furry animals, and tobacco smok-
ing on the FEV1/FVC ratio. No significant correlations were found between 
lung function and occupational characteristics. Conclusion: Manifest 
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obstructive lung disease was found in both symptom-free and symptomatic 
individuals. The study emphasizes the need for close monitoring of sensi-
tized workers to detect early impairment and limit occupational effects on 
lung function. 
 
Keywords 
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1. Introduction 

Contact with laboratory animals and veterinary medicine are fields with a height-
ened risk of sensitization, allergy, and occupational respiratory and skin disease 
[1] [2]. Studies have reported that the prevalence of respiratory symptoms ranges 
from 40% to 60% among veterinarians [3] [4]. Most occupational lung diseases 
are caused by repeated, long-term exposure, with occupational asthma and 
chronic obstructive pulmonary disease (COPD) being the most commonly diag-
nosed respiratory diseases [5] [6]. Close contact with various animals and pets can 
lead to sensitization and allergic diseases of the upper (rhinitis) and lower respir-
atory tract (allergic asthma) in exposed workers [4] [7]. Occupational asthma is 
the leading occupational lung disease in both developing and industrialized na-
tions, accounting for approximately 15% of all asthma cases and an annual inci-
dence rate of up to 18 per 100,000 [8]. Based on inflammatory mechanisms, it can 
be categorized into allergic and non-allergic asthma [9]. Besides allergic (and in-
fectious) risks, bacteria and fungi can cause inflammatory reactions through the 
inhalation of endotoxins or ß-glucans [10], leading to non-allergic reactions like 
non-allergic rhinitis, organic dust toxic syndrome (ODTS), non-allergic asthma, 
bronchitis, and COPD [11] [12].  

In addition, personal characteristics such as atopy status can influence the 
extent of sensitization to animals, respiratory symptoms, and the impairment of 
lung function [13] [14]. It was found that both sensitization and exposure to 
laboratory animal allergens contributed independently to lung function decline 
in subjects who had been working with laboratory animals. Nevertheless, data 
for the group of veterinarians and assistant staff in veterinary practices are 
scarce. 

Previous reports based on data from this study described determinants of ex-
posure, work-related respiratory symptoms, and physician-confirmed diseases [4] 
[15]. Here, we assessed spirometry and body plethysmography in veterinarians 
and assistants. We investigated risk factors for lung function impairment in sub-
jects without physician-diagnosed lung diseases and related lung function to oc-
cupational exposures and personal characteristics like atopic status and specific 
sensitization against cats and/or dogs. 
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2. Materials and Methods 
2.1. Participants, Study Design, Questionnaire, and IgE  

Determination 

These topics were discussed in detail by Hoffmeyer et al. [4]. Briefly, participants 
were recruited from veterinary practices located within a radius of up to 100 km 
from the Institute for Prevention and Occupational Medicine (IPA, Bochum). 
They filled out a questionnaire asking about the patient’s history, allergic diseases, 
smoking habits, profession, animal contact, and current symptoms. Rhinitis and 
conjunctivitis were defined by symptoms of nose or eye irritation. Lower airway 
symptoms (coughing or wheezing, excess phlegm or sputum, and shortness of 
breath) were rated according to intensity (no; 0, weak; 1, mild; 2, and strong; 3) 
and integrated into an additive symptom score (up to 9). Measurements of specific 
IgE to a ubiquitous inhalation allergen mixture (screening tool; sx1), cat (e1), and 
dog dander (e5) were performed and values ≥ 0.35 kU/L were considered positive. 
Atopy status in this study was defined with an allergy screening tool (sx1). 

2.2. Lung Function Measurements 

Spirometry was performed using a pneumotachograph (MasterScreen®, Vyaire 
Medical GmbH, Höchberg, Germany) according to the ATS/ERS recommenda-
tions [16] [17]. The following parameters were assessed: Forced Vital Capacity 
(FVC), Forced Expiratory Volume in 1 second (FEV1), Tiffeneau-index (Tiff., 
FEV1/FVC), and maximal mid-expiratory flow (MMEF). Respective reference val-
ues for lung function parameters were chosen according to the Global Lung Func-
tion Initiative (GLI) and referring to z-scores and the lower limit of normal (LLN) 
[18]. Cases with FEV1/FVC < LLN were classified as obstructive lung disease. 

The residual lung volume (RV) and total lung capacity (TLC) were determined 
using a constant-volume whole-body plethysmograph (PWC-Body-Plethysmo-
graph, Ganshorn, Germany). These measurements were recorded during resting 
breathing [19]. Cases with TLC < LLN were categorized as restrictive ventilatory 
failure [20]. Body plethysmographic measurements and spirometry were per-
formed consecutively in one complete measurement cycle. 

2.3. Statistical Analysis 

Central tendency and dispersion were reported using either Mean/SD or Me-
dian/IQR. Appropriate tests such as the t-test, Mann-Whitney U test, or Kruskal-
Wallis test were utilized for comparisons. Analysis of contingency tables was per-
formed with either Fisher’s exact test or Pearson’s chi-square test. The relation-
ship between exposure and effect characteristics was determined using Spear-
man’s rank correlation. 

The Wilcoxon Signed Rank-Test was used to compare lung function value z-
scores with the theoretical median (where z-score equals 0). A p-value less than 
0.05 was considered statistically significant. All statistical analyses and graphical 
results were performed with GraphPad Prism (version 10.1.2, GraphPad Software, 
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Inc., La Jolla, CA). 

2.4. Ethics 

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

3. Results 
3.1. Subject Characteristics 

We recruited 103 assistants and nineteen veterinarians. The gender distribution 
shows a female predominance (n = 110 vs. male n = 12). Among the 122 individ-
uals, 13 had physician-confirmed asthma. Six participants were diagnosed with 
asthma after starting their careers in veterinary practice. Among them, three re-
ported that their asthma worsened due to work, while two out of seven with preex-
isting asthma also experienced work-related aggravation. Out of the 13 individuals 
with asthma, nine were classified as atopic based on their sx1 levels. Among the 
remaining 109 individuals without an asthma diagnosis, 32 were atopic and 77 
were non-atopic. A sensitization against furry animals (cats and/or dogs) was seen 
in 18 of the 41 atopic subjects analyzed (43.9%). In these atopics, the proportion 
of subjects with physician-confirmed asthma (n = 4/9, 44.4%) was similar to those 
without asthma (n = 14/32, 43.8%). One veterinarian without asthma demon-
strated a slightly elevated specific IgE level to cat dander (0.44 kU/L; class 1) with-
out being defined as atopic concerning the sx1. The use of prescription medication 
associated with asthma was reported by 71.4% of those with confirmed disease, 
while corresponding medication without an asthma diagnosis was not reported. 
Table 1 provides a comprehensive overview of the individual characteristics that 
were categorized based on asthma diagnosis (physician-based) and atopic status. 

3.2. Lung Function 

Spirometry was performed in all 122 subjects and a total of 433 flow-volume ma-
neuvers and numerical absolute result sets were analyzed in detail. The within-
maneuver evaluation for acceptability showed no artifacts. The examinations 
could be considered repeatable within a difference of 150 mL for FEV1 in 95.9% 
(n = 117) and FVC in 96.7% (n = 118) of the subjects, respectively (data not 
shown). 

Information on lung function values of workers with and without asthma, fur-
ther categorized into atopic and non-atopic is shown in Table 2. In 10 workers 
(8.2%), a manifest obstructive ventilatory disorder was detected, with only one 
subject having a confirmed asthma diagnosis. In the group without known 
asthma, the prevalence was 6.3% (n = 2/32) in atopic and 9.1% (n = 7/77) in non-
atopic subjects, respectively. 

Corresponding to the results of the FVC, the subgroup of atopic asthmatics had 
a higher TLC z-score than expected according to GLI (IQR 0.25; 1.03; p = 0.039). 
Detailed data on all subgroups are shown in Table 2. There were five subjects with  
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Table 1. Characteristics of individuals stratified by asthma and atopy status. 

 All (n = 122) Physician-confirmed asthma (n = 13) No history of asthma (n = 109) 

Characteristics 
  

Atopic (n = 9) Non-atopic (n = 4) Atopic (n = 32) Non-atopic (n = 77) 

Age (years) [Med. (IQR)] 33.0 (26.0; 45.0) 33.0 (23.5; 40.0) 41.5 (32.0; 50.3) 28.5 (24.3; 44.5) 33.0 (26.0; 45.5) 

Gender 
      

f/m [n] 110/12 7/2 4/0 27/5 72/5 

Smoking habits 
      

never/former/current [n] 71/25/26 6/2/1 3/0/1 17/7/8 45/16/16 

Profession 
      

assistant/doctor [n] 103/19 9/0 3/1 26/6 65/12 

years [Med. (IQR)] 7.5 (3.3; 17.5) 4.9 (3.1; 13.7) 17.2 (8.3; 27.7) 7.0 (3.2; 15.5) 8.3 (3.3; 18.1) 

Practice employment 
      

small animals/other [n] 109/13 9/0 4/0 29/3 67/10 

years [Med. (IQR)] 4.5 (1.8; 12.3) 2.8 (0.9; 11.4) 12.3 (3.2; 25.3) 4.6 (1.9; 9.8) 4.8 (1.9; 13.5) 

Sensitization cats +/- dogs [n] 19 4 0 14 1 

Airways 
      

prescription drugs [n] 10 7 3 0 0 

Med. median, IQR interquartile range, Sensitization: specific IgE value ≥ 0.35 kU/L for cats and/or dogs. 
 
Table 2. Comparison of lung function values (z-score) between individuals with and without asthma, further categorized by atopic 
and non-atopic status. 

 Physician-confirmed asthma (n = 13) No history of asthma (n = 109) 

 Atopic (n = 9) Non-atopic (n = 4) Atopic (n = 32) Non-atopic (n = 77) 

Spirometry z-score p* z-score p* z-score p* z-score p* 

FVC [Med(iQR)] 1.16 (0.22; 1.25) 0.012 0.08 (−0.35; 0.78) 0.875 0.07 (−0.59; 0.42) 0.709 0.24 (−0.40; 0.94) 0.055 

FEV1 0.84 (−0.33; 1.37) 0.129 0.17 (−0.74; 0.79) >0.999 −0.29 (−0.80; 0.12) 0.112 0.05 (−0.70; 0.58) 0.917 

Tiff −0.82 (−1.37; −0.21) 0.027 −0.23 (−0.75; 0.19) 0.500 −0.43 (−0.99; 0.20) 0.005 −0.43 (−0.88; 0.15) <0.0001 

MMEF −0.22 (−1.03; 0.35) 0.301 0.19 (−1.00; 0.54) >0.999 −0.39 (−1.28; 0.18) 0.009 −0.28 (−0.90; 0.42) 0.006 

Bodyphethymography         

TLC 0.44 (0.25; 1.03) 0.039 −0.14 (−0.42; 0.43) 0.875 −0.06 (−0.41; 0.28) 0.403 −0.20 (−0.61; 0.52) 0.443 

Obstructive lung disease  
Tiff z−score < −1.64 n = 1  n = 0  n = 2  n = 7  

FVC Forced Vital Capacity, FEV1 Forced Expiratory Volume in 1 second, Tiff Tiffeneau-index (FEV1/FVC), MMEF Maximum Mid-
Expiratory Flow. Values are represented by z-scores, a statistical measurement that describes a value’s relationship to the mean of a 
group of values. Z-score is measured in terms of standard deviations from the mean. *p-values indicating the statistical significance 
of the differences between the lung function values of the respective group and the GLI-reference (z-score = 0). 

 
TLC z-scores below the LLN. None of these subjects with restrictive ventilation 
patterns had an asthma diagnosis or an additional obstructive impairment.  
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3.3. Risk Factors for Lung Function Impairment 

The main aim of the current analysis was to identify risk factors for impaired lung 
function. Regular use of medication to improve lung function is a significant con-
founding factor for analyzing lung function impairment. These subjects and those 
with known respiratory disease were excluded from further analyses, leaving 109 
subjects for further analyses. 

a) Restrictive ventilation pattern 
Five of the 109 subjects (4.6%) had TLC z-scores below the LLN, indicating 

restrictive impairment. All of these subjects were female assistants, three of 
whom were obese. The two women of normal weight were atopic and addition-
ally sensitized against furry animals. One of them was a current smoker, and the 
rest were never or former smokers. All but one were working in a small animal 
practice.  

The results regarding potential risk factors for obstructive impairment were as 
follows. 

b) Obstructive ventilation pattern 
Almost half of the atopic test subjects were specifically sensitized to cat and/or 

dog allergens. 
In particular, atopic subjects with sensitization to cat and/or dog allergens 

showed reduced lung function parameters that indicate obstructive impairment. 
Significant differences in MMEF were found between atopics with specific sensi-
tization against furry animals (−0.81 IQR −1.60; −0.20) and other atopics (−0.26 
IQR −0.52; 0.28, p = 0.031). In addition, a consistent trend was observed for FEV1 
(−0.82 IQR −1.38; −0.15 vs. −0.36 IQR −0.79; 0.23, p = 0.135) (shown in Figure 
1(a)). 

The results of the MMEF and the Tiffeneau Index stratified by smoking habits 
are depicted in Figure 1(b). Differences were found when comparing subgroups 
of smokers according to their underlying immunological status. Concerning cur-
rent smokers, subjects with specific sensitization to furry animals had lower Tiff-
eneau z-scores (−0.97 (IQR −2.65; −0.31)) than non-atopic subjects without spe-
cific sensitization (−0.36 (IQR −0.65; 0.12), p = 0.091). About MMEF, the respec-
tive z-scores were significantly different (−1.50 (IQR −2.34; −0.78) vs. −0.07 (IQR 
−0.88; 0.48, p = 0.011)). Comparisons between never-smokers and former smok-
ers showed no differences in the z-scores of Tiffeneau-Index and MMEF regarding 
atopy or specific sensitization.  

Assistants and veterinarians showed a similar reduction in Tiffeneau z-score 
(−0.43 (IQR −0.97; 0.15) vs. −0.22 (IQR −1.00; 0.21), p = 0.510). When comparing 
the MMEF, assistants had lower z-values (−0.39 (IQR −0.91; 0.20 vs. −0.01 (IQR 
−0.52; 0.59), p = 0.067). Regarding the type of practice, no differences were found 
between Tiffeneau z-score for employees in mixed or large animal practices (other 
practices) compared to those in small animal practices (−0.71 (IQR −1.03; 0.11) 
vs. −0.38 (IQR −0.97; 0.18), p = 0.510). This also applied to the MMEF (−0.39 
(−1.09; 0.34) vs. −0.33 (−0.88; 0.24), p = 0.704). Detailed information on the  
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(a) 

 
(b) 

Tiff Tiffeneau-index (FEV1/FVC), MMEF Maximum Mid-Expiratory Flow; Sensit Sensiti-
zation, specific IgE values ≥ 0.35 kU/L for cats and/or dogs. Values are represented by z-
scores, a statistical measurement that describes a value’s relationship to the mean of a group 
of values. Z-score is measured in terms of standard deviations from the mean. *statistically 
significant difference compared to the lung function values of the GLI-reference. 

Figure 1. Effect of immunologic status (A) and smoking habits (B) on lung function. 
 

influence of occupation and type of practice on lung function, stratified by sero-
logic antibody characteristics, is shown in Table 3. There was no significant cor-
relation between the Tiffeneau index or the MMEF and the duration of employ-
ment, independent of atopy or sensitization against furry animals (data not 
shown). 

3.4 Symptoms and Lung Function 

Symptoms such as coughing or wheezing, phlegm or sputum, and shortness of 
breath were reported by 46 (42.6%) employees. All but one of the employees also 
suffered from rhinitis, and 44 employees stated that they only suffered from rhi-
nitis. Subjects with lower respiratory tract symptoms had a significantly lower z-
score for the Tiffeneau index (−0.65 (IQR −1.34; −0.16)) than the 19 symptom-
free subjects (−0.12 (IQR −0.70; 0.21), p = 0.019). The Tiffeneau index in the  
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Table 3. Comparison of lung function values (z-score) of individuals with respect to occupational characteristics and categorized 
by immunologic conditions. 

 Profession  Type of practice  

 Assistant n = 91 Veterinarian n = 17 § p-value Small animals n = 95 § Others n = 13 p-value 

FEV1       

No atopy/no sensitization 
n = 65 

−0.43 (−0.96; 0.17) 
n = 11 

−0.29 (−0.84;0.14) 
 

0.864 
n = 66 

−0.33 (−0.83; 0.16) 
n = 10 

−0.79 (−1.31; −0.20) 
 

0.159 

Atopy/No sensitization 
n = 14 

−0.43 (−0.79; 0.31) 
n = 4 

0.18 (−0.82; 0.28) 
 

0.587 
n = 16 

−0.36 (−0.76; 0.28) 
n = 2 

−0.82, 0.15 
 

n/a 

Atopy/sensitization 
n = 12 

−0.82 (−1.35; −0.23) 
n = 2 

−1.35, 0.21 
 

n/a 
n = 13 

−0.82 (−1.41; −0.24) 
n = 1 
0.06 

 
n/a 

MMEF       

No atopy/no sensitization 
n = 65 

−0.39 (−0.91; 0.33) 
n = 11 

−0.01 (−0.52; 0.50) 
 

0.233 
n = 66 

−0.24 (−0.82; 0.42) 
n = 10 

−0.77 (−1.27;0.21) 
 

0.215 

Atopy/no sensitization 
n = 14 

−0.33 (−0.63; 0.13) 
n = 4 

0.51 (−0.30; 0.92) 
 

0.122 
n = 16 

−0.26 (−0.54: 0.23) 
n = 2 

−0.39, 0.35 
 

n/a 

Atopy/sensitization n = 12 
−0.81 (−1.76; −0.33) 

n = 2 
−1.51, −0.14 

 
n/a 

n = 13 
−0.82 (−1.68; −0.44) 

n = 1 
0.32 

 
n/a 

Tiff Tiffeneau-index (FEV1/FVC), MMEF Maximum Mid-Expiratory Flow; Atopy, IgE value ≥ 0.35 kU/L for sx1. Sensitization, 
specific IgE value ≥ 0.35 kU/L for cats and/or dogs. n/a not applicable. Results are presented as median with IQR, for up to n = 3 
subjects individual results are given. §One doctor working in a small animal practice was sensitized against cats but was not atopic. 

 

group with only rhinitis did not differ significantly from the symptom-free sub-
jects (p = 0.555). Similar results were obtained for the MMEF z-score in subjects 
with lower respiratory tract symptoms (−0.51 (IQR −1.24; 0.09)) compared to 
symptom-free subjects (0.16 (IQR −0.49; 0.50), p = 0.032) and for rhinitis (p = 
0.171). 

Nevertheless, manifest obstructive pulmonary disease (Tiffeneau z-score < 
−1.64) was found in 4 of 63 subjects without lower airway symptoms, which cor-
responds to a prevalence of 6.3%. Three of these four had rhinitis. A similar prev-
alence of 7.8% was found in subjects with lower airway symptoms (n = 5/46). 
Three of the five subjects with formal restrictive lung function patterns were 
symptom-free. The results for severity of lower airway respiratory symptoms and 
spirometry are shown in Figure 2 (Data stratified for rhinitis are not shown). 

4. Discussion 

When working with animals, humans are exposed to various particulate, biologi-
cal, or chemical agents [1]. These exposures can lead to specific (e.g. TH2-type) 
or non-specific inflammatory responses in the airways or lung parenchyma. 
Among the 122 individuals in our study, 13 had physician-confirmed asthma, of 
which 9 were atopic and 4 were non-atopic concerning sx1 level. The prevalence 
of 11% for physician-confirmed asthma was in the range previously reported [21] 
[22]. Most of the asthmatics were properly treated, and only one participant had 
a manifest obstructive ventilation disorder. A discussion of the prevalence of  
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Additive symptom score of the lower airways (up to 9); coughing or wheezing, excess phlegm or sputum, 
shortness of breath were rated according to intensity (0 to 3). Tiff Tiffeneau-index (FEV1/FVC). Values are 
represented by z-scores. LLN lower limit of normal, the z-Score at LLN is minus 1.645. Atopy, IgE value ≥ 
0.35 kU/L for sx1. Sensitization, specific IgE value ≥ 0.35 kU/L for cats and/or dogs. 

Figure 2. Correlation between the severity of respiratory symptoms and spirometry. 
 

asthma and symptoms associated with existing atopy or specific sensitization to 
furry animals can be found in our recent publication [4]. 

In our current analyses, we investigated the lung function of 109 subjects with-
out known respiratory disease. In addition to obstructive changes, restrictive im-
pairments were considered. Correct differentiation can be difficult if the ATS cri-
teria for lung function tests are not met. Often the fulfillment of the acceptability 
and repeatability criteria is not specified [17]. In this study, we could rely on qual-
ity-assured measurements. A test result was considered indicative of disease if it 
fell outside the normal range. Both the ATS and ERS recommended using the 5th 
centile (minus 1.64 z-score) to define the lower limit of normal (LLN) for lung 
function parameters. Unlike percent predicted values, z-scores are free from bias 
due to age, height, sex, or ethnic group [18]. 

Typically, the diagnosis of airway obstruction is predicated on the observation 
of a diminished ratio of FEV1 to FVC (Tiffeneau-Index). The degree of severity is 
gauged by the decrease in FEV1, while FVC tends to remain constant. Both pa-
rameters can be assessed by spirometry. In addition, we measured the MMEF, 
which is sensitive to peripheral expiratory flow obstruction, and an available 
methodology to assess small airway function. MMEF might serve as an early in-
dicator of obstructive pulmonary disease [23]. 

A restrictive disorder can be suspected from spirometry when VC is reduced 
and the Tiffeneau-Index either is normal or elevated. It is proven, however, only 
by a decrease in TLC [19]. TLC assessment is the gold standard for the diagnosis 
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of restrictive impairment, which is defined as TLC being below the 5th percentile 
of reference. In our study, the determination of TLC was based on body plethys-
mography in combination with quality-assured spirometry according to ATS rec-
ommendations [16]. Reference values and LLN for TLC were recently published 
[20]. 

Our subjects showed an expected TLC z-score of −0.04 and a normal distribu-
tion. Nevertheless, there were values indicating a restrictive ventilatory dysfunc-
tion concerning LLN in five subjects. Referring to the LLN of TLC corresponding 
to the 5th percentile, the observed prevalence of 4.6% (5 of 109) was exactly within 
the expected range of the GLI reference distribution [20].  

In our study, the median z-scores of the Tiffeneau index and MMEF, parame-
ters used to identify obstructive ventilatory limitation, showed a shift to the left 
and were significantly lower compared to the corresponding GLI data [18] [23]. 
Ten workers (8.2%) had a formal obstructive ventilatory disorder with a Tiffeneau 
z-score below the LLN. This is therefore more than the GLI reference distribution 
suggests [18]. The prevalence was slightly higher in non-atopic subjects (9.1% vs. 
6.3% in atopic subjects). Such a prevalence in individuals who are neither atopic 
nor asthmatic suggests that non-allergic mechanisms should be carefully consid-
ered when investigating lung function and occupational diseases [24]. Specifically, 
veterinary staff are constantly exposed to animal dander during work. This dander 
not only contains high molecular weight allergens but also irritative components 
of microbial origin such as endotoxins and β-glucan. For example, pet ownership 
is strongly associated with high indoor endotoxin levels [25]. Additionally, veter-
inary staff is exposed to irritative substances like cleaning agents and disinfectants 
[3] [26]. 

Overall, subjects with respiratory symptoms had a significantly lower Tiff-
eneau-index z-score than symptom-free subjects, accompanied by a similar trend 
in MMEF z-scores. There was no association between the severity of symptoms 
and obstructive impairment. In addition, four symptom-free subjects had ob-
structive lung disease (Tiffeneau z-score < −1.64), which corresponds to a preva-
lence of 44.4% for obstructive individuals. This is consistent with the results in 
patients diagnosed with COPD. While symptoms such as chronic cough (45%), 
sputum production (38%), and dyspnoea on exertion (52.5%) were frequently ob-
served, 32% reported no symptoms [27]. 

In subjects without asthma, no significant differences were found in the overall 
reduced FEV1 and MMEF values between subjects with and without atopy. This 
suggests that atopy per se was not the main factor in reducing these lung function 
values in workers without asthma.  

An important result, however, was the effect of specific sensitization. Almost 
half of the atopic subjects were specifically sensitized to cat and/or dog allergens. 
These atopic subjects with sensitization to furry animals showed reduced lung 
function parameters indicative of obstructive impairment. Significant differences 
in MMEF were found between atopics with such specific sensitization and other 
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atopics, suggesting that sensitization to furry animals may contribute to obstruc-
tive impairment in atopic individuals. No significant associations were found be-
tween occupation, type of practice, or duration of work and lung function param-
eters indicating obstructive impairment. However, exposure to animals does not 
only occur in an occupational context but also the personal environment [15] [21]. 
Eighty-two percent of the employees in our study had cats and dogs as pets. Ani-
mal allergens are also frequently found in schools and on public transport [28] 
[29]. 

Effects on respiratory health have been investigated in longitudinal studies for 
laboratory animal workers, but data for the veterinarians and staff group is scarce. 
In a 5-year follow-up study of 319 laboratory workers, an excessive decrease in 
FEV1 and FVC was found in sensitized workers (FEV1/FVC data were not pro-
vided) [30]. The decline was greatest in subjects exposed to the animals to which 
they were sensitized. In a study on 70 newly employed subjects a progressive lung 
function impairment was seen within two years from the start of exposure to la-
boratory animals [14]. Time-related impairment was observed in the whole study 
population irrespective of allergic sensitization, suggesting that exposure to ani-
mal facilities could be harmful. In a Swedish 5-year follow-up study of 88 animal-
exposed laboratory technicians, no significant decrease in lung function was 
found [31]. The authors considered a concomitant decrease in smoking habits 
during the follow-up, a better working environment, and the use of anti-allergic 
medication as possible confounding factors. 

Cigarette smoking is widely recognized as an important risk factor for diseases 
such as chronic bronchitis and COPD [32]. Moreover, smoking could amplify the 
adverse effects of occupational exposure on lung function [33]. Our results are in 
line with these findings and confirm the assumption of possible interactions be-
tween specific sensitization and smoking on lung function [34]. Thus, our find-
ings underscore the importance of considering both immunological and lifestyle 
factors in the assessment and management of lung function. Even though smok-
ing could explain part of the respiratory impairment, it should be emphasized that 
our results suggest that veterinary staff and veterinarians are potentially at risk 
due to their occupational exposure. 

5. Limitations 

Although our study provides quality-assured findings on the lung function of 
workers in veterinary practices, there are potential limitations that should be 
taken into account. This cross-sectional study recruited a total of 122 participants, 
including female assistants and a small number of veterinarians. Factors for non-
participation could be a lack of interest in the study or concerns about disclosing 
animal-related symptoms to their employer. Subjects with respiratory health 
problems might be more willing to participate. On the other hand, people with 
health problems may leave work earlier, making it difficult to establish a link be-
tween health problems and exposure in the workplace (healthy worker effect) [35]. 
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Thus, larger and longitudinal studies may provide more robust and generalizable 
results. 

In our study, almost half of the atopic subjects were specifically sensitized to cat 
and/or dog allergens. Sensitization to other allergens was not analyzed. The study 
did not account for exposure to secondhand smoke, or irritants, which could sig-
nificantly impact lung function. 

6. Conclusion 

The results of our study suggest that occupational exposure to furry animals and 
the development of sensitization against animal allergens may have a significant 
impact on lung function in employees. Identifying and addressing the actual 
workplace exposure and the early detection of workers at risk can lead to the 
prompt initiation of preventive measures such as workplace adjustment, regular 
check-ups, and guidance for quitting smoking. Objective lung function assess-
ments possess the capability to detect alterations even when overt clinical mani-
festations are not present. Therefore, lung function tests (spirometry) should be 
used as a screening tool and preventive measure, both at an early stage and on an 
ongoing basis. 
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