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Laboratory animal allergy is a well-known occupational haz-

Abstract

Background: Allergy to laboratory animals is a well-known occupational hazard.
The aim was to investigate the frequency of allergic sensitization and respiratory
symptoms among pet shop staff and to document their work environment.

Methods: Subjects (n = 59) from 24 pet shops were investigated with a question-
naire and lung function tests and skin prick tests against a panel of common inhal-
ant and pet shop allergens. Blood samples were taken for immunoglobulin E (IgE)
and IgE antibodies against Phadiatop and specific pet shop allergens. Personal air-
borne rodent allergen (n = 40) and endotoxin exposure (n = 40) was measured
during work. Airborne rodent allergens were also collected using petri dishes at
work (n = 40) and at home (n = 45).

Results: Fifty-three percent reported nasal symptoms, 34% eye symptoms, and 22%
had experienced symptoms indicating asthma. However, only four workers (7%)
were previously diagnosed with asthma. One-third reported respiratory symptoms at
work, mostly against rodents, birds, insects, and hay, and 29% were sensitized to
work-related allergens, mainly rodents and fodder insects, e.g., Zophobas. Atopy
and total IgE > 100 kU/I increased prevalence of pet shop sensitization [prevalence
ratio (PR) 17 and 5.5, respectively], and atopy increased work-related symptoms
(PR 3.2). Endotoxin levels were similar between shops with and without rodents.
Exposure to animals outside of work was extensive.

Conclusions: A third of the pet shop workers reported airway symptoms at work or
were sensitized, sometimes to unusual pet shop allergens, especially among atopics.
The findings stress the importance of improving the knowledge of health risks and
allergen avoidance measures among pet shop staff.

tions are scant. In veterinarians, allergic symptoms or

ard (1). Usually, between 10% and 50% of laboratory staff
exposed to rodents develop symptoms or immunoglobulin E
(IgE) antibodies to animal allergens, the majority within the
first few years. Several studies have found a dose-response
relationship, stronger for atopics than nonatopics (2, 3).
Nowadays, in several countries, specific occupational health
regulations are in force, with medical examinations and staff
education, while animal facilities and work practices are
planned so as to minimize allergen exposure (3-5).

Although it is likely that other workers with rodent expo-
sure are at risk of developing allergy, studies of such occupa-
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sensitization to work allergens were found to be common
(6-8). Concerning pet shop staff, only a few case reports
exist, in which fodder insect larvae [chironomids (9, 10) and
Tenebrio molitor, mealworm (11)] have been shown to cause
occupational asthma or other symptoms. A case of hypersen-
sitivity during both inhalation and ingestion of mealworm
and Zophobas morio (superworm) has been reported (12).
Even reptiles may cause allergy: a first case report of sensiti-
zation to a pet Iguana was published in 2000 (13). Further-
more, bird exposure may cause extrinsic allergic alveolitis

(14).
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Occupational exposure in the pet shop environment to a
number of allergen sources, as well as microbial agents such
as endotoxin that may induce occupational respiratory symp-
toms (15), might influence the risk of workers to developing
allergy and respiratory symptoms. As little is known regard-
ing occupational health among pet shop workers, the purpose
of this study was explorative: to investigate the frequency of
allergic sensitization and respiratory symptoms among pet
shop staff and to document the work environment.

Methods
Pet shops

An open invitation to participate in a study of pet shop envi-
ronment and health was sent to zoological trade companies
around Stockholm, Sweden. Of the 48 pet shops that
responded, 28 (58%) gave consent to a visit, and workers
from 24 shops agreed to answer a questionnaire (16) and to
medical examinations including skin prick tests, blood sam-
pling, and lung function tests. These 24 pet shops did not
differ statistically from the other 24 pet shops with respect to
type of shop, but had 1.4 more employees per shop.

The pet shops were divided into categories: shops with
rodents (species belonging to Rodentia: rats, mice, hamsters,
guinea pigs, chinchilla, degus, and gerbils, besides other ani-
mal species); shops with other animals (without rodents); and
shops with pet supplies (no animals for sale).

A total of 59 of the 83 (71%) eligible persons (adults who
worked more than weekends) volunteered to take part in the
medical examinations.

The study was approved by the Ethical Board at Karo-
linska Institutet. In all stages of the study, it was emphasized
that all participation of both pet shops and individuals was
voluntary.

Skin prick tests

Skin prick testing (SPT) was with a panel of common airborne
allergens: birch, timothy grass, mugwort, dog, cat, horse,
moulds (Cladsporium herbarum, Alternaria alternata), and
house dust mites (Dermatophagoides pteronyssinus, Dermato-
phagoides farinae) (ALK-Abello A/S, Hersholm, Denmark)
and a panel of pet shop allergens: guinea pig, rabbit, hamster,
rat, budgerigar, shrimp, and storage mites (Lepidoglyphus
destructor, Acarus siro from Allergopharma, Reinbek,
Germany). Wheal diameters >3 mm were considered positive.

IgE and IgE antibodies

Blood samples were assayed for IgE antibodies (kUx/l)
against mealworm beetle (Tenebrio molitor, Ro211), gerbil
epithelia (Re209), Chiropoda larvae (i73), and a bird mix
(ex72) as well as Zophobas droppings and larvae (MIAB,
Uppsala, Sweden) and serum IgE (kU/I) and Phadiatop™
using the ImmunoCAP™ system (Phadia AB, Uppsala, Swe-
den). Immunoglobulin E antibody levels of >0.35 kU 4/l were
considered positive. Immunoglobulin E antibodies against rat
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and mouse urinary allergens (MUA) respectively were deter-
mined using an in-house enzyme-linked immunosorbent assay
(ELISA) with a sensitivity of 0.1 kU/I (5).

Lung function tests

All subjects were tested using a Vitalograph spirometer for
vital capacity (VC), forced vital capacity (FVC), and FEV,
(forced expiratory volume in 1 s), and values were compared
with the expected values (17, 18).

Allergen and endotoxin sampling

One or two workers in each pet shop (depending upon staff
available) carried two portable pumps (SKC Inc., Eighty
Four, PA, USA) each for assessment of inhalable allergens
(n = 40) and endotoxins (n = 40), collected on l-um filters
at 2 I/min during 5 h of normal work activity (19). Airborne
sedimenting allergens were also collected during 1 week as
described previously (20) using petri dishes (n = 40) coated
with teleostean gelatin (Sigma, St Louis, MO, USA) at 2%,
placed at the counters and, if present, in the separate animal
rooms. Staff was instructed to close the petri dishes after
7 days, seal them, and send them to us by post.

To study possible allergen transfer from the shops to
homes, the staff was also given petri dishes and asked to
place them opened on a table beside their bed, to collect
airborne dust sedimenting over 7 days (n = 45).

Elution of air and petri dish samples for allergen measurement

Air samples were eluted as described previously (19). Dust was
collected from petri dish base and lid by repeated pipetting with
2 ml extraction buffer (PBS, 0.5% Tween 20, 0.15% Kathon
CG, 1% BSA). Samples were rotated for 2 h, centrifuged at
1000 g for 10 min, and supernatants were stored at —20°C.

Analysis of airborne allergens

Air and petri dish samples were analyzed for rat urinary
allergen Rat n 1 (RUA) and mouse urinary allergen Mus m 1
(MUA) by ELISA assay, as described previously (19, 21).
Analysis of cat allergen (Fel d 1) was performed using com-
mercial reagents (Indoor Biotechnologies, Charlottesville, VA,
USA) as described (20). Samples near or below the limit of
detection (<0.2 ng/ml) were reassayed using AMPAK signal
amplification (Dakopatts AB, Helsingborg, Sweden) accord-
ing to the manufacturers recommendations. Detection limits
were 10 pg/ml or about 20 pg/m’ for rodent allergens and
5 pg/ml (10 pg/m?) for cat allergen, respectively.

Analysis of endotoxin

Air filters were extracted in 2 ml sterile water and 0.05%
Tween 20 in sterile Falcon tubes (2085; Becton Dickinson,
Stockholm, Sweden), rotated for 1h, and centrifuged at
1000 g for 10 min to remove debris. The supernatants were
stored in sterile cryotubes (Nunc A/S, Roskilde, Denmark) at
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—20°C. A colorimetric limulus amebocyte lysate (LAL) test
QCL-1000 (Bio Whittaker, Walkersville, MD, USA) was used
to determine endotoxins as described by the manufacturer.
The detection limit was 0.33 EU/m? at 5 h of air sampling.

Statistics

Main outcome variables were work-related allergic symp-
toms and sensitization (SPT or IgE antibodies) to pet shop
allergens.

Work exposure assignment
Mean personal airborne and sedimenting dust RUA and MUA
levels, respectively, and airborne endotoxin values for each
shop were allocated to each study participant from that shop.
Analyses were mainly performed using STATVIEW (Vv 5.01;
sas Institute, Solna, Sweden). Values that were not normally
distributed are presented as median with 25-75th percentiles.
Chi-square test (or Fisher’s exact test) was used to test correla-
tion between factors. Nonparametric tests were used to test
exposure differences between groups. To analyze risk factors
and presence of work symptoms or sensitization, for dichoto-
mous variables, prevalence ratios (PR) with 95% confidence
interval (CI) were calculated (Epilnfo, OpenEpi v 2.3; CDC,
Atlanta, GA, USA). For continuous variables, Mann—Whitney
U-test test was used. P < 0.05 was considered significant.

Results
Pet shops and pet shop animals

Of the 24 investigated shops, 20 had animals present of
which 17 had rodents; 16 had specific animal rooms. The
remaining four shops sold pet food and other pet articles.
The pet shops varied in size between 42 and 350 m” (median
150). The shops had a wide range of animals, and most had
aquaria with fish (18 shops). Insects (17 shops), (mealworm
(Tenebrio molitor), superworm (Zophobas morio) (Fig. S1),
and chironomid midge (Chironomidae) larvae, crickets, cock-
roaches, etc.) were sold or used as fodder for fish or reptiles.
Various rodent species (17 shops) and rabbits (15 shops) were
commonly present, but also reptiles (13 shops) and amphibi-
ans (12 shops). Although dogs are forbidden to sell in pet
shops in Sweden, they were often present (14 shops) as staff
brought their own dogs to work.

Pet shop workers and pet exposure

The participants had worked with animals on average 9.4 years
(range 1-36 years). Their mean age was 31.4 years (range
17-59 years), and 24% were current smokers (Table 1).

Most pet shop workers had extensive lifetime animal expo-
sure at home — all had owned pets, 74% at least three types
of animals, and 24% had at least had seven. Dogs (83%), cats
(76%), horses/regular horse riding (60%), hamsters (47%),
and rabbits (45%) were the most common. Current pet expo-
sure (in the home or outside of work in the last year) was
most common to cats (57%), dogs (55%), and fish (53%),
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Table 1 Pet shop workers (n = 59)*

N (%) or
Characteristics mean (£SD)
Age (£SD) (years) 31.4 (£9.9)
Women (%) 39 (66)
Smoking (%) 14 (24)
Phadiatop or SPT positive to common 17 (29)

inhalant allergens (%)

Asthma, doctor’s diagnosed 4.(7)
Wheezing 20 (35)
Asthma according to symptoms+ 13 (22)
Nasal (blocked, runny nose, or sneezing) 31 (63)
Eye (runny, itchy eyes) 20 (34)
Work-related
Years worked with animals 9.4 (£7.4)
SPT positive to pet shop allergen panel (%) 13 (22)

(

(
IgE antibody to pet shop allergen panel (%) 10 (17)

(

SPT or serum positive to pet shop panel (%) 16 (27)

Allergic symptoms at work
‘Yes' 20 (34)
‘Don’t know' 8 (14)
Nasal (blocked or runny nose or sneezing) 23 (40)
Eye (irritated eyes) 13 (22)
Chest (coughing, wheezing, chest tightness) 13 (22)
Skin symptoms 13 (22)

SPT, Skin prick testing.

*One subject did not fill out the questionnaire, one subject failed to
produce an acceptable lung function test, and one subject refused
blood sampling (n = 58 for this information).

tAccording to questionnaire: ‘Yes' to attacks of tightness of the
chest and/or wheezing, and these symptoms occur without an airway
infection, and/or these symptoms may occur during exercise.

although birds or reptiles were also common as pets (both
35%). Almost all reported having had exposure to animals
from an early age, and mean exposure time for dogs was
16 years, cat 14 years, and horses and rabbits both 10 years.

Allergen and endotoxin exposure

Personal occupational aeroallergen exposure

The RUA levels were generally low, only 23% were above
detection limit, whereas MUA exposure was measurable in
75% of the pet shops (Fig. 1). Levels in pet shops without
rodents were mainly below detection limit. Airborne Fel d 1
was found in all pet shops.

Personal occupational endotoxin exposure

Endotoxin levels (n = 40) were not significantly different
between pet shops with rodents and shops with only other
animals and were very low in supply shops (Fig. 1).

Sedimenting aeroallergens at work and at home

Sedimenting airborne dust collected at the sales counters
and in the animal rooms using petri dishes (n = 40) varied
greatly between shops (<0.3-642 ng/m?/day for RUA,
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Figure 1 Airborne levels of allergens and endotoxin in pet shops
selling rodents, other animals or pet supplies only. Samples were
collected using person-carried punps during work. Box plots. Detec-
tion limits are indicated with hatched lines.

<0.3-3091 ng/m?*/day for MUA, and 0.5-566 ng/m*/day
for Fel d 1, respectively). Levels of rodent allergen were
undetectable in pet shops without rodents. In shops with
rodents, rodent allergen levels were higher (Wilcoxon
signed rank test) in the animal rooms than at the counters,
median 54.8 vs 1.2 for RUA (P = 0.0006) and 550 vs
60.3 ng/m?/day for MUA (P = 0.003), respectively. Fel d 1
levels were instead lower in the animal rooms: 18.7 vs
37.4 ng/m?/day (P = 0.03).

Sedimenting dust collected in bedrooms (n = 45) showed
higher rodent or cat allergen levels in homes with the respec-
tive animals (data not shown). There were indications of
allergen transfer between shops and homes: MUA levels were
a median 3.5-fold higher (P = 0.02) in samples from homes
of nonmouse owners who worked with mice, than in homes
of workers from shops without mice. The home median levels
of MUA were about one-tenth of shop counter levels, while
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Fel d 1 was found in shops at about one-tenth of the levels
of the homes with cats.

Sensitization and symptoms

Forty-one persons worked in shops with rodents, 13 in shops
without rodents, and five in pet supply shops. Atopy, defined
as a positive Phadiatop test or a positive SPT to a common
inhalant allergen, was found in 29%. Positive Phadiatop and
SPT were highly related (P < 0.001), and SPT positivity was
most common against dogs (17%), timothy grass (15%), and
birch and cat (both 12%).

Immunoglobulin E sensitization to pet shop allergen pan-
els was found in 13 (SPT) and 10 (serum) persons, respec-
tively, in total 16 (27%) of pet shop workers (Table 2). The
highest IgE levels were found against Zophobas larvae and
their droppings, and against mealworm.

A majority of pet shop workers reported nasal (53%) and/
or eye (34%) symptoms, and 22% reported wheezing or
tightness of the chest not related to infections, indicating
asthma. Wheezing ever was reported by 35%. However, only
four subjects had a doctor’s diagnosis of asthma. Lung func-
tion values were on average slightly lower than expected:
91.4% (SD +£10.9) of expected for VC, 93.3% (+11.1) for
forced VC, and 94.8% (+13.3) for FEV,. The average ratio
FEV,/VC was normal, 101.5% (£7.2) of expected, but 21
persons had a ratio below 80% (of which six persons were
below 75%).

A third of pet shop workers (20 persons) reported having
experienced allergic symptoms at work, mostly against
rodents and rabbits, birds, insects and chironomids, and hay.
Four subjects spontaneously mentioned strong work exposure
reactions such as edema, flush, rash, and asthma attack. A
further eight persons were uncertain whether symptoms were
related to work (Table 1).

Risk factors in relation to sensitization and symptoms

Sensitization to the pet shop allergens and allergic symptoms
at work were highly correlated, P = 0.002. Immunoglobulin
E to pet shop allergens significantly increased the prevalence

Table 2 Results of work immunoglobulin E (IgE) sensitization tests: skin prick testing (n = 59) and IgE antibody (kUA/I) in serum to pet shop

allergens, kU/I (n = 58)

Pet shop allergen panel No. positive Pet shop allergen panel No. positive Lowest — highest
Skin prick test (%) IgE antibody in serum (>0.35 kUA/I) (%) IgE antibody values
Rat 6 (10) Rat urinary allergen 5(9) <0.1-3.9

Guinea pig 5 (8) Mouse urinary allergen 5(9) <0.1-39.7
Lepidoglyphus destructor 5 (8) Zophobas droppings 5(9) <0.35-212.9
Rabbit 3 (5) Zophobas larvae 4(7) <0.35-143.4
Hamster 3 (5) Mealworm (Tenebrio molitor) 3 (5) <0.35-99.7

Acarus siro 3 (5) Gerbil epithelium 2 (3) <0.35-4.0
Budgerigar 2 (3) Chironomid larvae 2 (3) <0.35-9.3

Shrimp 0 Bird mix 1(2) <0.35-0.64
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of work symptoms (PR = 3.5) and vice versa (PR = 4.3)
(Table 3). Atopy strongly increased pet shop panel sensitiza-
tion prevalence (PR = 17) and work symptoms (PR = 3.2).
Immunoglobulin E was significantly (P < 0.001) higher
among pet shop sensitized workers vs nonsensitized: median
(25th-75th percentiles) 90 (63-304) and 16 (7-47) kU/I,
respectively. IgE > 100 kU/1 was also significantly related to
sensitization (PR = 5.5), as was male sex (PR = 2.5). There
were no correlations between allergen levels or endotoxin
levels and either work symptoms or work sensitization.

Discussion

This study is the first to investigate exposure, work-related
allergic sensitization and respiratory symptoms among pet
shop workers. We found that a large proportion of pet shop
workers reported airway symptoms at work and that about a
third was IgE sensitized to allergens present in pet shops.
Sensitization to pet shop allergens increased the risk (PR) of
symptoms at work 3.5-fold, and work symptoms increased
the risk of sensitization 4.3-fold. The strongest risk factor for
sensitization to pet shop allergens was atopy (PR = 17),
which also had an impact on work symptoms (PR = 3.2).
Elevated IgE also increased risk of sensitization (PR = 5.5).
The proportion of atopics (29%) was similar to that observed
in Swedish blood donors (26%) (22). Although this is a
cross-sectional survey, limiting the possibility to claim causal-
ity, similar results (but with lower PRs) have been found in
longitudinal studies of laboratory animal workers exposed to
rodents (16, 23). It is possible that some of the high correla-
tions between positive IgE tests are caused by cross-reactivity
between related allergens, such as various mite species or
serum albumins (24).

The most common pet shop—sensitizing allergens were rat
and MUAs along with Zophobas. The highest IgE levels
were actually found against Zophobas larvae and their drop-
pings. This large mealworm, used as reptile fodder in pet
shops, and chironomids and crickets, were reported by
several workers to have caused occasional strong allergic
reactions.

We also found that pet shop workers may be exposed to
many animal allergens both at work and at home and that
allergens may be spread from work to the home and vice
versa. The constant high exposure to organic dust or compo-
nents such as endotoxin may conceivably be connected to the
slightly decreased lung function found in these lifelong
animal-exposed workers, similarly to farmers (25). However,
the endotoxin levels were well below such measured in several
other occupational environments, causing for instance
organic toxic dust syndrome (26). It is possible that endo-
toxin or other microbial exposures have prevented more
workers to develop sensitization or symptoms or conversely
that the levels were mostly too low to promote tolerance. In
a recent study of laboratory animal workers, we found that
high rodent allergen and endotoxin exposure induces a
systemic engagement with increased levels of circulating
neutrophils, monocytes, and interlukin-6, unrelated to allergic
sensitization [Blidberg 2010 submitted].
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Although this is the largest study of pet shop work to
date, the numbers do not allow sensitization and symptom
analysis by shop type. Furthermore, several workers had
because of work-related symptoms changed their exposure
making such an analysis precarious to interpret. The fact that
we did not find exposure to be related to work symptoms or
sensitization may thus be a healthy worker effect, because of
work adaption, with avoidance of animals, tasks or work-
places causing problems.

Both under- and overrepresentations of allergic workers are
possible. Several shop owners who responded to the invitation
but declined participation had one-person companies, for
whom it is understandably difficult to close the shop to
undergo allergy and lung function tests. Nevertheless, this
study represents the first in which a large number of pet shops
have been investigated, including personal exposure measure-
ments, allergy, and lung function tests. A further strength is
that the worker’s exposure at home has been studied.

Although 22% of the workers reported wheezing or tight-
ness of the chest not in connection with an infection, only
four (7%) had prior to our study received a doctor’s diagno-
sis of asthma and obtained treatment. Thus, too few with
symptoms indicative of asthma have undergone allergy or
lung function tests and received a diagnosis, let alone medica-
tion or preventive advice.

In conclusion, pet shop workers are exposed to a variety
of allergens, which constitute a risk factor for allergic sensiti-
zation and symptoms. The findings stress the importance of
improved knowledge of health risks among pet shops work-
ers and possible allergen avoidance measures. For clinicians,
it is important to remember that fodder insects such as
Zophobas, or chironomids, may cause allergy and asthma in
pet shop workers.

Acknowledgments

We gratefully acknowledge the help of MAIB, Uppsala,
Sweden, who especially developed a test to analyze IgE to
Zophobas dropping and larvae proteins, and Anne-Sophie
Merritt, Karolinska Institutet, for the analysis of cat allergens.
This study was supported by the Swedish Council for Working
Life and Social Research, the Swedish Asthma and Allergy
Association’s Research Foundation, Stockholm County Coun-
cil, and the Swedish Research Council, the Hesselman Founda-
tion, and Karolinska Institutet, Stockholm.

Authors’ contributions

AR was responsible for the project, participated in all stages
and tasks, and was main author of the manuscript. MO con-
tributed to the planning of the study was responsible for the
data collection and analysis of samples from pet shops and
reviewed the manuscript. MH was responsible for the data
collection and analysis of samples from the workers and
reviewed the manuscript. SGOJ contributed to the IgE analy-
ses and provided critical review of the manuscript. MvH
contributed to the IgE analyses and provided critical review
during the project and of the manuscript.

© 2011 John Wiley & Sons A/S



Renstrom et al.

Conflicts of interest

Pet shop exposure, sensitization, and symptoms

Figure S1. Pet shop worker showing Zophobas larvae sold as

reptile fodder.

The authors (AR, MO, MH, SGOIJ, and MvH) declare no
conflicts of interest.

Supporting Information

Additional Supporting Information may be found in the online

Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials sup-
plied by the authors. Any queries (other than missing
material) should be directed to the corresponding author

for the article.

version of this article found at: http://www.wileyonlinelibrary.com.

References

1.

Acton D, McCauley L. Laboratory animal
allergy: an occupational hazard. A4OHN J
2007;55:241-244.

. Pacheco KA. New insights into laboratory

animal exposures and allergic responses.
Curr Opin Allergy Clin Immunol 2007;7:
156-161.

. Preece R, Renstrom A. Laboratory animal

allergies and zoonoses. In: Hau J, van Hoo-
sier G editors. Handbook of laboratory ani-
mal science, Vol 1. Essential principles and
practices. 3rd edn. Boca Raton, FL: CRC
Press 2011. p 115-144.

. Schmid K, Jiingert B, Hager M, Drexler H.

Is there a need for special preventive medical
check-ups in employees exposed to experi-
mental animal dust? Int Arch Occup Environ
Health 2009;82:319-327.

. Thulin H, Bjérkdahl M, Karlsson AS,

Renstrom A. Reduction of exposure to
laboratory animal allergens in a research
laboratory. Ann Occup Hyg 2002;46:61-68.

. Nienhaus A, Skudlik C, Seidler A. Work-

related accidents and occupational diseases
in veterinarians and their staff. Int Arch
Occup Environ Health 2005;78:230-238.

. Susitaival P, Kirk JH, Schenker MB. Atopic

symptoms among California veterinarians.
Am J Ind Med 2003;44:166-171.

. Krakowiak A, Wiszniewska M, Krawczyk

P, Szulc B, Wittczak T, Walusiak J et al.
Risk factors associated with airway allergic
diseases from exposure to laboratory animal
allergens among veterinarians. Int Arch
Occup Environ Health 2007;80:465-475.

. Baur X, Dewair M, Fruhman G, Ashauer

H, Pfletschinger J, Braunitzer G. Hypersen-
sitivity to chironomids (non-biting midges):

© 2011 John Wiley & Sons A/S

12.

13.

14.

15.

localization of the antigenic determinants
within certain polypeptide sequences of
hemoglobulins (erythrocruorins) of Chirono-
mus thummi thummi (Diptera). J Allergy
Clin Immunol 1982;69:66-76.

. Liebers V, Hoernstein M, Baur X. Humoral

immune response to the insect allergen Chi
t I in aquarists and fish-food factory work-
ers. Allergy 1993;48:236-239.

. Bernstein DI, Gallagher JS, Bernstein IL.

Mealworm asthma: clinical and immuno-
logic studies. J Allergy Clin Immunol 1983;
72:475-430.

Freye HB, Esch RE, Litwin CM, Sorkin L.
Anaphylaxis to the ingestion and inhalation
of Tenebrio molitor (mealworm) and Zopho-
bas morio (superworm). Allergy Asthma Proc
1996;17:215-219.

Kelso JM, Fox RW, Jones RT, Yunginger
JW. Allergy to iguana. J Allergy Clin Immu-
nol 2000;106:369-372.

Calvert JE, Baldwin CI, Allen A, Todd A,
Bourke SJ. Pigeon fanciers’ lung: a complex
disease? Clin Exp Allergy 1999;29:166-175.
Rylander R. Endotoxin and occupational
airway disease. Curr Opin Allergy Clin
Immunol 2006;6:62-66.

. Renstrom A, Malmberg P, Larsson K,

Sundblad BM, Larsson PH. Prospective
study of laboratory-animal allergy: factors
predisposing to sensitization and develop-
ment of allergic symptoms. Allergy 1994,
49:548-552.

. Hedenstrém H, Malmberg P, Agarwal K.

Reference values for lung function tests in
females. Regression equations with smoking
variables. Bull Eur Physiopathol Respir 1985,
21:551-557.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hedenstrom H, Malmberg P, Fridriksson
HV. Reference values for lung function tests
in men: regression equations with smoking
variables. Ups J Med Sci 1986;91:299-310.
Renstrom A, Bjoring G, Hoglund AU. Eval-
uation of individually ventilated cage sys-
tems for laboratory rodents: occupational
health aspects. Lab Anim 2001;35:42-50.
Karlsson AS, Hedrén M, Almqvist C, Lars-
son K, Renstrom A. Evaluation of petri dish
sampling for assessment of cat allergen in
airborne dust. Allergy 2002;57:164-168.
Renstrom A, Karlsson AS, Tovey E. Nasal
air sampling used for the assessment of
occupational allergen exposure and the
efficacy of respiratory protection. Clin Exp
Allergy 2002;32:1769-1775.

Johansson SGO, Nopp A, Florvaag E, Lun-
dahl J, Soderstrom T, Guttormsen AB et al.
High prevalence of IgE antibodies among
blood donors in Sweden and Norway.
Allergy 2005;60:1312-1315.

Krop EJ, Heederik DJ, Lutter R, de Meer
G, Aalberse RC, Jansen HM et al. Associa-
tions between pre-employment immunologic
and airway mucosal factors and the develop-
ment of occupational allergy. J Allergy Clin
Immunol 2009;123:694-700.

Aalberse RC. Structural features of aller-
genic molecules. Chem Immunol Allergy
2006;91:134-146.

Omland @. Exposure and respiratory health
in farming in temperate zones—a review of
the literature. Ann Agric Environ Med 2002;
9:119-136.

Radon K. The two sides of the ‘endotoxin
coin’. Occup Environ Med 2006;63:73-78.



ORIGINAL ARTICLE

Allergy

AIRWAY DISEASES

Pet shop workers: exposure, sensitization, and work-related

symptoms

A. Renstrém’, M. Olsson?, M. Hedrén3, S. G. O. Johansson* & M. van Hage*

"National Institute of Environmental Medicine, Lung and Allergy Research, Karolinska Institutet, Stockholm; ?National Institute for Working
Life, Respiratory Health and Climate, Stockholm*; ®Department of Medical Biochemistry and Biophysics, Karolinska Institutet, Stockholm;
“Department of Medicine, Clinical Immunology and Allergy Unit, Karolinska Institutet and University Hospital, Stockholm, Sweden

To cite this article: Renstrom A, Olsson M, Hedrén M, Johansson SGO, van Hage M. Pet shop workers: exposure, sensitization, and work-related symptoms.

Allergy 2011; DOI: 10.1111/1.1398-9995.2011.02591.x.

Keywords
allergens; immunoglobulin E; insects;
occupational medicine; rodents.

Correspondence

Anne Renstréom, PhD, Lung and Allergy
Research, National Institute of
Environmental Medicine, Karolinska
Institutet, Box 287, SE 171 77, Stockholm,
Sweden.

Tel.: +46 8 524 822 02

Fax: +46 8 300 619

E-mail: Anne.Renstrom@ki.se

*At the time of the study.
Accepted for publication 10 March 2011
DOI:10.1111/1.1398-9995.2011.02591 .x

Edited by: Hans-Uwe Simon

Laboratory animal allergy is a well-known occupational haz-

Abstract

Background: Allergy to laboratory animals is a well-known occupational hazard.
The aim was to investigate the frequency of allergic sensitization and respiratory
symptoms among pet shop staff and to document their work environment.

Methods: Subjects (n = 59) from 24 pet shops were investigated with a question-
naire and lung function tests and skin prick tests against a panel of common inhal-
ant and pet shop allergens. Blood samples were taken for immunoglobulin E (IgE)
and IgE antibodies against Phadiatop and specific pet shop allergens. Personal air-
borne rodent allergen (n = 40) and endotoxin exposure (n = 40) was measured
during work. Airborne rodent allergens were also collected using petri dishes at
work (n = 40) and at home (n = 45).

Results: Fifty-three percent reported nasal symptoms, 34% eye symptoms, and 22%
had experienced symptoms indicating asthma. However, only four workers (7%)
were previously diagnosed with asthma. One-third reported respiratory symptoms at
work, mostly against rodents, birds, insects, and hay, and 29% were sensitized to
work-related allergens, mainly rodents and fodder insects, e.g., Zophobas. Atopy
and total IgE > 100 kU/I increased prevalence of pet shop sensitization [prevalence
ratio (PR) 17 and 5.5, respectively], and atopy increased work-related symptoms
(PR 3.2). Endotoxin levels were similar between shops with and without rodents.
Exposure to animals outside of work was extensive.

Conclusions: A third of the pet shop workers reported airway symptoms at work or
were sensitized, sometimes to unusual pet shop allergens, especially among atopics.
The findings stress the importance of improving the knowledge of health risks and
allergen avoidance measures among pet shop staff.

tions are scant. In veterinarians, allergic symptoms or

ard (1). Usually, between 10% and 50% of laboratory staff
exposed to rodents develop symptoms or immunoglobulin E
(IgE) antibodies to animal allergens, the majority within the
first few years. Several studies have found a dose-response
relationship, stronger for atopics than nonatopics (2, 3).
Nowadays, in several countries, specific occupational health
regulations are in force, with medical examinations and staff
education, while animal facilities and work practices are
planned so as to minimize allergen exposure (3-5).

Although it is likely that other workers with rodent expo-
sure are at risk of developing allergy, studies of such occupa-
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sensitization to work allergens were found to be common
(6-8). Concerning pet shop staff, only a few case reports
exist, in which fodder insect larvae [chironomids (9, 10) and
Tenebrio molitor, mealworm (11)] have been shown to cause
occupational asthma or other symptoms. A case of hypersen-
sitivity during both inhalation and ingestion of mealworm
and Zophobas morio (superworm) has been reported (12).
Even reptiles may cause allergy: a first case report of sensiti-
zation to a pet Iguana was published in 2000 (13). Further-
more, bird exposure may cause extrinsic allergic alveolitis

(14).
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Occupational exposure in the pet shop environment to a
number of allergen sources, as well as microbial agents such
as endotoxin that may induce occupational respiratory symp-
toms (15), might influence the risk of workers to developing
allergy and respiratory symptoms. As little is known regard-
ing occupational health among pet shop workers, the purpose
of this study was explorative: to investigate the frequency of
allergic sensitization and respiratory symptoms among pet
shop staff and to document the work environment.

Methods
Pet shops

An open invitation to participate in a study of pet shop envi-
ronment and health was sent to zoological trade companies
around Stockholm, Sweden. Of the 48 pet shops that
responded, 28 (58%) gave consent to a visit, and workers
from 24 shops agreed to answer a questionnaire (16) and to
medical examinations including skin prick tests, blood sam-
pling, and lung function tests. These 24 pet shops did not
differ statistically from the other 24 pet shops with respect to
type of shop, but had 1.4 more employees per shop.

The pet shops were divided into categories: shops with
rodents (species belonging to Rodentia: rats, mice, hamsters,
guinea pigs, chinchilla, degus, and gerbils, besides other ani-
mal species); shops with other animals (without rodents); and
shops with pet supplies (no animals for sale).

A total of 59 of the 83 (71%) eligible persons (adults who
worked more than weekends) volunteered to take part in the
medical examinations.

The study was approved by the Ethical Board at Karo-
linska Institutet. In all stages of the study, it was emphasized
that all participation of both pet shops and individuals was
voluntary.

Skin prick tests

Skin prick testing (SPT) was with a panel of common airborne
allergens: birch, timothy grass, mugwort, dog, cat, horse,
moulds (Cladsporium herbarum, Alternaria alternata), and
house dust mites (Dermatophagoides pteronyssinus, Dermato-
phagoides farinae) (ALK-Abello A/S, Hersholm, Denmark)
and a panel of pet shop allergens: guinea pig, rabbit, hamster,
rat, budgerigar, shrimp, and storage mites (Lepidoglyphus
destructor, Acarus siro from Allergopharma, Reinbek,
Germany). Wheal diameters >3 mm were considered positive.

IgE and IgE antibodies

Blood samples were assayed for IgE antibodies (kUx/l)
against mealworm beetle (Tenebrio molitor, Ro211), gerbil
epithelia (Re209), Chiropoda larvae (i73), and a bird mix
(ex72) as well as Zophobas droppings and larvae (MIAB,
Uppsala, Sweden) and serum IgE (kU/I) and Phadiatop™
using the ImmunoCAP™ system (Phadia AB, Uppsala, Swe-
den). Immunoglobulin E antibody levels of >0.35 kU 4/l were
considered positive. Immunoglobulin E antibodies against rat
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and mouse urinary allergens (MUA) respectively were deter-
mined using an in-house enzyme-linked immunosorbent assay
(ELISA) with a sensitivity of 0.1 kU/I (5).

Lung function tests

All subjects were tested using a Vitalograph spirometer for
vital capacity (VC), forced vital capacity (FVC), and FEV,
(forced expiratory volume in 1 s), and values were compared
with the expected values (17, 18).

Allergen and endotoxin sampling

One or two workers in each pet shop (depending upon staff
available) carried two portable pumps (SKC Inc., Eighty
Four, PA, USA) each for assessment of inhalable allergens
(n = 40) and endotoxins (n = 40), collected on l-um filters
at 2 I/min during 5 h of normal work activity (19). Airborne
sedimenting allergens were also collected during 1 week as
described previously (20) using petri dishes (n = 40) coated
with teleostean gelatin (Sigma, St Louis, MO, USA) at 2%,
placed at the counters and, if present, in the separate animal
rooms. Staff was instructed to close the petri dishes after
7 days, seal them, and send them to us by post.

To study possible allergen transfer from the shops to
homes, the staff was also given petri dishes and asked to
place them opened on a table beside their bed, to collect
airborne dust sedimenting over 7 days (n = 45).

Elution of air and petri dish samples for allergen measurement

Air samples were eluted as described previously (19). Dust was
collected from petri dish base and lid by repeated pipetting with
2 ml extraction buffer (PBS, 0.5% Tween 20, 0.15% Kathon
CG, 1% BSA). Samples were rotated for 2 h, centrifuged at
1000 g for 10 min, and supernatants were stored at —20°C.

Analysis of airborne allergens

Air and petri dish samples were analyzed for rat urinary
allergen Rat n 1 (RUA) and mouse urinary allergen Mus m 1
(MUA) by ELISA assay, as described previously (19, 21).
Analysis of cat allergen (Fel d 1) was performed using com-
mercial reagents (Indoor Biotechnologies, Charlottesville, VA,
USA) as described (20). Samples near or below the limit of
detection (<0.2 ng/ml) were reassayed using AMPAK signal
amplification (Dakopatts AB, Helsingborg, Sweden) accord-
ing to the manufacturers recommendations. Detection limits
were 10 pg/ml or about 20 pg/m’ for rodent allergens and
5 pg/ml (10 pg/m?) for cat allergen, respectively.

Analysis of endotoxin

Air filters were extracted in 2 ml sterile water and 0.05%
Tween 20 in sterile Falcon tubes (2085; Becton Dickinson,
Stockholm, Sweden), rotated for 1h, and centrifuged at
1000 g for 10 min to remove debris. The supernatants were
stored in sterile cryotubes (Nunc A/S, Roskilde, Denmark) at
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—20°C. A colorimetric limulus amebocyte lysate (LAL) test
QCL-1000 (Bio Whittaker, Walkersville, MD, USA) was used
to determine endotoxins as described by the manufacturer.
The detection limit was 0.33 EU/m? at 5 h of air sampling.

Statistics

Main outcome variables were work-related allergic symp-
toms and sensitization (SPT or IgE antibodies) to pet shop
allergens.

Work exposure assignment
Mean personal airborne and sedimenting dust RUA and MUA
levels, respectively, and airborne endotoxin values for each
shop were allocated to each study participant from that shop.
Analyses were mainly performed using STATVIEW (Vv 5.01;
sas Institute, Solna, Sweden). Values that were not normally
distributed are presented as median with 25-75th percentiles.
Chi-square test (or Fisher’s exact test) was used to test correla-
tion between factors. Nonparametric tests were used to test
exposure differences between groups. To analyze risk factors
and presence of work symptoms or sensitization, for dichoto-
mous variables, prevalence ratios (PR) with 95% confidence
interval (CI) were calculated (Epilnfo, OpenEpi v 2.3; CDC,
Atlanta, GA, USA). For continuous variables, Mann—Whitney
U-test test was used. P < 0.05 was considered significant.

Results
Pet shops and pet shop animals

Of the 24 investigated shops, 20 had animals present of
which 17 had rodents; 16 had specific animal rooms. The
remaining four shops sold pet food and other pet articles.
The pet shops varied in size between 42 and 350 m” (median
150). The shops had a wide range of animals, and most had
aquaria with fish (18 shops). Insects (17 shops), (mealworm
(Tenebrio molitor), superworm (Zophobas morio) (Fig. S1),
and chironomid midge (Chironomidae) larvae, crickets, cock-
roaches, etc.) were sold or used as fodder for fish or reptiles.
Various rodent species (17 shops) and rabbits (15 shops) were
commonly present, but also reptiles (13 shops) and amphibi-
ans (12 shops). Although dogs are forbidden to sell in pet
shops in Sweden, they were often present (14 shops) as staff
brought their own dogs to work.

Pet shop workers and pet exposure

The participants had worked with animals on average 9.4 years
(range 1-36 years). Their mean age was 31.4 years (range
17-59 years), and 24% were current smokers (Table 1).

Most pet shop workers had extensive lifetime animal expo-
sure at home — all had owned pets, 74% at least three types
of animals, and 24% had at least had seven. Dogs (83%), cats
(76%), horses/regular horse riding (60%), hamsters (47%),
and rabbits (45%) were the most common. Current pet expo-
sure (in the home or outside of work in the last year) was
most common to cats (57%), dogs (55%), and fish (53%),

© 2011 John Wiley & Sons A/S
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Table 1 Pet shop workers (n = 59)*

N (%) or
Characteristics mean (£SD)
Age (£SD) (years) 31.4 (£9.9)
Women (%) 39 (66)
Smoking (%) 14 (24)
Phadiatop or SPT positive to common 17 (29)

inhalant allergens (%)

Asthma, doctor’s diagnosed 4.(7)
Wheezing 20 (35)
Asthma according to symptoms+ 13 (22)
Nasal (blocked, runny nose, or sneezing) 31 (63)
Eye (runny, itchy eyes) 20 (34)
Work-related
Years worked with animals 9.4 (£7.4)
SPT positive to pet shop allergen panel (%) 13 (22)

(

(
IgE antibody to pet shop allergen panel (%) 10 (17)

(

SPT or serum positive to pet shop panel (%) 16 (27)

Allergic symptoms at work
‘Yes' 20 (34)
‘Don’t know' 8 (14)
Nasal (blocked or runny nose or sneezing) 23 (40)
Eye (irritated eyes) 13 (22)
Chest (coughing, wheezing, chest tightness) 13 (22)
Skin symptoms 13 (22)

SPT, Skin prick testing.

*One subject did not fill out the questionnaire, one subject failed to
produce an acceptable lung function test, and one subject refused
blood sampling (n = 58 for this information).

tAccording to questionnaire: ‘Yes' to attacks of tightness of the
chest and/or wheezing, and these symptoms occur without an airway
infection, and/or these symptoms may occur during exercise.

although birds or reptiles were also common as pets (both
35%). Almost all reported having had exposure to animals
from an early age, and mean exposure time for dogs was
16 years, cat 14 years, and horses and rabbits both 10 years.

Allergen and endotoxin exposure

Personal occupational aeroallergen exposure

The RUA levels were generally low, only 23% were above
detection limit, whereas MUA exposure was measurable in
75% of the pet shops (Fig. 1). Levels in pet shops without
rodents were mainly below detection limit. Airborne Fel d 1
was found in all pet shops.

Personal occupational endotoxin exposure

Endotoxin levels (n = 40) were not significantly different
between pet shops with rodents and shops with only other
animals and were very low in supply shops (Fig. 1).

Sedimenting aeroallergens at work and at home

Sedimenting airborne dust collected at the sales counters
and in the animal rooms using petri dishes (n = 40) varied
greatly between shops (<0.3-642 ng/m?/day for RUA,
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Figure 1 Airborne levels of allergens and endotoxin in pet shops
selling rodents, other animals or pet supplies only. Samples were
collected using person-carried punps during work. Box plots. Detec-
tion limits are indicated with hatched lines.

<0.3-3091 ng/m?*/day for MUA, and 0.5-566 ng/m*/day
for Fel d 1, respectively). Levels of rodent allergen were
undetectable in pet shops without rodents. In shops with
rodents, rodent allergen levels were higher (Wilcoxon
signed rank test) in the animal rooms than at the counters,
median 54.8 vs 1.2 for RUA (P = 0.0006) and 550 vs
60.3 ng/m?/day for MUA (P = 0.003), respectively. Fel d 1
levels were instead lower in the animal rooms: 18.7 vs
37.4 ng/m?/day (P = 0.03).

Sedimenting dust collected in bedrooms (n = 45) showed
higher rodent or cat allergen levels in homes with the respec-
tive animals (data not shown). There were indications of
allergen transfer between shops and homes: MUA levels were
a median 3.5-fold higher (P = 0.02) in samples from homes
of nonmouse owners who worked with mice, than in homes
of workers from shops without mice. The home median levels
of MUA were about one-tenth of shop counter levels, while
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Fel d 1 was found in shops at about one-tenth of the levels
of the homes with cats.

Sensitization and symptoms

Forty-one persons worked in shops with rodents, 13 in shops
without rodents, and five in pet supply shops. Atopy, defined
as a positive Phadiatop test or a positive SPT to a common
inhalant allergen, was found in 29%. Positive Phadiatop and
SPT were highly related (P < 0.001), and SPT positivity was
most common against dogs (17%), timothy grass (15%), and
birch and cat (both 12%).

Immunoglobulin E sensitization to pet shop allergen pan-
els was found in 13 (SPT) and 10 (serum) persons, respec-
tively, in total 16 (27%) of pet shop workers (Table 2). The
highest IgE levels were found against Zophobas larvae and
their droppings, and against mealworm.

A majority of pet shop workers reported nasal (53%) and/
or eye (34%) symptoms, and 22% reported wheezing or
tightness of the chest not related to infections, indicating
asthma. Wheezing ever was reported by 35%. However, only
four subjects had a doctor’s diagnosis of asthma. Lung func-
tion values were on average slightly lower than expected:
91.4% (SD +£10.9) of expected for VC, 93.3% (+11.1) for
forced VC, and 94.8% (+13.3) for FEV,. The average ratio
FEV,/VC was normal, 101.5% (£7.2) of expected, but 21
persons had a ratio below 80% (of which six persons were
below 75%).

A third of pet shop workers (20 persons) reported having
experienced allergic symptoms at work, mostly against
rodents and rabbits, birds, insects and chironomids, and hay.
Four subjects spontaneously mentioned strong work exposure
reactions such as edema, flush, rash, and asthma attack. A
further eight persons were uncertain whether symptoms were
related to work (Table 1).

Risk factors in relation to sensitization and symptoms

Sensitization to the pet shop allergens and allergic symptoms
at work were highly correlated, P = 0.002. Immunoglobulin
E to pet shop allergens significantly increased the prevalence

Table 2 Results of work immunoglobulin E (IgE) sensitization tests: skin prick testing (n = 59) and IgE antibody (kUA/I) in serum to pet shop

allergens, kU/I (n = 58)

Pet shop allergen panel No. positive Pet shop allergen panel No. positive Lowest — highest
Skin prick test (%) IgE antibody in serum (>0.35 kUA/I) (%) IgE antibody values
Rat 6 (10) Rat urinary allergen 5(9) <0.1-3.9

Guinea pig 5 (8) Mouse urinary allergen 5(9) <0.1-39.7
Lepidoglyphus destructor 5 (8) Zophobas droppings 5(9) <0.35-212.9
Rabbit 3 (5) Zophobas larvae 4(7) <0.35-143.4
Hamster 3 (5) Mealworm (Tenebrio molitor) 3 (5) <0.35-99.7

Acarus siro 3 (5) Gerbil epithelium 2 (3) <0.35-4.0
Budgerigar 2 (3) Chironomid larvae 2 (3) <0.35-9.3

Shrimp 0 Bird mix 1(2) <0.35-0.64
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of work symptoms (PR = 3.5) and vice versa (PR = 4.3)
(Table 3). Atopy strongly increased pet shop panel sensitiza-
tion prevalence (PR = 17) and work symptoms (PR = 3.2).
Immunoglobulin E was significantly (P < 0.001) higher
among pet shop sensitized workers vs nonsensitized: median
(25th-75th percentiles) 90 (63-304) and 16 (7-47) kU/I,
respectively. IgE > 100 kU/1 was also significantly related to
sensitization (PR = 5.5), as was male sex (PR = 2.5). There
were no correlations between allergen levels or endotoxin
levels and either work symptoms or work sensitization.

Discussion

This study is the first to investigate exposure, work-related
allergic sensitization and respiratory symptoms among pet
shop workers. We found that a large proportion of pet shop
workers reported airway symptoms at work and that about a
third was IgE sensitized to allergens present in pet shops.
Sensitization to pet shop allergens increased the risk (PR) of
symptoms at work 3.5-fold, and work symptoms increased
the risk of sensitization 4.3-fold. The strongest risk factor for
sensitization to pet shop allergens was atopy (PR = 17),
which also had an impact on work symptoms (PR = 3.2).
Elevated IgE also increased risk of sensitization (PR = 5.5).
The proportion of atopics (29%) was similar to that observed
in Swedish blood donors (26%) (22). Although this is a
cross-sectional survey, limiting the possibility to claim causal-
ity, similar results (but with lower PRs) have been found in
longitudinal studies of laboratory animal workers exposed to
rodents (16, 23). It is possible that some of the high correla-
tions between positive IgE tests are caused by cross-reactivity
between related allergens, such as various mite species or
serum albumins (24).

The most common pet shop—sensitizing allergens were rat
and MUAs along with Zophobas. The highest IgE levels
were actually found against Zophobas larvae and their drop-
pings. This large mealworm, used as reptile fodder in pet
shops, and chironomids and crickets, were reported by
several workers to have caused occasional strong allergic
reactions.

We also found that pet shop workers may be exposed to
many animal allergens both at work and at home and that
allergens may be spread from work to the home and vice
versa. The constant high exposure to organic dust or compo-
nents such as endotoxin may conceivably be connected to the
slightly decreased lung function found in these lifelong
animal-exposed workers, similarly to farmers (25). However,
the endotoxin levels were well below such measured in several
other occupational environments, causing for instance
organic toxic dust syndrome (26). It is possible that endo-
toxin or other microbial exposures have prevented more
workers to develop sensitization or symptoms or conversely
that the levels were mostly too low to promote tolerance. In
a recent study of laboratory animal workers, we found that
high rodent allergen and endotoxin exposure induces a
systemic engagement with increased levels of circulating
neutrophils, monocytes, and interlukin-6, unrelated to allergic
sensitization [Blidberg 2010 submitted].

Renstrom et al.

Although this is the largest study of pet shop work to
date, the numbers do not allow sensitization and symptom
analysis by shop type. Furthermore, several workers had
because of work-related symptoms changed their exposure
making such an analysis precarious to interpret. The fact that
we did not find exposure to be related to work symptoms or
sensitization may thus be a healthy worker effect, because of
work adaption, with avoidance of animals, tasks or work-
places causing problems.

Both under- and overrepresentations of allergic workers are
possible. Several shop owners who responded to the invitation
but declined participation had one-person companies, for
whom it is understandably difficult to close the shop to
undergo allergy and lung function tests. Nevertheless, this
study represents the first in which a large number of pet shops
have been investigated, including personal exposure measure-
ments, allergy, and lung function tests. A further strength is
that the worker’s exposure at home has been studied.

Although 22% of the workers reported wheezing or tight-
ness of the chest not in connection with an infection, only
four (7%) had prior to our study received a doctor’s diagno-
sis of asthma and obtained treatment. Thus, too few with
symptoms indicative of asthma have undergone allergy or
lung function tests and received a diagnosis, let alone medica-
tion or preventive advice.

In conclusion, pet shop workers are exposed to a variety
of allergens, which constitute a risk factor for allergic sensiti-
zation and symptoms. The findings stress the importance of
improved knowledge of health risks among pet shops work-
ers and possible allergen avoidance measures. For clinicians,
it is important to remember that fodder insects such as
Zophobas, or chironomids, may cause allergy and asthma in
pet shop workers.
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