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Objectives. The association between pet sensitization and pet ownership remains unclear. Therefore, we aimed to elucidate
the association between pet sensitization and pet ownership by age.

Methods. We retrospectively reviewed 2,883 patients who visited our allergy clinic for nasal symptoms from January 2003
to December 2014, of whom 1,957 patients with data on skin-prick tests and questionnaire responses were included
and divided into adults (age >19 years) and children (age <19 years). The association between pet sensitization and

pet ownership was evaluated in both groups.

Results. Among children, dog and cat sensitization showed no associations with dog and cat ownership, respectively. How-
ever, among adults, dog sensitization was significantly associated with dog ownership (odds ratio [OR], 3.283;
P<0.001), and cat sensitization with cat ownership (OR, 13.732; P<0.001). After adjustment for age, sex, familial
history of allergy, sinusitis, diabetes mellitus, other pet ownership, and non-pet sensitization, significant associations
remained between dog sensitization and dog ownership (adjusted OR [aOR], 3.881; P<0.001), and between cat sen-
sitization and cat ownership (aOR, 10.804; P<0.001) among adults. Dog ownership did not show any association
with allergic rhinitis, asthma, or atopic dermatitis, whereas atopic dermatitis had a significant association with cat

ownership in adults (aOR, 4.840; P<0.001).

Conclusion. Pet ownership in adulthood increased the risk of pet sensitization. However, pet ownership was not associated
with the prevalence of atopic disorders, regardless of age, except for atopic dermatitis and cat ownership in adults.
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INTRODUCTION

Atopic disorders, including allergic rhinitis (AR), asthma, and
atopic dermatitis, are characterized by an immunoglobulin E
(IgE)-mediated immune response that is triggered by an offend-
ing allergen [1]. Exposure of an atopic individual to indoor and
outdoor allergens may contribute to the production of antigen-
specific IgE, whereas allergen re-exposure can trigger early- and
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late-stage reactions that lead to the clinical manifestations of
atopic disorders [2].

Sensitization to furry animals, such as dogs and cats, is one of
the main contributors to the development of atopic disorders [3].
Among atopic patients in the United States, pet dander is a com-
mon allergen, and the reported proportions of those with posi-
tive skin-prick tests (SPTs) to cat and dog dander were 72% and
36 %, respectively [4].The prevalence of pet sensitization in child-
hood is relatively high in Korea, ranging from 4.9% to 11% [5].
Therefore, considering the high rate of pet sensitization in the
general population and its effect on the development of atopic
diseases, it is important to determine whether pet ownership
has an impact on this condition. However, few studies have in-
vestigated the effect of pet ownership on the development of
atopic diseases in adults, and studies of all age groups are scarce.
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The association between pet ownership and pet sensitization
has been investigated; however, the reported findings have been
inconsistent and even conflicting. Moreover, there is no conclu-
sive evidence on the relationship between keeping pets at home
and developing atopic diseases [6]. For example, in a Dutch birth
cohort study, the early presence of pets provided a protective ef-
fect against sensitization to inhaled allergens [7]. However, other
studies have emphasized pet avoidance to prevent the develop-
ment of atopic diseases in children with an atopic familial histo-
ry [8,9].

We postulated that there exists a difference between early-
and late-age clinical features associated with allergen sensitiza-
tion and, therefore, that the relationship between pet ownership
and sensitization would be different for children and adults. This
study was conducted to investigate differences by age in pet sen-
sitization and the prevalence of allergic diseases according to
pet ownership.

MATERIALS AND METHODS

Subjects

This study was reviewed and approved by the Ethics Committee
of Kangwon National University Hospital (IRB No. KNUH-
2019-04018) and written informed consent was exempted by
the Institutional Review Board.

We retrospectively reviewed the result of SPT and a question-
naire survey of 2,883 patients who visited our allergy clinic
from January 2003 to December 2014. We excluded 926 pa-
tients for the following reasons: negative result for histamine
(positive control, n=3) on SPT; positive result for saline (negative
control, n=11) on SPT; the previous data of patients who un-
derwent SPT twice (n=27); unavailable SPT result (n=64); non-
response to questionnaires (n=814), and missing data on pet
ownership (n=7). The final analysis dataset included 1,957 pa-
tients who completed questionnaires and had SPT results avail-
able.

Skin-prick test

A positive control (1.7 mg/mL histamine dihydrochloride), a
negative control (0.9% saline), and 11 allergens (Dermatopha-
goides farinae [Df], Dermatophagoides pteronyssinus [Dp], mug-
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= The relationship between pet ownership and pet sensitization
is controversial.

= We identified differences in pet sensitization and the preva-
lence of atopic disorders according to age.

= For adult patients who own pets, clinicians should consider the
associated risks of pet sensitization and atopic dermatitis.
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wort, ragweed, a grass pollen mixture [barley, oat, velvet grass,
orchard grass, ryegrass, rye, wheat, timothy grass, Kentucky blue
grass, and meadow fescue], Alternaria tenuis, Aspergillus fumig-
atus, dog epithelia, cat epithelia, a tree pollen mixture [alder,
hazel, poplar, elm, and willow], and cockroaches) were dropped
onto the volar surface of the patient’s forearm, with 4-cm gap
(approximately) between each drop. The results of the SPT was
read 15 minutes after the allergen contact, and were considered
positive when the mean wheal diameter for that allergen scored
3+ (greater than or equal to that of the histamine control).

Questionnaires and definition of atopic disorders
Nasal symptoms in the preceding 12 months, without a cold,
were evaluated using a 4-point Likert scale from 0 to 3 (0, no
symptom; 1, mild, 2; moderate; 3, severe). The nasal symptom
score was determined by points in every patient for each symp-
tom such as nasal obstruction, nasal itching, sneezing, and rhi-
norrhea. Participants who recorded at least one nasal symptom
score of more than 1 point were considered to have rhinitis.
Using a questionnaire, we investigated whether the patient
was currently raising a pet at home, and if so, what kind of ani-
mal it was. The questionnaire gathered information on whether
the parents of participants had problems with atopic disorders,
such as AR, atopic dermatitis, and/or asthma, and participants
with a positive response were considered to have a familial his-
tory of atopy. AR was defined as at least one or more positive
responses to SPT with rhinitis. Non-allergic rhinitis (NAR) was
defined as a negative response to SPT with rhinitis. Participants
with a positive response to dog epithelia or cat epithelia were
included in the pet-sensitized group, whereas participants with a
positive response to other allergen, except pet allergen, were in-
cluded in the non-pet-sensitized group. Asthma or atopic derma-
titis was defined as “yes” in response to the question of “Have
you ever been diagnosed with asthma (or atopic dermatitis) by
doctor?” Moreover, the participant’s medical history was re-
corded through the questionnaire.

Statistical analysis

We used SPSS ver. 18 (SPSS Inc., Chicago, IL, USA) to undertake
data processing and analysis. All of the continuous variables are
expressed as means and standard deviation. Independent #tests
and chi-square tests were used to compare the differences in
continuous and categorical variable, respectively. Logistic regres-
sion analyses were conducted to evaluate the association be-
tween pet ownership and sensitization to pets (or development
of atopic disorders). Crude odd ratios (OR) and their 95% confi-
dence intervals (Cls) were calculated. Multiple logistic regression
models were created and included variables, such as general
characteristics, past medical history, other pet ownership, and
non-pet sensitization, of participants to estimate their adjusted
OR (aOR) and 95% CIL. A P-value <0.05 was considered signifi-
cant.
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RESULTS

General characteristics according to sensitization

The sex distribution in this study population was 57.5% males
(n=1,126) and 42.5% females (n=831), and the mean age of
the participants was 41.2+21.1 years. There were several differ-
ences between the AR and NAR groups with regard to partici-
pants’ characteristics. The AR group was significantly younger
and had a longer symptom duration than the NAR group (P<
0.001). The proportion of males and familial history of atopy
were higher in the AR group than in the NAR group (P=0.018).
However, no significant difference was found with regard to pet
ownership between the AR and NAR groups (P=0.139). With
regard to past medical history, asthma (P<0.001) and atopic
dermatitis (P=0.001) were more prevalent in the AR group than
in the NAR group, whereas diabetes mellitus was more prevalent
in the NAR group than in the AR group (P<0.001). All nasal
symptom scores, including nasal obstruction, rhinorrhea, sneez-
ing, and itching, were significantly higher in the AR group than
in the NAR group (P<0.001 for each). Differences in participant
characteristics were evaluated between pet allergen-sensitized
and other allergen-sensitized participants. The pet-sensitized
group showed a significantly higher rate of pet ownership (P<
0.001) and longer duration of nasal symptoms (P=0.003) than
the non-pet-sensitized group. However, nasal symptom scores
were comparable between the groups. There were no between-
group differences with regard to past medical history or disease
prevalence, except that atopic dermatitis was more prevalent in
the pet-sensitized group (P=0.027) (Table 1).

The distribution of offending allergens among participants is
presented in Fig. 1. Sensitization to Df and Dp was the most
common, followed by mugwort, tree pollen mixture, and ragweed.
Sensitization to cat and dog dander was relatively low, with rates

Table 1. Participants’ characteristics according to allergen sensitization

of 5.6% (n=110) and 2.4% (n=48), respectively. During the study
period, dog ownership (n=318, 16.2%) was the most common
type of pet ownership, followed by ownership of cats (n=49,
2.5%), hamsters (0.5 %), and rabbits (0.3 %) (Fig. 2).

Pet sensitization and atopic disorders according to pet
ownership

Asthma and AR were not related to pet ownership. However,
atopic dermatitis was significantly associated with cat ownership;
31.1% of participants with cats had atopic dermatitis, whereas
10.4% of participants without cats had atopic dermatitis (P<
0.001) (Table 2).

Pet sensitization was significantly associated with pet owner-
ship. The estimated ORs of dog sensitization for dog ownership
and cat sensitization for cat ownership were 3.452 (95% CI,
1.885-6.321) and 9.763 (95% CI, 5.173-18.429), respectively.
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Fig. 1. The prevalence of offending allergens between 2003 and
2014. During this period, Dermatophagoides (D.) farina sensitization
and D. pteronyssinus sensitization were the most common, whereas
cat and dog sensitization rates were 5.6% and 2.4%, respectively.

Characteristics All (n=1,957) Pet sensitized (n=124) Non-pet sensitized (n=786) Non-allergic rhinitis (n=1,047)
Age (yr) 41221211 33.1+15.2 349+18.4 47.0+21.9
Male sex (%) 1,126 (57.5) 74 (59.7) 473 (60.2) 579 (55.3)
Symptom duration (mo) 55.6+£70.1 78.6+66.0 59.5+67.2 49.9£721
Atopy, familial history (%) 414 (21.2) 35(28.2) 207 (26.3) 172 (16.4)
Pet ownership 385(19.7) 44 (35.5) 125(15.9) 216 (20.6)
Past medical history
Asthma (%) 115 (5.9) 10 (8.1) 62(7.9) 43(4.1)
Sinusitis (%) 285 (14.6) 13(10.5) 110 (14.0) 162 (15.5)
Atopic dermatitis (%) 213(10.9) 24 (16.5) 97 (12.3) 92(8.8)
Diabetes mellitus (%) 88 (4.5) 6) 19 (2.4) 67 (6.4)
Nasal symptom score
Nasal obstruction 1.3+£1.1 1.7£11 1.5+1.1 1.1£1.0
Rhinorrhea 1.8+1.0 20x09 19+1.0 1.7+£1.0
Sneezing 1.7+£1.0 2.0+09 1.84£0.9 16+1.1
ltching 11+11 1.3+11 1.3£1.0 0.8+1.0

Values are presented as mean + standard deviation or number (%).



The OR of pet sensitization remained significant after adjustment
for age, sex, familial history of atopy, sinusitis, diabetes mellitus,
other pet ownership, and non-pet sensitization (aOR, 3.547,
P<0.001 for dog ownership and aOR, 10.886; P<0.001 for cat
ownership). However, in the subgroup analysis, children and
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Fig. 2. The proportions of household pet ownership of participants.
Dog ownership was the most common, followed by cat, hamster,
and rabbit ownership.

Table 2. Associations between pet ownership and atopic disorders
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adults showed different results. In adults, dog and cat ownership
was associated with a significantly elevated OR of dog and cat
sensitization, respectively (aOR, 3.396; 95% CI, 1.769-6.519
for dog ownership and aOR, 12.363; 95% CI, 5.435-28.122 for
cat ownership). However, among children, pet ownership was
unrelated to pet sensitization.

Furthermore, the association between pet ownership and atop-
ic disorders differed by age. AR was not associated with pet own-
ership in any age group. Dog ownership was unassociated with
asthma, and none of the participants with cat ownership report-
ed asthma. Dog ownership showed no protective or harmful ef-
fect on the presence of atopic dermatitis, regardless of age group.
However, atopic dermatitis was associated with cat ownership,
with different effects in children and adults. Cat ownership was
significantly associated with atopic dermatitis in adults (aOR,
4.717; 95% CI, 2.130-10.446), whereas it did not show any as-
sociation among children (aOR, 0.752; 95% CI, 0.148-3.819)
(Table 3).

Dog ownership

Cat ownership

Variable

Yes No P-value Yes No P-value
Allergic rhinitis 134 (42.1) 765 (46.7) 0.137 25 (52.1) 874 (45.8) 0.387
Asthma 18 (5.7) 97 (5.9) 0.858 0 115 (6.0) 0.080
Atopic dermatitis 33(10.4) 180 (11.0) 0.751 15(31.3) 198 (10.4) <0.001*

Values are presented as number (%).
*P<0.05.

Table 3. Odds ratios for associations between pet ownership and sensitization to pet allergens

Dog ownership

Cat ownership

variable OR (95% Cl) Adjusted OR (95% CI)? OR (95% Cl) Adjusted OR (95% CI)?
All (n=1,957)
Dog sensitization 3.452 (1.885-6.321)** 3.547 (1.925-6.539)**
Cat sensitization 9.763 (5.173-18.429)** 10.886 (5.303-22.349)**
Allergic rhinitis 0.835 (0.655-1.064) 0.916 (0.709-1.182) 1.258 (0.709-2.231) 1.066 (0.576-1.974)
Asthma 0.954 (0.568-1.601) 0.989 (0.586-1.668) NA NA

Atopic dermatitis

Children (age <19 yr, n=353)

Dog sensitization
Cat sensitization
Allergic rhinitis
Asthma

Atopic dermatitis

Adults (age >19 yr, n=1,604)

Dog sensitization
Cat sensitization
Allergic rhinitis
Asthma

Atopic dermatitis

0.939 (0.634-1.389)
4.489 (0.730-27.605)
0.698 (0.378-1.292)
0.677 (0.197-2.322)
0.925 (0.449-1.906)
3.283 (1.728-6.236)**
0.882 (0.677-1.149)

1,073 (0.604-1.906)
1.044 (0.646-1.687)

1,052 (0.698-1.586)
4.455 (0.632-31.411)
0.657 (0.349-1.238)
0.613 (0.177-2.132)
0.987 (0.473-2.063)
3.396 (1.769-6.519)™
0.953 (0.718-1.266)

1,119 (0.624-2.008)
1.087 (0.661-1.787)

3.928 (2.097-7.359)*

1.621 (0.196-13.381)

0.318 (0.081-1.249)
NA

0.759 (0.158-3.643)

13,732 (6.869-27.452)*

1,755 (0.915-3.367)
NA

6.686 (3.330-13.424)

2.971 (1.484-5.947)*

1.419 (0.154-13.093)

0.307 (0.074-1.276)
NA

0.752 (0.148-3.819)

12.363 (5.435-28.122)*
1.190 (0.580-2.442)
NA
4.717 (2.130-10.446)*

OR, odds ratio; Cl, confidence interval; NA, not applicable.

JAdjusted for age, sex, familial history of atopy, sinusitis, diabetes mellitus, other pet ownership, and non-pet sensitization.

*P<0.05, **P<0.001.
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DISCUSSION

In this study, we investigated the following questions related to
pet ownership: (1) Is there a difference between children and
adults in pet sensitization according to pet ownership? and (2) Is
there a difference between children and adults in the develop-
ment of atopic disorders according to pet ownership? In adults,
dog and cat ownership was significantly associated with dog and
cat sensitization, respectively, although this association was not
found in children. Furthermore, the only association found for
any of the atopic disorders was an association between atopic
dermatitis and cat ownership in adults.

Numerous previous studies have revealed associations between
pet ownership and sensitization to pets; however, most of those
studies were conducted in certain age groups. Previous studies
have been performed on birth cohorts [10-13], school-age chil-
dren [14,15], and adults [16,17]. One strength of this study is
that it was conducted across all age groups in a large population-
based survey of the community, and differences were found in
the relationship between pet ownership and sensitization in
children and adults.

Pet ownership can affect exposure and sensitization to pet al-
lergens, and the frequency of pet ownership varies according to
culture. Our study participants had a lower rate of pet ownership
(18.7%), including dogs and cats, than has been reported in the
United States (45.1%) [18]. Moreover, cat ownership was sub-
stantially less frequent in our study (2.5%) than has been report-
ed in Europe (10%-50%) [19]. This study is unique because it
showed a pattern of pet sensitization in a region with significant-
ly lower exposure to community pet allergens. Moreover, most
large population-based studies related to pet allergies have been
conducted in Western countries and have been rarely undertaken
in Asians, who have different ethnic characteristics [16,20].

Recently, there has been increasing evidence that exposure to
furry animals, such as dogs and cats, has a protective effect on
allergic sensitization in children [21-24], but there have been
many reports of harmful effects on allergic sensitization in adults
[16,25,26]. Our findings showing that pet ownership had no ef-
fect on pet sensitization in children, but increased the risk of
sensitization in adults, are partly consistent with previous find-
ings. Given previous findings and our findings, it appears that
late exposure to pets could increase sensitization and that adults
should therefore avoid pet ownership. The discrepancy in pet
sensitization by pet exposure between children and adults may
be explained by the modified Th2 response, which occurs when
a person exposed to high levels of antigens in childhood pro-
duces an immune response to control those antigens, such as
IgG4 antibody release [27]. The relationship between pet expo-
sure and the development of atopic disorders is controversial.
Even in meta-analyses conducted to determine whether pet ex-
posure has a protective or harmful effect on the development of
atopic disorders, inconsistent results have been reported [28-30].

In a previous meta-analysis, cat exposure had protective effects
on asthma, whereas dog exposure increased the risk of asthma.
Furthermore, exposure to both pets appeared to have a protec-
tive effect on rhinitis [30]. However, this study did not find any
associations between pet ownership and AR (or asthma), regard-
less of age group. As sensitization to allergen increases, we theo-
rized that the prevalence of AR or asthma would increase. How-
ever, pet sensitization was increased by pet ownership in adults,
whereas the prevalence of AR or asthma did not increase. This
means that pet sensitization did not lead to the development of
AR or asthma.

In general, it has been believed that pet exposure in childhood
may help prevent the development of atopic dermatitis [31];
however, few studies have investigated the effects of pet expo-
sure on atopic dermatitis in adults. To the best of our knowledge,
this study is the first to find an association between cat owner-
ship and atopic dermatitis in adults. The finding of no associa-
tion between atopic dermatitis and pet ownership in children
differed from those of a previous study reporting that cat owner-
ship had the effect of preventing atopic dermatitis [29]. This dis-
crepancy may be caused by differences in study design and/or
population characteristics, such as age, racial differences, and the
prevalence of cats in the community. Moreover, the difference
between dog and cat ownership in the effect on atopic dermati-
tis may explain the difference in the biochemical characteristics
of allergens. In brief, Canis familiaris allergen 1, the major dog
allergen, is a lipocalin, whereas Felis domesticus allergen 4, the
major cat allergen, is a secretoglobin [32,33]. Atopic disorders
such as asthma, AR, and atopic dermatitis often coexist and are
considered to be part of the same disease spectrum because
they have the same risk factors and pathophysiology. However,
in our study, pet ownership was only associated with atopic der-
matitis in adults. Therefore, further research is needed on the
details of the pathophysiology by which pet allergens cause the
development of each atopic disease.

This study has several limitations. First, this study utilized a
cross-sectional design and could not investigate whether the de-
velopment of atopic disorders was affected by the duration of
pet ownership. Moreover, it is possible that many of the adults
in this study had owned pets since childhood. Therefore, a causal
relationship between atopic disorders and pet ownership could
not be confirmed. Second, the study was conducted among par-
ticipants who visited a doctor. This may have caused selection
bias, because participants with more severe symptoms are more
likely to seek medical care for their condition. The participants
in this study may have had more atopic disorders and a higher
rate of pet sensitization than the general population. Further-
more, our study results may not apply to the general population.
Third, it is well known that socioeconomic factors such as smok-
ing, education, housing, and income are important factors impli-
cated in the development of atopic disorders. However, this study
could not obtain information on socioeconomic factors through



the questionnaires. Therefore, well-designed follow-up studies
are needed to confirm possible age-specific associations between
pet ownership and pet sensitization. Fourth, there are differenc-
es in the diagnostic criteria of asthma and atopic dermatitis. In
this study, asthma and atopic dermatitis were defined by simple
questions that asked whether the participant had been diagnosed
with asthma or atopic dermatitis by a doctor. There is no con-
sensus on the definition of asthma [34], and atopic dermatitis is
often diagnosed by typical clinical features [35]. Therefore, some
researchers may disagree with our definitions of asthma and
atopic dermatitis, although we used limited questionnaire data
to define the most reasonable diagnosis.

In conclusion, differences were identified between children
and adults regarding the association between pet ownership and
sensitization to pets. Having a pet in adulthood increased the
risk of pet sensitization. However, pet ownership was not associ-
ated with the presence of atopic disorders regardless of age, with
the exception of an association between atopic dermatitis and
cat ownership in adults.
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