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Urban environment predisposes
dogs and their owners to allergic
symptoms
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Our companion-animals, dogs, suffer increasingly from non-communicable diseases, analogous to
those common in humans, such as allergic manifestations. In humans, living in rural environments is
associated with lower risk of allergic diseases. Our aim was to explore whether a similar pattern can be
found in dogs, using a nation-wide survey in Finland (n =5722). We characterised the land-use around
dog’s home at the time of birth as well as around its current home, and described several lifestyle
factors. The severity of owner-reported allergic symptoms in dogs was estimated with a comprehensive
set of questions, developed by experts of canine dermatology. Also, the prevalence of diagnosed
allergies in dog owners was recorded. The results indicate that allergic symptoms are more prevalent
in urban environments both in dog owners and in dogs (accounting the effect of dog breed). Several
factors related to rural living, such as bigger family size and regular contact with farm animals and other
pets, were also protective against allergic symptoms in dogs. Interestingly, allergic dogs were more
likely to have allergic owners than healthy dogs were. Therefore, we suggest that the mutual presence
of allergic symptoms in both species indicates common underlying causal factors of allergic diseases.

Western diet! and urbanisation? are known to contribute to the increasing epidemic of inflammatory disorders in
humans. These factors are thought to be mediated via the host microbiota’, and can be even interactive in affect-
ing host microbiota and physiology*. Reduced contact with environmental microbial diversity, due to altered
living environment, diet, and overall lifestyle, provides less of the vital signalling a developing immune system
requires®~® as suggested in the biodiversity hypothesis’. Different environments differ in their microbial commu-
nities'’, and thus the living environment has the potential to influence the composition of human microbiota''~'>.
In turn, bacteria differ in their immuno-regulatory potential'*-'¢, meaning that the sort of bacterial exposure
an individual receives is not necessarily trivial. Interestingly, inflammatory disorders have also increased in our
companion animals, dogs'’, and many of these disorders are analogous to human diseases'®. For example, canine
atopic dermatitis (CAD) bears numerous similarities to human atopic dermatitis'**. While studies on allergic
diseases in dogs in association with environment and lifestyle are limited, previous work suggests that contact
with rural environments can be protective in dogs'”?!, as suggested for humans'.

Large-scale epidemiological studies are tedious and time-consuming to conduct in humans, due to, e.g., labo-
rious preparations and difficulty to find participants. Moreover, the results are not straightforward to interpret
due to multiple confounding factors arising from the complexities of human life. Dogs, on the other hand, usually
live much simpler and shorter lives, and could hence serve as a model animal in understanding shared diseases
both in dogs and humans more mechanistically?’. Also, dogs have higher genomic similarity to humans® (~95%)
than mice do* (~90%). The relatively large size of dogs makes them also physiologically and clinically more
similar to humans than the mouse model. Regarding heredity of inflammatory diseases, the pedigrees and health
examination results are well-recorded by kennel clubs or equivalent organizations in many countries, including
Finland. Dogs are also exposed to the same living environment and lifestyle features as their owners—supported
by studies showing that dogs and their owners share their microbiota®?¢, which makes dogs a relevant model in
environmental health studies.
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Figure 1. Allergic symptoms are more common in urban environments in dogs. Upper panel (A) shows the
number of individuals with a high allergy score (dark grey) and a low allergy score (white) along the land-use
gradient in the full data. The purple lines indicate the mean size of high allergy score and low allergy score
groups. The proportion of built environment increases along the land-use gradient (x-axis). Lower panel (B)
shows the probability of high allergy score along the land-use gradient. The high allergy score is common in
urban environments in all subsets i.e. the differing occurrence of breeds in rural and urban environments does
not confound the result.

Dogs suffer from atopic dermatitis and food allergies similarly to humans, whereas allergic symptoms asso-
ciated with the lower respiratory tract are basically absent in dogs®. CAD is a genetically predisposed inflam-
matory and pruritic allergic skin disease with characteristic clinical features®. It is associated with elevated
allergen-specific immunoglobulin E antibodies (IgE; a common marker of allergies in humans)?® but the exact
role played by IgE and other antibodies in the pathogenesis of atopic dermatitis is still undetermined®. Therefore,
there is no definitive diagnostic test for CAD, and consequently the disease is diagnosed by eliminating other pru-
ritic skin disease and by the fulfilling of certain clinical and historical criteria’**!. The other common allergic dis-
ease in dogs is food allergy (FA), which can be separated from non-immune mediated reactions to food, such as
food poisoning and metabolic reactions*>*. The symptoms in CAD and FA are partly overlapping. Consequently,
these diseases are difficult to distinguish®.

The objective of this study was to analyse the environmental risk factors of allergy-related symptoms in dogs,
using a large survey data set. We tested whether previously reported associations between the living environment
and allergic diseases in humans can be generalized to dogs. We also tested the concordance of the occurrence of
allergy in dogs and their owners.

Results

As breed is an important factor in dog allergies, we created two subsets from the data, in attempt to control for
the effect of breed. These subsets were Allergy-tolerant breeds and Common breeds, from which we excluded those
breeds defined as allergy-prone in previous research (Table S4). For the Common breeds, we selected only the five
most represented breeds in the data.

Rural living environments are inversely associated with the risk of allergic symptoms in dogs.
Most dogs were born in rural areas (Full data: 72%, n=3386; Allergy-tolerant: 74%, n =2351; Common breeds:
77%, n =447). Approximately half of the dogs were currently living in rural and in urban environments (Full
data: 52%, n = 2945; Allergy-tolerant: 53%, n=2051; Common breeds: 46%, n =338 of the dogs in rural envi-
ronments). Based on our questionnaire data, we assigned each dog an allergy score (see Methods); a numeric
value indicating the severity of allergic symptoms. When concentrating only on those dogs with either low (mild
allergic symptoms) or high (severe allergic symptoms) allergy score, rural environments in the current living
area were associated with lower risk of high allergy score in each subset (Fig. 1, Table 1). However, no association
could be found in the case of the birth environment. Similar patterns in each subset suggests that the differing
prevalence of allergy-prone breeds in urban and rural environments did not explain the result.
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Full data 3604 422 1.04 0.484
Birth home Allergy-tolerant breeds 2565 209 1.01 0.906
Common breeds 477 24 1.17 0.444
Full data 4292 572 1.24 8.3e-07
Current home Allergy-tolerant breeds 3045 284 1.20 0.003
Common breeds 584 39 1.51 0.014

Table 1. Logistic regression on the risk of high allergy score (based on owner-reported allergic symptoms)
against environmental land-use around the dog’s home at birth and the current home in all subsets.

When current living environment becomes more urban, odds to become allergic are higher. Odds Ratio,
OR = exp(estimate).

Living condition (outside, both, inside) 2897 | 1314 | 2.9e-29 2014 84.10 | 5.4e-19 330 15.2 0.00049
Agriculture (yes, no) 2921 3.5 |0.00047 2030 | —3293 0.001 335 | —1.38 | 0.169
Visiting city areas (frequent, seldom, never) 2716 | 18.9 |0.000079 | 1898 15.98 | 0.00034 316 12.64 | 0.002
Farm animal contact (frequent, seldom, never) 2622 9.96 | 0.007 1830 4.81 | 0.09 301 249 |0.288
Other pets in household (yes, no) 2945 7.85 | 4.10e-15 | 2051 —6.03 | 1.6e-9 338 | —4.20 |0.000026
Farm animals in household (yes, no) 2945 4.81 | 0.000002 | 2051 —4.06 | 0.000049 |308 | —1.64 |0.1

Table 2. The effect of several factors related to rural living in association with allergy score in dogs. Trinominal
factors were tested with Kruskal-Wallis test and binominal factors with Mann-Whitney U-Test against allergy
score. The protective factors are underlined. Visiting city areas and farm animal contact happened at the age of 4
weeks to 6 months.

Nature-oriented lifestyle provides an additional barrier against canine allergy. While the com-
position of residential land-use can be easily quantified, its role in health can be confounded by several factors.
Several factors that relate rural lifestyle, such as dog living in outdoor conditions and having regular contact with
farm animals, were associated with allergy protection (Table 2). Additionally, while the type of living apartment
was significantly associated with the allergy score (Fig. 2A), house type was also significantly associated with the
residential area (x> =901, 41, P=2.2e-16; Fig. 2B). Thus, it is not straightforward to interpret the higher allergy
score associated with rural areas in comparison to urban areas (Fig. 2C).

To capture the effect of confounding factors, we constructed a single model, including the current res-
idential land-use and several factors previously associated with allergies in human studies. Using a subset of
Allergy-tolerant breeds, we further excluded 192 breeds that had less than 50 individuals, such that the effect of
breed could be more easily controlled in the model. We included three independent environmental factors (out-
door exposure, outdoor exercise, and agricultural lifestyle; see Methods), house type, and the land-use gradient.
When analyzed alone (together with the random effects of breed and sex), land-use was a significant predictor
of allergy score (n = 1658, P=0.00020). However, together with the other explanatory variables it was no longer
significant (Table 3), whereas outdoor exposure, outdoor exercise and house type were all significant (Table 3).

Moreover, a big (human) family size seemed to be protective, as the allergy score in dogs was lower in fami-
lies with three children or more, in comparison to families with only 1-2 children. The environmental land-use
was controlled in this analysis due to differences in family-size between rural and urban areas (Allergy-tolerant
breeds: Regression df =2, MS=11.76, F=16.41, P=9.91e-38, predictors family size t = -2.74, P=0.06 and land
use t=4.89, P=1e-6).

Canine allergy is associated with allergy in their owners. In our data, we could test the effect of the
current residential environment on allergy prevalence among dog owners. In agreement with the above results
on dogs, allergies in dog owners tended to be more common in urban areas. This effect could be seen both in the
adults and children in the family (Table 4). Interestingly, allergy in the dog and its owner occurred concurrently,
even when controlling for the land-use effect. If a dog was allergic, the owner was more likely to be allergic as well
(Logistic regression for children in a family n=1173, OR=0.63, P=0.026 and land-use OR=1.24, P =10.048; for
adults in a family n= 5722, OR=0.66, P=3e-6 and land-use OR = 1.23, P=3e-6). This effect could also be seen
in the subsets where the effect of breed was controlled. Therefore, it is unlikely that the results were coincidental,
i.e., due to allergic owners tending to select allergy-prone dog breeds.

Discussion

Our results indicate that rural (i.e. non-built) residential environments are associated with lower risk of
owner-reported allergic symptoms in dogs. Moreover, several factors related to rural living, such as living in
outdoor facilities and having regular contact with other animals (other pets and/or farm animals), are related to
lower risk of allergic symptoms (i.e. high allergy score) in dogs. We also find similar patterns for dog owners, even
concurrently, suggesting that lifestyle and living environment are important for mammalian health in general.
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Figure 2. Housing type in relation to allergy score in allergy-tolerant breeds. (A) The type of living apartment
was associated with the allergy score (P < 0.0001, based on generalized least squares, assuming group-specific
residual variance). While the pattern was repeated for both urban (blue) and rural (orange) environments
(and overall the allergy score was higher in urban environments as shown in (C); P=1.3e~?), the type of the
apartment was also related to the living environment—this is shown in panel (B) (x>*=901.4, P<2.2e7!¢), and
thus the effect of these is hard to separate. (B) The frequency of different housing types across urban and rural
environments. (C) The distribution of allergy score in urban and rural individuals, across all housing types.
Horizontal lines indicate mean values for each distribution showing that the mean allergy score is higher in
urban than in rural individuals. In Fig. 2B,C the redundant axes have been omitted.

Outdoor exposure 1 0.61 0.96 0.00072
Outdoor exercise 1 29.37 46.57 5.6e-6
Agricultural lifestyle 1 0.14 0.22 0.83
House type 4 2.76 4.38 0.0032
Land use 1 0.011 0.017 0.90

Table 3. Model for several factors in association to allergy score. Breed and sex were set as random factors (sex
nested in breed). The outdoor exposure, outdoor exercise and house type remained significant predictors of
allergy score when factors mentioned in table were included in the same analysis.

Full data 2654 | 3068 1.10 | 0.001
Adults Allergy-tolerant breeds | 875 1003 | 1.10 | 0.004
Common breeds 367 365 1.06 |0.45
Full data 431 742 1.18 |0.011
Children | Allergy-tolerant breeds | 269 507 1.16 | 0.056
Common breeds 59 96 0.95 |0.78

Table 4. Association between allergy and current living environment in owners. Adult and child owners
were treated separately, using logistic regression. Only children whose average ages were over three years were
considered. When current living environment becomes more urban, odds to become allergic are higher. Odds
Ratio, OR = exp(estimate).

The relationship between the living environment and allergies is already established in humans®**, but studies
focusing on this relationship in dogs are rare. However, our findings are consistent with those from previous
studies. In Sweden, living in a town and being born in autumn were associated with an increased risk of CAD".
In Switzerland, living in rural environment, living in a household with other animals and walking regularly in a
forest were associated with lower risk of CAD?!. Our study adds further affirmation to the Swedish study, which
was based on insurance company information'’, with well-described environmental quality and exposure, and to
the Swiss study by using a larger dataset?'.
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As noted above, breed is undeniably a very important factor in canine allergies'”**~*°. Different dog breeds
are not equally common in rural and urban environments, which could contribute to our result and previous
findings. Therefore, we tried to control for the effect of breed by creating a subset including only common breeds,
which were as prevalent in rural and urban environments, by excluding breeds with high predisposition to aller-
gies, and other subset, from which we excluded all breeds previously found to be prone to develop allergies. We
found a similar pattern in the relationship between the residential environment and allergic symptoms both in
full data and in breed-controlled subsets. Therefore, we are confident that the living environment has a role in
allergies in dogs, even though at individual level the predisposing effect of some breeds must be noticed.

It has been recently suggested that factors predisposing humans to allergies can be important also in dogs*'.
Here, we found family size and animal contacts to be such factors in canine allergies. Dogs were less allergic if they
were living in families with more than two children. As pet dogs have previously been shown to be allergy protec-
tive®>-*, our findings suggest that the protective effect might be bi-directional. Additionally, living in a farm and
having regular contact with other animals (other pets and/or farm animals) was associated with healthier dogs,
which has also been previously reported for humans*. These lifestyle features make it rather difficult to interpret
the effect of residential land-use, as lifestyle and environment are often related. Moreover, their effects on health
might be interactive as certain lifestyle factors may further increase contact with the surrounding environment.

Accumulating evidence suggest that early life is especially important regarding the development of allergic
diseases in humans. For example, the nature-oriented lifestyle early in life seems to protect against allergic dis-
eases and sensitization in children®. In dogs, the endotoxin exposure has been shown to inversely associate with
CAD¥. Moreover, prenatal exposure to farming environments tends to be related to future health in humans®*.
Still, in our data, the land use in the birth environment (i.e., in breeder’s home) was not associated with aller-
gic symptoms in dogs. This disparity between our study and earlier human studies is likely to be explained by
withdrawal age. Dogs are usually withdrawn at the age of seven to eight weeks, which means puppies are still
developing in the environment of their new owners. Consequently, it may be that the early change from birth
environment to current environment masks the effect of early life, as the current environment will also make an
important contribution to the developing immune system. For example, those dogs, which had regularly had con-
tact with other animals after withdrawal from their mother up to 6 months of age, were less allergic. In contrast,
dogs that spent this time mostly in cities were more allergic.

Recently, the focus on allergy research has been on the role of microbiota, the diverse microbial community
of the host. Increasing evidence suggests that changes in the composition of this community are related to several
non-communicable diseases in humans®. In dogs, the skin microbiota of individuals suffering from allergies has
been reported to differ from healthy individuals*. Also, the composition of skin microbiota has recently been
shown to differ between urban and rural people!*. The mechanisms of the interaction between microbiota
and immune cells are being unraveled®! and there is increasing confidence about the causal role of microbiota
in host health’. We suggest, in accordance with other studies'”?!, that the higher allergy prevalence in dogs and
their owners in urban environments is related to their limited contact with immune-modulating, environmental
microbes. Moreover, not just the type of the environment, but several factors increasing individual’s contact with
the surrounding environment are central in defining the amount and type of microbes dogs and humans are
exposed to’. This suggests that negative associations between the exposure to rural environments and inflamma-
tory disorders might be a general phenomenon in mammals, supporting the suggested beneficial role of microbes
found from green environments for immune tolerance’.

If the origin of allergies in humans and dogs are causally related, one would expect similar immunological base
of allergies in both species. However, in canine allergies neither the immunological mechanisms nor outcomes
are as well-described as in humans. For example, the role of immunoglobulin E, a classic indicator of allergies in
humans, is widely debated in allergies in dogs®>>3. However, also in humans, there is more consensus on airborne
allergens causing an IgE reaction rather than food allergens. On the other hand, dissimilar immunological pro-
cesses producing similar non-communicable diseases may still have similar causal factors. In conclusion, further
understanding of the mechanistic differences and similarities in mammalian allergies is needed.

Dogs are considered to be a good animal models for understanding human diseases'®?>°4%, Yet, laboratory
mice and rats are often used to study common human diseases®. However, non-communicable diseases are usu-
ally multifactorial and complex, and thus simplified laboratory circumstances can be unable to reveal the whole
image of these diseases. Moreover, many of these diseases do not occur spontaneously in laboratory mice and rats.
Canine allergies mimic more closely the situation in humans than do rodent counterparts. Importantly, as the
lifestyle and environmental factors have been suggested as key factors in the development of non-communicable
diseases, dogs share the living environment and lifestyle with their owner. Therefore, dogs serve as a model with
naturally occurring diseases, but still with a much simpler and shorter lifespan than humans.

The strength of survey studies is the access to a large number of individuals in geographically diverse areas
with limited costs. However, survey-based studies have also common limitations. The survey may select for peo-
ple who are already interested in the study question. In our case, the invitation letter may have selected those dog
owners who had allergic dogs as in the invitation letter the focus of the study was mentioned. Importantly, in this
study the dogs’ health is defined by their owners, not by veterinarians. Consequently, the estimation of allergic
symptoms may differ between owners. For example, dogs living in outdoor facilities can be less carefully followed
than indoor dogs, and hence their symptoms may not be noticed as easily.

Both in dogs and humans, the diet is likely to be an important factor in the development of allergies®~>°.
However, this dataset gives us only a coarse estimate of the current diet of the dogs, but we saw that allergic dogs
eat more raw and veterinary-prescribed dog foods formulated for allergic dogs (Full data: X>=253.715, df =9,
P=1.64e"*, Allergy-tolerant: X>*=126.208, df=9, P=7.13e"%, Common breeds: X*=19.731,df=9, P=0.011).
However, we doubt that neither of these food types are causal for canine allergies. Rather, allergic dogs tend to
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have a special diet in order to ease symptoms as there is anecdotal evidence that this will help to ameliorate the
symptoms. The effect of diet on canine allergies needs to be further studied with interventions.

Human inflammatory disorders are increasing in Western societies®*®!. In dogs, such a long-term data is
scarce, but Nodtvedt et al. reported (2006) a slight increase in the incidence of atopic dermatitis'’. Here, we have
shown with a relatively large dataset, applying a breed-controlled analyses, that the allergic symptoms in dogs
are inversely related to the proportion of rural space in their living environment. Several other factors related to
nature-oriented or rural lifestyle also associate to allergic symptoms in dogs. Curiously, dogs and owners tend
to share their health status, indicating mutual causal factors in the mammalian allergies. This study adds to the
constantly increasing knowledge about the necessity of rural environment for individual health. Based on this
knowledge, we recommend implementing several actions, such as planning greener cities, to increase our and
our pets’ contact with green habitats.

Materials and Methods

Data collection. We conducted an owner-completed survey among Finnish dog owners (Supplementary
form S1). Information on allergic history and environmental factors was collected using a 95-question survey
focused on six aspects of dog’s life: basics, background, allergic signs, feeding, outdoor activities, and surround-
ings (Supplementary form S1). We also inquired the allergic symptoms of dog owners in the survey. The main
method in sample collection was an email invitation to answer the questionnaire, which was sent to people who
had provided information on their dog to the Canine Genetics research group of the University of Helsinki (www.
koirangeenit.fi/english). In total, 17 262 emails were sent. This data was complemented by providing an open
possibility for anyone interested to answer, as the survey was freely available on the website. The survey was also
promoted by several breed organizations. It was open for about a year and a half during 2015 and 2016. In total,
5867 answers were collected (participation rate ~34%). To see whether the sample was representative or not, we
tested how well our data resembled the registration information in Finland (Supplementary Table S1). The analy-
sis indicated that the sample matched well to the actual breed frequencies (Wilcoxon signed rank test Z = -0.906,
P=0.337), suggesting that our data had a reasonable match with the actual dog population in Finland.

Data editing. Identification data (names, addresses) was collected and prior to analysis any kind of identi-
fication information was removed. Some answers (1= 145) were removed from the data because of incomplete
answers or because of multiple answers for the same dog. The final data set had 5722 dogs from 258 different
breeds, 3059 of which were female (53%). The ages of the dogs varied from 3 months to 18 years (mean 6.1
years, SD 3.0 years). Many breeds (n = 28) were represented by only one individual, but 30 breeds had more
than 50 individuals in the data (overall, the mean and SD of number of dogs per breed was 22.2 and 33.8, respec-
tively). The total list of breeds and the number of individuals per breed in the data are provided in Supplementary
Table S1.

Definition of allergy score (allergic symptoms) in dogs and allergy in their owners. Due to the
great variation in allergic symptoms in dogs®*®, no single question was considered a reliable measurement of
canine allergy in this data. A large set of questions regarding allergic symptoms and their treatments (questions
5.1-6.11 in Supplementary Form S1) were used in defining an allergy score. This variable was calculated by sim-
plifying survey information regarding symptoms and treatments to one continuous variable, using exploratory
factor analysis (Promax rotation with Kaizer normalization was used since it permits correlation among factors).
The first axis from the factor analysis was taken as the allergy score (the loadings of different questions are given
the Supplementary Material Table S2). The resulting, continuous variable allergy score (with range from —1.07
to 4.31, mean 0.00, and SD 0.96) indicates the severity of allergic symptoms in individuals. Higher allergy scores
correlate with more prominent allergic symptoms.

The continuous allergy score was analysed against the environmental land-use (see below) as well as against
other environmental factors. The allergy score was also partitioned into three groups: healthy, possibly allergic,
and allergic. We used previous literature as a base for defining the realistic prevalence of allergic dogs**¢>%. We
determined the 10% of dogs with highest allergy score as “allergic” (allergy score > 1.43) and the 75% with lowest
allergy score as “healthy” (allergy score <0.39); dogs that fell between these two groups were considered “possibly
allergic”. Categorical variable enables some analyses (for example, logistic regression) as we can focus on extreme
groups: healthy (i.e. low allergy score -group) and allergic (i.e. high allergy score -group).

Owners were asked whether they, or other members in the family, have diagnosed allergic symptoms (ques-
tions 6.12-6.14 in Supplementary Form S1). The allergies in adult and child members of the family were consid-
ered separately. A person was defined allergic if he/she had either diagnosed allergic rhinitis, atopic eczema or
asthma (categorical yes/no -variable). In case of children, we only analyzed those families which had children
older than 3 years on average, since in younger children the allergic outcomes are sometimes vague.

Land-use quantification. We quantified the environmental land-use around both the birth home and
the current home of a dog. Geographical coordinates for each home were derived using addresses provided by
dog owners. The coverage of seven land-use types (coastal wetlands; industrial, commercial and transport units;
marine waters, open spaces with little or no vegetation; artificial and non-agricultural areas; mine, dump and
construction sites; and urban fabric) were calculated within a three-kilometer buffer around the homes, using the
publicly available land-use database CORINE2012, with 25 m resolution in Finland. This information was further
simplified into one continuous variable (through principal component analysis with Varimax rotation and Kaizer
normalization). This essentially reduced the land-use information to a rural-urban gradient (Supplementary
Table 3). Higher values along this axis correlate with a larger proportion of built environment.
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To form a categorical rural-urban factor we could not use the national definition of rural and urban envi-
ronments. This is because the definition of city in Finland is very vague and would have been confounding as
our study is interested in the dogs’ possibility to have close nature encounters. Instead, we used the proportion
of urban fabric (ranging between 0-60%) to split the data in half: rural areas with less than 20% urban fabric and
urban areas with more than 20% urban fabric (n =2945 and 2777, respectively).

Controlling for breed effects. Breed is a potential confounding factor in the analyses, as there are differ-
ences in the prevalence of inherited CAD disorders between breeds*. Predisposition of breeds may vary by study
but some breeds are frequently mentioned, such as West Highland White Terrier, Boxer, German Shepherd Dog,
Bull Terrier, French Bulldog, Labrador Retriever, and Golden Retriever'”*>-*". Based on literature search, we cre-
ated a list of allergy-prone breeds (Supplementary Table S4).

In attempt to control for breed effects we created two subsets. Into the first subset, we selected only the five
most common breeds, which were not mentioned in previous studies as allergy-prone, being represented by over
100 individuals in our data (Common breeds, including: Border Collie, Finnish Lapphund, Lagotto Romagnolo,
Shetland Sheepdog and mixed-breed dogs, n =732, Supplementary Table S1). For the second subset, we excluded
the breeds mentioned in the allergy-prone list (Allergy-tolerant breeds, 211 breeds, n = 3844, Supplementary
Table S1). This approach enabled us to test whether results obtained for the full data were driven by either
allergy-prone or common breeds, retaining as much original data as possible. In total, we had 572 allergic dogs in
the full data, 39 in Common breeds subset, and 284 in Allergy-tolerant breeds subset.

Statistical analysis. Due to many behavioral and lifestyle-associated variables being strongly correlated
with each other, we used factor analysis to extract three independent variables: agricultural lifestyle, outdoor
exposure, and outdoor activities. Agricultural lifestyle reflected current agricultural activity and contact with farm
animals, outdoor exposure reflected drinking from waterways, licking urine, and eating dirt, grass and faeces while
on a walk, and outdoor activities reflected the freedom of movement and the type of the exercise environments
(Supplementary Table S5).

Logistic regression was used to analyse whether allergy prevalence of the dogs and humans (i.e. the relative
proportions of allergic and healthy individuals) was associated with the living environment. Mann-Whitney or
Kruskal-Wallis tests were used to assess the effect of several explanatory factors, such as animal contacts and
living conditions (full list in Table 2) on the allergy score in dogs. We further excluded breeds with less than
50 individuals from allergy-tolerant subset in order to create new subset that enables mixed modelling. With
this subset, we examined the effect of various factors on dog allergy score simultaneously with a linear mixed
model, controlling for residual dependence within breed and sex (random factors), using the Imer function in
package Ime4 in R%. The association between the presence of allergy in owners and dogs was tested with x* -tests.
Statistical analyses were done using the IBM SPSS statistics software version 24.0 and R version 3.3.2%.
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Table S1. This table shows all the breeds in total data, the number of individuals per breed, and the
breeds' prevalence in this study (ns and %s, respectively). The data in this study is compared to the
statistics about dog breeds in Finland: the number of individuals in each breed in Finland is
provided (np) as well as the prevalence of each breed in Finnish population (%p). Finally, the ratio
of breeds' prevalence in our data and their prevalence in Finland is provided (%-ratio). 'No data'
means that the breed is not officially registered by the Finnish Kennel Club. Breeds in the Allergy-
tolerant and Common breeds subsets are marked with italicized and bolded text, respectively.

Breed Ns %s Np %p %-ratio

Affenpinscher 6 0.0010 363  0.0008 1.39
Afghan Hound 34 0.0059 610 0.0013 4.68
Airedale Terrier 30 0.0052 747  0.0016 3.37
Akita 24 0.0042 524  0.0011 3.85
Alaskan Malamute 10 0.0017 1523  0.0032 0.55
Alpine Dachsbracke 2 0.0003 20  0.0000 8.40
American Akita 13 0.0023 1381  0.0029 0.79
American bulldog 2 0.0003 nodata nodata no data

American Cocker Spaniel 15 0.0026 1292  0.0027 0.98
American Hairless Terrier 10 0.0017 nodata nodata no data

American Staffordshire Terrier 36 0.0063 1823  0.0038 1.66
American Water Spaniel 1 0.0002 46 0.0001 1.83
Appenzeller Sennenhund 10 0.0017 260  0.0005 3.23
Australian Cattle Dog 7 0.0012 313  0.0007 1.88
Australian Kelpie 36 0.0063 784  0.0016 3.86
Australian Shepherd 59 0.0103 2650  0.0055 1.87
Australian Silky Terrier 14 0.0024 1098  0.0023 1.07
Australian Terrier 31 0.0054 2375 0.0049 1.10
Barbet 22 0.0038 381  0.0008 4.85
Baseniji 19 0.0033 730  0.0015 2.19
Basset Artésien Normand 1 0.0002 37 0.0001 2.27
Basset Fauve de Bretagne 16 0.0028 520 0.0011 2.59
Basset Hound 5 0.0009 636  0.0013 0.66
Bavarian Mountain Hound 1 0.0002 46  0.0001 1.83
Beagle 40 0.0070 5833 0.0121 0.58
Bearded Collie 31 0.0054 653 0.0014 3.99
Beauceron 12 0.0021 743 0.0015 1.36
Bedlington Terrier 3 0.0005 281  0.0006 0.90
Belgian Shepherd Dog Groenendael 47  0.0082 1326  0.0028 2.98
Belgian Shepherd Dog Laekenois 7 0.0012 59  0.0001 9.97
Belgian Shepherd Dog Malinois 45  0.0079 1739  0.0036 2.17
Belgian Shepherd Dog Tervueren 51 0.0089 1554  0.0032 2.76
Bernese Mountain Dog 81 0.0142 4696 0.0098 1.45
Bichon Frisé 46  0.0080 6308 0.0131 0.61
Black Russian Terrier 20 0.0035 504  0.0010 3.33
Bloodhound 1 0.0002 71  0.0001 1.18
Blue Picardy Spaniel 2 0.0003 9 0.0000 18.67
Bohemian Shepherd 3 0.0005 98  0.0002 2.57
Bolognese 2 0.0003 869  0.0018 0.19
Bolonka 1 0.0002 58  0.0001 1.45
Border Collie 104 0.0182 4190  0.0087 2.09
Border Terrier 27 0.0047 2584  0.0054 0.88
Borzoi 31 0.0054 864  0.0018 3.01
Boston Terrier 22 0.0038 1650 0.0034 1.12
Bouvier des Ardennes 1 0.0002 1 0.0000 84.03
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Caucasian Shepherd Dog
Cavalier King Charles Spaniel
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Chihuahua

Chinese Crested Dog
Chow Chow

Chukotka sleddog
Cirneco dell’Etna
Clumber Spaniel

Collie Rough

Collie Smooth
Continental Toy Spaniel
Coton de Tulear
Croatian Shepherd Dog
Curly Coated Retriever
Czechoslovakian Wolfdog
Dachshund Long-Haired
Dachshund Short-Haired
Dachshund Wire-Haired
Dalmatian

Dandie Dinmont Terrier
Danish-Swedish Farmdog
Deerhound

Deutsch Drahthaar
Dobermann

Dogo Argentino

Dogue de Bordeaux
Do-Khyi

Drentsche Partrigde Dog
Drever
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Dutch Shepherd Dog
East Siberian Laika
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English Pointer
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Entlebuch Cattle Dog
Estonian Hound

Estrela Mountain Dog
Eurasian

Field Spaniel

Finnish Hound

Finnish Lapphund
Finnish Spitz

Flat Coated Retriever

Fox Terrier Smooth

Fox Terrier Wire

French Bulldog

German Hunting Terrier
German Pinscher

German Shepherd Dog
German Short-Haired Pointing Dog
Giant Schnauzer

Golden Retriever

Gordon Setter

Grand Basset Griffon Vendeen
Great Dane

Great Swiss Mountain Dog
Greyhound

Griffon Belge

Griffon Bruxellois
Havanese

Hellenic Hound

Hovawart

Hungarian Greyhound
Ibizan Podenco

Icelandic Sheepdog

Irish Glen of Imaal Terrier
Irish Red and White Setter
Irish Red Setter

Irish Soft Coated Wheaten Terrier
Irish Terrier

Irish Water Spaniel

Irish Wolfhound

Italian Greyhound

Italian Short-Haired Segugio
Jack Russel Terrier
Japanese Spitz

Jamthund

Kai

Karelian Bear Dog
Keeshond

Kerry Blue Terrier

King Charles Spaniel
Kleiner Minsterlander
Kooikerhondje
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Kromfohrlander

Labrador Retriever
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16
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no data
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no data
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0.65
0.36
0.55
no data
0.70
1.98
4,94
2.26
0.98
1.28
0.88
3.43
0.84
2.76
1.26
2.71
5.25
0.70
0.58
0.14
10.50
0.48
1.26
1.46
1.46
1.05
4.03
no data
4,55
0.59
3.26




Lakeland Terrier

Lancashire Heeler

Landseer

Lapponian Herder

Large Munsterlander
Leonberger

Lhasa Apso

Little Lion Dog

Maltese

Manchester Terrier

Mastiff

Medium Poodle

Medium Size Spitz

Miniature Bull Terrier
Miniature Dachshund Long-Haired
Miniature Dachshund Short-Haired
Miniature Dachshund Wire-Haired
Miniature Pinscher

Miniature Poodle

Miniature Schnauzer
Miniature Spitz

mixed-breed

Mudi

Newfoundland
Norbottenspitz

Norfolk Terrier

Norwegian Buhund
Norwegian Elkhound Grey
Norwegian Lundehund
Norwich Terrier

Nova Scotia Duck Tolling Retriever
Old English Sheepdog
Otterhound

Parson Russel Terrier
Peruvian Hairless Dog

Petit Basset Griffon Vendeen
Petit Brabagon

Pharaoh Hound

Picardy Sheepdog

Picardy Spaniel

Polish Greyhound

Polish Lowland Sheepdog
Pomeranian

Pont-Audemer Spaniel
Portuguese Podengo
Portuguese Sheepdog
Portuguese Water Dog
PrazZsky krysafik

Pug

Puli

Pumi

Pyrenean Mastiff

Pyrenean Mountain Dog
Pyrenean Sheepdog Long Haired

28

95

39
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32
13
13
16

53
26
95
19
111
14
36
17
10

29
12
72
14
35

10
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30

21
11

0.0003
0.0049
0.0016
0.0166
0.0009
0.0068
0.0002
0.0009
0.0003
0.0016
0.0009
0.0056
0.0023
0.0023
0.0028
0.0009
0.0010
0.0093
0.0045
0.0166
0.0033
0.0194
0.0024
0.0063
0.0030
0.0017
0.0012
0.0051
0.0003
0.0021
0.0126
0.0024
0.0002
0.0061
0.0007
0.0017
0.0014
0.0016
0.0026
0.0002
0.0005
0.0002
0.0014
0.0003
0.0002
0.0005
0.0030
0.0005
0.0052
0.0003
0.0037
0.0019
0.0012
0.0012

135
958
1091
2490
80
2582
802
489
617
361
294
3018
4993
340
2220
1291
1617
5451
4595
9778
1911
no data
357
2152
2793
972
77
10213
254
1257
3610
386
24
3798
412
526
561
251
68
17
43
251
1911
34
45
534
1281
188
3447
321
764
1136
602
284

0.0003
0.0020
0.0023
0.0052
0.0002
0.0054
0.0017
0.0010
0.0013
0.0008
0.0006
0.0063
0.0104
0.0007
0.0046
0.0027
0.0034
0.0113
0.0096
0.0203
0.0040
no data
0.0007
0.0045
0.0058
0.0020
0.0002
0.0212
0.0005
0.0026
0.0075
0.0008
0.0000
0.0079
0.0009
0.0011
0.0012
0.0005
0.0001
0.0000
0.0001
0.0005
0.0040
0.0001
0.0001
0.0011
0.0027
0.0004
0.0072
0.0007
0.0016
0.0024
0.0013
0.0006

1.24
2.46
0.69
3.21
5.25
1.27
0.10
0.86
0.27
2.09
1.43
0.89
0.22
3.21
0.61
0.33
0.31
0.82
0.48
0.82
0.84
no data
3.30
1.41
0.51
0.86
7.64
0.24
0.66
0.80
1.68
3.05
3.50
0.77
0.82
1.60
1.20
3.01
18.54
4.94
5.86
0.33
0.35
4,94
1.87
0.47
1.12
1.34
0.73
0.52
2.31
0.81
0.98
2.07




Pyrenean Sheepdog Smooth-Faced
Rabbit Dachshund Long-Haired
Rhodesian Ridgeback
Rottweiler

Russian Hound

Russian Toy
Russian-European Laika
Saarloos Wolfhond

Saluki

Samoyed

Schipperke

Schnauzer

Scottish Terrier

Shetland Sheepdog
Shiba

Shih Tzu

Siberian Husky

Skye Terrier

Sloughi

Slovakian Chuvach

Small Portuguese Podengo
Southh Russian Shepherd Dog
Spanish Greyhound
Spanish Mastiff

Spanish Water Dog
Spinone lItaliano

St. Bernard

Stabijhoun

Staffordshire Bull Terrier
Standard Poodle

Swedish Elkhound White
Swedish Lapphund
Swedish Vallhund

Thai Ridgeback

Tibetan Spaniel

Tibetan Terrier

Toy Fox Terrier

Toy Poodle

Weimaraner

Welsh Corgi Cardigan
Welsh Corgi Pembroke
Welsh Springer Spaniel
Welsh Terrier

West Highland White Terrier
West Siberian Laika
Whippet

White Swiss Shepherd Dog
Vizsla

Volpino Italiano
Xoloitzcuintle

Yorkshire Terrier

oo

43
74

w o1 -

59
46
31
27

142
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0.0014
0.0009
0.0075
0.0129
0.0002
0.0009
0.0005
0.0003
0.0103
0.0080
0.0054
0.0047
0.0010
0.0248
0.0024
0.0005
0.0033
0.0007
0.0003
0.0005
0.0023
0.0002
0.0003
0.0002
0.0103
0.0005
0.0033
0.0016
0.0128
0.0028
0.0002
0.0002
0.0049
0.0002
0.0044
0.0017
0.0002
0.0007
0.0005
0.0021
0.0028
0.0080
0.0009
0.0089
0.0003
0.0110
0.0115
0.0010
0.0003
0.0002
0.0003

105
356
807
4721
864
959
355
169
944
2263
1316
1411
611
9467
633
958
5599
352
67
259
971
122
45
134
3962
129
1163
362
3299
1098
410
57
1145
63
7990
1330
22
1853
363
2047
2563
2335
191
4920
701
2443
2889
323
367
78
2531

0.0002
0.0007
0.0017
0.0098
0.0018
0.0020
0.0007
0.0004
0.0020
0.0047
0.0027
0.0029
0.0013
0.0197
0.0013
0.0020
0.0116
0.0007
0.0001
0.0005
0.0020
0.0003
0.0001
0.0003
0.0082
0.0003
0.0024
0.0008
0.0069
0.0023
0.0009
0.0001
0.0024
0.0001
0.0166
0.0028
0.0000
0.0039
0.0008
0.0043
0.0053
0.0049
0.0004
0.0102
0.0015
0.0051
0.0060
0.0007
0.0008
0.0002
0.0053

6.40
1.18
4.48
1.32
0.10
0.44
0.71
0.99
5.25
1.71
1.98
1.61
0.83
1.26
1.86
0.26
0.29
0.95
251
0.97
1.12
0.69
3.73
0.63
1.25
1.95
1.37
2.09
1.86
1.22
0.20
1.47
2.05
1.33
0.26
0.63
3.82
0.18
0.69
0.49
0.52
1.66
2.20
0.87
0.24
2.17
1.92
1.56
0.46
1.08
0.07




Table S2. The variables (allergic symptoms) used in the definition of allergy score. Second column
shows the contribution of each variable for the first extracted factor “allergy score” (allergic
symptoms), which was selected for further analysis.

Allergic symptoms Contribution

Allergic skin symptoms 0.167
Atopic dermatitis symptoms 0.106
Other allergic or atopic symptoms 0.072
Demodex symptoms -0.024
Food allergy symptoms 0.096
Pruritus symptoms 0.138
Intensity of pruritus symptoms 0.737
Pruritus symptoms: corner of the mouth 0.487
Pruritus symptoms: inner skin of the ear pinna 0.474
Pruritus symptoms: outer margins of the ear 0.299
Pruritus symptoms: dorsal side of the snout 0.316
Pruritus symptoms: eyelid 0.320
Pruritus symptoms: neck/throat 0.446
Pruritus symptoms: armpit or axilla 0.528
Pruritus symptoms: interdigital or between toes 0.493
Pruritus symptoms: abdomen 0.608
Pruritus symptoms: groin or inguinal area 0.624
Pruritus symptoms: perineal area 0.474
Pruritus symptoms: flanks 0.426
Pruritus symptoms: back 0.425
Pruritus symptoms: tail 0.403
Pruritus symptoms: feet or pads 0.483
Pruritus symptoms: head 0.211
Pruritus symptoms: feet 0.322
Pruritus symptoms: elbow 0.491
Show first pruritus or skin symptoms 0.222
Scratch or rub snout -0.057
Scratch, rub or lick corner of the mouth 0.033
Scratch or rub eyes -0.078
Scratch or rub ears 0.013
Scratch, rub or lick feet 0.032
Scratch, rub, eat or lick groins or inguinal areas 0.080
Lick, bite or rub caudal back -0.004
Scratch, rub, eat or lick all over 0.100
Show eczema or redness: not at all -0.572
Show eczema or redness: around the snout 0.296
Show eczema or redness: at the corners of the mouth 0.438
Show eczema or redness: around the eyes 0.308
Show eczema or redness: in the ears 0.545
Show eczema or redness: between the toes 0.503
Show eczema or redness: under the feet 0.435
Show eczema or redness: on the abdomen 0.673
Show eczema or redness: in joint folds 0.665
Show eczema or redness: on other skin areas 0.358
Sneezing symptoms -0.088
Cough symptoms -0.042
Running eyes symptoms -0.125
Diarrhea symptoms -0.127
Gas/flatulance symptoms -0.138
Constipation symptoms -0.053
Vomiting symptoms -0.130
Diagnosed: eye infections 0.251
Diagnosed: urticaria 0.367
Diagnosed: recurring ear infections 0.504
Diagnosed: recurring skin infections 0.669
Diagnosed: recurring “hot spots” 0.356
Diagnosed: not easily cured skin infections 0.532
Diagnosed: skin turning black 0.578
Diagnosed: alopecia or thinning hair coat 0.514
Diagnosed: skin thickening 0.293




Table S3. The contribution of different land-use types for the first axis “urban—rural gradient”,

which was used in further analyses. We measured the prevalence of different land-use types within

3 km distance from the current and birth homes.

Extracted factors Current Birth

Artificial areas and non-agricultural, vegetated areas 0.579 0.452
Coastal wetlands -0.029 -0.004
Industrial, commercial, and transport units 0.914 0.913
Marine waters 0.254 0.003
Open spaces with little or no vegetation 0.063 0
Urban fabric 0.928 0.93
Mine, dump and construction sites 0 0.378

Table S4. Literature search about the allergy-prone breeds. Table shows the origin (country) of

the

study, breeds which were defined allergy-prone in the study, and the number of studies that defined

each breed as allergy-prone (Total mentions). Breeds are organised by total mentions (N and %
show absolute and relative prevalence in this study). Used studies are Tarpataki et al. 2006

(Hungary), Nedtvedt et al. 2006 (Sweden), Lund 2008 (Oregon), Picco et al. 2008 (Switzerland),

Jaeger et al. 2010 (Australia, California_2, Germany) and Bellumori et al. 2013 (California_1).
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Breed N %
West Highland White
Terrier X X X X X X 6| 51|0.35
Boxer X X X X X 5| 73|0.19
German Shepherd Dog X X X X 41310|0.17
Bull Terrier X X X 3| 28|0.36
French bulldog X X X 3| 45|0.36
Labrador Retriever X X X 3/126|0.13
Golden Retriever X X X 3/108/|0.12
American Staffordshire
Terrier X X 2| 36|0.33
Dalmatian X X 2| 21|0.24
Rhodesian Ridgeback X X 2| 43]0.19
Vizsla X X 2 6]0.17
Staffordshire Bull Terrier X X 2| 73]0.15
Newfoundland X X 2| 36|0.11
Jack Russel Terrier X X 2| 72|0.08
Cairn Terrier X X 2| 51|0.08
Bichon Frisé X X 2| 46|0.02
American Bulldog X 1 210.50
Puli X 1 210.50
Bulldog X 1| 18|0.33
Tibetan Terrier X 1| 10(0.30
English Setter X 1 710.29
Boston Terrier X 1| 22]0.27
Dobermann X 1| 23]0.22
Havanese X 1| 34(0.21




Poodle

Irish Soft Coated
Wheaten Terrier

Welsh Springer Spaniel
Chow Chow

Pumi

Old English Sheepdog
Great Dane

Miniature Schnauzer
Fox Terrier Wire
Cavalier King Charles
Spaniel

Dachshund

English Cocker Spaniel
Schnauzer

Australian Silky Terrier
Welsh Terrier

Shih Tzu

Maltese

Yorkshire Terrier
Lhasa Apso

Danish-Swedish Farmdog

X X X X

=
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49
26

59
46
20
21
14
52
95
15

33
60
29
27
14

P NN WO

0.18
0.15

0.15
0.15
0.15
0.14
0.14
0.08
0.07
0.07

0.06
0.05
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Table S5. The factors forming the three independent environmental factors (outdoor exposure,

outdoor activities, and agricultural lifestyle) used in the model of Table 3. The independent factors
were extracted by factor analysis.

Dirt eating outdoors
Grass eating outdoors
Feces eating and urine
licking outdoors
Drinking from waterways
Freedomness of
movement
Environment outdoors
Agriculture at current
home

Contact with farm
animals

Outdoor exposure

Outdoor activities

Agricultural lifestyle

0.543

0.524
0.517

0.410

0.745

0.581

0.588

0.500




Form S1. Translated questionnaire form used in study.

The residential environments and canine allergy-survey

In this survey, we study how living environment of a dog influence on canine allergies, which has
increased recently.

Please, be honest with your answers: We want to study factors affecting dog health, not to evaluate
anyone’s dog keeping.

We hope that you answer this survey even though your dog is not having allergic disease.

All information is processed confidentiality and following the principles of law. Address information is
used for definition of land use types around residential areas.

Basic information of dog and owner

2.1. First name of owner:

2.2. Last name of owner:

2.3. Street address:

2.4. Postal code:

2.5. Postal city:

2.6. Dog has moved with current owners

1. never
2. once
3. twice
4. thrice
5. more than three times
2.7. If dog have moved, write previous addresses:

2.8. Phone number:

2.9. Email:

2.10. The official name of dog:
2.11. The nick name of dog:

2.12. The breed of dog:

2.13. The register number of dog:
The birthday of dog:

2.14. Day:

2.15. Month:

2.16. Year:



2.17. If dog has died, write the date and cause of death:
2.18. The sex of dog:

1. Female
2. Male

2.19. Has dog been sterilized or castrated?

1. Yes
2. No
2.20. How large proportion of the dog’s fur is white?

0%

about 25 %

about 50 %

about 75 %

100 %

2.21. Have you given a blood sample of your dog for the Canine Genetics research group of the University
of Helsinki?

vk wNeE

1. Yes
2. No

Background of the dog

3.1. How many weeks old was the dog when arriving to current owners?
3.2. Where was your dog born and/or spent its first weeks?

1. ldo not know

2. Dogis borninits current home

3. Dogis born in address mentioned below
3.3. The street address of birth home:

3.4. The postal code of birth home:
3.5. The postal city of birth home:
3.6. The dog was born and/or spent its first weeks

In city center

In municipality center

In Conurbation of urban area

In Conurbation of country-side

In sparsely populated area

. I do not know

3.7. In what kind of building has your dog is born and/or spent its first weeks

N N

In flat/apartment
In row house

In town house

In farm house

PwNPR



5. In outdoor facilities
6. |do not know
3.8. Was there agricultural activities in your dog’s breeder house while dog was there?

| do not know
No
Yes, a part-time
4. Yes, a full-time
3.9. Did your dog’s dam give a birth and take care of her puppies in dam’s home or somewhere else?

wnN e

1. |do not know
2. Dam gave birth somewhere else than its current home (dam is a co-owned dog)
3. Dam gave birth in its current home

3.10. In which age (in weeks) your dog was weaned from its dam?

3.11. If you know what kind of food the dam was eating while being pregnant and nursing, describe here:
3.12. If you know, what kind of food your dog was eating before weaning age, describe here:

3.13. Has your dog experienced things described below after withdrawal from its dam up to 4 months of
age? Mark the most adequate option in all sections.

| do not Never Few times Several Several Several
know timesina timesina timesina
month week day

Dog met
strange
adult dogs

Dog visited
cities or
other busy
places

Dog
travelled by
car

Dog
travelled by
bus or train

Dog met
strange
humans

Dog met
farm
animals

3.14. How much were your dog outdoors under two months age (before moving to you)?

| do not know

Not at all

Couple times in a month
Few times in a week
Once in a day

ok wnN e



6. Many times in a day
7. Dog could move freely to outside
3.15. How much were your dog outdoors daily (in hours) when it was..

| do not Not at all 0.5 hour 1 hour 2 hours 3 hours or
know more

3-4 months

5-6 months

7-12 months

Dog practices
4.1. If your dog is a bitch, does it have puppies?

1. Yes
2. No
4.2. If your dog is a bitch and it have had puppies, mark here the litter details:

4.3. Is your dog a work dog?

My dog is not a work dog
Police dog
Border patrol dog
Guide dog
Drug dog
Service dog
Hearing dog
Mold detection dog
9. Other work dog (define below)
4.4. If you answered that your dog is other work dog, what kind of work does your dog do?

O N A WN R

4.5. Do you have hobbies with your dog?

1. Yes
2. No
4.6. If you have hobbies with your dog, what kind of they are?

4.7. How much does your dog travel outside of your normal home conditions for example to dog shows,
practices, competitions or work?

Not at all

1-6 times in a year

1-3 times in a month

1-3 times in a week

Almost daily

4.8. What is the usual purpose of these travels?

vk wNe

Allergic symptoms and diseases of the dog, Part 1/2

5.1. Has your dog ever had any of the following diseases?



No

Yes,
according to
breeder

Yes,
according to
vet

Yes,
according to
own
judgement

Yes,
according to
somebody
else (define
to next
section)

Who?

Allergic skin
symptoms

Atopic
dermatitis

Any other
allergic or
atopy
related
symptoms

Demodicosis

or
Demodectic
mange

Food
intolerance
or food
sensibility

5.2. Has your dog ever suffered from scratching / pruritus?

1. Notatall
2. Little (once in a month - once in a week)
3. Moderately (once in a week - every second day)

4. Regularly (daily)

5.3. Estimate the severity of your dog’s scratching when it is “on”, using the scale below. Please use a
number to evaluate the severity of the scratching (e.g. 22 or 87):

100 Extremely intensive/almost constant scratching
Nothing than physical barrier (e.g. collar) makes the dog stop the scratching/licking/biting
90
80 Intensive scratching/lengthened scratching periods
Scratching can appear in nights (can be detected if dog is being monitored). Dog itches also when
it is eating, playing or being active.
70
60 Moderate scratching/regularly repetitive scratching periods
Scratching can appear in nights (can be detected if dog is being monitored). Dog does not itch
when it is eating, playing or being active.
50
40 Mild scratching/slightly more frequent scratching periods
Scratching does not appear in nights or when dogs is eating, playing or being active
30
20 Very mild scratching/only random scratching periods
Dog itches only slightly more than normal
10
0 Normal dog




| Dog does not itch more than normal, healthy dog

5.4. Pick those sections (using the picture below) that have sometimes itched in your dog:

A. Corner of the mouth

B. Inner skin of the ear pinna
C. Outer margins of the ear

D. Dorsal side of the snout

E. Eyelid

F. Neck/throat

G. Armpit or axilla

H. Interdigital or between toes
I.  Abdomen

J. Groin oringuinal area

K. Perineal area

L. Flanks

M. Back

N. Tail

O. Feet, pads

P. Head

Q. Feet

R. Elbow

Anterior Posterior




5.5. If your dog has both suffered from scratching and has had visual skin symptoms, which of them started

first?

5.6. Has your dog ever had any of the following skin symptoms and how severe were they?

1.

My dog had visual skin symptoms before scratching
2. My dog had scratching before visual skin symptoms

Never

Few times

Onceina
month —
onceina
week

Onceina
week —
every
second day

Couple
times daily

Constantly

Dog rubs or
scratches its
snout

Dog
scratches,
rubs or licks
its corner of
the mouth

Dog
scratches or
rubs its eyes

Dog
scratches or
rubs its ears

Dog
scratches,
rubs or licks
its feet

Dog
scratches,
rubs, eats or
licks its groin
or inguinal
areas

Dog licks,
bites or
rubs its
caudal back

Dog
scratches,
rubs, eats or
licks itself all
over

5.7. Has your dog ever had redness or eczema?

o0 w

Not at all

Around the snout

At the corners of the mouth

Around the eyes




E. Inthe ears

F. Between the toes
G. Under the feet

H. Onthe abdomen
I. Injoint folds

J. On other skin areas
5.8. Has your dog ever had any of the following symptoms..

Not at all Few times Onceina Onceina Couple Constantly/Many
month — week — times daily | times in a day
onceina every
week second day

sneezing?

cough?

running
eyes?

diarrhea?

gas /
flatulance?

constipation?

vomiting?

5.9. Has your dog ever had (you can choose several options)..

>

Eye infections e.g. conjunctivitis

Urticaria (allergic reaction of skin that comes e.g. after an insect bite)
Recurring ear infections caused by bacteria or yeasts

Recurring skin infections caused by bacteria or yeasts

Recurring “hot spots”

Not easily cured skin infections

Skin turning dark

Alopecia (loosing hair coat) or thinning hair coat

Skin thickening (please specify below)

5.10. If your dog has experienced thickening of the skin, on what parts did it happen?

T IOomMMmMmoOOn®

5.11. Has your dog suffered from other skin symptoms? Please specify their character and location.
5.12. How old was your dog when skin related symptoms started? E.g. 3 years or 7,5 months

5.13. My dog shows most of its symptoms..

More Less asmuchasinany | | don’t know
season
in summer
in spring
in autumn
in winter

in humid weather

Allergic symptoms and diseases of the dog, Part 2/2




6.1. If you have treated the skin symptoms of your dog, please specify the result of it:

Symptoms
decreased

Symptoms
increased

No effect

| don't know

| have not used
this treatment

Antibiotics

Antihistamine

Cyclosporine

Immunotherapy

Fatty acid
product

Local
corticosteroid

Systemic
corticosteroid
(taken
perorally)

Shampoo

Diet

Other
treatment

Skin cream

Ear drops

6.2. Has your dog been on an elimination diet?

1. No

2. Yes (specify below)

6.3. What happened during the elimination diet of your dog?

6.4. How the elimination diet affected on the symptoms of your dog (you can choose several options)?

A. There was no change in symptoms
The symptoms eased
The symptoms worsened
When the dog returned to its basic diet there was no change in symptoms
When the dog returned to its basic diet the symptoms eased
When the dog returned to its basic diet the symptoms worsened

mmoow

G. The elimination diet was kept
6.5. If your dog has been treated with something else, describe?

6.6. If your dog has been allergy tested, please mark the used test and the results:

6.7. Please mark if the near family of your dog has suffered from skin symptoms

| do not
know

These
relatives
does not
exist

No
symptoms

Allergic/Atopic
disease

Other skin
disease

Both
Allergic/Atopic
disease and
other skin
disease

Dog'’s
parents




Dog’s
siblings
Other
relatives

6.8. If you have other dogs or animals in the house, do they suffer from skin symptoms? If yes, what kind of
skin symptoms?

6.9. Does your dog suffer from any chronic disease?

1. No
2. Yes
6.10. If yes, what disease?

6.11. Does dog have a permanent medication, if yes what kind of?

6.12. People currently living in your household: list the birth years of these people (e.g. 1957, 1954, and
1986):

6.13. Do any of the adult humans living with the dog have any of the following diseases?

Yes, according to own Yes, diagnosed by No
judgement medical doctor

Allergic rhinitis

Atopic eczema

Asthma

6.14. Do any of the children living with the dog have any of the following diseases?

Yes, according to own Yes, diagnosed by No
judgement medical doctor

Allergic rhinitis

Atopic eczema

Asthma

Dog’s diet
7.1. My dog eats mainly

Manufactured dog food, that is from pet shop

Manufactured dog food, that is from market

Home food made specially for dog

Leftovers from the food of the humans

Raw food (BARF)

Both manufactured and raw food

Both raw food and home food

Manufactured dog food, that is from pharmacy or veterinary shop
9. Something else (specify below):

7.2. If your dog eats something else, what is it?

NV A WNR



7.3. Does your dog get additional nutrients (e.g. vitamins or oils)?

1. Basically never
2. Sometimes
3. Regularly
7.4. If your dog gets additional nutrients, write down the product name:

Dog’s outdoor activity

8.1. How often is your dog outdoors or go for a walk in a day?

Dog goes for a walk thrice or often in a day
Dog goes for a walk twice in a day
Dog goes for a walk once in a day
Dog is outside all the time or part of the time (e.g.in dog yard) and goes also for a walk daily
Dog is outside all the time or part of the time (e.g.in dog yard) and goes also for a walk few times a
week
6. Dogis outside all the time or part of the time (e.g.in dog yard) and goes also for a walk less than
once in a week
7. Dogis outdoors and/or goes for a walk other ways (please specify below):
8.2. If your dog is outdoors and/or goes for a walk other ways, tell how?

vk wnN e

8.3. How much dog is walking daily?

3 hours or more

2 hours

an hour

about half an hour

. less than half an hour
8.4. During the walk is your dog..

G or W

1. free all the time or most of the time
2. free part of time and other part in leashed
3. almost always in leashed
4. always in leashed
8.5. In what kind of environment do you mainly walk with the dog?

1. Inforest using trails or terrain
2. Inforest using tracks or other outdoor routes
3. Infield using trails or terrain
4. In field using street
5. In parks of Conurbation area using sand or asphalt streets
6. Inurban areas Conurbation area using asphalt streets
7. Indog parks
8.6. Do you let your dog or does your dog do following things (you can choose several options):

A. Eats soil, clay or stones

B. Drinks water from puddles, ditches or other drainage systems
C. Carries or gnaws sticks

D. Eats grass or other vegetation



E. Eats or licks faeces or urine

Dog’s home and environment

9.1. The dog’s current home is:

In city center

In municipality center

In Conurbation of urban area (suburban)
In Conurbation of country-side

In sparsely populated area

vk wNeE

9.2. The dog lives mainly:

Inside

Outside chained

Outside in dog yard

Partly outside and partly inside
5. Other (specify below):

9.3. If your dog lives other, describe how:

PwnNPR

9.4. If your dog lives inside, what kind of residence does it live?

1. Inflat/apartment
2. Inrow house
3. Intown house
4. Infarm house
9.5. Is there agricultural activities in your dog’s current home (your home)?

1. No
2. Yes, a part-time
3. Yes, a full-time
9.6. The household also includes (you can choose several options):

A. Other dog or dogs
Cat or cats
Other indoor pets with fur
Other outdoor pets
Farm animals
F. Furless indoor pets
9.7. How many dogs have you owned during your adult life (including the current dog)?

moOw®

9.8. How long in average is your dog daily without presence of humans?

0 hours
1-2 hours
3-6 hours
7-8 hours
9-10 hours
6. over 10 hours
9.9. Does someone smoke inside in places where your dog spends a lot of time?

ik wNE



Yes, often

Yes, sometimes

Yes, seldom

. Never

9.10. Is your dog exposed to cigarette smoke while being outside (e.g. does someone smoke while walking
with the dog)?

2w

1. Yes, often

2. Yes, sometimes

3. Yes, but seldomly

4. Never
9.11. Does your dog spend time yearly in countryside (e.g. in summer cottage or with friends/relatives) for
three weeks or more?

1. Yes
2. No
9.12. How far the nearest heavy industry locates from dog’s current home?

Under 100 metres

100-500 metres

About 1 kilometer distance

2-5 kilometers

Further away

. I do not know

9.13. How far the nearest farm locates from dog’s current home?

R

Under 100 metres

100-500 metres

About 1 kilometer distance

2-5 kilometers

Further away

. I do not know

9.14. If you want to specify something in previous questions, you can write here:

v AW e

9.15. If you want, you can give feedback here. Tell for example if you found some questions especially
difficult:

Thank you for filling the questionnaire!
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