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ABSTRACT

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in late 2019 and
rapidly spread throughout the world. After the susceptibility of various animals to SARS-
CoV-2 infection was reported, the prevalence of COVID-19 infection in pet animals and
their role in virus transmission became a source of concern. Seroprevalence of SARS-CoV-
2 in pet animals has been reported from various parts of the world to date. In this study,
206 serum samples of household dogs and cats were obtained from a diagnostic
laboratory in Istanbul. Ninety-nine of the samples were collected during the second wave
(November and December 2020) of the pandemic, and 107 were collected between
August and September 2021. Neutralizing antibodies against SARS-CoV-2 in companion
animals was investigated by virus neutralization test. Among the 99 serum samples
which were collected during the second wave (November and December 2020) of the
pandemic, while no neutralizing antibodies were found in 61 sera of cats, one of 38 dogs
was positive with a titer of 1/256. Similarly, 0/54 cats and 1/53 dogs were tested positive
for the neutralizing antibodies among the samples collected between August and
September 2021. This study is demonstrating the evidence of SARS-CoV-2 infection in
dogs.
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Introduction

SARS-CoV-2 emerged in Wuhan, China in December
2019 (Zhu et al., 2020) and was defined as a pandemic
by the World Health Organisation (WHO) in March
2020. During the rapid spread of SARS-CoV-2 to the
entire world via person-to-person transmission, the
susceptibility of animals and their role in transmission
dynamics have arisen as a concern. The first COVID-19
report in animals was from Hong Kong, viral RNA was
detected from oral and nasal swabs of a pomeranian

*Corresponding Author: Hakan Eniil
E-mail: enulhakan@gmail.com

dog with a history of a COVID-19 positive owner in
February 2020 (Sit et al.,, 2020). According to the
WOAH Situation Report (31.08.2022), 692 SARS-CoV-2
outbreaks in animals have been reported, affecting 25
species, including animals from zoos (Puma, Lion,
Tiger, Gorilla, Ottor, Binturong, Fishingcat, and
Coatimundi), pets (dogs, cats, ferrets), wild animals
(white-tailed deer), and farm animals (Minks) (WOAH,
2022). Generally, infected companion animals had a
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history of a COVID-19 affected owner (Hamer et al.,
2020; Segalés et al., 2020; Sit et al., 2020; Neira et al.,
2021; Ruiz-Arrondo et al., 2021). The transmission of
the virus from human-to-animal occurs as a result of
the close contact between infected people and
household animals. Recently, evidence of -cat-to-
human transmission reported that a pet cat infected a
veterinary surgeon in Thailand (Sila et al., 2022) and
mink-to-human transmission reported from the
Netherlands (Munnink et al., 2021) after mink farms
were infected with SARS-CoV-2. Transmission of
animal-to-human cases indicate the importance of
monitoring the SARS-CoV-2 infections in animals.

With the increasing number of reports stating that
the SARS-CoV-2 RNA is detected by molecular
methods in pet animals from various countries, further
studies were conducted in which serological tests
were performed to determine the prevalence of the
disease in pet animals. Studies from China (Zhang et
al., 2020), Croatia (Stevanovic et al., 2021), Italy
(Patterson et al.,, 2020), Netherlands (Zhao et al.,,
2021), Germany (Michelitsch et al., 2020, 2021),
United Kingdom (Smith et al., 2021), France (Laidoudi
et al.,, 2021) Brazil (Calvet et al., 2021) and several
countries (Fritz et al., 2020; Barua et al., 2021; Schulz
et al., 2021; Yilmaz et al., 2021) have shown that pet
animals develop antibodies against SARS-CoV-2.

In this study, the presence of neutralizing
antibodies was investigated in serum samples of cats
and dogs which were collected in the second wave of
the pandemic and during the dominance of variants.

Materials and Methods

Samples: In this study, 206 sera (91 dogs and 115
cats) were tested, which were provided from a
veterinary diagnostic laboratory, where the samples
were sent from veterinary clinics for hematological
tests for other reasons under the cold chain. Samples
were provided in two apart periods. The first group
consisted of samples from 61 cats and 38 dogs, which
were collected in November and December 2020. As
the second group, 54 cat sera and 53 dog sera were
collected in August and September 2021. Bio-
information of animals was not available in both
groups.

Test Virus: hCoV-19/Turkey/Pen07/2020 strain
(GISAID Access. ID: EPI_ISL_491476) which was
isolated in Pendik Veterinary Control Institute from an
oropharyngeal swab of a SARS-CoV-2 patient before
(not published), were used in neutralization test.

VNT: Serum samples were heat-inactivated at 56°C for
30 min. The tests were performed in Vero cell culture
(3 x 10° cell/ml) grown in 96-well microplates. Serial

two-fold dilutions of serum were mixed with the same
volume of virus suspensions containing 100 TCID50
virus and incubated at 37°C for 1h. The serum and
virus suspension inoculated to four wells of Vero cells
and incubated at 37°C for 3 days. Neutralizing
antibody titers were recorded as the reciprocal of the
highest serum dilution that inhibited 50% of the
cytopathic effect per well. With a titer of > 16 samples
were considered positive (Zhao et al., 2021). The tests
were performed in BSL-3 laboratories of Pendik
Veterinary Control Institute.

Statistical Analysis: The number of seropositive
animals among samples collected between two
separate periods were tested for significant using chi-
square test and values of P<0.05 were considered
significant.

Results

The first cohort was including 99 sera samples
collected during the second wave (November and
December 2020) of the pandemic. Among these, one
serum sample from a dog out of 99 pet animals tested
positive for neutralizing antibodies with a titer of
1/256. Neutralizing antibodies were not detected from
61 cat sera, while 1/38 dog sera were positive.

The second cohort consisted of 107 sera (54 cats,
53 dogs), collected in August and September 2021, in
which one dog sera was positive with a titer of 1/32.
None of the 54 cat sera gave positive results in VNT.

No significant difference detected between the
two periods of pandemic in number of seropositive
animals (P>0.05).

Discussion

SARS-CoV-2 emerged from China and spread to the
whole world rapidly. During the spread of the disease
via person-to-person transmission, studies have been
carried out on the susceptibility of animals to SARS-
CoV-2 due to the possibility of inter-species
transmission. Experimental infection studies showed
that cats, ferrets, dogs, white-tailed deer, golden
hamsters, and fruit bats are susceptible to SARS-CoV-2
(Schlottau et al., 2020; Shi et al., 2020; Sia et al., 2020;
Palmer et al., 2021). The experimental study on cattle
demonstrated that cattle showed low susceptibility
and the transmission didn’t occur from the infected
cattle to naive ones (Ulrich et al., 2020). Also, natural
infections revealed that minks, tigers, otters, lions, and
gorillas are susceptible as well (WOAH, 2022).

As a result of the quarantine process applied
during the pandemic, people have spent more time
with pet animals than pre-pandemic period. Close
contact of COVID-19 positive owners with pets have
let the transmission of the virus to the animals. To
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date, SARS-CoV-2 positive companion animals have
been reported from various countries. Although it was
a question of curiosity whether pet animals play a role
in the transmission of the virus to humans, it is now
the general opinion that reverse zoonotic cases from
humans to companion animals are common. Since
investigating SARS-CoV-2 infections in animals by
molecular methods is challenging because of the low
chance of sampling in the viral shedding period,
serological surveillance studies were conducted to put
forward the prevalence of SARS-CoV-2 infections in
pet animals.

In this study, we investigated the presence of
neutralizing antibodies against SARS-CoV-2 in the sera
of 91 dogs and 115 cats. The samples were obtained
from a diagnostic laboratory, which were sent from
the veterinary clinics for hematological tests during
routine veterinary visits of pets in Istanbul. Our results
are consistent with a study conducted in the United
Kingdom, in which none of the 96 serum samples
collected from cats during the first wave were positive
for VNT (Smith et al., 2021). Although seroprevalence
of cats from COVID-19 positive households were
remarkably high, such as 23.5% in France (Fritz et al.,
2020), 43.8% in the USA (Hamer et al., 2020) and 20%
in Brazil (Calvet et al., 2021), studies investigating the
seroprevalence of cats without the information of
their owners’ COVID-19 status, as in this study,
resulted in low seropositivity (0.36-1.36%) in Germany
(Michelitsch et al., 2020, 2021), the USA (Barua et al.,
2021), Thailand (Udom et al., 2021), and Croatia
(Stevanovic et al., 2021). Focusing on Istanbul, the
sampling area of this study, Yilmaz et al. (2021)
investigated the seroprevalence of domestic cats and
found three positive with surrogate virus neutralizing
test, out of 34 ELISA-positive sera among 155 samples.
The discordance between the results of this study and
ours may be due to the different testing methods used
between the studies.

In the present study, 91 dog sera were tested with
VNT, and 2 (2.2%) samples were positive, with titers of
1/256 and 1/32, respectively. Our results are in line
with the study from Italy (Patterson et al., 2020), in
which after excluding the known COVID-19 status
households, the samples collected from the unknown
status of COVID-19 environments showed 2.3%
positivity by neutralizing tests in dogs during the early
pandemic. Results of studies that conducted in the
United Kingdom (Smith et al., 2021), the Netherlands
(zhao et al., 2021), France (Fritz et al., 2020), the USA
(Barua et al., 2021), and Thailand (Udom et al., 2021)
remained below 2% seropositivity.

One of the aims of this study was also to make a
comparative assessment between the original SARS-

CoV-2 virus circulating period in the second wave and
during the dominance of SARS-CoV-2 variants in the
late pandemic, which was expected to exhibit higher
positivity. According to studies in Germany and the
United Kingdom, the seropositivity was higher in the
second wave than in the first wave (Michelitsch et al.,
2020, 2021; Smith et al., 2021), which is probably due
to the cumulative increase of people with a history of
COVID-19, reflecting on animals. Additionally, since it
is known that the variants are more transmissible
(Davies et al., 2021; Public Health England, 2021), it
could have resulted in higher rates of infection in
companion animals. But these hypotheses are in
contrast with our results, which showed that there
was not a significant difference between the two
periods in this study (P>0.05). This might be due to the
limited number of our samples.

In this study, both cats and dogs were subjected to
investigation. Experimental infection studies have
shown that cats are highly susceptible to SARS-CoV-2
and can shed the virus for a prolonged period;
however, dogs have low susceptibility, but develop
antibodies (Bosco-Lauth et al., 2020; Shi et al., 2020).
Based on this information, some seroprevalence
studies in companion animals have focused solely on
cats. The studies that investigated both cats and dogs
generally showed no significant difference on
seropositivity between the two species. Companion
cats spend most of their lifetime inside the house. In
contrast to cats, dogs take their daily walks outside,
may interact with other dogs and people closely in
common areas, such as parks, etc. As they are more
social, in case of the virus shed by dogs, they may be
considered potentially more spreader than cats. Since
there is still a lack of knowledge about SARS-CoV-2 and
it is a highly mutagenic virus, following the
transmission of the virus among pet animals is
important, but dogs should not be excluded from the
seroprevalence studies.

VNT was the method of our study, which requires
at least biosafety level 3 conditions. Despite the
infectious virus used in some studies (Michelitsch et
al., 2020; Patterson et al., 2020; Zhang et al., 2020;
Smith et al., 2021) to determine the seroprevalence,
some others used pseudotyped viruses with SARS-CoV
-2 spike protein (Fritz et al., 2021; Zhao et al., 2021)
and surrogate virus neutralization tests (Barua et al.,
2021; Yilmaz et al., 2021), which enabled to investigate
the neutralizing activity of sera without the need of
high-containment laboratories. ELISA is also one of the
widely used method that showed more positivity than
neutralization tests for the same samples in several
studies (Michelitsch et al., 2020; Zhang et al., 2020;
Zhao et al, 2021) which might be because of
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non-neutralizing but binding antibodies can be
detected with this method (Tan et al., 2020), but
sometimes it is because of the low specifity of in-
house ELISA methods. For this reason, serum samples
that are detected positive by in-house ELISA methods
should be confirmed by neutralization tests. The
variety of antibody detection methods limits to draw a
precise comparison among the studies on
seroprevalence. In this study the samples were not
tested with other coronaviruses since it has been
reported previously that there was no cross-reactivity
between SARS-CoV-2 and canine respiratory
coronavirus (CRCoV),feline coronavirus (FCoV) and
canine enteric coronavirus (CeCoV) (Michelitsch et al.,
2020; Patterson et al., 2020; Zhang et al., 2020; Smith
et al., 2021; Stevanovic et al., 2021).

Conclusion

This study conducted in Istanbul, the biggest city of
Turkey which was affected severely by COVID-19. The
results of this study shows the evidence of SARS-CoV-2
infection in dogs. Companion animals are susceptible
to SARS-CoV-2 and can develop neutralizing
antibodies. COVID-19 positive people should avoid
close contact with the animals they live with at home,
and they should include the companion animals in-
home quarantine procedures. The results of this study
reinforce the importance of the One Health approach.
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