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Abstract
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in late 2019 
and has since caused a global pandemic. Experimental studies and sporadic reports 
have confirmed susceptibility of dogs and cats to SARS-CoV-2 infection. However, 
the importance of pet animals in the epidemiology of this infection is unclear. This 
study reports on a first large-scale serosurvey of SARS-CoV-2 infections in dogs and 
cats in Europe. From 26 February 2020, just one day after the first confirmed human 
case of SARS-CoV-2 infection in Croatia, to 15 June 2020, dog and cat serum sam-
ples were collected from animals admitted to three veterinary facilities in Croatia. 
Additionally, on 25 May 2020, a total of 122 serum samples from employees of the 
Faculty of Veterinary Medicine University of Zagreb were collected. Total of 656 
dogs and 131 cat serum samples were tested using an in-house microneutralisation 
test (MNT). Human serum samples, as well as 172 randomly selected, dog sera were 
tested using enzyme-linked immunosorbent assay (ELISA). ELISA-positive human 
sera were subsequently tested using MNT. Neutralising antibodies were confirmed 
in 0.76% cats and 0.31% dogs. ELISA reactivity was recorded in 7.56% tested dog 
sera. On the other hand, 5.19% of administrative, basic and pre-clinical sciences de-
partment personnel and 5.13% of animal health service providers and laboratory 
personnel tested ELISA positive. Neutralising antibodies were not confirmed in any 
of the human samples. In conclusion, seropositivity among pet animals in Croatia is 
low, especially when compared to results from China. A small number of seropositive 
animals with a low titre of neutralising antibodies suggest infections are rare and are 
following infections in the human population. Additionally, contact with animals does 
not seem to be an occupational risk for veterinary practitioners.
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1  | INTRODUC TION

In late 2019, a new virus, named severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), emerged in Wuhan Province in China 
and spread around the globe (Li et al., 2020; Zhou et al., 2020). In 
the field conditions, there have been sporadic cases of pet animals 
that have tested positive for SARS-CoV-2 (Animal & Plant Health 
Inspection Service, 2020; Sit et al., 2020). Almost all positive pet or 
captured animals shared households or have been in close contact 
with infected individuals (Oreshkova et al., 2020; SciCom, 2020). As 
a result, there is a major concern about making a diagnosis based 
only on quantitative reverse transcription polymerase chain reaction 
(qRT-PCR) results. There is a high possibility of pets being passive 
vehicles of the virus and positive results do not confirm an infec-
tion. Serosurveys could provide better insight into the prevalence 
of SARS-CoV-2 infection in pet animals, but until now only one larg-
er-scale study has been conducted among cats in Wuhan, China 
(Zhang, Zhang, et al., 2020).

The goal of this study was to assess SARS-CoV-2 seroprevalence 
in pet animals during the coronavirus disease (COVID-19) pandemic 
in Croatia. To evaluate a potential public health impact, we have 
conducted additional serosurvey among animal health workers as 
the group at higher risk for SARS-CoV-2 infection from infected pet 
animals.

2  | MATERIAL S AND METHODS

2.1 | Sample collection

From 26 February to 15 June 2020, remaining sera samples were 
collected from animals admitted to three veterinary units: Veterinary 
Teaching Hospital (VTH) in Zagreb, and two private clinics from 
Zagreb and Split. Zagreb and Split were selected as the two cities 
with the most reported human COVID 19 cases in Croatia. Out of 
787 samples, 131 were samples originating from cats and 656 from 
dogs. Microneutralisation test (MNT) has proven to be highly spe-
cific (Perera et al., 2020; Zhang, Zhang, et al., 2020) so all animal sera 
samples were tested for neutralisation activity first. Since neutralis-
ing antibody titre in infected dogs is proven to be low (Bosco-Lauth 
et al., 2020) to assess the level of exposure to SARS-CoV-2, we addi-
tionally tested 172 randomly selected dog sera using enzyme-linked 
immunosorbent assay (ELISA).

Besides, on 25 May 2020, a total of 122 serum samples from 
employees of the Faculty of Veterinary Medicine University of 
Zagreb were collected. All participants included in the study filled 
out a questionnaire regarding their demographic information, clin-
ical symptoms, and possible exposure to COVID-19. Participants 
were divided into groups based on the risk of contact with infected 
animals. The first group were animal health service providers (vet-
erinary doctors, veterinary nurses, veterinary technicians and asso-
ciates) who may not have provided direct care to the animals but 
have contact with the patient's body fluids, potentially contaminated 

materials or devices and equipment linked to the patient). The sec-
ond group were laboratory personnel who have been in contact 
with animal clinical samples. The final group were administrative and 
basic and pre-clinical sciences departments personnel who had no 
known contact with animals admitted to VTH. Human sera samples 
were tested using ELISA and MNT.

2.2 | Serology testing

2.2.1 | Microneutralisation test (MNT)

An in-house microneutralisation test (MNT) was developed. The 
stock virus used was the third passage of the SARS-CoV-2 strain 
isolated in E6 Vero cells (ATCC CRL-1586) from a Croatian COVID-
19 patient. Virus titre (TCID50) was calculated using the Reed and 
Muench formula (Reed & Muench, 1938). An equal volume (25 µl) of 
serial twofold dilutions of heat-inactivated sera (56°C, 30 min) and 
100 TCID50 of SARS-CoV-2 were mixed and incubated at 37°C with 
CO2 for an hour. Finally, 50 µl of 2 × 105 E6 Vero cells/ml were added 
to each well. To ensure optimal testing results, virus antigen used in 
each run was back titrated and positive human sample with known 
titre and negative control sera were included in each plate. The 
plates were incubated at 37°C with CO2 and starting from the third 
day the plates were checked for cytopathic effect. Antibody titre 
was defined as the reciprocal of the highest dilution of the serum 
that showed at least 50% neutralisation. MNT procedure was per-
formed in the facility with biosecurity level 3.

2.2.2 | Enzyme-linked immunosorbent assay (ELISA)

Serum samples were tested by indirect ELISA for SARS-CoV-2 using 
the spike (S) and nucleocapsid (N) protein antigens. Human serum 
samples were tested according to the manufacturer protocol (Vircell, 
Granada, Spain). We have additionally tested 172 randomly selected 
dog sera. Antigen-coated plates provided in the commercial ELISA 
test used for human sera testing (Vircell, Granada, Spain) were used 
to test dog serum samples. Serum samples were added at dilution 
1:100 to the wells of the ELISA plate. As the secondary antibodies, 
1:20,000 diluted rabbit anti-dog IgG Fc (Abcam, Cambridge, UK) in 
a volume of 100 µl were used. After incubation for 30 min at 37°C 
and five washes, 100 µl of TMB substrate (Vircell, Granada, Spain) 
was added and incubated for an additional 20 min. The reaction was 
ended by adding 50 µl of the stop solution, and optical density (OD) 
was measured at 450 nm. Dog serum samples positive for neutrali-
sation antibodies were used as a positive control. A cut-off value 
was calculated as the mean of 42 control samples collected during 
2018 and 2019 plus three standard deviations. To evaluate possible 
cross-reactions, the above-mentioned panel of 42 sera included 17 
samples previously established as positive for Canine respiratory 
coronavirus (CRCoV) antibodies and 11 samples that have tested 
positive for Canine coronavirus (CCoV) antibodies.
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2.3 | Statistical analysis

For the statistical analysis of results, Fisher's exact test was used 
(Fisher, 1992).

3  | RESULTS AND DISCUSSION

The conducted literature review showed that this is the first larger-
scale serosurvey in cats outside of China and first at all seroprev-
alence study in dogs. Neutralising antibodies were confirmed in 
0.76% cats and 0.31% dogs (Table 1.). The observed prevalence in 
cats in Croatia is in sharp contrast with 10.8% MNT-positive cats in 
Wuhan (Zhang, Zhang, et al., 2020) (Fisher's exact test p =  .0006). 
We have tested cat sera using only MNT. Still, our results are compa-
rable with the results from France, where only one of 11 cats tested 
ELISA positive for SARS-CoV-2-specific antibodies even though all 
animals originated from infected households (Sailleau et al., 2020).

The seropositive cat in this study was traced back to COVID-19-
infected household, but, even so, MNT titre in the cat was low (1:2), 
again in contrast with higher titres reported in China (Zhang, Zhang, 
et al., 2020). As it seems, under natural conditions, cat infections in 
Europe are sporadic. Low susceptibility of pet animals in natural con-
ditions was also confirmed in France by Temmam et al. (2020) when 
21 pet animals tested negative despite the high risk of exposure to 
SARS-CoV-2. Wuhan was the epicentre of the disease with a highly 
contaminated environment which can explain much higher seropos-
itivity in cats.

In experimental conditions, cats are more susceptible to SARS-
CoV-2 infection (Shi et al., 2020) and develop much higher neutral-
ising antibody titre than dogs (Bosco-Lauth et  al.,  2020). Despite 
these data, no significant difference in the prevalence of neutralising 

antibodies between cat and dog population was recorded in this 
study (Fisher's exact test p = .42). In our opinion, the main reason is 
the difference in the way cats and dogs are kept in Croatia and most 
of Europe. A large portion of cats is kept outdoor or outdoor–indoor, 
making dogs more exposed to SARS-CoV-2 in infected households.

To analyse the level of exposure to SARS-CoV-2, we additionally 
tested dog serum samples using ELISA. To our knowledge currently, 
there are two SARS-CoV-2 ELISA protocols used for the testing of 
animal sera. One is detecting the presence of antibodies against S 
protein and the other against N antigen (Bosco-Lauth et al., 2020; 
Sailleau et  al.,  2020). To increase the sensitivity of ELISA testing, 
we used plates coated with both antigens (S and N). The mean op-
tical density of 42 negative control sera was 0.384 with a standard 
deviation of 0.117, giving a cut-off value of 0.734. Of the 172 ran-
domly selected dog sera, 13 (7.56%) tested positive, including two 
sera samples with neutralising activity (Table 2.). Due to a different 
level of conservation of immunogenic proteins between coronavi-
ruses, there was a concern of cross-reaction of CCoV and CRCoV 
antibody-positive dog sera with SARS-CoV-2 S and N protein used 
in ELISA. The N protein, as a major immunogenic protein, was widely 
used in the serological assays for severe acute respiratory syndrome 
(SARS) diagnostics (Meyer et al., 2014). Different studies have shown 
that cross-reactivity with other human alpha and betacoronaviruses 
occurs when using N protein-based assays (Che et al., 2005; Woo 
et  al.,  2004). In this study, there were no signs of cross-reactivity 
with CCoV.

Even after thorough research, we haven't been able to find any 
literature data regarding cross-reactivity of CCoV-positive sam-
ples. We have noticed that our data are in line with already pub-
lished findings on feline infectious peritonitis virus (FIPV), another 
closely related alphacoronavirus of pet animals. Those studies 
have not reported cross-reactivity of FIPV hyperimmune serum 

TA B L E  1   Serum samples used in this study and the results of serological testing

Population Sample Method Number of samples tested Positive
Seroprevalence 
(%)

Pet animals Cats MNT 131 1 0.76

Dogs MNT 654 2 0.31

ELISA 172 13 7.56

Veterinary faculty employees AHSPa  ELISA 29 1 3.45

MNT 29 0 0.00

Laboratory personnel ELISA 12 1 8.33

MNT 12 0 0.00

Othersb  ELISA 81 4 4.94

MNT 81 0 0.00

Total ELISA 122 6 4.92

MNT 122 0 0.00

Abbreviations: ELISA, Enzyme-linked immunosorbent assay; MNT, Microneutralisation test.
aAnimal health service providers: veterinary doctors, veterinary nurses, veterinary technicians and associates who may have not provided direct care 
to the animals but have contact with the patient's body fluids, potentially contaminated materials or devices and equipment linked to the patient; 
bAdministrative and basic and pre-clinical sciences departments personnel who had no known contact with animals admitted to Veterinary teaching 
hospital. 
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with SARS-CoV-2 S or N ELISA (Sailleau et al., 2020; Zhang, Zhang, 
et al., 2020).

New canine coronavirus, CRCoV, was first detected in 2003 and 
is widespread in Europe (Day et al., 2020; Erles et al., 2003). Like SARS-
CoV-2, CRCoV is a member of the Betacoronavirus genus, and one of our 

primary concerns was to establish if serum samples positive for CRCoV an-
tibodies can interfere with SARS-CoV-2 ELISA results. None of the CRCoV-
positive samples collected before the pandemic gave positive reactions.

With MNT used as a gold standard, ELISA specificity was 93.53% 
and sensitivity 100%. There is a considerably higher number of dog 

Breed
Age 
(years)

Collection 
date Location

ELISA 
(OD)

MNT 
(titre)

American Staffordshire 
terrier

8 17 Apr Zagreb 1.792 1:16

Mixed breed 3 21 Apr Zagreb 1.15 Negative

Maltese 9 24 Apr Zagreb 1.858 Negative

Belgian shepherd 13 27 Apr Zagreb 0.957 Negative

Mixed breed 12 7 May Zagreb 0.897 Negative

Belgian shepherd 2 11 May Zagreb 0.787 Negative

Medium poodle 12 12 May Zagreb 1.023 Negative

Mixed breed 1 12 May Zagreb 1.24 Negative

Mixed breed 13 19 May Zagreb 0.824 Negative

Mixed breed 9 20 May Zagreb 0.783 Negative

NA NA 22 May Zagreb 0.802 Negative

NA NA NA Split 1.641 1:4

Yorkshire terrier 12 27 May Zagreb 1.421 Negative

Abbreviations: ELISA, enzyme-linked immunosorbent assay; MNT, Microneutralisation test; NA, 
not available; OD, optical density.

TA B L E  2   SARS-CoV-2 ELISA-positive 
dogs

F I G U R E  1   The weekly number of qRT-PCR-positive human samples and ELISA-positive dogs in the city of Zagreb and Zagreb County 
from 23 February to 1 June 2020. †qRT-PCR—quantitative reverse transcription polymerase chain reaction, ‡Number of new qRT-PCR-
positive human cases is publicly available at the official website of the Government of the Republic of Croatia (https://www.koron​avirus.hr), 
§ELISA—enzyme-linked immunosorbent assay

https://www.koronavirus.hr
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samples that have tested ELISA than MNT positive. It is possible 
that a portion of dogs which tested ELISA positive were sampled 
early or late in the course of the infection when antibody titre is low. 
However, it is also possible that the number of dogs in field condi-
tions develops only mild infections resulting only in ELISA reactivity 
of their serum samples with no measurable neutralising antibodies. 
Same was recorded in human cases (Okba et al., 2020; Zhang, Zhou, 
et al., 2020).

First ELISA-positive dog serum was collected on 17 April in 
the city of Zagreb, approximately seven weeks after the first 
qRT-PCR-positive human case in the same area, and the highest 
number of positive dog samples were collected six weeks after the 
peak in the number of human cases (Figure  1.). Since this is a se-
rology testing, the lag period was expected, and these results sug-
gest the prevalence of ELISA-positive dogs is following the number 
of infected people with no evidence of an outbreak among the dog 
population (Figure 2.).

To further address pets as a possible source of infection for 
humans, we have tested employees of the Veterinary Faculty 
University of Zagreb. Out of 122 human samples, six tested ELISA 
positive (4.92%), but none had neutralising activity (Table 1.). Half 
of the participants who had tested ELISA positive had no history of 
symptoms that could be related to COVID-19 (fever ≥ 38.0°C, chills, 
fatigue, myalgia, sore throat, cough, rhinorrhea, shortness of breath). 
The other three had some combination of the symptoms mentioned 
above, but they were mild, and none of them reported fever. None 

of the participants had reported contact with a confirmed COVID-19 
case; none had been qRT-PCR tested nor had been in self-isolation. 
It is possible that due to the mild symptoms, or asymptomatic course 
of the infection, serum samples were ELISA positive but MNT nega-
tive (Okba et al., 2020; Zhang, Zhou, et al., 2020).

There was no difference in seroreactivity of administrative and 
basic and pre-clinical sciences departments personnel compared to 
animal health service providers and laboratory personnel (Fisher's 
exact test p = 1). Taking into account the limited size of the cohort 
studied, it seems that contact with pet animals is not a risk factor for 
SARS-CoV-2 infection. At the time of sampling for this study, human 
serum samples were collected in the general population. Using 
ELISA, IgG antibodies were detected in 2.7% of participants (Vilibic-
Cavlek et al., 2020). Once again, there was no significant difference 
in seropositivity between animal health service providers and the 
general population (Fisher's exact test p = .13).

4  | FINAL REMARKS

In conclusion, seropositivity among pet animals in Croatia is low, 
especially when compared to results from China. A small number 
of seropositive animals with a low titre of neutralising antibod-
ies suggest infections are rare and are following infections in the 
human population. Even though animal to animal transmission has 
been described (Halfmann et al., 2020; Shi et al., 2020), as well as 

F I G U R E  2   The weekly cumulative number of qRT-PCR-positive human samples and ELISA-positive dogs in the city of Zagreb and Zagreb 
County from 23 February to 1 June 2020. †qRT-PCR—real-time quantitative reverse transcription polymerase chain reaction, ‡Number of 
new qRT-PCR-positive human cases is publicly available at the official website of the Government of the Republic of Croatia (https://www.
koron​avirus.hr), §ELISA, enzyme-linked immunosorbent assay

https://www.koronavirus.hr
https://www.koronavirus.hr
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a possible animal to human transmission (ProMed-mail, 2020), we 
believe those are exceptions that are limited to experimental con-
ditions or to highly contaminated environments, such as fur farms. 
This study gives no evidence that dogs and cats are significant 
sources of infection for people. Still, serosurveys in pet animals 
could be an additional tool for surveillance of SARS-CoV-2 in the 
human population.
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