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Abstract

:

Simple Summary


The coronavirus SARS-CoV-2 is responsible for the COVID-19 pandemic, which has kept the world in suspense since the beginning of 2020. Infected owners can transmit the virus to their cats and dogs, but it is not exactly known how often this happens. Here, we investigated samples from cats and dogs that live in households in Poland for antibodies against the virus. Antibodies are produced subsequently to a SARS-CoV-2 infection and can be detected for much longer than the virus itself. We found that approximately 18.9% of the cats and 16.0% of the dogs sampled had previously come into contact with the virus and developed antibodies. This suggests a continuous occurrence of virus transmission from infected owners to their pets.




Abstract


The coronavirus SARS-CoV-2 is responsible for a pandemic in the human population that has unfolded since the beginning of 2020 and has led to millions of deaths globally. Apart from humans, SARS-CoV-2 has been confirmed in various animal species, including felines, canines, mustelids, and primates. Of these species, dogs and cats are the most popular companion animals worldwide. Several seroprevalence studies have already been performed in these animal species; however, the results vary depending on the location and especially the time of sampling. Here, serum samples were collected from a total of 388 dogs and 243 cats from three veterinary clinics in two cities (Gdańsk and Olsztyn) in Poland between October 2021 and February 2022, when the country was in the midst of the fourth wave of viral spread. All sera were tested for antibodies against SARS-CoV-2 by a multispecies ELISA based on the receptor-binding domain and by an indirect immunofluorescence assay (iIFA). Overall, 18.9% of the feline sera and 16.0% of the canine sera tested positive using ELISA and iIFA. This relatively high seroprevalence among randomly selected animals is most likely related to the high case numbers in the human population and indicates a continuous occurrence of transspecies virus transmissions from infected owners to their pets. Hence, dogs and cats should be included in monitoring studies and/or outbreak investigations for a better understanding of the epidemiology of this virus.
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1. Introduction


The viruses of the Coronaviridae family are well-known pathogens in both veterinary and human medicine. They are positive-sense, single-stranded, enveloped RNA viruses that are characterized by remarkable genetic plasticity (e.g., point mutations and recombinations) [1,2]. Since the beginning of 2020, a novel member of the coronavirus family has kept the world in suspense, namely, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which is responsible for a pandemic in the human population. The first cases of pneumonia caused by this virus were reported in late 2019 in the Wuhan Province, China [3]. Although it has been more than two years since the first case of SARS-CoV-2 infection in China, there are still open questions about interspecies virus transmissions, intermediate and reservoir hosts, and its effects on animals. SARS-CoV-2 most likely originated from bats, from which it spread to humans, perhaps via one or more intermediate hosts. In the course of the pandemic, natural infections linked to human exposure have been reported in various animal species, including felines, canines, mustelids, and primates [4]. Of these species, dogs and cats are the most popular companion animals worldwide. According to the European Pet Food Industry Federation (FEDIAF), the dog population in Europe in 2020 was over 89 million, while the cat population was as high as 11 million. Increasingly, these pets are friends/family members, meaning that owners are in close contact with them daily, which is important when considering virus transmissions between owners and animals. Indeed, anthropozoonotic SARS-CoV-2 transmissions from infected owners to their cats or dogs were reported with increasing frequency and included multiple variants of concern (VOCs) from alpha to omicron [5,6,7,8,9]. Alarmingly, the suspicion of a first cat-to-human back-transmission of SARS-CoV-2 was reported recently [10]. However, although several studies monitoring infection and seroprevalence among companion animals have been performed worldwide, there are still many uncertainties, such as whether all animals can only be infected by humans, whether intraspecies transmission could also play a role, and what the long-term consequences of passing on the infection to animals could be.




2. Materials and Methods


2.1. Sample Collection


Serum samples were collected from a total of 388 dogs and 243 cats from three veterinary clinics in two cities (Gdańsk and Olsztyn) in Poland. All of the samples were collected between October 2021 and February 2022 from randomly selected animals that were seen at the clinics (1 in Gdańsk, 2 in Olsztyn) for routine veterinary examinations. Blood samples were collected via forelimb venipuncture, and sera were separated and stored at −20 °C until further analysis. Because the samples tested in this study represented leftover sera from randomized patients, we were only able to obtain information about the health status of both the animal and the owner for a small subset of samples.




2.2. Serological Test Systems


All sera were tested for antibodies against SARS-CoV-2 by a multispecies ELISA based on the receptor-binding domain (RBD) performed as described previously [11]. Sera that had a positive or inconclusive reaction were subsequently analysed by an indirect immunofluorescence assay (iIFA) using Vero cells infected with the SARS-CoV-2 strain 2019_nCoV Muc-IMB-1 (multiplicity of infection of 0.1) as an antigen matrix [12,13]. The serum samples were tested in a twofold dilution series starting with 1/8, and FITC-labelled anti-cat IgG (dilution 1/600; Sigma–Aldrich, Steinheim, Germany) and anti-dog IgG (1/100; Sigma–Aldrich) were used as secondary antibodies. The assay was evaluated by fluorescence microscopy.





3. Results


Overall, 18.9% (95% confidence interval (CI): 14.0–23.9%) of the feline sera and 16.0% (95% CI: 12.3–20.1%) of the canine sera tested positive/inconclusive by ELISA and positive by iIFA (Table 1 and Table 2). In total, the results of twelve feline sera (4.9%) and 16 canine sera (4.1%) were within the inconclusive measuring range of the RBD-ELISA, and six of these samples per species tested positive using iIFA; these six feline and six canine samples were regarded as seropositive.



From clinic 1 (located in Olsztyn), 48 dogs and 60 cats were tested, and 10.4% (95% CI: 1.8–19.1%) and 15% (95% CI: 6.0–24.0%), respectively, were seroreactive using ELISA and iIFA. Two of the owners indicated that they had been previously infected with SARS-CoV-2 and that they observed clinical signs indicative of a respiratory disease in their animals (Supplementary Tables S1 and S2). A third owner became SARS-CoV-2-infected a month after their animal was sampled; however, it is not known to the authors whether it was its first infection or reinfection by a different virus variant.



In the second clinic (Olsztyn), 30 dogs and 17 cats were sampled. Only dogs (n = 5, 16.7% (95% CI: 3.3–30.0%)) were positive for antibodies to SARS-CoV-2 by ELISA and iIFA (Table 1 and Table 2). All of the seropositive dogs were not regular clients of this clinic and were seen as emergencies or for testing prior to surgery. None of the seropositive animals showed signs characteristic of a SARS-CoV-2 infection when their blood was collected.



Serum samples from 166 cats and 310 dogs were collected from Gdańsk, of which 22.3% (95% CI: 16.0–28.6%) and 16.8% (95% CI: 12.6–20.9%), respectively, reacted positive using ELISA and iIFA. For this clinic, it was not possible to obtain detailed information about the patient’s health status.




4. Discussion


Currently, the human SARS-CoV-2 pandemic, with hundreds of millions of infected individuals worldwide, is driven by direct human-to-human virus transmission via aerosolized particles. However, there is increasing evidence of the relevance of animals in SARS-CoV-2 transmission. When the virus was introduced into mink farms, resulting in local epidemics in these highly susceptible animal species, evidence for mink-to-human spillback infections was reported [14], resulting in concerns about viral maintenance in animals. The same holds true for white-tailed deer, for which intraspecies transmission has been reported frequently [15,16,17] and which raised concerns about the establishment of animal reservoirs posing a constant risk for virus back-transmission to humans. Apart from mink and white-tailed deer, SARS-CoV-2 cases have been reported in dogs and cats, among others. Although there have been a number of articles on the seroprevalence of SARS-CoV-2 in companion animals, there are still many unknowns (e.g., regarding their susceptibility to newly emerging VOCs), and the results of the studies vary considerably depending on sample collection time and location [12,18,19,20,21,22,23,24,25].



Here, we serologically investigated cats and dogs in two Polish cities during autumn 2021 and winter 2021/22 and found seroprevalences of 18.9% and 16%, respectively. Earlier during the pandemic, more precisely between June 2020 and February 2021, seroprevalence levels ranging from 1 to 2% were found in dogs and cats in Poland [26]. Such relatively low proportions of seropositive animals (between 0.2% and 6%) have been similarly observed during that time in different countries globally [12,20,21,22,23] and mirrored the situation in the human population. However, as the pandemic progressed and sharp increases in the number of cases were seen in humans worldwide, higher seroprevalences were also observed in companion animals. Patterson et al. 2020 demonstrated a correlation between the number of seropositive animals and the density of SARS-CoV-2 infections in humans [27]. In our study, the samples were collected from October 2021 to February 2022, approximately a year after the first SARS-CoV-2 analysis involving companion animals in Poland. During the sampling period, Poland was in the midst of the fourth wave of the pandemic, with a very high incidence rate in humans. According to the Polish Ministry of Health, in November 2021, the highest incidence rate was recorded in Poland (861 per 100,000 inhabitants), and the dominant virus variant during this period was the delta VOC. Based on the above information, we can conclude that the high seroprevalence observed among dogs and cats was a result of the high number of human infections prior to and during the study period. Studies from Brazil, the US, Canada, and Portugal show that infected owners of dogs and cats were the source of infection for their animals, with higher risks of virus transmission when the dog or cat was in close contact with humans, such as sleeping in the same bed [18,19,24,25]. However, our analyses and specifically the finding of a relatively high seroprevalence could have been biased by the type and location of the sampling veterinarians (=veterinary clinics in two larger cities instead of rural areas) and the selection of animal owners. It could be conceivable that owners that visit veterinarians for routine veterinary examinations, i.e., that are more proactive with veterinary care, could differ in their behaviour towards their animals and their contact frequency and intensities from owners that do not routinely visit veterinarians.



Unfortunately, we do not have any information on the health status of most of the seropositive animals, as the serum samples were randomly collected from patients at the clinics, and the actual time of infection is not known in most cases. Nevertheless, in the small number of animals from which information is available, both the owners and the veterinarians did not observe any concerning clinical signs. Fever, sneezing, and lethargy were only observed in two seropositive cats for a short time, and respiratory signs and/or anxiety were noted in two dogs. One of those dogs exhibited respiratory symptoms for a prolonged period (more than 3 months), but despite that, no changes were visible in the X-ray, and the clinical signs disappeared spontaneously. As the owner was infected with SARS-CoV-2 when the clinical signs were observed, we speculate that the virus was the cause of the disease in the dog. However, direct virus detection by PCR would have been necessary for a final diagnosis, but unfortunately, appropriate swab samples were not available.



In our study, a slightly higher proportion of seropositive animals was found in cats than in dogs (18.9% vs. 16.0%). This finding is consistent with data from both experimental infections and field studies, where cats tend to be more susceptible to the virus than dogs [27,28]. This relatively high susceptibility of cats to SARS-CoV-2 could be related to the high homology of the feline host cell receptor protein angiotensin-converting enzyme 2 (ACE2) to the human orthologue and shows moderate to strong affinity for the S protein of SARS-CoV-2 [29,30]. For dogs, it was discussed that reduced susceptibility to SARS-CoV-2 could be due to low ACE2 expression in the respiratory tract in canines [23]. Nevertheless, although slight differences might exist, both cats and dogs can be infected by SARS-CoV-2 and may shed high amounts of the virus [31,32,33], which could, in rare cases, potentially lead to virus transmission to humans [10]. Hence, dogs and cats should be included in monitoring studies and/or epidemiological investigations, especially when new variants of the virus appear for which the degree of susceptibility of companion animals is unknown. The presence of cats and dogs in such studies will allow for a better understanding of the mechanisms of transmission of SARS-CoV-2 between humans and their pets and will also enable us to notice any change in the effect on animals.
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Table 1. Number of investigated feline samples and percentage of cats positive for SARS-CoV-2 antibodies by ELISA and iIFA in total and from individual clinics participating in this study.






Table 1. Number of investigated feline samples and percentage of cats positive for SARS-CoV-2 antibodies by ELISA and iIFA in total and from individual clinics participating in this study.





	Veterinary Clinic/City
	Number of Cats
	Number of Positive Results (%, 95% CI)





	1/Olsztyn
	60
	9 (15.0%, 6.0–24.0%)



	2/Olsztyn
	17
	0 (0%)



	3/Gdańsk
	166
	37 (22.3%, 16.0–28.6%)



	Total
	243
	46 (18.9%, 14.0–23.9%)
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Table 2. Number of investigated canine samples and percentage of dogs positive for SARS-CoV-2 antibodies by ELISA and iIFA in total and from individual clinics participating in this study.






Table 2. Number of investigated canine samples and percentage of dogs positive for SARS-CoV-2 antibodies by ELISA and iIFA in total and from individual clinics participating in this study.





	Veterinary Clinic/City
	Number of Dogs
	Number of Positive Results (%, 95% CI)





	1/Olsztyn
	48
	5 (10.4%, 1.8–19.1%)



	2/Olsztyn
	30
	5 (16.7%, 3.3–30.0%)



	3/Gdańsk
	310
	52 (16.8%, 12.6–20.9%)



	Total
	388
	62 (16.0%, 12.3–19.6%)
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