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ARTICLE INFO ABSTRACT

Keywords: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the etiological agent of coronavirus disease
SARS-CoV-2 2019 (COVID-19), has rapidly spread worldwide. Studies of transmission of the virus carried out in animals have
COVID'1_9 suggested that certain animals may be susceptible to infection with SARS-CoV-2. The aim of the present study
E:trsonawrus was to investigate the infection of SARS-CoV-2 in pets (18 cats and 20 dogs) from owners previously confirmed as
Cats COVID-19-positive. Oropharyngeal and rectal swabs were taken and analyzed by real-time RT-PCR assays, while
Transmission blood samples were taken for antibody detection. Of the total pets analyzed, one cat was found reactive to SARS-

CoV-2 by real-time RT-PCR of an oropharyngeal and a rectal swab. This cat presented only sneezing as a clinical
sign. Serological analysis confirmed the presence of antibodies in the serum sample from this cat, as well as in the
serum from another cat non-reactive to real-time RT-PCR. Complete sequence and phylogenetic analysis allowed
determining that the SARS-CoV-2 genome belonged to the B.1.499 lineage. This lineage has been reported in
different provinces of Argentina, mainly in the Metropolitan Area of Buenos Aires. This study notifies the first
detection of the natural infection and molecular analysis of SARS-CoV-2 in a cat from Argentina whose owner
where COVID-19-positive. Although there is currently no evidence that cats can spread COVID-19, results suggest
that health authorities should test pets with COVID-19-positive owners.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
etiological agent of coronavirus disease 2019 (COVID-19), has rapidly
spread worldwide. Although the available data suggest that SARS-CoV-2
emerged from an animal source, there is currently not enough evidence
to corroborate either the source or route of transmission from the
original animal reservoir to a putative intermediate host and then to
humans. Thus, several studies are being carried out to gain insights into
the susceptibility of different animal species, including domestic

animals, to SARS-CoV-2. Coronaviruses (CoVs) belong to the order
Nidovirales and the family Coronaviridae, which is further divided into
the subfamilies Letovirinae and Orthocoronavirinae. The members of the
subfamily Orthocoronavirinae are classified into four genera: Alpha, Beta,
Gamma and Delta coronavirus according to their antigenic properties and
phylogenetic relationship (https://talk.ictvonline.org/). The CoVs, have
a single-stranded positive-sense RNA genome of 27—31-Kb. About two
thirds of its genome code for the replicase gene, which consists of two
overlapping open reading frames (ORFs), denominated ORF 1a and 1b,
while other four ORFs code for the structural proteins of the virus. These
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proteins are the spike (S), envelope (E), membrane (M) and nucleo-
capsid (N) proteins, necessary to complete the replication cycle of the
virus. The S protein mediates viral binding to specific cell receptors and
fusion between the envelope and the plasma membrane, and is the main
inducer of neutralizing antibodies (Brian and Baric, 2005). The ability of
CoVs to produce mutations in their genome facilitates the transmission
from animals to humans and vice versa (Woo et al., 2009). These events
could occur due to the accumulation of point mutations in different
regions of the genome, and due to homologous recombination events
between closely related genes of different circulating CoVs lineages in
multiple host species, which have given rise to different viral strains
(Graham and Baric, 2010; Ghosh and Malik, 2020; Terada et al., 2014;
Vijgen et al., 2005, 2006). According to previous studies, SARS-CoV-2 is
believed to have originated in bats (Zhou et al., 2020), similarly to that
occurred with SARS-CoV and MERS-CoV, two other zoonotic coronavi-
ruses reported in 2003 and 2012, respectively (Gautam et al., 2020).
Since the species barrier jump from bats to humans is considered un-
likely, the most probable hypothesis includes the existence of an inter-
mediate host (Andersen et al., 2020). This highlights the importance of
animals in the emergence of COVID-19 in China, which further em-
phasizes the need of a One-Health approach to tackle emerging diseases.
Although there is currently no evidence that pets play a substantial role
in spreading SARS-CoV-2, World Organization of Health (WHO) advises
persons with suspected or confirmed COVID-19 to restrict contact with
them during their illness (https://www.cdc.gov/coronavirus/2019-nco
v/animals/pets-other-animals.html). The existence of hundreds of mil-
lions of companion animals living close to humans raises the question of
their susceptibility to infection. A small number of animals worldwide,
including dogs, cats, zoo tigers, zoo lions, ferrets and mink, have been
reported as naturally infected with SARS-CoV-2 (OIE report: https
://www.oie.int/en/scientific-expertise/specific-information-and-rec
ommendations/questions-and-answers-on-2019novel-coronavirus
/events-in-animals/; McAloose et al., 2020; Newman et al., 2020;
Oreshkova et al., 2020; Sailleau et al., 2020; Segalés et al., 2020; Sit
et al., 2020). Animals can be exposed to the virus by contact with
SARS-CoV-2 infected humans, which can in turn result in reverse
zoonosis. In addition, under experimental conditions, ferrets, minks and
cats have been shown to be able to transmit the infection to animals of
the same species (Shi et al., 2020; Ulrich et al., 2020; Hossain et al.,
2021; Schlottau et al., 2020). Also, a high prevalence of SARS-CoV-2
antibodies has been reported in pets from COVID-19-positive owners
(Fritz et al., 2020; Zhang et al., 2020). However, the extent of natural
infections of animals with SARS-CoV-2 is still largely unknown. Thus,
the aim of this study was to detect SARS-CoV-2 infection in cats and dogs
living with SARS-CoV-2-positive owners.

2. Materials and methods
2.1. Samples

A total of 18 cats and 20 dogs were sampled for SARS-CoV-2 detec-
tion by real-time RT-PCR, from May to September 2020. Oropharyngeal
(OP) and rectal (R) swabs were taken from each animal and resuspended
in 1 mL of phosphate buffer solution (PBS). The age of the animals
ranged from 18 months to 12 years old. The samples were taken at their
homes, all of which were located in the Metropolitan Area of Buenos
Aires (AMBA), Argentina. All the animals were in close contact with
their COVID-19-positive owners. Most of the animals selected in this
study had no clinical signs; however, some of them presented signs such
as anorexia, lethargy, diarrhea, cough and sneezing.

To monitor the animals with doubtful or reactive SARS-CoV-2 by
real-time RT-PCR in the first set of samples, a second set of OP and R
swab samples was taken. These samples were processed as described
below.

To analyze the presence of antibodies against SARS-CoV-2, a 3—5-ml
blood sample was then collected from four cats and three dogs (cases in
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which it was possible to access their homes again), without anticoagu-
lant for serum extraction at least 15 days after the first swab sampling.

All samples were obtained and conditioned according to the guide
for the detection of SARS-CoV-2 in animals (https://www.argentina.gob
.ar/sites/default/files/covid-19-guia-para-deteccion-sars-cov-2-en-ani
males.pdf). OP and R swab samples were stored at —80 °C, whereas
serum samples were stored at -20 °C, until further analysis.

Each owner gave their written consent to allow the collection of
samples from their pets, and all the protocols were approved by the
Animal Care and Use Institutional Committee (CICUAL) from the Fac-
ulty of Veterinary Sciences of the Universidad Nacional de La Plata,
Buenos Aires, Argentina, under the protocol code 105-4—20 P.

2.2. SARS-CoV-2 real-time RT-PCR detection

For molecular SARS-CoV-2 detection by real-time RT-PCR, the OP
and R samples were thawed and vortexed for 10 s. Total RNA from each
swab was extracted from 140 pL of supernatant, using the PURO Virus
RNA kit (PB-L Productos Bio-Logicos, Argentina), according to the
manufacturer’s instructions, and resuspended with a final elution vol-
ume of 50 pL. Along with each extraction routine, a process control
sample was added (including only the kit solutions and ultrapure water
as a sample) and used as control in each PCR. All the process was per-
formed under a biosafety cabinet II. Finally, 5 pL of eluted RNA was used
for each of two different real-time RT-PCR kits for SARS-CoV-2 detec-
tion. The kits used were DisCoVery SARS-CoV-2 RT-PCR detection kit
Cy5 (AP-Biotech, Argentina; Safecare Biotech Hangzhou Co. Ltd., China)
and GeneFinder™ COVID-19 Plus RealAmp kit (OSANG Healthcare,
South Korea), according to the manufacturer’s instructions. Both kits
provide the reaction mix (containing all reagents for reverse transcrip-
tion and amplification), the primer and probe mix, and the positive and
negative controls. Briefly, the real-time RT-PCR reaction allows the
amplification and detection of an internal control and two fragments of
the viral target (ORF1ab and N gene) with the DisCoVery kit and three
gene fragments or viral targets (RdRp, E and N genes) with the Gene-
Finder™ kit in a final volume of 20 and 25 pl, respectively. The reactions
were carried out using the MIC qCycler equipment with the respective
analysis software (Bio Molecular Systems, Australia). Each real-time RT-
PCR routine was carried out with an extraction control (which should
react in an equivalent way to a no template control). The remaining RNA
samples were stored in 1.5-ml microtubes at -70 °C.

2.3. Next-generation sequencing of SARS-CoV-2 and phylogenetic
analysis

For the sequencing of samples found positive by real-time RT-PCR,
the following two-step strategy was used:

1- Specific in-house designed amplicons developed by the Artic
Network group (University of Birmingham, UK) (Josh Quick. nCoV-
2019 sequencing protocol. 2020. protocols.io. dx.doi.org/10.17504/
protocols.io.bbmuik6w).

Complementary DNA (cDNA) was obtained from previously extrac-
ted RNA as mentioned above. This strategy allowed the entire genome to
be generated from only 11 pL of RNA. cDNA was amplified with the
Q5™ Hot Start High-Fidelity DNA Polymerase (New England BioLabs).
Each sample was separately subjected to two amplification reactions in
multiplex format with 48 pairs of primers each. In this way, fragments of
approximately 400 bp (+/- 40 bp) were generated, covering the entire
viral genome.

The Illumina Nextera Flex DNA Library Prep Kit was then used for
library preparation. Briefly, the protocol consists of an enzymatic frag-
mentation which also adds the Illumina sequencing adapters (tagging in
beads) corresponding to the selected equipment. Then, the indexes were
added through a low number of PCR cycles.

For the quality control, fragments were analyzed by the Fragment
Analyzer kit (Agilent, Santa Clara, CA, USA) and fluorometry
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quantifications were performed with the Qubit kit (Thermo Fisher Sci-
entific, Waltham, MA, USA). For the sequencing process, a NextSeq500
platform with a NextSeq 500/550 Mid Output Kit v2.5 cartridges (300
cycles) was used.

2- Mapping-Alignment and complete genome sequencing obtaining.

The resulting reads were aligned with the BWA-MEM software to the
SARS-CoV-2 reference genome with the ID EPI ISL_402124 (GISAID),
hCoV-19/Wuhan/WIV04,/2019. Finally, the consensus sequence for
each sample analyzed was generated in FASTA format with the help of
the pileup command of the samtools software (Li et al., 2009) and the
consensus command of beftools (Li, 2011). To validate this consensus
sequence, a second method, the de novo assembly with the MEGAHIT
software (Li et al., 2015), was used to ensure that there was coincidence
with the one previously obtained. Finally, a visual verification was
performed using the IGV software.

2.4. Phylogenetic analysis

Regarding the viral data processing and analysis, the resulting reads
of the sequencing process were aligned with the BWA-MEM software to
the SARS-CoV-2 reference genome with the ID EPI ISL_402124, and the
consensus sequence for the sample was generated in FASTA format with
a mean read depth of 4000X, covering around 94.01 % of the full-length
genome (sequence data have been deposited in GISAID with accession
number: EPI ISL._1914577)

For the analysis of the cat sequence, a rapid lineage assignment was
carried out using the Pangolin COVID-19 Lineage Assigner program
(https://pangolin.cog-uk.io/). This tool allows determining the lineage
through identification of complex patterns by using machine learning.

The lineage assigned was confirmed by phylogenetic analysis. The
cat sequence was analyzed together with reference sequences from
different lineages (https://github.com/hCoV-2019/pangolin) and se-
quences with the best alignment score by BLAST (10 hits per unknown
sequence, against the GISAID database as of April 20™ 2021, Supple-
mentary data). The alignments were built with the MAFFT program
(https://mafft.cbre.jp/alignment/server/) with default parameters. The
appropriate evolutionary model was selected with ModelFinder
(Kalyaanamoorthy et al., 2017) according to Bayesian Information
criteria, and the phylogenetic analysis was performed by Maximum
Likelihood with the IQ program -TREE v. 2.1.2 COVID-edition (Minh
et al., 2020). The reliability of the groups obtained was evaluated by the
SH-like approximate likelihood ratio test (1000 replicates) (Guindon
et al., 2010) and Ultrafast bootstrap Approximation (10,000 replicates)
(Hoang et al., 2018). The SH-like / UFB values for the relevant groups
are indicated in the tree branches.

2.5. Detail of non-synonymous substitutions (amino acid changes) in the
proteins encoded in the cat SARS-CoV-2 genome

To determine the non-synonymous substitutions in comparison with
the reference sequence hCoV-19/Wuhan/WIV04/2019, the CoV surver
tool was used and corroborated by visual inspection. The changes were
compared with those reported in SARS-CoV-2 sequences worldwide
using the GISAID COV-GLUE tool (Singer et al., 2020) and the outbreak.
info tool.

2.6. Serological analysis

The serum samples collected from the cats and dogs chosen for the
present study were used to determine the presence of antibodies against
SARS-CoV-2. Antibody detection were carried out at the Facultad de
Farmacia y Bioquimica, Universidad Nacional de Buenos Aires, under
the service modality using an ELISA 2.0 kit, developed by researchers
from NANOBIOTEC and the LIE group (Chair of Immunology-IDEHU).
The kit detects the specific antibodies against the S protein of SARS-
CoV-2 in serum samples from different species.
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3. Results
3.1. SARS-CoV-2 detection

The RNA extraction kit used includes an RNA carrier which allows
the monitoring of the process by amplification of the internal control in
the real-time RT-PCR in all samples. One out of the 18 cats analyzed in
this study was detected as reactive by real-time RT-PCR from the OP and
R swab samples. The ORFlab and N genes were detected from the OP
swab sample with a cycle threshold (Ct) of 35 and 30 respectively, while
the N gene was detected from the R swab with a Ct 37.5, using the Cy5
DisCoVery SARS-CoV-2 RT-PCR detection kit. The results were then
analyzed with a second kit of real-time RT-PCR, the GeneFinder™
COVID-19 Plus RealAmp kit. The results obtained showed the amplifi-
cation for the three viral targets, Rdrp, N and E genes, from OP samples
with a Ct of 34.5, 31.5 and 36.5 respectively. Therefore, both Kkits
amplified the OP sample, while the R sample was not reactive with the
second Kkit.

The SARS-CoV-2-reactive cat was a 1.5-year-old female of mixed
breed, living in a household in La Plata city, Buenos Aires, Argentina.
The animal presented only sneezing for about 3 days after close contact
with its COVID-19-positive owners. One of the owners developed
symptoms on August 23" 2020 and was then diagnosed COVID-19-
positive by real-time-RT-PCR two days later, on August 257, whereas
the other owner was confirmed as COVID-19-positive on August 28™
2020. Both owners were in close contact with the animal during the
course of the disease. The samples were taken from the cat on September
5, 2020.

To determine how long, the cat remained reactive to SARS-CoV-2 by
the molecular assay, additional OP and R swab samples were taken 6
days after the first samples. In this case, the presence of the genome of
the virus was not detected by either real-time RT-PCR kit.

None of the dog samples analyzed in this study were found reactive
to SARS-CoV-2 by real-time PCR with either kit. In addition, none of the
dogs showed clinical signs, but some owners mentioned that their dogs
were lethargic.

3.2. Next-generation sequencing of SARS-CoV-2 and phylogenetic
analysis

The phylogenetic analysis determined that the cat SARS-CoV-2
genome identified belonged to the B.1.499 lineage. To study the ge-
netic relationship of the cat sequence with sequences of the same line-
age, a phylogenetic tree of the lineage B.1.499 was constructed (Fig. 1).
In this phylogenetic tree, the cat sequence (blue) is included in a
moderately supported cluster with sequences from Buenos Aires City
(orange) and sequences from the Province of Buenos Aires (red) detected
from June 2020 to December 2020. As compared with the Wuhan
reference sequence, and based on 94.01 % of the genome covered, the
SARS-CoV-2 cat sequence here found showed seventeen nucleotide
mutations (Table 1).

3.3. Serological analysis

Serum samples from all the animals studied in the present study were
taken at least 15 days after the first swab sampling, except the sample
from the cat reactive to SARS-CoV-2 by molecular assay, which was
taken 35 days after the first swab sample. The serological analysis by
ELISA of the serum sample from this cat showed a strong positive signal
against protein S of SARS-CoV-2. The serum sample from another cat
also showed antibodies against SARS-CoV-2, indicating that the animal
was also infected with the virus. The other two cats analyzed were
negative by this technique.

The serum sample of the cat positive by real-time RT-PCR gave a
positivity index (PI) value of 101.79. These values, clearly above the
standard cut-off criteria (PI > 10), revealed the presence of specific
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Fig. 1. Phylogenetic tree of the SARS-CoV-2 lineage B.1.499. Cat sequence in blue, sequences from Buenos Aires City in orange and sequences from the Province of
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Table 1
Mutationes in the genome of SARS-CoV-2 detected from the reactive cat.

Protein SNP aa Replacement
nsp2 C1059T T851
nsp2 A2304G K500R
nsp2 T2308C SYN
nsp3 C3037T SYN
nsp3 C6525T T12691
nsp4 T8570A W6R
nsp7 C11916T S25L
nspl2 C14408T P323L
nspl2 C15960T SYN
nspl4 C18929T P297L
nspl4 C18998T A320V
S A23403G D614G
S G23522C E654Q
ORF 3a G25563T Q57H
M C26586T SYN

N C28863T S197L
ORF 10 G29540A SYN

Non-structural proteins (nsp); Open reading frame (ORF); Amino acid (aa);
Single Nucleotide Polymorphism (SNP).

antibodies against SARS-CoV-2. This result, combined with the positive
real-time RT-PCR data obtained 35 days before serology, strongly sug-
gests that SARS-CoV-2 actively replicated in this animal, inducing a
robust anti-spike-protein antibody response. The other cat detected as
positive by ELISA showed PI values of 21.07.

In all dog sera analyzed, no presence of specific antibodies against

SARS-CoV-2 was detected by ELISA.
4. Discussion

At the beginning of September 2020, the Faculty of Veterinary Sci-
ences of the National University of La Plata, Buenos Aires, Argentina,
reported to the local health authorities the first case of a domestic cat
infected with SARS-CoV-2, detected by real-time RT-PCR. This result
was reported to the World Organization for Animal Health (OIE), being
the first case of SARS-CoV-2 detected in an animal from Argentina.
Different species, including domestic and wild animals, naturally
infected with this novel coronavirus have been reported around the
world (https://www.oie.int/en/scientific-expertise/specific-informati
on-and-recommendations/questions-and-answers-on-2019novel-coron
avirus/events-in-animals/). Moreover, experimental studies have
demonstrated that cats are susceptible to SARS-CoV-2 infection and able
to transmit the virus among them (Halfmann et al., 2020; Shi et al.,
2020). The confirmed positive cat detected in this study was a 1.5-year--
old female of mixed breed. The first samples (OP and R swabs) were
taken on September 5% 2020, 11 days after the first positive diagnosis of
its owners. Although the exact moment of infection cannot be deter-
mined, the animal was detected as reactive to SARS-CoV-2 in these
samples, with Ct values over 30, which could indicate a moderate viral
load. Nevertheless, it also suggests that a potential replicative virus was
present. Similar results have been previously found in two cats in Spain
(Segalés et al., 2020). In the present study, a second set of OP and R
samples was taken from the cat on September 11th, and, in this case, the
real-time RT-PCR results were not reactive in either swab. These results
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suggest a rapid clearance of the virus from the respiratory and intestinal
tracts, which is consistent with experimental infection of cats, where the
presence of viral RNA was detected until 5-8 days post-infection (Shi
et al., 2020). The viral RNA expressed in the nasal turbinate, trachea,
lung, and small intestine indicated that the virus replicated well in the
upper respiratory tract of those cats. Viral RNA has also been detected in
tonsils, lymph nodes, spleen, bone marrow, liver, kidney, heart, and
olfactory bulb (Gaudreault et al., 2020; Shi et al., 2020). In natural
infection of cats, it has been reported that the viral RNA may persist for
about 10-11 days in nasal swabs (Barrs et al., 2020; Garigliany et al.,
2020; Sailleau et al., 2020).

Although the SARS-CoV-2-positive cat studied in the present study
did not show complications of its health during the course of the
infection, it was clinically monitored until the real-time RT-PCR was
not-reactive. Similarly, experimental studies have shown no clinical
signs in any of the inoculated cats (Gaudreault et al., 2020; Shi et al.,
2020). Moreover, other authors have described cases of natural infection
that never showed clinical signs compatible with SARS-CoV-2 infection
(Barrs et al., 2020; Segalés et al., 2020). Thus, infected cats with no
symptoms could act as a silent intermediate host of SARS-CoV-2. How-
ever, in a case of natural infection reported in Belgium, the cat presented
clinical signs, such as lethargy, anorexia, loss of appetite, vomiting, and
diarrhea, and later showed sneezing, productive cough, difficult
breathing, and emaciation (Garigliany et al., 2020).

The phylogenetic analysis here performed allowed determining that
the cat SARS-CoV-2 genome belonged to the B.1.499 lineage. This
lineage, fully Argentine and initially detected in March 2020, has been
reported in different provinces of the country, mainly in the region of the
Metropolitan Area of Buenos Aires. In the analysis of genetic relation-
ship with sequences of the same lineage, the cat sequence was included
in the cluster with sequences from Buenos Aires City and sequences from
the Province of Buenos Aires. This cluster included different cities of
Buenos Aires province, all of which are located close to the city of La
Plata, where the cat sample was obtained. Furthermore, within this
cluster, the cat sequence formed a highly supported subcluster with a
sequence that was detected in October 2020 in Lantis, a city within the
Metropolitan Area of Buenos Aires. These two cities are connected by a
large flow of people, a fact that supports this finding. When compared to
the Wuhan reference sequence (Wu et al., 2020) and based on 94.01 %
of the genome covered, the SARS-CoV-2 cat sequence showed seventeen
nucleotide mutations. Twelve out of these seventeen mutations have
resulted in amino acid mutations, which have already been described in
other sequences worldwide, except for the NSP2_K500R and NSP4_W6R
combination, which was here observed for the first time and has not
been previously reported. In particular, for the Spike region, the two
changes observed (S_D614 G and S_E654Q) have already been reported
in other sequences of the B.1.499 lineage from Argentina.

In this study, serological analysis by ELISA showed a strong positive
signal against SARS-CoV-2 for the serum sample taken from the cat
found reactive by real-time RT-PCR, 35 days (October 16“‘) after
detection. The OD values, clearly above the standard cut-off criteria (PI
> 10), revealed the presence of specific antibodies against protein S of
SARS-CoV-2. These serological results strongly suggests that SARS-CoV-
2 actively replicated in this animal. The same has been observed by
other authors (Sailleau et al., 2020), who confirmed the natural infec-
tion of a cat in France and detected the presence of specific antibodies
against SARS-CoV-2 eight days after the beginning of signs. In addition,
in the present study, a cat that was not reactive by real-time RT-PCR
showed specific antibody responses against SARS-CoV-2 by ELISA,
indicating that the animal was infected by the virus. The cat began with
clinical signs of lethargy and cough 4 days after the positive diagnosis of
one of its owners, and the samples were taken 17 days after the
SARS-CoV-2 reactive real-time RT-PCR of its owners. The negative re-
sults for the detection of viral RNA may have been due to the rapid
clearance of the virus from the respiratory and intestinal tracts, as re-
ported by other authors (Barrs et al., 2020; Garigliany et al., 2020;
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Sailleau et al., 2020; Shi et al., 2020).
5. Conclusion

Studies suggest that the SARS-CoV-2 pandemic outbreak involves a
diversified host range. Although there is no evidence that domestic an-
imals play a role in the onward transmission of the virus, the testing of
pets with COVID-19-positive owners is suggested. The evidence suggests
that human-to-animal transmission of SARS-CoV-2 can occur, and it is
thus recommended that infected owners should avoid close contact with
their pets. However, more studies will be needed to see whether cats and
other domestic animals with co-morbidities may show a more severe
clinical course of SARS-CoV-2 infection.
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