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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. The monitoring of animals has shown that certain species may
COVID-19 be susceptible to be infected with the virus. The present study aimed to evaluate the presence of SARS-CoV-2
]C):tg: antibodies by ELISA and virus neutralization (VN) in pets from owners previously confirmed as COVID-19-
Antibodies positive in Argentina. Serum samples of 38 pets (seven cats and 31 dogs) were obtained for SARS-CoV-2 anti-

body detection. Three out of the seven cats and 14 out of the 31 dogs were positive for SARS-CoV-2 by ELISA, and
one cat and six dogs showed the presence of neutralizing antibodies in which the cat and two of the six dogs
showed high titers. Another dog from which three serum samples had been obtained within eight months from
the diagnosis of its owner showed the presence of antibodies at different times by both ELISA and VN. However,
the results showed that the antibodies decreased slightly from the first to the third sample. Our results provide
evidence that SARS-CoV-2 infection in pets living with COVID-19-positive humans from Argentina during the
outbreak of SARS-CoV-2 can be detected by serology assay.

Serological detection

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
etiological agent of coronavirus disease 2019 (COVID-19), was first
detected in Wuhan, China, and then rapidly spread worldwide (Zhou
et al., 2020a). Although the available data suggest that SARS-CoV-2
emerged from an animal source, there is currently not enough evi-
dence to corroborate either the source or route of transmission (Zhou
et al., 2020b). Thus, several studies are being carried out to gain insights
into the susceptibility of different animal species, including domestic
animals to SARS-CoV-2. Genome analysis has shown that SARS-CoV-2

has 96.2 % overall genome sequence identity with Bat CoV RaTG13,
indicating that this virus could have also originated from bats (Zhou
et al., 2020b), similarly to that occurred with SARS-CoV and MERS-CoV,
two other zoonotic coronaviruses reported in 2003 and 2012, respec-
tively (Gautam et al., 2020). Molecular detection of SARS-CoV-2 has
been reported in various animals (dogs, cats, zoo tigers, zoo lions, fer-
rets, mink and white-tailed deer) worldwide, including Argentina
(Fuentealba et al., 2021; Hale et al., 2022; McAloose et al., 2020;
Oreshkova et al., 2020; Segalés et al., 2020; Sit et al., 2020). In addition,
several species, including cats (Shi et al., 2020), ferrets (Kim et al.,
2020Db), fruit bats (Schlottau et al., 2020), deer mice (Fagre et al., 2021)
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and white-tailed deer (Hale et al., 2022), are capable of intraspecies
transmission. A high prevalence of SARS-CoV-2 antibodies has been
reported in pets from households with at least one COVID-19-positive
human (Fritz et al., 2020; Zhang et al., 2020). However, the extent of
natural infections of animals with SARS-CoV-2 is still largely unknown.
As many other CoVs, SARS-CoV-2 uses its surface spike (S) glycoprotein
to gain entry into host cells via binding to the ACE2 receptor (Abdel--
Moneim and Abdelwhab, 2020; Munir et al., 2020). Therefore, this
glycoprotein is closely associated with and targeted by neutralizing
antibody responses and protective immunity (Robbiani et al., 2020). In
Argentina, in the period 2020-2021, 75 cases of SARS-CoV-2 infection in
pets, all diagnosed by molecular assays, were reported to the OIE.
However, no analysis of anti-SARS-CoV-2 antibody detection has yet
been reported. The Enzyme-Linked Immunosorbent Assay (ELISA) is a
useful assay to analyze the presence of antibodies in an animal or pop-
ulation, but does not provide information on the functionality of the
antibodies detected. In contrast, assays such as the virus neutralization
(VN) test are able to detect neutralizing antibodies, which are consid-
ered to be an important mechanism for immunity and, potentially, for
the clearance of the virus infection. Thus, the VN assay is important to
determine the functionality of the immune system against infection.
Based on the above, the present study aimed to evaluate the presence of
SARS-CoV-2 antibodies by ELISA and the VN test in pets from
COVID-19-positive owners in Argentina.

2. Materials and methods

A total of 38 pets (7 cats and 31 dogs) were sampled during the first
wave and beginning of the second wave of COVID-19 in Argentina.
Blood samples (3-5 ml) were then collected without anticoagulant for
serum extraction at least 15 days after the positive diagnosis of the pet
owners, and were stored at — 20 °C, until further analysis. The samples
were taken at their homes, and 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 some signs
such as anorexia, lethargy, diarrhea, cough and sneezing. Each owner
gave their written consent to allow the collection of samples from their
pets, and all the protocols were approved by the Institutional Animal
Care and Use Committee (CICUAL) from the FCV-UNLP under the pro-
tocol code 105-4-20P.

SARS-CoV-2 antibody detection by ELISA in cats and dogs was car-
ried out at the Facultad de Farmacia y Bioquimica, Universidad Nacional
de Buenos Aires, Buenos Aires, Argentina, under the service modality
using a bridge multi-species ELISA. The kit detects the specific anti-
bodies against the S protein of SARSCoV-2 in serum samples from
different. Results were calculated as specific absorbance (A = the mean
of each sample minus the mean of the blank control) and expressed as
Positivity Index: PI = A gample/Ac . The cut-off value of the assay was set
at PI = 10.0 through receiver operating characteristic (ROC) curves
analysis.

For the VN assay, Vero E6 cells were seeded in 96-well plates at a
density of 1.5 x 10* cells per well in DMEM 10 % FBS and incubated for
24 h at 37 °C and 5 % CO,. SARS-CoV-2 D6124G variant (B.1 lineage)
used in the assays were isolated from nasopharyngeal specimens at the
Instituto de Investigaciones Biotecnoldgicas, Universidad Nacional de
San Martin (IIB, UNSAM), Buenos Aires, Argentina. Three hundred of 50
% tissue culture infectious doses (TCIDsy) were preincubated with
serially diluted sera for 1 h at 37 °C starting at a serum dilution of 1/8.
Each serum dilution was tested in duplicate. Then, a virus-serum
mixture was added onto Vero E6 cells in a final volume of 100 pl in
DMEM 2 % FBS. After 72 h incubation at 37°C and 5 % CO», cultures
were fixed with formaldehyde 3 % at 4°C for 24 h and stained with
crystal violet solution in methanol. The cytopathic effect (CPE) of the
virus on the cell monolayer was assessed visually, and the neutralization
titer (NT) was defined as the inverse of the highest serum dilution
without any CPE.
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3. Results and discussion

Multiple animal species, including domestic animals such as dogs
and cats, are susceptible to SARS-CoV-2 infection under experimental
conditions and under natural virus exposure (Mahdy et al., 2020;
Bosco-Lauth et al., 2021). In this study, the serum samples from dogs
analyzed by ELISA showed that 14 out of the 31 dogs were positive to
SARS-CoV-2, with different positivity index (PI) values above the stan-
dard cut-off criterion (PI > 10) revealing the presence of specific anti-
bodies against SARS-CoV-2. In addition, six of the 14 dogs positive by
ELISA were also reactive by the VN assay, two of which (dogs ID 25 and
39) showed high titers (Fig. 1a). However, two out of the dogs positive
by ELISA could not be evaluated by VN because the serum volume was
insufficient. Besides, one dog, from which three samples had been ob-
tained, on december 23rd 2020, april 24th 2021 and july 9th 2021 (ID
20-1, 20-2 and 20-3), showed antibodies detected by both ELISA and
VN. Although the PI decreased around 13 points from the first to the
third sample, after 8 months, the antibodies remained detectable
(Fig. 1b). These results are similar to those reported in humans by
Messiah et al. (2022), who found that most of the children showed
detectable SARS-CoV-2 antibodies in three successive samples for more
than 6 months. Hamer et al. (2021) observed that, in the 15 dogs and
cats from which sequential serum samples had been collected, the VN

a-
Specie 1D ELISA (PI) NT Clinical Signs
4 15 <8 No
13 14.98 N/D No
14 24.15 <8 No
51.42 128 - d
Diarrhea an
20 4561 64 Vearite
38.3 32
25 57.27 128 No
27 221 8 No
Bag 28 18.8 64 No
29 33.2 N/D No
31 20.5 <8 No
32 19.6 <8 No
33 26 32 No
34 90.9 <8 Diarrhea
39 103 256 Pneumonie
42 21.2 <8 No
7 101.79 1024 Sneezing
Cat 6 21.07 N/D Cought, decay
18 88.5 N/D No
160 80
140 |~ 128 70
120 5142 p— 60
1 :
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80 64 40 -®=NT
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g 40 20
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Fig. 1. Positivity index (PI); neutralization titer (NT); virus neutralization
(VN); no data (N/D). a- Data showing the PI and NT values obtained by ELISA
and VN for the dog and cat serum samples analyzed. Clinical signs of each
animal are shown in the last column; b- Line graphs indicating the PI and NT
values obtained by ELISA and VN for the dog (ID 20) sampled at different times
(ID 20-1, 20-2 and 20-3) (1, 5 and 8 months post-infection of owners).



C.J. Panei et al.

titer values were relatively stable or increased in the 2-3 months of
follow-up. However, these authors did not evaluate the VN titers in a
longer time. In addition, the dog ID 20 had vomiting and diarrhea at the
time its owner was undergoing COVID-19. Another dog, ID 34, had
diarrhea and showed the presence of antibodies detectable by ELISA
with a PI of 90.9. However, no neutralizing antibodies were detected by
VN. The ELISA 2.0 kit used in this study detects antibodies against the S
protein of SARS-CoV-2, and it is possible that there is some cross reac-
tion with antibodies of other coronaviruses of dogs. Previous studies in
humans have determined immune responses to the viral proteins spike
(S1, S2 and RBD) and nucleoprotein (N) by ELISA, showing a strong
correlation between levels of RBD binding antibodies and SARS-CoV-2
neutralizing antibodies (Premkumar et al., 2020). On the other hand,
it has been observed that the high response to N or S2 and pre-existing
cross-reactive antibodies to respiratory viruses in animals are associated
with SARS-CoV-2 N or S2-specific antibodies, although those antibodies
were not able to neutralize the virus (Kim et al., 2020a). Thus, it is
necessary to emphasize the importance of the VN assay of not over-
estimating the seroepidemiological results of SARS-CoV-2.

Regarding the cats sampled, three out of the seven resulted positive
by ELISA. The serological analysis by ELISA of the serum sample from
cat ID 7 showed the presence of antibodies against the protein S of SARS-
CoV-2, PI value of 101.79. In addition, a higher NT of 1024 was
observed. This cat has been previously reactive to SARS-CoV-2 by real
time RT-PCR (Fuentealba et al., 2021), and the serum sample was taken
35 days after this positive testing. The animal presented only sneezing
for about 3 days after close contact with its COVID-19-positive owners.
These results strongly suggest that SARS-CoV-2 actively replicated in
this animal, inducing a robust antibody response. The serum sample
from other two cats, ID 6 and 18 also showed antibodies against
SARS-CoV-2 by ELISA, indicating that the animals were also infected
with the virus. One of them (ID 6), showed respiratory signs (intermit-
tent cough/bronchospasm), moderate decay and some sporadic neuro-
logical symptoms, at the same time as its owners had COVID-19. In these
animals, it was not possible to perform the VN test since the volume of
sample obtained was insufficient (Fig. 1a). The other four cats analyzed
were negative by ELISA.

The results obtained in this study showed that some SARS-CoV-2-
seropositive cats had respiratory signs such as sneezing and cough
while some dogs had digestive signs such as vomiting and diarrhea.
Similar results were obtained by Colitti et al. (2021), who found that, in
5 out of 14 seropositive animals, the owners reported that the animals
experienced clinical signs concurrent with the owner’s COVID-19.
However, most research has shown that dogs exposed to SARS-CoV-2
could produce anti-SARS-CoV-2 antibodies without exhibiting signs
(Shi et al., 2020; Hamer et al., 2021) and that cats can develop
asymptomatic infection or mild symptoms and virus shedding (Barrs
et al., 2020; Abdel-Moneim and Abdelwhab, 2020).

The susceptibility of cats and dogs has been reported in other studies
(Fritz et al., 2020; Sit et al., 2020; Zhang et al., 2020; Barrs et al., 2020).
However, the clinical and pathological consequences of SARS-CoV-2
infection in these species are not entirely clear and warrant further
research.

In this study, a total of 40 samples from 38 animals that had recently
been in close contact with their COVID-19-positive owners were tested
by ELISA. Three out of seven cats (43 %) and 14 out of 31 dogs (45 %)
were positive to antibodies against the glycoprotein S of SARS-CoV-2.
This situation very likely explains the high percentages of SARS-CoV-2
antibody detection. High antibody titers detected by VN have been
previously found in cats living with COVID-19 patients, while sera
collected from cats in veterinary hospitals have shown minor neutral-
izing activity, indicating that the high neutralization titers could be due
to the close contact between cats and COVID-19 patients (Zhang et al.,
2020). In other studies, the prevalence observed was much lower than
that observed in this study, but the samples had been obtained at a
companion animal veterinary medical center at the time of admission,
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and thus there was no known association with COVID-19 (Dileepan
et al., 2021; Zhang et al., 2020). Finally, although previous studies have
reported that cats are more susceptible to SARS-CoV-2 than dogs
(Abdel-Moneim and Abdelwhab, 2020), in the present study, we found
similar prevalence in dogs and cats. Probably, a larger number of sam-
ples, especially of cats, should be analyzed to confirm these data.

In summary, our study provides the first results of serological assays
(ELISA and VN) in dogs and cats living with COVID-19-positive humans
from Argentina during the SARS-CoV-2 outbreak.
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