SARS-CoV-2 Seroprevalence
Studies in Pets, Spain

Sandra Barroso-Arévalo, Lidia Sanchez-Morales,
Jose A. Barasona, Lucas Dominguez, José M. Sanchez-Vizcaino

SARS-CoV-2 can infect domestic animals such as cats
and dogs. The zoonotic origin of the disease requires sur-
veillance on animals. Seroprevalence studies are useful
tools for detecting previous exposure because the short
period of virus shedding in animals makes detection of
the virus difficult. We report on an extensive serosurvey
on pets in Spain that covered 23 months. We included
animals with exposure to SARS-CoV-2—infected persons,
random animals, and stray animals in the study. We also
evaluated epidemiologic variables such as human ac-
cumulated incidence and spatial location. We detected
neutralizing antibodies in 3.59% of animals and showed a
correlation between COVID-19 incidence in humans and
positivity to antibody detection in pets. This study shows
that more pets were infected with SARS-CoV-2 than in
previous reports based on molecular research, and the
findings highlight the need to establish preventive mea-
sures to avoid reverse zoonosis events.

Since December 2019, the entire world has experi-
enced the pandemic produced by the novel beta-
coronavirus SARS-CoV-2. This virus is the causative
agent of COVID-19, a severe acute respiratory dis-
ease that has resulted in >700 million cases and >6.8
million confirmed deaths (1). Although the origin of
the virus has not been clarified yet, it is thought to
have originated from an animal reservoir and sub-
sequently been transmitted to humans by a direct
spillover event (2-4). Moreover, as the pandemic has
progressed, numerous cases of natural SARS-CoV-2
infection have been reported in different animal spe-
cies, such as minks, cats, dogs, ferrets, nonhuman
primates, tigers, and otters (5). Most of those cases
were associated with exposure to infected humans,
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a phenomenon defined as reverse zoonosis. This
susceptibility is probably due to high homology be-
tween the human angiotensin-converting enzyme 2
(ACE2) receptor and those in several animal species;
this receptor plays a key role in the virus entry into
the cell (6,7).

Considering the zoonotic origin of the virus and
the ongoing pandemic, both active and passive sur-
veillance should be conducted on animals. Surveil-
lance is particularly important for common pets, such
as cats and dogs, because human-to-pet transmission
is more likely to occur through close contact between
owners and pets. That fact is evidenced by the great
number of studies reporting SARS-CoV-2 infection
and the presence of antibodies in cats and dogs all
over the world (8-14). Quantitative reverse transcrip-
tion PCR (qRT-PCR) is used to confirm SARS-CoV-2
infection in animals because of its high sensitivity and
specificity (15). However, the period of viral shedding
in animals is fairly short, according to experimental
(16) and field (9) data; therefore, the detection of viral
RNA from pet samples is fortuitous. qRT-PCR-based
results confirm the infection by direct detection of the
agent; serologic diagnosis may be useful to identify
previous exposure in cats and dogs because these
species develop a strong antibody-based response to
viral infection with SARS-CoV-2 (17-19). Seropreva-
lence studies may extend our knowledge about the
real prevalence of COVID-19 in pets; it is crucial to use
a serologic test with high specificity to avoid cross-re-
activity. Thus, the virus neutralization test (VNT) is a
recommended technique because it can detect specific
neutralizing antibodies against the virus. This assay,
in combination with a simpler test for initial serum
screening, could obtain specific and reliable results.

In this study, we performed an extensive serosur-
vey on cats and dogs in Spain, a country that has been
severely affected by the COVID-19 pandemic, with
>11 million cases and 100,000 thousand deaths (1) so
far. We performed initial antibody detection using a
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previously validated screening ELISA (20) and poste-
rior confirmation using VNT. The results provide in-
sights into the occurrence of COVID-19 and its spatial
distribution in pets throughout the waves of the pan-
demic. The ethics committee for animal experiments
at Complutense University of Madrid approved all
the protocols (project license 14/2020).

Materials and Methods

Animal Sample Collection

Practitioners from hospitals, clinics, or Animal Pro-
tection Centers (APCs) in Spain collected serum
samples from cats (n = 861) and dogs (n = 1,039) in
accordance with the guidelines of good experimen-
tal practices, following European, national, and re-
gional regulations. Samples were subsequently sent
to the Health Surveillance Centre (VISAVET) at the
Complutense University of Madrid (Madrid, Spain)
by a transport company under the regulations stated
in the UN3373 Biological Substance, Category B (21),
and ARRIVE 2.0 guidelines (22). Owners and keep-
ers were duly informed of the purpose of the study
and the data protection policy and provided written
consent for each pet. Serum samples were collected
in tubes without any anticoagulant and kept refriger-
ated until shipment. At the laboratory, samples were
stored at —80°C until analysis. When possible, further
samples for qRT-PCR analysis were taken following
the methods previously described (20).

To avoid a potential sampling bias, the survey
included animals with known exposure to persons
infected with SARS-CoV-2 as confirmed by qRT-PCR
or antigen test, as well as nonexposed animals. We
included domestic animals, defined as pets living in
houses and animals from APCs (513 cats, 967 dogs),
and stray animals, defined as free-ranging dogs or
cats captured for sterilization and sampling (304 cats,
54 dogs). The presence or absence of clinical signs
compatible with the disease (i.e., respiratory and di-
gestive symptoms, anorexia, and apathy) was record-
ed for every animal. The study period was January
2020-November 2021. Sampling included animals
from 11 autonomous communities in Spain: Anda-
lucfa, Aragén, Castilla la Mancha, Castilla y Ledn,
Cataluna, Ceuta, Madrid, Pais Vasco, Valencia, Na-
varra, and Murcia.

ELISA Based on RBD

We performed an indirect ELISA test based on the
receptor-binding domain (RBD) of the virus as a
screening test (Raybiotech, https://www.raybio-
tech.com). We adapted the ELISA to each species by
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using a specific anti-species conjugate. In brief, we
covered coated plates with 100 pL of 1:40 diluted se-
rum in phosphate-buffered saline (PBS) containing
0.05% Tween 20 (PBS-T) and incubated at 37°C for 30
minutes. We then washed the plates 4 times, added
100 pL of the specific anti-species HRP-conjugated
IgG (Jackson Immuno Research Laboratories, https:/ /
www .jacksonimmuno.com) diluted 1:18,000 in PBS-
T, and incubated the solution at 37°C for 15 minutes.
After 4 more washes, we added 100 pL of SureBlue
Reserve TMB microwell peroxidase substrate (TMB)
(KPL, https://kpl.com) and incubated the plates in
the dark for 10 minutes. We stopped the reaction by
adding 100 pL of H SO, (3M, https:/ /www.3m.com)
to each well. We determined absorbance at 450 nm
using an Anthos 2001 plate reader (Labtec, https://
anthos-labtec.nl). We determined the endpoint cutoff
by the analysis of a receiver operating characteristic
(ROC) curve based on positive divided by negative
(P/N) values. Validation of this ELISA test was exten-
sively described (20).

Virus and Cells

SARS-CoV-2 MADG isolated from a 69-year-old male
patient in Madrid, Spain, belonging to the B.1 (Pango
v.3.1.162021-11-04) lineage, was provided by Dr. Luis
Enjuanes from the National Biotechnology Centre
(CNB) at the Higher Council for Scientific Research
(CSIC). We prepared Vero E6 cells provided by the
Carlos III Healthcare Institute (Madrid, Spain) or
ATCC to reproduce the SARS-CoV-2 stocks. We incu-
bated cells at 37°C under 5% CO, in GIBCO Roswell
Park Memorial Institute (RPMI) 1640 medium with
L-glutamine (Lonza Group Ltd, https://www.lonza.
com) and supplemented with 100IU/mL penicillin,
100pg/ mL streptomycin, and 10% fetal bovine serum
(FBS) (Merck KGaA, https://www.emdgroup.com).
We determined SARS-CoV-2 titers via a 50% tissue
culture infectious dose (TCID, ) assay.

VNT for Detection of Specific Neutralizing

Antibodies against SARS-CoV-2

We used VNT to confirm the presence of neutral-
izing antibodies against SARS-CoV-2 in all the
samples that showed a doubtful or positive result
to the screening ELISA. In brief, we performed the
VNT in duplicate in 96-well plates by incubating
25 pL of 2-fold serially diluted serum with 25 pL of
100 TCID,,/mL of SARS-CoV-2. We incubated the
virus/serum mixture at 37°C with 5% CO,. After 1
hour, we added 200 pL of Vero E6 cell suspension to
the mixtures and incubated the plates at 37°C with
5% CO,. We determined the neutralization titers at 5
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days postinfection. We recorded the titer of a sample
as the reciprocal of the highest serum dilution that
provided at least 100% neutralization of the refer-
ence virus, as determined by the visualization of
cytopathic effect (CPE). We additionally determined
cell viability after VNT by using a violet crystal as-
say to confirm the results observed by microscopy.
At the end of VNT (5 days postinfection), we dried
the cells, added 200 pL of 0.5% crystal violet solution
(Sigma-Aldrich, https://www.sigmaaldrich.com),
and incubated the solution at room temperature for
20 minutes. Finally, we removed the crystal violet
for the visualization of CPE or cellular tapestry. We
determined cell viability by comparing each well
with both the virus and the cell control wells.

Data Analysis

We organized surveillance data on sampled dogs and
cats by origin source, date, and results of diagnos-
tic tests against SARS-CoV-2 in all the samples. We
structured spatial data at the province level to reduce
sampling bias between rural and urban scenarios. We
conducted statistical analysis using SPSS Statistics
20 (IBM, http:/ /www.spss.com) and R version 3.5.0
(The R Project for Statistical Computing, https://
www.r-project.org). We used dplyr R package (23)
for database exploration. We performed a descriptive
analysis of seroprevalence from ELISA and VNT tests
to calculate average ranges per species, sampling
groups, and period at 95% CI. We studied variations
in these parameters between groups and among dif-
ferent province-periods (3 months per period) with
known human incidence of SARS-CoV-2 by a gen-
eralized linear mixed model (GzLMM) using a bino-
mial distribution and probit link function. Thus, the
response variable of the model was the presence (as 1)
or absence (as 0) of a positive case to ELISA and con-
firmed by VNT test, with the reference value in the

binomial distribution. We included sampling location
as a random effect factor in the model; we included
incidence of SARS-CoV-2 in humans, proportion of
stray sampled animals, and contact with >1 person
infected with SARS-CoV-2 at the province-period lev-
el as independent factors. We applied a protocol for
data adjustment and checked the assumptions on the
residuals of the model (24). We considered outcomes
of p <0.05 statistically significant.

Results

Detection of Neutralizing Antibodies

against SARS-CoV-2

A total of 68 samples tested positive to ELISA, and 3
were doubtful samples. We used VNT to determine
the presence of specific and neutralizing antibodies
against SARS-CoV-2 in those ELISA positive and
doubtful (n = 71) samples from cats and dogs. Posi-
tive results were confirmed in 66/71 ELISA-positive
samples (ELISA specificity = 92.95) (Table 1). A total
of 66 animals (3.59% of the total) showed neutral-
izing antibodies, 28 cats (seroprevalence of 3.43%),
and 38 dogs (seroprevalence of 3.73%) (Figure 1).
Overall, 60 positive cases were domestic animals
whereas 6 stray animals resulted positive. All the
stray animals that showed neutralizing antibodies
were cats. Out of the 66 positive animals, 44 had con-
tact with >1 person infected with SARS-CoV-2; 16 of
those also had symptoms compatible with the infec-
tion, including sneezing, cough, and diarrhea. Out
of the 60 positive domestic animals, 44 were pets
living in houses, and 16 were housed in APCs. Six
animals that showed neutralizing antibodies were
also positive by qRT-PCR. VNT titers varied among
samples; the lowest recorded was 1:32 and the high-
est 1:256. We observed no statistical differences in
the VNT titers for cats and dogs.

Table 1. Distribution of cats and dogs testing positive for SARS-CoV-2 by location and type, Spain*

No. cats infected/total

No. dogs infected/total

Autonomous community Domestic Stray Domestic Stray Total no. animals
Andalucia 6/305 0/89 15/616 0/2 21/1,012
Aragon 0/19 3/36 0/2 0/13 3/70
Catalufia 2/27 0/6 2/35 0/4 4/72
Castilla La Mancha 0/2 2117 0/16 0/14 2/149
Castillay Ledn 7137 0/13 0/14 0/1 7165
Ceuta 0/5 0/0 2/19 0/0 2/24
Madrid 6/93 0/12 16/236 0/18 22/359
Murcia 0/7 0/0 0/8 0/0 0/15
Navarra 0/0 0/0 0/3 0/0 0/3
Pais Vasco 117 0/0 3/18 0/0 4/35
Valencia 0/1 0/31 0/0 0/0 0/32
Total no. animals 27/817 38/1,019 65/1,836

*Animal origin is domestic (animal living in a house or housed in Animal Protection Centers) or stray (free-ranging animals captured for sterilization and
sampling). The numbers shown correspond to the number of animals positive by virus neutralization test-with respect to the total number of animals

sampled.
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Figure 1. Spatial distribution of sampled animals and those testing positive for SARS-CoV-2 by neutralizing antibodies in study of
SARS-CoV-2 seroprevalence studies in pets, Spain. Map at right shows detail of boxed area at left. Red numbers indicate number of

positive dogs; green numbers indicate number of positive cats.

Factors Explaining SARS-CoV-2 Seroprevalence

in Pets

When we considered the GzZLMM on the seroprev-
alence variations obtained by VNT, we observed
statistical differences once controlled by other fac-
tors, such as sampling locations and periods among
groups (Table 2). The overall risk for SARS-CoV-2
seroprevalence in pets increased proportionally
to the human incidence of this pathogen (p = 4.85;
p<0.001) (Figure 2). In fact, we observed a higher
risk for seroprevalence in animals with previous
contact with >1 positive person (f = 8.23; p<0.001).
The risk for SARS-CoV-2 seroprevalence in stray an-
imals was significantly lower than in domestic ani-
mals (f = —4.63; p<0.001).

Discussion

Since the beginning of the COVID-19 pandemic,
many studies have shown that pet cats and dogs are
susceptible to SARS-CoV-2 infection, both experimen-
tally (16) and naturally (18,25). Active infection in pets
triggers the development of an effective immune re-
sponse based on neutralizing antibodies, as previous-
ly demonstrated (17,19). Positivity by PCR tests lasts

as long as the active infection does, 5-17 days (19,26).
This short period in which positive PCR results are
obtained hinders the detection of minor infections that
typically occur in pets. In contrast, antibodies persist
in serum for longer periods, <28 weeks (27), which
makes those tests a helpful tool for evaluating previ-
ous exposure to the disease. Here, we evaluated alarge
number of samples from cats and dogs in Spain dur-
ing a 23-month period, demonstrating a higher rate of
antibody positivity than in previous seroprevalence
studies. As we expected, the risk for SARS-CoV-2 se-
roprevalence in stray animals was lower than that for
domestic animals. We have observed that seropositiv-
ity in animals increased proportionally to the human
incidence of SARS-CoV-2. Therefore, the epidemiol-
ogy of the disease in the human population has an ef-
fect on animal seroprevalence.

Taking into account the current state of the
COVID-19 pandemic, we cannot rule out changes
in the epidemiology of the disease. As new variants
emerge, SARS-CoV-2 can adapt to other hosts such
as cats and dogs. Clarifying the distribution of the
disease in cats and dogs can reveal infection trends
in these species.

Table 2. Variations of SARS-CoV-2 seroprevalence in pets by human contact, Spain*

Model terms Estimate SE Z value p value
Intercept -1.274 0.240 -5.307 <0.001
Human incidence 0.001 0.001 4.852 <0.001
Contact 0.116 0.014 8.234 <0.001
Stray -0.058 0.012 -4.628 <0.001

*Generalized linear mixed model output to explain variations of SARS-CoV-2 seroprevalence in pets in relation to the officially registered human incidence
of SARS-CoV-2, the proportion of animals with previous contact with >1 positive person (Contact), and the proportion of stray animals. Sampling location

was considered a random effect factor.
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Figure 2. Predicted probability of SARS-CoV-2 seroprevalence in
pets as related to registered human incidence (cases per 100,000
inhabitants) at the province-period (3 months each period) level

in study of SARS-CoV-2 seroprevalence studies in pets, Spain.
The black line marks the trend and slope of the correlation. Lighter
gray lines show 95% Cls.

This study has several strengths in addition to
the large number of samples analyzed. We have
monitored both animals in contact with SARS-
CoV-2-infected persons as well as animals with no
previous exposure to the disease; we also analyzed a
high number of samples from stray animals, which
can give us information about infections caused by
environmental contamination and virus circulation
in the field. Moreover, the period of our study was
long, which enabled us to evaluate infection trends
in pets during the different waves in the human pop-
ulation. Because the study ended in November 2021,
our results reflect the seroprevalence triggered by 3
consecutive variants of SARS-CoV-2: B.1, Alpha, and
Delta. According to the sequencing reports from the
government of Spain, B.1 variant was the most prev-
alent strain during March 2020-March 2021. More
recently, the Alpha variant became dominant in the
country until September 2021, the point in which the
Delta variant replaced Alpha. The Omicron variant
was introduced in Spain in December 2021, so no
information about seroprevalence during the Omi-
cron wave was available for this study. We note that
the viral strain used for VNT in this study was the
B.1 strain. The specificity of antibodies against this
variant may have influenced the titers of neutraliz-
ing antibodies obtained from serum samples during
subsequent waves, and, therefore, underestimated
the level of antibodies in some cases.

The percentage of seropositivity in this work
was slightly higher (3.56%) in comparison with other
studies with similar sample size, as previously de-
scribed in the United States (0.17%) (28), Italy (4.04%)
(10), Germany (0.43%) (29), and the Netherlands
(0.3%) (30). This finding could be related to the high
COVID-19 incidence in humans in Spain during the
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study period. In January 2021, accumulated inci-
dence reached ~900 positive/100,000 inhabitants in
Spain, followed by a few months in which the accu-
mulated incidence exceeded 100 positive/100,000 in-
habitants until July, when another peak was reached
(700 positive/100,000 inhabitants). Subsequently,
accumulated incidence had a large drop and re-
mained <100 positive/100,000 inhabitants during
September-November 2021. As demonstrated by the
GzLMM, the incidence of SARS-CoV-2 infection in
the human population was related to higher positiv-
ity to VNT in pets. This finding highlights the impor-
tance of taking preventive measures and minimizing
contact with domestic animals when humans become
infected. Because the epidemiologic scenario of the
disease may change at any time due to the high rate
of genomic mutation of the virus and the apparition
of new variants, it is crucial to limit the contagion of
susceptible species.

Previous studies on pets in Spain have demon-
strated a low prevalence of positive animals by PCR
(11,20). However, as we have demonstrated, more
animals have been exposed to the virus. In all those
cases, we can confirm that the exposure resulted in
an active infection because the animals were able to
develop an effective immune response based on neu-
tralizing antibodies. We suspect that SARS-CoV-2
infection in pets is anecdotic because in none of the
positive cases we described did the owners detect se-
vere symptoms in the animals. Although some ani-
mals had antibodies and were experiencing clinical
signs at the time of sampling (30.3%), such as sneezes,
dyspnea, nasal discharge, coughs, vomiting, or de-
pression, the relationship between those signs and
the SARS-CoV-2 infection is not clear enough. Anti-
bodies remain undetectable in serum until 8-10 days
postinfection (19), leading to a delay between a posi-
tive result to antibody detection and the infection. In
addition, a high percentage of the animals were sam-
pled during their attendance at the veterinary clinic,
and the symptoms reported as the reason for the visit
might be unrelated to SARS-CoV-2 infection; comor-
bidities may cause a biased result.

We confirmed that stray animals had neutral-
izing antibodies, as do domestic animals in contact
with SARS-CoV-2-infected persons. Those results
are in line with those from other studies that con-
firmed the presence of neutralizing antibodies in
stray animals (31-33). However, the seroprevalence
in this group of animals was very low; the domes-
tic animals represented 4.05% of the animals with
neutralizing antibodies, compared with 1.69% in
the case of stray animals. Those results make sense
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because domestic animals are more likely to be in
contact with infected persons and share potentially
contaminated spaces than stray animals. In those
cases, the exposure to the virus may be related to
the times that humans fed the stray colonies and to
the presence of infectious excretions in the areas fre-
quented by stray cats and dogs. Another potential
route of transmission is animal-to-animal transmis-
sion, which has been demonstrated in the case of
stray cats (9). These results suggest that virus circu-
lation in stray populations is low, although special
care should be taken in practices that may pose a
risk, such as the feeding of stray animals.

In conclusion, this study demonstrated higher
rates of human-to-pet SARS-CoV-2 transmission than
those found by direct molecular detection. As expect-
ed, the seroprevalence of the disease was higher in
animals with previous exposure to infected persons,
whereas the lower risk of infection in stray animals
is likely caused by a low rate of exposure. In addi-
tion, the epidemiology of the disease in the human
population seems to influence the seroprevalence of
the infection in cats and dogs, which highlights the
importance of performing active surveillance in sus-
ceptible species.

Acknowledgments

We thank Belén Rivera, Rocio Sanchez, and Deborah
Lopez for their excellent technical support, as well as all
the members of the COVID-VISAVET team. We also thank
all the veterinary clinics and owners who participated in
this study and Luis Enjuanes for kindly providing us

the virus.

This research was funded by the Institute of Health Carlos
III, project “Estudio del potencial impacto del COVID19
en mascotas y linces” (reference: COV20/01385), and also
financed as part of the European Union’s response to the
COVID-19 pandemic, being the financing entities the
Community of Madrid and the European Union, through
the European Regional Development Fund with the
“REACT ANTICIPA-UCM” project (reference PR38/21).

Author contributions: conceptualization: S.B.-A., L.D.,
J.M.S.-V; data curation: S.B.-A., L.5.-M., ].A.B.; formal
analysis: S.B.-A., L.5.-M., ].A.B.; funding acquisition:
J.M.S.-V,, L.D,; laboratory analyses: S.B.-A., L.5.-M.;
methodology: S.B.-A., L.S.-M., ].A.B., ] M.S.-V_; project
administration: J.M.S.-V; resources: L.D., ].M.S.-V.; soft-
ware: S.B.-A., L.5.-M., ].A.B.; supervision: L.D., ] M.S.-V;
validation: S.B.-A., L.S.-M., ].A.B., ]. M.S.-V; visualization:
S.B.-A.,, LS.-M,, ].A.B,; original draft preparation: S.B.-A.,
L.S.-M,, ].A.B.; manuscript review and editing: S.B.-A.,
LS.-M., J.AB,LD., JMS.-V.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 29, No. 6, June 2023

SARS-CoV-2 Seroprevalence Studies in Pets

About the Author

Dr. Barroso-Arévalo is a postdoctoral researcher at the
SUAT-VISAVET team of the Complutense University of
Madrid. Her research interests include SARS-CoV-2 and
African swine fever viruses, general virus pathogenesis,
immunology, and vaccine development.

References
1. World Health Organization. COVID-19 weekly
epidemiological update —March 2022. 2022 [cited 2023 Apr
10]. https:/ /www.who.int/ publications/m/item/
weekly-operational-update-on-covid-19---30-march-2022
2. Lau SKP, Luk HKH, Wong ACP, Li KSM, Zhu L, He Z,
et al. Possible bat origin of severe acute respiratory
syndrome coronavirus 2. Emerg Infect Dis. 2020;26:1542-7.
https://doi.org/10.3201/eid2607.200092
3. World Health Organization. Origin of SARS-CoV-2.
Reference no. WHO/2019-nCoV /FAQ/ Virus_origin/2020.1.
2020 Mar 26 [cited 2023 Apr 12]. https:/ /apps.who.int/iris/
bitstream/handle/10665/332197 / WHO-2019-nCoV-
FAQ-Virus_origin-2020.1-eng.pdf
4. Wong G, Bi Y-H, Wang Q-H, Chen X-W, Zhang Z-G,
Yao Y-G. Zoonotic origins of human coronavirus 2019
(HCoV-19 / SARS-CoV-2): why is this work important?
Zool Res. 2020;41:213-9. https:/ /doi.org/10.24272/
j-issn.2095-8137.2020.031
5. World Organisation for Animal Health. SARS-CoV-2 in
animals — situation report 8. 2021 Dec 31 [cited 2023 Apr 12].
https:/ /www.woah.org/app/uploads/2022/01/
sars-cov-2-situation-report-8.pdf
6. SunK,GulL, MaL, DuanY. Atlas of ACE2 gene expression
reveals novel insights into transmission of SARS-CoV-2.
Heliyon. 2021;7:e05850. https:/ /doi.org/10.1016/
j-heliyon.2020.e05850
7. KimY, Gaudreault NN, Meekins DA, Perera KD, Bold D,
Trujillo JD, et al. Effects of spike mutations in SARS-CoV-2
variants of concern on human or animal ACE2-mediated virus
entry and neutralization. Microbiol Spectr. 2022;10:e0178921.
https:/ /doi.org/10.1128 /spectrum.01789-21
8. Hamer SA, Pauvolid-Corréa A, Zecca IB, Davila E,
Auckland LD, Roundy CM, et al. SARS-CoV-2 infections
and viral isolations among serially tested cats and dogs in
households with infected owners in Texas, USA. Viruses.
2021;13:938. https:/ /doi.org/10.3390/v13050938
9. Hobbs EC, Reid T]. Animals and SARS-CoV-2: species
susceptibility and viral transmission in experimental and
natural conditions, and the potential implications for
community transmission. Transbound Emerg Dis.
2021;68:1850-67. https:/ /doi.org/10.1111/ tbed.13885
10. Patterson EI, Elia G, Grassi A, Giordano A, Desario C,
Medardo M, et al. Evidence of exposure to SARS-CoV-2
in cats and dogs from households in Italy. Nat Commun.
2020;11:6231. https:/ /doi.org/10.1038 /s41467-020-20097-0
11. Ruiz-Arrondo I, Portillo A, Palomar AM, Santibanez S,
Santibafiez P, Cervera C, et al. Detection of SARS-CoV-2 in
pets living with COVID-19 owners diagnosed during the
COVID-19 lockdown in Spain: A case of an asymptomatic
cat with SARS-CoV-2 in Europe. Transbound Emerg Dis.
2021;68:973-6. https:/ /doi.org/10.1111/ tbed.13803
12. Barroso-Arévalo S, Rivera B, Dominguez L,
Sénchez-Vizcaino JM. First detection of SARS-CoV-2 B.1.1.7
variant of concern in an asymptomatic dog in Spain. Viruses.
2021;13:1379. https:/ /doi.org/10.3390/v13071379

1141



RESEARCH

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

1142

Gortéazar C, Barroso-Arévalo S, Ferreras-Colino E, Isla ],
de la Fuente G, Rivera B, et al. Natural SARS-CoV-2
infection in kept ferrets, Spain. Emerg Infect Dis.
2021;27:1994-6. https:/ / doi.org/10.3201/eid2707.210096
Zhao S, Schuurman N, Li W, Wang C, Smit LAM,
Broens EM, et al. Serologic screening of severe acute
respiratory syndrome coronavirus 2 infection in cats and

dogs during first coronavirus disease wave, the Netherlands.

Emerg Infect Dis. 2021;27:1362-70. https:/ / doi.org/10.3201/
eid2705.204055

Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A,
Chu DK, et al. Detection of 2019 novel coronavirus
(2019-nCoV) by real-time RT-PCR. Euro Surveill.
2020;25:2000045. https:/ / doi.org/10.2807/1560-7917.ES.
2020.25.3.2000045

Bosco-Lauth AM, Hartwig AE, Porter SM, Gordy PW,
Nehring M, Byas AD, et al. Experimental infection of
domestic dogs and cats with SARS-CoV-2: pathogenesis,
transmission, and response to reexposure in cats. Proc Natl
Acad Sci U S A. 2020;117:26382-8. https:/ /doi.org/10.1073/
pnas.2013102117

Shi ], Wen Z, Zhong G, Yang H, Wang C, Huang B, et al.
Susceptibility of ferrets, cats, dogs, and other domesticated
animals to SARS-coronavirus 2. Science. 2020;368:1016-20.
https://doi.org/10.1126/ science.abb7015

Bao L, Song Z, Xue ], Gao H, Liu ], Wang J, et al. Susceptibility
and attenuated transmissibility of SARS-CoV-2 in domestic
cats. ] Infect Dis. 2021;223:1313-21. https:/ /doi.org/10.1093/
infdis/jiab104

Barroso-Arévalo S, Sanchez-Morales L, Barasona JA,

Rivera B, Sanchez R, Risalde MA, et al. Evaluation of the
clinical evolution and transmission of SARS-CoV-2

infection in cats by simulating natural routes of infection.
Vet Res Commun. 2022;46:837-52. https:/ /doi.org/10.1007/
$11259-022-09908-5

Barroso-Arévalo S, Barneto A, Ramos AM, Rivera B,
Sénchez R, Sdnchez-Morales L, et al. Large-scale study on
virological and serological prevalence of SARS-CoV-2 in cats
and dogs in Spain. Transbound Emerg Dis. 2022;69:759-74.
https://doi.org/10.1111/ tbed.14366

World Health Organization. Guidance on regulations for the
transport of infectious substances 2021-2022. Licence:

CC BY-NC-5A 3.0. Geneva: The Organization; 2021.

Percie du Sert N, Hurst V, Ahluwalia A, Alam S, Avey MT,
Baker M, et al. The ARRIVE guidelines 2.0: Updated
guidelines for reporting animal research. PLoS Biol. 2020;
18:3000410. https:/ /doi.org/10.1371/journal.pbio. 3000410
Wickham H, Francois R. dplyr: a grammar of data

manipulation. R package version 0.4.3. 2015 [cited 2023 Apr 3].

https:/ /cran.r-project.org/web/ packages/dplyr/index.html

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Zuur AF, Ieno EN, Elphick CS. A protocol for data
exploration to avoid common statistical problems. Methods
Ecol Evol. 2010;1:3-14. https:/ /doi.org/10.1111/
j-2041-210X.2009.00001.x

Sit THC, Brackman CJ, Ip SM, Tam KWS, Law PYT, To
EMW, et al. Infection of dogs with SARS-CoV-2. Nature.
2020;586:776-8. https:/ /doi.org/10.1038 / s41586-020-2334-5
Neira V, Brito B, Agtiero B, Berrios F, Valdés V, Gutierrez A,
et al. A household case evidences shorter shedding of
SARS-CoV-2 in naturally infected cats compared to their
human owners. Emerg Microbes Infect. 2021;10:376-83.
https:/ /doi.org/10.1080/22221751.2020.1863132

Jara LM, Ferradas C, Schiaffino F, Sanchez-Carrion C,
Martinez-Vela A, Ulloa A, et al. Evidence of neutralizing
antibodies against SARS-CoV-2 in domestic cats living with
owners with a history of COVID-19 in Lima - Peru. One
Health. 2021;13:100318. 10.1016/j.onehlt.2021.100318
https://doi.org/10.1016/j.onehlt.2021.100318

Barua S, Hoque M, Adekanmbi F, Kelly P, Jenkins-Moore M,
Torchetti MK, et al. Antibodies to SARS-CoV-2 in dogs and
cats, USA. Emerg Microbes Infect. 2021;10:1669-74.

https:/ /doi.org/10.1080/22221751.2021.1967101
Michelitsch A, Hoffmann D, Wernike K, Beer M. Occurrence
of antibodies against SARS-CoV-2 in the domestic cat
population of Germany. Vaccines (Basel). 2020;8:772.

https:/ /doi.org/10.3390/ vaccines8040772

Zhao S, Schuurman N, Li W, Wang C, Smit LAM, Broens EM,
et al. Serologic screening of severe acute respiratory syndrome
coronavirus 2 infection in cats and dogs during first
coronavirus disease wave, the Netherlands. Emerg Infect Dis.
2021;27:1362-70. https:/ / doi.org/10.3201/eid2705.204055
Zhang Q, Zhang H, Gao J, Huang K, Yang Y, Hui X, etal. A
serological survey of SARS-CoV-2 in cat in Wuhan. Emerg
Microbes Infect. 2020;9:2013-9. https:/ /doi.org/10.1080/
22221751.2020.1817796

Dias HG, Resck MEB, Caldas GC, Resck AF, da Silva NV,
Dos Santos AMYV, et al. Neutralizing antibodies for
SARS-CoV-2 in stray animals from Rio de Janeiro, Brazil.
PLo0S One. 2021;16:0248578. https:/ /doi.org/10.1371/
journal.pone.0248578

van der Leij WJR, Broens EM, Hesselink JW, Schuurman N,
Vernooij JCM, Egberink HF. Serological screening for
antibodies against SARS-CoV-2 in Dutch shelter cats.
Viruses. 2021;13:1634. https:/ /doi.org/10.3390/v13081634

Address for correspondence: Sandra Barroso Arévalo,

Complutense University of Madrid — Animal Health,
AV Puerta del Hierro SN Madrid, Madrid 28040, Spain;
email: sandrabarroso@ucm.es

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 29, No. 6, June 2023



