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Abstract

The epidemiological role of cats in the coronavirus disease pandemic remains unclear despite of several
studies that have been conducted to understand it, in other words it is not yet known whether the cat
would be able to transmit severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) to humans.
Taking that into account, the objective of this study was to conduct a systematic review to identify what
is known and not known on this topic. Our results revealed that cats can be infected through an airborne
(perhaps oral, too) route and that the clinical development of the infection in cats is parallel to that in
humans. The majority of infected cats remained asymptomatic, and more severe clinical cases described
occurred only in animals with comorbidities. In addition to infection, cats achieved seroconversion with
detectable titers. However, the epidemiological role of cats in relation to transmission routes of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) remains unclear and needs to be studied further. We
emphasize that, regardless of the conclusion regarding the epidemiological role of cats, this reinforces the
concepts of ONE HEALTH to be incorporated into the studies and practices of epidemiological surveillance
of infectious diseases, with multidisciplinary teams, to achieve an understanding of the transmission of
diseases with zoonotic potential.
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Resumo

O papel epidemiolégico dos gatos na pandemia da doenca causada pelo novo coronavirus ainda ndo
foi esclarecido. Apesar de varios estudos realizados, ainda nao foi determinado se os gatos poderiam
transmitir o virus da sindrome respiratéria aguda grave coronavirus 2 (SARS-CoV-2) para os humanos.
Diante disso, o objetivo deste estudo foirealizar uma revisao sistematica sobre esse tema. Nossos resultados
destacam os achados de que os gatos podem ser infectados por via aérea, talvez oral também, e de que o
desenvolvimento clinico da infeccao em gatos guarda um paralelo com a infeccdo em humanos, pois a
maioria dos gatos infectados que foram estudados permaneceu assintomatica, e os casos clinicos mais
graves descritos ocorreram apenas em animais com comorbidades. Além da presenca do virus, os gatos
também desenvolvem anticorpos especificos. Ressaltamos que, independentemente da conclusdo quanto
ao papel epidemiologico dos gatos, os achados desse estudo reforcam os conceitos de UNICA SAUDE
a serem incorporados aos estudos e praticas de vigilancia epidemiolégica de doencas infecciosas, com
equipes multidisciplinares, para o entendimento da transmissdo de doengas com potencial zoonético.

Palavras-chave: gatos domésticos, epidemiologia, SARS-CoV-2.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of an
unprecedented pandemic of coronavirus disease (COVID-19) (47 million confirmed cases and
more than 1 million deaths [World Health Organization, 2020]), has been intensively studied to
better understand how this virus has developed and spread around the world. Among these
epidemiological studies, its zoonotic potential and ability to infect several species of animals
have been explored (Morais et al., 2020).

In these studies, cats have received more attention because of the scientific evidence that these
animals can be infected by humans and can transmit it to other cats, as well as presentation of a
humoral response with neutralizing antibodies (Halfmann et al,, 2020; Morais et al,, 2020; Zhanget al,,
2020). Other studies have also revealed that cats are more susceptible to SARS-CoV-2 than dogs, due
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toa greater expression of angiotensin converting enzyme 2 (ACE2), as there is a greater homology
of feline ACE2 than of canine ACE2 with human ACE2 (Alexander et al., 2020; Mathavarajah &
Dellaire, 2020; Dhama et al. 2020).

The epidemiological role of cats in relation to COVID-19 needs to be accurately assessed in
view of the importance of these discoveries in combating the pandemic. Therefore, this study
aimed to present a systematic review of the epidemiological, clinical, and diagnostic aspects
already identified in cats with SARS-CoV-2 to precisely contribute to this assessment.

Materials and methods

Searches for scientific articles were carried out on PubMed, Scopus, and SciELO databases with
the keywords “SARS-CoV-2," “cat,” and “feline” and in combinations such as “SARS-CoV-2"
and “cat” or “feline,” “SARS-CoV-2, and cat,” and “SARS-CoV-2 and feline.” The search included
original articles, review articles, letters to the editor,and comments to capture all possible relevant
information to describe the possible epidemiological role of the domestic cat in the transmission
of SARS-CoV-2.

The articles were selected in four stages: first, the titles were read; second, their summaries
were read; third, the entire content of each article was read; and finally, duplicates were removed.
Subsequently, the selected articles as well as any relevant literature cited in those articles were

recorded (Figure 1).
.
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Figure 1. Retrieval flow chart.

The scientific evidence presented by the articles was also cataloged in the form shown below
in the Results section.

Results

On October 28, 2020, the keywords and appropriate combinations were searched. Initially,
92 articles were retrieved from PubMed and 186 from Scopus. No articles were found in the
SciELO. After the titles were read, 215 articles were discarded, either because they were about
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CAT scans (the vast majority) or because they did not fit the established criteria to be included
in the study. Of the remaining 63 articles, six possibilities of treating COVID-19 with drugs for the
treatment of feline infectious peritonitis were excluded, and it was found that 18 were repeated.
Two other articles were included from the articles that were already selected.

The findings were grouped into epidemiological, clinical, and immunological aspects so that
the possible epidemiological role of cats in this SARS-COV-2 pandemic could be analyzed in a
broader way. The main findings are summarized in Table 1.

Table 1. Main scientific findings of cats with SARS-COV-2.

Aspects
Epidemiological Clinical Immunological
Pathways of SARS-COV-2 into b Airborne transngssjon 4 cats can develop neutralizing
host cells (human and animals) etween cats was He tecte antibodies against RBD,
experimentally nucleoprotein N, and protein

ACE2 receptor homology
between cats and human

Some epidemiological surveys
identified cats with SARS-COV-2
in cohabitation with human
COVID-19 cases

Cats may develop specific
antibodies against SARS-COV-2
virus

References: Barrs et al. (2020),
Belouzard et al. (2012), Brooke &
Prischi (2020), Chiocchetti et al.

(2020), Decaro & Lorusso
(2020), Deng et al. (20203,
2020b), Dhama et al. (2020),
Garigliany et al. (2020), Jo et al.
(2020), Mathavarajah &
Dellaire (2020), Munnink et al.
(2020), Ruiz-Arrondo et al.
(2021), Stout et al. (2020),
Temmam et al. 2020),
Zhang et al. (2020)

higher viral load in the upper
respiratory tract, and other body
parts

Cats may stay asymptomatic;
few cases of symptomatic cats
were described.

Cats can show general clinical
signs of an infectious process,
including fever, cough, lethargy,
and difficulty breathing.

Cats' viremia period may be
short

References: Bosco-Lauth et al.
(2020), Gaudreault et al.
(2020), Halfmann et al. (2020),
Joetal. (2020), Musso et al.
(2020), Newman et al. (2020),
Patterson et al. (2020),
Sailleau et al. (2020), Shi et al.
(2020)

S, without cross-reaction
with other typically feline
coronaviruses

In experimental infections,
the inoculated animals had a
high viral load and remained

asymptomatic for the follow-up
period. The few symptomatic
clinical cases described in
literature, possibly of natural
infection, had a lower viral load.

References: Bosco-Lauth et al.
(2020), Halfmann et al. (2020),
Shi et al. (2020), Zhang et al.
(2020)

Discussion

Epidemiological aspects

Domestic animals, especially pets, are being evaluated to better understand their possible
epidemiological role in the transmission of SARS-CoV-2. Given the novelty of this virus, many
bioinformatics tests, experiments to evaluate the route of entry of SARS-CoV-2 into the cells, and
simulations have been performed.

The SARS-CoV-2 entry pathway in host cells occurs through the interaction of glycoprotein
S with the cell's ACE2 receptor, which is expressed in the cells of several mammalian species
(Belouzard et al., 2012; Brooke & Prischi, 2020). In felines, it is expressed in several cell types,
including the skin cells (Chiocchetti et al., 2020; Sun et al,, 2020). Through a combination of this
information with the results of an experimental infection of feline cell cultures, descriptions of
clinical cases (with positive reverse transcription polymerase chain reaction [RT-gPCR] results),
and SARS-CoV-2 transmission between cats, they have been established as SARS-CoV-2 hosts
(Chiocchetti et al., 2020; Halfmann et al.,, 2020; Luan et al.,, 2020).
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Surveillances of human patients with COVID-19 who lived with cats revealed that SARS-CoV-2 was
detected in 6 of 50 cats (12%), and samples from a cat owner with COVID-19 and his cat were
sequenced and considered identical (Barrs et al,, 2020). In a seroepidemiological survey in Italy,
the seroprevalence of antibodies against SARS-CoV-2 in cats was 3.9%; however, no RT-PCR
results were positive (Decaro & Lorusso, 2020), which raises questions about the time of viremia
in these animals.

Zhang et al. (2020) performed serological tests on cats in Wuhan, the city where the
COVID-19 pandemic began, and found that 14.7% (15/102) of feline sera collected during the
outbreak showed antibodies against the receptor-binding domain (RBD), with high titers of
neutralizing antibodies (ranging from 1/20 to 1/1,080). In addition, western blotting verified the
presence of specific IgGs against protein S and protein N of SARS-CoV-2 in cats. Furthermore,
the sequencing of virus samples identified in felines performed by Ul-Rahman et al. (2020) was
phylogenetically identical to that of the Wuhan strains.

Temmam et al. (2020) examined dogs and cats that lived with veterinary medicine students who
contracted COVID-19. As RT-PCR from swabs and serological tests did not detect the presence of the
virus or any immunological response, they concluded that the transmission capacity of humans to
animals might be low. However, this study evaluated only a small group (9 cats and 12 dogs that lived
with 18 students). Additionally, in the period from the index case until the animals were tested, few
animals showed characteristic symptoms of respiratory infection that were spontaneously cured.

Inaseroepidemiological survey conducted in China, Deng et al. (2020a) did not detect antibodies
inany of the cats analyzed. In view of the disagreement between their results and those of other
studies, Deng et al. (2020b) published a comment in which they raised the hypothesis that cats
become infected when they have close contact with humans.

There are still controversies about the potential epidemiological role of felines in the
transmission of SARS-CoV-2. Cats can acquire SARS-CoV-2 from humans (Barrs et al., 2020;
Garigliany et al., 2020; Ruiz-Arrondo et al., 2021), but there is still no evidence that humans
can acquire SARS-CoV-2 from cats or how often this occurs. It is worth noting that, since the
beginning of the pandemic, the only case of animal-human transmission has recently been
reported in Denmark, where transmission of SARS-CoV-2 occurred from a mink to a human.
This fact, together with some detected mutations (Munnink et al., 2020), could make this virus
even more infectious, culminating in the decision to slaughter the entire mink herd in Denmark
(European Centre for Disease Prevention and Control, 2020).

Nevertheless, it seems reasonable to think that even though the infection of humans by felines
is a rare event, in terms of populations of countries, or even the world, this possibility may be
relevant because of the absolute number of cases that this event can represent (Morais et al., 2020).

Clinical aspects and viral identification

Toinvestigate how cats can contract SARS-CoV-2, becomeill, and transmit SARS-CoV-2 to other
animals or humans, studies have been conducted using experimental infection in cats. Shi et al.
(2020) infected seven young cats intranasally with strains of SARS-CoV-2 and placed the infected
catsin cages next to other cages with uninfected cats to check for airborne transmission. Owing
tothe aggressive behavior of these cats, intranasal lavages were not performed, but stool samples
were analyzed to assess the presence of the virus. On day 3 post-infection, virus particles were
detected in the feces of one of the uninoculated animals. These animals were euthanized, and
the virus was detected in the upper airways (soft palate, tonsils, nasal sinuses, trachea, lungs, and
intestines). Transmission between cats was also experimentally detected by Halfmann et al. (2020),
where the presence of the virus was detected in rectal swabs and fresh feces, raising questions
about the possibility of a fecal-oral transmission route (Gaudreault et al., 2020; Shi et al., 2020).

Inother studies of experimental infections in cats, no apparent clinical signs were observed, and the
animalsremained asymptomatic during all the experiments (Gaudreault et al. 2020). These authors also
detected the presence of the virus throughout the respiratory and digestive tracts, where the viral load
was higher in the upper respiratory tract than in the bronchi. These findings corroborate the results of
Shietal. (2020)and Halfmann et al. (2020) who showed that the virus could be transmitted from cats
to cats through air. Therefore, considering that there is a possibility of transmission of asymptomatic
cats, thismay be one of the explanations of why SARS-CoV-2 has spread so quickly around the world.
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Bosco-Lauth et al. (2020) recommend the use of cats as models to investigate the transmission
of SARS-CoV-2, as they also found a higher viral load in the upper respiratory tract, including the
development of some injuries in these tissues due to viral infection. Furthermore, according to
clinical case reports, cats can show general clinical signs of an infectious process, including fever,

cough, lethargy, and difficulty breathing (Table 2).

Table 2. Clinical reports of COVID-19 in cats.

In contact witha
Countr human patient with Did the cat exhibit Diagnostic tests References
Y CcOVID-19? Human-cat clinical symptoms? 8
transmission?
Asymptomatic RT-PCR detection of
period and period viral RNA in samples
with general clinical of oropharyngeal
signs of infectious swabs, feces .
. . " Garigliany et al.
Belgium Yes, its owner processes (cough, and vomiting. 2020)
difficulty breathing, Neutralizing
prostration) evolved antibodies detected
with spontaneous by different
cure serological tests
Cats with
Two animals SARS_COV_Z
Suspicious because identified with confirmed via
United . N RT-PCR and Newman et al.
owners had COVID-19 general clinical signs L
States ) neutralizing (2020)
symptoms first (lethargy, cough, and bodies but viral
eve discharge) antibodies, but vira
isolation could not
identify the virus
The symptomatic
o cat tested positive
One cat exhﬂ_)lted on RT-PCRin
general clinical
Cats of a person who Sions of 1eSpirator nasal swabs; the
died due to COVID-19 SIBNS € P y asymptomatic cat .
. . infection, however . Segalés et al.
Spain were examined, and . o tested negative. Both
. it had comorbidities. . (2020)
the viral sequences had cats had neutralizing
The second . . .
99.99% of homology : titers against protein
cat remained
s tomatic S and RBD but were
ymp negative against
protein N
Developed general Rectal and
Yes, owner had clinical signs of nasopharyngeal Sailleau et al
France COVID-19 before the cat viral infection swabs positive in (2020) ’
developed symptoms approximately 17 RT-PCR, neutralizing
days after the owner antibody titration
Dyspnea and
vesicular murmurs
at lung auscultation,
Unable to establish ground-glass pattern
in the lung, and swift
whether there was : :
. death (could not Detection of viral
contact with people . Musso et al.
Italy : assess whether the RNA in pharyngeal
with COVID-19 or other . (2020)
cat died of COVID-19 swab
cats because the cat had .
or another disease,
access to the street .
but the picture was
similar to that of
human development
of COVID-19)

Abbreviations: COVID-19, coronavirus disease; RBD, receptor-binding domain; RT-PCR, reverse transcription polymerase chain reaction
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To date, there is still no consensus on which techniques are the most suitable for detecting
SARS-CoV-2in cats. Upper airway swabs and rectal swabs for the detection of viral RNA by RT-gPCR
have been used by several research groups, and the SARS-CoV-2 detection targets were NI gene,
Spike gene, and RBD segments (Bosco-Lauth et al., 2020; Garigliany et al., 2020; Halfmann et al,,
2020; Musso et al,, 2020; Sailleau et al,, 2020; Segalés et al., 2020; Shi et al., 2020).

In the studies mentioned above, there was a tendency for cats to develop clinical signs at
various times (3-17 days) after their infected owners showed symptoms (Garigliany et al., 2020;
Newman et al,, 2020; Sailleau et al., 2020; Segalés et al., 2020). In experimental models to assess
the transmission in cats, the period of initial contact of the animals (inoculated and uninoculated)
was 1-5 days (Gaudreault et al,, 2020; Halfmann et al., 2020; Shi et al., 2020). These reports show
that the prepatent period of SARS-CoV-2 infection in cats can vary from a few days to weeks and
depends on the means of contamination: from humans with COVID-19, from the environment,
or from other cats.

In naturally infected animals that could be tested from the beginning of the infection until the
remission of clinical signs, the virus could no longer be detected 10 days after the first detection
(Garigliany et al., 2020; Sailleau et al., 2020). This result corroborates the findings of Patterson et al.
(2020) and reinforces the idea that the viremia period in cats is short.

In summary, it can be assumed that cats develop SARS-CoV-2 infection, with a prepatent period
varying from 2 to 17 days. Cats can become infected through the respiratory route and perhaps
orally and have a short period of viremia. However, the starting process of the infection has not
been elucidated. Despite the detection of the virus in the upper airways, trachea, bronchioles,
gastrointestinal tract, and feces, the virus was not detected in the blood (Bosco-Lauth et al.,
2020; Gaudreault et al,, 2020; Shi et al.,, 2020). Most infected cats remain asymptomatic or
oligosymptomatic, and severe cases, asin humans, are associated with comorbidities (Musso et al.,
2020; Segalés et al., 2020).

Immunological aspects

There is evidence that cats can develop neutralizing antibodies against RBD, nucleoprotein
N, and protein S, with no cross-reaction of the serological tests used with other typical feline
coronaviruses (Gaudreault et al, 2020; Shi et al, 2020; Zhang et al., 2020). It has been suggested that
felines should also be used as models in the development of vaccines against SARS-CoV-2 because
they have demonstrated resistance to reinfection and have high titers of neutralizing antibodies
(Bosco-Lauth et al., 2020).

Furthermore, it is important to note that for the experimental infections, the inoculated
animals had a high viral load and remained asymptomatic during the follow-up period. The few
symptomatic clinical cases described in the literature, possibly due to natural infection, had a
lower viral load. These findings, apparently paradoxical, need to be further studied.

Final considerations

Although some evidence on the role of domestic animals in the epidemiological routes of
SARS-COV-2 demonstrates that they may not be an important route of transmission, further
research and other aspects should be considered to establish the epidemiological part of domestic
catsin the COVID-19 pandemics. Jo et al. (2020) hypothesized that the proportion of the current
COVID-19 pandemic is due to animal reservoirs and disseminators.

In this scenario, thereis scientific evidence for the natural transmission of the SARS-COV-2 virus
from humans to cats, so much so that the virus sequenced in a cat and its owner, who developed
symptoms before the animal, had 99.99% homology (Segalés et al. 2020). There is also evidence
of transmission between cats via the airborne route (Halfmann et al.,, 2020; Shi et al. 2020). These
findings raise questions about whether there is really no transmission from cats to humans.
Therefore, it is advisable for people with COVID-19 to adapt their quarantine measures and avoid
contact with their cats.

Furthermore, due to the origins of coronaviruses in animals as the spillover ability of
coronaviruses, other researchers have highlighted the need to study animals and the full zoonotic
potential of this disease (Abdel-Moneim & Abdelwhab, 2020; Deng et al., 2020b; Leroy et al,,
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2020; Paltrinieri et al., 2020; Sharun et al., 2020; Stout et al., 2020; Salajegheh Tazerji et al,, 2020;
Wang et al., 2020; Wu et al., 2020).

The role of domestic cats remains controversial as to whether animals would actually have a
protective effect against SARS-CoV-2 in their owners has also been explored. Since the consistent
exposure of animal owners to their pets, viral epitopes could modulate their immune response
to be more effective against infection from this group of viruses (Jurgiel et al., 2020).

Regardless of what is concluded based on results from new studies, there is in fact a strong
indication for the concepts of ONE HEALTH to be incorporated into the studies and practices of
epidemiological surveillance of infectious diseases, with multidisciplinary teams that recognize
the connection between human and animal health and environment.

The current pandemic and previous experiences with worldwide outbreaks (e.g., SARS-CoV,
MERS-CoV, and HIN1) reinforce the need for actions based on ONE HEALTH approach worldwide,
such as the 2007 recommendation (Cheng et al., 2007; Mobasheri, 2020) with a specific warning
about a virus similar to SARS-CoV in bats from China with a great epidemic potential.

Conclusions

This review revealed the importance of continuing to study the relationship between
SARS-CoV-2 infections in humans and cats, as a result of the biological nature of the infection,
because the absolute number of cases of cross-infection, although relatively small, can reach a
great value in terms of the human population in a global pandemic.

Thereis also aneed for the concept of One Health to be incorporated into the study and practice
of epidemiological surveillance of infectious diseases, with multidisciplinary teams that can look
further, recognizing the connection between human and animal health.
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