
HAL Id: hal-03233927
https://hal.u-pec.fr/hal-03233927

Submitted on 15 Jun 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License

Absence of SARS-CoV-2 infection in cats and dogs in
close contact with a cluster of COVID-19 patients in a

veterinary campus
Sarah Temmam, Alix Barbarino, Djérène Maso, Sylvie Behillil, Vincent

Enouf, Christèle Huon, Ambre Jaraud, Lucie Chevallier, Marija Backovic,
Philippe Pérot, et al.

To cite this version:
Sarah Temmam, Alix Barbarino, Djérène Maso, Sylvie Behillil, Vincent Enouf, et al.. Absence of
SARS-CoV-2 infection in cats and dogs in close contact with a cluster of COVID-19 patients in a
veterinary campus. One Health, 2020, 10, pp.100164. �10.1016/j.onehlt.2020.100164�. �hal-03233927�

https://hal.u-pec.fr/hal-03233927
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr


Contents lists available at ScienceDirect

One Health

journal homepage: www.elsevier.com/locate/onehlt

Absence of SARS-CoV-2 infection in cats and dogs in close contact with a
cluster of COVID-19 patients in a veterinary campus
Sarah Temmama,b,1, Alix Barbarinoc,1, Djérène Masoc, Sylvie Behillild, Vincent Enoufd,
Christèle Huona, Ambre Jaraudc,e,f, Lucie Chevallierc,e,f, Marija Backovicg, Philippe Pérota,b,
Patrick Verwaerdec,e, Laurent Tiretc,e,f, Sylvie van der Werfd, Marc Eloita,b,c,a,⁎

a Institut Pasteur, Pathogen Discovery Laboratory, Paris, France
b Institut Pasteur, The OIE Collaborating Centre for Detection and Identification in Humans of Emerging Animal Pathogens, Paris, France
c École nationale vétérinaire d'Alfort, Maisons-Alfort, France
d Institut Pasteur, National Reference Center for Respiratory Viruses, Molecular Genetics of RNA Viruses, CNRS-UMR 3569, Univ Paris, Paris, France
eUniv Paris Est Creteil, INSERM, IMRB, Creteil, France
f EFS, IMRB, Creteil, France
g Institut Pasteur, Unité de Virologie Structurale - CNRS, UMR3569, Paris, France

A R T I C L E I N F O

Keywords:
COVID-19 epidemiology
Outbreak
Self-isolation
Feline
Canine
Luciferase immunoprecipitation system
LIPS

A B S T R A C T

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which originated in Wuhan, China, in 2019, is
responsible for the COVID-19 pandemic. It is now accepted that the wild fauna, probably bats, constitute the
initial reservoir of the virus, but little is known about the role pets can play in the spread of the disease in human
communities, knowing the ability of SARS-CoV-2 to infect some domestic animals. In this cross-sectional study,
we tested the antibody response in a cluster of 21 domestic pets (9 cats and 12 dogs) living in close contact with
their owners (belonging to a veterinary community of 20 students) in which two students tested positive for
COVID-19 and several others (n = 11/18) consecutively showed clinical signs (fever, cough, anosmia, etc.)
compatible with COVID-19 infection. Although a few pets presented many clinical signs indicative for a cor-
onavirus infection, no antibodies against SARS-CoV-2 were detectable in their blood one month after the index
case was reported, using an immunoprecipitation assay. These original data can serve a better evaluation of the
host range of SARS-CoV-2 in natural environment exposure conditions.

1. Introduction

SARS-CoV-2 infection has presented unprecedented challenges re-
lated to viral disease control and prevention worldwide. While the
emergence of the virus is now well-documented, important questions
regarding the transmissibility of the disease among human populations
remain to be answered. SARS-CoV-2 might infect animals [1], including
dogs, cats, ferrets [2–4] or minks [5]. Therefore, the hypothesis that
small domestic animals could serve as intermediate or amplification
hosts of the virus needs to be further addressed in a One Health ap-
proach [6,7]. To increase the knowledge regarding transmission rates in
circumstances of contamination that ensure efficient human-to-human
transmission, we have investigated the infection status of dogs and cats
living in close proximity with a cluster of veterinary students who de-
veloped COVID-19 symptoms in Winter 2019–2020, i.e. during the

initial phase of the first wave of the pandemic in France.

2. Methods

We investigated the presence of SARS-CoV-2 infection of domestic
cats (n= 9) and dogs (n= 12) living in close contact with a cluster of
French veterinary students, their owners (n = 18), whose median age
was 23 years (21–28 years). 14/18 students lived in university re-
sidences with common traffic areas and daily outdoor activities to allow
animals, especially dogs, to relieve themselves in spaces that were
shared by all animals. The other four students lived outside the re-
sidence, with reduced contact during lockdown, except for one student
who lived with a roommate. All 18 students had contact with at least
one sick person within three weeks prior sampling and 11 of them
developed symptoms compatible with COVID-19 between February
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25th and March 18th, 2020. The symptoms were mainly cough, with or
without fever. Headaches, dyspnea and dizziness were reported for one
case. Among symptomatic students, two were tested positive for SARS-
CoV-2 by RT-PCR. The other nine symptomatic patients were not tested
in accordance with French regulations that, at the time of sampling, did
not request to test all patients in such clusters. Other owners (7/18)
were asymptomatic at the time of sampling. All of the owners were in
the close vicinity of their pets, e.g. living in the same room – of 12 to 17
square meters - and sharing the same bed (8/8 of cats' owners and 4/12
of dog's owners); accepting face/hand licking (6/8 and 11/12 of cats'
and dogs' owners, respectively). All cats were domestic European
Shorthair cats. Dogs included in the sampled panel were either cross-
bred (n = 6) or purebred individuals from the Labrador Retriever,
Shetland Sheepdog, Belgian Malinois and White Swiss Shepherd breeds
(n = 6). The average age of these sampled adult animals was 3.3 years
for cats (min: 6 months; max: 6.5 years) and 2.7 years for dogs (min:
4 months; max: 8 years). Small pets were free of clinical signs, except
some respiratory or digestive signs reported for three cats, in-
dependently.

Sera from this per-epidemic cohort of pets (hereafter named “pets
epidemic”, n = 21) were freshly prepared from blood collected on
March 25th, one month after the index case. A panel of biobanked sera
was also obtained from a second cohort (named “pets pre-epidemic”
n= 62), composed of animals sampled before the COVID-19 pandemic
- between October 2015 and October 2018, containing 55 dogs from 32
popular breeds and seven cats including five European Shorthair, one
Turkish Angora and one Devon rex.

The search for antibodies against SARS-CoV-2 was carried out on
the 79 sera of the two cohorts using a Luciferase Immuno-Precipitation
System (LIPS) assay validated and used previously [8–11], using two
antigens: (i) the S1 domain of the SARS-CoV-2 S spike protein and (ii)
the C-terminal part (residues 233–419) of the SARS-CoV-2 N nucleo-
protein [12]. Viral antigens were produced in HEK-293F cells trans-
fected with plasmids expressing the gene for Nanoluc fused to the C-
terminus of the viral protein. Recombinant proteins were harvested
from the supernatant (S1, which is a surface glycoprotein secreted in
culture supernatant) or cell lysate (N, which is located inside the virus)
without any purification step and incubated with 10 μL of animal
serum. The immune complexes were precipitated with protein A/G-
coated beads, washed, and the luciferase activity was monitored on a
Centro XS3 LB 960 luminometer (Berthold Technologies, France). The
positivity threshold was defined as the mean of 10 negative controls
(without serum) + five standard deviations. Human patients' sera
collected before and during the course of the epidemic were used as
negative and positive controls respectively. The LIPS assay was initially
designed to maximize the specificity of the test (> 95%) to ensure that
human seasonal HCoV were not detected when searching for SARS-
CoV-2 Ab, assuming a lower sensitivity. The sensitivity of the LIPS assay
has been evaluated in mildly symptomatic humans as 91.4% when
compared to the very sensitive cytometric assay [8].

3. Results

SARS-CoV-2 specific antibodies were not detected in the “pets epi-
demic” cohort, and no statistical difference was observed compared to
the “pets pre-epidemic” cohort (Fig. 1). In addition, late nasal and rectal
swabs were taken during one week, starting from the day of blood
sampling (March 25th) and all animals tested negative for the presence
of SARS-CoV-2 by RT-PCR (who.int/docs/default-source/coronaviruse/
whoinhouseassays.pdf). We concluded that none of the animals in-
cluded in this study had been or was infected by SARS-CoV-2, despite
repeated close intra-species daily contacts on the campus, and more
importantly despite frequent and lasting contacts with COVID-19 pa-
tients confined to small rooms.

4. Discussion

Several studies have investigated the susceptibility of domestic an-
imals and their putative role in the current COVID-19 pandemic (review
in [1]). Ferrets, in particular, are used for modeling SARS-CoV-2 in-
fection in humans [2], understanding the route of transmission [13]
and developing therapeutic strategies [14].

Among seven domestic animal species tested, Shi et al. [3] have
demonstrated that ferrets, cats and dogs can be experimentally infected
by the intranasal route, probably through the viral receptor angio-
tensin-converting enzyme 2 (ACE2). Accordingly, it has been recently
demonstrated that ACE2 from these species, as well as from others
known to support SARS-CoV-2 infection, tolerates many amino acid
changes with no decrement in its receptor function, a feature that
predicts a low species barrier [15]. Interestingly, key ACE2 residues
that distinguish susceptible from resistant species have been identified
by Alexander et al. [16], in a scoring model that may also explain the
highly contagious nature of the virus among humans. Dogs, that express
low levels of ACE2 in the respiratory tract [15], had a susceptibility
score of 23 in the work of Alexander et al. and were actually shown by
Shi et al. to be less susceptible to experimental infection than cats,
which had a SARS-CoV-2 susceptibility score of 27 [3,16]. Cats, during
their juvenile post-weaning life (70–100 days), appear to be more
vulnerable than older ones [3]. Shi et al. also reported that one out of
three naïve cats exposed to infected cats became infected, showing that
intra-species respiratory droplet transmission can occur in cats, at least
from cats experimentally infected with 105 PFU by the intranasal route
[3]. Nasal shedding and subsequent transmission of the virus by direct
contact between virus-inoculated cats has also been reported in
asymptomatic cats by Halfman et al. [17].

Consistent with the increased susceptibility of this domesticated
species, a study of 102 pet cats living in Wuhan, China, and collected in
the first quarter of 2020 during the pandemic period, has reported a
prevalence of 14.7% seroconverted cats, with cats owned by COVID-19
patients (presumably adults cats) having the highest neutralization ti-
ters [18]. SARS-CoV-2 neutralizing antibodies have also been found in
two cats and one dog among 10 cats and nine dogs recruited from
COVID-19 patients admitted to Wuhan Hospital in March 2020 [19].
On the other hand, a serological survey conducted in China in com-
panion and street cats (n = 87) and dogs (n = 487) sampled from
November 2019 to March 2020 has shown no detectable SARS-CoV-2
specific antibodies [20]. In the latter work, one dog was owned by a
SARS-CoV-2 patient and two dogs were in close contact with it during
the quarantine. In a collaborative work, we have described in Belgium
the first case in cat, identified in March, presenting with diarrhea fol-
lowed by an acute respiratory syndrome [21]. In the United States, the
first two domestic cats displaying respiratory illnesses alongside with
SARS-CoV-2 infection were reported in April 2020 [22]. Both cats were
owned by persons with suspected or confirmed COVID-19. In France,
one cat with mild respiratory and digestive signs tested positive by RT-
qPCR on rectal swab (but not on nasopharyngeal swab) with antibodies
detected in the serum [23]. This case was reported from a series of 22
cats and 11 dogs whose owners were suspected or confirmed positive
for COVID-19. Altogether, these results and the present finding high-
light that natural infection of cats is possible but remains a rare event.
Consequently, the success of detecting SARS-CoV-2 seropositive pets
seems to be linked to well-defined narrowed human/pets interfaces.

Although based on a small cluster of 21 domestic pets, our cross-
sectional study based on the antibody response one month after ex-
posure to the index case points to undetectable interspecific transmis-
sion of the SARS-CoV-2 virus between COVID-19 patients and domestic
dogs or cats under natural exposure conditions. To support the absence
of asymptomatic long portage in seronegative animals, late PCRs
(sampling starting from March 25th) had been performed and were
negative. Given the susceptibility of cats inoculated intranasally with
105 PFU or by direct aerosol transmission from infected cats [3,17], it is
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conceivable that the infected and seroconverted cats identified in
Wuhan, China [18,19], had either been in contact with patients whose
viral load was higher than in our study (which is supported by the fact
that patients were hospitalized, conversely to our study in which po-
sitive students presented mild symptoms), or have had more contacts
with infected cats. These questions among others will need to be further
addressed.

Therefore, despite the susceptibility of some animal species revealed
in observational or experimental conditions and making the juvenile
cat, in particular, a potential model of SARS-CoV-2 replication, our
results support evidence for a nil or very low COVID-19 rate of infection
in companion dogs and cats, even in a situation of repeated contacts
and close proximity to infected humans. This suggests that the rate of
SARS-CoV-2 transmission between humans and pets in natural condi-
tions is probably low, below a reproduction number of 1. Replication
studies to accurately characterize a possible role of pets, and especially
feline, as an intermediate host vector of SARS-CoV-2, are needed in
different international contexts. This should include larger populations
and the study of the role of the age of the animals and of the sur-
rounding viral load, such as recently surveyed in northern Italy at a
time of frequent human infection [24].
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