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ABSTRACT
The emerging coronaviral infection named as COVID-19 was officially declared as pandemic on 11, March 2020 by WHO. It has so far
been reported from 215 countries or territories affecting about twenty seven million people infected globally. The novel attributes on
COVID-19 with sporadic reports on animal, alarms the future chances of animal mediated COVID-19 transmission. Despite lockdown
in two-third of the global population, health officials are worried about the risky nature of animal infection in the current pandemic
situation. The reverse zoonotic index cases in the current epidemic reported sporadically in animals through infected humans. Reported
evidence suggests that bat as the major reservoir involved in COVID-19. However, still, the role of intermediate host involvement in
the human COVID-19 transmission from the bat is not yet understood. It is clear that humans play a potent source of infection to
transmit the disease to other humans and animals. A literature survey was conducted to a) understand the level of animal’s involvement
in COVID19 pandemic and b) to measure the amount of risk of reverse zoonoses in pet animals, exposed animals etc. The
epidemiological investigation suggested the need for strong surveillance on the human-animal interface area with strict advisory
measures to combat this dangerous disease transmission to humans and other animals. Hence understanding animal’s role in the
current pandemic is of prime importance in devising preparedness and control strategies through unique one health approach. In
implementing suitable research protocol at animal-human interface along with environment by devising appropriate control strategies
will reduce the future reverse zoonosis risk in the current pandemic through a holistic one health drive.
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The ongoing epidemics of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV 2) is one of the
dangerous infectious diseases, so far reported in the
millennium. At the fag end of the year 2019, Wuhan province,
China reported a viral pneumonia infection whose origin was
not known. Anamnesis revealed majority of the affected
people was associated with local seafood animal market.
Later, the virus was named SARS-CoV 2 due to its
phenotypic as well as genotypic similarities with severe acute
respiratory syndrome coronavirus (SARS-CoV) (Bedford et al.,
2020; Heymann and Shindo, 2020; Wong et al., 2020).
Severe contagiousness of SARS-CoV 2 has been attributed
to the novel characteristics and poor knowledge about its
epidemiological triad. Despite coronaviral lockdown in two-
third of the world, researchers are continuously working to
decipher SARS-CoV 2 virus epidemiology, transmission,
host involved, therapeutics and vaccines. Reported
evidences suggests that, bat is the principle host and also
acts as a reservoir in the transmission of SARS-CoV 2 virus.
However, the intermediate host and its role in the animal to
human transmission is yet to be understood (Lake, 2020).
The sequencing data suggests that bat and pangolin may
be involved in the pandemic SARS-CoV 2 spread among
human population (Guo et al., 2020; Lake, 2020; Zhang et al.,
2020a and 2020b). Understanding the epidemiological triad
which includes host, agent and environment during
epidemics will play a pivotal role in devising effective control
measures which eventually aims to curtail the epidemic

curve (Fig 1). This review aims to provide information
regarding the role of animals in the current pandemic
thorough literature survey and to discuss the level of risk in
pet animals and exposed animals and issues related to one
health approach in contending the current epidemics. 

History and Origin of COVID-19
In December end of 2019, a group of people who had a
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history of respiratory infection with unknown etiology was
reported by Wuhan Municipal Health Commission, Wuhan,
China. Most of the cases were closely associated with the
local seafood market (Guo et al., 2020). The unknown
pathogen was identified as a novel coronavirus (nCoV) on
January 8, 2020, by Center for Disease Control and
Prevention (CDC), China due to its genetic similarity and
resemblance of clinical signs with the earlier reported
coronaviral infections. Further, on 20th of January human to
human transmission of nCoV was offic ially reported.
Meanwhile, Wuhan and other areas of China disturbed with
huge epidemics of nCoV infection and showed a basic
reproductive ratio (Ro) varied from 1.4 to 3.9 (Li et al., 2020).
However, the transmission of nCoV crossed the national
boundaries of China and reached Thailand on 13, January
2020 followed by several nations (Wu et al., 2020).
Considering earlier data similarity with nCoV, World Health
Organisation (W HO) offic ially named as Coronavirus
Diseases 2019 (COVID-19) and International Committee on
Taxonomy of Viruses (ICTV) claimed it as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV 2) on
February 11, 2020 (Du Toit, 2020; Gralinski and Menachery,
2020). World health organization declared the disease as
pandemic considering its contagious load and severe
spectrum of infection on March 11, 2020.

Epidemiological association between animals and
Coronaviridae family 
A coronavirus is a group of virus family that mainly infects
respiratory and or enteric tract in multi-host species viz.
avian, bat, masked palm civets, camels, mice, cattle, dogs,
cats and humans (O’Connor et al., 2020). Coronavirus family
consist of four genera viz., alpha, beta, gamma and delta
coronaviral subtypes with many serotypes. The common
mode of transmission is airborne droplets and or close
contacts (Cavanagh, 2005).  

In animals, commonly known coronaviral family
diseases include transmissible gastroenteritis in pigs, bovine
coronaviral infection in cattle, murine hepatitis virus in rat
and mice, feline infectious peritonitis in cats and canine
coronaviral infection in dogs (Cavanagh, 2005). In humans,
so far seven coronaviral family diseases were reported and
were mostly limited to the respiratory type of involvement
(Chang et al., 2020). The categorical human coronaviral
subtype mostly limited to beta coronavirus classification viz.,
HCoV-OC43, HCoV-HKU1, SARS-CoV, middle east
respiratory syndrome coronavirus (MERS-CoV) and SARS-
CoV 2 and exceptionally in alphacoronaviral classification
namely HCoV-229E and HCoV-NL63 (Cui et al., 2019;
Hasoksuz et al., 2020).  

The phylogenic evidence of SARS-CoV 2 claimed to be
less similar with MERS-CoV (50-51.8%) and comparatively
higher association with SARS-CoV genome about to 79 %
similarity (Lu et al., 2020; Ren et al., 2020). Animals have
been involved either as natural host and or intermediate
host for all known human coronaviral diseases (Fig 2). This
indicates, animal could play a potential role in transmission

cycle of human corona virus epidemics (Cui et al., 2019).
Additionally, the bat was the common natural host for the
epidemics of HCoV-229E, HCoV-NL63, SARS-CoV, MERS-
CoV and SARS-CoV2. Similarly, in the case of HCoV-OC43
and HCoV-HKU1 epidemics, a rat was identified as a natural
host. The intermediate host list for the human coronaviral
diseases includes cattle, camel and civet cat (Cui et al.,
2019; Hasoksuz et al., 2020). However, many of the
researchers hypothesized the role of pangolin and or snakes
as an intermediate host in the current COVID-19 epidemics
(Zhang et al., 2020a and 2020b). Worldwide Pangolins with
purported medicinal value are poached and trafficked for
their meat and skin scales (Gao et al., 2020). Phylogenetic
data analysis from field isolates of COVID-19, claimed
pangolin as an intermediate host in the COVID-19 (Cui
et al., 2019; Hasoksuz et al., 2020). However the precise
role of pangolins in COVID-19 transmission cycle remains
unclear till date.

Experimental animal models for COVID-19
The research community is continuously working to identify
suitable animal model for the study of COVID-19 which would
closely resemble the clinical manifestations expressed in
humans in order to discover suitable diagnostic measures,
therapeutics and vaccine. Retrospective data and the current
research on human corona virus infections reveals that, the
majority of human coronaviral diseases including COVID-
19 uses human angiotensin-conversion enzyme 2 (ACE2)
as a doorstep to enter cell in the transmission chain (Jia et al.,
2005; Demogines et al., 2012; Wan et al., 2020). So far
experimental inoculation of COVID-19 in mice, monkey,
ferret and Syrian hamster were studied in in silico and in
vivo methodologies. None of the animal models has proved
to simulate human clinical manifestations perfectly. However,
intranasal inoculated ferret, Rhesus monkey and Syrian
hamster showed similarities in expression of clinical
symptoms, makes these animals a choice of study for
COVID-19 (Callaway, 2020; Chan et al., 2020).  

Transmission ability of the SARS-CoV 2 has been
studied in intranasal inoculated animals experimentally
which revealed that infected ferret and domestic cats
affected the remaining ferrets and cats co-habitated with it,
respectively (Halfmann et al., 2020; O’Connor et al., 2020).
Similarly, studies were conducted to know the transmission
ability in various livestock species viz. pigs, chicken and
duck, suggested that transmission within the species was
absent in spite of being housed with experimentally
inoculated animals. However, no studies were conducted
regarding cross species transmission.

Reverse zoonosis of SARS-CoV and MERS-CoV from
human to animal transmission
An epidemiological surveillance study was conducted in the
animal market of China and adjoining areas during the
SARS-CoV outbreak from the livestock, wild and companion
animal samples (Wang et al., 2005). In that report cat and
wild boars were found to be positive and goats and dog
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Fig 2: Animal host involvement in human coronaviral diseases. The known human coronaviral diseases along with their various host
involvement were depicted. The phylogenetic association of Pangolin in the current epidemic was added. The chances of reverse

zoonosis with the various animals list were reported in the SARS-CoV 2.

Fig 1: The epidemiological triad association in the current epidemic. In a balanced condition of H-A-E, infectious disease epidemic
would not occur whereas in unbalanced situation of H-A-E turn the no epidemic to epidemic and further pandemic is depicted.

were negative for SARS-CoV through viral detection
methods. Similarly, Chen et al. (2005) conducted a SARS
field surveillance study on animals using antigen and
antibody test methods and reported two positive cases of
SARS in pigs for antibody detection. Of which, one pig
showed positive for antibody, polymerase chain reaction
(PCR) and virus isolation. Further sequence data strongly
claimed that the transmission is from human origin SARS-
CoV. In their study dogs, cat and cattle were found to be
negative for SARS. 

Similarly, in MERS-CoV outbreak situations few reports
of animal study were documented regarding the chances of
animal infection. El-Duah et al. (2019) conducted a surveillance
study on MERS-CoV from the field samples received from pig,

sheep, goat, cattle and donkey of Ghana area and revealed
that none of the samples were found positive for MERS. Kandeil
et al. (2019) conducted surveillance study in Egypt, Tunisia
and Senegal area samples from cattle, buffaloes, sheep, goat,
donkey, mules and horses using antibody detection kit and
PCR. The results revealed that both PCR and antibody tests
were positive for MERS-CoV in sheep, goats, donkey and cattle
species. However, PCR was negative for MERS-CoV in horses.
Similarly, in Saudi Arabia, Kasem et al. (2018) conducted a
study to diagnose MERS in sheep, goat and cattle samples
which were closely associated with MERS affected human
beings and found that, none of the samples were positive for
MERS-CoV concluding that cross species transmission did
not occurred.
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Fig 3: Risk profile of reverse zoonosis and the need of strong surveillance on COVID 19 at human animal interface area. The amount of
infectivity in human population and the significance of human animal interface area depicted regarding risk nature of reverse zoonosis.

Reported evidences suggests that SARS-CoV and
MERS-CoV, viral transmissions occurred in human,
domestic, wild and companion animals with a likelihood of
human to animal transmission (Chen et al., 2005). However,
still it is not clear whether infected animals shed the virus
and are involved in transmission cycle. Though the cases
were sporadic, compared to SARS-CoV and MERS-CoV
epidemics, SARS-CoV 2 is considered to be a pandemic
alert with huge epidemic overload in most of the countries.
The risk assessment of earlier coronaviral incidence
suggested that the possibility of host switch over and the
pandemic nature of COVID-19 may express the huge
chances of reverse zoonosis from humans to animals. 

Reverse zoonosis of COVID-19 from human to
animal transmission
To date, lockdown and social distancing are the topmost
preventive measures followed by all over the world for people
to reduce the further Ro value in COVID-19 pandemic.
According to WHO, social distancing is the major measure
to be adopted by the people for a minimum of six months to
a year. In this circumstance, pet animals are the major
companion for the people to relieve lockdown stress (Vincent
et al., 2020). Though the final host of COVID-19 is
considered to be human, still the sporadic reports of human
to animal transmission strengthen the chances of reverse
zoonosis component from human to animal. 

To date, there are few incidences of COVID-19 positive
cases in animals that were reported sporadically viz., tiger
(Bronx Zoo, New York), dog (Hong Kong) and cat (Belgium,
Hong Kong and US). In Bronx Zoo, New York, a tiger named
“Nadia” was reported with the ailment of dry cough and other
respiratory illnesses. Further epidemiological investigation
with diagnostic tests found to be positive for COVID-19
(Anonymous, 2020a; Parry, 2020). The hypothesis for the

viral origin track was claimed to be from the asymptomatic
zoo worker associated with the transmission of COVID-19
to the tiger. Despite positive reports, still, the shedding nature
and infectivity, not yet reported for the other close contact
animals. 

In Hong Kong, two dog COVID-19 positive cases were
reported from different pet household areas and who had a
history of close association with their COVID-19 infected
owners (O’Connor et al., 2020). Though the animals tested
positive with PCR and antibody detection reports, there is
no evidence of viral shedding and transmission to fellow
animals housed with infected ones. The natural spill-over
phenomenon might be a contributing factor for the positive
evidence of COVID-19 in dogs. Goumenou et al. (2020)
speculated that dogs could be the possible factor for the
current epidemics load in northern Italy. 

To date, three cat index cases (Belgium, Hong Kong
and US) were identified as positive for COVID-19 and who
had a history of close contact with diseased owners
(Anonymous, 2020b; O’Connor et al., 2020). In a
serosurveillance study from the cat population of Hong Kong
with close contact from infected humans, revealed none of
the samples was positive for COVID-19 (Zhang et al.,
2020c). These findings were supported by Temmam et al.
(2020), who reported zero positivity of COVID-19 from the
21 domestic pet animals with an associated history of
diseased pet owners from France (12 dogs and 9 cats).
IDEXX multinational veterinary biological company
developed a new diagnostic kit for the COVID-19 and done
surveillance study in many parts of the world with 4000
clinical samples from dogs, cats and horses with respiratory
ailment. Though the animal samples were derived from
COVID-19 prevalent area, none of the samples were positive
for current pandemic disease (Anonymous, 2020c).
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Fig 4: The role of host, agent and environment determinants in COVID 19. Various risk factors associated with current pandemic
were reported with wide epidemiological approach.

       Despite the sporadic reports of COVID-19 documented
in few areas, still now the effective and strong evidence of
reverse zoonosis is not yet accepted by WHO and it is
postulated that, there is no evidence of pet animals mediated
COVID-19 transmission to humans. However, CDC and all
other health agencies addressed the need for strong
surveillance study on COVID-19 especially in the area of
human and animal interface (Fig 3). Few positive cases
reported in pet animals, may not be oversized in the current
pandemic and needs a strong look over animal health
specially to protect animals from the infected population.  

Clinical dissimilarity of COVID-19
Another phenomenon to worry about coronavirus pandemic
is reinfection or relapse cases during the convalescence
phase. In a longitudinal study reports published by Bao
et al. (2020) ruled out relapse or reinfection of COVID-19
in Rhesus Monkey after cure. On the opposite side, Houser
et al. (2017) conducted an experimental reinfection study
of MERS-CoV in New Zealand rabbits and found that all
the animals failed to develop a significant neutralizing
antibody which makes the likelihood of getting reinfection.
Though the similarity of MERS-CoV and SARS-CoV 2 is
still unexplained, the majority of researchers claimed the
reinfection risk is less in case of SARS-CoV 2. 

The possible interlink information on host, agent and
environment in the current pandemic were depicted in
Fig 4. Among the earlier coronaviral infections identified,
a canine enteric coronaviral vaccine was the only vaccines
practiced all over the world as non-core vaccine regimen.
Unfortunately, it would not give protection against COVID19

in pet animals due to the variation in the subtype of
coronavirus involved for the respective disease
(Anonymous, 2020d). Notwithstanding  the fact,
coronaviruses are having characteristics of genomic
mutation which may affect the direction to find the vaccine
candidate (Britton et al., 2020). Hence, adopting a vaccine
for each disease is needed to combat this deadly viral
family.

CONCLUSION     
Even though, considerable amount of world population
affected by COVID-19, still we are struggling to break the
pandemic situation due to non-availability of vaccine and
concrete treatment regimens. In a panic comparison, if pet
animals or domestic animals association with COVID-19 may
further affect the world disastrously. Lack of understanding
in the clinical manifestations in animals limits our capability
to diagnose the disease earlier, if reverses zoonosis occurs
in this epidemic. This hypothesis may look to be threatened
and in reality, it needs strong attention to build the “One
Health” community in coming days. So far, the sporadic
incidence may look weaker at this stage but might be a potent
challenge for one health in future.

Based on existing reports of COVID-19 following
measures may be recommended to check reverse zoonosis
and minimize one health hazards in the current epidemics.
The recommendations are; a). Infected persons should
isolate themselves and surrounding animals, b). Before and
after touching animals, proper washing and cleaning of hands
with suitable disinfectant, c). Biohazards including a face
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mask and personal protective equipment should be properly
disposed according to the standard guidelines and d). Pets
should not be entertained in endemic zones. Apart from
these recommendations, some of the research protocol must
be invocated in the human and animal interface area. They
are; a). Periodic surveillance study of COVID-19 in animals
especially should be conducted in possible human animal
interaction zones and b). Random screening of pet animals
which live in close contact with infected humans.

Exploration of teamwork between Medical and
Veterinary Professionals is an inevitable approach to
appraise and ascertain the probable risk factors involved in
transmission between animals and humans. Such
collaboration through unified ONE HEALTH approach will
help to generate effic ient scientific policies to control
emergence of zoonotic diseases.

In a nutshell, sporadic reports of COVID-19 in animals
suggests that the human is a potential source of infection to
animal and is a possible risk element in the reverse zoonosis
from human to animal spillover phenomenon. But still, it is
unclear about the chance of carrier or source of infection
from the infected animals to humans and or other animals.
Hence, the concern regarding the reverse zoonosis in
COVID-19 and further periodic screening of animals along
with suggested advisory measures may help to combat
future one health challenges in COVID-19 pandemic. 
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