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ABSTRACT

The emergence of SARS-CoV-2 has underscored the crucial interaction between humans and animals,
offering a unique perspective on the dynamics of zoonotic and reverse zoonotic transmission. This
chapter aims to consolidate current knowledge on the two-way transmission of SARS-CoV-2 across the
human-animal interface. We delve into the zoonotic origins of the virus, exploring potential reservoir
hosts and intermediary species. Additionally, we summarize various events of reverse zoonosis, where
humans have transmitted the virus to animals, raising concerns about the establishment of viral
reservoirs in diverse species. This bidirectional transmission has significant implications for public health,
necessitating a holistic approach to disease surveillance, wildlife conservation, and one health
strategies. The evidence of zoonosis and reverse zoonosis sheds light on the expansive spectrum of
potential hosts susceptible to SARS-CoV-2 infection, emphasizing the dynamic interplay within the host
landscape. These phenomena not only underscore the intricate host dynamics of the virus but also
emphasize the ability of various species to act as reservoirs, transmitters, or carriers, potentially
contributing to pandemics among humans. By comprehensively understanding the intricacies of SARS-
CoV-2 transmission dynamics at the human-animal interface, we can enhance our preparedness to
mitigate future zoonotic events and safeguard both human and animal health.
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1. INTRODUCTION

Zoonotic pathogens, originating from wildlife, have a significant impact on both public and animal health
leading to epidemics and pandemics (Bengis et al. 2004). The emergence and re-emergence of viral
pathogens have resulted in a global burden of infectious diseases, billions of cases and millions of
fatalities. Before becoming a zoonotic pathogen, a virus of wildlife origin must overcome various
hurdles, including ecological, behavioral, interspecies and immunological barriers (Plowright et al. 2017).
Some animals can act as epidemiological bridges and serve as intermediate hosts in transmitting viruses
from animals to humans.

Practices like intensive animal husbandry, close contact between animals and humans, and urbanization
can create opportunities for the spillover of zoonotic viruses at the human-livestock interface (Magouras
et al. 2020). Conversely, humans in close contact can also transmit viruses to animals, particularly
domestic and companion animals, leading to reverse zoonosis (Messenger et al. 2014). These zoonotic
and reverse zoonotic events raise concerns about infected hosts becoming ill, shedding viruses into the
environment, and potentially reintroducing viruses among susceptible hosts (Goraichuk et al. 2021).
Recently, a novel respiratory illness known as COVID-19 appeared in China, in late 2019 and become a
major global health challenge. This pandemic occurred due to infection in humans with SARS-CoV-2.
Following previous outbreaks of other coronaviruses, the SARS-CoV-2 virus is more contagious and poses
a significant threat to human health with substantial economic losses (Adil et al. 2021). Initially, the
origin and spread of this virus was a subject of controversy and therefore, numerous studies have
investigated its zoonotic potential by examining its ability to infect various animal species (Sit et al. 2020;
Bessiere et al. 2021; Gortazar et al. 2021; Grome et al. 2022; Purves et al. 2023). Conversely, the virus
has also shown the ability to transmit from humans to animals, resulting in varying degrees of infection
in different animals. The capability of zoonosis and reverse zoonosis of this virus poses serious threats to
animal and public health (Kumar et al. 2020; Olival et al. 2020; Drézdz et al. 2021; Fischhoff et al. 2021).
Despite detailed reports, information on the transmission of the SARS-CoV-2 virus (Fig. 1), particularly
focusing on a wide range of susceptible hosts and the propensity for inter and cross-species transmission
is scattered. Understanding its transmission is crucial in linking all susceptible hosts and comprehending
the larger evolutionary dynamics to develop effective disease control strategies and diagnostic
approaches. Therefore, this chapter aims to compile scattered information on zoonotic and reverse
zoonotic infections or transmission events of the SARS-CoV-2 virus and draw the global scientific
community's attention to its public health concerns.

2. ZOONOTIC ORIGIN AND TRANSMISSION

The SARS-CoV-2 virus is a member of the Coronavirus genus within the family Coronaviridae, which
comprises seven different viruses with the potential to cause zoonotic infections in humans (Hu et al.
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2021). The CoVs typically target the respiratory system and cause flu-like infection in humans and have
been identified in various animals, including birds, rodents, and domestic animals. Comparative studies
suggest that all CoVs likely originated from bats, mice, and cattle before being transmitted to humans
(Segars et al. 2020; Drézdz et al. 2021). Other CoVs are believed to be originated from bats and caused
outbreaks in humans through various intermediate hosts including civets and camel. Likewise, the COVID-
19 pandemic is believed to have emerged from zoonotic transmission, with the SARS-CoV-2 virus likely to
originate in animals before being transmitted to humans (Drézdz et al. 2021). While the exact origin is still
under investigation, bats are widely considered the likely source, with a potential intermediate host
involved in the transmission to humans, possibly a pangolin, based on genetic similarities (Ul-Rahman et
al. 2020).

Various bat species may harbour a diverse range of CoVs, and their close interaction with humans in
certain regions may have facilitated spillover events (Banerjee et al. 2021). The immune system of bats
has garnered significant scientific interest due to its potential implications for human health. Bats' ability
to control viral infections effectively while minimizing harmful inflammatory responses has drawn
attention as it could provide valuable insights into developing strategies for managing viral diseases in
humans. By studying the molecular and genetic mechanisms underlying bats' immune adaptations,
researchers aim to investigate various interventions and preventive approaches to reduce the impact of
viral infections and transmission to humans. Bats may serve as natural models for investigating host-virus
interactions and may hold the key to innovative approaches for combating viral diseases in humans
(Letko et al. 2020).

Zoonotic Zoonotic & Reverse Zoonotic

Humans

Reverse zoonatic
transmission

~""No experimental
evidence of transmission

Little or controversial
evidence of transmission

Birds

Cattle
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ink Deer
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Fig. 1: Susceptibility of a wide range of domestic and wild animals to natural or experimental infection of SARS-
CoV-2 virus across the globe.

The spread of the SARS-CoV-2 virus among human and animal populations can occur through diverse
mechanisms, which include both direct and indirect routes. Individuals who have close contact with
infected bats or handle infected wildlife are at higher risk of contracting zoonotic infections due to the
initial spillover of the virus. Additionally, the virus can be spread via respiratory droplets, aerosols,
contact with contaminated surfaces, and the consumption of infected animal products (Zhou and Shi
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2021). Previous studies have suggested that numerous animals can act as intermediate hosts for the
transmission of viruses at animal-to-human, animal-to-animal, human-to-human, and human-to-animal
interfaces (Hedman et al. 2021; Briissow 2023). However, the identification of intermediate hosts that
facilitate the transmission of the SARS-CoV-2 virus between susceptible hosts remains an active area of
scientific investigation and is still debatable.

3. CROSS- AND INTER-SPECIES TRANSMISSION

The potential of the SARS-CoV-2 virus to transmit between various animals has become a major cause
of concern, as it raises significant questions about the virus's infectivity and spread across various
hosts. The potential of a virus being transmitted across species barriers is a complex process that is
influenced by various factors, including viral attachment, adaptation, and molecular interactions
(Dhama et al. 2020). For most viruses, such as the influenza virus and SARS-CoV-2 virus, interactions
between donor and recipient hosts play a crucial role in facilitating the transmission to overcome
cross species barriers. The behaviour and activities of hosts in shared geography or habitats can play a
significant role in either facilitating or hindering virus transmission among a wide range of susceptible
hosts. Human activities, particularly those that promote close contact between infected hosts and
uninfected hosts, can increase the risk of zoonosis and reverse zoonosis (Ayim-Akonor et al. 2020;
Goraichuk et al. 2021).

Numerous cases of species-to-species transmission of the SARS-CoV-2 virus has been documented,
offering valuable insights into its adaptability and ability to infect different animal species (Abdel-
Moneim and Abdelwhab 2020; Leroy et al. 2020; Salajegheh Tazerji et al. 2020; Oude Munnink et al.
2021). Previous studies also confirmed that the virus has been found to spread rapidly among the mink
population and found evidence of human-to-mink transmission and mink-to-human transmission,
indicating the bidirectional nature of cross-species transmission (Fenollar et al. 2021; Hammer et al.
2021; Lu et al. 2021; Oude Munnink et al. 2021). The occurrence of transmission within a recipient
population depends on intraspecific contacts that play a crucial role in the transmission of the virus. The
ability of the virus to cause infection or remain persistent in various hosts is dependent on factors such
as population density, mixing patterns between donor and recipient host species, and biological
phenomena against a pathogen (Lim et al. 2016). Previous serological studies highlighted that domestic
cats residing in proximity to mink farm had specific antibodies for the SARS-CoV-2 virus, suggesting both
zoonotic and animal-to-animal transmission (Zhang et al. 2020; Barua et al. 2021; Udom et al. 2022).
Airborne transmission of the SARS-CoV-2 virus has also been reported between cats and hamsters (Yen
et al. 2022). Additionally, natural infection of the SARS-CoV-2 virus has been reported in
captive/domestic ferrets (Giner et al. 2021).

Considering transmissibility, virulence, and the degree of infection in various hosts, the World
Organization for Animal Health (WOAH) recognizes the potential implications of such events for public
health and the effectiveness of treatment and vaccines. It's worth noting that few hosts, including
domestic and companion pets, can develop an infection with or without showing clinical signs and
potentially lead to zoonotic and reverse zoonotic transmission by shedding the virus into the
environment. Individuals directly associated with animal welfare management, including zoo workers,
farmers, veterinarians, and animal lovers, are at high risk of zoonotic infections (EFSA 2023). Moreover,
intermediate hosts can play a critical role in inter- and cross-species transmission of the SARS-CoV-2
virus by serving as a bridge between the original reservoir species and the target host species. These
intermediate hosts may provide an environment conducive to viral replication and transmission,
allowing the virus to adapt to new cellular and immune systems (Zhao et al. 2020). Identifying and
studying these intermediate hosts is crucial for understanding the dynamics of inter- and cross-species
transmission and implementing preventive measures.
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4. MOLECULAR MECHANISM OF CROSS-SPECIES TRANSMISSION

Various biological factors play a crucial role in the ability of a virus to switch species and facilitate cross-
species transmission. One important factor is the expression of receptors during cell attachment, which
can increase the virus's capability to infect a new host. After virus attachment to the host cell, viral
protein, and cellular machinery play a vital role in virus replication and dissemination to another host
(Kane et al. 2023). A virus that can replicate at a high level within a host is generally more capable of
being transmitted to other hosts. In case of SARS-CoV-2 virus, it has been observed to replicate
efficiently in cats and ferrets, leading to transmission to other species. However, the limited replication
of the virus in dogs, chickens, and pigs suggest restricted transmission in these species (Hossain et al.
2021). The molecular mechanism by which the SARS-CoV-2 virus targets different species involves the
interaction between viral proteins, particularly the spike protein, and cellular receptors on host cells. The
spike protein plays a pivotal role in facilitating virus attachment to host cells and determining the host
range and tropism of the virus. The primary receptor for SARS-CoV-2 is ACE2 which is present in various
human tissues. However, the expression and availability of ACE2 receptors in a wide range of animals can
vary and influence host susceptibility to infection (Luan et al. 2020).

The capability of SARS-CoV-2 to infect different species is usually influenced by the presence and
structure of ACE2 receptors in the target species. Some animal species may have ACE2 receptors with a
higher affinity for the viral spike protein, facilitating efficient viral entry and replication. The spike
protein, particularly the receptor-binding domain, plays a crucial role in infecting various hosts by
binding to ACE2 receptors (Liu et al. 2021). To successfully infect a new host species, the receptor-
binding domain may undergo genetic mutations that enable it to interact with ACE2 receptors in the
target species. These genetic mutations may facilitate the attachment potential of the spike protein and
host receptor, enhancing the viral entry mechanism into cells of new host species (Liu et al. 2021). Apart
from the receptor-binding domain and its interaction with cellular receptors, other cellular factors and
host immune responses, including innate and adaptive immune mechanisms, can influence the potential
of the virus to infect and replicate in different species (Liu et al. 2021).

5. ZOONOTIC AND REVERSE ZOONOTIC EVENTS IN PET ANIMALS

Distinct coronaviruses of animals, domestic cats and dogs are now considered to have an infection by
acquiring and shedding the SARS-CoV-2 virus into the environment (Bosco-Lauth et al. 2020; Patterson et
al. 2020). Since the start of the pandemic, sporadic cases of cross- and intra-species transmission of the
SARS-CoV-2 virus in domestic cats have been reported from various countries (Table 1). Various
experimental studies have highlighted the susceptibility of cats to get infection and spread the virus to
other pets and humans through respiratory droplets (Bosco-Lauth et al. 2020; Bao et al. 2021; Decaro et
al. 2021). The detection of neutralizing antibodies also indicated the natural infection in cats in China
(Deng et al. 2020). Similarly, previous studies observed the existence of anti-SARS-CoV-2 antibodies in
domestic cats in Italy and France, where the owner or family members suspected or confirmed COVID-19
cases (Fritz et al. 2020; Patterson et al. 2020).

Notably, a study reported an active infection in cats having a clinical presentation of COVID-19 which was
residing in the vicinity of mink farms facing outbreaks (Amman et al. 2022; van Aart et al. 2022). Despite
evidence of active infection, the route of spread or source of infection in cats remains uncertain and
unclear. Emerging evidence emphasizes that cats may develop non-sterilizing immunity following natural
infection and remains susceptible to reinfection to spread disease into the human and cat population.
On the other hand, evidence on human-to-cat transmission following the identification of active COVID-
19 cases in cat owners in Belgium and Hong Kong highlighted the reverse zoonosis (Barrs et al. 2020;
Garigliany et al. 2020). The genome of the virus was detected in cat vomit, faeces, and nasopharyngeal
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and rectal swabs in France. The substantial evolutionary analysis highlighted that the isolated SARS-CoV-
2 strains originating from cats belonged to a phylogenetic clade that was predominant among French
human clinical cases (Sailleau et al. 2020). Similarly, cats from a household in Spain exhibited SARS-CoV-2
infection and were found positive through oropharyngeal swab testing (Segalés et al. 2020).

Experimental studies have indicated that infected dogs typically shed minimal to no virus, suggesting a low
risk of contracting and transmitting the virus (AVMA 2020; Van Aart et al. 2022). However, there have
been isolated cases of dogs testing positive for SARS-CoV-2 in various countries (Table 1). In these cases,
the SARS-CoV-2 virus genome was found in samples collected from dogs having no clinical presentation of
COVID-19 infection. On the other hand, numerous studies conducted in American and European countries
observed a varying clinical presentation of COVID-19 infection in dogs (AVMA 2020; Sit et al. 2020; Van
Aart et al. 2022). However, there is still some disagreement regarding the presence of the virus and its
transmission to humans from dogs. Several studies have noted a higher risk of dogs being exposed in
households with confirmed COVID-19 cases (Bosco-Lauth et al. 2020; Sit et al. 2020; Decaro et al. 2021).
However, definitive evidence of transmission between pets and humans is currently lacking. As a
precautionary step, it is advisable to include pets in self-isolation measures. These findings underscore the
importance of further research to understand how domestic pets contract the virus and transmit it to
other animals or humans.

6. SUSCEPTIBILITY OF MINKS, FERRETS, RABBITS AND PANGOLIN

Mink farms have been at the center of outbreaks due to the ability to transmit the virus from humans to
minks and leading to widespread infections among the mink population (Oreshkova et al. 2020; Aguil6-
Gisbert et al. 2021; Domanska-Blicharz et al. 2021; Fenollar et al. 2021; Hammer et al. 2021).

These outbreaks have been reported in several American and European countries. It is speculated that
the outbreaks among the mink population were associated with active COVID-19 cases of farmers and/or
staff members or their family members and the similarity index between SARS-CoV-2 sequences isolated
from humans and minks confirmed the transmission from mink to humans (Fenollar et al. 2021). These
reports prompted a thorough investigation to understand the potential routes of transmission and assess
the associated environmental and occupational hazards, including the risk of transmission from infected
mink to humans. The transmission of SARS-CoV-2 to farmed mink has had devastating effects, leading to
increased mortality rates and significant economic losses in mink farming. The introduction of the virus
in mink farms occurred through infected farm workers who had close contact with the animals (Oude
Munnink et al. 2021).

Once the virus was introduced, it spread rapidly among the minks, resulting in a high number of infected
animals. To control the outbreaks and prevent further transmission, infected minks on affected farms
were euthanized, and strict testing measures were implemented to monitor the situation. During these
outbreaks, genetic changes were observed in the virus as it circulated within the mink population. This
indicates that the virus can undergo genetic modifications during transmission among minks (Ren et al.
2021). These genetic changes raise concerns about the potential for the virus to evolve and adapt within
animal populations, which could have implications for public health and the effectiveness of vaccines
and treatments. The researchers found that the viral strain detected in the minks was found to be
identical to the strain circulating in humans in Denmark and emphasized the circulation of the same virus
strains (Oude Munnink et al. 2021). Furthermore, a pet ferret residing in a household with a confirmed
COVID-19 patient case also tested positive for the virus (Racnik et al. 2021).

Thus, it is speculated that minks and ferrets are involved in the transmission of the SARS-CoV-2 virus
among human and other animal populations. Initially, there was speculation that pangolins, particularly
the Malayan pangolin (Manis javanica), may play a pivotal role as intermediate hosts in transmitting the
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Table 1: Zoonotic and reverse zoonotic events related to natural and experimental infection of SARS-CoV-2 in a
wide range of domestic and wild animals

Host species Infection Transmission Country References
Cat Natural Cat-to-cat China Bao et al. 2021
Natural Cat-to-human USA, Netherland, AVMA 2020
Hong Kong
Natural Cat-to-cat, cat-to-human France Bessiere et al. 2021
Natural Human-to-cat Greece, Cyprus, Michelitsch et al. 2020;

UK, Switzerland,  Chaintoutis et al. 2021;

Germany, Chile, Curukoglu et al. 2021;

Italy Hosie et al. 2021; Klaus
et al. 2021; Neira et al.
2021; Pagani et al. 2021;
Zoccola et al. 2021

Experimental Cat-to-cat USA, Germany Gaudreault et al. 2022a;

Halfmann et al. 2020;
Braun et al. 2021

Dog Natural Human-to-dog Hong Kong Sit et al. 2020

Natural Dog-to-human USA, Spain, Russia, AVMA 2020

France, Germany
Cattle Experimental No intraspecies transmission ~ Germany Ulrich 2020
Poultry and avian  Experimental No intraspecies transmission  China, USA Shi et al. 2020; Suarez et
species al. 2020
Pig Experimental None China Shi et al. 2020
Rabbit Experimental None New Zealand Mykytyn et al. 2021
Domestic Ferret Natural Human-to-ferret Spain Gortazar et al. 2021
Syrian Golden Experimental Hamster-to-hamster China Chan et al. 2020
Hamster
Mink Natural Human-to-mink, Mink-to-mink, Netherland Oreshkova et al. 2020;
Mink-to-human Van Aart et al. 2022

Rodents including Experimental No intraspecies transmission ~ USA Bosco-Lauth et al. 2021

mouse, wood rat,
raccoon, and

squirrel
Otters Natural Not reported USA APHIS 2021a
Fruit Bats Experimental Bat-to-bat Germany Schlottau et al. 2020
Tiger Natural Human-to-Tiger, Tiger-to-tiger USA Grome et al. 2022
Lion Natural Human-to-Lion, Tiger-to-Lion, USA McAloose et al. 2020
Lion-to-Lion
Rhesus Macaques Experimental Intraspecies transmission China, USA Deng et al. 2020;
Munster et al. 2020
Western Lowland Natural intraspecies transmission USA APHIS 2021b
Gorilla
White-Tailed Deer Natural and Perinatal transmission, USA Cool et al. 2022
experimental intraspecies transmission
Fallow Deer Natural and Human-wildlife transmission ~ USA Purves et al. 2023

experimental

SARS-CoV-2 virus. This was due to the discovery and evolutionary trend of SARS-CoV-2-like coronaviruses
in confiscated pangolins, as well as the identification of pangolin cell types that might be susceptible to
the virus (Liu et al. 2020; UI-Rahman et al. 2020). The potential role of rabbits as hosts of SARS-CoV-2 has
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also been examined, considering their farming for meat and fur (Mykytyn et al. 2021). In a study
involving young New Zealand white rabbits, the animals were intentionally infected with the virus and
monitored for 21 days. Despite the absence of clinical signs of infection, the rabbits were found to shed
the virus in nasal and oropharyngeal secretions and exhibited evidence of seroconversion (Pomorska-
MOl et al. 2021; Fritz et al. 2022). Notably, the study's findings may not be representative of infections in
rabbits of different ages or breeds, highlighting the need for further research on the potential of rabbits
as hosts of the virus. The susceptibility of mink, ferrets, and rabbits to SARS-CoV-2 infection highlights
the importance of implementing strict biosecurity measures in animal farming environments to prevent
the transmission of viruses from humans to animals and vice versa. Continued surveillance and
monitoring of both human and animal populations are crucial to better understand and mitigate the
risks associated with reverse zoonotic transmission.

7. SUSCEPTIBILITY OF LIVESTOCK AND WILD ANIMALS

The potential of virus transmission among animals and humans is now considered a serious concern
because of the establishment of carriers or reservoirs, especially in regions with frequent human-animal
contact and high livestock density. Recently, researchers intentionally infected six cattle with the virus,
but found no transmission to other animals residing in close proximity (Ulrich 2020; Bosco-Lauth et al.
2021). Despite the absence of natural transmission, a study claimed a low level of viral shedding from
infected cattle into the environment (Ulrich 2020). Similarly, the SARS-CoV-2 virus does not have the
potential to infect livestock species, including sheep, camels, and llamas (Bosco-Lauth et al. 2021;
Chouchane et al. 2021; Xu et al. 2021; Gaudreault et al. 2022b; Hong et al. 2022). However, previous
studies claimed the susceptibility of various wild animals to SARS-CoV-2 infection (Table 1).

After the first case of SARS-CoV-2 infection in Malayan tigers, other tigers, and lions residing at the same
zoo were also found to be infected in a Zoo in New York. It is noteworthy that the SARS-CoV-2 sequence
isolated from infected tigers was found to have the highest genomic identity with sequences isolated
from zoo keepers and clinical cases reported from the same city. However, the substantial analysis of the
whole-genome sequences of the SARS-CoV-2 virus highlighted that lions and tigers were affected by
distinct SARS-CoV-2 strains and indicated separate transmission events (McAloose et al. 2020). Through
genetic and epidemiological analysis, it was determined that transmission from humans to tigers had
occurred, specifically from zookeepers. However, the source of infection for the lions remained unclear.
This indicated that the infection was likely transmitted from an asymptomatic zookeeper to the tigers
(Bartlett et al. 2021). Wild animals exhibited varying SARS-CoV-2 infections showing asymptomatic
infection to different clinical presentations. In all cases, staff members at the zoo also found positive for
COVID-19, indicating possible transmission of the SARS-CoV-2 virus between humans and wild animals
(McAloose et al. 2020; Grome et al. 2022).

8. EXPERIMENTAL INFECTION IN VARIOUS HOSTS

During the COVID-19 pandemic, there is a growing need to identify suitable animal models for studying
the pathology of the disease and evaluating potential therapeutics and vaccines. Experimental infections
have been conducted to study the susceptibility and transmission potential of SARS-CoV-2 in various
wild animal species and provide crucial insight into the susceptibility of a wide range of hosts (Table 1).
These studies showed that a large number of animals including rodents are highly susceptible to
infection and can play a vital role in the shedding of virus into the environment and subsequent
transmission to other animals (Abdel-Moneim and Abdelwhab 2020; Sun et al. 2020).
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In the experimental studies, it is observed that the virus can effortlessly replicate in the respiratory and
gastrointestinal tract of various animals and elicit immune responses for the synthesis of neutralizing
antibodies. Upon re-infection, it was noted that cats cannot shed an adequate virus into the
environment that is required for transmission to other cats (Gaudreault et al. 2022a). Similarly, cattle,
dogs, and domestic pigs have shown poor viral replication while poultry species are not susceptible to
the virus (Meekins et al. 2020; Schlottau et al. 2020). Among rodents, hamsters and ferrets showed
susceptibility to acquiring SARS-CoV-2 infection and the ability to shed the virus for further transmission
to susceptible hosts. Several non-human primates showed susceptibility to acquiring SARS-CoV-2
infection and have shown clinical presentations similar to those observed in COVID-19 patients. Due to
viral replication and severe infection of the SARS-CoV-2 virus, non-human primates are now commonly
used as models for biomedical research (Gongalves et al. 2021).

9. POTENTIAL OF MECHANICAL TRANSMISSION

Arthropods can pose challenges by acting as potential vectors for pathogens that can be transmitted to
humans and other animals. Arthropods or pests including rats, mosquitoes, mice, houseflies, ticks, and
cockroaches are usually prevalent in various environments, including public places, farms, and
healthcare settings (Nekoei et al. 2022). These pests can come into contact with contaminated surfaces,
potentially acquiring and transmitting pathogens. Previous research has indicated that arthropods,
including ticks, houseflies, mosquitoes, and midge can mechanically transmit the virus (Reuben et al.
2020; Balaraman et al. 2021 a,b). Recent experimental studies demonstrated that houseflies can spread
the virus into the environment for up to 24 hours following exposure to the virus (Montes et al. 2020;
Balaraman et al. 2021a). Previous studies have shown that houseflies can acquire and carry infectious
viral particles for a short period of time after exposure. They can retain the virus in their bodies for up to
24 hours, suggesting the potential for mechanical transmission (Balaraman et al. 2021a). This finding
highlights the potential role of houseflies in the transmission and dissemination of the virus, raising
concerns about the importance of implementing measures to control insect vectors and prevent further
spread of COVID-19. According to recent research, there is evidence suggesting that biting midges and
mosquitoes do not facilitate the replication of SARS-CoV-2 and are improbable to act as biological
vectors for the virus (Balaraman et al. 2021b).

Passive or mechanical transmission occurs when pests carry the virus on their body parts or mouthparts
and transfer it to other hosts, without virus replication or development within the pests themselves
(Reuben et al. 2020). Studies have shown that the virus does not replicate in Aedes mosquito cells, and
live Aedes mosquitoes collected during the pandemic showed no signs of carrying the virus.
Furthermore, injecting mosquitoes with the virus did not result in any viral replication (Huang et al.
2020; Xia et al. 2020). Similarly, experiment with biting midges and certain Culex mosquito species also
indicated that they do not support viral replication when feeding on infected blood (Reuben et al. 2020).

10. CONCLUSION

The COVID-19 pandemic has had a profound impact on human lives, the economy, and daily routines.
This disease, believed to have originated in bats, has brought attention to the potential for zoonotic
transmission, where diseases pass from animals to humans. However, we must also consider the
possibility of reverse zoonosis, where the virus can be transmitted from humans back to animals. Cases
of SARS-CoV-2 infections have been documented in various animal species, including pets, zoo animals,
and certain farm animals. These findings hold significant importance in comprehending the possible
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involvement of various animal species in the transmission and dissemination of SARS-CoV-2. Moreover,
they aid in formulating appropriate control strategies to manage the spread of the virus effectively. To
reduce the risk of zoonotic and reverse zoonotic events, it is crucial to incorporate vulnerable animals
into surveillance strategies. This includes monitoring pets, farm, zoo and laboratory animals, and animals
used in biotechnology production. By embracing the One Health approach, interdisciplinary
collaboration among professionals in human and animal health, environmental science, policymaking,
and other relevant fields can protect the health of humans, animals, and the environment, ultimately
mitigating the risks of future pandemics.
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