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ABSTRACT

The SARS-CoV-2 coronavirus outbreak has had a significant impact on the health and economics of people all around the world,
but especially in the United States. The SARS-CoV-2 virus is to blame for this year's coronavirus outbreak, which is very dangerous
and rapidly expanding (COVID-19). Researchers have demonstrated that SARS-CoV-2 may infect a wide spectrum of animals in
the lab as well as in the wild. Unlike other species, such as hamsters, white-tailed elk, deer mice, and non-human primates, domestic
cats and big cats are susceptible to the virus. Few studies have examined whether SARS-capable CoV-2s may spread to domestic

sheep (Ovis aries), a typical household ruminant.
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I. Introduction

While SARS-CoV-2 continues to wreak havoc throughout the world, it is still prevalent in the United States (SARS-
CoV-2). Because of their quick dissemination and growth since they were first discovered in December, multiple new
viral variations have been created. When humans are exposed to volatile organic compounds (VOCs), they become
more infectious and transmissible, and existing immunizations are less effective as a result. Secondary reservoirs for
SARS-CoV-2 development and the generation of new SARS-CoV-2 variants may be found in a wide range of animal
species. In zoos, farms, and wild populations like as mink and white-tailed deer, 598 unique natural diseases have
been documented, according to the OIE (www.oie.int). Some 14 species of animals are vulnerable to these disorders
according to OIE standards. These include mink and white-tailed deer. According to laboratory research, avian species
like chickens and ducks may infect animals other than humans. Non-human primates such as hamsters, ferrets, cats,
and deer might be infected by viruses isolated from birds, according to a recent research. Rabbits, raccoon dogs, and
a variety of wild mouse species that have been exposed to the virus have all been proven to be vulnerable. 501Y
mutant mice lacking the Spike protein are hazardous to alpha, beta, and gamma volatile organic chemicals, but not to

strains descended from ancestral lineage A. (VOCs).

In this work, we tested the susceptibility of sheep (Ovis aries) to SARS-CoV-2 in vitro and in vivo. We implanted
virus-infected cell cultures and tracked their development as part of our investigation. Infected sheep were combined
two days later, and the virus spread throughout the herd (DPC). SARS-CoV-2 infection and disease development were
monitored by taking tissue samples four, eight, and twenty-one day after death. Experiments were undertaken in order
to determine how much virus was discharged and how many persons contracted the disease. SARS-CoV-2 isolates
from the original lineage B were injected into sheep to see if the B.1.1.7-like alpha variants of concern (VOC) from

the original lineage A could compete. Sheep enhance SARS-CoV-2 environments, according to this study.

11. Critical Review

SARS-CoV-2 can be transmitted by infected fomites and respiratory droplets/aerosols, but it can also be transmitted
by direct contact with unwell persons. How rapidly a disease spreads depends on a variety of factors, including
population density, the period of infection, and shedding. The spread of SARS-CoV-2 becomes more challenging as
a result of these interactions. Research on farm mink infected with the SARS-CoV-2 virus showed that mutations may

emerge from a reservoir animal and have significant economic implications for the livestock business as well as public
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health implications. SARS-CoV-2 is more difficult to contain when it is spread by a wide range of animals. To avoid
the spread of secondary zoonotic diseases, identify hosts at risk and conduct biosurveillance on them. Species like
cats, ferrets, and wild-tail deer are particularly vulnerable to zoonoses and reverse zoonotics, and as a result, many

cases go unreported.

111. Materials and methods

It was determined that the supply of viruses and the study material contained infectious viruses by serially dilutions
of 10 in Vero-E6/TMPRSS2 cells. A 50% tissue culture infective dose (TCID50)/ml was calculated using the
Spearman-Kaerber technique after incubation at 37°C for 96 hours in the presence of cytopathic effects. Only samples
containing at least three copies of RNA per millilitre (mL) could be used to isolate live viruses because this technique's
detection limit was at that concentration. Three different wells of Vero E6G/TMPRRS2 cells were infected with 0.2 m

filtered (MidSci, St. Louis, MO) sample and monitored for CPE for up to five days.

It was used to test SARS-CoV-2 on sheep using cells infected with the virus from bovine tissues. It appears that we
were able to grow SARS-CoV-2 in cell cultures derived from sheep. RNA was detected in both respiratory and
lymphoid organs following experimental infection with the virus at the 4- and 8-day DPC time periods. All but a few
of the major infected lambs were infected with viral RNA twenty-one days after the initial infection. As a result, it is
possible that the virus was not effectively transmitted by mixing nave sheep together. An ancestral lineage A and B
strains were employed to test whether or whether the two SARS-CoV-2 strains were able to compete in an inoculum,
as was previously reported. 1.1.7 Concern over a probable alpha variant (VOC). A SARS-CoV-2 infection is extremely

unlikely due to sheep's poor viral sensitivity and the alpha VOC strain's improved performance.

1V. Susceptibility of ovine and bovine cells to SARS-CoV-2

To establish a viral stock for use in infection assays, three passages of Vero-E6 cells were created using the SARS-
CoV-2 USA WA1/2020 strain of CoV-2. Primary ovine kidney and American pronghorn lung cells as well as bovine
foetal fibroblasts, Madin-Darby kidneys, and Madin-Darby bovine cell lines from the American Type Culture
Collection in Manassas, Virginia, were infected (MOI). A total of eight samples were taken at different times after
infection (DPI) and stored at 80°C for further testing to determine the number of days since infection (DPI). Multiple
cell lines were infected throughout the study, according to the findings. It was found that SARS-CoV-2 propagation
in Vero E6 cells was studied using TCID50/mL titers.

V. Results

A sheep challenge inoculum containing two SARS-CoV-2 isolates, one from the ancestral lineage A and the other
from the B.1.1.7-like alpha VOC, was created to examine the interactions between the two strains. A challenge
inoculum of sheep was used to evaluate two E. coli strains. It was determined that each sheep produced swabs and
tissue specimens that were used to identify the proportional quantities of each strain in the samples. To put it another
way, the true titer of WAL lineage A to B.1.1.7-like alpha VOC was closer to 1:10, which meant that sheep injection
was impossible. Overall, the SARS-CoV-2 alpha strain outperformed the original lineage A strain in the sheep model.
Asingle DPC's nasal swab was used, together with samples from four, eight, and twenty-one other DPCs, for the NGS
analysis. VOC B.1.7 was found in nasal swabs taken from sheep #715 and 719, the two most badly afflicted animals;
these samples were evaluated for the presence of VOC B.1.7. Infected sheep #712, 713, and 714 had alpha VOC in
99.7-100% of their respiratory tissues at 4 DPC, while only 0.0-0.3% of the original lineage of the strain had it. Even
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though 99.1-100% of Alpha VOC was found in the trachea of sheep #715, 716, and 718, the original lineage has been
lost. Tracheal bacterial contamination was observed at 0.0-0.9 percent. All three primary infected sheep that died at
4 DPC and two of the three primary infected animals that died at 8 DPC had B.1.1.7-like alpha VOC in their tonsils.
According to these research, a strain was found in several sheep tissues, including the tonsil. Samples collected at 21
DPC from primarily infected or sentinel sheep samples had a lack of sequencing data because to low RNA copy

numbers in tissues and mapped reads.

V1. Discussion

For our research, we used stressed sheep that had been subjected to a range of pressures, and we looked at how easily
the virus spread among them. RNA shedding in clinical samples was restricted to the sheep's nasal cavity, and the
sheep showed no clinical indications of SARS-CoV-2 infection during the 21-day study. Within a single day of
infection, nose swabs from seven of the eight most significant affected animals proved positive for the virus (DPC).
Since this has happened before, it is possible that the challenge inoculum had an unexpected effect. We couldn't
conclusively determine whether or whether sheep #715 was infected with avian influenza when we performed real-
time quantitative PCR (RTQPCR). However, experiments on sheep (sheep #713) using viral antigens were conclusive.
In this investigation, it was discovered that viral replication was not taking place. During the 21-day trial, only one
DPC had viral RNA discovered in mouth swabs, and no viral RNA was detected in any sheep rectal swabs at any

period.

In terms of vulnerability and epidemiological function, domestic ruminant animals have received little attention.
SARS-CoV-2 can transmit to humans, cats, deer, mustelids, and rodents from sheep. It's possible that the virus may
infect any of these animals. No evidence suggests that they are susceptible at this time. Cell cultures obtained from
sheep and other ruminant species were infected in vitro, and the virus was tested on live sheep in the field to close this
information gap. Two sentinel sheep were added to the herd after the primary infected animals were removed to check
if the virus might spread from them to the rest of the herd. To examine viral strain competition in the animal host,
researchers infected sheep with ancestral lineage A and B.1.1.7-like alpha VOC SARS-CoV-2 strains, both of which
were derived from the B.1.1.7 virus.

VII. Ethics and Conflicts of interest

Many people throughout the world rely on sheep as a primary source of food, particularly in developing countries.
The most typical human-sheep interactions are herding, milking, and killing sheep for sustenance. In their interactions
with people, sheep participate in a wide range of social behaviours, some of which are listed below. Sheep may also
come into contact with endangered animals such as mice, cats, and deer. Sheep may be susceptible to SARS-CoV-2
infection, although nothing is known about this. SARS-CoV-2 virus may be able to infect sheep because of the
protein's interaction with ACE2 receptors, according to a computer model. Studies in sheep have shown that SARS-
CoV-2 may survive in their respiratory tissues, which is consistent with prior research (25). SARS-CoV-2 antibodies
were not detected in the sera of sheep that had been in close contact with people prior to and during the Spanish

outbreak, indicating that the illness is unlikely to spread to lambs.

Both the Institutional Biosafety Committee (IBC) and the Institutional Animal Care and Use Committee (IACUC,

Protocol #4508.2) at Kansas State University (KSU) approved and consented to all animal research and experiments.
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One may find a biosafety level-3 laboratory and two further levels of safety at the Biosecurity Research Institute at

Kansas State University in Manhattan, Kansas.

VIII. Conclusion

Because domestic sheep are not likely to act as a host for SARS-CoV-2, even if they appear to have transmitted SARS-
CoV-2 in a laboratory challenge, our findings demonstrate that domestic sheep are unlikely to function as an
amplifying host for the virus. According to our findings and previous studies, SARS-CoV-2 infection in sheep and
other ruminant species should be further researched. For SARS-CoV-2, the discovery of more sensitive hosts is
predicted to have a substantial influence on epidemiology, which will allow us to develop better ways for monitoring

and mitigation/prevention at the human-animal interface.
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