We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

6,900 186,000 200M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter

Epidemiology, Zoonotic and
Reverse Zoonotic Potential of
COVID-19

Sadia Muneer, Tean Zaheer, Aqsa Ahmad,
Muhammad Imvan, Amjad Islam Aqib, Igra Zaheer
and Muhammad Imvan Arshad

Abstract

The demographic patterns of COVID-19 spread can provide clues to develop
roadmaps for devising better prevention and control. It is high time to analyze
and re-evaluate the zoonotic/reverse zoonotic spread of SARS-CoV-2 globally. To
this end, lessons from epidemiology and associated determinants from previous
outbreaks of SARS-CoV-1 and MERS need to be cultured and re-visited. Ways to
minimize the rates of infection and promote the well-being of the masses need
urgent attention owing to the subsequent waves of the global pandemic in most
countries. Efforts are being directed for the provision of efficient and cost-effective
diagnostics, prophylaxis and therapeutic options for COVID-19. The chapter
provides insights, suggesting a potential roadmap for efficiently preventing the
future outbreaks of COVID-19, based on the tools of epidemiology, transmission
probabilities and public health safety concerns.

Keywords: COVID-19, Zoonotic, reverse zoonotic, Epidemiological tools,
public health

1. Introduction

An outbreak with the name of CoVID-19 was reported from Wuhan, China on
December 29, 2019. Initially, it was treated as pneumonia of unknown origin and
reported to the local office of the World Health Organization (WHO) in China on
December 31, 2019 [1]. The most recent outbreak owing to the probable zoonotic
and human-human transmission of coronavirus disease virus, 2019 (COVID-19)
has entrapped 220 countries and territories with 162, 773, 940 confirmed cases
reported by WHO as of 17 May 2021 more than One Hundred Fifty-eight million
people (WHO) affected. The host, agent and environmental factors are crucially
involved in the chain of infection following the entry of the 2019 novel Coronavirus
(2019-nCoV or SARS-CoV-2) in a susceptible host. The progression of the virus
within the host may be as quick as 5-6 days (average), leading to severe clinical
symptoms that warrant intensive care. The virus later on named severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) by the international committee on
taxonomy of viruses on February 11, 2020 [2]. Bats and Pangolins were considered
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the reservoir host and initially blowout through the exposure of human beings to
the seafood market in Wuhan, China [3]. The worldwide distribution of the virus
was attributed to commercial air travels from epidemic countries to non-epidemic
countries including, Taiwan, Japan, Korea, Malaysia, Russia, America, Saudi
Arabia, United Arab Emirates, Germany, France, Spain, Italy and Iran etc. [4]. To
date, the number of highest positive cases has been encountered by the USA fol-
lowed by India, Brazil, Europe, UK, Africa and Middle East [5]. In order to respond
to the outbreak swiftly and accurately, the public health authorities and policy
makers direly need to know the epidemiology and associated risk factors [6]. The
risk factors may include; how much time it takes to show the symptoms and which
specific individuals having specific characteristics are more prone to infection.

According to CDC, currently several registered vaccines are available in United
States to provide protection against CoVID-19. These vaccines are named as Pfizer-
BioNTech, Moderna and Johnson & Johnson’s Janssen. Other two vaccines Novavax
and AstraZeneca are in phase 3 clinical trials.

It is necessary to strictly follow the precautionary measures i.e. wearing mask,
social distancing, avoid arranging events and frequently hand washing along with
the vaccination because vaccines alone will not prevent the transmission or end the
pandemic. Until high level of global vaccine mediated defense is attained through-
out the world.

As documented by the WHO, mathematical models specifically designed in a
timely fashion may play an important role in providing evidence-based knowledge to
public health authorities and policy makers. Moreover, modeling can help in under-
standing different aspects of the outbreak including (i) the ability of transmission of
disease, (ii) prediction of peaks of infections during the progression of the disease,
(iii) severity of infection and (iv) the effectiveness of preventive strategies for the
intervention of disease. The modelers of infectious diseases worldwide had accepted
the challenge of developing simulation models for transmission and dynamics of
the disease and promptly reacted to the emerging outbreak of CoVID-19. Various
epidemiological models that have been developed by modelers worldwide included:
In China, Susceptible-Exposed-Infected-Resistant (SEIR) Model [7-9], Bats-
Host-Reservoir-People (BHRP) transmission network model [10], Markov Chain
Monte Carlo (MCMC) methods [11], Susceptible individuals (S)-Asymptomatic
individuals (E)- Infectious individuals with symptoms(I)- Isolated individuals
with treatment (J)- Recovered individual (R) (SEIJR) dynamic compartmental
model [12], Exponential growth (EG) and Maximum Likelihood (ML) estimation
method [13-15], Incidence Decay and Exponential Adjustment (IDEA) model [16],
Susceptible-Exposed-Infected-Recovered-Death-Cumulative (SEIRDC) model [17],
Computational modeling of potential epidemic trajectories [18], Simulation of early
outbreak trajectories [19], Traveling network based modeling [20], Susceptible-
Infected-Recovered (SIR) model and Quarantine model [5] in Italy, Susceptible-
Exposed-Infected-Recovered (SEIR) model, Exponential growth (EG), Maximum
Likelihood (ML) estimation, Sequential Bayesian (SB) method and Estimation of
Time Dependent (TD) reproduction numbers in India [21, 22].

All of these simulation models estimated the Basic Reproduction Number (RO)
of the virus. The RO indicates the transmissibility of the virus from an infected
person to a naive or unexposed population. A value RO > 1 represents that the num-
ber of cases will increase in the future while RO < 1 represents that the disease will
diminish in the near future. The reason for higher RO estimates may be attributed to
lower numbers of cases and minimum onset time of infection. However, the estima-
tion error will start to decrease as the number of cases increased and real-time
pictures of the cases will be available for accurate estimates [13]. In this scenario,
statistical models are primarily used to determine the basic viral replication
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number, the serial interval between primary and secondary cases and virus dou-
bling time which are important epidemic parameters [23, 24]. Additionally, some
other approaches may also be required to include mild or asymptomatic cases which
may be missed due to limitations of diagnostic methods applied [25]. With time,
treatment options of clinical patients were improved and the spread of disease

is being controlled through more strict methods like the restricted movement of
individuals. The effects of such measures may be measured through statistical rea-
soning [26, 27]. On the other hand, mathematical models are based on dynamical
Equations [28] can give more details related to epidemic characteristics as compared
to statistical methods [29].

2. Reverse zoonotic potential of coronaviruses

Sporadic detection of natural SARS-CoV-2 infections together with successful
experimental infections of certain animals raises concerns about reverse zoonosis
(also termed as zooanthroposis: transmission of the infection from humans to
animals. As a result of close contact with infected humans, several cats, dogs and zoo
animals tested positive for SARS-CoV-2 [30, 31]. However, the incidence of natural
infections in these animals has not been ruled out due to limited information on
clinical features of the infections in animals. The existing data suggest that clinical
features may range from asymptomatic infections to symptomatic disorders with
signs that may include sneezing, coughing, nasal discharge, respiratory distress,
vomiting, diarrhea, ocular discharge, lethargy and fever etc. [32]. A study from
Hong Kong in February 2020 confirmed the transmission of SARS-CoV-2 infection
to asymptomatic dogs from their previously diagnosed COVID-19 positive owner. A
17-year-old Pomeranian breed dog and a 2-year-old German shepherd were tested
positive for SARS-CoV-2 RNA by RT-PCR on multiple oral and nasal swabs. However,
virus isolation and serological testing could not be executed [33]. A summary of
potential zoonotic relations of some coronaviruses has been given in Figure 1.

As aresult of the death of a geriatric dog; presumably due to other underly-
ing health issues, it was concluded that the dog either was contaminated by close
contact with an infected individual or had a low level of infection. Similarly, a
six-year male German shepherd tested positive for SARS-CoV-2 RNA in the USA in
mid-April 2020, who contracted the infection from his COVID-19 positive owner.
After five days of infection, he developed active infection followed by nasal dis-
charge, lethargy and difficulty in breathing, blood in urine and vomit, weight loss
and difficulty in walking, along with heart murmurs and lymphoma [34]. A case
report in March 2020 revealed a cat belonging to a COVID-19 positive owner, tested

Natural Host Intermediate Host Final Host Reverse Zoonosis
HCoV-229E 7| Camel Monkey
HCOV-NL63 ? Dog
SARS-CoV Civet Cat Pig
MERS-CoV ~| camel Human Ehicken
SARS-CoV-2 ™\ Pangelin Ducks

HCoV-0C43 o Cattle Cat
HCoV-HKU1 } e T ? Ferrets
Figure 1.

Probable zoonotic potential of various coronaviruses.
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positive for SARS-CoV-2 RNA by RT-PCR in Belgium, presenting gastrointestinal
disease and transient respiratory disorders. While in another report on April 01,
2020, a pet cat belonging to a COVID-19 positive owner was tested positive for
SARS-CoV-2 without showing disease symptoms [35]. A report on April 05, 2020,
showed transmission of SARS-CoV-2 from a zoo employer who was an asymp-
tomatic carrier of SARS-CoV-2 to one tigress, five tigers and lions at Bronx zoo in
New York [35].

In the USA on August 14, 2020, 13 cases of pet cats and 14 cases of dogs were
tested positive for SARS-CoV-2 by virus neutralization antibody tests or RT-PCR
having close contact history with infected humans [31]. It has also been proven
experimentally that susceptible pet cats can also transfer this virus to other healthy
cats via short-distance aerosols or droplets due to greater similarity between ACE-2
receptors of feline and humans [36]. In a study, two dogs, two cats, three lions
and four tigers were tested positive for the presence of SARS-CoV-2 due to close
contact with their COVID-19 positive caretakers [37]. It also provides important
information about animal management for COVID-19 control, animal models
for SARS-CoV-2 and significant replication of this virus in both lower and upper
respiratory tracts of ferrets and cats. Transmission of this virus can occur in ferrets
through direct contact and in cats through droplets or aerosols. The presence of this
virus in cats from Wuhan, China showed that cats may get infected by this virus by
the environment or humans [38]. In a study, 15% of cats were tested positive for the
presence of SARS-CoV-2 using an Indirect Enzyme-Linked Immunosorbent Assay
while cats tested before the outbreak showed negative results [39]. A study provides
important insight about the high susceptibility risk of animals having close contact
with humans especially cats and ferrets while poor susceptibility risk in animals like
pigs, dogs, ducks and chickens [40].

Based on these findings we may conclude that SARS-CoV-2 has the potential of
reverse zoonosis as well. Although the risk of disease transmission from humans
to animals and companion or zoo animals to humans or other animals is much less
and it depends upon how this virus spreads in various animal species. Therefore,
planned investigations, targeted surveillance and continuous monitoring of specific
animal species having close contact with their COVID-19 positive or suspected
owners or caretakers are mandatory at local or national levels. Although, currently
there is no specific testing facility available for SARS-CoV-2 infections in animals.
But the situation may change in the future to control and management of COVID-
19 infections. To test samples for companion animals, a laboratory in the USA
known as IDEXX Laboratories has started a test under the commercial name of
SARS-CoV-2 (COVID-19) [41]. Several private and government veterinary labo-
ratories are now trying to develop and use nucleic acid-based tests and serological
assays to diagnose SARS-CoV-2 transmission in zoo and pet animals [42].

3. Reverse zoonosis in other coronaviruses
3.1 SARS-CoV

To probe into the proximal origin of SARS-CoV from china in 2002-2003, an
epidemiological surveillance survey was conducted in the animal market of china
and adjoining areas during the outbreak from wild, companion and livestock ani-
mals to check out their susceptibility for this virus and more importantly to devise
means for the management and control of this first documented outbreak [43].

In this report, dogs and goats were tested negative while wild boars and cats were
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found to be positive for the presence of SARS-CoV using viral detection assays [43].
Chen et al. conducted a field-based surveillance study on different animals through
antibody and antigen-based tests. In this study, two pigs were tested positive for
SARS-CoV antibodies while cats, dogs and cattle were tested negative. Based on

sequence data analysis this study also suggests that transmission is from human-
related SARS-CoV [44].

3.2 MERS-CoV

During the MERS-CoV outbreak very few reports appeared regarding the
chances of human-animal transmission of this virus [45]. Kasem et al. conducted a
study to check out the incidence of MERS-CoV infections in goat, sheep and cattle
samples due to close contact with MERS-CoV positive individuals. In this study, all
the tested samples were negative for MERS-CoV suggesting that no cross-species
transmission was occurred [46]. EI-Duah et al., conducted a field-based surveil-
lance study on MERS-CoV by taking samples from sheep, pigs, goats, donkeys and
cattle of the Ghana area. This study showed that none of the samples were found to
be positive for the presence of MERS-CoV [47]. Kandeli et al. conducted an epi-
demiological surveillance study in Tunisia, Egypt and Senegal area from the field
samples received from buffaloes, sheep, cattle, goats, mules, horses and donkeys
using PCR and antibody detection kit. The results of this study revealed that both
antibody detection tests and PCR were found to be positive for MERS-CoV in goats,
sheep, cattle and donkeys. While PCR was negative in horses [48]. These reported
studies suggest that transmission of MERS and SARS-CoVs occurred in humans-
wild, domestic and companion animals making the possibility of reverse zoonosis
[49]. However, still it is not clear whether infected animals shed the virus and are
involved in the disease transmission cycle.

4. Promoting public health

There are at least 360,497 research studies worldwide, on diagnosis, treat-
ment and prophylaxis of coronavirus that are being supported by NIH [50].
Combined efforts of global health organizations including the World Health
Organization (WHO), Centers for Disease Control and Prevention (CDC) and
many International, Regional and National NGOs, Government and private bod-
ies are funding, supporting and helping approaches for public health. Food and
Drug Administration (FDA) on the other hand, is rapidly analyzing and approving
medicines and diagnostics for public use. Some major areas to be considered for
tackling the current situation and developing roadmaps for future pandemics have
been given in this section.

4.1 Elucidating the concept of quarantine and isolation

The COVID-19 crisis is continuously becoming a grave threat to the world
and the number of cases is escalating globally. The present pandemic has redefined
the human strategies against the control and prevention of this contagious agent
responsible for disease outspread [4]. This virus is very lethal and contagious,
and the WHO devised measures to control the infectivity and spread of the virus
through quarantine and isolation. Some major myths and their busters associated
with COVID-19 have been re-developed using WHO research-supported guidelines
in Figure 2.
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)

Salt water rinsing in nose kills the virus No scientific evidence supports this myth

MYTHS FACTS

[ Elderly people get the virus \ [ All age groups are equally susceptible, co-morbid are more prone ]
[ Summers/winters kill the virus | [ No correlation of environment conditions with virus survival ]
( Poultry meat has the virus J [ No scientific evidence supports this myth ]
{ 5G network spreads virus ] [ Virus need air to travel, not mobile/network signals ]
\_‘ Recovery rate is poor J [ More than 95% of cases recover, showing high recovery rates ]
[ Eating garlic/onion saves against virus ] [ No scientific study proved this ]
{ Drinking alcohol/bleach save ] [ These are surface disinfectants, unsuitable for drinking ]
{ Antibiotics/ pneumonia vaccines can save J [ Only CoVID-19 virus specific vaccines can prevent infection ]
[ Don’t wear mask unless sick ] [ All people having <6ft intra-personal distance should wear masks ]
{ s cermi"ti‘gt" [REAETE T J] [ Refer to WHO criteria for symptoms scoring ]
( Mosquito can get you virus J [ No link established yet. However, mosquito can transmit other diseases ]
[ Its only in the air, no need to change/wash ‘ [ Virus is of micron meter size, it ca:os:?: on fabric, surfaces and shoes for ]
(‘—SEQMM—’

L [ J

Figure 2.
Major myths and their busters associated with COVID-19.

Quarantine is separation and restricting the movement of people who have
been exposed to a SARS-CoV-2 disease to see if they become sick, according to the
CDC. Generally, this quarantine practice takes place at home or generalized facil-
ity or restricted movement areas specified for this practice. It can be imposed on
individuals or communities constituting exposed individuals. Contact surveillance
is required either passively or actively to monitor the individual if they develop
the symptoms of the disease. Duration of the quarantine is based on a person’s test
results for disease or having experienced disease symptoms. If individual tests
positive so after that, they are separated or isolated for treatment and monitoring
purposes and if the individual is negative for diagnostic test and not showing any
disease symptoms, then discharge from the quarantine center [8]. Monitoring
must be done in case of quarantined person shows any of the disease symptoms.
Government and other global authorities must implement border restriction if
necessary, to overcome the spread of disease. The efficacy of this approach allows us
to overcome the spread of disease with the early detection of diseased individuals.

Here the question arises after or during this “Quarantine session” what would be
our approach if a person is positive for SARS-CoV-2. This question leads us to the
term ‘isolation’. The Center for Disease Control (CDC) has defined “Isolation” as
the separation of sick people with any contagious disease from others who are not
sick or at-risk population. This is important to flatten the disease curve so that fewer
people become infected over a while. It can be explained as separation and restric-
tion of movement of sick individuals who have a contagious disease, to prevent it
from being transmitted to others. These measures are implemented to ensure the
close monitoring of individuals with proper treatment and release after full recov-
ery into the community or population to minimize or eliminate the risk of spread of
this contagion. However, these individuals can still be monitored for weeks or two,
to ensure they do not re-infect or develop severe symptoms after discharge from
medical facilities.

4.2 Measures for cleaning and disinfection

From the sanitation/disinfection point of view, the Environment Protection
Agency (EPA) recommends the use of List N disinfectants for use against COVID-19.
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Cleaning the surfaces before applying disinfectants and observing the appropri-
ate contact time are important considerations for efficient utilization. Among the
most accessible ones are sodium hypochlorite, hydrogen peroxide, and quaternary
ammonium compounds with or without alcohol or phenols. The forms of these
disinfectants may be solid, vapor, wipe, dilute-able, which could be easily used to
disinfect surfaces. These compounds in their commercial preparations could be
safely applied to disinfect keys, doorknobs/handles, slabs, floors, switchboards,
equipment, keyboards, tables, cell phones, remote controls, cars, bikes, etc.

Case definitions and their importance to the general public may be well-commu-
nicated. Also, smart solutions for handling a large number of outdoor patients may
be sought. Un-necessary exposure and increase in case of loads at emergency and
intensive care units could be minimized using efficient telemedicine and consulta-
tion services. For laboratory testing facilities, it is important to consider biosafety
guidelines of level-3 or above, owing to the transmissibility of the virus. Also, solid
waste management should be very well planned and executed to spare the risk of
dissemination to the general public [51].

4.3 Management of COVID-19 patients

It is important to consider the difference of COVID-19 with other prevailing
respiratory viral infections e.g. influenza that involves nasopharyngeal or lower
respiratory tract infections. Polymerase chain reaction (PCR) is necessary to
confirm COVID-19. Further hospitalization of patients involves various factors
inclusive of which are the age of patients (x60 years old); patient having 40% allied
morbid conditions like diabetes and cardiac diseases; children exposed, pregnant
women with severe illness although there are mild symptoms so far in majority
cases and the onset of symptoms and admission to ICU (9-10 days critical) as two-
third of patients met criteria of acute respiratory distress syndrome (https://www.
ecdc.europ a.eu/en/geographical-distribution-2019-ncov-cases).

The patient’s care should be divided into four categories (1) Usual critical care,
(2) Modification to usual critical care, (3) Facility planning, (4) COVID-19 specific
consideration. Usual critical care will include: Conservative intravenous fluid
strategies; Empirical early antibiotics for bacterial pneumonia; Consideration for
early invasive ventilation; Lung protective ventilation strategies; Periodic prone
position during mechanical ventilation; Consideration of extracorporeal membrane
oxygenation. Modification to usual critical care involves: Admission of patients with
the suspected disease to private rooms when possible; Use of medical face masks
for symptomatic patients during assessment and transfer; Maintain a distance of
at least 2-meter distance between patients; Caution when using high-flow nasal
oxygen or non-invasive ventilation due to the risk of dispersion of aerosolized
virus in the health care setup with poorly fitting masks; Clinicians involved with
aerosol-generating procedures should use addition airborne precautions including
NO95 respirators and eye protection. COVID-19 Specific consideration; Ensure staff
updated training in infection prevention and control including PPE; planning at
local and regional levels for a potential surge in the need for critical care resources.
The facility planning involves: Antiviral or immunomodulatory therapies are yet to
be approved, so patients should be left on supportive or targeted therapies.

Three lines of treatments are generally followed (a) COVID-19 with mild
acute respiratory distress syndrome (ARDS), (b) COVID-19 with mild ARDS,

(c) Adjunct therapies. In the first case ventilator, supply while conservative fluid
therapy, and empiric antibiotics are considered. Systematic corticosteroids are
uncertain to be used on this occasion. In the second phase, short courses of systemic
corticosteroids are considered. In adjunct/rescue therapy (3rd phase), antiviral,
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chloroquine, and anti-interleukin 6 are uncertain to be used. The hypoxic condi-
tions will be dealt with differently. It is important not to delay intubation if the
situation is worsening. COVID-19 hypoxia travels to endotracheal intubation, then
it is important to: follow endotracheal intubation, an expert should do intubation
in the airway, N95/FFP-2 or equivalent personal protection equipment is necessary,
infection control is followed, and staff in the room is minimally kept. In case if the
situation is not getting better, endotracheal intubation should immediately be done.

4.4 Ensuring mental well-being

Due to social distancing and remote working, maintenance of psychological
well-being is pivotal. Social, electronic, print media could play a significant positive
role in effectively communicating the risks while assuring mental health. Non-
professional people who have a lot of apprehensions about the current pandemic
may be discussing their concerns through telecommunication [52, 53]. Another
important aspect of lockdown amidst outbreaks worldwide is the less privileged
or daily wager community, migrants and internally displaced persons (IDPs). The
anxiety due to uncertainty of fiscal matters may affect the mental health of the
masses. Also, patients with other diseases, particularly those with chronic diseases
may suffer a psychological breakdown. Apart from mental health issues, India has
reported suicide due to fear of contracting COVID-19 [54]. It is, therefore, high
time to spread hope, offer support and positivity all around.

Studies from one highly infected country i.e. Iran have revealed moderate to
severe anxiety symptoms in apparently healthy citizens [55]. Suspected patients and
cases, belonging to different age groups, may also require support for mental well-
being amidst strict isolation. The healthcare workers in the frontline of combating
the pandemic may need psychological/moral support, medical insurance and
proper PPE. Government, NGOs, private stakeholders, media persons, celebrities,
doctors and allied healthcare staff, scientists need to develop stronger communica-
tion with the public. These people can motivate people to adopt safety measures and
promote public health safety.

5. Conclusions and future outlook

The detailed understanding of epidemiological patterns and probable model-
ing of COVID-19 are highly important. Moreover, there’s a need to disseminate
the research-based findings to public health. This could be made possible by the
thorough collaboration of the National and International organizations that may
fetch research-supported data for prevention and ways to control or contain the
pandemic at all levels.



Epidemiology, Zoonotic and Reverse Zoonotic Potential of COVID-19
DOI: http://dx.doi.org/10.5772/intechopen.98443

Author details

Sadia Muneer!, Tean Zaheer®, Agsa Ahmad!, Muhammad Imran?,
Amijad Islam Aqib3, Iqra Zaheer* and Muhammad Imran Arshad’

1 Institute of Microbiology, University of Agriculture, Faisalabad, Pakistan
2 Department of Parasitology, University of Agriculture, Faisalabad, Pakistan

3 Department of Medicine, Cholistan University of Veterinary and Animal Sciences,
Bahawalpur, Pakistan

4 Department of Pathology, University of Agriculture, Faisalabad, Pakistan

*Address all correspondence to: teanzaheer942@gmail.com

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



SARS-CoV-2 Origin and COVID-19 Pandemic Across the Globe

References

[1] Zhu, N., Zhang, D., Wang, W., Li, X.,
Yang, B., Song, J., Zhao, X., Huang, B.,
Shi, W,, Lu, R. and Niu, P, 2020. A
novell. coronavirus from patients with
pneumonia in China, 2019. New England
Journal of Medicine.

[2] Zu, ZY., Jiang, M.D., Xu, PP, Chen,
W.,, Ni, Q.Q., Lu, G.M. and Zhang, L ],
2020. Coronavirus disease 2019
(COVID-19): a perspective from China.
Radiology, p.200490.

[3] Huang Chaolin, Wang Yeming, Li
Xingwang, Ren Lili, Zhao Jianping, Hu
Yi, Zhang Li, Fan Guohui, Xu Jiuyang,
Gu Xiaoying, Cheng Zhenshun, Yu
Ting, Xia Jiaan, Wei Yuan, Wu Wenjuan,
Xie Xuelei, Yin Wen, Li Hui, Liu Min,
Xiao Yan, Gao Hong, Guo Li, Xie
Jungang, Wang Guangfa, Jiang
Rongmeng, Gao Zhancheng, Jin Qi,
Wang Jianwei, Cao Bin. Clinical features
of patients infected with 2019 novel
coronavirus in Wuhan, China. The
Lancet. 2020;395(10223):497-506.

[4] National Health Commission of the
People’s Republic of China Available at:
http://www.nhc.gov.cn/

[5] Musa, S.S., Qureshi, S., Zhao, S.,
Yusuf, A., Mustapha, UT. and He, D.,
2021. Mathematical modeling of
COVID-19 epidemic with effect of
awareness programs. Infectious Disease
Modelling, 6, pp.448-460.

[6] Jabeen, K., Haider, M.B.H., Haider,
Z., Hassan, A., Ali, S. and Niazi, A.K.,
2021. Coronavirus (COVID-19)
pandemic: Outbreak, current scenario
and impact on human physiology in
Pakistan. Global Journal of Clinical
Virology, 6(1), pp.021-029.

[7] Tang, B., Wang, X., Li, Q., Bragazzi,
N. L., Tang, S., Xiao, Y., & Wu, J.
(2020). Estimation of the transmission
risk of the 2019-nCoV and its
implication for public health

10

interventions. Journal of Clinical
Medicine, 9(2), 462.

[8] Lin, Q., Zhao, S., Gao, D., Lou, Y.,
Yang, S., Musa, S.S., Wang, M.H., Cai,
Y., Wang, W., Yang, L. and He, D., 2020.
A conceptual model for the coronavirus
disease 2019 (COVID-19) outbreak in
Wuhan, China with individual reaction
and governmental action. International
journal of infectious diseases, 93,
pp-211-216.

[9] Read, J. M., Bridgen, J. R.,
Cummings, D. A., Ho, A., & Jewell, C.
P. (2020). Novel coronavirus 2019-
nCoV: early estimation of
epidemiological parameters and
epidemic predictions. MedRxiv.

[10] Chen, T., Rui, J., Wang, Q. et al. A
mathematical model for simulating the
phase-based transmissibility of a novel

coronavirus. Infect Dis Poverty 9,
24 (2020).

[11] Wu, ]. T., Leung, K., & Leung, G. M.
(2020). Nowcasting and forecasting the
potential domestic and international
spread of the 2019-nCoV outbreak
originating in Wuhan, China: a
modelling study. The Lancet,
395(10225), 689-697.

[12] Shen, M., Peng, Z., Xiao, Y. and
Zhang, L., 2020. Modelling the epidemic
trend of the 2019 novel coronavirus
outbreak in China. bioRxiv.

(13] Liu, T, Hu, J., Kang, M., Lin, L.,
Zhong, H., Xiao, J., He, G., Song, T.,
Huang, Q., Rong, Z. and Deng, A.,
2020. Transmission dynamics of 2019
novel coronavirus (2019-nCoV).

[14] Zhao, S., Lin, Q ., Ran, J., Musa, S.S.,
Yang, G., Wang, W,, Lou, Y., Gao, D.,
Yang, L., He, D. and Wang, M.H., 2020.
Preliminary estimation of the basic
reproduction number of novel
coronavirus (2019-nCoV) in China,



Epidemiology, Zoonotic and Reverse Zoonotic Potential of COVID-19

DOI: http://dx.doi.org/10.5772/intechopen.98443

from 2019 to 2020: A data-driven
analysis in the early phase of the
outbreak. International journal of
infectious diseases, 92, pp.214-217.

[15] Li, Q., Guan, X., Wu, P,, Wang, X.,
Zhou, L., Tong, Y., Ren, R., Leung, K.S.,
Lau, E.H., Wong, JY. and Xing, X.,
2020. Early transmission dynamics in
Wuhan, China, of novel coronavirus—

infected pneumonia. New England
Journal of Medicine.

[16] Majumder, M. and Mandl, K.D.,
2020. Early transmissibility assessment

of a novel coronavirus in Wuhan, China.

China (January 23, 2020).

[17] Cao, Z., Zhang, Q ., Lu, X., Pfeiffer,
D., Jia, Z., Song, H. and Zeng, D.D.,
2020. Estimating the effective
reproduction number of the 2019-nCoV
in China. medRxiv.

[18] Imai, N., Cori, A., Dorigatti, L.,
Baguelin, M., Donnelly, C.A., Riley, S.
and Ferguson, N.M., 2020. Report 3:
transmissibility of 2019-nCoV. WHO
Collaborating Centre for Infectious
Disease Modelling, MRC Centre for
Global Infectious Disease Analysis,
J-IDEA, Imperial College London, UK.

[19] Riou, J. and Althaus, C.L., 2020.
Pattern of early human-to-human
transmission of Wuhan 2019 novel
coronavirus (2019-nCoV), December
2019 to January 2020. Eurosurveillance,

25(4), p.2000058.

[20] Lai, S., Bogoch, L.I., Ruktanonchai,
N., Watts, A.G.,Li, Y, Yu, J., Lv, X.,
Yang, W., Hongjie, Y., Khan, K. and Li,
Z.,2020. Assessing spread risk of
Wuhan novel coronavirus within

and beyond China, January-April
2020: a travel network-based
modelling study.

[21] Mandal, S., Bhatnagar, T.,
Arinaminpathy, N., Agarwal, A.,
Chowdhury, A., Murhekar, M.,

11

Gangakhedkar, R.R. and Sarkar, S.,
2020. Prudent public health
intervention strategies to control the
coronavirus disease 2019 transmission

in India: A mathematical model-based
approach. Indian ] Med Res, 151.

[22] Rajendrakumar, A.L., Nair, ATN.,
Nangia, C., Chourasia, PK., Chourasia,
M.K,, Syed, M.G., Nair, A.S., Nair, A.B.
and Koya, M.S.F., 2020. Epidemic
Landscape and Forecasting of SARS-
CoV-2 in India. medRxiv.

[23] Kamalich Muniz-Rodriguez,
Gerardo Chowell, Chi-Hin Cheung,
Dongyu Jia, Po-Ying Lai, Yiseul Lee,
Manyun Liu, Sylvia K. Ofori,
Kimberlyn M. Roosa, Lone Simonsen,
and Isaac Chun-Hai Fung. Epidemic
doubling time of the 2019 novel
coronavirus outbreak by rovince in
mainland china. medRxiv, 2020.

[24] Shengjie Lai, Isaac Bogoch, Nick
Ruktanonchai, Alexander Watts, Yu Li,
Jianzing Yu, Xin Lv, Weizhong Yang,
Hongjie Yu, Kamran Khan, Zhongjie Li,
and Andrew ] Tatem. Assessing spread
risk of wuhan novel coronavirus within
and beyond china, January April 2020: a
travel network-based modelling study.
medRxiv, 2020.

[25] 10Hiroshi Nishiura, Sung-mok Jung,
Natalie M. Linton, Ryo Kinoshita, Yichi
Yang, KatsumaHayashi, Tetsuro
Kobayashi, Baoyin Yuan, and Andrei R.
Akhmetzhanov. The extent of
transmission of novel coronavirus in
wuhan, china, 2020. Journal of Clinical
Medicine, 9(2), 2020.

[26] Matteo Chinazzi, Jessica T. Davis,
Marco Ajelli, Corrado Gioannini, Maria
Litvinova, Stefano Merler, Ana Pastore y
Piontti, Luca Rossi, Kaiyuan Sun, Cecile
Viboud, Xinyue Xiong, Hongjie Yu, M.
Elizabeth Halloran, Ira M. Longini, and
Alessandro Vespignani. The effect of
travel restrictions on the spread of the
2019 novel coronavirus (2019-ncov)
outbreak. medRxiv, 2020.



SARS-CoV-2 Origin and COVID-19 Pandemic Across the Globe

[27] Gehui Jin, Jiayu Yu, Liyuan Han,
and Shiwei Duan. The impact of tracffic
isolation in wuhan on the spread of
2019-ncov. medRxiv, 2020.

[28] Adam ] Kucharski, Timothy W
Russell, Charlie Diamond, , Sebastian
Funk, and Rosalind M Eggo. Early
dynamics of transmission and control of
2019-ncov: a mathematical modelling
study. medRxiv, 2020.

[29] Tianyu Zeng, Yunong Zhang,
Zhenyu Li, Xiao Liu, and Binbin Qiu.
Predictions of 2019-ncov transmission
ending via comprehensive

methods, 2020.

[30] CDC. Coronavirus Disease 2019
(COVID-19) - pets & other animals.
2020. https://www.cdc.gov/
coronavirus/2019-ncov/daily-life-
coping/positive-pet.html

[31] USDA. Confirmed cases of SARS-
CoV-2 in Animals in the United States.
2020. https://www.aphis.usda.gov/
aphis/ourfocus/animalhealth/sa_one_
health/sars-cov-2-animals-us

[32] AVMA. In-depth summary of
reports of naturally acquired SARS-
CoV-2 infections in domestic animals
and farmed or captive wildlife 2020.
https://www.avma.org/resourcestools/
animal-health-and-welfare/covid-19/
depth-summary-reports-naturally-
acquired-sars-cov-2- infections-
domestic-animals-and-farmed-or

[33] Sit THC, Brackman CJ, Ip SM, et al.
Infection of dogs with SARS-CoV-2.
Nature. 2020. DOI. 10.1038/
s41586-020-2334-5.

[34] ABC. 1st pet dog in US with COVID-
19 dies in NYC, family details his last
days. 2020. https://abc13.com/
first-dog-with-covid-pets-coronavirus-

buddy-german-shepherd/6341676/

[35] Tiwari R, Dhama K, Sharun K. et al.
COVID-19: animals, veterinary and

12

zoonotic links. Vet Q.
2020;40(1):169-82.

[36] Guo H, Guo A, Wang C, et al.
Expression of feline angiotensin
converting enzyme 2 and its interaction
with SARS-CoV S1 protein. Res Vet Sci.
2008 Jun;84(3):494-6

[37] Konda, M., Dodda, B., Konala, V.
M., Naramala, S., & Adapa, S. (2020).
Potential Zoonotic Origins of SARS-
CoV-2 and insights for preventing
future pandemics through one health
approach. Cureus, 12(6).

[38] Zhang Q, Zhang H, Huang K,

Yang Y, Hui X, GaoJ, He X, LiC,

Gong W, Zhang Y, Peng C, Gao X,
Chen H, Zou Z, Shi Z, Jin M. SARS-
CoV-2 Neutralizing Serum Antibodies
in Cats: a Serological Investigation
[Internet]. Cold Spring Harbor:
bioRxiv; https://www.biorxiv.org/conte
nt/10.1101/2020.04.01.021196v1.
Updated 2020

[39] Zhang, Q., Zhang, H., Huang, K.,
Yang, Y., Hui, X., Gao, J., ... & Peng, C.
(2020). SARS-CoV-2 neutralizing serum
antibodies in cats: a serological
investigation. BioRxiv.

[40] Shi, J., Wen, Z., Zhong, G., Yang,
H., Wang, C., Huang, B, ... & Zhao, Y.
(2020). Susceptibility of ferrets, cats,
dogs, and other domesticated animals to

SARS-coronavirus 2. Science,
368(6494), 1016-1020.

[41] IDEXX SARS-CoV-2 (COVID-19)
RealPCR Test 2020. https://www.idexx.
com/en/veterinary/reference-
laboratories/idexx-realpcr-tests/
idexx-sars-cov2-covid-19-realpcr-test/

[42] Munir, K., Ashraf, S., Munir, 1.,
Khalid, H., Muneer, M. A., Mukhtar,

N., ... & Zaheer, M. U. (2020). Zoonotic
and reverse zoonotic events of SARS-
CoV-2 and their impact on global health.
Emerging microbes e infections, 9(1),
2222-2235.



Epidemiology, Zoonotic and Reverse Zoonotic Potential of COVID-19

DOI: http://dx.doi.org/10.5772/intechopen.98443

[43] Wang, M., Jing, H.Q ., Xu, H.F,,
Jiang, X.G., Kan, B., Liu, Q.Y., Wan,
K.L., Cui, BY., Zheng, H., Cui, Z.G.,
Yan, M.Y. (2005). Surveillance on severe
acute respiratory syndrome associated
coronavirus in animals at a live animal
market of Guangzhou in 2004.
Zhonghua liu xing bing xue za zhi=
Zhonghua liuxingbingxue zazhi. 26(2):
84-87 (In Chinese). DOI: https://
pubmed.ncbi.nlm.nih.gov/1592 1605.

[44] Chen, W,, Yan, M., Yang, L., Ding,
B., He, B., Wang, Y., Liu, X., Liu, C,,
Zhu, H., You, B., Huang, S. (2005).
SARSassociated coronavirus transmitted
from human to pig. Emerging Infectious
Diseases. 11(3): 446-448. DOI: 10.3201/
eid1103.040824

[45] Naveenkumar, V., Nag, B. S.,
Vijayaraghavan, R., & Porteen, K.
(2020). The possible risk of reverse
zoonosis in Covid-19: An
epidemiological driving approach for
the one health future challenges: A
review. Asian Journal of Dairy and Food
Research, 39(3), 173-179.

[46] Kasem, S., Qasim, I., Al-Hufofi, A.,
Hashim, O., Alkarar, A., AbuObeida,
A., Gaafer, A., Elfadil, A., Zaki, A.,
Al-Romaihi, A., Babekr, N. (2018).
Cross-sectional study of MERSCoV-
specific RNA and antibodies in animals
that have had contact with MERS
patients in Saudi Arabia. Journal of
Infection and Public Health. 11(3):
331-338. DOI: 10.1016/jjiph.2017.09.022

[47] El-Duah, P, Sylverken, A., Owusu,
M., Yeboah, R., Lamptey, J., Oppong
Frimpong, Y., Burimuah, V., Antwi, C.,
Folitse, R., Agbenyega, O., Oppong, S.
(2019). Potential intermediate hosts for
coronavirus transmission: No evidence
of Clade 2c coronaviruses in domestic
livestock from Ghana. Tropical
Medicine and Infectious Disease. 4(1):
34. DOI: 10.3390/tropicalmed4010034.

[48] Kandeil, A., Gomaa, M., Shehata,
M., El-Taweel, A., Kayed, A.E., Abiadh,

13

A., Jrijer, J., Moatasim, Y., Kutkat, O.,
Bagato, O., Mahmoud, S. (2019). Middle
East respiratory syndrome coronavirus
infection in non-camelid domestic
mammals. Emerging Microbes and
Infections. 8(1): 103-108. DOI:
10.1080/22221751.2018.1560235.

[49] Chen, W., Yan, M., Yang, L., Ding,
B., He, B., Wang, Y., Liu, X., Liu, C,,
Zhu, H., You, B., Huang, S. (2005).
SARSassociated coronavirus transmitted
from human to pig. Emerging Infectious
Diseases. 11(3): 446-448. DOI: 10.3201/
eid1103.040824.

[50] NIH, US national Library of
Medicine. 2020. https://clinicaltrials.
gov/ct2/results?cond=%22Coronavirus+
Infections%?22. Last accessed:
12-12-2020.

[51] Chiodini J. (2020). Maps, masks and
media - Traveller and practitioner
resources for 2019 novel coronavirus
(2019-nCoV) acute respiratory virus.
Travel medicine and infectious disease,
33, 101574.

[52] Banerjee, D. 2020. The COVID-19
outbreak: Crucial role the psychiatrists
can play, Asian Journal of Psychiatry,
Volume 50, 2020, 102014.

[53] Javadi, S.M.H., M. Arian, M.
Qorbani-Vanajemi. The need for
psychosocial interventions to manage
the coronavirus crisis. Iran. J. Psychiatry
Behav. Sci., 14 (1) (2020), Article
e102546.

[54] Goyal, K., Chauhan, P., Chhikara, K.,
Gupta, P, Singh, M.P. 2020. Fear of
COVID 2019: First suicidal case in Indial,
Asian Journal of Psychiatry, Volume 49,
2020, 101989.

[55] Moghanibashi-Mansourieh, A.
2020. Assessing the anxiety level of
Iranian general population during
COVID-19 outbreak, Asian Journal of
Psychiatry, Volume 51, 2020, 102076.



