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Abstract
The outbreak of the new coronavirus SARS-CoV-2 is a serious threat to human health and has caused a huge economic
loss. The intermediate animal host for the transmission of SARS-CoV-2 to humans in yet to be known. It is of immense
importance to identify the intermediate hosts of SARS-CoV-2 to counter its transmission for both preventing the reemergence and control of the epidemic to ensure public health safety. This study summarizes the latest research on hosts
involved in SARS-CoV-2 transmission. Based on the epidemic facts, we hypothesized that there are several intermediate
hosts of SARS-CoV-2 ranging from bats to humans. Therefore, it is essential to apply an integrated human–veterinary
medicine based approach along with the novel concepts of “One Health” for the prevention and control in the late stage
of the SARS-CoV-2 epidemic and in any future re-emergences.
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In December 2019, an increasing number of new cases
of the new coronavirus (CoV) SARS-CoV-2 associated with
pneumonia (COVID-19) have been reported in Wuhan, Hubei
Province, China [1-5]. The epidemic did not limit itself only to
China, but now it acquired the state of a massive pandemic by
hitting more than 200 countries around the globe. In an early
study by Chinese Center for Disease Control and Prevention,
a total of 5.6% environmental samples from Wuhan South
China Seafood Market were found SARS-CoV-2 positive, while
some studies also proposed other sources causing infections
because some infected individuals had not been exposed to
seafood markets [4,6,7,]. Li et al. estimated that SARS-CoV-2
outbreak in Wuhan had probably begun in November 2019
(95% CI, 2019.9.25–2019.12.19) based on analysis of genetic
diversity, temporal origin, and evolutionary history [8]. In
this tug of war situation to control and prevent SARS-CoV-2,
scientists, researcher community and, pharmaceutic industry
are putting all their energies and resources to overcome this
pandemic.
Based on research and data available, we hypothesize that
the source of SARS-CoV-2 transmission is semi-wild animals
(bamboo rats, mink, pangolins and crickets) reared in farms
for human consumption, where they might have infected
by the natural virus host (bats). Poor sanitary conditions,
carcasses and blood after slaughtering attract rats, stray
dogs, and cats, may also promote the spread, recombination
and mutation of the virus across different species including
humans. This leads us to two questions which may be of great

significance to prevent further epidemics and re-emergence
of SARS-CoV-2 like pandemics to ensure public health safety
Firstly, which animals may serve as intermediate hosts
and contribute transmission between the original host and
humans? Cell experiments confirmed that SARS-CoV-2 gains
intracellular access via angiotensin-converting enzyme 2
(ACE2), which is also used by SARS-CoV [7,9,10]. In fact,
the ACE2 protein is distributed widely across human organs
including lung and small intestinal epithelial cells, which
provides a possible route of entry for SARS-CoV into cells
[11]. Given the wide host range and genome structure
of CoV, genetic recombination and mutation events are
likely to occur during the evolution of the virus. Malayan
Pangolins (Manis javanica) that were illegally smuggled to
Guangxi China for both food source and utilizing their scales
in traditional Chinese medicine, six of 43 samples showed
99.83-99.92% similar genomic organizations to SARS-CoV-2
(August 2017-January 2018) while among the archived
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samples (May-July 2018) 12 among the 19 samples were
coronavirus positive. Archived pangolin samples obtained in
anti-smuggling operations (Guangzhou) performed in March
2019 were re-examined after the start of the SARS-CoV-2
outbreak. High-throughput sequencing revealed 72% of the
SARS-CoV-2 genome sequence similarity. In an another study
in Guangdong, 85.5% to 92.4% sequence similarity to SARSCoV-2 was observed in novel pangolin coronavirus genomes
with 97.4% amino acid similarity in the receptor-binding
domain [12]. The wide spread of CoV in rodents indicates
that mice could act as reservoir hosts of human CoV infection
[13]. Susceptibility of SARS-coronavirus-2 was tested through
intra-nasally inoculating pfu of CTan-H in ferrets, cats and
dogs. Ferrets are mostly used as an animal model in human
respiratory viruses while cats and dogs are the closest in
contact animals to humans. Replication of SARS-coronavirus-2
was observed among all tested ferrets and adult cats while
young cats showed more server clinical signs with efficient
transmission via respiratory droplets among cats. A total of
two among five dogs were also tested seropositive for SARScoronavirus-2 after intra-nasally inoculating pfu of CTan-H,
showing low susceptibility to SARS- CoV-2 in comparison
to cats. Same investigations were also conducted on pigs,
chickens and duck but the results were all seronegative
for SARS-CoV-2, showing their non-susceptibility to SARSCoV-2 [14]. Serological prevalence investigation of SARSCoV-2 by enzyme linked immunosorbent assay (ELISA), virus
neutralization test (VNT) and western blot test in cats were
made. The presence of SARS-CoV-2 antibodies in 15 (14.7%)
cats was observed by ELIZA while 11 (10.8%) were further
positive with VNT among the total 102 cats in Wuhan during
COVID-19 outbreak. It is of importance to mention here that
the cats owned by COVID-19 patients showed the highest
neutralization titer [15]. According to National Veterinary
Services Laboratory in Iowa, a female Malayan tiger at
the Bronx Zoo in New York City has tested positive for the
coronavirus. This is the very first animal infected case with
Covid-19 in the US [16].
CoVs were first discovered in humans, the non-human
hosts origin of these viruses has been confirmed; particularly
bats, which despite species barrier, resulting in SARS-CoV and
MERS-CoV infections in humans [17].
Bats have been identified as natural hosts of multiple
viruses including hepatitis viruses (Nipah virus and Hendra
virus), CoVs (SARS-CoV, MERS-CoV, and SADS-CoV), and
linear viruses (Marburg virus, Ebola virus, and Mengla virus)
[18-21]. The high temperature increasing innate and adaptive
immune systems during flight is one possible mechanism for
bats to reduce the impact of virus attacks in comparison to
terrestrial mammals during movement [22-24]. Genome
sequencing indicates that the genomes of bat-originating
SARS-like CoVs shares a high similarity (88%-92%) with SARSCoV isolated from humans and the masked palm civet [25,26].
Hao et al., observed same structure with no difference in the
3D structure of the receptor-binding domain (RBD) while
comparing S protein of SARS with SARS-CoV-2 [27]. In a study
by Shi et al., similar whole genome sequence we observed
at 79.5% between genome sequences of SARS-CoV-2 and
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SARS-CoV, while SARS-CoV-2 was 96% identical to Bat CoV
RaTG13 from Rhinolophus yunnanensis [28]. They also found
that SARS-CoV-2 uses the same cell entry receptor, i.e., ACE2,
as SARS-CoV, suggesting that the natural host of SARS-CoV-2
is bats [28]. Zhu et al., predicted that bats and mink are two
potential hosts of the new CoV, with mink being the reservoir
host [29]. They found that the infection pattern of SARSCoV-2 is more similar to that of SARS-like CoVin bats than in
others. More recent studies have also indicated that SARSCoV-2 originates from bats [9,30-32]. We propose further
researches to answer some critical scientific questions
pertaining to the identification of intermediate hosts and
overall transmission pattern of SARS-CoV-2 between humans
and animals, along with the mutation events involved in the
evolution of the virus.
In summary, there are many potential intermediate hosts
of SARS-CoV-2 such as semi-wild animals that are in frequent
contact with humans including stray dogs, cats, and domestic
mice.

One Health Approach in China
No one knows, when exactly will the coronavirus outbreak
end and how many lives will it takes. Here it is important to
mention that World Health Organization (WHO) also delayed
in declaring the emergency situation of the pandemic, the
consequences of which can be seen in developing or third
world countries. It is of immense importance to know, how
many infectious diseases are inter-transmittable among
human, animals and, their environment and how closely
connected and prone we are to these infections. These
infections do not discriminate in cultures, societies and
communities and seek no distances, barriers, borders or any
other means of separations. We need to understand the fact
to suffer now or bear such infections with more severity in
future [33].
Deforestation,
agricultural
encroachment,
road
construction, faulty irrigation, dam building, mining, hunting,
ecological tourism, climatic changes, pollution, and intensive
urbanization had disturbed the habitat, behavior, spacial
distribution, biodiversity, population of animals and bring
humans close to wildlife and other domestic animals. This
enabled wildlife or other domestic animals to migrate,
increasing exposure of humans to new pathogens. Private
possession, illegal trading and the use of wildlife for human
consumption has increased the demand of wildlife business
in China [34].
Livestock production have become the second largest
sources of pollution after industrial pollution in China.
The byproducts of livestock and poultry industry highly
contribute in polluting and contaminating the environment
with substantial number of pathogenic microorganisms,
leading to the spread of zoonotic diseases [35]. Farmers
use many antibiotics to prevent disease, promote growth
or as prophylactic drugs, which has increased the antibiotic
resistance. The abusive use of food additives in food
processing industries also very common, posing serious
threats to human health.
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In addition to the most popular pets, such as dogs and cats,
other rare species including, guinea pigs, lizards, and other
wildlife have become members of the family. These pets may
carry a number of zoonotic infectious diseases, such as rabies,
salmonella, tuberculosis, leptospirosis, or toxoplasmosis via
direct or indirect contact and by being bitten.
According to WHO, 75% of recently emerging infectious
diseases are zoonotic. Due to the increased regional and
global human interactions, the transmission of emerging
and re-emerging zoonotic diseases is a serious threat to
human health [36]. Unlike Western countries, developing
countries and in specific rural areas are found to be in
close contact with wildlife. Bio-safety measures are mostly
compromised in such areas by consumption of these wild
animals directly or indirectly via contact between wildlife and
domestic animals [37,38]. Human health is closely related
to animal and environment which drives the attention
towards the importance of “One Health” approach [39].
The Global Environmental Institute Beijing (TGEIB) have
somewhat adopted One Health concept in broader term
by limiting its scope to private enterprise and not giving
key interest in tracing infectious diseases. TGEIB hunts for
resolving domestic environmental issues by engaging local
communities, research groups, civil societies, government
agencies and private sector. Kunming Medical University in
collaboration with the World Agro forestry Centre has been
addressing national Eco Health issues by developing projects
and programs in the scope of One Health [40]. In 2014, Sun
Yat-sen University, the Academy of Military Medical Sciences,
South China Agricultural University, and Duke University
jointly hosted a One Health symposium on “zoonosis, food
safety and security, environment science, wildlife ecology,
and antibiotics resistance” in Guangzhou city [41]. Experts
from more than seven countries having expertise in public
health, clinical medicine, veterinary medicine, environmental
and agricultural science attended the conference. The initial
success of One Health in China can be observed by the joint
researches conducted on H3N2 [42], rabies and dengue fever
outbreak [35].
China’s economy was hit by the outbreak of SARS in
2003 with a total loss of $25.3 billion [43]. After the end of
the SARS outbreak, the investigation team of WHO includes
seven veterinarians or experts in animal health among the
total eight experts, but the Chinese team of six members had
only one veterinarian. The failure to predict or monitor the
spread of disease in animals and subsequently to humans
gives a wake-up call to the regulatory authorities for the
need of incorporated cross-sectoral collaboration between
human and animal health sectors. Farm-to-fork issues in
food production chain can occur as a result of compromise
in biosecurity and food safety measures, which may lead
to a number of infectious diseases. It is important to have
common understanding to work together. Food safety and
security justifies the need of understanding the link between
humans, animals and environment. It is of utmost importance
to collaborate and share information regarding emerging and
reemerging zoonotic pathogens. An in-depth collaborative
research need to be conducted on the prevalence, incidence,
variation, genomic data, life cycle of the natural reservoir,
Shah MK. Arch Immunol 2021, 3(1):30-33

intermediate hosts, antibiotic resistance patterns and spacial
distribution of the pathogens. A multi-sector scientific and,
early warning database should be available nationally and
globally as well. As an example, to control microbial resistance,
we can learn it from the automated program in Denmark
named Vetstat, which collect quantitative data from all
prescribed animal medicine sources, including veterinarians,
pharmacies, and feed mills [44]. We recommend that a
professional and comprehensive “One Health” team should
participate in the investigation of emerging zoonosis in the
future to strengthen the prevention and control of integrated
human-veterinary medicine, which will heavily influence the
control of emerging zoonotic diseases, harmony, and health
among humans, animals, and environment.

Funding Information
National Key R&D Program of China (2017YFC1200202);
Shanghai Agriculture Applied Technology Development
Program, China (Grant No. T20170111).

References
1.

Chan JF-W, Yuan S, Kok K-H, et al. (2020) A familial cluster
of pneumonia associated with the 2019 novel coronavirus
indicating person-to-person transmission: A study of a family
cluster. Lancet 395: 514-523.

2.

Huang C, Wang Y, Li X, et al. (2020) Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet
395: 497-506.

3.

Phan LT, Nguyen TV, Luong QC, et al. (2020) Importation and
human-to-human transmission of a novel coronavirus in
Vietnam. N Engl J Med 382: 872-874.

4.

Chen N, Zhou M, Dong X, et al. (2020) Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: A descriptive study. Lancet 395: 507-513.

5.

Pneumonia of unknown cause - China. (2020) World Health
Organization.

6.

Zhou P, Yang X-L, Wang X-G, et al. (2020) A pneumonia outbreak
associated with a new coronavirus of probable bat origin.
Nature 579: 270-273.

7.

Lu R, Zhao X, Li J, et al. (2020) Genomic characterisation and
epidemiology of 2019 novel coronavirus: implications for virus
origins and receptor binding. The Lancet 395: 565-574.

8.

Li X, Zai J, Wang X, et al. (2020) Potential of large ‘first
generation’human‐to‐human transmission of 2019‐nCoV. J
Med Virol 92: 448-454.

9.

Wu F, Zhao S, Yu B, et al. (2020) Complete genome
characterisation of a novel coronavirus associated with severe
human respiratory disease in Wuhan, China.

10. Zhao Y, Zhao Z, Wang Y, et al. (2020) Single-cell RNA expression
profiling of ACE2, the putative receptor of Wuhan 2019-nCov.
11. Hamming I, Timens W, Bulthuis M, et al. (2004) Tissue
distribution of ACE2 protein, the functional receptor for SARS
coronavirus. A first step in understanding SARS pathogenesis. J
Pathol 203: 631-637.
12. Lam TT-Y, Shum MH-H, Zhu H-C, et al. (2020) Identifying SARSCoV-2 related coronaviruses in Malayan pangolins. Nature 583:
282-285.
Open Access | Page 32 |

Citation: Shah MK, Wang X, Cui L (2021) Insight into SARS-CoV-2: Epidemiology, Hosts and One Health. Arch Immunol 3(1):30-33

13. Coutard B, Valle C, de Lamballerie X, et al. (2020) The spike
glycoprotein of the new coronavirus 2019-nCoV contains a
furin-like cleavage site absent in CoV of the same clade. Antiviral
Res 176: 104742.
14. Chen H (2020) Susceptibility of ferrets, cats, dogs, and different
domestic animals to SARS-coronavirus-2.
15. Zhang Q, Zhang H, Huang K, et al. (2020) SARS-CoV-2 neutralizing
serum antibodies in cats: A serological investigation.
16. Coronavirus: Tiger at Bronx Zoo tests positive for Covid-19.
(2020) BBC News.
17. Hu B, Ge X, Wang L-F, et al. (2015) Bat origin of human
coronaviruses. Virology journal 12: 221.
18. Cui J, Li F, Shi Z-L (2019) Origin and evolution of pathogenic
coronaviruses. Nat Rev Microbiol 17: 181-192.
19. Fan Y, Zhao K, Shi Z-L, et al. (2019) Bat Coronaviruses in China.
Viruses 11: 210.
20. Brook CE, Dobson AP (2015) Bats as ‘special’reservoirs for
emerging zoonotic pathogens. Trends Microbiol 23: 172-180.
21. Anthony SJ, Johnson CK, Greig DJ, et al. (2017) Global patterns
in coronavirus diversity. Virus Evol 3.
22. Thomas SP, Suthers RA (1972) The physiology and energetics of
bat flight. J Experimental Biology 57: 317-335.
23. Baker M, Schountz T, Wang LF (2013) Antiviral immune responses
of bats: a review. Zoonoses and public health 60: 104-116.
24. Hasday JD, Fairchild KD, Shanholtz C (2000) The role of fever in
the infected host. Microbes Infect 2: 1891-904.
25. Wang L-F, Shi Z, Zhang S, et al. (2006) Review of bats and SARS.
Emerg Infect Dis 12: 1834-1840.
26. Song H-D, Tu C-C, Zhang G-W, et al. Cross-host evolution of
severe acute respiratory syndrome coronavirus in palm civet
and human. Proc Natl Acad Sci USA 102: 2430-2435.
27. Xu X, Chen P, Wang J, et al. (2020) Evolution of the novel
coronavirus from the ongoing Wuhan outbreak and modeling of
its spike protein for risk of human transmission. Science China
Life Sciences 63: 457-460.
28. Zhou P, Yang X-L, Wang X-G, et al. (2020) Discovery of a novel
coronavirus associated with the recent pneumonia outbreak in
humans and its potential bat origin.
29. Zhu H, Guo Q, Li M, et al. (2020) Host and infectivity prediction of
Wuhan 2019 novel coronavirus using deep learning algorithm.
30. Paraskevis D, Kostaki EG, Magiorkinis G, et al. (2020) Fullgenome evolutionary analysis of the novel corona virus (2019nCoV) rejects the hypothesis of emergence as a result of a
recent recombination event. Infect Genet Evol 79: 104212.

31. Benvenuto D, Giovannetti M, Ciccozzi A, et al. (2020) The 2019‐
new coronavirus epidemic: Evidence for virus evolution. J Med
Virol 92: 455-459.
32. Dong N, Yang X, Ye L, et al. (2020) Genomic and protein
structure modelling analysis depicts the origin and infectivity
of 2019-nCoV, a new coronavirus which caused a pneumonia
outbreak in Wuhan, China.
33. Zheng Z, Lu Y, Short KR, et al. (2019) One health insights to
prevent the next HxNy viral outbreak: Learning from the
epidemiology of H7N9. BMC infectious diseases 19: 138.
34. Patz JA, Daszak P, Tabor GM, et al. (2004) Unhealthy landscapes:
Policy recommendations on land use change and infectious
disease emergence. Environ Health Perspect 112: 1092-1098.
35. Liu L, Med M, Jianyong Wu, et al. (2016) One Health in China.
Infect Ecol Epidemiol 6: 10.
36. Kelley TR (2014) Insights into Ebola and other emerging and
re-emerging infectious disease risks. Environ Health Insights 8:
39-41.
37. Guan Y, Zheng B, He Y, et al. (2003) Isolation and characterization
of viruses related to the SARS coronavirus from animals in
southern China. Science 302: 276-278.
38. Shi Z, Hu Z (2008) A review of studies on animal reservoirs of the
SARS coronavirus. Virus Res 133: 74-87.
39. El Amri H, Boukharta M, Zakham F, et al. (2020) Emergence and
Reemergence of Viral Zoonotic Diseases: Concepts and Factors
of Emerging and Reemerging Globalization of Health Threats.
Emerging and Reemerging Viral Pathogens: Elsevier 1: 619-634.
40. Coghlan B, Hall D, John S. Mackenzie, et al. (2012) The
development of One Health approaches in the Western Pacific.
In: One Health: The Human-Animal-Environment Interfaces in
Emerging Infectious Diseases 366: 93-111.
41. Su S, Gray GC, Lu J, et al. (2014) New “One Health” strategies
needed for detection and control of emerging pathogens at
Cantonese live animal markets, China. Clin Infectious Diseases
59: 1194-1197.
42. Ma M, Anderson BD, Wang T, et al. (2015) Serological evidence
and risk factors for swine influenza infections among Chinese
swine workers in Guangdong Province. PloS one 10: e0128479.
43. Hai W, Zhao Z, Wang J, et al. (2004) The short-term impact of
SARS on the Chinese economy. Asian Economic Papers 3: 57-61.
44. Stege H, Bager F, Jacobsen E, et al. (2003) VETSTAT-the Danish
system for surveillance of the veterinary use of drugs for
production animals. Prev Vet Med 57: 105-115.

DOI: 10.36959/885/372
Copyright: © 2021 Shah MK. This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

S CHOLARS. D IRECT

Shah MK. Arch Immunol 2021, 3(1):30-33

Open Access | Page 33 |

