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Abstract
As of February 15, 2020, 51,800 cases of COVID-19 disease, including more than 1,600 COVID-19-related deaths, had been

laboratory-confirmed in mainland China, mainly in Hubei province. Additionally, 526 laboratory-confirmed cases have been

reported across 25 other countries. Approximately, 15% of cases reported to the World Health Organization (WHO) are severe, 3%
are critical, and 82% are mild clinical manifestations, whereas the estimated overall case fatality rate is approximately 2% but the
figure outside of Hubei province is approximately 0.05% or less, not different from the fatality identified in the seasonal influenza. It

is not yet clear why sustained chains of transmission have not been reported outside Asia. Genetic factors encouraging transmission
within Asian populations, effective containment, inefficient transmission, poor reporting due to lacking molecular testing capacity

in some low-income countries, and specific environmental conditions in Hubei province and mainland China. Among the most

severely affected patients, viral ribonucleic acid (RNA) has been detected in the plasma approximately 15% and viral detection
in stool reveals possibility of fecal transmission. The unanswered questions include the pathophysiology of pulmonary clinical

infection, influenza and other viral co-infection, and the rate of bacterial complications. Six residuals in the receptor binding

domain (RBD) of the spike protein of SARS-CoV and SARS-related coronaviruses, the most variable part of the virus genome appear
to be critical for binding to the human ACE2 receptor and the determining host range. Five of these six residuals are mutated in

COVID-19 compared to its most closely related virus, RaTG13 sampled from a Rhinolophus affinis bat to which it is approximately

96% identical. Volz., et al. used Bayesian and maximum likelihood phylogenetic methods on analyzing 53 SARS-CoV-2 (COVID-19)
whole genome sequences collected up to February 3, 2020 revealed that the COVID-19 was introduced into the human population

in Wuhan, China in early December 2019 and has an epidemic doubling time of about 7 days. In conclusion, to identify the COVID-19
origin, obtaining virus sequences from immediate non-human animal sources would be the most definite method. For substantially

refining of phylogenetic estimates of epidemic size and growth rate of COVID-19 in Wuhan, Hubei province and mainland China,
larger numbers of more systematically sampled sequences from across China are needed.
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Introduction

As of February 15, 2020, 51,800 cases of COVID-19 disease, including more than 1,600 COVID-19-related deaths, had been laborato-

ry-confirmed in mainland China, mainly in Hubei province [1]. Additionally, 526 laboratory-confirmed cases have been reported across
25 other countries [1]. Approximately, 15% of cases reported to the World Health Organization (WHO) are severe, 3% are critical, and

82% are mild clinical manifestations [2], whereas the estimated overall case fatality rate is approximately 2% but the figure outside
of Hubei province is approximately 0.05% or less, not different from the fatality identified in the seasonal influenza [3]. There is no
expected cross protection by a common human coronavirus infection and theoretically, COVID-19 can infect any one of the individuals
[3]. COVID-19 complications target especially the elderly, but the complications can unpredictably occur in the younger age populations,

as well as influenza [3]. Despite a low risk of COVID-19 complications, a mild clinical presentations of the disease allow a larger chain

of transmission through various populations [3]. Critically, after first identified outbreak, understanding of epidemiology trajectory of
infection still have a limitation. Although the WHO reported the dates of diagnosis of COVID-19 disease, but this is not enough information [3]. It is not yet clear why sustained chains of transmission have not been reported outside Asia. Genetic factors encouraging

transmission within Asian populations, effective containment, inefficient transmission, poor reporting due to lacking molecular testing

capacity in some low-income countries, and specific environmental conditions in Hubei province and mainland China [3]. Among the

most severely affected patients, viral ribonucleic acid (RNA) has been detected in the plasma approximately 15% [4] and viral detection
in stool reveals possibility of fecal transmission [5]. COVID-19 has been isolated in human saliva [6], nasopharynx and lower respiratory tract [7]. Lacking lung biopsies or post-mortem sample investigations leads to an incomplete understanding of the pathogenesis of
COVID-19 infection [3]. The unanswered questions include the pathophysiology of pulmonary clinical infection, influenza and other viral
co-infection, and the rate of bacterial complications [3].
Proximal origin of COVID-19

COVID-19 (SARS-CoV-2) is the seventh member of the Coronaviridae known to infect humans [8]. Three of these viruses are: 1) SARS

CoV-1, 2) MERS and 3) COVID-19 (SARS-CoV-2) can cause severe disease, and 4) HKU1, NL63, OC43 and 229E, are related to mild respi-

ratory symptoms. The two notable characteristics of the COVID-19 genome are: 1) based on structural modelling and early biochemical

experiments, COVID-19 is optimized for binding the human ACE2 receptor; and 2) the highly variable spike (S) protein of COVID-19 has a
polybasic (furin) cleavage site at the S1 and S2 boundary via the insertion of twelve nucleotides. This event contributes to the acquisition
of the three predicted O-linked glycans around the polybasic cleavage site [8].

Six residuals in the receptor binding domain (RBD) of the spike protein of SARS-CoV and SARS-related coronaviruses, the most vari-

able part of the virus genome appear to be critical for binding to the human ACE2 receptor and the determining host range [9]. Five of
these six residuals are mutated in COVID-19 compared to its most closely related virus, RaTG13 sampled from a Rhinolophus affinis bat

to which it is approximately 96% identical [10]. COVID-19 seems to have an RBD that may bind with high affinity to ACE2 from human,

non-human primate, cat, pig, and ferret [9]. COVID-19 may bind less efficiently to ACE2 in other species related to SARS-like viruses,
such as rodents and civets [9]. Recent binding studies demonstrated that COVID-19 binds with high affinity to human ACE2 [11]. The
COVID-19 spike appears to be the result of selection on human or human-like ACE2 permitting another suitable binding solution to oc-

cur and this strongly indicate that COVID-19 is not the genetic engineering product [8]. All COVID-19 sequenced genomes have the well
adapted RBD and the polybasic cleavage site, and thus are derived from a common ancestor. Initial analyses demonstrated that Malayan

pangolins (Manis javanica) illegally imported into Guangdong province, China contain a coronavirus (CoV) that is similar to COVID-19
[12,13]. Nevertheless, no pangolin CoV has been identified to be sufficiently similar to COVID-19 across its entire genome for supporting
direct human infection [8].
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Phylogenetic analysis of COVID-19
Volz., et al. demonstrated their study by analyzing 53 SARS-CoV-2 (COVID-19) whole genome sequences collected up to February

3, 2020. They found a strong association between the time of sample collection and accumulation of genetic diversity of COVID-19. By
using Bayesian and maximum likelihood phylogenetic methods revealed that the COVID-19 was introduced into the human population
in Wuhan, China in early December 2019 and has an epidemic doubling time of about 7 days. Precise estimated of epidemic size are not

possible with current genetic data, the analyses demonstrated substantial heterogeneity in the number of secondary infections caused
by each COVID-19-infected case that indicated by a high level of over-dispersion in the reproduction number [14].

Conclusion

Although genomic evidence does not support the belief that COVID-19 is a laboratory construct, currently it is impossible to disprove

or prove the theories of its origin. To identify the COVID-19 origin, obtaining virus sequences from immediate non-human animal sources
would be the most definite method. Additionally, experimental studies of the role of the polybasic cleavage site and predicted O-linked
glycans and receptor binding would be more helpful to obtain more viral genetic data. For substantially refining of phylogenetic estimates of epidemic size and growth rate of COVID-19 in Wuhan, Hubei province and mainland China, larger numbers of more systematically sampled sequences from across China are needed.
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