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Origin and Evolution of the 2019
Novel Coronavirus

To THE EDITOR—The 2019 novel corona-
virus disease (2019-nCoV or COVID-19)
recently reported from Wuhan (China),
which has cases in Thailand, Japan, South
Korea, and the United States, has been
confirmed as a new coronavirus [1]. The
2019-nCoV has infected several hundred
humans and has caused many fatal cases.
Determining the origin and evolution of
2019-nCoV is important for the surveil-
lance, drug discovery, and prevention of
the epidemic. With more and more re-
ported pathogenic 2019-nCoV isolates, it
is necessary to reexamine their origin and
diversification patterns.

Based on our phylogenomic analysis
of the recently released genomic data of
2019-nCoV, we showed that the 2019-
nCoV is most closely related to 2 severe
acute respiratory syndrome (SARS)-like
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CoV sequences that were isolated in
bats during 2015 to 2017 [2], suggesting
that the bats’ CoV and the human 2019-
nCoV share a recent common ancestor
(Figure 1A). Therefore, the 2019-nCoV
can be considered as a SARS-like virus
and named SARS-CoV-2. The 2 bat vir-
uses were collected in Zhoushan, Zhejiang
Province, China, from 2015 to 2017 [2].
There is speculation that the 2019-nCoV
may have originated near Zhoushan or
elsewhere. The new coronavirus was first
isolated from stallholders who worked
at the South China Seafood Market in
Wuhan. This market also sells wild ani-
mals or mammals, which were likely in-
termediate hosts of 2019-nCoV, which
originated from bat hosts (Figure 1B). It
has been speculated that the intermediate
hosts (wild mammals) may have been
sold to the seafood market in Wuhan.
The 2019-nCoVs have long branches
(0.09) for the 2 isolated in the phylogenomic
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tree (Figure 1A), indicating that the 2019-
nCoVs likely share bat hosts. Similarly,
the 2003 SARS-CoVs (human SARS-
CoVs) had short branches (0.03) for the
bat hosts (Figure 1A). This indicates that
there should be more bat viruses closer to
2019-nCoV.

According to their phylogenetic rela-
tionships, the 27 isolates of 2019-nCoV
examined in this study can be divided
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into at least 6 genotypes (I-VL; Figure 1C).
The 27 isolates were mainly obtained
from 4 different places—Thailand and
the 3 Chinese cities of Wuhan, Zhejiang,
and Guangdong—and all of them were
present in people who visited or had con-
tact with people from Wuhan. The geno-
types VI, V, and IV (Guangdong and
Shenzhen) are located at the basal branch
in the phylogenetic tree of 2019-nCoV,
indicating that those patients infected
by these genotypes of CoV were among
the earliest groups to be infected. There
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The phylogenomic trees of the coronavirus and the genotypes of 2019-nCoV strains. A, The maximum likelihood (ML) phylogenetic trees of the coronavirus with

the approximate ML method by FastTree. This phylogenetic tree is a rooted tree with CoV BM48-31/BGR/2008 and BtKY72 as an outgroup. Coronaviruses from different
sources are represented on the right side of the tree. The 2019-nCoV is labeled in red. The detailed sequence information used in this figure is shown in Supplementary
Figure 1. B, A simple model of the 2019-nCoV origin inferred from the phylogenomic tree. C, The ML phylogenetic tree of 2019-nCoV with bat-SL-CoVZC45 as the root, with
the approximate ML method by FastTree. The 27 isolates of 2019-nCoV can be divided into 6 genotypes. The 6 genotypes of 2019-nCoV strains are represented with different
symbol shapes. Abbreviations: 2019-nCoV, 2019 novel coronavirus; SARS, severe acute respiratory syndrome.
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were 3 genotypes present in samples from
Guangdong province, indicating that the 6
strains were infected from different places
in Wuhan. There were 2 genotypes found
in the Zhejiang province, suggesting that
the 2 strains were infected from different
places in Wuhan. The 2 strains detected in
Nonthaburi, Thailand, are from the same
genotype and perhaps originated from
the same place in Wuhan. The sequence
diversification between the 24 strains of
2019-nCoV are small, and it is difficult to
separate them in the phylogenomic tree.
Compared with the rapid reassortment
and mutation of avian influenza (H7N9)
[3, 4], the degree of diversification of
2019-nCoV is much smaller. But the 27
isolates can be divided into 6 genotypes,
indicating that the 2019-nCoV has mu-
tated in different patients. The magnitude
of this variation is worthy of attention in
the future, and it is necessary to be vig-
ilant for any noticeable, rapid mutations.
As of today, the intermediate host of
2019-nCoV has not been determined
(Figure 1B). Considering that interme-
diate hosts are generally mammals [5],
they are likely the living mammals sold
in the South China seafood market.
Therefore, strengthening the monitoring
of wild mammals is an urgent measure
needed to prevent similar viruses from
infecting humans in the future. More
than 1000 confirmed cases have been
reported in China. The number of prov-
inces and cities in China, as well as in
other countries, with confirmed cases is
steadily increasing. It is necessary to fur-
ther strengthen monitoring to ensure that
these virus strains will not cause diseases
like the global outbreak of 2003 SARS.

Supplementary Data

Supplementary materials are available at Clinical
Infectious Diseases online. Consisting of data pro-
vided by the authors to benefit the reader, the
posted materials are not copyedited and are the
sole responsibility of the authors, so questions
or comments should be addressed to the corre-
sponding author.
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De-isolating Coronavirus
Disease 2019 Suspected Cases:
A Continuing Challenge

To THE EDITOR—AS of 15 February 2020,
Singapore had screened a total of 991 sus-
pected cases for coronavirus disease 2019
(COVID-19), of which 72 cases tested
positive, 812 cases tested negative, and
the remaining 107 had pending results
[1]. Besides optimizing sample type to
increase yield and ease of collection [2],
the challenge in clinical management of

suspected cases lies in deciding whether
they may be de-isolated or if further iso-
lation and repeat testing are required.

No single indicator may be effectively
used to decide on de-isolation of a sus-
pected case. In our series of positive
cases, samples from 1 suspected case only
returned positive on the fifth repeated
sample (nasopharyngeal swab), on the
seventh day of clinical illness. Current
evidence suggests that transmission of
COVID-19 may be possible even from
asymptomatic contacts [3], and poly-
merase chain reaction testing may not re-
turn positive initially [4]. Our suspected
case was kept isolated because of a high
index of clinical suspicion, with a clini-
cally compatible illness and history of
close contact with a laboratory-proven
COVID-19 case. While multiplex respi-
ratory virus panels, in general, may be
helpful in the evaluation of other viral
acute respiratory infections (ARIs), even
the detection of an alternate respiratory
pathogen may not definitively exclude
COVID-19 infection. Dual infections can
occur in 10%-20% of viral ARIs, as has
been reported with severe acute respira-
tory syndrome coronavirus and Middle
East respiratory syndrome coronavirus
[5]. In our case series, 1 patient with con-
firmed COVID-19 by a nasopharyngeal
sample also exhibited clinical symptoms
compatible with dengue fever. This was
laboratory confirmed by dengue NS1 an-
tigen test. (P. L. Lim, personal communi-
cation, February 2020).

There were 2 notable operational chal-
lenges in the de-isolation of suspected
cases. With substantial numbers of sus-
pected cases admitted for isolation and the
need to hold patients for repeated testing,
there was a need to manage isolation room
occupancy. However, for patients who
needed ongoing inpatient care for other
reasons, we also needed to address the risk
of inadvertent nosocomial amplification,
to reduce the risk of transmission from
patients who had tested negative early in
their clinical illness. A rigorous framework
was required to help clinicians de-isolate
COVID-19 patients safely.
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