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Back to Science in Searching for SARS-CoV-2 Origins
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In recent decades, emerging and re-emerging
human-infecting pathogens have been represented as
huge threats to public health and have become a global
concern (/). After outbreaks of two coronaviruses
(CoVs), severe acute respiratory syndrome coronavirus
(SARS-CoV) and Middle East respiratory syndrome
coronavirus (MERS-CoV), severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) became the
first-known pandemic hastening CoV with tremendous
wrecking to the world (2). The origin tracing of these
emerging pathogens is of great significance in
infectious disease prevention and control (3—4). The
origin of SARS-CoV-2 remains elusive after the more
than 3-year pandemic, though scientists around the
world are making great efforts. From the experience of
studying many other infectious pathogens, origin
tracing is systematic and time-consuming work. The
supposed origins of many infectious pathogens are still
in debate, including SARS-CoV and human
immunodeficiency virus, etc (5).

The establishment of a defined origin of an
emerging human-infecting pathogen requires rigorous
logical relationships, sufficient causal relationships, and
a solid chain of evidence. Generally speaking, to
understand the concept of “origin,” we believe that it
can be divided into two perspectives: 1) From a macro
perspective, for the global origin of coronavirus disease
2019 (COVID-19), zoonotic origin is still the most
possible way. A natural host would exist, which may or
may not require intermediate animals. However, based
on the current global evidence available, there is no
definitive conclusion for both natural and intermediate
animals for SARS-CoV-2 yet. 2) In a narrower sense,

for the origin (or more accurately, the “introduction”
g y

or the route of infection of the index case) in a
particular geographic range (such as a country, city,
school or market) or in a particular population, we
believe that this origin may have multiple possibilities.
For example, the initial case in a geographical area was
infected by a person entering this area, by contact with
the items entering the area as a vector of the pathogen,
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or by an animal carrying the pathogen entering the
area. However, it should be noted that even if the
origin within a certain area (even as the early reported
outbreak site) is found, it cannot be equated with the
origin of the global pandemic, that is, “the location of
discovery” does not equal to “the location of origin”.
To draw the scientific conclusion that a certain item
is the origin of an emerging pathogen, scientific logic
and evidence for research are also needed. First of all,
to prove that the infection origin of item B, i.e., index
case is item A (A and B refer to individuals rather than
groups), which can be
environmental

human, animal, or
medium  items, the following
representatives in the evidence chain are required: 1)
Prior to the onset of disease, B has a history of
exposure to A and the infection of A is prior to B
(epidemiological evidence); 2) the pathogen is detected
and/or isolated from A, in contact by B (laboratory
evidence); and 3) the genome of the pathogen
sequenced from the samples of A and B showed high
homology or progeny relationship (molecular
evidence). Considering the complexity and rigor of
causality, these are necessary but not sufficient
conditions to prove that A, as the origin, transmitted
the pathogen to B.

On the issue of SARS-CoV-2 origin, all the studies
and the related conclusions should be based on science.
Chinese scientists have always maintained an open,
transparent, and responsible attitude and practice and
worked together with scientists from all over the world
on origin tracing and contributed a lot of scientific
references, with WHO-China Joint Report as one of
the achievements (6).

During the early stage of COVID-19 outbreak in
late December 2019, a certain percentage of cases were
found to be linked to the Huanan Seafood Market
(HSM) in Wuhan, China. Thus, the surveillance of
SARS-CoV-2 in the environment and animal samples
of the HSM is of great importance for investigating
how the viruses were introduced into the market. The
market was closed on the morning of January 1, 2020,
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and at the same time, the Chinese Center for Disease
Control and Prevention (China CDC) and local CDCs
dispatched HSM o
environmental samples. From January to March 2020,
environmental samples from different locations within
and around this market and animal samples including
animal bodies, stray animals, and their feces were
collected. The surveillance results reflect the profile of
SARS-CoV-2 contamination by early cases in the
market during the early phase of the outbreak. These
results were timely and continuously informed to the
public through official media (http://www.gov.cn/
xinwen/gwylflkjz16/wzsl.htm). After the surveillance
work in the field, the data were further analyzed and
during the WHO-convened Global Study of Origins
of SARS-CoV-2: China Part from July 2020 to
February 2021, the results were reported to WHO
experts and comprehensively discussed by a joint expert
team of WHO and China. The joint team also entered
the site of HSM in January 2021 and they recognized
the importance of the surveillance methods, data, and
results, which were written into the Joint Report (6).
Furthermore, the Joint Report also suggested a list of
more investigations and analyses to be performed in
the future, including DNA barcoding analysis of the
samples within the market. Meanwhile, the data on the
HSM together with the barcoding analyses were
summarized into a scientific paper submitted to a peer-
review journal and also released as a preprint for the
public (7—8) and further in-depth analyses were also
performed during this process. Meanwhile, the raw
data related to the study were deposited to GISAID
(9). The data were not removed or deleted since the
deposit. In accordance with the usual practice of
publication, and by agreement with the journal and
GISAID, the data would be released simultaneously
with the formal publication, but the link to access the
data for journal review has always existed. At present,
all the data have been released simultaneously in four
international databases, i.e. 1) GISAID; 2) Sequence
Read Archive (SRA), National Center for
Biotechnology Information (NCBI); 3) National
Genomics Data Center (NGDC), China National
Center for Bioinformation (CNCB); 4) China
National Microbiology Data Center (NMDC).

The study included the SARS-CoV-2 detection
results of 1,380 samples collected from the
environment and the animals within the market in
early 2020. By SARS-CoV-2-specific RT-qPCR, 73
environmental samples tested positive for SARS-CoV-2
and three live viruses were successfully isolated. The

experts to the collect
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viruses from the market shared nucleotide identity of
99.980% to 100% with the SARS-CoV-2 isolates from
early COVID-19 cases. No virus was detected in the
animal swabs covering 18 species of animals in the
market. The RNA-seq analysis of SARS-CoV-2
positive and negative environmental samples showed
the abundance of different vertebrate species. Through
the DNA barcoding analysis, the high abundance of
Homo sapiens within the environment samples highly
suggests that the SARS-CoV-2 in the environmental
samples was derived from early cases in HSM. Also, the
results indicated the existence of Sus, Bos, Gallus, Anas,
and Njyctereutes and other animals through gene
barcode within the market before the closure.
However, these environmental samples could not
prove the infection of the animals. Furthermore, even
if the animals were infected, the possibility of human-
to-animal transmission occurring could not be ruled
out after human infection. Thus, the possible potential
introduction of the virus through human or cold chain
products into the market can still not be ruled out. All
these data showed that the market has just acted as an
early amplifier during the pandemic due to the high
number of consumers every day, causing many initially
identified infection clusters. The origin of the virus
involving animal-to-human transmission cannot be
determined based on the current data.

At the same time as this study, Chinese scientists
have also published a series of papers from the
perspectives of serological testing of potential SARS-
CoV-2 infection using blood from blood donors in
Wuhan in 2019 (10), animal surveillance (1/7-13), the
cold chain (14), etc (3—-4,15). These studies have
provided more scientific references for origin tracing
and also provided scientific perspectives for future
research.

Based on the current scientific logic and the
evidence available globally, the several hypotheses and
the conclusions on the origins of SARS-CoV-2 in the
previous WHO-China Joint Report are scientific and
objective (6). That is, traceability is a scientific issue
that requires scientific evidence and logical inference.
The origin tracing of SARS-CoV-2 may still be a long
way off. However, it is believed that the experience
accumulated in the studies on COVID-19 will shed
light on the prevention and control of other emerging
and re-emerging infectious diseases in the future (16).
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