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Since the outbreak of severe acute respiratory syndrome (SARS) 18 years ago, alarge
number of SARS-related coronaviruses (SARSr-CoVs) have been discovered in their
natural reservoir host, bats'*. Previous studies have shown that some bat SARSr-CoVs
have the potential to infect humans®’. Here we report theidentification and
characterization of anew coronavirus (2019-nCoV), which caused an epidemic of
acute respiratory syndrome in humans in Wuhan, China. The epidemic, which started
on12 December 2019, had caused 2,794 laboratory-confirmed infections including 80
deaths by 26 January 2020. Full-length genome sequences were obtained from five
patients at an early stage of the outbreak. The sequences are almost identical and
share 79.6% sequence identity to SARS-CoV. Furthermore, we show that 2019-nCoVis
96% identical at the whole-genome level to a bat coronavirus. Pairwise protein
sequence analysis of seven conserved non-structural proteins domains show that this
virus belongs to the species of SARSr-CoV. In addition, 2019-nCoV virus isolated from
the bronchoalveolarlavage fluid of a critically ill patient could be neutralized by sera
from several patients. Notably, we confirmed that 2019-nCoV uses the same cell entry

receptor—angiotensin converting enzyme Il (ACE2)—as SARS-CoV.

Coronaviruses have caused two large-scale pandemics in the past
two decades, SARS and Middle East respiratory syndrome (MERS)®°.
Ithas generally been thought that SARSr-CoV—which is mainly found
in bats—could cause a future disease outbreak'®". Here we report
on a series of cases caused by an unidentified pneumonia disease
outbreakin Wuhan, Hubei province, central China. This disease out-
break—which started from a local seafood market—has grown sub-
stantially toinfect 2,761 peoplein China, is associated with 80 deaths
and has led to the infection of 33 people in 10 additional countries
as of 26 January 2020'%, Typical clinical symptoms of these patients
are fever, dry cough, breathing difficulties (dyspnoea), headache
and pneumonia. Disease onset may result in progressive respiratory
failure owing to alveolar damage (as observed by transverse chest
computerized-tomography images) and even death. The disease was
determined to be caused by virus-induced pneumonia by clinicians
accordingto clinical symptomsand other criteria, including arise in
body temperature, decreases in the number of lymphocytes and white
blood cells (although levels of the latter were sometimes normal), new
pulmonaryinfiltrates on chest radiography and no obvious improve-
ment after treatment with antibiotics for three days. It appears that
most of the early cases had contact history with the original seafood
market; however, the disease has now progressed to be transmitted
by human-to-human contact.

Samples fromseven patients with severe pneumonia (sixofwhomare
sellers or deliverymen from the seafood market), who were admitted to
theintensive care unit of Wuhan Jin Yin-Tan Hospital at the beginning
of the outbreak, were sent to the laboratory at the Wuhan Institute of
Virology (WIV) for the diagnosis of the causative pathogen (Extended
DataTablel). Asalaboratory investigating CoV, we first used pan-CoV
PCR primersto test these samples®, given that the outbreak occurredin
winter and inamarket—the same environment as SARS infections. We
found five samples to be PCR-positive for CoVs. One sample (WIV04),
collected from the bronchoalveolar lavage fluid (BALF), was analysed by
metagenomics analysis using next-generation sequencing to identify
potential aetiological agents. Of the 10,038,758 total reads—of which
1,582 total reads were retained after filtering of reads from the human
genome—1,378 (87.1%) sequences matched the sequence of SARSr-
CoV (Fig. 1a). By de novo assembly and targeted PCR, we obtained a
29,891-base-pair CoV genome that shared 79.6% sequence identity
to SARS-CoV BJ01 (GenBank accession number AY278488.2). High
genome coverage was obtained by remapping the total reads to this
genome (Extended Data Fig. 1). This sequence has been submitted to
GISAID (https://www.gisaid.org/) (accession number EPI_ISL_402124).
Following the name given by the World Health Organization (WHO),
we tentatively call it novel coronavirus 2019 (2019-nCoV). Four more
full-length genome sequences 0f2019-nCoV (WIV02, WIVO5, WIV06 and
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Fig.1|Genome characterization of 2019-nCoV. a, Metagenomics analysis of
next-generation sequencing of BALF from patient ICU06. b, Genomic
organization of 2019-nCoV WIV04. M, membrane. ¢, Similarity plot based on
thefull-lengthgenome sequence of 2019-nCoV WIVO4. Full-lengthgenome
sequences of SARS-CoV BJ01, bat SARSr-CoV WIV1, bat coronavirus RaTGl3and
ZC45wereused asreference sequences. d, Phylogenetic tree based on

WIVO7) (GISAID accession numbers EPI_ISL_402127-402130) that were
more than 99.9% identical to each other were subsequently obtained
from four additional patients using next-generation sequencing and
PCR (Extended Data Table 2).

The virus genome consists of six major open-reading frames (ORFs)
that are common to coronaviruses and a number of other accessory
genes (Fig. 1b). Further analysis indicates that some of the 2019-nCoV
genes shared less than 80% nucleotide sequence identity to SARS-CoV.
However, the amino acid sequences of the seven conserved replicase
domainsin ORFlab that were used for CoV species classification were
94.4% identical between 2019-nCoV and SARS-CoV, suggesting that
the two viruses belong to the same species, SARSr-CoV.

We then found thatashortregion of RNA-dependent RNA polymerase
(RdRp) fromabat coronavirus (BatCoVRaTG13)—whichwas previously
detected in Rhinolophus affinis from Yunnan province—showed high
sequenceidentity to 2019-nCoV. Wecarried out full-length sequencing
onthis RNA sample (GISAID accession number EPL_ISL_402131). Simplot
analysis showed that 2019-nCoV was highly similar throughout the
genome toRaTG13 (Fig. 1¢), with an overall genome sequenceidentity
0f96.2%. Using the aligned genome sequences of 2019-nCoV, RaTG13,
SARS-CoV and previously reported bat SARSr-CoVs, no evidence for
recombination events was detected inthe genome 0f 2019-nCoV. Phy-
logenetic analysis of the full-length genome and the gene sequences of
RdRp and spike (S) showed that—for all sequences—RaTGI13is theclos-
est relative of 2019-nCoV and they form a distinct lineage from other

| SARSr-CoVs (Fig. 1d and Extended Data Fig. 2). The receptor-binding
| spike protein encoded by the S gene was highly divergent from other
| CoVs (Extended Data Fig. 2), with less than 75% nucleotide sequence

Hal SARS-CoV WIVI6

04

nucleotide sequences of complete genomes of coronaviruses. MHV, murine
hepatitis virus; PEDV, porcine epidemic diarrhoea virus; TGEV, porcine
transmissible gastroenteritis virus.The scalebars represent 0.1substitutions
per nucleotide position. Descriptions of the settings and software that was
used are includedin the Methods.

identity to all previously described SARSr-CoVs, except for a 93.1%
nucleotideidentity to RaTG13 (Extended Data Table 3). The S genes of
2019-nCoV and RaTG13 are longer than other SARSr-CoVs. The major
differences in the sequence of the S gene 0f 2019-nCoV are the three
shortinsertions in the N-terminal domain as wellas changes in four out
of five of the key residuesinthereceptor-binding motifcompared with
the sequence of SARS-CoV (Extended Data Fig. 3). Whether the inser-
tions in the N-terminal domain of the S protein of 2019-nCoV confer
sialic-acid-bindingactivity asit doesin MERS-CoV needsto be further
studied. The close phylogenetic relationship to RaTG13 provides evi-
dence that 2019-nCoV may have originated in bats.

We rapidly developed a qPCR-based detection method on the basis
of the sequence of the receptor-binding domain of the S gene, which
was the most variable region of the genome (Fig. 1c). Our data show
that the primers could differentiate 2019-nCoV from all other human
coronavirusesincluding bat SARSr-CoV WiV, which shares 95% identity
with SARS-CoV (Extended Data Fig.4a,b). Of the samples obtained from
the seven patients, we found that six BALF and five oral swab samples
were positive for 2019-nCoV during the first sampling, as assessed
by qPCR and conventional PCR. However, we could no longer detect
virus-positive samples in oral swabs, anal swabs and blood samples
taken from these patients during the second sampling (Fig. 2a). How-
ever, we recommend that other qPCR targets, including the RdRp or
envelope (E) genes are used for the routine detection of 2019-nCoV.
On the basis of these findings, we propose that the disease could be
transmitted by airborne transmission, although we cannot rule out
other possibleroutes of transmission, as further investigation, includ-
ing more patients, is required.
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Fig.2|Molecular and serologicalinvestigation of patient samples.

a, Molecular detection of 2019-nCoV in seven patients. Patient information can
be foundin Extended Data Tables 1, 2. Detection methods are described in

the Methods. AS, anal swab; OS, oral swab. b, Dynamics of 2019-nCoV antibody
levelsin one patient who showed signs of disease on 23 December 2019 (ICU-
06). 0D ratio, optical density at 450-630 nm. The rightand lefty axes indicate

For serological detection of 2019-nCoV, we used a previously devel-
oped nucleocapsid (N) protein from bat SARSr-CoV Rp3 as antigen
for IgG and IgM enzyme-linked immunosorbent assays (ELISAs), as
this protein shared 92% amino acid identity to N protein of 2019-nCoV
(Extended Data Fig. 5) and showed no cross-reactivity against other
human coronaviruses except SARSr-CoV’. We were only able to obtain
five serum samples from the seven patients with viral infections. We
monitored viral antibody levels in one patient (ICU-06) 7, 8,9 and
18 days after the onset of disease (Extended Data Table 2). A clear trend
was observed in the IgG and IgM titres, which increased over time,
except that the IgM titre was decreased in the last sample (Fig. 2b).
As asecond analysis, we tested samples from S of the 7 virus-positive
patients around 20 days after disease onset for the presence of viral
antibodies (Extended Data Tables 1, 2). All patient samples—but not
samples from healthy individuals—were strongly positive for viral IgG
(Fig. 2b). There were also three IgM-positive samples, indicating an
acute infection.

We nextsuccessfully isolated the virus (called 2019-nCoV BetaCoV/
Wuhan/WIV04/2019) fromboth Vero E6 and Huh7 cells using the BALF
sample of patient ICU-06. Clear cytopathogenic effects were observed
in cells after incubation for three days (Extended Data Fig. 6a, b). The
identity of the strain WIV04 was verified in Vero E6 cells by immuno-
fluorescence microscopy using the cross-reactive viral N antibody
(Extended Data Fig. 6¢, d) and by metagenomics sequencing, most of
the reads of which mapped to 2019-nCoV, and qPCR analysis showed
thattheviralload increased from day1today 3 (Extended DataFig. 6e, f).
Viral particles in ultrathin sections of infected cells displayed a typi-
cal coronavirus morphology, as visualized by electron microscopy
(Extended Data Fig. 6g). To further confirm the neutralization activity
of the viral IgG-positive samples, we conducted serum-neutralization
assaysin Vero E6 cells using the five patient sera that were IgG-positive.
We demonstrate that all samples were able to neutralize 100 TCID;,
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ELISA OD ratios for IgM and IgG, respectively. ¢, Serological test 0f2019-nCoV
antibodiesin five patients (Extended Data Table 2). The asterisk indicates data
collected from patient ICU-06 on 10 January 2020. b, ¢, The cut-offwas to 0.2
for the IgM analysis and to 0.3 for the IgG analysis, according to the levels of
healthy controls.

(50% tissue-culture-infective dose) of 2019-nCoV at a dilution of
1:40-1:80. We also show that this virus could be cross-neutralized by
horse anti-SARS-CoV serum (gift from L.-F. Wang) atdilutions of 1:40;
however, the potential for cross-reactivity with SARS-CoV antibod-
ies needs to be confirmed with anti-SARS-CoV serum from humans
(Extended Data Table 4).

ACE2is known to be a cell receptor for SARS-CoV™. To determine
whether 2019-nCoV also uses ACE2 as a cellular entry receptor, we
conducted virus infectivity studies using HeLa cells that expressed or
did notexpress ACE2 proteins from humans, Chinese horseshoe bats,
civets, pigs and mice. We show that 2019-nCoV is able to use all ACE2
proteins, except for mouse ACE2, as an entry receptor to enter ACE2-
expressing cells, but not cells that did not express ACE2, indicating that
ACE2is probably the cell receptor through which2019-nCoV enters cells
(Fig.3). We also show that 2019-nCoV does not use other coronavirus
receptors, such as aminopeptidase N (APN) and dipeptidyl peptidase
4 (DPP4) (Extended DataFig. 7).

The study provides adetailed report on 2019-nCoV, the likely aetio-
logical agentresponsible for the ongoing epidemic of acute respiratory
syndrome in China and other countries. Virus-specific nucleotide-
positive and viral-protein seroconversion was observed in all patients
tested and provides evidence of an association between the disease and
the presence of this virus. However, there are still many urgent ques-
tions that remain to be answered. The association between 2019-nCoV
and the disease has not been verified by animal experiments to fulfil
the Koch'’s postulates to establish a causative relationship between a
microorganism and a disease. We do not yet know the transmission
routine of this virus among hosts. It appears that the virus is becom-
ing more transmissible between humans. We should closely monitor
whether the virus continues to evolve to become more virulent. Owing
toashortage of specific treatments and considering the relatedness of
2019-nCoVto SARS-CoV, some drugs and pre-clinical vaccines against
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SARS-CoV could probably be used to treat this virus. Finally, consider-
ing the wide spread of SARSr-CoV in their natural reservoirs, future
research should be focused on active surveillance of these viruses
for broader geographical regions. In the long term, broad-spectrum
antiviral drugs and vaccines should be prepared for emerging infec-

| tious diseases that are caused by this cluster of viruses in the future.
| Most importantly, strict regulations against the domestication and
i consumption of wildlife should be implemented.

Noteadded in proof:Since this paper was accepted, the ICTV has desig-
nated the virus as SARS-CoV-2"; inaddition, the WHO has released the
official name of the disease caused by this virus, which is COVID-19',
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Methods

Datareporting

No statistical methods were used to predetermine sample size. The
experiments were not randomized and the investigators were not
blinded to allocation during experiments and outcome assessment.

Sample collection

Human samples, including oral swabs, anal swabs, blood and BALF
samples were collected by Jinyintan hospital (Wuhan, China) with
the consent of all patients and approved by the ethics committee of
the designated hospital for emerging infectious diseases. Patients
were sampled without gender or age preference unless indicated.
For swabs, 1.5 ml DMEM containing 2% FBS was added to each tube.
The supernatant was collected after centrifugation at 2,500 rpm,
vortexing for 60 s and a standing period of 15-30 min. The superna-
tant from swabs or BALF (no pre-treatment) was added to either lysis
buffer for RNA extraction or to viral transport medium for isolation
of the virus. The viral transport medium was composed of Hank’s
balanced salt solution (pH 7.4) containing BSA (1%), amphotericin
(15 ug mi™), penicillin G (100 units mi™) and streptomycin (50 pg mi™).
Serum was separated by centrifugation at 3,000g for 15 min within
24 h of collection, followed by inactivation at 56 °C for 1 h, and was
then stored at 4 °C until use.

Virusisolation, cellinfection, electron microscopy and
neutralization assay

The following cell lines were used for virusisolationin this study: Vero
E6 and Huh?7 cells, which were cultured in DMEM containing 10% FBS. All
celllineswere tested and free of mycoplasmacontamination, submitted
forspeciesidentification and authenticated by morphological evalua-
tion by microscopy. None of the cell lines was on the list of commonly
misidentified cell lines (by ICLAC).

Cultured cellmonolayers were maintained in their respective medium.
The PCR-positive BALF sample from ICU-06 patient was spun at 8,000g
for 15 min, filtered and diluted 1:2 with DMEM supplemented with
16 ug ml™ trypsin before it was added to the cells. After incubation at
37 °Cfor1h,the inoculumwasremoved and replaced with fresh culture
medium containing antibiotics (see below) and 16 pg mI™ trypsin. The
cells were incubated at 37 °C and observed daily for cytopathogenic
effects. The culture supernatant was examined for the presence of virus
by qRT-PCR methods developed in this study, and cells were examined
by immunofluorescence microscopy using the anti-SARSr-CoVRp3 N
antibody thatwas generated in-house (1:1,000). Penicillin (100 units ml™)
and streptomycin (15 pg ml™) were included in all tissue culture media.

Vero E6 cells were infected with the new virus at a multiplicity of
infection (MOI) of 0.5and collected 48 hafter infection. Cells were fixed
with 2.5% (w/v) glutaraldehyde and 1% osmium tetroxide, dehydrated
through a graded series of ethanol concentrations (from 30 to 100%)
and embedded with epoxy resin. Ultrathinsections (80 nm) of embed-
ded cells were prepared, deposited onto Formvar-coated copper grids
(200 mesh), stained with uranyl acetate and lead citrate, and analysed
using a200-kV Tecnai G2 electron microscope.

The virus neutralization test was carried out in a 96-well plate.
The patient serum samples were heat-inactivated by incubation at
56 °C for1h before use. The serum samples were diluted to 1:10, 1:20,
1:40 or 1:80, and then an equal volume of virus stock was added and
incubated at 37 °C for 60 min in a 5% CO, incubator. Diluted horse
anti-SARS-CoV serum or serum samples from healthy individuals
were used as control. After incubation, 100 pl mixtures were inocu-
lated ontoamonolayer of Vero E6 cellsina 96-well plate for 1 h. Each
serum was assessed in triplicate. After removing the supernatant, the
plate was washed twice with DMEM medium. Cells were incubated
with DMEM supplemented with 2% FBS for 3 days. Subsequently,
the cells were checked for cytopathogenic effects.

RNA extractionand PCR

Whenever commercial kits were used, the manufacturer'sinstructions
were followed without modification. RNA was extracted from 200 pl
of samples with the High Pure Viral RNA kit (Roche). RNAwas eluted in
50 pl of elution buffer and used as the template for RT-PCR.

For qPCR analysis, primers based on the S gene 0of 2019-nCoV were
designed: RBD-qF1, 5'-CAATGGTTTAACAGGCACAGG-3"; RBD-qR1,
5-CTCAAGTGTCTGTGGATCACG-3’. RNA extracted as described
above was used for gPCR using the HiScript Il One Step qRT-PCR
SYBR Green Kit (Vazyme Biotech). Conventional PCRs were also
performed using the following primer pairs: ND-CoVs-951F, 5*-TGT-
KAGRTTYCCTAAYATTAC-3’; ND-CoVs-1805R, 5-ACATCYTGATAN-
ARAACAGC-3'. The 20-ul qPCR reaction mix contained 10 ul 2x One
Step SYBR Green mix, 1 il One Step SYBR Green Enzyme mix, 0.4 pl
50x ROX Reference Dye 1, 0.4 pl of each primer (10 pM) and 2 pl
template RNA. Amplification was performed as follows: 50 °C for
3min, 95 °Cfor 30 s followed by 40 cycles consisting of 95 °Cfor10s
and 60 °C for 30 s, and a default melting curve step in an ABI 7500
Real-time PCR machine.

Serological test

In-house anti-SARSr-CoV IgG and IgM ELISA kits were developed using
SARSr-CoV Rp3 N protein as antigen, which shared more than 90%
amino acid identity to all SARSr-CoVs’. For IgG analyses, MaxiSorp
Nunc-immuno 96-well ELISA plates were coated (100 ng per well) over-
night withrecombinant N protein. Human serawere used atadilution
of1:20 for1hat 37 °C. Ananti-human IgG HRP-conjugated monoclonal
antibody (Kyab Biotech) was used at a dilution of 1:40,000. The OD
value (450-630 nm) was calculated. For IgM analyses, MaxiSorp Nunc-
immuno 96-well ELISA plates were coated (500 ng per well) overnight
with anti-human IgM (p chain). Human sera were used at a 1:100 dilu-
tion for 40 min at 37 °C, followed by incubation with an anti-Rp3 N
HRP-conjugated antibody (Kyab Biotech)at adilution of1:4,000. The
OD value (450-630 nm) was calculated.

Examination of ACE2receptor for 2019-nCoV infection

Helacellstransiently expressing ACE2 were prepared using Lipofectamine
3000 (ThermoFisher Scientific) ina 96-well plate; mock-transfected cells
were used as controls. 2019-nCoV grown in Vero E6 cells was used for
infection ata MOI of 0.5. APN and DPP4 were analysed in the same way.
The inoculum was removed after absorption for 1 hand washed twice
with PBS and supplemented with medium. At 24 h after infection, cells
were washed with PBS and fixed with 4% formaldehyde in PBS (pH7.4)
for 20 min at room temperature. ACE2 expression was detected using
amouse anti-S tag monoclonal antibody and a FITC-labelled goat anti-
mouselgG H&L (Abcam, ab96879). Viral replication was detected using
arabbitantibodyagainsttheRp3 N protein (generatedin-house, 1:1,000)
andaCy3-conjugated goat anti-rabbitIgG (1:200, Abcam, ab6939). Nuclei
were stained with DAPI (Beyotime). Staining patterns were
examined using confocal microscopy onaFV1200 microscope (Olympus).

High-throughput sequencing, pathogen screening and genome
assembly

Samples from patient BALF or from the supernatant of virus cul-
tures were used for RNA extraction and next-generation sequencing
(NGS) using BGIMGISEQ2000 and lllumina MiSeq 3000 sequencers.
Metagenomic analysis was carried out mainly based on the bio-
informatics platform MGmapper (PE_2.24 and SE_2.24). The raw
NGS reads were first processed by Cutadapt (v.1.18) with minimum
read length of 30 base pairs. BWA (v.0.7.12-r1039) was used to align
reads to a local database with a filter hits parameter of 0.8 FMM
((match + mismatch)/read length = fraction] value and minimum
alignment score of 30, Parameters for post-processing of assigned
reads were set to a minimum size normalized abundance of 0.01,




| minimum read count of 20 and were otherwise set to default param-
eters. A local nucleic acid database for human and mammals was
used to filter reads of host genomes before mapping reads to the

| virus database. The results of the metagenomic analysis were dis-
played as pie charts using Microsoft Office 2010. NGS reads were
assembled into genomes using Geneious (v.11.0.3) and MEGAHIT
(v.1.2.9). PCR and Sanger sequencing was performed to fill gaps in
the genome. 5’-rapid amplification of cDNA ends (RACE) was per-
formed to determine the 5’-end of the genomes using a SMARTer
RACE 5’/3’ kit (Takara). Genomes were annotated using the Clone
Manager Professional Suite 8 (Sci-Ed Software).

| Phylogenetic analysis

' Routine sequence management and analysis was carried out using
| DNAStar. The sequence alignment of complete genome sequences
| was performed using MAFFT (v.7.307) with default parameters. The
| codonalignments of full-length S and RdRp gene sequences were con-
| verted fromthe corresponding protein alignments by PAL2NAL (v.14);
| the protein alignments were created by Clustal Omega (v.1.2.4) using
| default parameters. Maximum likelihood phylogenetic trees were
| generated using RAXML (v.0.9.0) with GTR+G substitution model and
1,000 bootstrap replicates.

1 Reporting summary
| Further information on research design is available in the Nature
Research Reporting Summary linked to this paper.

Dataavailability
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Extended DataFig.1|NGS raw reads of sample WIV04 mapping to the 2019-nCoV sequence. The xaxis indicates the genome nucleotide position and the yaxis

represents theread depth of the mapping.
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Extended DataFig. 6 |Isolation and antigenic characterization of
2019-nCoV.a, b, Vero E6 cells are shown at 24 hafter infection with mock virus
(a) or 2019-nCoV (b). ¢, d, Mock-virus-infected (¢) or 2019-nCoV-infected (d)
samples were stained with rabbit serumraised against recombinant SARSr-CoV
Rp3 N protein (red) and DAPI (blue). The experiment was conducted twice
independently with similar results. e, The ratio of the number of reads related

Log (copy per mi)

0 24 48 72
Hours postinfection

t02019-nCoV amongthe total number of virus-related reads in metagenomics
analysis of supernatants from Vero E6 cell cultures. f, Virus growth in Vero E6
cells. g, Viral particlesin theultrathin sections were imaged using electron
microscopy at200kV. The sample was from virus-infected Vero E6 cells. The
insetshows the viral particlesinanintra-cytosolic vacuole.
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Extended DataFig. 7| Analysis of 2019-nCoV receptor usage. Determination detected using mouse anti-S tag monoclonal antibody. ACE2, APN and DPP4
ofvirusinfectivity inHeLa cells with or without the expression of human APN proteins (green), viral protein (red) and nuclei (blue) are shown. Scale bars,
and DPP4. The expression of ACE2, APN and DPP4 plasmids with S tag were 10 pm.




| Extended Data Table 1| Patient information and diagnosis history

Patient No. Gender _Age Date of Onsct_Date of Admissi Symptoms When Admitted Current Status (2020.01.13) Diagnosis historv

Icu-o1* Male 62  2019.12.12 2019.1227 fever recover. discharged negative

1CU-04 Male 32 20190219 2019.12.29 fever, cough, dyspnea fever. intermittent cough negative

1CU-08 Male 40 2019.12.7 2019.12.27 fever (38 °C), expectoration, malaise, dyspnea  fever, malaise. intermittent cough AdV (IgM)

1ICU-06 Female 49  2019.12.23 2019.12.27 fever (37.9 “C), palpitation fever, malase. cough Caronavirus (nt)
| Female 352 201912 2019.12.29 fever (38.3 “C), expectoration, malaise, dyspnea  recover, discharged Streptococeus pneumoniae (ot}
| Male 40 20191222 2019.12.28 fever (38.5 “C), expectoration fever (38.5 “C) malaise, expectoranon, dizziness negative
| Male  S6  2019.12.20 2019.12.20 fever. dyspnea. chest tightness fever, malaise, cough. dyspnea negative

Note, some records are missing. All patients are sellers or deliverymen at the seafood market except ICU-01, whese contact history is unclear. All patients were admitted to intensive care unit
(ICU) during the first investigation and were now in stable condition. Blood IgM tests have been performed for the following respiratory pathogens for all patients: Legioneila pneumophilia,
Mycoplasma pneumoniae, Chlamydia pneumoniae, respiratory syncytial virus, adenovirus, Rickettsia, influenza A virus, influenza B virus and parainfluenza virus.

*This patient reported fever on 12 December 2019 and then recovered without medical treatment. He came back ta the hospital on 27 December 2019 with a fever. His wife was also ill and
admitted to the hospital. Both individuals recovered.
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Extended Data Table 2| Laboratory results

First sampling-2019.12.30 Second sampling-2020.01.10
Patient No. TestNo. BALF Oral Swab Blood (Ab) Oral Swab Anal Swab Blood (PCR) Blood (Ab)
ICU-01 WIVO01 - Ct=32.0 NA NA NA NA NA
ICU-04 WIV02* Ct=17.6 Ct=26.6 NA - - - +
ICU-05 WIV03 Ct=270 C(Ct=31.9 NA - - - +
ICU-06 WIV04” Ct=18.3 C1=27.7 + - - - +
ICU-08 WIV05® Ct=24.1 - NA NA NA NA NA
ICU-09 WIV06" Ct=21.6 Ct=29.4 NA - = = +
ICU-10 WIV07* Ct=25.7 Ct=24.0 NA - - - F:

Samples from two patients (ICU-01 and ICU-08) were not available during the second investigation. They had been discharged from the hospital. We did a serial test for patient ICU-06 on the
following dates: 30 December 2019, 31 December 2019, 1 January 2020 and 10 January 2020, corresponding to 7, 8, § and 18 days after disease onset (23 December 2013). Molecular and
serological (IgM and IgG) virus-detection results for 2019-nCoV are shown. NA, not available.

*Virus isolated.

*A full-length genome was obtained.




| Extended Data Table 3 | Genomic comparison of 2019-nCoV WIV04 with SARS-CoVs and bat SARSr-CoVs

Sequence identities with SARS-CoVs & bat SARSr-CoVs (nt/aa %)

Cona ORFla ORFIb S ORF3a  E M. ORF6 ORFla ORFTb ORFS N
SARS-CoV GZ02 79.6 76.0/80.9 862957 734770 756734 947960  R3.4/90.5  76.3/689  SL8R60  R4NEL4 520316 817912
SARS-CoV BJOI 79.6 76.0/80.8 -86.295.7 73.4/76.9 753726 94.7.96.0 856905 758/672 828860 S4RKI4 51.0- £8.891.2
SARS-CoV Tor2 79.6 76.0:%0.9 862958 TIHTET 754726 947960 856905  76.3/68Y  RZERA0  R4RR14 51.1- 88.891.2
SARS-CoV SZ3 79.6 76.0%1.0 86.2958 7347769 7541206 94.7.96.0 §5.3900 76.3/689 R18/86.0  B4XEI4 523316  88.8912
SARS-CoV PC4-227 79.5 760/808 86,1956  TIAT67 755726 947960  $51900 758689  S2RE60  S4NSIL4 523~ §8.590.7
Bat SARr-CoV RaTG13 96.2 96.0/98.0 973993 931977 963978 996100 935996 9S00 956975 992977 970950  96.9/99.0
Bat SARr-CoV WIVI .7 - 76.0/80.7 859958 734776  76.1774.5  956/96.0 848900 78.0/738 850884 856837 658579 885909
Bat SARSr-CoV WIV16 9.7 TS9810  B61956  TIITTR T6.UTAS 956960  R4R900 774721 K5.0884  RS683T 653579 R8.690.9
Bat SARSr-CoV SHCO014 79.6 75.9/809  RS9958 733777 7617435 95.6/96.0 848900 7FR0705 844884  856/83.7 65858 88.6/90.9
Bat SARSr-CoV Rs4231 79.7 76.0/81.0 86.2958 729715 758741 943947 $4.4900 769672 85.0/88.4 85.6/83.7 65.3/579  R8.8914
Bat SARSr-CoV YNLF31C 79.0 75.7:80.6  BSR957  TL4755 0 750/71.2 0 943960 847896 769705  RLIBT6  S6483T7  503/31.3  88.390.5
Bat SARSr-CoV LYRall 79.6 75.8/80.6  B5.7/95.6 739773 772763 947947  85.1/900 78.570.5  B2L0851  SLIBL4 667579  %9.0191.6
Bat SARSr-CoV ZC45 88.1 910957 861960 778823 878909  98.7/100 934086 952934 SR&B7T6 947930 885942 911943
Bat SARSr-CoV ZXC21 §8.0 909/95.7 862958  TTLRLY 889920  98.7/100 934986 952934  B9.LRR4  95593.0 885942  91.2943
Bat SARSr-CoV HuB2013 79.6 763812 853957 731768 754755  95.2/947 853910 763/689 842876 856837 620496 889916
Bat SARSr-CoV GX2013 79.1 75.9/80.8 860959 731770 756730 947960 848914 774689 850868 841790 514316 87.9/902
Bat SARSr-CoV SX2013 789 76.2/80.6 R5.1195.5 7127755 74.7/71.2 94.3/93.3 83.0/89.6  77.4/68.9 84.2/86.8 85.6/83.7 49.7/304 %6.9/90.2
Bat SARSr-CoV SC2018 79.4 75.8/80.7 85.5/95.2 72.7/76.4 75.0/71.2 94.3/96.0  84.7900 80.0/71.8 85.2/87.6 84.8/83.7  66.1/554 88.291.2
Bat SARSr-CoV Rs672 79.6 76.0/30.9 85.9/958 72.8/76.2 752719 952960 848896  7RI705 84.7/88.4 85.6/83.7 63.8/58.7 87.9/91.2
Bat SARSr-CoV Rp3 79.5 75.9/20.5  86.0957 731772 749748  952/960  85.1/90.0 76.9/689  83.9/89.3 84.883.7 66.4/562  88.4/90.7
Bat SARSr-CoV Rf1 78.8 76.2080.6  BAROSI  TLIT57 0 743690  943/947 833896  79.0/689 842868 841837 5067313 86.8893
Bat SARSr-CoV HKU3-1 794 76.1/80.9 84.9/95.1 734779 75.8/734 95.2/96.0 84.7910 75.3/672 85.0/89.3 84.1/79.1 66.4/570  R8.3/90.0
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Extended Data Table 4 | Virus neutralization test of serum samples

Samples VNT titre for nCoV-2019
Healthy people #1 from Wuhan neg

Healthy people #2 from Wuhan neg

Horse anti-SARS-CoV serum  >1:80

WIV02 >1:80
WIV03 1:40

WIV04 >1:80
WIV06 >1:80
WIV07 >1:80

Each serum sample was tested in triplicate. Serum samples from two healthy individuals from Wuhan and five patients as well as a horse anti-SARS-CoV anti-serum were used.
We used 120 TCID,, viruses per well. Serum samples were used at dilutions of 1:10, 1:20, 1:40 and 1:80. neg, negative; VNT, virus neutralization test.
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Life sciences study design
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Sample size Samples of seven pneumonia patients are available from the clinical hospital to be sent to Wuhan Institute of Virology for pathogen
identification. The coronavirus genome sequences were obtained from 5 different patients and shared >99.9% identity, suggesting they were
infected by the same virus. Therefere, the sample size is sufficient for conducting the following study which aims to identify and characterize

the causative agent of this pneumonia outbreak.
Data exclusions  No data excluded

Replication The authars guarantee the findings are reliably reproducible. At least three independent experiments were performed, which was stated in

the text.
Randomization  Samples were chosen randomly.

Blinding We were blinded when choosing samples.
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Antibodies

Antibodies used 1. SARSr-CoV Rp3 NP antibody made in house; 2. Anti-Human IgG-HRP conjugated monoclonal antibody (Kyab Biotech Co.,
Ltd,Wuhan, China, dilution: 1:40000); 3. Anti-Rp3 NP-HRP conjugated (Kyab Biotech Co.,Ltd, Wuhan, China, dilution: 1:4000);
4 FITC-labelled goat anti-mouse 1gG H&L (Abcam, ab96879, dlilution 1:100); 5. cyanin 3-conjugated goat anti-rabbit 1gG

(Abcam,ab6939, dilution: 1:200); 6. mouse anti-S tag monoclonal antibody made in house

Validation The house-made SARSr-CoV Rp3 NP antibodies and anti-S tag monacional antibody were validated in a WB. The cy3-conjugated

anti-rabbit 1gGs were validated in IFA. The FITC-labelled goat anti-mouse 1gG H&L was validated in IHC.

Eukaryotic cell lines

Policy information about cell lines

Cell line source(s) 1. African green monkey origin, Vero E6 cell; 2. Human lung cell Huh7 ; 3. Human Hela cells. All cell lines werefrom

ATCC.
Authentication All monkey and human cells were from ATCC with authentication. The authentication was performed by microscope
morphology check, growth curve analysis or identity verification with STR analysis (for human cell lines).
Mycoplasma contamination We confirm that all cells were tested as mycoplasma negative.
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{See ICLAC register)

No commonly misidentified cell lines were used.
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Recruitment Samples were sent to Wuhan Institute of Virology by hospital for pathogen identification. ;
Ethics oversight Wuhan Jinyintan Hospital (the co-authored institution)
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