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Where Did the 2019 Coronavirus Pandemic Begin and How Did it Spread? 

 
The People’s Liberation Army Hospital in Wuhan China  

and Line 2 of the Wuhan Metro System Are Compelling Answers 
 

 
Author:  Steven Carl Quay, MD, PhD1 
   
 
Abstract. The origin of the SARS-CoV-2 coronavirus that has caused the COVID-19 worldwide 

pandemic remains unknown. Here I report that the earliest genomic cluster is a group of four 

patients associated with the General Hospital of Central Theater Command of People's Liberation 

Army (PLA) of China in Wuhan. This cluster contains the “Founder Patients” of both Clade A and 

Clade B, from which every SARS-CoV-2 coronavirus that has infected every patient with COVID-

19 anywhere in the world has arisen, including the infection of the President of the United States. 

The observation that the genomic files for these patients were created on December 10, 2019 but 

the PLA Hospital did not record the collection of the specimens until weeks later is unusual and 

unexplained. However, it would be consistent with a vaccine challenge clinical trial (in which case 

files are set up in anticipation of getting samples later) or it suggests that the collection dates were 

actually before December 10, 2019 (in which case the reported dates for specimen collection are 

not accurate but may have been recorded incorrectly to suggest the infection was spreading later 

than it really was). The PLA Hospital is about one mile from the Wuhan Institute of Virology 

(WIV) and the closest hospital to WIV. Both the PLA Hospital and WIV are serviced by Line 2 of 

the Wuhan Metro System. The Hunan Seafood Market is also located adjacent to Line 2. All 

patients between December 1st, 2019 and early January 2020 were first seen at hospitals that are 

also serviced by Line 2 of the Metro system. With hospitals located near seven of the nine Metro 
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Lines, the likelihood that all early patients were seen at hospitals only near Line 2 by chance is 

about 1 in 68,500 (p-value = 0.0000146). The inference then would be that the early spread of 

SARS-CoV-2 was through human-to human infection on Line 2. Line 2 connects to all eight other 

lines of the Wuhan Metro System (1, 3, 4, 6, 7, 8, 11, and Yanglu) facilitating rapid  spread in 

Wuhan and Hubei Province, and also services both the high speed rail station (Hankou Railway 

Station), facilitating rapid spread throughout China, and the Wuhan International Airport (Tianhe 

International Airport), facilitating rapid spread throughout Asia, Europe, and to the United States. 

In fact, direct human-to-human spread from the Reference Sequence patient to patients around the 

world is suggested by an unexpectedly reduced genome base substitution rate seen in patient 

specimens in cities with direct flights from Wuhan.  

 In conclusion, Line 2 of the Wuhan Metro System services the PLA Hospital with the first 

genomic cluster of patients with COVID-19, the hospitals where patients first went in December 

2019 and early January 2020, and is the likely conduit for human-to-human spread throughout 

Wuhan, China, and the world. The Hunan Seafood Market, Wuhan Institute of Virology, and the 

Wuhan CDC, all locations suggested to be the possible source of SARS-CoV-2 in Wuhan, are also 

all serviced by Line 2 of the Metro system, suggesting this public transit line should become the 

focus for further investigations into the origin of this pandemic. 

  



The 2019 Coronavirus Pandemic: 
Paper 1 by Steven C Quay, MD, PhD 

Page 3 of 32 
 

Introduction.  

As of October 15, 2020, the COVID-19 pandemic has sickened at least 38.8 million 

worldwide and killed over one million people.2 At this time, we are no closer to identifying a 

zoonotic host(s) or other origin then we were in December 2019, when early reports seemed to 

point to the Hanan Seafood Market, a ‘wet market’ in Wuhan, the capital of Hubei Province, 

China.3 Since the outbreak, searches for the intermediate host or the ultimate bat host have been 

exhaustive but fruitless. At this point, the local wet market,4 farmed animals in Hubei province,5 

indigenous bats in Hubei province,4 and the rare, endangered pangolin6 have all been considered 

but ultimately ruled out by Chinese scientists and the Chinese CDC.  

At the same time, hypotheses that this arose from an accidental release from a laboratory, 

predominantly attributed to the Wuhan Institute of Virology (WIV), have been rampant. The early, 

December 2019 and January 2020 volume of criticism of the zoonotic origin theory led to the 

unprecedented publication in the Lancet7 of a paper by the ‘who’s who’ of virology, stating that 

an unsubstantiated hypothesis that the virus was the accidental release from a laboratory was a 

‘conspiracy theory.’ By the end of January 2020, the origin of SARS-CoV-2 was reduced to the 

Text-Table below. In addition to the WIV, the Wuhan CDC8 has been considered as a possible 

source for the pandemic virus, both because of its proximity to the Hunan Seafood Market (about 

 
2 The latest figures are updated continuously here: https://www.worldometers.info/coronavirus/  
3 Zhu, Na; Zhang, Dingyu; Wang, Wenling; Li, Xingwang; Yang, Bo; Song, Jingdong; Zhao, Xiang; Huang, Baoying; Shi, 
Weifeng; Lu, Roujian; Niu, Peihua (24 January 2020). "A Novel Coronavirus from Patients with Pneumonia in China, 
2019". New England Journal of Medicine. 382 (8): 727–733. doi:10.1056/NEJMoa2001017. ISSN 0028-
4793. PMC 7092803. PMID 31978945. 
4 Areddy, James T. (26 May 2020). "China Rules Out Animal Market and Lab as Coronavirus Origin". Wall Street 
Journal. Retrieved 29 May2020. 
5 Science magazine Q&A with Dr. Shi 31 Jul 2020   
6 Pangolin ruled out ; Pangolin ruled out by Peter Daszak et al  
7 https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30418-9/fulltext  
8 WSJ article on Wuhan CDC; https://nationalinterest.org/blog/coronavirus/could-wuhan-coronavirus-really-have-
been-released-lab-simple-answer-yes-144862  

https://www.worldometers.info/coronavirus/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7092803
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7092803
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1056%2FNEJMoa2001017
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/0028-4793
https://www.worldcat.org/issn/0028-4793
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7092803
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/31978945
https://www.wsj.com/articles/china-rules-out-animal-market-and-lab-as-coronavirus-origin-11590517508
https://www.sciencemag.org/sites/default/files/Shi%20Zhengli%20Q%26A.pdf
https://www.sciencedirect.com/science/article/pii/S1567134820303245
https://www.biorxiv.org/content/10.1101/2020.06.19.158717v1
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30418-9/fulltext
https://www.wsj.com/articles/coronavirus-and-the-laboratories-in-wuhan-11587486996
https://nationalinterest.org/blog/coronavirus/could-wuhan-coronavirus-really-have-been-released-lab-simple-answer-yes-144862
https://nationalinterest.org/blog/coronavirus/could-wuhan-coronavirus-really-have-been-released-lab-simple-answer-yes-144862
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300 meters) and because a main mission of the CDC was to collect hundreds of bat viruses from 

all over China. A December 2019 promotional video for the CDC talks about their work in 

collecting viruses and their fears of an escape:9 

 

Another approach to identifying the etiology of a epidemic, besides looking for a zoonotic 

host, is to focus on finding Index Patients (so-called “Patient Zero”) and/or early patient clusters 

that can, through the commonalities shared by the patients, help in finding where and how the 

SARS-CoV-210 coronavirus jumped into the human population. For example, both SARS-CoV-1 

and MERS were quickly traced to the food/restaurant industry and camel trading industry, 

respectively, by the profiles of the early patients.11 The transmissibility of SARS-CoV-1 was also 

highlighted by a focused study of a cluster of patients at the Hotel Metropole in Hong Kong, where 

the room and floor of residence of the patient cluster was examined in careful spatial and temporal 

detail.12  

Unfortunately, the few published reports of early patients in Wuhan in late 2019 and early 

2020 are conspicuous in the absence of information of the name of the hospitals where patients 

were first seen or were transferred between.13 Vague statements like “(w)e report the 

epidemiological data of nine inpatients, from at least three hospitals in Wuhan14” make it nearly 

 
9 Wuhan CDC video Dec 2019 re bat virus research  
10 Hereafter CoV-2 
11 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3323155/; 
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES2013.18.50.20659  
12 https://archive.org/details/twentyfirstcentu00thom  
13 Lancet article on first 41 patients;   
14 https://europepmc.org/articles/pmc7159086/bin/mmc1.pdf  

Zoonotic Origin Laboratory Origin

Hunan Seafood Market
Wuhan Institute of Virology 

(WIV); Wuhan Center for Disease 
Control and Prevention (CDC)

https://www.youtube.com/watch?v=ovnUyTRMERI
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3323155/
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES2013.18.50.20659
https://archive.org/details/twentyfirstcentu00thom
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30183-5/fulltext
https://europepmc.org/articles/pmc7159086/bin/mmc1.pdf
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impossible to use early patient demographic data and epidemiologically-useful metadata to 

contribute to finding the source of CoV-2.  

In this report I have assembled metadata from the European Nucleotide Archive15 (ENA), 

the BioSamples Archive,16 the GISAID17 data base of over 147,000 CoV-2 genome sequences, 

and GenBank18 to look for patient clusters and to use the spatial, temporal, and genomic sequence 

information to infer a likely hypothesis for the origin of COVID-19. 

Surprisingly the earliest genomic cluster has been identified as four patients associated with 

the People’s Liberation Army (PLA) Central Theater Command Hospital in the Wuchang District 

of Wuhan. The ENA archive file creation date (stamped by the ENA server in the EU) for these 

four patient’s specimens was on December 10, 2019, which is over two weeks before the 

specimens were actually collected. At this early date, according to Chinese authorities, there were 

only four reported cases anywhere in China. A random selection of other COVID-19 patient ENA 

files shows no examples of a file creation date before a sample collection date. One conclusion 

from this observation is that the specimens were actually collected before December 10th.  

The minimal base substitutions within this cluster mimics the substitutions seen in known 

family clusters and is consistent with direct transmission among them.  This cluster contains both 

the first Clade A virus, which shares T8782 and C28144 with the three bat coronaviruses, RaTG13, 

Bat-SL-CoVZC45, and Bat-SL-CoVZXC21. The current Reference Sequence, in fact, is a Clade 

B virus and differs at these two variants.  

The PLA hospital is only three kilometers from the Wuhan Institute of Virology and both 

the PLA Hospital and the WIV are located on Line 2 of the Wuhan Metro System. All patients 

 
15 https://www.ebi.ac.uk/ena/browser/home  
16 https://www.ebi.ac.uk/biosamples/  
17 https://www.gisaid.org/  
18 https://www.ncbi.nlm.nih.gov/genbank/  

https://www.ebi.ac.uk/ena/browser/home
https://www.ebi.ac.uk/biosamples/
https://www.gisaid.org/
https://www.ncbi.nlm.nih.gov/genbank/
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admitted anywhere in Wuhan with SARS-CoV-2 between December 1, 2019 and January 5, 2020 

were at hospitals along Line 2, suggesting a likely route of spread. The probability of these 

hospitals being on Line 2 by chance is one in 68,500. Line 2 carries an average of one million 

passengers per day and importantly, the last and most western station of Line 2 is the Tianhe 

International Airport, with regular flights to New York City, San Francisco, London, 

Tokyo, Rome, Istanbul, Dubai, Paris, Sydney, Bali, Bangkok, Moscow, Osaka, Seoul, 

and Singapore. Evidence is presented showing patients in these cities with SARS-CoV-2 infections 

with unexpectedly reduced base substitutions based on the dates of sampling, demonstrating the 

efficiency of the spread from Line 2 in Wuhan to the corners of the world. 

This paper provides evidence for the hypothesis that early COVID-19 patients were from 

the PLA Hospital and that human-to-human spread, using Line 2 of the Wuhan Metro System and 

the Tianhe International Airport as the conduit, and is a parsimonious explanation of the worldwide 

pandemic. 
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Methods and Materials. The patient data was downloaded from the BioSpecimens, ENA, 

GenBank, and GISAID online data bases. Google Maps was used for identifying hospital 

locations, metro stations, and subway lines. 

Because in most cases the hospital of admission was not clearly stated for the early patients 

in Wuhan the hospital was inferred from secondary data. The basis for the inference and a URL 

link to the primary data are given in the Text-Table below. 

Hospital or Institution Basis for Including in early 
institutions 

URL Source 

Wuhan Jinyintan 
Hospital (designated 
hospital for COVID) 

"Near the end of 2019, a 
group of strange patients 
were admitted to Jinyintan's 
ICU wards." 

Life and death at Wuhan’s Jinyintan Hospital 

Xinhua Hospital 06 Jan 2020 a physician gets 
sick with COVID-19 

BBC China News Feb 1, 2020 

Wuhan CDC Discussed in a Wall Street 
Journal opinion article 21 
April 2020 

WSJ article 'Coronavirus and the Laboratories in 

Wuhan 

Tongji Hospital A Lancet paper with first 41 
patients before 02 Jan 2020 
has one or more author from 
this hospital 

Lancet paper describing first 41 patients in 

Wuhan before 02 Jan 2020 

Wuhan Asia Heart 
disease Hospital 

Early Jan thoracic surgery 
outcomes 

Clinical course after thoracic surgery 

The Central Hospital of 
Wuhan 

A Lancet paper with first 41 
patients before 02 Jan 2020 
has one or more author from 
this hospital 

Lancet paper describing first 41 patients in 

Wuhan before 02 Jan 2020 

Zhongnan Hospital A Lancet paper with first 41 
patients before 02 Jan 2020 
has one or more author from 
this hospital 

Lancet paper describing first 41 patients in 

Wuhan before 02 Jan 2020 

PLA Military Hospital This paper NA 

Wuhan Institute of 
Virology 

Discussed in a Wall Street 
Journal opinion article 21 
April 2020 

WSJ article 'Coronavirus and the Laboratories in 

Wuhan 

Hubei Maternity and 
Child Health Care 
Hospital 

"From December 8, 2019, to 
March 20, 2020, we 
identified 118 pregnant 
women with Covid-19" 

New J of Med Correspondence 

 

http://en.nhc.gov.cn/2020-04/02/c_80401.htm
https://web.archive.org/web/20200205112519/https:/www.bbc.com/zhongwen/simp/chinese-news-51382117
https://www.wsj.com/articles/coronavirus-and-the-laboratories-in-wuhan-11587486996
https://www.wsj.com/articles/coronavirus-and-the-laboratories-in-wuhan-11587486996
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(20)30183-5.pdf
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(20)30183-5.pdf
https://www.jtcvs.org/article/S0022-5223(20)30859-X/fulltext#secsectitle0130%20
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(20)30183-5.pdf
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(20)30183-5.pdf
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(20)30183-5.pdf
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(20)30183-5.pdf
https://www.wsj.com/articles/coronavirus-and-the-laboratories-in-wuhan-11587486996
https://www.wsj.com/articles/coronavirus-and-the-laboratories-in-wuhan-11587486996
https://europepmc.org/backend/ptpmcrender.fcgi?accid=PMC7182016&blobtype=pdf
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Results and Discussion. 

 This paper is based on a model of transmission of SARS-CoV-2 that contains certain 

inherent assumptions. These assumptions can be summarized as: 1, there was only a single 

intermediate host-to-human event and therefore patient clusters, defined as patients who are in the 

same place at the same time and who have CoV-2 virus genomes with few base substitutions 

between them, can be useful in the search for the origin of the pandemic; 2, with an influenza-like 

illness, which is the early definition of COVID-19, patients went to the hospital nearest their 

residence; 3, people used the Wuhan Metro System subway line and station nearest their residence 

for transportation; 4, absent actual residential addresses for early patients, a hospital’s Metro 

Station catchment could be used as a surrogate for residence and for analyzing the early spread in 

Wuhan.  

A more detailed discussion of the methodology and assumptions inherent in them is 

contained in Appendix 1 herein. 

The first patient cluster was at the People’s Liberation Army (PLA) Central Theater 

Command Hospital in Wuchang District, Wuhan, China. 

 To identify the earliest patient cluster in Wuhan the BioSamples archive was searched 

based on file creation date. The following Text-Table was the result of this search: 

 

Record Location
Specimen 

Collection Date
Record Creation Date

Time Interval 
(Days)

Biosample URL for this record

PLA Hospital & BGI; 2019-nCoV_WH01 2019/12/26 2019/12/10    06:58:14 UTC -16 SAMEA6507890 
PLA Hospital & BGI; 2019-nCoV_WH02 2019/12/31 2019/12/10    06:58:18 UTC -21 SAMEA6507891 
PLA Hospital & BGI; 2019-nCoV_WH03 2020/01/01 2019/12/10    06:58:22 UTC -22 SAMEA6507892 
PLA Hospital & BGI; 2019-nCoV_WH04 2020/01/05 2019/12/10    06:58:26 UTC -26 SAMEA6507893 

Univ of Washington 2020/02/28 2020 / 03 / 04 21:58:17 UTC 5 https://www.ebi.ac.uk/biosamples/samples/SAMN14297848
Univ of Washington 2020/03/04 2020 / 03 / 04 21:58:17 UTC 0 https://www.ebi.ac.uk/biosamples/samples/SAMN14297849
BGI 2020/02/22 2020 / 03 / 09 06:44:03 UTC 15 https://www.ebi.ac.uk/biosamples/samples/SAMN14332760
Wuhan Jinyintan Hospital 2019/12/30 2020 / 03 / 28 09:23:04 UTC 89 https://www.ebi.ac.uk/biosamples/samples/SAMN14479127
Hong Kong 2020/01/24 2020 / 04 / 21 22:15:07 UTC 88 https://www.ebi.ac.uk/biosamples/samples/SAMN14657838
Hong Kong 2020/01/30 2020 / 04 / 21 22:15:07 UTC 82 https://www.ebi.ac.uk/biosamples/samples/SAMN14657842
Children's Hospital of Los Angeles 2020/03/17 2020 / 05 / 04 16:36:05 UTC 48 https://www.ebi.ac.uk/biosamples/samples/SAMN14829711
Children's Hospital of Los Angeles 2020/03/21 2020 / 05 / 04 16:36:05 UTC 52 https://www.ebi.ac.uk/biosamples/samples/SAMN14829713
University of Cambridge 2020/05/07 2020 / 06 / 26 02:19:21 UTC 50 https://www.ebi.ac.uk/biosamples/samples/SAMEA7184746
University of Cambridge 2020/05/05 2020 / 06 / 26 02:19:30 UTC 48 https://www.ebi.ac.uk/biosamples/samples/SAMEA7184776
PHE South West Regional Laboratory 2020/04/14 2020 / 06 / 26 02:20:07 UTC 73 https://www.ebi.ac.uk/biosamples/samples/SAMEA7184895
PHE South West Regional Laboratory 2020/04/15 2020 / 06 / 26 02:20:19 UTC 74 https://www.ebi.ac.uk/biosamples/samples/SAMEA7184931
Northumbria University 2020/03/24 2020 / 06 / 26 02:42:52 UTC 94 https://www.ebi.ac.uk/biosamples/samples/SAMEA7189234
Northumbria University 2020/03/27 2020 / 06 / 26 02:43:03 UTC 97 https://www.ebi.ac.uk/biosamples/samples/SAMEA7189269
Univ of Portsmouth 2020/04/04 2020 / 08 / 11 02:16:32 UTC 101 https://www.ebi.ac.uk/biosamples/samples/SAMEA7322259

Average 61 days
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In this Table there are only four record creation dates in December 2019, and they all took place 

at the PLA Hospital, with the sequencing company, BGI, included.  

Genome sequence archives for the PLA patients were created on December 10, 2019, 

over two weeks before the claimed collection date of the PLA cluster. 

The BioSample/ENA servers in the EU provide a date and time stamp on all entries that is 

independent of the persons submitting the records and therefore represent a point of ‘truth.’ 

Accordingly, the Text-Table above shows that all four PLA sample patient records were created 

over a 16-second time period on December 10, 2019. Assuming they were uploaded from China 

the time would have been Tuesday afternoon, just before 3:00 PM local time.  

The complete BioSample records for all four specimens above are included at the back of 

this paper as a precaution in case they should be removed from the internet. The creation of all 

four biospecimen files simultaneously sixteen to twenty-six days before the samples were collected 

was unexpected and the temporal pattern of file creation and specimen collection dates for other 

specimens was examined to see how anomalous this was. 

A pattern of BioSample archive file creation (including BGI) after the sample collection and 

not before was established and makes the PLA file upload the exception. 

The Text-Table above shows 15 other examples (below the black line) of laboratories from around 

the world uploading BioSample files and genome sequences and in all 15 cases the specimens 

were collected before the record was created, with an average time of 61 days. One record from 

BGI, the entity that uploaded the PLA specimens, was for a specimen collected in February and 

then the record file was created 15 days later. In this case BGI created the files after the samples 

were collected and genome sequence determined and not before, as in the PLA samples. 
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 Only two explanations exist for the observation concerning the PLA records being created 

before the specimens were collected: 1), the file creation and specimen sample dates are correct 

and these patients were “being anticipated” as in a vaccine challenge clinical trial where a virus is 

given to people after vaccination to “challenge” their immunity as a test of vaccine effectiveness;19 

2), the specimens were actually collected before the file creation date of December 10, 2019 and 

the dates given by the PLA personnel are contrived. 

To try to resolve these alternatives, I inquired at BioSamples as to what happened with 

respect to the file creation date for the specimen from January 5, 2020. I received the following: 

 

So apparently the PLA and its sequencing partner, BGI, were well aware of a specimen that would 

not be collected for over three weeks. This would imply that the PLA as well as the Chinese 

government knew of the spread of virus much sooner then they told the world or may have been 

preparing to test the virus in patients in some kind of a clinical trial. 

 

 

 
19 While under many circumstances such virus vaccine challenge trials raise ethical concerns, the UK is currently 
considering just such a trial design. https://www.ft.com/content/b782f666-6847-4487-986c-56d3f5e46c0b  

https://www.ft.com/content/b782f666-6847-4487-986c-56d3f5e46c0b
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GISAID genome sequence data also support PLA Hospital patients as the earliest 

cluster. 

To see if the genome sequence data uploads from these specimens had a similar temporal 

pattern and minimal base substitution, the GISAID data base was interrogated for human CoV-2 

cases based on the earliest date of collection and the following six cases were identified among the 

more than 147,000 total genomes.20 The earliest case was a 65-y old man from whom a bronchial 

lavage specimen was obtained on December 24, 2019. The hospital where he was admitted is not 

given but the virus is designated as from Wuhan. Next are five cases from December 26, 2019 to 

January 5, 2020, which includes the 41-y old man at the Central Hospital of Wuhan whose virus 

became the Reference Standard sequence in GenBank. The remaining four cases, also starting on 

December 24, 2020, were all specimens contained in the above BioSpecimens Table and in which 

the originating laboratory was given as the “General Hospital of Central Theater Command of 

People’s Liberation Army of China, located at 627 Wulon Road, Wuchang District, Wuhan.” 

 

 
20 https://www.gisaid.org/  

Phylogenetic 
Name

Virus Name
GISAID Accession 

Number
Lineage

Gender/ 
Age

Collection 
Date

Specimen 
Source

Originating Laboratory Address Comment

PLA Hospital - 
Patient 1

hCoV-19/Wuhan/WH01/2019 EPI_ISL_406798 B (L) M/44 Y 26-Dec-19
Bronchoalveolar 

Lavage

General Hospital of Central 
Theater Command of People's 

Liberation Army of China

NO. 627 Wuluo Road, 
Wuchang District, 
Wuhan

29,866 nt genome; missing 1-25 of 5' UTR

PLA Hospital - 
Patient 2

hCoV-19/Wuhan/WH02/2019 EPI_ISL_406799 B.1.1 (O) M/43 Y 31-Dec-19
Bronchoalveolar 

Lavage

General Hospital of Central 
Theater Command of People's 

Liberation Army of China

NO.627 Wuluo Road, 
Wuchang District, 
Wuhan

29,388 nt genome; Long stretches of NNNs 
(34.45% of overall sequence). Gap of 13 
nucleotide(s) found at refpos 26171 (FRAMESHIFT). 
Gap of 13 nucleotides when compared to the 
reference sequence. 0.40% Unique Mutations.

PLA Hospital - 
Patient 3

hCoV-19/Wuhan/WH03/2020 EPI_ISL_406800 B (L) F/21 Y 01-Jan-20
Bronchoalveolar 

Lavage

General Hospital of Central 
Theater Command of People's 

Liberation Army of China

NO.627 Wuluo Road, 
Wuchang District, 
Wuhan

29,868 nt genome

PLA Hospital- 
Patient 4

hCoV-19/Wuhan/WH04/2020 EPI_ISL_406801 A (S) M/39 Y 05-Jan-30
Bronchoalveolar 

Lavage

General Hospital of Central 
Theater Command of People's 

Liberation Army of China

NO.627 Wuluo Road, 
Wuchang District, 
Wuhan

29,972 nt genome

Reference 
Genome

Severe acute respiratory 
syndrome coronavirus 2 

isolate Wuhan-Hu-1, 
complete genome

NCBI Reference 
Sequence: 

NC_045512.2
M/41 26-Dec-19

Bronchoalveolar 
Lavage

The Central Hospital of Wuhan Wuhan, China 29,903 nt genome

GISAID - 
Patient 1

hCoV-19/Wuhan/IPBCAMS-
WH-01/2019

EPI_ISL_402123 B (L) M/65 24-Dec-19
Bronchoalveolar 

Lavage

Institute of Pathogen Biology, 
Chinese Academy of Medical 

Sciences & Peking Union 
Medical College

Beijing, China 29,899 nt genome

https://www.gisaid.org/
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An example of the GISAID record for the above patients is shown here below with the 

originating laboratory shown. The remaining GISAID records are attached as an appendix to this 

paper. Note the originating lab location: 

 

According to Google Maps (picture below), the PLA Wuhan General Hospital (now known 

as the Central Theater Command General Hospital of PLA; red circle) is part of a seven building 

complex of the Wuhan General Hospital of Gungzhou Military Area and is 100 meters from the 

Baotong Temple Station of Line 2 of the Wuhan Metro (blue circle).  

This building complex in Wuhan was established as the Joint Logistic Support Force 

(JLSF) for the entire PLA, the commander of which is on the grade of deputy commander of a 

theater command, in September 2016.21 It is a new service on an equal footing with the Army, 

Navy, Air Force, Rocket Force, and Strategic Support Force. Theoretically, the JLSF can 

 
21 https://thediplomat.com/2020/02/what-the-fight-against-the-new-coronavirus-tells-us-about-the-post-reform-
pla/  

https://thediplomat.com/2020/02/what-the-fight-against-the-new-coronavirus-tells-us-about-the-post-reform-pla/
https://thediplomat.com/2020/02/what-the-fight-against-the-new-coronavirus-tells-us-about-the-post-reform-pla/
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command the PLA General Hospital in Beijing, the director of which is on the grade of corps 

commander, and thus ranked below the JLSF commander. Although the hospital in Beijing is a 

lower-grade unit, however, whether the Wuhan-based JLSF can give orders to it is really in doubt 

since the hospital takes care of the health of many leaders of the Chinese Communist Party and 

the central government. 

 

The CoV-2 genome sequences from the PLA Hospital cluster are consistent with close 

contact transmissibility and could represent an alternative to the current Reference 

Standard sequence. 

The Text-Table below compares key SNVs for the four PLA patients with both the three closest 

bat sequences, including RaTG13, as well as the Hu-1 Reference Sequence and the earliest 

sequence in GISAID with respect to sample collection date. The pattern of only 2 or 4 base 

substitutions between the PLA patients is very similar to actual COVID-19 family clusters from a 
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study in Hamburg, Germany22 and suggests transmission among them in close quarters or in the 

PLA Hospital.  

Using the clade system classification of Rambaunt et al.23 which links to RaTG13 with 

SNVs, T8782 and C28144, the earliest Clade A with respect to collection date and the second and 

third earliest Clade B are among the PLA patients. In fact, the Reference Sequence, Hu-1, has 

Clade B SNVs, suggesting it may have been acquired from PLA-4. The earliest collection date in 

the GISAID data base is also downstream with respect to SNVs, from PLA-4. A minor argument 

for not making PLA-4 the Reference Sequence is the missing 16-nt at the 5’ end of the genome. 

 

 Spatial analysis of first genomic patient cluster at the PLA Hospital. 

The first analysis was an outward, ‘expanding circle’ approach. Using the PLA Hospital as 

a centroid, are two institutions of interest, the Wuhan Institute of Virology (WIV) and the Chinese 

Academy of Sciences, of which WIV is a part. 

The PLA Hospital (red push pin) and the Wuhan Institute of Virology (blue box) are in fact 

only three km apart in Wuhan.  

 
22 https://www.sciencedirect.com/science/article/pii/S1198743X20305875 . In this paper, family clusters had one 
to four base substitutions between them. 
23 https://www.biorxiv.org/content/10.1101/2020.04.17.046086v1.full.pdf  

Position in RS Bat-SL-CoVZC45 Bat-SL-CoVZXC21 RaTG13 PLA-4 PLA-3 PLA-2 Hu-1 Ref seq PLA-1 GISAID #1
5' UTR 1-5 missing 1-5 missing 1-15 missing 1-16 missing 1-20 missing 1-36 missing Intact 1-25 missing Intact

3778 A A A A A A A A G
6968 T T C C C C C A C
8782 T T T T C C C C C
8987 T T T T T T T T A

11764 T T T T T NA - Note 1 T A T
28144 C C C C T T T T T

3' UTR
last 4 poly-A 

missing
last 4 poly-A 

missing
last 13 poly-A 

missing
last 15 poly-A 

missing
last 15 poly-A 

missing
NA - Note 1 Intact

last 12 poly-A 
missing

last 4 poly-A 
missing

Genome length 29802 29732 29855 29872 29868 NA - Note 1 29903 29866 29899

Clade A SNPs Clade B SNPs Non-RaTG13 DNPs

Note 1 - GISAID record: "Long stretches of NNNs (34.45% of overall sequence). Gap of 13 nucleotide(s) found 
at refpos 26171 (FRAMESHIFT). Gap of 13 nucleotides when compared to the reference sequence. 0.40% Unique Mutations."

https://www.sciencedirect.com/science/article/pii/S1198743X20305875
https://www.biorxiv.org/content/10.1101/2020.04.17.046086v1.full.pdf


The 2019 Coronavirus Pandemic: 
Paper 1 by Steven C Quay, MD, PhD 

Page 15 of 32 
 

 To expand the probe, it was noted that both are serviced by Line 2 of the Wuhan Metro 

System, as shown in the map below. The Metro System has nine lines that are color coded in this 

map. Line 2 is in pink and the WIV and PLA Hospital are noted. It is obvious that these two 

institutions are very close together when examined against the entirety of Wuhan.  
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Looking at the spatial distribution of the 40 hospitals identified in Google Maps on these next two 

maps below shows they are approximately evenly distributed over the metropolitan area. The next 
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approach was to try to identify the Metro System Line closest to the hospitals that had the earliest 

cases. 

    

Line 2 of the Wuhan Metro System was associated with seeding the pandemic to Wuhan, 

through its connection to all other lines, to the rest of China through the high-speed trains 

leaving Hankou Railway Station, and to the entire world through the Tianhe International 

Airport. 

 A study by MIT economist Jeffrey Harris entitled, “The Subways Seeded the Massive 

Coronavirus Epidemic in New York City,” demonstrates that the spatial distribution of COVID-

19 cases, based on zip code, within New York City in early March 2020 was highly correlated 

with particular subway lines24 and this study became a model for my analysis. 

 Using the hypothesis that high density, indoor travel within metro subway cars is a potential 

environment for the spread of SARS-CoV-2 in Wuhan the hospitals of admission for all cases 

between December 1, 2019 and early January 2020 were identified and the closest line of the 

 
24 http://web.mit.edu/jeffrey/harris/HarrisJE_WP2_COVID19_NYC_24-Apr-2020.pdf; 
https://lifeunderquarantine.blog/2020/08/13/the-earliest-days-of-the-coronavirus-outbreak-in-new-york-city-
part-1/ ; https://lifeunderquarantine.blog/2020/08/30/the-earliest-days-of-the-coronavirus-outbreak-in-new-york-
city-part-2/  

http://web.mit.edu/jeffrey/harris/HarrisJE_WP2_COVID19_NYC_24-Apr-2020.pdf
https://lifeunderquarantine.blog/2020/08/13/the-earliest-days-of-the-coronavirus-outbreak-in-new-york-city-part-1/
https://lifeunderquarantine.blog/2020/08/13/the-earliest-days-of-the-coronavirus-outbreak-in-new-york-city-part-1/
https://lifeunderquarantine.blog/2020/08/30/the-earliest-days-of-the-coronavirus-outbreak-in-new-york-city-part-2/
https://lifeunderquarantine.blog/2020/08/30/the-earliest-days-of-the-coronavirus-outbreak-in-new-york-city-part-2/
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Wuhan Metro System determined. Since the PLA Hospital and WIV are located on Line 2 this 

would also serve as a test to see if these could have been the source of the early patients. 

Google maps was used to identify the 40 institutions designated as hospitals in Wuhan, 

China, the closest Wuhan Metro System station, and the Metro Line the station is associated with. 

For several hospitals either two or three stations were essentially the same distance and so these 

hospitals were considered associated with all of those nearby stations and Lines. In addition, some 

hospitals were greater than a 20-minute car drive from the Metro station and so were scored as 

zero or not being associated with the Metro system. Four of the Metro lines had no hospital 

associated with them. The Text-Table below contains this raw data. Because of its early association 

with COVID-19, the Hunan Seafood Market is also included. 
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Hospital Name Nearest Line Early Patients

Caidian District Huangling Hospital 0

Jianghan University Affiliated Hospital 0

Wuhan Hannan People's Hospital 0

Wuhan Hannan Red Cross Hospital 0

Wuhan Jiangxia First People's Hospital 0

Chinese medicine hospital in Wuhan 1

Tongji Hospital 1 Yes

Wuhan Deji Hospital 1

Wuhan Dongxihu Maternal & Child Health Center 1
Wuhan Etam Ophthalmology Hospital 1
Wuhan Hankou Hospital 1
Wuhan Jiang'an Maternity and Child Health Care Hospital 1 Yes
Wuhan No.1 Hospital 1
Wuhan Pu'ai Hospital 1
Wuhan Public Hospitals Zhuyeshan Out-patient Department 1
Wuhan Qiaokou District Maternal & Child Health Center 1
Wuhan Qiche Fittings Factory Staff Hospital 1
Wuhan Jinyintan Hospital (designated hospital for COVID) 2 Yes
Hubei Cancer Hospital 2
Hubei Xinhua Hospital 2 Yes
Hunan Seafood Market 2 Yes
Phoenix Out-patient Department 2
PLA Military Hospital 2 Yes
The Central Hospital of Wuhan Houhu Branch 2
The North Branch of Wuhan Central Hospital （Wuhan No.2 Hospital) 2
Tongji Hospital 2 Yes
Wuhan Asia Heart Hospital 2 Yes
Wuhan Central Hospital 2 Yes
Wuhan Etam Ophthalmology Hospital 2
Wuhan Jiang'an Maternity and Child Health Care Hospital 2 Yes
Wuhan Tonghe Dermatological Special Hospitals 2
Wuhan University Stomatological Hospital 2
Wuhan Zijing Hospital 2
Zhongnan Hospital of Wuhan University 2 Yes
Wuhan Jianghan Maternity and Child Health Care Center 3
Renmin Hospital of Wuhan University 4
Staff Hospital of Wuhan Iron & Steel (Group） Company 4
WISCO General Hospital Out-patient Department 4
Wuhan Economic and Technological Development Zone Shenlong Hospital 4
Wuhan Hongshan District Heping Hospital 4
Wuhan Huaxi Hospital 4
Wuhan Tonghe Dermatological Special Hospitals 4
Wuhan University Zhongnan Hospital Emergency Medical Service 4
Wuhan Wuchang Hospital 4
Wuhan Youhao Hospital 4
Zhongnan Hospital of Wuhan University 4 Yes
Chinese medicine hospital in Wuhan 6
Wuhan Jiang'an Maternity and Child Health Care Hospital 6 Yes
Wuhan Qiaokou District Maternal & Child Health Center 6
Wuhan Deji Hospital 7
Wuhan University Zhongnan Hospital Emergency Medical Service 8
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 Only four metro lines had hospitals with early patients, Lines 1, 2, 4, and 6. However, the 

hospitals on Lines 4 and 6 were also closest to a Line 2 metro station and so were not a hospital 

independent of Line 2. When the data are looked at by Metro Line an interesting pattern emerges, 

as shown below. 

 

Line 2 has the greatest number of early patients associated with COVID and this pattern is highly 

statistically significant. If one considers all of the other lines except line 2, the proportion of 

hospitals with COVID patients is approximately 0.12. For line 2, the proportion is 9/17 (0.53). The 

probability of this happening by chance, given the data on the other lines, is approximately 

0.0000146. This is a probability of this happening by chance of one in 68,500.  

 Line 2 is extraordinarily well suited to spread a viral pandemic to the entire world.  

 The Text-Table below shows the entire Line 2 Metro System Stations, with the 

international airport station being the most northwest station, first. As can be seen, every hospital 

that had early patients is represented by a nearby Line 2 station. The Hunan Seafood Market, 

Wuhan CDC, and Wuhan Institute of virology are also found on Line 2. 

Wuhan 
Metro Line

Number of 
Hospitals

Hospitals 
with COVID

At least 2 
hospitals

COVID/ 
Hospitals %

None 5 0 0 0
1 12 2 2 17
2 17 9 9 53
3 1 0 0 0
4 11 1 0 9
6 3 1 0 33
7 1 0 0 0
8 1 0 0 0

11 0 0 0 0
Yangluo Line 0 0 0 0
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 If one examines the Text-Table below one realizes that the unique features of Line 2 of the 

Wuhan Metro System contained therein make it highly suited to be the conduit for the spread of 

the virus. Public health considerations to prevent future pandemics may look at how much this 

English Chinese

Tianhe International Airport 天河机场
International destinations: New York City, San Francisco, 
London,  Tokyo,  Rome,  Istanbul,  Dubai,  Paris,  Sydney, 
 Bali,  Bangkok, Moscow,  Osaka,  Seoul, and  Singapore.

Hangkongzongbu 航空总部
Songjiagang 宋家岗
Julong Boulevard 巨龙大道
Panlongcheng 盘龙城
Hongtu Boulevard 宏图大道
Changqingcheng 常青城

Jinyintan 金银潭 Wuhan Jinyintan Hospital (designated hospital for COVID)
Changqing Huayuan 常青花园

Changgang Road 长港路
Hankou Railway Station 汉口火车站 High speed rail to Beijing, Shanghei, and all of China
Fanhu 范湖 Hunan Seafood Market; Xinhua Hospital; Wuhan CDC
Wangjiadun East 王家墩东
Qingnian Road 青年路

Zhongshan Park 中山公园 Tongji Hospital
Xunlimen 循礼门 Wuhan Asia Heart disease Hospital
Jianghan Road 江汉路 The Central Hospital of Wuhan
Jiyuqiao 积玉桥
Pangxiejia 螃蟹岬

Xiaoguishan 小龟山
Hongshan Square 洪山广场 Zhongnan Hospital
Zhongnan Road 中南路

Baotong Temple 宝通寺 PLA Military Hospital; Wuhan Institute of Virology
Jiedaokou 街道口 Hubei Maternity and Child Health Care Hospital
Guangbutun 广埠屯

Huquan 虎泉

Yangjiawan 杨家湾
Optics Valley Square 光谷广场
Luoxiong Road 珞雄路

Huazhong Univ of Science & Tech 华中科技大学
Guanggu Boulevard 光谷大道

Jiayuan Road 佳园路

Optics Valley Railway Station 光谷火车站
Huanglongshan Road 黄龙山路
Jinronggang North 金融港北

Xiuhu 秀湖

Canglong East Street 藏龙东街
Fozuling 佛祖岭

Station name Wuhan District

Jiangxia

Significance

Huangpi

Dongxihu

Jianghan

Wuchang

Hongshan

Jiangxia

Hongshan/Jiangxia
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transportation system played as much a role as the virulence of CoV-2 as features of the virus 

itself.  

Line 2 is the busiest line in Wuhan and was carrying one million passengers a day before 

the pandemic. Assuming most commutes are daily round trips, about 5% of Wuhan’s entire 

population travelled on this Line each business day. One sick passenger coughing and making 

aerosols or droplets that can remain airborne for hours could literally infect tens or hundreds of 

thousands of fellow riders. And because every other Line shares a station with Line 2, spreading 

to all of Wuhan and then Hubei Provence from a Line 2 contagion was inevitable.  

 

The next feature is the Hankou Railway Station on Line 2. This station provides high speed 

rail service to literally all of China, as the service map shown here below illustrates. So the high 

speed trips in all directions of the compass would permit a single infected patient waiting at the 

station to spread the virus to the corners of China within a matter of hours. 

Feature Relationship to Pandemic

Line 2 carried 1 MM passengers a day 
before COVID

Assuming 2 trips/d for commuters, about 5% of the Wuhan population 
uses this Line, making it an efficient transmission route for all of Wuhan 
as well as Hubei Provence. A single patient can leave a droplet/aerosol 
cloud for hours to infect others.

Line 2 shares stations with every other 
Metro Line

Permits human-to-human spread to every part of Wuhan at the stations 
shared with Line 2

Line 2, Hankou Railway Station Connects Wuhan to all of China by high speed rail

Line 2, Tianhe International Airport
International destinations: New York City, San Francisco, London,  Tokyo, 
 Rome,  Istanbul,  Dubai,  Paris,  Sydney,  Bali,  Bangkok, Moscow,  Osaka, 
 Seoul, and  Singapore.
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Finally, the western most and last station of Line 2 is the Tianhe International Airport. This airport 

has non-stop service throughout the world. In July 2019, the first non-stop service to New York 

City began and this service map was published by the Chinese government at the time of the 

announcement.25  

 

 
25 Chinese map of Wuhan non-stop flights from Line 2 airport  

http://en.hubei.gov.cn/services/visitors/201907/t20190710_1414431.shtml
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Quay and Lee documented the arrival of COVID-19 in California during the last week of 

December 2019 and the first week of January 2020.26 At that time Wuhan had several non-stop 

flights every week to San Francisco, the likely source of the early entry to California. Washington 

state was infected with a returning college student from Wuhan after the end-of-the-year holidays. 

The Line 2–Tianhe Airport-World connection is supported by the appearance of 

genomic “pairs” and near pairs in countries with non-stop airline service from Wuhan. 

To test if the connection between the Line 2 of the Wuhan Metro system to the airport and 

then around the world on daily non-stop flights was legitimate, early patient specimens in GISAID 

were examined for the relationship between base substitution rate and specimen collection date. If 

this airline conduit was efficient one should find the worldwide distribution of patients with base 

substitution frequency that is lower than expected simply by the time interval between specimen 

collection, suggesting actual human-to-human spreading events. This method was used in MERS 

to identify case-pairs in various hospitals in a single city.27   

The Text-Table below shows the results of looking at sequence divergence from the 

Reference Sequence in patient specimens from countries that have direct, non-stop flights from 

Wuhan. The Table identifies the “Additional mutations” that occurred and the time between the 

Reference Sequence collection date, December 26, 2019 and the actual collection date. For this 

analysis the mutation rate for SARS-CoV-2 was assumed to be 9.9 x 10-4 substitutions/site/year.28 

The calculation of the expected mutations was the product of the daily mutation rate times the 

genome length (29903 nt) times the days between specimen collection. Most of the non-Chinese 

 
26 COVID was in the US in December 2019  
27 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3898949/  
28 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7366979/pdf/main.pdf  

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.13140%2FRG.2.2.19940.19841?_sg%5B0%5D=Cym_eCTpRjx1sCXJRe1L0LyCVkr5rnGw-Xh2qq1_ej3AXVisF1jSPxuEnhr-b8wF8fezAyE_tn5OGECohwmwq13i2g.PCWPfrhu6onPiP1FRMW4YCQkwjVo3JJZw7P3EfvPk_XdDfTq9jsW3KJ4O_PQxylHxsEcytnJaP6SdrANIY9sRA
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3898949/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7366979/pdf/main.pdf
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viruses were Clade B, the same as the Reference Sequence, but three were in fact the same Clade 

as PLA-4, Clade A.  

The previously noted study of the spread of COVID-19 in the metro system of New York 

City was also predominately Clade A,24 a testament to the “entirely indoor path” from the PLA 

Hospital in Wuhan, China, to the Wuhan Metro Line 2 to a non-stop flight to New York’s JFK 

Airport and then onward into New York City, via the New York transit system.   

All cases in which the Additional Mutations were less than the Expected Mutations are 

shown in green. For most countries the genomes have fewer substitutions than expected for the 

elapsed days. 

 

The probabilities were calculated (the probability of getting less than or equal to the actual 

number of additional mutations) with two different models: Poisson (as used in the MERS paper25) 

and negative binomial. The conclusions are about the same. Using a modified Bonferroni approach 

(Holm-Bonferroni) to control the Type 1 error, with the Poisson model none of countries show a 

result less than 0.05/12 = 0.004. If we don’t use that adjustment, then Indonesia is significant in 

that fewer mutations were seen than expected. For the negative binomial model, Indonesia is 

significant even with the modified Bonferroni adjustment and Japan is also significant without the 

Country
Collection 

Date
Base Clade

Additional 
mutations

Time Between 
Specimens

Expected 
Mutations

p-value: 
Poisson

p-value: Neg. 
binomial

Specimen ID

Reference Sequence 26-Dec-19 B NA NA NA NA NA  NC_045512.2

Australia 24-Jan-20 B 5 29 2.4 0.964 0.919 EPI_ISL_416410
Indonesia 12-Mar-20 B 1 77 6.2 0.0146 0.0016 EPI_ISL_529961
Dubai 23-Apr-20 A 7 119 9.7 0.248 0.145 EPI_ISL_548970
France 23-Jan-20 B 2 28 2.3 0.596 0.345 EPI_ISL_406596
Japan 15-Feb-20 B 1 51 4.1 0.084 0.015 EPI_ISL_416573
Russia 15-Mar-20 B 5 80 6.5 0.369 0.223 EPI_ISL_415710
Singapore 23-Jan-20 B 1 28 2.3 0.331 0.102 EPI_ISL_406973
South Korea 30-Jan-20 A 4 35 2.8 0.848 0.704 EPI_ISL_425118
Thailand 23-Jan-20 B 5 28 2.3 0.97 0.937 EPI_ISL_450196
Turkey 18-Mar-20 B 13 83 6.7 0.991 0.985 EPI_ISL_437332
UK 26-Feb-20 B 3 62 5.0 0.265 0.119 EPI_ISL_464187
United States 19-Jan-20 A 1 24 1.9 0.434 0.143 EPI_ISL_404895
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adjustment. It is noted, however, that the elapsed time between these cases is outside of the bounds 

for direct transmission and incubation. 

In summary, while infection pairs for MERS could be traced within the same city but in 

difference hospitals, the fact that SARS-CoV-2 began within the Line 2 of the Wuhan Metro 

System and could spread through an international airport, potential infection pairs can be suggested 

that span the globe! 

Research into the origin of the SARS-CoV-2 pandemic should focus on potential 

locations on Line 2 of the Wuhan Metro System. 

 Given the above observation that all COVID-19 patients in the early weeks of the pandemic 

were associated with Line 2 with a probability that greatly exceeded chance, research into the 

origin of the pandemic should focus on buildings or institutions that are adjacent to Line 2. 

 Given that both the Wuhan Institute of Virology, where coronavirus research is being 

conducted, and the PLA Hospital, where the first cluster of patient’s was seen, are on Line 2, the 

importance of getting a further understanding of their role in this pandemic is essential. The Hunan 

Seafood Market is also on Line 2 but it has been ruled out as the source, although it became an 

early case cluster, in all likelihood because of its proximity to Line 2. 

 As for a search for a zoonotic source for COVID-19, if you are looking for where the 

transfer into the human populations occurred, this paper suggests you should focus your attention 

on a source that is close to Line 2 of the Wuhan Metro System! 
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Academy of Medical Sciences & General Hospital of Central 
Theater Command of People's Liberation Army of China

Weijun Chen, Yuhai Bi, Weifeng Shi and Zhenhong Hu

hCoV-19/Wuhan/WH03/2020 EPI_ISL_406800 01-Jan-20
General Hospital of Central Theater Command of 

People's Liberation Army of China
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Academy of Medical Sciences & General Hospital of Central 
Theater Command of People's Liberation Army of China
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Weijun Chen, Yuhai Bi, Weifeng Shi and Zhenhong Hu
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Appendix 1: 

The model for Wuhan transmission being tested in this paper. 

1. One patient, the Index Patient, became infected with SARD-CoV-2.  

This is consistent with a complete lack of posterior diversity for CoV-2. With MERS, within 

four months of the index case, patients were having viruses with genomes that could not be traced 

back to the index case but instead to much earlier in time. With MERS, multiple jumps from 

multiple intermediate hosts to multiple humans, in other words. With CoV-2 however, every one 

of the 147,000 sequences in the GISAID database can be traced back through the first patient. The 

PLA patient 4 is in fact the ‘genetic ancestor’ of all current viruses. The data problem is that, while 

PLA-4 is the genetic ancestor, the records say this specimen was collected on December 26th while 

publications indicate the first patient was seen at a hospital on December 1st. This is why the Dec 

10 archive creation date is so important. If PLA-4 was actually collected before Dec 10th we would 

have a congruent argument with genetics and epidemiology being in agreement that PLA-4 was 

the Index Patient for the entire worldwide pandemic. 

2. Regardless of who he or she is, the Index Patient used the Metro System to travel and 

human-to-human spread occurred. What assumptions would have to be made to 

allow examination of this model of spread and to try to geolocate it? 

Assumption 1: People go to the nearest general (non-specialist) hospital to their home when they 

have an Influenza-like Illness (ILI), which is the public health definition of what became COVID-

19. So, each of the 40 hospitals in Wuhan has, effectively, a circular catchment zone around it. By 

starting at the hospital as a point source and expanding that catchment zone until it encounters a 

metro station one can identify the potential public transportation spreading patterns through the 

metro system. I may add an explanation for this to the paper. 
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Assumption 2: People use the subway line and station closest to their home when they go to and 

from work. 

Assumption 3: Not having the residential location information for the early patients in Wuhan, one 

can use as a surrogate the relationship between the closest subway lines and the hospital of the 

earliest patients to infer the 'ground zero' of the pandemic, or if a single hospital cannot be 

identified, to at least identify, as in this case, the 'metro line zero' for the spread. 

An example of the methodology is below. Wuhan Central Hospital is located at the blue 

push pin. The blue circle is the catchment region for this hospital to include the nearest Metro 

Station, in this case, Jianghan Road Station of the Line 2 Wuhan Metro system, which is 850 

meters from the hospital. The green box identifies four residential districts that share this same 

Metro station and have the Wuhan Central Hospital as their closest hospital. The National 

Residential District and the farthest from the hospital, is only an eight-minute car or motorcycle 

trip to the Wuhan Central Hospital. This also shows the finding that the next Line 2 station, 

Xunlimen, is shared with the blue-colored Line 1. This is a station where human-to-human spread 

could occur into Line 1 and thus into greater Wuhan in a direction orthogonal to Line 2.  
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Appendix 2: 

Following are the GISAID and BioSpecimen 

file images for the four patients from the PLA Hospital 
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host health state diseased

host scientific name
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Wuhan seafood market pneumonia virus (http://www.ebi.ac.uk/ols/terms?
iri=http%3A%2F%2Fpurl.obolibrary.org%2Fobo%2FNCBITaxon_2697049)

sample capture status active surveillance in response to outbreak

title 2019-nCoV_WH04 Complete Genome

virus identifier BetaCov/Wuhan/WH04/2020

External Links
ENA
(https://www.ebi.ac.uk/ena/data/view/SAMEA6507893)

Released on 2020 / 01 / 30 17:05:41 UTC

Created on 2019 / 12 / 10 06:58:26 UTC

Updated on 2020 / 04 / 03 17:09:12 UTC

Download as:

BioSamples Database is part of the ELIXIR infrastructure
BioSamples is an Elixir Deposition Database Learn more ›

(https://www.elixir-europe.org/platforms/data/elixir-deposition-databases)

XML (/biosamples/samples/SAMEA6507893.xml)

JSON (/biosamples/samples/SAMEA6507893.json)

Bioschemas (/biosamples/samples/SAMEA6507893.ldjson)

Phenopacket (/biosamples/samples/SAMEA6507893.pxf)

http://www.ebi.ac.uk/ols/terms?iri=http%3A%2F%2Fpurl.obolibrary.org%2Fobo%2FNCBITaxon_2697049
https://www.ebi.ac.uk/ena/data/view/SAMEA6507893
https://www.elixir-europe.org/platforms/data/elixir-deposition-databases
https://www.ebi.ac.uk/biosamples/samples/SAMEA6507893.xml
https://www.ebi.ac.uk/biosamples/samples/SAMEA6507893.json
https://www.ebi.ac.uk/biosamples/samples/SAMEA6507893.ldjson
https://www.ebi.ac.uk/biosamples/samples/SAMEA6507893.pxf
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Virus	detail
Virus	name: hCoV-19/Wuhan/WH01/2019
Accession	ID: EPI_ISL_406798
Type: betacoronavirus
Lineage	(GISAID
Clade):

B	(L)

Passage
details/history:

Original

Sample	information
Collection	date: 2019-12-26
Location: Asia	/	China	/	Hubei	/	Wuhan
Host: Human
Additional	location
information:
Gender: male
Patient	age: 44
Patient	status: unknown
Specimen	source: Bronchoalveolar	Lavage	NCIT:C51913
Additional	host
information:
Outbreak:
Last	vaccinated:
Treatment:
Sequencing
technology:

DNBSEQ

Assembly	method: SPAdes	v.3.12.0
Coverage: 85x
Comment:
Institute	information
Originating	lab: General	Hospital	of	Central	Theater	Command	of	People's	Liberation	Army	of	China
Address: NO.627	Wuluo	Road,	Wuchang	District,	Wuhan,	China
Sample	ID	given	by	the
sample	provider:

19S0318027

Submitting	lab: BGI	&	Institute	of	Microbiology,	Chinese	Academy	of	Sciences	&	Shandong	First	Medical
University	&	Shandong	Academy	of	Medical	Sciences	&	General	Hospital	of	Central
Theater	Command	of	People's	Liberation	Army	of	China

Address: Building	11,	Beishan	Industrial	Zone,	Yantian	District,	Shenzhen,	China	&	NO.1	Beichen
West	Road,	Chaoyang	District,	Beijing	100101,	China	&	NO.6699	Qingdao	Road,	Huaiyin
District,	Jinan,	Shandong,	China	&	NO.627	Wuluo	Road,	Wuchang	District,	Wuhan,	China

Sample	ID	given	by	the
submitting	laboratory:

WH01

Authors: Weijun	Chen,	Yuhai	Bi,	Weifeng	Shi	and	Zhenhong	Hu
Submitter	information
Submitter: Chris	Hunter
Submission	Date: 2020-01-30
Address:

Important	note:	In	the	GISAID	EpiFlu™	Database	Access	Agreement,	you	have	accepted	certain	terms	and	conditions	for	viewing	and	using	data	regarding	influenza	viruses.	To	the	extent	the
Database	contains	data	relating	to	non-influenza	viruses,	the	viewing	and	use	of	these	data	is	subject	to	the	same	terms	and	conditions,	and	by	viewing	or	using	such	data	you	agree	to	be

bound	by	the	terms	of	the	GISAID	EpiFlu™	Database	Access	Agreement	in	respect	of	such	data	in	the	same	manner	as	if	they	were	data	relating	to	influenza	viruses.
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updated	2020-02-21Virus	detail
Virus	name: hCoV-19/Wuhan/WH02/2019
Accession	ID: EPI_ISL_406799
Type: betacoronavirus
Lineage	(GISAID
Clade):

B.1.1	(O)

Passage
details/history:

Original

Sample	information
Collection	date: 2019-12-31
Location: Asia	/	China	/	Wuhan
Host: Human
Additional	location
information:
Gender: Male
Patient	age: 43
Patient	status: unknown
Specimen	source: Bronchoalveolar	Lavage	NCIT:C51913
Additional	host
information:
Outbreak:
Last	vaccinated:
Treatment:
Sequencing
technology:

DNBSEQ

Assembly	method: SPAdes	v.3.12.0
Coverage: 10x
Comment: Long	stretches	of	NNNs	(34.45%	of	overall	sequence).	Gap	of	13	nucleotide(s)	found	at

refpos	26171	(FRAMESHIFT).	Gap	of	13	nucleotides	when	compared	to	the	reference
sequence.	0.40%	Unique	Mutations.

Institute	information
Originating	lab: General	Hospital	of	Central	Theater	Command	of	People's	Liberation	Army	of	China
Address: NO.627	Wuluo	Road,	Wuchang	District,	Wuhan,	China
Sample	ID	given	by	the
sample	provider:

19S0318065

Submitting	lab: BGI	&	Institute	of	Microbiology,	Chinese	Academy	of	Sciences	&	Shandong	First	Medical
University	&	Shandong	Academy	of	Medical	Sciences	&	General	Hospital	of	Central
Theater	Command	of	People's	Liberation	Army	of	China

Address: Building	11,	Beishan	Industrial	Zone,	Yantian	District,	Shenzhen,	China	&	NO.1	Beichen
West	Road,	Chaoyang	District,	Beijing	100101,	China	&	NO.6699	Qingdao	Road,	Huaiyin
District,	Jinan,	Shandong,	China	&	NO.627	Wuluo	Road,	Wuchang	District,	Wuhan,	China

Sample	ID	given	by	the
submitting	laboratory:

WH02

Authors: Weijun	Chen,	Yuhai	Bi,	Weifeng	Shi	and	Zhenhong	Hu
Submitter	information
Submitter: Chris	Hunter
Submission	Date: 2020-01-30
Address:

Important	note:	In	the	GISAID	EpiFlu™	Database	Access	Agreement,	you	have	accepted	certain	terms	and	conditions	for	viewing	and	using	data	regarding	influenza	viruses.	To	the	extent	the
Database	contains	data	relating	to	non-influenza	viruses,	the	viewing	and	use	of	these	data	is	subject	to	the	same	terms	and	conditions,	and	by	viewing	or	using	such	data	you	agree	to	be

bound	by	the	terms	of	the	GISAID	EpiFlu™	Database	Access	Agreement	in	respect	of	such	data	in	the	same	manner	as	if	they	were	data	relating	to	influenza	viruses.
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Virus	detail
Virus	name: hCoV-19/Wuhan/WH03/2020
Accession	ID: EPI_ISL_406800
Type: betacoronavirus
Lineage	(GISAID
Clade):

B	(L)

Passage
details/history:

Original

Sample	information
Collection	date: 2020-01-01
Location: Asia	/	China	/	Hubei	/	Wuhan
Host: Human
Additional	location
information:
Gender: female
Patient	age: 21
Patient	status: unknown
Specimen	source: Bronchoalveolar	Lavage	NCIT:C51913
Additional	host
information:
Outbreak:
Last	vaccinated:
Treatment:
Sequencing
technology:

DNBSEQ

Assembly	method: SPAdes	v.3.12.0
Coverage: 107x
Comment:
Institute	information
Originating	lab: General	Hospital	of	Central	Theater	Command	of	People's	Liberation	Army	of	China
Address: NO.627	Wuluo	Road,	Wuchang	District,	Wuhan,	China
Sample	ID	given	by	the
sample	provider:

19S0325308

Submitting	lab: BGI	&	Institute	of	Microbiology,	Chinese	Academy	of	Sciences	&	Shandong	First	Medical
University	&	Shandong	Academy	of	Medical	Sciences	&	General	Hospital	of	Central
Theater	Command	of	People's	Liberation	Army	of	China

Address: Building	11,	Beishan	Industrial	Zone,	Yantian	District,	Shenzhen,	China	&	NO.1	Beichen
West	Road,	Chaoyang	District,	Beijing	100101,	China	&	NO.6699	Qingdao	Road,	Huaiyin
District,	Jinan,	Shandong,	China	&	NO.627	Wuluo	Road,	Wuchang	District,	Wuhan,	China

Sample	ID	given	by	the
submitting	laboratory:

WH03

Authors: Weijun	Chen,	Yuhai	Bi,	Weifeng	Shi	and	Zhenhong	Hu
Submitter	information
Submitter: Chris	Hunter
Submission	Date: 2020-01-30
Address:

Important	note:	In	the	GISAID	EpiFlu™	Database	Access	Agreement,	you	have	accepted	certain	terms	and	conditions	for	viewing	and	using	data	regarding	influenza	viruses.	To	the	extent	the
Database	contains	data	relating	to	non-influenza	viruses,	the	viewing	and	use	of	these	data	is	subject	to	the	same	terms	and	conditions,	and	by	viewing	or	using	such	data	you	agree	to	be

bound	by	the	terms	of	the	GISAID	EpiFlu™	Database	Access	Agreement	in	respect	of	such	data	in	the	same	manner	as	if	they	were	data	relating	to	influenza	viruses.
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Virus	detail
Virus	name: hCoV-19/Wuhan/WH04/2020
Accession	ID: EPI_ISL_406801
Type: betacoronavirus
Lineage	(GISAID
Clade):

A	(S)

Passage
details/history:

Original

Sample	information
Collection	date: 2020-01-05
Location: Asia	/	China	/	Hubei	/	Wuhan
Host: Human
Additional	location
information:
Gender: male
Patient	age: 39
Patient	status: unknown
Specimen	source: Bronchoalveolar	Lavage	NCIT:C51913
Additional	host
information:
Outbreak:
Last	vaccinated:
Treatment:
Sequencing
technology:

DNBSEQ

Assembly	method: SPAdes	v.3.12.0
Coverage: 161x
Comment:
Institute	information
Originating	lab: General	Hospital	of	Central	Theater	Command	of	People's	Liberation	Army	of	China
Address: NO.627	Wuluo	Road,	Wuchang	District,	Wuhan,	China
Sample	ID	given	by	the
sample	provider:

19S0325262

Submitting	lab: BGI	&	Institute	of	Microbiology,	Chinese	Academy	of	Sciences	&	Shandong	First	Medical
University	&	Shandong	Academy	of	Medical	Sciences	&	General	Hospital	of	Central
Theater	Command	of	People's	Liberation	Army	of	China

Address: Building	11,	Beishan	Industrial	Zone,	Yantian	District,	Shenzhen,	China	&	NO.1	Beichen
West	Road,	Chaoyang	District,	Beijing	100101,	China	&	NO.6699	Qingdao	Road,	Huaiyin
District,	Jinan,	Shandong,	China	&	NO.627	Wuluo	Road,	Wuchang	District,	Wuhan,	China

Sample	ID	given	by	the
submitting	laboratory:

WH04

Authors: Weijun	Chen,	Yuhai	Bi,	Weifeng	Shi	and	Zhenhong	Hu
Submitter	information
Submitter: Chris	Hunter
Submission	Date: 2020-01-30
Address:

Important	note:	In	the	GISAID	EpiFlu™	Database	Access	Agreement,	you	have	accepted	certain	terms	and	conditions	for	viewing	and	using	data	regarding	influenza	viruses.	To	the	extent	the
Database	contains	data	relating	to	non-influenza	viruses,	the	viewing	and	use	of	these	data	is	subject	to	the	same	terms	and	conditions,	and	by	viewing	or	using	such	data	you	agree	to	be

bound	by	the	terms	of	the	GISAID	EpiFlu™	Database	Access	Agreement	in	respect	of	such	data	in	the	same	manner	as	if	they	were	data	relating	to	influenza	viruses.
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