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Dissecting the early COVID-19 cases in Wuhan
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Elucidating the origin of the pandemic requires understanding of the Wuhan outbreak

Some key questions lie at the heart of investigations into the
origin of the COVID-19 pandemic, including what is known
about the earliest COVID-19 cases in Wuhan, China, and what
can be learned from them? Despite assertions to the contrary
(1), it is now clear that live mammals susceptible to corona-
viruses, including raccoon dogs (Nyctereutes procyonoides),
were sold at Huanan Market and three other live-animal mar-
kets in Wuhan before the pandemic (2, 3). Severe acute res-
piratory syndrome-related coronaviruses (SARSr-CoVs) were
found in raccoon dogs during the SARS outbreak, which was
facilitated by animal-to-human contact in live-animal mar-
kets in China. However, because of the early public health
focus on Huanan Market, it remains unclear whether the ap-
parent preponderance of hospitalized COVID-19 cases associ-
ated with this market was truly reflective of the initial
outbreak. Answering these questions requires resolving sev-
eral crucial events that took place in December 2019 and
early January 2020.

On 30 December 2019, the Wuhan Municipal Health Com-
mission (WHC) issued two emergency notices for internal cir-
culation to local hospitals alerting them to patients with
unexplained pneumonia—several of whom worked at
Huanan Market—and laying out a treatment and response
plan (see fig. S1). The first official public report was WHC’s
announcement the next day that they had carried out case
searches and retrospective investigations related to Huanan
Market and found 27 patients. Forty-one of the first known
patients formed the basis of an influential study that reported
that 66%—i.e., not all early cases—had a link to Huanan Mar-
ket (4). They had been transferred between 29 December and
2 January from other hospitals to Jinyintan Hospital, Wu-
han’s premier infectious disease center. Notably, individuals
were enrolled according to clinical presentation, not epide-
miologic information, such as connections to Huanan Market
4).

China’s Viral Pneumonia of Unknown Etiology (VPUE)
mechanism was set up in the wake of SARS to be an early
warning reporting system for detecting unknown viral dis-
eases and is overseen by the China Center for Disease Control
and Prevention (CCDC) (5). PUE cases are supposed to be rap-
idly reported by clinicians to the national notifiable disease
reporting system through an internet-based platform. Evi-
dently, that did not happen in Wuhan in December. The
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system appears to have been in active use only from 3 Janu-
ary. Although it favored cases having a connection to Huanan
Market (6-8), the VPUE mechanism could not have improp-
erly inflated the proportion of Huanan Market-linked cases
in December (I). Moreover, reporting began only after the 41
patients were transferred from other hospitals to Jinyintan
Hospital. Nevertheless, it is possible that a disproportionate
number of cases linked to Huanan Market were transferred
to Jinyintan Hospital because of public health officials’ early
focus there.

There is, however, a way to step back to a period before
any such bias could have crept in, by considering what hap-
pened in the hospitals that first pieced together that a new
viral outbreak was underway. Although not mentioned by
name in scientific publications (9), media reports reveal that
Hubei Provincial Hospital of Integrated Chinese and Western
Medicine (HPHICWM) was the first hospital to alert district,
municipal, and provincial public health authorities about the
mysterious pneumonia cases (see fig. S1). Zhang Jixian, direc-
tor of respiratory and critical care medicine, noticed on 27
December that an elderly couple had large “ground glass”
opacities in computed tomography (CT) images of their
lungs, distinct from those she had seen in other cases of viral
pneumonia. Zhang insisted that the couple’s son, who was
not a patient and had no symptoms, undergo a CT scan, and
the same unusual lesions were observed. The husband and
wife evidently are “cluster 1” in the World Health Organiza-
tion (WHO)-China report (I): They are the earliest known
case cluster and the only cluster admitted by 26 December.
They had no known connection to Huanan Market.

Another patient with similar CT imaging, a worker at
Huanan Market, was admitted on 27 December. Zhang, con-
cerned about a new, probably infectious viral disease, re-
ported the four cases to hospital officials, who alerted the
Jianghan District CDC that same day. Over 28 and 29 Decem-
ber, three more patients, all of whom worked at Huanan Mar-
ket, were admitted and recognized to have the same
unknown respiratory disease. A vice president of HPHICWM,
Xia Wenguang, brought together 10 experts from the hospi-
tal, including Zhang, for an emergency meeting on 29 Decem-
ber, and they concluded that the situation was extraordinary.
Upon learning of similar patients, also linked to Huanan
Market, at Tongji and Union (Xiehe) Hospitals, Xia alerted
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the Wuhan and Hubei CDCs on 29 December.

A notably similar situation unfolded at Wuhan Central
Hospital. On 18 December, Ai Fen, director of the emergency
department, encountered her first unexplained pneumonia
patient, a 65-year-old man who had become ill on either 13 or
15 December. Unbeknownst to Ai at the time, the patient was
a deliveryman at Huanan Market. A CT scan revealed infec-
tion in both lungs, and he did not respond to antibiotics or
anti-influenza drugs. On 24 December, a bronchoalveolar lav-
age specimen collected from him was sent to Vision Medicals,
a metagenomics sequencing company. They identified a new
SARSr-CoV on 26 December and relayed the finding by tele-
phone to the hospital on 27 December. By 28 December, Wu-
han Central Hospital had identified seven cases, of which
four turned out to be linked to Huanan Market. Notably,
these seven cases, like those at HPHICWM, were ascertained
before epidemiologic investigations concerning Huanan Mar-
ket commenced on 29 December.

At Zhongnan Hospital in the Wuchang District of Wuhan,
15 km away from Huanan Market and on the opposite bank
of the Yangtze River, Vice President Yuan Yufeng asked units
on 31 December to search for unexplained pneumonia cases,
and the Respiratory Medicine Department reported two. The
first lived in Wuchang District but worked at Huanan Market
(in Jianghan District). The second did not work at Huanan
Market but had friends who did and who had visited his
home. On 3 January, three more cases were identified—a fam-
ily cluster unlinked to Huanan Market. Clearly, hospitals in
the first weeks of the outbreak were identifying cases both
with and without a known connection to Huanan Market.
And Wuhan hospitals were not swamped with unexplained
pneumonia cases at the end of December—that would come
later.

Thus, 10 of these hospitals’ 19 earliest COVID-19 cases
were linked to Huanan Market (~53%), comparable both to
Jinyintan’s 66% (of 41 cases) (4¢) and to the WHO-China re-
port’s 33% of 168 retrospectively identified cases across De-
cember 2019 (7). Regarding cases at the Wuhan Central
Hospital and HPHICWM, patients with a history of exposure
at Huanan Market could not have been “cherry picked” be-
fore anyone had identified the market as an epidemiologic
risk factor. Hence, there was a genuine preponderance of
early COVID-19 cases associated with Huanan Market.

How can this knowledge inform our understanding of the
pandemic? If Huanan Market was the source, why were only
one- to two-thirds of early cases linked to the market? Per-
haps a better question is why would one expect all cases as-
certained weeks into the outbreak to be confined to one
market? Given the high transmissibility of SARS-CoV-2 and
the high rate of asymptomatic spread, many symptomatic
cases would inevitably soon lack a direct link to the location
of the pandemic’s origin. And some cases counted as
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“unlinked” may have been only one or two transmissions
away, as exemplified by the second patient identified at
Zhongnan Hospital. That so many of the >100 COVID-19
cases from December (I) with no identified epidemiologic
link to Huanan Market nonetheless lived in its direct vicinity
is notable (see the figure) and provides compelling evidence
that community transmission started at the market.

Additionally, the earliest known cases should not neces-
sarily be expected to be the first infected or linked to Huanan
Market: They probably postdated the outbreak’s index case
by a considerable period (10) because only ~7% of SARS-CoV-
2 infections lead to hospitalization (77); most fly under the
radar. Similarly, it is entirely expected that early, ascertained
cases from a seafood market would be workers who were not
necessarily directly associated with wildlife sales because the
outbreak spread from human to human. The index case was
most likely one of the ~93% who never required hospitaliza-
tion and indeed could have been any of hundreds of workers
who had even brief contact with infected live mammals.

Crucially, however, the now famous “earliest” COVID-19
case (1), a 4l-year-old male accountant, who lived 30 km
south of Huanan Market and had no connection to it—illness
onset reported as 8 December—appears to have become ill
with COVID-19 considerably later (12). When interviewed, he
reported that his COVID-19 symptoms started with a fever on
16 December; the 8 December illness was a dental problem
related to baby teeth retained into adulthood (72). This is cor-
roborated by hospital records and a scientific paper that re-
ports his COVID-19 onset date as 16 December and date of
hospitalization as 22 December (13). This indicates that he
was infected through community transmission after the virus
had begun spreading from Huanan Market. He believed that
he may have been infected in a hospital (presumably during
his dental emergency) or on the subway during his commute;
he had also traveled north of Huanan Market shortly before
his symptoms began (12). His symptom onset came after mul-
tiple cases in workers at Huanan Market, making a female
seafood vendor there the earliest known case, with illness on-
set 11 December (12). Notably, she reported knowledge of sev-
eral possible COVID-19 cases in clinics and hospitals that
were near Huanan Market from 11 December, and Huanan
Market patients were hospitalized at Union Hospital as early
as 10 December (see fig. S1).

Although a widely cited report (7) credits the VPUE mech-
anism with uncovering the pandemic, it was HPHICWM that
identified both the outbreak and the Huanan Market connec-
tion and passed on these fully formed discoveries to district,
municipal, and provincial public health officials by 29 De-
cember (9). National officials reportedly did not learn about
the outbreak until CCDC Director George Gao encountered
online group chats about the WHC emergency notices on the
evening of 30 December. Concerned that so many cases had
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not been reported to the VPUE system, he quickly notified
the National Health Commission (14) (see fig. S1).

Therefore, the preponderance of early cases connected to
Huanan Market could not have been an artifact of ascertain-
ment bias introduced by case definitions in the VPUE system.
Although mechanisms like China’s VPUE system are poten-
tially invaluable, they will fail without both widespread buy-
in from health care providers and rapid data sharing from
local to central authorities. Key problems with the VPUE sys-
tem were known before the pandemic, including that most
clinicians in China had little awareness of the VPUE system
and were not reporting cases to it—for example, 0 of 335 PUE
cases in one study from 2019 (5). China should be com-
mended, however, for having such a system, which is lacking
in most countries. The focus now should be on fixing the
problems that COVID-19 has exposed and blanketing the
globe with a highly functional PUE early warning system.

Samples from the earliest COVID-19 patients in Wuhan
have been sequenced, and two distinct SARS-CoV-2 lineages,
A and B, have been identified. Given that the elderly couple
at HPHICWM was the WHO report’s cluster 1, it follows that
the husband, illness onset 26 December (I), must be the
source of the earliest lineage A sequence, Wuhan/IME-
WHO01/2019 (GenBank accession number MT291826) (see fig.
S1), which he most likely got from his wife, who became ill 15
December. This raises the possibility that the Yangchahu
market that they visited may have been a site of a separate
animal spillover. The recent discovery that there may be no
true lineage A or B intermediates in humans (I5) also raises
the possibility of separate spillovers of both lineages. How-
ever, the earliest known lineage A genomes have close geo-
graphical connections to Huanan Market: one from a patient
(age and gender not reported) who stayed in a hotel near
Huanan Market in the days before illness onset in December
(13) and the other from the 62-year-old husband in cluster 1
who visited Yangchahu Market, just a few blocks north of
Huanan Market (Z), and lived just to the south (see the fig-
ure). Therefore, if lineage A had a separate animal origin
from lineage B, both most likely occurred at Huanan Market,
and the association with Yangchahu Market, which does not
appear to have sold live mammals, is likely due to community
transmission starting in the neighborhoods surrounding
Huanan Market.

With SARS, live-animal markets continued to sell infected
animals for many months, allowing zoonotic spillover to be
established as the origin and revealing multiple independent
jumps from animals into humans (3). Unfortunately, no live
mammal collected at Huanan Market or any other live-ani-
mal market in Wuhan has been screened for SARS-CoV-2-
related viruses (I), and Huanan Market was closed and disin-
fected on 1 January 2020. Nevertheless, that most early symp-
tomatic cases were linked to Huanan Market—specifically to
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the western section (Z) where raccoon dogs were caged (2)—
provides strong evidence of a live-animal market origin of the
pandemic.

This would explain the extraordinary preponderance of
early COVID-19 cases at one of the handful of sites in Wu-
han—population 11 million—that sell some of the same ani-
mals that brought us SARS. Although it may never be possible
to recover related viruses from animals if they were not sam-
pled at the time of emergence, conclusive evidence of a
Huanan Market origin from infected wildlife may nonethe-
less be obtainable through analysis of spatial patterns of early
cases and from additional genomic data, including SARS-
CoV-2-positive samples from Huanan Market, as well as
through integration of additional epidemiologic data. Pre-
venting future pandemics depends on this effort.
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COVID-19 cases in Wuhan in December 2019

The map shows that most of the earliest cases of COVID-19 were in close
proximity to Huanan Market, even if they were not directly connected with
the market through working there or visiting. This suggests that transmis-
sion in the community around the market was occurring in December 2019.
The map is based on a subset of data from 174 COVID-19 cases in and
around Wuhan (1).
@ Home address of cases with epidemiological link to Huanan Market
@ No identified link to Huanan Market © Market 4+ Hospital
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