
Perspective   

The NEW ENGLAND JOURNAL of MEDICINE

June 22, 2023

n engl j med 388;25  nejm.org  June 22, 2023 2305

When health emergencies arise, scientists 
seek to discover the cause — such as 
how a pathogen emerged and spread  

— because this knowledge can enhance our under-

standing of risks and strategies 
for prevention, preparedness, and 
mitigation. Yet well into the 
fourth year of the Covid-19 pan-
demic, intense political and sci-
entific debates about its origins 
continue. The two major hypoth-
eses are a natural zoonotic spill-
over, most likely occurring at the 
Huanan Seafood Wholesale Mar-
ket, and a laboratory leak from 
the Wuhan Institute of Virology 
(WIV). It is worth examining the 
efforts to discover the origins of 
SARS-CoV-2, the political obsta-
cles, and what the evidence tells 
us. This evidence can help clarify 
the virus’s evolutionary path. But 
regardless of the origins of the 

virus, there are steps the global 
community can take to reduce 
future pandemic threats.

The origins story dates back 
to December 31, 2019, when the 
World Health Organization (WHO) 
learned of a cluster of cases of 
pneumonia of unknown cause in 
Wuhan (see timeline). Wuhan au-
thorities closed the Huanan mar-
ket the next day, rendering live 
animals unavailable for testing. 
China publicly shared the SARS-
CoV-2 genetic sequence on Janu-
ary 10, 2020. It was not until 
weeks after the WHO declared 
Covid-19 a Public Health Emer-
gency of International Concern 
on January 30 that the WHO–

China Joint Mission visited Bei-
jing and Wuhan (February 16 to 
February 24).

The joint WHO–China techni-
cal report published in March 
2021 rated a zoonotic spillover as 
a “likely to very likely” source of 
the virus, cold food–chain prod-
ucts as “possible,” and a laboratory 
incident as “extremely unlikely.”1 
The WHO director-general im-
mediately repudiated the report’s 
findings, believing it was prema-
ture to rule out a possible labora-
tory incident. An open letter pub-
lished in Science on May 14, 2021, 
credited the laboratory theory, 
calling for open access to labora-
tory records and science-based 
studies.2 On October 13, 2021, 
the WHO director-general estab-
lished the Scientific Advisory 
Group for the Origins of Novel 
Pathogens (SAGO). China offi-
cially rejected the WHO’s plan 

The Origins of Covid-19 — Why It Matters  
(and Why It Doesn’t)
Lawrence O. Gostin, J.D., and Gigi K. Gronvall, Ph.D.​​

The Origins of Covid-19

The New England Journal of Medicine 
Downloaded from nejm.org by   on June 22, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 



PERSPECTIVE

2306

The Origins of Covid-19

n engl j med 388;25  nejm.org  June 22, 2023

K
ey

 E
ve

nt
s 

in
 t

he
 E

ff
or

t 
to

 D
et

er
m

in
e 

th
e 

O
ri

gi
ns

 o
f t

he
 C

ov
id

-1
9 

Pa
nd

em
ic

.

FB
I 

de
no

te
s 

Fe
de

ra
l B

ur
ea

u 
of

 I
nv

es
tig

at
io

n,
 S

A
G

O
 S

ci
en

tif
ic

 A
dv

is
or

y 
G

ro
up

 fo
r 

th
e 

O
ri

gi
ns

 o
f N

ov
el

 P
at

ho
ge

ns
, a

nd
 W

H
O

 W
or

ld
 H

ea
lth

 O
rg

an
iz

at
io

n.

D
ec

em
be

r 
31

, 2
01

9
C

as
es

 o
f p

ne
um

on
ia

 
of

 u
nk

no
w

n 
ca

us
e 

in
 

W
uh

an
, C

hi
na

, 
re

po
rt

ed
 to

 W
H

O

Ja
nu

ar
y 

1,
 2

02
0

C
hi

ne
se

 a
ut

ho
ri

tie
s 

cl
os

e 
H

ua
na

n 
Se

af
oo

d 
W

ho
le

sa
le

 
M

ar
ke

t f
or

 s
an

ita
tio

n 
an

d 
di

si
nf

ec
tio

n

Ja
nu

ar
y 

10
, 2

02
0

C
hi

ne
se

 s
ci

en
tis

ts
 p

ub
lic

ly
 

sh
ar

e 
th

e 
SA

R
S-

C
oV

-2
 

ge
ne

tic
 s

eq
ue

nc
e

M
ay

 2
6,

 2
02

1
Pr

es
id

en
t B

id
en

 o
rd

er
s 

in
te

lli
- 

ge
nc

e 
ag

en
ci

es
 to

 c
on

du
ct

 a
 

90
-d

ay
 r

ev
ie

w
 o

f e
vi

de
nc

e 
on

 
SA

R
S-

C
oV

-2
 o

ri
gi

ns

O
ct

ob
er

 2
9,

 2
02

1
O

ffi
ce

 o
f t

he
 D

ir
ec

to
r 

of
 N

at
io

na
l I

nt
el

lig
en

ce
 

re
le

as
es

 a
 d

ec
la

ss
ifi

ed
 

as
se

ss
m

en
t o

n 
th

e 
or

ig
in

s 
of

 C
ov

id
-1

9

Ja
nu

ar
y 

25
, 2

02
3

D
ep

ar
tm

en
t o

f H
ea

lth
 a

nd
 H

um
an

 
Se

rv
ic

es
 In

sp
ec

to
r 

G
en

er
al

 is
su

es
 r

ep
or

t 
co

nc
lu

di
ng

 th
at

 N
at

io
na

l I
ns

tit
ut

e 
of

 
A

lle
rg

y 
an

d 
In

fe
ct

io
us

 D
is

ea
se

s 
fa

ile
d 

to
 

ad
eq

ua
te

ly
 o

ve
rs

ee
 a

n 
Ec

oH
ea

lth
 

A
lli

an
ce

 g
ra

nt
 fo

r 
re

se
ar

ch
 in

to
 b

at
 

vi
ru

se
s 

at
 W

uh
an

 In
st

itu
te

 o
f V

ir
ol

og
y

Fe
br

ua
ry

 2
6,

 2
02

3
Th

e 
W

al
l S

tr
ee

t 
Jo

ur
na

l r
ep

or
ts

 th
at

 th
e 

D
ep

ar
t-

 
m

en
t o

f E
ne

rg
y 

co
nc

lu
de

s 
SA

R
S-

C
oV

-2
 m

os
t 

lik
el

y 
or

ig
in

at
ed

 fr
om

 a
 la

bo
ra

to
ry

 in
ci

de
nt

M
ar

ch
 1

, 2
02

3
FB

I d
ir

ec
to

r 
st

at
es

 th
at

 th
e 

B
ur

ea
u 

as
se

ss
es

 S
A

R
S-

C
oV

-2
 a

s 
m

os
t l

ik
el

y 
or

ig
i- 

na
tin

g 
fr

om
 a

 la
bo

ra
to

ry
 in

ci
de

nt

M
ar

ch
 8

, 2
02

3
Fi

rs
t c

on
gr

es
si

on
al

 h
ea

ri
ng

 o
f S

el
ec

t 
Su

bc
om

m
itt

ee
 o

n 
th

e 
C

or
on

av
ir

us
 

Pa
nd

em
ic

M
ar

ch
 2

0,
 2

02
3

Pr
es

id
en

t B
id

en
 s

ig
ns

 th
e 

C
O

V
ID

-1
9

O
ri

gi
n 

A
ct

 o
f 2

02
3,

 d
ec

la
ss

ify
in

g 
na

tio
na

l 
in

te
lli

ge
nc

e 
on

 S
A

R
S-

C
oV

-2
 o

ri
gi

ns

Ja
nu

ar
y 

30
, 2

02
0

W
H

O
 d

ec
la

re
s 

C
ov

id
-1

9 
a 

Pu
bl

ic
 H

ea
lth

 
Em

er
ge

nc
y 

of
 

In
te

rn
at

io
na

l C
on

ce
rn

Fe
br

ua
ry

 1
6–

24
, 2

02
0

W
H

O
–C

hi
na

 Jo
in

t M
is

si
on

 
vi

si
ts

 B
ei

jin
g 

an
d 

W
uh

an

M
ay

 1
9,

 2
02

0
W

or
ld

 H
ea

lth
 A

ss
em

bl
y 

ad
op

ts
 

re
so

lu
tio

n 
re

qu
es

tin
g 

th
e 

W
H

O
 

di
re

ct
or

-g
en

er
al

 w
or

k 
w

ith
 th

e 
W

or
ld

 
O

rg
an

iz
at

io
n 

fo
r 

A
ni

m
al

 H
ea

lth
, t

he
 

Fo
od

 a
nd

 A
gr

ic
ul

tu
re

 O
rg

an
iz

at
io

n 
of

 th
e 

U
ni

te
d 

N
at

io
ns

, a
nd

 m
em

be
r 

na
tio

ns
 to

 
id

en
tif

y 
SA

R
S-

C
oV

-2
 o

ri
gi

ns
 

Ja
nu

ar
y 

14
–F

eb
ru

ar
y 

10
, 2

02
1

W
H

O
–C

hi
na

 te
am

 c
on

du
ct

s 
jo

in
t o

n-
th

e-
gr

ou
nd

 in
ve

st
ig

a-
tio

n 
of

 H
ua

na
n 

Se
af

oo
d 

W
ho

le
sa

le
 M

ar
ke

t

M
ar

ch
 3

0,
 2

02
1

W
H

O
–C

hi
na

 te
ch

ni
ca

l r
ep

or
t e

va
lu

at
es

 
in

tr
od

uc
tio

n 
th

ro
ug

h 
an

 in
te

rm
ed

ia
te

 
an

im
al

 a
s 

lik
el

y 
or

 v
er

y 
lik

el
y 

an
d 

a 
la

bo
ra

to
ry

 in
ci

de
nt

 a
s 

ex
tr

em
el

y 
un

lik
el

y.
 W

H
O

 d
ir

ec
to

r-
ge

ne
ra

l c
al

ls
 

fo
r 

fu
rt

he
r 

in
ve

st
ig

at
io

n 
of

 la
bo

ra
to

ry
 

in
ci

de
nt

 h
yp

ot
he

si
s

M
ay

 1
4,

 2
02

1
In

 S
ci

en
ce

, 1
7 

sc
ie

nt
is

ts
 

ca
ll 

fo
r 

a 
tr

an
sp

ar
en

t 
in

ve
st

ig
at

io
n 

in
to

 
SA

R
S-

C
oV

-2
 o

ri
gi

ns
, 

in
cl

ud
in

g 
a 

fu
ll 

in
ve

st
ig

at
io

n 
of

 
la

bo
ra

to
ry

 in
ci

de
nt

 
hy

po
th

es
is

M
ar

ch
 1

6,
 2

02
3

V
ir

ol
og

is
ts

 a
nn

ou
nc

e 
th

ey
 h

av
e 

lo
ca

te
d 

SA
R

S-
C

oV
-2

 d
at

a 
as

so
- 

ci
at

ed
 w

ith
 p

os
iti

ve
 s

am
pl

es
 

co
lle

ct
ed

 a
t H

ua
na

n 
Se

af
oo

d 
W

ho
le

sa
le

 M
ar

ke
t, 

po
in

tin
g 

to
 a

 r
ac

co
on

 d
og

 o
ri

gi
n

O
ct

ob
er

 1
3,

 2
02

1
W

H
O

 e
st

ab
lis

he
s 

SA
G

O

Ju
ne

 9
, 2

02
2

SA
G

O
 r

el
ea

se
s 

pr
el

im
in

ar
y 

re
po

rt
 r

ec
om

m
en

di
ng

 fu
rt

he
r 

st
ud

y 
on

 b
ot

h 
hy

po
th

es
es

 
fo

r 
SA

R
S-

C
oV

-2
 o

ri
gi

ns
Ju

ly
 2

6,
 2

02
2

In
 S

ci
en

ce
, 2

 s
tu

di
es

 p
ro

vi
de

 
ev

id
en

ce
 th

at
 S

A
R

S-
C

oV
-2

 m
os

t 
lik

el
y 

em
er

ge
d 

th
ro

ug
h 

m
ul

tip
le

 
zo

on
ot

ic
 tr

an
sm

is
si

on
s 

at
 

H
ua

na
n 

Se
af

oo
d 

W
ho

le
sa

le
 

M
ar

ke
t

20
20

20
21

20
22

20
23

IN
T

E
R

N
A

T
IO

N
A

L

N
A

T
IO

N
A

L

A
ct

io
ns

 ta
ke

n 
by

 in
te

rn
at

io
na

l h
ea

lth
 a

ge
nc

ie
s

Sc
ie

nt
ifi

c 
m

ile
st

on
es

 r
el

at
ed

 to
 C

ov
id

-1
9 

or
ig

in
s

A
ct

io
ns

 ta
ke

n 
by

 th
e 

go
ve

rn
m

en
t o

f t
he

 P
eo

pl
e’

s 
R

ep
ub

lic
 o

f C
hi

na

A
ct

io
ns

 ta
ke

n 
by

 th
e 

U
.S

. g
ov

er
nm

en
t a

nd
 a

ge
nc

ie
s

The New England Journal of Medicine 
Downloaded from nejm.org by   on June 22, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 



PERSPECTIVE

2307

The Origins of Covid-19

n engl j med 388;25  nejm.org  June 22, 2023

for a second phase of investiga-
tion of origins. The SAGO’s pre-
liminary report warned that China 
was withholding key data.

Recently, a team of interna-
tional experts announced that they 
had identified data on SARS-
CoV-2–positive environmental sam-
ples collected from the Huanan 
market in January 2020, which 
China had withheld from the 
public domain for 3 years. Chi-
nese scientists had uploaded the 
data to GISAID (the Global Ini-
tiative on Sharing All Influenza 
Data) but then removed them. In 
response to pressure from the 
WHO, China restored those data 
to GISAID.

Determining the origins of 
SARS-CoV-2 should be strictly a 
scientific matter, but it has be-
come embroiled in politics. In 
March 2020, the Chinese Minis-
try of Foreign Affairs alleged, 
without evidence, that U.S. Army 
personnel had introduced SARS-
CoV-2 during a visit to Wuhan, 
prompting President Donald 
Trump to claim that the virus 
originated at the WIV. Accusing 
the director-general of siding with 
China, Trump notified the Unit-
ed Nations that the United States 
intended to withdraw from the 
WHO. Although President Joe 
Biden later reversed that decision, 
the origins controversy has con-
tinued. On May 26, 2021, Biden 
ordered U.S. intelligence agen-
cies to review the competing ori-
gins hypotheses. The Office of 
the Director of National Intelli-
gence released the “Declassified 
Assessment on COVID-19 Origins,” 
finding that the evidence to sup-
port either of the two plausible 
theories was inconclusive and ac-
knowledging that China’s coop-
eration was necessary for reach-
ing any conclusive assessment.3

Origins politics heated up ear-

ly this year. On January 25, 2023, 
the Office of the Inspector Gen-
eral of the Department of Health 
and Human Services concluded 
that the National Institute of 
Allergy and Infectious Diseases 
had failed to adequately oversee a 
grant to the EcoHealth Alliance 
for research into bat viruses at 
the WIV.4 A month later, the 
Department of Energy, which over-
sees a network of 17 U.S. labora-
tories, concluded with “low con-
fidence” that SARS-CoV-2 most 
likely arose from a laboratory in-
cident. The Federal Bureau of In-
vestigation said it favored the 
laboratory theory with “moder-
ate” confidence. Four other agen-
cies, along with a national intel-
ligence panel, still judge that 
SARS-CoV-2 emerged from natu-
ral zoonotic spillover, while two 
remain undecided. All U.S. intel-
ligence agencies rejected the alle-
gation that participants in a clan-
destine Chinese biologic weapons 
program intentionally developed 
SARS-CoV-2. Yet a report issued 
in mid-December 2022 by Repub-
lican members of the House of 
Representatives still credited that 
theory. On March 20, 2023, Biden 
signed a bill declassifying doc-
uments about Covid-19’s ori-
gins, and Congress commenced 
hearings.

Of the three possibilities — 
natural, accidental, or deliberate 
— the most scientific evidence 
yet identified supports natural 
emergence. More than half of the 
earliest Covid-19 cases were con-
nected to the Huanan market, 
and epidemiologic mapping re-
vealed that the concentration of 
cases was centered there. In Jan-
uary 2020, Chinese officials 
cleared the market without test-
ing live animals, but positive en-
vironmental samples, including 
those from an animal cage and a 

hair-and-feather–removal machine, 
indicated the presence of both 
SARS-CoV-2 and Covid-suscepti-
ble animals.5 Recently released 
findings included raccoon dog 
DNA, pointing to a possible 
SARS-CoV-2 progenitor. Samples 
from early cases in humans also 
contained two different SARS-
CoV-2 lineages. Although only 
one lineage spread globally, the 
existence of multiple lineages 
suggests that a SARS-CoV-2 epi-
demic in animals may have led 
to multiple spillover events.

Proponents of the accidental 
laboratory leak theory stress the 
geographic location of the WIV 
in the city where the pandemic 
began. They point to the pres-
ence of the bat coronavirus 
RaTG13 strain at the laboratory, 
arguing that genetic manipula-
tions such as gain-of-function 
(GOF) research may have pro-
duced SARS-CoV-2. Most scien-
tists refute this theory because 
there is considerable evolutionary 
distance between the two virus-
es. However, the possibility that 
the laboratory held a different 
progenitor strain to SARS-CoV-2 
that led to a laboratory leak can-
not be unequivocally ruled out.

China’s obfuscation may mean 
that we will never have certainty 
about the origins of the greatest 
pandemic in more than a cen-
tury. After all the world has suf-
fered in loss of life, economic 
hardship, and exacerbated health 
disparities, there is intrinsic val-
ue in knowing the cause. An ob-
jectively determined body of sci-
entific facts cannot fully defuse 
the political rhetoric surrounding 
the origins investigation, but the 
search must continue. The newly 
released genetic data may reveal 
whether specific animals were 
infected and offer information 
about where they came from, 
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opening new possibilities to in-
vestigate, which may also improve 
attribution techniques for inves-
tigating future outbreaks. Irre-
spective of Covid’s origins, future 
outbreaks could result from de-
liberate, accidental, or natural 
causes, and improving our ability 
to understand and prove theories 
will be critical. We propose three 
important steps for fortifying 
pandemic preparedness.

First, preventing spillovers by 
using a One Health strategy link-
ing animal, human, and environ-
mental health is vital. Some 60% 
of outbreaks of diseases previ-
ously unseen in humans arise 
from natural zoonoses. Human 
and animal populations could be 
separated more effectively with 
stricter regulation of wet mar-
kets and enforcement of laws 
prohibiting wildlife trade. Land-
management efforts such as halt-
ing deforestation would benefit 
the environment while creating 
a buffer between wildlife and 

humans. Widespread 
use of sustainable 
and humane farm-
ing practices would 
eliminate overcrowd-

ing of domesticated animals 
and curtail prophylactic antimi-
crobial use — with added bene-
fits in preventing antimicrobial 
resistance.

Second, it is important to for-
tify laboratory safety to reduce 
the risks of unintentional release 
of a dangerous pathogen. Regu-
latory requirements should in-

clude site-specific and activity-
specific risk assessments to 
identify and mitigate risks; core 
protocols for infection preven-
tion and control; and training for 
proper use of, and access to, per-
sonal protective equipment. Inter-
national standards exist for bio
risk management, which should 
be broadly adopted.

Third, GOF research designed 
to elucidate the transmissibility 
or pathogenicity traits of patho-
gens should be appropriately over-
seen to reduce risks while allow-
ing important research and vaccine 
development to continue. Such 
research may result in the crea
tion of microbes with enhanced 
pandemic potential, which could 
be released unintentionally or in-
tentionally. However, there is no 
international agreement about 
which research activities are prob-
lematic or how to reduce risks. 
On January 27, 2023, the U.S. Na-
tional Science Advisory Board for 
Biosecurity issued a more rigor-
ous framework for oversight of 
research, which prominent virol-
ogists criticized as overbroad and 
inhibitory to U.S. vaccine devel-
opment. Since GOF research is 
conducted in laboratories global-
ly, an international framework is 
needed.

Since the pandemic’s earliest 
days, controversy has swirled 
about how it began. Origins in-
vestigations are scientific endeav-
ors, but we need to plan ahead 
so that scientists get rapid access 
to key geographic sites, open sci-

entific exchange, and full trans-
parency. Though such investiga-
tions proceed more slowly than 
the news cycle, these steps are 
the keys to unlocking the mys-
tery surrounding Covid-19 and 
preparing the world for the fu-
ture outbreaks that are certain to 
occur.
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