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Abstract 
Background: Modes of transmission of SARS-CoV-2 are of key public 
health importance. SARS-CoV-2 has been detected in the feces of 
some COVID-19 patients, suggesting the possibility that the virus 
could, in addition to droplet and fomite transmission, be transmitted 
via the orofecal route. 
Methods: This review is part of an Open Evidence Review on 
Transmission Dynamics of COVID-19. We conduct ongoing searches 
using WHO COVID-19 Database, LitCovid, medRxiv, and Google 
Scholar; assess study quality based on five criteria and report 
important findings. Where necessary, authors are contacted for 
further details on the content of their articles. 
Results: We include searches up until 20 December 2020. We included 
110 relevant studies: 76 primary observational studies or reports, and 
35 reviews (one cohort study also included a review) examining the 
potential role of orofecal transmission of SARS-CoV-2. Of the 
observational studies, 37 were done in China. A total of 48 studies 
(n=9,081 patients) reported single cases, case series or cohort data on 
individuals with COVID-19 diagnosis or their contacts and 46 (96%) 
detected binary RT-PCR with 535 out of 1358 samples positive for 
SARS-CoV-2 (average 39.4%). The results suggest a long duration of 
fecal shedding, often recorded after respiratory samples tested 
negative, and symptoms of gastrointestinal disease were reported in 
several studies. Twenty-nine studies reported finding SARS-CoV-2 RNA 
in wastewater, river water or toilet areas. Six studies attempted viral 
culture from COVID-19 patients’ fecal samples: culture was successful 
in 3 of 6 studies, and one study demonstrated invasion of the virus 
into intestinal epithelial cells. 
Conclusions: Varied observational and mechanistic evidence suggests 
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SARS-CoV-2 can infect and be shed from the gastrointestinal tract, 
including some data demonstrating viral culture in fecal samples. To 
fully assess these risks, quantitative data on infectious virus in these 
settings and infectious dose are needed.
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Introduction
Understanding how, when and in what types of settings  
SARS-CoV-2 spreads between people is critical to devel-
oping effective public health and infection prevention and  
control measures to break the chains of transmission. Current 
evidence suggests SARS-CoV-2 is primarily transmitted via  
respiratory droplets and fomites between infected individuals and  
others in close contact1.

SARS-CoV-2 has been shown to contaminate and survive on 
certain surfaces, and has also been detected in the feces of some 
patients, suggesting the possibility that SARS-CoV-2 could  
transmit via the orofecal route, including potentially via con-
tamination of food. It is well recognized that coronaviruses are 
major pathogens in many mammalian species and predominantly 
target epithelial lining cells in the respiratory and gastrointes-
tinal (GI) tracts. Many animal coronaviruses are transmitted  
by the fecal-oral route and there are several reports of intes-
tinal disease associated with SARS-CoV-1 and other human 
coronaviruses. Main causes include lack of adequate sanita-
tion and poor hygienic practices. Identifying infectious virus and  
quantifying viral load within human GI tissues, feces, and con-
taminated materials including fomites and sewage would help 
understand the potential for transmission. We aimed to systemati-
cally review the evidence on orofecal SARS-CoV-2 transmission.  
Terminology for this article can be found in Box 1. 

Box 1. Terminology

Orofecal: describes a route of transmission where the virus 
in fecal particles can pass from one person to the mouth of 
another.

Viral load: A measure of the number of viral particles present 
in an individual typically quantified by the number of virions, 
gene copies or equivalents, or amount of viral proteins present.

Cycle threshold: The number of cycles required for the 
fluorescent signal to cross the threshold. Ct levels are inversely 
proportional to the amount of target nucleic acid in the sample.

Methods
We are undertaking an open evidence review investigat-
ing factors and circumstances that impact on the transmission 
of SARS-CoV-2, based on our protocol (see Extended data:  
Appendix 12). For the original protocol, see https://www.
cebm.net/evidence-synthesis/transmission-dynamics-of-covid-
19/. In brief, this review aims to identify and evaluate relevant  
articles (peer-reviewed or awaiting peer review) that examine the 
mode of viral transmission and ecological variables influencing 
the mode of transmission. We conduct an ongoing search using 
WHO COVID-19 Database, LitCovid, medRxiv and Google  
Scholar for keywords and associated synonyms. Results are 
reviewed for relevance and for articles that looked particu-
larly relevant forward citation matching was undertaken and 
relevant results were identified. Studies with modelling are 
only included if they report transmission outcome data and not  
predicted outcomes (see further details of the search strategy 
in the Extended data: Appendix 22). Searches are updated every  
two weeks.

We extracted data on the type of study, setting, sample source 
and methods, fecal PCR positive samples for SARS-CoV-2  
RNA including cycle threshold (including methods), symptom  
chronology in relation to PCR testing and/or taking samples 
and viral culture. We tabulated the data and summarised data 
narratively by mode of sample. We assessed quality using a  
modified QUADAS-2 risk of bias tool3. We simplified  
the tool as the included studies were not designed as pri-
mary diagnostic accuracy studies and assessed study quality 
based on five criteria. Where necessary we write to authors of 
included studies for further details or clarification on the con-
tent of their articles. Meta-analyses were not performed, due to 
the variability of available data. The protocol was last updated  
on 1 December 2020 (Version 3: 1 December 2020).

Results
This update includes searches up until 20 December 2020 (see 
Figure 1). We identified 110 relevant studies (see Extended 
data: Appendix 3 for references of included studies2): 76  
primary studies or reports, and 35 reviews, one of which also 
reported primary study results from a cohort study [Cheung K  
2020].

Reviews
The included reviews summarised a range of observational stud-
ies including studies of detection of SARS-CoV-2 RNA in 
fecal samples of individuals testing positive for SARS-CoV-2  
in respiratory samples, frequency of GI symptoms among 
those with COVID-19, and observations of SARS-CoV-2 RNA 
in toilets and wastewaters. The reviews included overlapping  
studies and must therefore not be considered as entirely addi-
tional information. Five followed systematic review method-
ology and reporting [Edwards 2020, Karia 2020, Pamplona  
2020, Parasa 2020, Santos 2020]. The quality of the  
other reviews was low to moderate, with none assessing included 
study quality, and with reporting of methods often missing  
or very limited.

None of these reviews focussed on the infectiousness (and  
hence transmission potential) of SARS-CoV-2 identified in fecal 

      Amendments from Version 1
Thank you to both reviewers who offered suggestions to improve 
the manuscript; we have made additions and edits to include 
their suggestions. We have added a definition for viral load. We 
have added an explanation that these studies do not provide 
an estimate of infectious virus concentration and that it is not 
reasonable to deduce human transmission risk from PCR positive 
samples. We note that there may be overlap in included studies, 
but that we have no adequate means to identify this; we also 
explain that the reviews may also overlap. We note that limited 
data on sex or by age-group precluded additional investigation 
into these factors. We are grateful that the error in the table 
was noticed and we have deleted this unnecessary total number 
from the table. The issue of how many studies were available as 
preprints and how these varied by study type is interesting but 
beyond the scope of this review, not least because this changes 
over time. The next time we update this review we hope to have a 
better breakdown of those fully published, and hopefully a better 
bank of evidence to analyse.

Any further responses from the reviewers can be found at 
the end of the article

REVISED
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Figure 1. Study flow diagram.

or wastewater samples. A review on the potential for foodborne 
transmission of SARS-CoV-2 found no published studies of  
SARS-CoV-2 survival in or on food products. The totality of the 
reviews’ evidence shows that the SARS-CoV-2 RNA is com-
monly present in stool samples of COVID-19 patients but it is 
unknown if this represents primary invasion of enterocytes or 
simply saliva and sputum that has been swallowed and is tran-
siting it way through the GI tract. The presence of viral RNA  
in the feces does not allow any conclusions to be drawn 
about infectiousness. The contribution of orofecal transmis-
sion to viral spread in the pandemic has not been established or  
quantified.

Primary studies
Quality of included studies. Overall the quality of the evidence 
was low to moderate mainly due to a lack of standardisation  
of techniques, omissions in reporting and a failure to account 
for biases in the research process (see Table 3; Figure 2).  
Sample sources were clear in two-thirds of studies (65.8%). 
Several studies mention the possibility of bias influencing 
their findings but did not use strategies (design or analysis) to 
deal with bias, and as such have been recorded as unclear risk  
of bias.

Results. A total of 48 (n=9,081 patients) studies reported 
single cases, case series or cohort data on individuals with  
COVID-19 diagnosis or their contacts and 46 studies (96%) 
detected binary RT-PCR with 535 out of 1358 samples RT-PCR 
positive for SARS-CoV-2 (average 39.4%). All but five studies 

were in hospitalized patients; 31 were done in China; the others  
were in East Asia, South East Asia, South Asia, USA and  
Europe (see Table 1).

PCR testing for SARS-CoV-2 RNA in fecal samples in  
hospitalised COVID-19 patients. Of the 43 hospital stud-
ies, 41 (95%) detected binary RT-PCR, with 522 positive tests 
out of 1293 fecal samples (average 40.4%) from COVID-19  
patients (see Table 4). These studies were mainly small case 
series, they included patients of a range of ages from infancy to  
elderly and with widely varying severity of disease, and the pro-
portion of fecal samples varied from 1 (nine studies) to 258  
[Zhang Y, Chen C], and the proportion testing positive for SARS-
CoV-2 RNA varied from 14% to 100% across studies. One study 
that identified SARS-CoV-2 RNA in fecal samples among 39 
of 73 hospitalised COVID-19 patients, also studied the gastric, 
duodenal and rectal epithelia of one patient using specimens  
collected via endoscopy [Xiao F, Tang M 2020].

Immunofluorescence data showed that ACE2 protein, proven to 
be a cell receptor for SARS-CoV-2, was abundantly expressed 
in the glandular cells of gastric, duodenal, and rectal epithelia, 
supporting entry of SARS-CoV-2 into the host cells. Intracel-
lular staining of viral nucleocapsid protein in gastric, duodenal, 
and rectal epithelium showed that SARS-CoV-2 infects these  
GI glandular epithelial cells. Viral RNA was also detected in 
esophageal mucous tissue, but a lack of viral nucleocapsid pro-
tein staining in esophageal mucosa suggested low viral infec-
tion there. Viral nucleocapsid protein in rectal epithelial cells 
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Figure 2. Risk of bias chart.

was detected in specimens from some additional COVID-19  
patients, suggesting that infectious SARS-CoV-2 can survive  
the GI environment.

GI symptoms among COVID-19 patients
Reporting of GI symptoms among COVID-19 patients is fre-
quent but not consistent within these studies (diagnosis is typi-
cally based on fever, respiratory symptoms and the results of 
PCR testing in respiratory swabs, so recording GI symptoms 
may not be routine). However, several observational studies 
report the presence of GI symptoms among COVID-19, including  
Chan 2020, Cheung 2020 and Han C 2020. GI symptoms do not 
necessarily correlate in severity or time with other COVID-19  
disease symptoms. 

Timing and duration of fecal shedding
Fecal shedding of SARS-CoV-2 has been reported throughout 
the disease course and also continuing after respiratory sam-
ples tested negative. A five-person family with a confirmed  
COVID-19 case was hospitalized and observed: the parents 
and two children aged two and five years became infected 
but the youngest child was not infected. These children shed  
infectious virus via the respiratory system, and this shedding 
observed in the nasopharynx cleared after five to 6 days; how-
ever, viral RNA was continuously detected in the children’s stool 
for more than four weeks [Wolf 2020]. Tang 2020 et al. reported 
an apparently asymptomatic (no fever or cough) 10-year-old 
child, from whom, 17 days after the last close contact with indi-
viduals testing positive for SARS-CoV-2, a fecal sample was  
positive for SARS-CoV-2 RNA. A retrospective study of 133  
hospitalised COVID-19 patients identified 22 whose sputum or 
fecal samples tested positive after pharyngeal swabs became 

negative [Chen C 2020]. A study of 59 hospitalised COVID-19  
patients reported that fecal discharge of SARS-CoV-2 RNA 
continued long after respiratory shedding had ceased [Cheung 
2020]. Among fecal samples from 69 hospitalized COVID-19 
patients, 20 tested PCR positive; SARS-CoV-2 RNA persisted 
for significantly longer in fecal samples than in oropharyngeal  
swabs [Wang X, Zheng J 2020].

The role of aerosol-generating procedures in relation to  
orofecal transmission. One study reported the results of PCR 
tests among participants attending for upper GI endoscopy at 
a UK hospital [Hayee 2020]. Only individuals testing PCR  
negative in a nasopharyngeal swab underwent their booked 
procedure. Post-procedure follow-up of 6,208 patients at one  
and two weeks identified no incident case of COVID-19.

Viral culture
Viral culture using fecal samples was attempted in 6 studies  
[Jeong 2020, Kim JM 2020, Wang W, Xu Y 2020; Wölfel 
2020; Xiao F 2020 and Zhang Y 2020], three reported  
culture of SARS-CoV-2 from stool samples [Wang W, Xu Y 2020; 
Xiao F 2020, Zhang Y 2020], and three did not [Jeong 2020,  
Kim JM 2020 and Wölfel 2020].

Wang W 2020 et al. reported two of four viral culture samples 
were positive, however, no culture methods were reported; elec-
tron microscopy was performed suggesting the presence of the 
virus, but this observation does not show that the virus was viable.  
In Xiao F Sun J 2020, viral culture was attempted from 
an unreported number of specimens and cases and a cyto-
pathic effect in Vero E cells was observed 2 days after a  
second-round passage. Zhang Y 2020 et al. reported isolating 

Page 6 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022



Ta
bl

e 
1.

 In
cl

ud
ed

 s
tu

dy
 c

ha
ra

ct
er

is
ti

cs
: p

ri
m

ar
y 

st
ud

ie
s.

St
ud

y 
ID

 c
oh

or
ts

 
or

 c
as

e 
se

ri
es

 
(n

=4
8)

Se
tt

in
g

Co
un

tr
y

Po
pu

la
ti

on
/

en
vi

ro
nm

en
t

Pa
ti

en
t 

nu
m

be
rs

Fe
ca

l s
am

pl
es

 P
CR

- 
po

si
ti

ve
 n

/d
 fo

r 
SA

RS
-C

oV
-2

 R
N

A 
un

le
ss

 o
th

er
w

is
e 

st
at

ed

Li
ve

 
cu

lt
ur

e 
(p

os
it

iv
it

y 
ra

te
)

G
en

om
e 

se
qu

en
ci

ng
 

m
et

ho
ds

G
en

om
e 

Se
ct

io
ni

ng
 /p

hy
lo

ge
ny

 
re

su
lt

s 
w

he
re

 a
va

ila
bl

e

Ch
an

 2
02

0
H

ou
se

ho
ld

Ch
in

a
Fa

m
ily

 m
em

be
rs

6
0/

6
N

ot
 

at
te

m
pt

ed
Ye

s

Tw
o 

co
m

pl
et

e 
vir

us
 g

en
om

es
 

(H
KU

-S
Z-

00
2a

 a
nd

 H
KU

-S
Z-

00
5b

) 
w

er
e 

se
qu

en
ce

d 
&

 s
ho

w
ed

 a
 n

ov
el

 
co

ro
na

vir
us

 th
at

 is
 m

os
t c

lo
se

ly 
re

la
te

d 
to

 th
os

e 
of

 a
 b

at
 S

AR
S-

lik
e 

co
ro

na
vir

us
. E

xp
lo

ra
to

ry
 W

G
S 

so
 n

ot
 c

on
fir

m
in

g 
sim

ila
rit

y 
w

ith
 

pr
ev

io
us

 s
tu

di
es

.

Ch
en

 C
 2

02
0

H
os

pi
ta

l
Ch

in
a

12
1 

ad
ul

ts
, 2

2 
ch

ild
re

n
13

3
22

/1
33

N
ot

 
at

te
m

pt
ed

no

Ch
en

 W
 2

02
0

H
os

pi
ta

l
Ch

in
a

Ad
ul

t p
at

ie
nt

s 
w

ith
 

pn
eu

m
on

ia
57

11
/2

8
N

ot
 

at
te

m
pt

ed
no

Ch
en

 Y
 2

02
0

H
os

pi
ta

l
Ch

in
a

H
os

pi
ta

lis
ed

 a
du

lt 
pa

tie
nt

s
42

28
/4

2
N

ot
 

at
te

m
pt

ed
no

Ch
eu

ng
 C

CL
 2

02
0

H
os

pi
ta

l
Si

ng
ap

or
e

H
os

pi
ta

lis
ed

 a
du

lt 
pa

tie
nt

s
2

N
/A

N
ot

 
at

te
m

pt
ed

no

Ch
eu

ng
 K

 2
02

0
Pu

bl
ic

H
on

g 
Ko

ng
Co

ho
rt

 a
nd

 s
ys

te
m

at
ic 

re
vie

w
52

9/
52

N
ot

 
at

te
m

pt
ed

no

Ch
o 

20
20

H
os

pi
ta

l 
pa

ed
ia

tr
ic 

de
pa

rt
m

en
t

S 
Ko

re
a

Ca
se

 s
tu

dy
 o

f 
ho

sp
ita

lis
ed

 in
fa

nt
1

1/
1

N
ot

 
at

te
m

pt
ed

no

Ch
u 

H
 2

02
0

H
os

pi
ta

l
Ch

in
a

Ca
se

 s
tu

dy
 o

f 
br

ea
st

fe
ed

in
g 

w
om

an
1

1/
1

N
ot

 
at

te
m

pt
ed

no

CO
VI

D 
Ix

 T
ea

m
H

os
pi

ta
l a

nd
 

co
m

m
un

ity
U

SA
Pa

tie
nt

s 
in

 s
ix

 U
S 

st
at

es
12

7/
10

N
ot

 
at

te
m

pt
ed

no

G
e 

20
20

H
os

pi
ta

l
Ja

pa
n

Ca
se

 re
po

rt
s 

of
 o

ne
 

ho
sp

ita
lis

ed
 C

ov
id

-1
9 

pa
tie

nt
1

1/
1

N
ot

 
at

te
m

pt
ed

no

H
an

 C
 2

02
0

H
os

pi
ta

l
Ch

in
a

Pa
tie

nt
s 

di
ag

no
se

d 
w

ith
 

lo
w

 s
ev

er
ity

 C
ov

id
-1

9
20

6
12

/2
2

N
ot

 
at

te
m

pt
ed

no

H
ay

ee
 2

02
0

H
os

pi
ta

l 
ou

tp
at

ie
nt

s
U

K
Pa

tie
nt

s 
(n

on
-C

ov
id

-
19

) a
tte

nd
in

g 
fo

r G
I 

en
do

sc
op

y
6,

20
8

N
/A

N
ot

 
at

te
m

pt
ed

no

H
oe

hl
 S

 2
02

0
Ch

ild
ca

re
 

ce
nt

re
s

G
er

m
an

y
Ch

ild
re

n 
an

d 
st

aff
 o

f 
ch

ild
ca

re
 s

et
tin

gs
1,

19
7

1/
5,

90
7

N
ot

 
at

te
m

pt
ed

no

Page 7 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://pubmed.ncbi.nlm.nih.gov/31986261/
https://www.acpjournals.org/doi/10.7326/M20-0991
https://pubmed.ncbi.nlm.nih.gov/32102625/
https://pubmed.ncbi.nlm.nih.gov/32243607/
https://www.medrxiv.org/content/10.1101/2020.10.28.20219014v1
https://pubmed.ncbi.nlm.nih.gov/32251668/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7515786/
https://www.frontiersin.org/articles/10.3389/fmed.2020.562700/full
https://www.medrxiv.org/content/10.1101/2020.03.09.20032896v1
https://www.jstage.jst.go.jp/article/yoken/advpub/0/advpub_JJID.2020.265/_article
https://pubmed.ncbi.nlm.nih.gov/32301761/
https://www.medrxiv.org/content/10.1101/2020.08.02.20166736v2
https://www.medrxiv.org/content/10.1101/2020.11.02.20223859v1


St
ud

y 
ID

 c
oh

or
ts

 
or

 c
as

e 
se

ri
es

 
(n

=4
8)

Se
tt

in
g

Co
un

tr
y

Po
pu

la
ti

on
/

en
vi

ro
nm

en
t

Pa
ti

en
t 

nu
m

be
rs

Fe
ca

l s
am

pl
es

 P
CR

- 
po

si
ti

ve
 n

/d
 fo

r 
SA

RS
-C

oV
-2

 R
N

A 
un

le
ss

 o
th

er
w

is
e 

st
at

ed

Li
ve

 
cu

lt
ur

e 
(p

os
it

iv
it

y 
ra

te
)

G
en

om
e 

se
qu

en
ci

ng
 

m
et

ho
ds

G
en

om
e 

Se
ct

io
ni

ng
 /p

hy
lo

ge
ny

 
re

su
lt

s 
w

he
re

 a
va

ila
bl

e

H
ol

sh
ue

 2
02

0
H

os
pi

ta
l

U
SA

Ca
se

 re
po

rt
1

1/
1

N
ot

 
at

te
m

pt
ed

no

Je
on

g 
20

20
H

os
pi

ta
l

Ko
re

a
Sp

ec
im

en
s 

fro
m

 5
 

pa
tie

nt
s 

po
sit

ive
 b

y 
qP

CR
5

5/
5

ye
s 

(0
/3

)
no

Jie
ha

o 
20

20
Ch

ild
re

n’s
 

ho
sp

ita
l

Ch
in

a
Ch

ild
re

n
10

5/
6

N
ot

 
at

te
m

pt
ed

no

Ki
m

 J-
M

 2
02

0
H

os
pi

ta
l

So
ut

h 
Ko

re
a

H
os

pi
ta

lis
ed

 a
du

lt 
pa

tie
nt

s
74

8/
74

ye
s 

(0
/1

3)
no

Le
sc

ur
e 

20
20

H
os

pi
ta

l
Fr

an
ce

Ca
se

 s
er

ie
s 

of
 

ho
sp

ita
lis

ed
 a

du
lt 

pa
tie

nt
s

5
2/

5
N

ot
 

at
te

m
pt

ed
no

Li
 2

02
0

H
os

pi
ta

l
Ch

in
a

Ca
se

 s
er

ie
s 

of
 

ho
sp

ita
lis

ed
 a

du
lt 

pa
tie

nt
s

29
4/

29
N

ot
 

at
te

m
pt

ed
no

Li
ng

 2
02

0
H

os
pi

ta
l

Ch
in

a
66

 re
co

ve
re

d 
pa

tie
nt

s
66

11
/2

8
N

ot
 

at
te

m
pt

ed
no

Lo
 2

02
0

H
os

pi
ta

l
M

ac
au

, 
Ch

in
a

H
os

pi
ta

lis
ed

 a
du

lt 
pa

tie
nt

s
10

10
/1

0
N

ot
 

at
te

m
pt

ed
no

N
ica

st
ri 

20
20

H
os

pi
ta

l
Ita

ly
Co

m
m

un
ity

1
1/

1
N

ot
 

at
te

m
pt

ed
no

Pa
n 

20
20

H
os

pi
ta

l
Ch

in
a

H
os

pi
ta

lis
ed

 a
du

lt 
pa

tie
nt

s
17

9/
17

N
ot

 
at

te
m

pt
ed

no

Pe
ng

 2
02

0
H

os
pi

ta
l

Ch
in

a
H

os
pi

ta
lis

ed
 a

du
lt 

pa
tie

nt
s

9
2/

9
N

ot
 

at
te

m
pt

ed
no

Q
ia

n 
20

20
H

os
pi

ta
l

Ch
in

a
A 

ca
se

 re
po

rt
 o

f a
 

pa
tie

nt
 a

dm
itt

ed
1

0/
1

N
o,

 b
ut

 
vir

io
ns

 
ob

se
rv

ed
no

Se
na

pa
ti 

20
20

H
os

pi
ta

l
In

di
a

H
os

pi
ta

lis
ed

 a
du

lt 
pa

tie
nt

s
12

12
/1

2
N

ot
 

at
te

m
pt

ed
no

Ta
n 

20
20

H
os

pi
ta

l
Vi

et
na

m
H

os
pi

ta
lis

ed
 a

du
lt 

pa
tie

nt
1

1/
1

N
ot

 
at

te
m

pt
ed

no

Ta
ng

 2
02

0
Co

m
m

un
ity

Ch
in

a
As

ym
pt

om
at

ic 
ch

ild
1

1/
1

N
ot

 
at

te
m

pt
ed

no

W
an

g 
Q

-X
 2

02
0

H
os

pi
ta

l
Ch

in
a

Co
vid

-1
9 

pa
tie

nt
s 

w
ith

 
-v

e 
re

sp
ira

to
ry

 tr
ac

t b
ut

 
+v

e 
fe

ca
l s

am
pl

es
5

5
N

ot
 

at
te

m
pt

ed
no

Page 8 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://www.nejm.org/doi/full/10.1056/NEJMoa2001191
https://pubmed.ncbi.nlm.nih.gov/32711057/
https://pubmed.ncbi.nlm.nih.gov/32112072/
https://ophrp.org/journal/view.php?number=552
https://pubmed.ncbi.nlm.nih.gov/32224310/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7365854/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7147278/
https://pubmed.ncbi.nlm.nih.gov/32226287/
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2020.25.11.2000230
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7128099/
https://www.medrxiv.org/content/10.1101/2020.02.21.20026179v1
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa925/5868547
https://doi.org/10.1101/2020.05.26.20113167
https://www.medrxiv.org/content/10.1101/2020.03.07.20032052v1
https://wwwnc.cdc.gov/eid/article/26/6/20-0301_article
https://www.europeanreview.org/article/21370


St
ud

y 
ID

 c
oh

or
ts

 
or

 c
as

e 
se

ri
es

 
(n

=4
8)

Se
tt

in
g

Co
un

tr
y

Po
pu

la
ti

on
/

en
vi

ro
nm

en
t

Pa
ti

en
t 

nu
m

be
rs

Fe
ca

l s
am

pl
es

 P
CR

- 
po

si
ti

ve
 n

/d
 fo

r 
SA

RS
-C

oV
-2

 R
N

A 
un

le
ss

 o
th

er
w

is
e 

st
at

ed

Li
ve

 
cu

lt
ur

e 
(p

os
it

iv
it

y 
ra

te
)

G
en

om
e 

se
qu

en
ci

ng
 

m
et

ho
ds

G
en

om
e 

Se
ct

io
ni

ng
 /p

hy
lo

ge
ny

 
re

su
lt

s 
w

he
re

 a
va

ila
bl

e

W
an

g 
S 

20
20

H
os

pi
ta

l
Ch

in
a

Re
tro

sp
ec

tiv
e 

st
ud

y 
of

 
17

 h
os

pi
ta

lis
ed

  
Co

vid
-1

9 
pa

tie
nt

s
17

11
N

ot
 

at
te

m
pt

ed
no

W
an

g 
W

, X
u 

Y 
20

20
H

os
pi

ta
l

Ch
in

a
Pa

tie
nt

s 
in

 th
re

e 
ho

sp
ita

ls
20

5
1/

6
ye

s 
(2

/4
)

no

W
an

g 
X,

 Z
he

ng
 J 

20
20

H
os

pi
ta

l
Ch

in
a

H
os

pi
ta

l C
ov

id
-1

9 
pa

tie
nt

s
69

20
/6

9
N

ot
 

at
te

m
pt

ed
no

W
an

g 
X,

 Z
ho

u 
Y 

20
20

H
os

pi
ta

l
Ch

in
a

Ca
se

 re
po

rt
s 

on
 

re
ad

m
itt

ed
 a

du
lt

3
3/

3
N

ot
 

at
te

m
pt

ed
no

W
ol

f 2
02

0
H

ou
se

ho
ld

G
er

m
an

y
Fa

m
ily

 c
lu

st
er

5
2/

5
N

ot
 

at
te

m
pt

ed
no

W
öl

fe
l 2

02
0

H
os

pi
ta

l
G

er
m

an
y

H
os

pi
ta

lis
ed

 a
du

lt 
pa

tie
nt

s
9

9/
9

ye
s 

(0
/1

3)
no

W
u 

Y 
20

20
H

os
pi

ta
l

Ch
in

a
H

os
pi

ta
lis

ed
 a

du
lt 

pa
tie

nt
s

74
41

/7
4

N
ot

 
at

te
m

pt
ed

no

Xi
ao

 F,
 Ta

ng
 M

 2
02

0
H

os
pi

ta
l

Ch
in

a
H

os
pi

ta
lis

ed
 c

hi
ld

re
n 

an
d 

ad
ul

ts
71

39
/7

3
N

ot
 

at
te

m
pt

ed
no

Xi
ao

 F,
 S

un
 J 

20
20

H
os

pi
ta

l
Ch

in
a

H
os

pi
ta

lis
ed

 a
du

lt 
pa

tie
nt

s
28

12
/2

8
ye

s 
(2

/3
)

Ye
s

O
bt

ai
ne

d 
fu

ll-
le

ng
th

 v
ira

l 
ge

no
m

e 
se

qu
en

ce
 (G

en
Ba

nk
 

ac
ce

ss
io

n 
no

. M
T1

23
29

2)
 b

y 
us

in
g 

ne
xt

-g
en

er
at

io
n 

se
qu

en
cin

g.
 

Th
e 

se
qu

en
ce

d 
sh

ow
ed

 5
 n

t 
su

bs
tit

ut
io

ns
 c

om
pa

re
d 

w
ith

 th
e 

or
ig

in
al

 W
uh

an
 s

tra
in

 (G
en

Ba
nk

 
ac

ce
ss

io
n 

no
. N

C0
45

51
2.

2)

Xi
ng

 Y
 2

02
0

Pa
ed

ia
tr

ic 
ho

sp
ita

l
Ch

in
a

Ch
ild

re
n

3
3/

3
N

ot
 

at
te

m
pt

ed
no

Xu
 Y

 2
02

0
H

os
pi

ta
l

Ch
in

a
Ch

ild
re

n
10

8/
10

N
ot

 
at

te
m

pt
ed

no

Ya
ng

 2
02

0
H

os
pi

ta
l

Ch
in

a
Pa

ed
ia

tr
ic 

Co
vid

-1
9 

pa
tie

nt
s

35
17

/3
5

N
ot

 
at

te
m

pt
ed

no

Yo
un

g 
20

20
H

os
pi

ta
l

Si
ng

ap
or

e
H

os
pi

ta
lis

ed
 a

du
lt 

pa
tie

nt
s

18
4/

8
N

ot
 

at
te

m
pt

ed
no

Yu
an

 2
02

0
H

os
pi

ta
l

Ch
in

a
Ch

ild
re

n
78

37
/7

8
N

ot
 

at
te

m
pt

ed
no

Zh
an

g 
J 2

02
0

H
os

pi
ta

l
Ch

in
a

Pa
tie

nt
s 

w
ith

 C
ov

id
-1

9 
pn

eu
m

on
ia

.
14

14
/1

4
N

ot
 

at
te

m
pt

ed
no

Page 9 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://www.medrxiv.org/content/10.1101/2020.05.02.20089094v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7066521/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7455175/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7455175/
https://www.sciencedirect.com/science/article/pii/S1201971220302794
https://www.sciencedirect.com/science/article/pii/S1201971220302794
https://www.sciencedirect.com/science/article/pii/S1201971220302794
https://doi.org/10.1038/s41586-020-2196-x
https://www.thelancet.com/journals/langas/article/PIIS2468-1253(20)30083-2/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7130181/
https://pubmed.ncbi.nlm.nih.gov/32421494/
https://www.medrxiv.org/content/10.1101/2020.03.11.20033159v1
https://pubmed.ncbi.nlm.nih.gov/32284613/
https://www.medrxiv.org/content/10.1101/2020.08.25.20181446v1
https://jamanetwork.com/journals/jama/fullarticle/2762688
https://www.tandfonline.com/doi/full/10.1080/22221751.2020.1771219
https://onlinelibrary.wiley.com/doi/full/10.1002/jmv.25742


St
ud

y 
ID

 c
oh

or
ts

 
or

 c
as

e 
se

ri
es

 
(n

=4
8)

Se
tt

in
g

Co
un

tr
y

Po
pu

la
ti

on
/

en
vi

ro
nm

en
t

Pa
ti

en
t 

nu
m

be
rs

Fe
ca

l s
am

pl
es

 P
CR

- 
po

si
ti

ve
 n

/d
 fo

r 
SA

RS
-C

oV
-2

 R
N

A 
un

le
ss

 o
th

er
w

is
e 

st
at

ed

Li
ve

 
cu

lt
ur

e 
(p

os
it

iv
it

y 
ra

te
)

G
en

om
e 

se
qu

en
ci

ng
 

m
et

ho
ds

G
en

om
e 

Se
ct

io
ni

ng
 /p

hy
lo

ge
ny

 
re

su
lt

s 
w

he
re

 a
va

ila
bl

e

Zh
an

g 
T 

20
20

Pu
bl

ic 
ho

sp
ita

l
Ch

in
a

Ch
ild

re
n 

po
st

 d
isc

ha
rg

e
3

3/
3

N
ot

 
at

te
m

pt
ed

no

Zh
an

g 
W

 2
02

0
Pu

lm
on

ar
y 

ho
sp

ita
l

Ch
in

a
H

os
pi

ta
lis

ed
 a

du
lt 

pa
tie

nt
s

15
4/

15
N

ot
 

at
te

m
pt

ed
no

Zh
an

g 
Y, 

Ch
en

 C
, 

Zh
u 

S 
20

20
H

os
pi

ta
l

Ch
in

a
Ad

ul
t s

ev
er

e 
pn

eu
m

on
ia

 
ca

se
 re

po
rt

1
1

ye
s 

(1
/1

)
Ye

s
fu

ll-
le

ng
th

 g
en

om
e 

se
qu

en
ce

 o
n 

th
e 

on
e 

sp
ec

im
en

 u
sin

g 
AB

I 3
13

0 
G

en
et

ic 
An

al
yz

er

Zh
an

g 
Y, 

Ch
en

 C
, 

So
ng

 Y
 2

02
0

H
os

pi
ta

l
Ch

in
a

PC
R-

co
nfi

rm
ed

 C
ov

id
-1

9 
pa

tie
nt

s 
w

ith
 c

lin
ica

l 
sy

m
pt

om
s

25
8

93

[re
po

rt
s 

sa
m

e 
liv

e 
cu

ltu
re

 
as

 a
bo

ve
 

re
po

rt
]

Ye
s

fu
ll-

le
ng

th
 g

en
om

e 
se

qu
en

ce
 o

n 
th

e 
on

e 
sp

ec
im

en
 u

sin
g 

AB
I 3

13
0 

G
en

et
ic 

An
al

yz
er

Se
w

ag
e

90
81

Ag
ra

w
al

 2
02

0
W

as
te

w
at

er
 

tre
at

m
en

t 
pl

an
ts

G
er

m
an

y
Tw

o 
w

as
te

w
at

er
 in

flu
en

t 
so

ur
ce

s
N

/A
Se

w
ag

e
N

ot
 

at
te

m
pt

ed
no

Ah
m

ed
 2

02
0

Se
w

ag
e

Au
st

ra
lia

W
as

te
w

at
er

N
/A

Se
w

ag
e

N
ot

 
at

te
m

pt
ed

no

Am
pu

er
o 

20
20

Tw
o 

w
as

te
w

at
er

 
tre

at
m

en
t 

pl
an

ts
Ch

ile
W

as
te

w
at

er
N

/A
Se

w
ag

e
N

ot
 

at
te

m
pt

ed
no

Ar
or

a 
20

20
W

as
te

w
at

er
In

di
a

14
 w

as
te

w
at

er
 

tre
at

m
en

t p
la

nt
s

N
/A

Se
w

ag
e

N
ot

 
at

te
m

pt
ed

no

Be
ta

nc
ou

rt
 2

02
0

W
as

te
w

at
er

U
SA

U
ni

ve
rs

ity
 c

am
pu

s 
w

as
te

w
at

er
 s

ys
te

m
N

/A
W

as
te

w
at

er
N

ot
 

at
te

m
pt

ed
no

Ch
av

ar
ria

-M
iro

 2
02

0
Se

w
ag

e
Sp

ai
n

W
as

te
w

at
er

N
/A

Se
w

ag
e

N
ot

 
at

te
m

pt
ed

no

Cu
rt

is 
20

20
W

as
te

w
at

er
U

SA
Co

m
m

un
ity

 w
as

te
w

at
er

 
se

rv
ice

s
N

/A
W

as
te

w
at

er
N

ot
 

at
te

m
pt

ed
no

Fo
ng

ar
o 

20
20

Se
w

ag
e

Br
az

il
U

rb
an

 s
ew

ag
e 

se
rv

ice
N

/A
Se

w
ag

e
N

ot
 

at
te

m
pt

ed
no

Fe
rn

an
de

z-
de

-M
er

a 
20

20
W

as
te

w
at

er
Sp

ai
n

Vi
lla

ge
 c

om
m

un
ity

 a
nd

 
w

as
te

w
at

er
N

/A
W

as
te

w
at

er
N

ot
 

at
te

m
pt

ed
no

H
ar

am
ot

o 
20

20
W

as
te

w
at

er
 

an
d 

riv
er

 
w

at
er

Ja
pa

n
W

as
te

w
at

er
 a

nd
 ri

ve
r 

w
at

er
N

/A
W

as
te

w
at

er
 o

nl
y 

(ri
ve

r s
am

pl
es

 
ne

ga
tiv

e)
N

ot
 

at
te

m
pt

ed
no

Page 10 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://onlinelibrary.wiley.com/doi/10.1002/jmv.25795
https://www.tandfonline.com/doi/full/10.1080/22221751.2020.1729071
http://weekly.chinacdc.cn/en/article/id/ffa97a96-db2a-4715-9dfb-ef662660e89d
http://weekly.chinacdc.cn/en/article/id/ffa97a96-db2a-4715-9dfb-ef662660e89d
https://www.tandfonline.com/doi/full/10.1080/22221751.2020.1844551
https://www.tandfonline.com/doi/full/10.1080/22221751.2020.1844551
https://www.medrxiv.org/content/10.1101/2020.10.26.20215020v1.full
https://www.sciencedirect.com/science/article/pii/S0048969720322816
https://www.medrxiv.org/content/10.1101/2020.07.02.20145177v1
https://www.medrxiv.org/content/10.1101/2020.09.18.20197178v1
https://www.medrxiv.org/content/10.1101/2020.11.13.20231340v1
https://www.medrxiv.org/content/10.1101/2020.06.13.20129627v1
https://www.medrxiv.org/content/10.1101/2020.07.10.20150607v1
https://www.medrxiv.org/content/10.1101/2020.06.26.20140731v1
https://onlinelibrary.wiley.com/doi/10.1111/tbed.13817
https://onlinelibrary.wiley.com/doi/10.1111/tbed.13817
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7305903/


St
ud

y 
ID

 c
oh

or
ts

 
or

 c
as

e 
se

ri
es

 
(n

=4
8)

Se
tt

in
g

Co
un

tr
y

Po
pu

la
ti

on
/

en
vi

ro
nm

en
t

Pa
ti

en
t 

nu
m

be
rs

Fe
ca

l s
am

pl
es

 P
CR

- 
po

si
ti

ve
 n

/d
 fo

r 
SA

RS
-C

oV
-2

 R
N

A 
un

le
ss

 o
th

er
w

is
e 

st
at

ed

Li
ve

 
cu

lt
ur

e 
(p

os
it

iv
it

y 
ra

te
)

G
en

om
e 

se
qu

en
ci

ng
 

m
et

ho
ds

G
en

om
e 

Se
ct

io
ni

ng
 /p

hy
lo

ge
ny

 
re

su
lt

s 
w

he
re

 a
va

ila
bl

e

Se
w

ag
e

90
81

H
at

a 
20

20
W

as
te

w
at

er
 

Ja
pa

n
W

as
te

w
at

er
 

N
/A

W
as

te
w

at
er

 
N

ot
 

at
te

m
pt

ed
no

Ig
le

sia
s 

20
20

U
rb

an
 ra

w
 

su
rfa

ce
 w

at
er

 
co

nt
am

in
at

ed
 

w
ith

 
w

as
te

w
at

er

Ar
ge

nt
in

a
Ra

w
 s

ur
fa

ce
 w

at
er

 
sa

m
pl

es
 in

 a
 lo

w
-

in
co

m
e 

ur
ba

n 
co

m
m

un
ity

N
/A

W
as

te
w

at
er

- 
co

nt
am

in
at

ed
 

su
rfa

ce
 w

at
er

N
ot

 
at

te
m

pt
ed

no

Iz
qu

ie
rd

o-
La

ra
 2

02
0

Se
w

ag
e

Be
lg

iu
m

 
&

 T
he

 
N

et
he

rla
nd

s
Se

w
ag

e 
fro

m
 a

 n
um

be
r 

of
 s

ew
ag

e 
fa

cil
iti

es
N

/A
Se

w
ag

e
N

ot
 

at
te

m
pt

ed
Ye

s

To
 fu

rt
he

r i
nv

es
tig

at
e 

ge
ne

tic
 

di
ve

rs
ity

 o
f S

AR
S-

Co
V-

2,
 5

5 
w

as
te

w
at

er
 s

am
pl

es
 fr

om
 

13
 d

iff
er

en
t l

oc
at

io
ns

 in
 th

e 
N

et
he

rla
nd

s 
(4

8 
sa

m
pl

es
) a

nd
 7

 
di

ffe
re

nt
 lo

ca
tio

ns
 in

 B
el

gi
um

 (7
 

sa
m

pl
es

) w
ith

 C
t v

al
ue

s 
of

 <
36

 
w

er
e 

se
le

ct
ed

 fo
r w

ho
le

 g
en

om
e 

se
qu

en
cin

g 
us

in
g 

N
an

op
or

e 
se

qu
en

cin
g.

La
 R

os
a 

20
20

b
Se

w
ag

e
Ita

ly
W

at
er

 e
nv

iro
nm

en
ts

N
/A

Se
w

ag
e

N
ot

 
at

te
m

pt
ed

no

M
ed

em
a 

20
20

Se
w

ag
e

Th
e 

N
et

he
rla

nd
s

Pu
bl

ic,
 c

iti
es

 a
nd

 a
irp

or
t

N
/A

Se
w

ag
e

N
ot

 
at

te
m

pt
ed

no

N
ea

ul
t 2

02
0

W
as

te
w

at
er

Ca
na

da
W

as
te

w
at

er
 s

am
pl

es
 

fro
m

 tw
o 

ur
ba

n 
w

as
te

w
at

er
 re

co
ve

ry
 

fa
cil

iti
es

N
/A

W
as

te
w

at
er

N
ot

 
at

te
m

pt
ed

no

Pe
cc

ia
 2

02
0

Se
w

ag
e

U
SA

Pr
im

ar
y 

se
w

ag
e 

slu
dg

e 
sa

m
pl

ed
 o

ve
r t

im
e

N
/A

Se
w

ag
e

N
ot

 
at

te
m

pt
ed

no

Sh
ar

if 
20

20
W

as
te

w
at

er
Pa

ki
st

an
W

as
te

w
at

er
 &

 d
ra

in
ag

e 
sa

m
pl

es
 fr

om
 a

cr
os

s 
th

e 
co

un
tr

y
N

/A
W

as
te

w
at

er
N

ot
 

at
te

m
pt

ed
no

 

Sh
ut

le
r 2

02
0

W
at

er
bo

rn
e

32
 c

ou
nt

rie
s

Fa
ec

al
 c

on
ta

m
in

at
ed

 
w

at
er

N
/A

Se
w

ag
e

N
ot

 
at

te
m

pt
ed

no

Tr
ot

tie
r 2

02
0

W
as

te
w

at
er

Fr
an

ce
U

rb
an

 w
as

te
w

at
er

 
tr

ea
tm

en
t p

la
nt

N
/A

W
as

te
w

at
er

N
ot

 
at

te
m

pt
ed

no

W
an

g 
J 2

02
0

H
os

pi
ta

l
Ch

in
a

Su
rfa

ce
s 

an
d 

se
w

ag
e 

sa
m

pl
es

N
/A

Se
w

ag
e

ye
s 

(0
/5

)
no

W
ur

tz
er

 2
02

0
Co

m
m

un
ity

Fr
an

ce
W

as
te

w
at

er
N

/A
Se

w
ag

e
N

ot
 

at
te

m
pt

ed
no

Page 11 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://www.medrxiv.org/content/10.1101/2020.06.09.20126417v2
https://www.medrxiv.org/content/10.1101/2020.10.21.20215434v1.full
https://www.medrxiv.org/content/10.1101/2020.09.21.20198838v1
https://www.medrxiv.org/content/10.1101/2020.04.25.20079830v2
https://www.medrxiv.org/content/10.1101/2020.03.29.20045880v1
https://www.medrxiv.org/content/10.1101/2020.09.01.20185280v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.05.19.20105999v2
https://www.medrxiv.org/content/10.1101/2020.06.03.20121426v3
https://www.medrxiv.org/content/10.1101/2020.06.17.20133504v1
https://www.sciencedirect.com/science/article/pii/S2352771420302585?via=ihub
https://pubmed.ncbi.nlm.nih.gov/32311449/
https://www.medrxiv.org/content/10.1101/2020.04.12.20062679v2


St
ud

y 
ID

 c
oh

or
ts

 
or

 c
as

e 
se

ri
es

 
(n

=4
8)

Se
tt

in
g

Co
un

tr
y

Po
pu

la
ti

on
/

en
vi

ro
nm

en
t

Pa
ti

en
t 

nu
m

be
rs

Fe
ca

l s
am

pl
es

 P
CR

- 
po

si
ti

ve
 n

/d
 fo

r 
SA

RS
-C

oV
-2

 R
N

A 
un

le
ss

 o
th

er
w

is
e 

st
at

ed

Li
ve

 
cu

lt
ur

e 
(p

os
it

iv
it

y 
ra

te
)

G
en

om
e 

se
qu

en
ci

ng
 

m
et

ho
ds

G
en

om
e 

Se
ct

io
ni

ng
 /p

hy
lo

ge
ny

 
re

su
lt

s 
w

he
re

 a
va

ila
bl

e

Se
w

ag
e

90
81

Zh
ao

 2
02

0
W

as
te

w
at

er
 

sy
st

em
s

Ch
in

a
M

un
ici

pa
l a

nd
 h

os
pi

ta
l 

w
as

te
w

at
er

 s
ys

te
m

s
N

/A
in

flu
en

t, 
effl

ue
nt

, 
slu

dg
e

N
ot

 
at

te
m

pt
ed

no

To
ile

ts
 (n

=4
)

De
l B

ru
tto

 2
02

0
Co

m
m

un
ity

G
ua

te
m

al
a

Ru
ra

l l
ow

-in
co

m
e 

vil
la

ge
 

co
m

m
un

ity
36

2
N

/A
N

ot
 

at
te

m
pt

ed
no

Di
ng

 Z
 2

02
0

In
fe

ct
io

us
 

di
se

as
es

 
ho

sp
ita

l
Ch

in
a

Su
rfa

ce
 s

am
pl

es
N

/A
To

ile
t s

am
pl

es
N

ot
 

at
te

m
pt

ed
no

Ka
ng

 2
02

0
Bu

ild
in

g 
pl

um
bi

ng
 

sy
st

em
Ch

in
a

Re
sid

en
tia

l h
ig

h-
ris

e 
ap

ar
tm

en
t b

lo
ck

N
/A

Ai
r s

am
pl

es
 a

ro
un

d 
dr

ai
na

ge
 s

ys
te

m
N

ot
 

at
te

m
pt

ed
no

O
ng

 2
02

0
H

os
pi

ta
l

Si
ng

ap
or

e
Sa

m
pl

in
g 

in
 th

e 
ph

ys
ica

l 
ar

ea
s 

ar
ou

nd
 p

at
ie

nt
s

3
Se

w
ag

e 
to

ile
t 

sa
m

pl
es

N
ot

 
at

te
m

pt
ed

no

W
at

er
w

ay
s 

(n
=1

)

G
ue

rr
er

o-
La

to
rr

e 
20

20
Ri

ve
rs

G
ua

te
m

al
a

U
rb

an
 s

tre
am

s 
in

 lo
w

 
sa

ni
ta

tio
n 

se
tti

ng
N

/A
Ri

ve
r s

am
pl

es
N

ot
 

at
te

m
pt

ed
no

Page 12 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://www.medrxiv.org/content/10.1101/2020.08.19.20172924v1
https://www.tandfonline.com/doi/full/10.1080/20477724.2020.1826152
https://www.medrxiv.org/content/10.1101/2020.04.03.20052175v1
https://www.acpjournals.org/doi/10.7326/M20-0928
https://jamanetwork.com/journals/jama/fullarticle/2762692
https://www.medrxiv.org/content/10.1101/2020.06.14.20131201v1
https://www.medrxiv.org/content/10.1101/2020.06.14.20131201v1


the virus from the stools of one severe hospitalised COVID-19  
pneumonia case. The number of samples taken was unclear 
and while Vero cells were used for viral isolation from  
stool samples, culture methods were not described.

Additional evidence of SARS-CoV-2 replication activity was 
observed within the intestine: an inpatient for treatment of a  
rectal adenocarcinoma had samples taken from enteric sections,  
and the mucosa of rectum and ileum analysed [Qian 2020].  
The rectal swab sample tested negative for SARS-CoV-2 RNA 
by PCR. However, typical coronavirus virions in rectal tissue  
were observed under electron microscopy with abundant  
lymphocytes and macrophages (some SARS-CoV-2 positive)  
infiltrating the lamina propria.

Methodological issues across these studies including variabil-
ity in sample selection and methods of viral culture, reported in 
Table 5, mean the results may not be comparable and should  
be interpreted with caution.

Studies of wastewater and sewage. Twenty-two global stud-
ies investigated SARS-CoV-2 in wastewater or sewage, four 
looked at the role of toilets or sewage, and one reported obser-
vation in river water [Ahmed 2020, Ampuero 2020, Arora 2020,  
Chavarria-Miro 2020, Curtis 2020, Fongaro 2020, Fernandez-
de-Mera 2020, Haramoto 2020, Hata 2020, Lara 2020, La Rosa 
2020b, Medema 2020, Neault 2020, Ong 2020, Peccia 2020, 
Sharif 2020, Shutler 2020, Trottier 2020, Wang J 2020, Wang  
XW, Li J 2020, Wurtzer 2020, Zhao 2020].

All reported the detection of SARS-CoV-2 RNA and/or  
SARS-CoV-2 viral proteins; a number of studies suggested the 
potential of detection in sewage to be used as a public health  
monitoring system.

Wastewater surveillance may anticipate outbreaks: a Brazilian  
study identified SARS-CoV-2 RNA from sewage samples  
collected in November 2019 [Fongaro 2020]; a Spanish study 
detected sewage samples from 41 days prior to the declaration  
of the first COVID-19 case in Spain, and additionally in  
frozen samples dating back to 12 March 2019 [Chavarria-Miró 
2020]. Virus concentrations found in wastewaters may correlate  
with prevalence in the local community. At very low com-
munity levels of circulation, sewage surveillance could detect  
SARS-CoV-2 RNA presence [La Rosa b 2020, Medema 2020]. 

Viral culture in sewage
A study of hospital surfaces and sewage areas in China 
reported no virus was detected by culture of surface swabs 
or sewage samples [Wang J 2020]. Another study in China 
tested hospital sewage and found SARS-CoV-2 RNA but 
no viral culture of SARS-CoV was present in the sewage in  
their assays [Wang XW, Li J 2020].

Toilets. An additional four studies investigated SARS-CoV-2  
in toilets (Del Brutto 2020, Ding Z 2020, Kang 2020,  
Ong 2020]. A study in rural Guatemala reported the sole  
predictive variable was the use of the open latrines [Del Brutto 

2020]. Ding 2020 et al. collected surface samples from a  
COVID-19 hospital in China reported toilet areas represented 
the most contaminated areas. Kang et al. reported the possibility  
of fecal aerosol spread but with little discussion of alternate  
pathways for transmission. They did not find any evidence 
of virus -laden bioaerosols. Ong and co-workers reported 
that 3 of 5 toilet sites (toilet bowl, sink, and door handle) in  
hospital settings were PCR-positive; anteroom and corridor  
samples were negative [Ong 2020].

River water. One study tested river water for SARS-CoV-2: taking  
samples from three urban river locations in a low sanitation 
urban context (i.e. highly impacted by raw sewage) in Quito, 
Ecuador, during a peak of COVID-19 cases. SARS-CoV-2 RNA 
was detected in all samples, at levels similar to those in waste-
water from cities during outbreaks [Guerreo-Latorre 2020].  
Evidence from reviews can be found in Table 2.

Discussion
The evidence from 110 relevant studies supports a potential role 
of orofecal transmission of SARS-CoV-2. Fecal shedding of 
SARS-CoV-2 RNA has been reported in 96% of the included 
observational studies, often for relatively long durations. Three  
studies reported the culture of SARS-CoV-2 using fecal  
samples, but requisite methods to confirm viral growth were 
lacking. One study demonstrated viral isolation from rectal  
tissue of a COVID-19 patient. Studies in hospitals show the 
presence of SARS-CoV-2 RNA at and around toilets and toilet  
rooms; there is evidence that disinfectant cleaning leaves no 
SARS-CoV-2 RNA detectable. Many studies report identifying  
SARS-CoV-2 RNA in sewage and wastewaters, but viral culture  
from such sources has not been demonstrated, so there is no  
evidence of infection risk from those sources; however, detec-
tion of SARS-CoV-2 RNA in sewage and wastewaters can be  
useful as a surveillance tool.

Experimental models of the human intestinal epithelium show 
that SARS-CoV-2 can infect this tissue and replicate, supporting 
the rationale for the human GI tract as a possible transmission  
route4–6). Zang 2020 demonstrated that human enterocytes 
express high ACE2 receptor levels, supporting viral invasion 
at these sites4. Zang 2020 and Lamers 2020 et al. showed that 
SARS-CoV-2 productively infected human small intestinal  
organoids4,5. Zhou J 2020 et al. and co-workers showed active 
replication of SARS-CoV-2 in human intestinal organoids, and 
isolated infectious virus from the stool specimen of a patient 
with diarrheal COVID-196. Yao et al. investigated the muta-
tion spectrum, replication dynamics, and infectivity of 11  
patient-derived SARS-CoV-2 isolates in diverse cell lines; the 
authors report that “three of our viral isolates were extracted 
from stool samples (two of which were very potent) indi-
cating that viable SARS-CoV-2 particles could be found in  
stool samples”7.

These studies do not provide an estimate of infectious virus  
concentration; nor has the infectious dose for humans been 
established, so at this point it is unwarranted to deduce a human 
transmission risk based on this small number of virus-positive  
fecal samples.

Page 13 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022



Ta
bl

e 
2.

 In
cl

ud
ed

 s
tu

dy
 c

ha
ra

ct
er

is
ti

cs
: r

ev
ie

w
s.

St
ud

y 
(n

= 
33

; 
1 

is
 a

 c
oh

or
t 

an
d 

SR
 s

o 
ap

pe
ar

s 
in

 
bo

th
 1

a 
an

d 
1b

)

Fu
lfi

ls
 

sy
st

em
at

ic
 

re
vi

ew
 

m
et

ho
ds

Re
se

ar
ch

 q
ue

st
io

n 
(s

ea
rc

h 
da

te
 u

p 
to

)
N

o.
 in

cl
ud

ed
 

st
ud

ie
s 

   
 (N

o.
 

pa
rt

ic
ip

an
ts

)

M
ai

n 
re

su
lt

s
Ke

y 
co

nc
lu

si
on

s

Ab
ou

ba
kr

 2
02

0
no

To
 p

re
se

nt
 th

e 
av

ai
la

bl
e 

da
ta

 o
n 

th
e 

st
ab

ilit
y 

of
 c

or
on

av
iru

se
s 

(C
oV

s)
, 

in
clu

di
ng

 S
AR

S‐
Co

V‐
2,

 fr
om

 p
re

vio
us

 
re

po
rt

s 
to

 h
el

p 
un

de
rs

ta
nd

 it
s 

en
vir

on
m

en
ta

l s
ur

viv
al

 (s
ea

rc
h 

da
te

 
N

R;
 s

tu
dy

 p
ub

lis
he

d 
Ju

ne
 2

02
0)

U
nc

le
ar

 (N
A)

SA
RS

‐C
oV

‐2
 a

nd
 o

th
er

 h
um

an
 a

nd
 a

ni
m

al
 C

oV
s 

ha
ve

 
sh

or
t p

er
sis

te
nc

e 
on

 c
op

pe
r, 

la
te

x 
an

d 
su

rfa
ce

s 
w

ith
 

lo
w

 p
or

os
ity

 v
s 

ot
he

r s
ur

fa
ce

s 
lik

e 
st

ai
nl

es
s 

st
ee

l, 
pl

as
tic

s, 
gl

as
s 

&
 h

ig
hl

y 
po

ro
us

 fa
br

ics
. S

AR
S‐

Co
V‐

2 
is 

as
so

cia
te

d 
w

ith
 d

ia
rr

ho
ea

 &
 is

 s
he

d 
in

 fa
ec

es
. S

om
e 

Co
Vs

 s
ho

w
 p

er
sis

te
nc

e 
in

 h
um

an
 e

xc
re

m
en

t, 
se

w
ag

e 
an

d 
w

at
er

s 
fo

r a
 fe

w
 d

ay
s. 

Po
ss

ib
le

 fa
ec

al
–o

ra
l, 

fo
od

bo
rn

e 
&

 w
at

er
bo

rn
e 

tra
ns

m
iss

io
n 

of
 S

AR
S‐

Co
V‐

2 
in

 re
gi

on
s 

us
in

g 
se

w
ag

e‐
po

llu
te

d 
w

at
er

s 
in

 ir
rig

at
io

n 
&

 
w

ith
 p

oo
r w

at
er

 tr
ea

tm
en

t s
ys

te
m

s.

Po
ss

ib
le

 fa
ec

al
–o

ra
l, 

fo
od

bo
rn

e 
&

 w
at

er
bo

rn
e 

tra
ns

m
iss

io
n 

of
 

SA
RS

‐C
oV

‐2
 is

 a
 c

on
ce

rn
 fo

r 
re

gi
on

s 
us

in
g 

se
w

ag
e‐

po
llu

te
d 

w
at

er
s 

in
 ir

rig
at

io
n 

&
 w

ith
 p

oo
r 

w
at

er
 tr

ea
tm

en
t s

ys
te

m
s.

Ac
ha

k 
M

 2
02

0
no

To
 re

vie
w

 e
vid

en
ce

 o
n 

th
e 

pr
es

en
ce

 o
f 

SA
RS

-C
oV

-2
 in

 a
qu

eo
us

 e
nv

iro
nm

en
ts

, 
an

d 
to

 d
es

cr
ib

e 
th

e 
kn

ow
le

dg
e 

on
 

de
te

ct
io

n 
an

d 
su

rv
iva

l o
f S

AR
S-

Co
V-

2 
in

 w
as

te
w

at
er

 a
nd

 h
os

pi
ta

l w
as

te
w

at
er

, 
in

 o
rd

er
 to

 u
nd

er
st

an
d 

th
e 

di
ffe

re
nt

 
ro

ut
es

 o
f S

AR
S-

Co
V-

2 
tra

ns
m

iss
io

n 
(s

ea
rc

h 
da

te
 N

R;
 s

tu
dy

 a
va

ila
bl

e 
on

lin
e 

24
 O

ct
ob

er
 2

02
0)

.

N
R

SA
RS

-C
oV

-2
 R

N
A 

is 
id

en
tifi

ed
 in

 a
 ra

ng
e 

of
 w

at
er

 
en

vir
on

m
en

ts
 in

clu
di

ng
 h

os
pi

ta
l w

as
te

w
at

er
s. 

Ac
co

rd
in

g 
to

 a
 fe

w
 s

tu
di

es
 in

ve
st

ig
at

in
g 

th
e 

de
ac

tiv
at

io
n 

of
 S

AR
S-

Co
 V

-2
 s

ho
w

ed
 th

at
 c

hl
or

in
e-

ba
se

d 
di

sin
fe

ct
an

ts
 a

re
 w

id
el

y 
us

ed
 fo

r t
he

ir 
br

oa
d 

st
er

iliz
at

io
n 

sp
ec

tr
um

, h
ig

h 
in

ac
tiv

at
io

n 
effi

cie
nc

y 
an

d 
ea

sy
 d

ec
om

po
sit

io
n 

w
ith

 li
ttl

e 
re

sid
ue

, a
s 

w
el

l a
s 

re
pr

es
en

ts
 th

e 
be

st
 e

co
no

m
ic 

so
lu

tio
n.

 T
he

 c
om

pl
et

e 
de

ac
tiv

at
io

n 
of

 S
AR

S-
Co

V-
2 

ca
n 

be
 a

ch
ie

ve
d 

by
 

co
m

bi
na

tio
n 

of
 o

th
er

 te
ch

no
lo

gi
es

 (b
io

lo
gi

ca
l a

nd
/o

r 
ph

ys
ica

l-c
he

m
ica

l p
ro

ce
ss

es
).

Au
th

or
s 

su
gg

es
t t

he
re

 is
 a

 
ne

ed
 to

 d
ev

el
op

 m
or

e 
se

cu
re

, 
effi

cie
nt

, e
co

no
m

ica
l d

isi
nf

ec
tio

n 
te

ch
no

lo
gi

es
 in

 o
rd

er
 to

 li
m

it 
th

e 
tra

ns
m

iss
io

n 
of

 C
ov

id
-1

9 
an

d 
to

 a
vo

id
 o

th
er

 w
av

es
 o

f t
he

 
pa

nd
em

ic 
of

 C
ov

id
-1

9 
in

fe
ct

io
ns

Ag
ui

ar
-O

liv
ei

ra
 

M
 2

02
0

no
To

 s
um

m
ar

ize
 th

e 
cu

rr
en

t g
lo

ba
l 

ex
pe

rie
nc

e 
on

 S
AR

S-
Co

V-
2 

w
as

te
w

at
er

 
ba

se
d 

ep
id

em
io

lo
gy

 in
 d

ist
in

ct
 

co
nt

in
en

ts
 a

nd
 v

ira
l d

et
ec

tio
n 

in
 

po
llu

te
d 

su
rfa

ce
 w

at
er

. T
he

 a
dv

an
ta

ge
s 

an
d 

co
nc

er
ns

 o
f t

hi
s 

st
ra

te
gy

 fo
r 

SA
RS

-C
oV

-2
 s

ur
ve

illa
nc

e 
ar

e 
di

sc
us

se
d.

 
(S

ea
rc

h 
da

te
 N

R;
 a

rt
icl

e 
pu

bl
ish

ed
 1

0 
De

ce
m

be
r 2

02
0)

.

N
R

Vi
ra

l R
N

A 
ha

s 
be

en
 d

et
ec

te
d 

in
 th

e 
st

oo
l o

f C
ov

id
-1

9 
pa

tie
nt

s 
an

d 
via

bl
e 

vir
us

es
 h

ad
 b

ee
n 

iso
la

te
d 

in
 s

om
e 

of
 th

es
e 

sa
m

pl
es

. T
hu

s, 
a 

pu
ta

tiv
e 

ro
le

 o
f S

AR
S-

Co
V-

2 
fe

ca
l-o

ra
l t

ra
ns

m
iss

io
n 

ha
s 

be
en

 a
rg

ue
d.

 S
AR

S-
Co

V-
2 

is 
sh

ed
 in

 h
um

an
 e

xc
re

ta
 a

nd
 fu

rt
he

r d
isp

os
ed

 in
 

th
e 

se
w

er
ag

e 
or

 in
 th

e 
en

vir
on

m
en

t, 
in

 p
oo

r b
as

ic 
sa

ni
ta

tio
n 

se
tti

ng
s.

O
ut

co
m

es
 s

ug
ge

st
 th

at
 

w
as

te
w

at
er

 b
as

ed
 e

pi
de

m
io

lo
gy

 
is 

a 
va

lu
ab

le
 e

ar
ly 

w
ar

ni
ng

 a
le

rt
 

an
d 

a 
he

lp
fu

l c
om

pl
em

en
ta

ry
 

su
rv

ei
lla

nc
e 

to
ol

 to
 s

ub
sid

e 
pu

bl
ic 

he
al

th
 re

sp
on

se
, t

o 
ta

ilo
r 

co
nt

ai
nm

en
t a

nd
 m

iti
ga

tio
n 

m
ea

su
re

s 
an

d 
to

 d
et

er
m

in
e 

ta
rg

et
 p

op
ul

at
io

ns
 fo

r t
es

tin
g.

 
In

 p
oo

r s
an

ita
tio

n 
se

tti
ng

s, 
co

nt
am

in
at

ed
 ri

ve
rs

 c
ou

ld
 b

e 
al

te
rn

at
ive

ly 
us

ed
 a

s 
a 

so
ur

ce
 fo

r 
en

vir
on

m
en

ta
l s

ur
ve

illa
nc

e.

Am
iri

an
 2

02
0

no
Cu

rr
en

t k
no

w
le

dg
e 

on
 th

e 
po

te
nt

ia
l 

fo
r f

ec
al

 tr
an

sm
iss

io
n 

is 
br

ie
fly

 
re

vie
w

ed
 a

nd
 th

e 
po

ss
ib

le
 im

pl
ica

tio
ns

 
ar

e 
di

sc
us

se
d 

fro
m

 a
 p

ub
lic

 h
ea

lth
 

pe
rs

pe
ct

ive
 (s

ea
rc

h 
da

te
 N

R;
 s

tu
dy

 
pu

bl
ish

ed
 A

pr
il 

20
20

)

U
nc

le
ar

 (N
R)

A 
nu

m
be

r o
f c

as
e 

se
rie

s 
ha

ve
 re

po
rt

ed
 th

e 
pr

es
en

ce
 

of
 S

AR
S-

Co
V-

2 
ge

ne
tic

 m
at

er
ia

l i
n 

th
e 

st
oo

l o
f s

om
e 

CO
VI

D-
19

 p
at

ie
nt

s.

If 
or

of
ec

al
 tr

an
sm

iss
io

n 
is 

es
ta

bl
ish

ed
, i

t w
ill 

im
pa

ct
 p

ub
lic

 
he

al
th

 g
ui

de
lin

es
 o

n 
se

w
ag

e 
ex

po
su

re
, n

os
oc

om
ia

l i
nf

ec
tio

ns
, 

re
sid

en
tia

l c
ar

e 
fa

cil
iti

es
, a

nd
 

fo
od

 p
re

pa
ra

tio
n.

Page 14 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://onlinelibrary.wiley.com/doi/full/10.1111/tbed.13707
https://www.sciencedirect.com/science/article/pii/S0048969720367231?via=ihub
https://www.mdpi.com/1660-4601/17/24/9251
https://www.mdpi.com/1660-4601/17/24/9251
https://www.ijidonline.com/article/S1201-9712(20)30273-3/fulltext


St
ud

y 
(n

= 
33

; 
1 

is
 a

 c
oh

or
t 

an
d 

SR
 s

o 
ap

pe
ar

s 
in

 
bo

th
 1

a 
an

d 
1b

)

Fu
lfi

ls
 

sy
st

em
at

ic
 

re
vi

ew
 

m
et

ho
ds

Re
se

ar
ch

 q
ue

st
io

n 
(s

ea
rc

h 
da

te
 u

p 
to

)
N

o.
 in

cl
ud

ed
 

st
ud

ie
s 

   
 (N

o.
 

pa
rt

ic
ip

an
ts

)

M
ai

n 
re

su
lt

s
Ke

y 
co

nc
lu

si
on

s

Ca
hi

ll 
20

20
no

Ar
e 

re
cr

ea
tio

na
l w

at
er

s 
a 

po
te

nt
ia

l 
tra

ns
m

iss
io

n 
ro

ut
e 

fo
r S

AR
S-

Co
V-

2 
to

 h
um

an
s?

 (s
ea

rc
h 

da
te

 N
R;

 s
tu

dy
 

pu
bl

ish
ed

 O
ct

ob
er

 2
02

0)

U
nc

le
ar

 (N
R)

SA
RS

-C
oV

-2
 h

as
 b

ee
n 

de
te

ct
ed

 in
 fa

ec
es

 a
nd

 
w

as
te

w
at

er
 in

 re
ce

nt
 m

on
th

s. 
W

as
te

w
at

er
 is

 a
 p

ot
en

tia
l 

di
ss

em
in

at
io

n 
ro

ut
e 

fo
r S

AR
S-

Co
V-

2 
to

 re
cr

ea
tio

na
l 

w
at

er
s. 

Li
m

ite
d 

da
ta

 o
n 

th
e 

pr
es

en
ce

 a
nd

 v
ia

bi
lit

y 
of

 
SA

RS
-C

oV
-2

 in
 w

at
er

 b
od

ie
s 

ex
ist

s.

Th
e 

ris
k 

of
 S

AR
S-

Co
V-

2 
ex

po
su

re
 

to
 re

cr
ea

tio
na

l w
at

er
 u

se
rs

 
is 

be
lie

ve
d 

to
 b

e 
lo

w.
 F

ur
th

er
 

re
se

ar
ch

 is
 re

qu
ire

d.

Ch
eu

ng
 K

 2
02

0
no

To
 re

vie
w

 th
e 

ev
id

en
ce

 o
n 

ga
st

ro
in

te
st

in
al

 s
ym

pt
om

s 
an

d 
de

te
ct

io
n 

of
 v

iru
s 

in
 s

to
ol

 in
 C

ov
id

-1
9.

 
(1

1 
M

ar
ch

 2
02

0)

60
 (4

,2
43

)
Po

ol
ed

 p
re

va
le

nc
e 

of
 a

ll 
G

I s
ym

pt
om

s 
w

as
 1

7.
6%

 
(9

5%
CI

 1
2.

3 
to

 2
4.

5)
; 1

1.
8%

 o
f p

at
ie

nt
s 

w
ith

 n
on

se
ve

re
 

CO
VI

D-
19

 h
ad

 G
I s

ym
pt

om
s 

(9
5%

CI
 4

.1
 to

 2
9.

1)
, 

an
d 

17
.1

%
 o

f p
at

ie
nt

s 
w

ith
 s

ev
er

e 
CO

VI
D-

19
 h

ad
 G

I 
sy

m
pt

om
s 

(9
5%

 C
I, 

6.
9 

to
 3

6.
7)

. P
oo

le
d 

pr
ev

al
en

ce
 o

f 
st

oo
l s

am
pl

es
 p

os
iti

ve
 fo

r v
iru

s 
RN

A 
w

as
 4

8.
1%

 (9
5%

 
=C

I 3
8.

3 
to

 5
7.

9)
; o

f t
he

se
 s

am
pl

es
, 7

0.
3%

 o
f t

ho
se

 
co

lle
ct

ed
 a

fte
r l

os
s 

of
 v

iru
s 

fro
m

 re
sp

ira
to

ry
 s

pe
cim

en
s 

te
st

ed
 p

os
iti

ve
 (9

5%
 C

I 4
9.

6 
to

 8
5.

1)
.

Ar
ou

nd
 1

8%
 o

f C
ov

id
-1

9 
pa

tie
nt

s 
ex

pe
rie

nc
ed

 G
I s

ym
pt

om
s. 

Vi
ra

l R
N

A 
ca

n 
be

 id
en

tifi
ed

 in
 

st
oo

l s
am

pl
es

 o
f a

ro
un

d 
ha

lf 
of

 
Co

vid
-1

9 
pa

tie
nt

s, 
an

d 
is 

of
te

n 
de

te
ct

ab
le

 e
ve

n 
af

te
r r

es
pi

ra
to

ry
 

sa
m

pl
es

 te
st

 n
eg

at
ive

.

Ch
ia

pp
in

i 2
02

0
no

To
 g

ive
 a

n 
ov

er
vie

w
 o

f g
as

tro
in

te
st

in
al

 
in

vo
lve

m
en

t i
n 

ch
ild

re
n 

w
ith

 S
AR

S‐
CO

V‐
2 

in
fe

ct
io

n.
 (S

ea
rc

h 
da

te
 N

R;
 

ar
tic

le
 p

ub
lis

he
d 

24
 N

ov
em

be
r 2

02
0)

N
R

Di
ar

rh
ea

 a
nd

 v
om

iti
ng

 h
av

e 
be

en
 re

po
rt

ed
 in

 a
bo

ut
 

8%
‐9

%
 o

f c
as

es
, r

ea
ch

in
g 

m
or

e 
th

an
 2

0%
 in

 s
om

e 
st

ud
ie

s. 
Fe

ca
l s

he
dd

in
g 

in
 c

hi
ld

re
n 

ha
s 

be
en

 re
po

rt
ed

 
in

 2
0%

‐3
0%

 o
f c

hi
ld

re
n 

an
d 

ha
s 

be
en

 o
bs

er
ve

d 
in

 b
ot

h 
th

os
e 

w
ith

 a
nd

 th
os

e 
w

ith
ou

t o
ve

rt
 G

I i
nv

ol
ve

m
en

t.

G
I s

ym
pt

om
s 

ar
e 

co
m

m
on

 
fin

di
ng

s 
in

 c
hi

ld
re

n 
w

ith
 

SA
RS

‐C
oV

‐2
 in

fe
ct

io
n.

 F
ec

al
 

sh
ed

di
ng

 in
 a

sy
m

pt
om

at
ic 

ch
ild

re
n 

an
d 

pr
ol

on
ge

d 
fe

ca
l 

el
im

in
at

io
n,

 la
st

in
g 

se
ve

ra
l d

ay
s 

af
te

r n
eg

at
ivi

za
tio

n 
of

 R
T‐

PC
R 

on
 re

sp
ira

to
ry

 s
w

ab
s, 

ha
ve

 b
ee

n 
re

po
rt

ed
 w

ith
 v

ar
ia

bl
e 

fre
qu

en
cy

 
in

 c
hi

ld
re

n 
w

ith
 C

ov
id

‐1
9.

Co
lliv

ig
na

re
lli 

20
20

no
To

 re
vie

w
 th

e 
ev

id
en

ce
 o

n 
th

e 
pr

es
en

ce
 o

f S
AR

S-
Co

V-
2 

in
 w

as
te

w
at

er
 

an
d 

se
w

ag
e 

slu
dg

e,
 th

e 
fa

ct
or

s 
aff

ec
tin

g 
its

 in
ac

tiv
at

io
n 

an
d 

th
e 

m
ai

n 
pr

op
os

ed
 tr

ea
tm

en
ts

. (
se

ar
ch

 d
at

e 
N

R;
 

pr
ep

rin
t p

os
te

d 
Ju

ne
 2

02
0)

.

20
 (N

A)
Li

te
ra

tu
re

 o
n 

SA
RS

-C
oV

-2
 in

 w
as

te
w

at
er

s 
is 

cu
rr

en
tly

 
lim

ite
d.

 F
or

 S
AR

S-
Co

V-
1,

 it
s 

re
sis

ta
nc

e 
in

 w
as

te
w

at
er

 is
 

lim
ite

d,
 e

sp
ec

ia
lly

 a
t t

em
pe

ra
tu

re
s 

ab
ov

e 
20

 °C
, a

nd
 th

e 
vir

us
 h

as
 b

ee
n 

ea
sil

y 
re

m
ov

ed
 w

ith
 c

hl
or

in
e 

(>
 0

.5
 m

g 
L-

1 
fo

r 3
0 

m
in

).

De
te

ct
io

n 
of

 S
AR

S-
Co

V-
2 

in
 

w
as

te
w

at
er

 m
ig

ht
 tr

ac
k 

th
e 

ep
id

em
ic 

tre
nd

s: 
al

th
ou

gh
 

pr
om

isi
ng

, a
n 

eff
ec

tiv
e 

an
d 

w
id

e 
ap

pl
ica

tio
n 

of
 th

is 
ap

pr
oa

ch
 

re
qu

ire
s 

a 
de

ep
er

 k
no

w
le

dg
e 

of
 th

e 
am

ou
nt

s 
of

 v
iru

se
s 

ex
cr

et
ed

 in
 fa

ec
es

, a
nd

 th
e 

ac
tu

al
 d

et
ec

ta
bi

lit
y 

of
 v

ira
l R

N
A 

in
 

se
w

ag
e.

Cu
icc

hi
 D

 2
02

0
no

To
 c

ol
le

ct
 th

e 
da

ta
 a

va
ila

bl
e 

on
 S

AR
S-

Co
V-

2 
in

 th
e 

G
I s

ys
te

m
 a

nd
 e

va
lu

at
e 

w
he

th
er

 th
e 

di
ge

st
ive

 s
ys

te
m

 c
ou

ld
 

co
nt

rib
ut

e 
to

 v
ira

l t
ra

ns
m

iss
io

n 
(3

1 
M

ay
 2

02
0)

.

27
 (6

71
)

46
.5

%
 p

at
ie

nt
s 

ha
d 

a 
po

sit
ive

 s
to

ol
 s

am
pl

e 
fo

r S
AR

S-
Co

V-
2 

RN
A;

 6
3.

9%
 re

m
ai

ne
d 

po
sit

ive
 a

fte
r p

ha
ry

ng
ea

l 
sw

ab
s 

be
ca

m
e 

ne
ga

tiv
e;

 in
 3

 s
tu

di
es

, i
n 

sa
m

pl
es

 o
f 

3 
pa

tie
nt

s 
ou

t o
f 8

 e
xa

m
in

ed
, S

AR
S-

Co
V-

2 
RN

A 
w

as
 

fo
un

d 
in

 G
I t

iss
ue

s. 
Li

ve
 v

iru
s 

in
 s

to
ol

 s
am

pl
es

 w
as

 
co

nfi
rm

ed
 in

 tw
o 

st
ud

ie
s 

an
d 

no
t f

ou
nd

 in
 a

no
th

er
 

st
ud

y. 
Th

es
e 

re
su

lts
 s

ug
ge

st
ed

 th
at

 S
AR

S-
Co

V-
2 

co
ul

d 
in

fe
ct

 g
as

tro
in

te
st

in
al

 e
pi

th
el

ia
l c

el
ls 

an
d 

it 
m

ay
 b

e 
tra

ns
m

itt
ed

 th
ro

ug
h 

th
e 

di
ge

st
ive

 tr
ac

t.

Th
es

e 
re

su
lts

 s
ug

ge
st

ed
 th

at
 

SA
RS

-C
oV

-2
 c

ou
ld

 in
fe

ct
 G

I 
ep

ith
el

ia
l c

el
ls 

an
d 

it 
m

ay
 

be
 tr

an
sm

itt
ed

 th
ro

ug
h 

th
e 

di
ge

st
ive

 tr
ac

t.

Page 15 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://www.sciencedirect.com/science/article/pii/S0048969720336433?via=ihub
https://pubmed.ncbi.nlm.nih.gov/32251668/
https://onlinelibrary.wiley.com/doi/10.1111/pai.13373
https://www.medrxiv.org/content/10.1101/2020.06.04.20122218v1
https://www.medrxiv.org/content/10.1101/2020.06.04.20122218v1
https://link.springer.com/article/10.1007/s00384-020-03785-7


St
ud

y 
(n

= 
33

; 
1 

is
 a

 c
oh

or
t 

an
d 

SR
 s

o 
ap

pe
ar

s 
in

 
bo

th
 1

a 
an

d 
1b

)

Fu
lfi

ls
 

sy
st

em
at

ic
 

re
vi

ew
 

m
et

ho
ds

Re
se

ar
ch

 q
ue

st
io

n 
(s

ea
rc

h 
da

te
 u

p 
to

)
N

o.
 in

cl
ud

ed
 

st
ud

ie
s 

   
 (N

o.
 

pa
rt

ic
ip

an
ts

)

M
ai

n 
re

su
lt

s
Ke

y 
co

nc
lu

si
on

s

Di
ng

 S
 2

02
0

no
Is

 S
AR

S-
Co

V-
2 

al
so

 a
n 

en
te

ric
 

pa
th

og
en

 w
ith

 p
ot

en
tia

l f
ec

al
-o

ra
l 

tr
an

sm
iss

io
n?

 (s
ea

rc
h 

da
te

 N
R;

 re
vie

w
 

co
m

pl
et

ed
 2

3 
Ap

ril
 2

02
0)

N
R

SA
RS

-C
oV

-2
 is

 c
ap

ab
le

 o
f i

nf
ec

tin
g 

th
e 

ga
st

ro
in

te
st

in
al

 
tra

ct
 a

nd
 s

he
dd

in
g 

in
 th

e 
en

vir
on

m
en

t f
or

 p
ot

en
tia

l 
hu

m
an

-to
-h

um
an

 tr
an

sm
iss

io
n;

 m
or

e 
re

se
ra

ch
 

in
 n

ee
de

d 
to

 u
nd

er
st

an
d 

th
e 

ex
te

nt
 a

nd
 re

la
tiv

e 
im

po
rt

an
ce

 o
f t

he
se

. .

W
or

k 
is 

ne
ed

ed
 to

 e
xa

m
in

e 
th

e 
fu

ll 
ex

te
nt

 o
f G

I a
nd

 li
ve

r a
sp

ec
ts

 
of

 C
O

VI
D-

19

Do
na

 2
02

0
no

To
 re

vie
w

 e
vid

en
ce

 o
n 

G
I s

ym
pt

om
s 

an
d 

th
e 

us
e 

of
 re

ct
al

 s
w

ab
s 

to
 d

et
ec

t 
SA

RS
-C

oV
-2

 R
N

A,
 in

 c
hi

ld
re

n.
 (s

ea
rc

h 
da

te
 N

R;
 s

tu
dy

 p
ub

lis
he

d 
Ju

ly 
20

20
).

N
R

G
I s

ym
pt

om
s 

ha
ve

 b
ee

n 
re

po
rt

ed
 m

or
e 

co
m

m
on

ly 
am

on
g 

ch
ild

re
n 

th
an

 a
du

lts
 w

ith
 C

ov
id

-1
9.

 S
AR

S-
Co

V-
2 

RN
A 

ha
s 

be
en

 d
et

ec
te

d 
in

 s
ev

er
al

 s
tu

di
es

 o
f r

ec
ta

l 
sw

ab
s 

in
 c

hi
ld

re
n.

Fu
rt

he
r e

vid
en

ce
 o

n 
G

I 
in

vo
lve

m
en

t a
nd

 e
xc

re
tio

n 
of

 
SA

RS
-C

oV
-2

 in
 fa

ec
es

 is
 n

ee
de

d 
to

 c
on

fir
m

 fe
ca

l v
ira

l l
oa

ds
 

re
ga

rd
le

ss
 o

f e
nt

er
ic 

sy
m

pt
om

s, 
an

d 
to

 b
et

te
r e

xp
lo

re
 v

ira
l R

N
A 

de
te

ct
io

n 
ac

ro
ss

 th
e 

di
se

as
e 

co
ur

se
.

Ed
w

ar
ds

 2
02

0
ye

s
To

 d
es

cr
ib

e 
w

he
th

er
 S

AR
S-

Co
V-

2 
vir

al
 

lo
ad

s 
(V

Ls
) a

nd
 c

yc
le

 th
re

sh
ol

ds
 (C

Ts
) 

va
ry

 b
y 

sa
m

pl
e 

ty
pe

, d
ise

as
e 

se
ve

rit
y 

an
d 

sy
m

pt
om

s 
du

ra
tio

n 
(8

 A
pr

il 
20

20
)

24
 (1

73
)

Vi
ra

l l
oa

ds
 h

ig
he

r i
n 

sa
liv

a 
an

d 
sp

ut
um

 v
s 

N
P 

sw
ab

s; 
in

 
as

ym
pt

om
at

ics
; &

 in
 s

ev
er

e 
CO

VI
D-

19
. S

to
ol

 s
am

pl
es

 
po

sit
ive

 fo
r a

 lo
ng

er
 p

er
io

d 
th

an
 o

th
er

 s
am

pl
es

.

Di
ag

no
st

ic 
st

ra
te

gi
es

 s
ho

ul
d 

co
ns

id
er

 th
es

e 
va

ria
tio

ns
 in

 v
ira

l 
lo

ad
s.

El
-W

ah
ab

 E
W

A 
20

20
no

Su
m

m
ar

ize
 th

e 
w

ay
s 

in
 w

hi
ch

 S
AR

S-
Co

V-
2 

is 
tra

ns
m

itt
ed

 a
nd

 p
ro

vid
e 

sc
ie

nt
ifi

c 
su

pp
or

t f
or

 th
e 

pr
ev

en
tio

n 
an

d 
co

nt
ro

l o
f C

O
VI

D-
19

 (3
1 

Ju
ly 

20
20

).

30
2 

(N
R)

Th
e 

ba
sic

 m
ec

ha
ni

sm
s 

of
 S

AR
S-

Co
V-

2 
tra

ns
m

iss
io

n 
pe

rs
on

-to
-p

er
so

n 
co

nt
ac

t t
hr

ou
gh

 re
sp

ira
to

ry
 d

ro
pl

et
s, 

or
 v

ia
 in

di
re

ct
 c

on
ta

ct
...

 A
lth

ou
gh

 S
AR

S-
Co

V-
2 

ha
s 

be
en

 d
et

ec
te

d 
in

 n
on

-re
sp

ira
to

ry
 s

pe
cim

en
s, 

in
clu

di
ng

 
st

oo
l, 

bl
oo

d 
an

d 
br

ea
st

 m
ilk

, t
he

ir 
ro

le
 in

 tr
an

sm
iss

io
n 

re
m

ai
ns

 u
nc

er
ta

in
.

Ad
di

tio
na

l r
es

ea
rc

h 
is 

ne
ed

ed
 to

 
be

tte
r u

nd
er

st
an

d 
tra

ns
m

iss
io

n.

G
up

ta
 2

02
0

no
To

 e
st

ab
lis

h 
th

e 
in

cid
en

ce
 a

nd
 ti

m
in

g 
of

 p
os

iti
ve

 fa
ec

al
 s

am
pl

es
 fo

r S
AR

S‐
Co

V‐
2 

in
 p

at
ie

nt
s 

w
ith

 C
ov

id
‐1

9 
(3

 A
pr

il 
20

20
)

26
 (N

R)
Pe

rs
ist

en
t R

N
A 

sh
ed

di
ng

 h
as

 b
ee

n 
re

co
rd

ed
 in

 a
 

nu
m

be
r o

f s
tu

di
es

, e
ve

n 
su

bs
eq

ue
nt

 to
 re

sp
ira

to
ry

 
te

st
 n

eg
at

ivi
ty

. N
ot

ab
ly,

 in
 o

ne
 s

tu
dy

, 4
4/

 1
53

 s
to

ol
 

sp
ec

im
en

s 
te

st
ed

 w
er

e 
PC

R 
po

sit
ive

 a
nd

 li
ve

 v
iru

s 
w

as
 

de
te

ct
ed

 in
 2

 o
f 4

 s
pe

cim
en

s 
cu

ltu
re

.

Th
er

e 
is 

a 
hi

gh
 in

cid
en

ce
 a

nd
 

pe
rs

ist
en

ce
 o

f p
os

iti
ve

 fa
ec

al
 

RT
‐P

CR
 te

st
s 

fo
r S

AR
S‐

Co
V‐

2 
af

te
r 

ne
ga

tiv
e 

na
so

ph
ar

yn
ge

al
 s

w
ab

s 
in

 p
at

ie
nt

s 
w

ith
 C

ov
id

‐1
9.

H
an

 Z
 2

02
0

no
To

 re
vie

w
 p

ub
lis

he
d 

st
ud

ie
s 

ab
ou

t 
di

sc
ha

rg
ed

 p
at

ie
nt

s 
te

st
in

g 
po

sit
ive

 
ag

ai
n 

fo
r S

AR
S‐

Co
V‐

2 
RN

A.
 (2

7 
Ap

ril
 

20
20

)

12
 (9

0)
Al

l s
tu

di
es

 w
er

e 
in

 C
hi

na
. T

he
se

 re
po

rt
s 

in
di

ca
te

s 
th

e 
pr

es
en

ce
 o

f d
isc

ha
rg

ed
 p

at
ie

nt
s 

w
ho

 re
m

ai
n 

as
ym

pt
om

at
ic 

bu
t t

es
t P

CR
- p

os
iti

ve
; h

ow
ev

er
, i

t i
s 

un
cle

ar
 w

he
th

er
 th

ey
 a

re
 c

on
ta

gi
ou

s

Th
is 

re
vie

w
 s

ug
ge

st
s 

th
e 

ne
ed

 
fo

r p
ar

al
le

l t
es

tin
g 

of
 d

iff
er

en
t 

sa
m

pl
es

 e
.g

. f
ec

al
 s

pe
cim

en
s, 

fro
m

 C
ov

id
‐1

9 
pa

tie
nt

s 
be

fo
re

 
an

d 
af

te
r t

he
y 

ar
e 

di
sc

ha
rg

ed
 

fro
m

 h
os

pi
ta

ls.

Ji 
B 

20
20

no
To

 p
ro

vid
e 

a 
co

m
pr

eh
en

siv
e 

pr
ofi

le
 o

n 
th

e 
tr

an
sm

iss
io

n 
ch

ar
ac

te
ris

tic
s 

of
 th

e 
co

ro
na

vir
us

es
 in

 w
at

er
, s

lu
dg

e,
 a

nd
 a

ir 
en

vir
on

m
en

t, 
es

pe
cia

lly
 th

e 
w

at
er

 a
nd

 
w

as
te

w
at

er
 tr

ea
tm

en
t s

ys
te

m
s. 

(S
ea

rc
h 

da
te

 N
R;

 p
ap

er
 a

va
ila

bl
e 

on
lin

e 
27

 
O

ct
ob

er
 2

02
0)

.

N
R

Ex
ist

in
g 

dr
in

ki
ng

 w
at

er
 tr

ea
tm

en
t p

ro
to

co
ls 

eff
ec

tiv
el

y 
re

m
ov

e 
SA

RS
-C

oV
-2

 a
nd

 to
 d

at
e,

 d
rin

ki
ng

 w
at

er
 is

 s
af

e.
 

SA
RS

-C
oV

-2
 is

 s
he

d 
in

 th
e 

fa
ec

es
 a

nd
 u

rin
e 

of
 in

fe
ct

ed
 

in
di

vid
ua

ls 
an

d 
th

en
 e

nt
er

s 
w

as
te

w
at

er
. W

as
te

w
at

er
 

m
on

ito
rin

g 
co

ul
d 

be
 a

 s
tra

te
gi

c 
su

rv
ei

lla
nc

e 
to

ol
.

In
te

ns
ive

 s
tu

di
es

 o
f S

AR
S-

Co
V-

2 
ac

tiv
ity

 a
nd

 s
ur

viv
al

 in
 w

at
er

 a
nd

 
w

as
te

w
at

er
 tr

ea
tm

en
t a

re
 h

ig
hl

y 
de

sir
ab

le
.

Page 16 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://pubmed.ncbi.nlm.nih.gov/32353371/
https://pubmed.ncbi.nlm.nih.gov/32304466/
https://www.medrxiv.org/content/10.1101/2020.09.16.20195982v1
https://mediccreview.org/sars-cov-2-transmission-channels-a-review-of-the-literature/
https://mediccreview.org/sars-cov-2-transmission-channels-a-review-of-the-literature/
https://onlinelibrary.wiley.com/doi/full/10.1111/codi.15138
https://onlinelibrary.wiley.com/doi/10.1002/jmv.26250
https://www.sciencedirect.com/science/article/pii/S1385894720336445?via=ihub


St
ud

y 
(n

= 
33

; 
1 

is
 a

 c
oh

or
t 

an
d 

SR
 s

o 
ap

pe
ar

s 
in

 
bo

th
 1

a 
an

d 
1b

)

Fu
lfi

ls
 

sy
st

em
at

ic
 

re
vi

ew
 

m
et

ho
ds

Re
se

ar
ch

 q
ue

st
io

n 
(s

ea
rc

h 
da

te
 u

p 
to

)
N

o.
 in

cl
ud

ed
 

st
ud

ie
s 

   
 (N

o.
 

pa
rt

ic
ip

an
ts

)

M
ai

n 
re

su
lt

s
Ke

y 
co

nc
lu

si
on

s

Jo
ne

s 
20

20
no

To
 c

rit
ica

lly
 e

va
lu

at
e 

th
e 

in
cid

en
ce

 o
f G

I 
sy

m
pt

om
s, 

th
e 

qu
an

tit
y 

an
d 

in
fe

ct
ivi

ty
 

of
 S

AR
S-

Co
V-

2 
in

 fe
ce

s 
an

d 
ur

in
e,

 a
nd

 
w

he
th

er
 th

es
e 

po
se

 a
n 

in
fe

ct
io

n 
ris

k 
in

 s
an

ita
ry

 s
et

tin
gs

, s
ew

ag
e 

ne
tw

or
ks

, 
w

as
te

w
at

er
 tr

ea
tm

en
t p

la
nt

s, 
an

d 
th

e 
w

id
er

 e
nv

iro
nm

en
t e

.g
. r

ive
rs

, l
ak

es
 

an
d 

m
ar

in
e 

w
at

er
s. 

(s
ea

rc
h 

da
te

 N
R;

 
st

ud
y 

pu
bl

ish
ed

 2
0 

De
ce

m
be

r 2
02

0)

48
 (N

A)
SA

RS
-C

oV
-2

 R
N

A 
ca

n 
be

 re
ad

ily
 d

et
ec

te
d 

in
 fe

ce
s 

an
d 

oc
ca

sio
na

lly
 u

rin
e.

 S
ev

er
e 

G
I d

ys
fu

nc
tio

n 
on

ly 
oc

cu
rs

 
in

 a
 s

m
al

l n
um

be
r o

f c
as

es
 (1

1 
± 

2%
). 

Li
ke

lih
oo

d 
of

 
SA

RS
-C

oV
-2

 b
ei

ng
 tr

an
sm

itt
ed

 v
ia

 fe
ce

s 
ap

pe
ar

s 
ve

ry
 

lo
w.

 L
ik

el
ih

oo
d 

of
 in

fe
ct

io
n 

fro
m

 s
ew

ag
e-

co
nt

am
in

at
ed

 
w

at
er

 o
r f

oo
d 

is 
ex

tre
m

el
y 

lo
w.

Th
e 

lik
el

ih
oo

d 
of

 S
AR

S-
Co

V-
2 

be
in

g 
tra

ns
m

itt
ed

 v
ia

 fe
ce

s 
or

 
ur

in
e 

ap
pe

ar
s 

lo
w

 d
ue

 to
 th

e 
lo

w
 

re
la

tiv
e 

am
ou

nt
s 

of
 v

iru
s 

pr
es

en
t 

in
 fe

ce
s/

ur
in

e.

Ka
ria

 2
02

0
ye

s
To

 re
vie

w
 th

e 
so

ur
ce

s 
of

 v
ira

l s
he

dd
in

g 
th

at
 h

av
e 

be
en

 re
po

rt
ed

 to
 d

at
e 

an
d 

co
m

pa
re

 th
e 

du
ra

tio
n 

of
 s

he
dd

in
g 

fro
m

 d
iff

er
en

t s
ou

rc
es

 a
nd

 th
ei

r 
re

la
tio

n 
to

 c
lin

ica
l r

ec
ov

er
y 

(Ju
ly 

20
20

)

19
 (1

,4
33

)
Pr

ol
on

ge
d 

sh
ed

di
ng

 o
bs

er
ve

d 
in

 a
 ra

ng
e 

of
 s

pe
cim

en
s; 

m
ax

 d
ur

at
io

n 
to

 c
on

ve
rs

io
n 

60
 d

ay
s; 

in
 s

ev
er

al
 s

tu
di

es
, 

vir
al

 s
he

dd
in

g 
fro

m
 th

e 
G

I t
ra

ct
 w

as
 fo

r a
 lo

ng
er

 
du

ra
tio

n 
an

d 
at

 a
 g

re
at

er
 v

ira
l l

oa
d 

th
an

 fr
om

 th
e 

re
sp

ira
to

ry
 tr

ac
t.

Pr
ol

on
ge

d 
vir

al
 s

he
dd

in
g 

is 
im

po
rt

an
t t

o 
co

ns
id

er
 

w
hi

le
 d

isc
on

tin
ui

ng
 is

ol
at

io
n 

pr
oc

ed
ur

es
 a

nd
/o

r d
isc

ha
rg

in
g 

SA
RS

-C
oV

-2
 p

at
ie

nt
s.

Ki
ng

sb
ur

y 
20

20
no

W
ha

t i
s 

in
te

rn
at

io
na

l b
es

t p
ra

ct
ice

 
re

ga
rd

in
g 

re
du

cin
g 

th
e 

lik
el

ih
oo

d 
th

at
 fo

od
 p

ro
du

ct
s 

or
 p

ac
ka

gi
ng

 
ar

e 
ve

ct
or

s 
fo

r C
O

VI
D-

19
? I

n 
th

is 
co

nt
ex

t, 
so

ur
ce

s 
of

 C
O

VI
D-

19
 m

ay
 b

e 
pr

od
uc

tio
n 

or
 s

up
pl

y 
ch

ai
n 

w
or

ke
rs

? 
W

ha
t i

s 
in

te
rn

at
io

na
l b

es
t p

ra
ct

ice
 fo

r 
m

iti
ga

tio
n 

op
tio

ns
 to

 re
du

ce
 tr

an
sf

er
 

of
 C

O
VI

D-
19

 fr
om

 w
or

ke
rs

 to
 fo

od
 

pr
od

uc
ts

? (
28

 A
pr

il 
20

20
)

> 
77

 (N
R)

In
fe

ct
io

us
 v

iru
s 

ha
s 

be
en

 fo
un

d 
in

 fa
ec

es
 o

f s
om

e 
in

fe
ct

ed
 p

eo
pl

e,
 ra

isi
ng

 th
e 

po
ss

ib
ilit

y 
of

 fa
ec

al
-o

ra
l 

tra
ns

m
iss

io
n 

via
 c

on
ta

m
in

at
ed

 v
eh

icl
es

 s
uc

h 
as

 fo
od

, 
bu

t t
he

re
 is

 n
o 

ev
id

en
ce

 fo
r t

hi
s 

ha
vin

g 
oc

cu
rr

ed
.

Be
st

 p
ra

ct
ice

 fo
r r

ed
uc

in
g 

th
e 

ris
k 

of
 c

on
ta

m
in

at
io

n 
of

 fo
od

 
pr

od
uc

ts
 o

r p
ac

ka
gi

ng
 c

on
tin

ue
s 

to
 b

e 
m

an
ag

in
g 

th
e 

ris
k 

of
 

SA
RS

- C
oV

-2
 in

fe
ct

io
n 

am
on

gs
t 

w
or

ke
rs

.

La
 R

os
a 

a
no

Sc
op

in
g 

re
vie

w
 (2

3 
Fe

br
ua

ry
 2

02
0)

12
 (N

/A
)

Co
ro

na
vir

us
es

 s
ee

m
s 

to
 h

av
e 

a 
lo

w
 s

ta
bi

lit
y 

in
 th

e 
en

vir
on

m
en

t a
nd

 b
e 

ve
ry

 s
en

sit
ive

 to
 o

xi
da

nt
s 

su
ch

 
as

 c
hl

or
in

e;
 c

or
on

av
iru

se
s 

ap
pe

ar
 to

 b
e 

in
ac

tiv
at

ed
 

sig
ni

fic
an

tly
 fa

st
er

 in
 w

at
er

 th
an

 n
on

-e
nv

el
op

ed
 h

um
an

 
en

te
ric

 v
iru

se
s 

w
ith

 k
no

w
n 

w
at

er
bo

rn
e 

tra
ns

m
iss

io
n;

 
te

m
pe

ra
tu

re
 is

 a
n 

im
po

rt
an

t f
ac

to
r i

nfl
ue

nc
in

g 
vir

al
 

su
rv

iva
l: 

th
e 

tit
er

 o
f i

nf
ec

tio
us

 v
iru

s 
de

cli
ne

s 
m

or
e 

ra
pi

dl
y 

at
 2

3 
to

 2
5 

°C
 th

an
 a

t 4
 °C

; t
he

re
 is

 n
ot

 c
ur

re
nt

 
ev

id
en

ce
 th

at
 h

um
an

 c
or

on
av

iru
se

s 
ar

e 
pr

es
en

t i
n 

su
rfa

ce
 o

r g
ro

un
d 

w
at

er
s 

or
 a

re
 tr

an
sm

itt
ed

 th
ro

ug
h 

co
nt

am
in

at
ed

 d
rin

ki
ng

-w
at

er
.

Co
ro

vir
id

ae
 h

av
e 

be
en

 is
ol

at
ed

 
in

 d
iff

er
en

t t
yp

es
 o

f l
iq

ui
ds

 
fro

m
 w

as
te

 to
 s

ur
fa

ce
 w

at
er

, 
bu

t i
n 

ge
ne

ra
l t

he
y 

ap
pe

ar
 to

 
be

 u
ns

ta
bl

e.
 C

hl
or

in
at

io
n 

an
d 

hi
gh

er
 te

m
pe

ra
tu

re
s 

le
ad

 to
 

th
ei

r i
na

ct
iva

tio
n.

 A
t t

he
 ti

m
e 

of
 s

ea
rc

h 
(F

eb
 2

02
0)

 th
er

e 
w

as
 

no
t e

vid
en

ce
 o

f c
or

on
av

iru
s 

tra
ns

m
iss

io
n 

th
ro

ug
h 

co
nt

am
in

at
ed

 w
at

er
.

Page 17 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://www.sciencedirect.com/science/article/pii/S0048969720348932?via=ihub
https://link.springer.com/article/10.1007/s42399-020-00499-3
https://www.unitedfresh.co.nz/assets/COVID-19/United-Fresh---Potential-for-Foodborne-Transmission-of-Covid-19---Literature-Review-Update-19-May-20.pdf
https://www.sciencedirect.com/science/article/pii/S004313542030436X


St
ud

y 
(n

= 
33

; 
1 

is
 a

 c
oh

or
t 

an
d 

SR
 s

o 
ap

pe
ar

s 
in

 
bo

th
 1

a 
an

d 
1b

)

Fu
lfi

ls
 

sy
st

em
at

ic
 

re
vi

ew
 

m
et

ho
ds

Re
se

ar
ch

 q
ue

st
io

n 
(s

ea
rc

h 
da

te
 u

p 
to

)
N

o.
 in

cl
ud

ed
 

st
ud

ie
s 

   
 (N

o.
 

pa
rt

ic
ip

an
ts

)

M
ai

n 
re

su
lt

s
Ke

y 
co

nc
lu

si
on

s

M
eh

ra
ee

n 
20

20
no

To
 id

en
tif

y 
cu

rr
en

t e
vid

en
ce

 o
n 

tra
ns

m
iss

io
n 

m
od

es
 o

f C
ov

id
-1

9.
 (A

pr
il 

20
20

).

36
 (N

R)
Th

e 
re

vie
w

 id
en

tifi
ed

 fi
ve

 p
ot

en
tia

l t
ra

ns
m

iss
io

n 
m

od
es

 
of

 C
O

VI
D-

19
 in

clu
di

ng
 a

irb
or

ne
, d

ro
pl

et
, c

on
ta

ct
 w

ith
 

co
nt

am
in

at
ed

 s
ur

fa
ce

s, 
or

al
 a

nd
 fe

ca
l s

ec
re

tio
ns

. 
Fu

rt
he

rm
or

e,
 s

om
e 

st
ud

ie
s 

ha
ve

 p
oi

nt
ed

 o
ut

 o
th

er
 

m
od

es
 o

f v
iru

s 
tra

ns
m

iss
io

n,
 s

uc
h 

as
 p

er
so

n 
to

 p
er

so
n,

 
an

d 
di

re
ct

 c
on

ta
ct

 w
ith

 a
ni

m
al

s.

Dr
op

le
t a

nd
 c

on
ta

ct
 w

ith
 

co
nt

am
in

at
ed

 s
ur

fa
ce

s 
w

er
e 

th
e 

m
os

t f
re

qu
en

t t
ra

ns
m

iss
io

n 
m

od
es

 o
f C

O
VI

D-
19

. F
ec

al
 

ex
cr

et
io

n,
 e

nv
iro

nm
en

ta
l 

co
nt

am
in

at
io

n,
 a

nd
 fl

ui
d 

po
llu

tio
n 

m
ig

ht
 c

on
tr

ib
ut

e 
to

 a
 

vir
al

 tr
an

sm
iss

io
n.

 T
he

 p
os

sib
ilit

y 
of

 fe
ca

l t
ra

ns
m

iss
io

n 
of

 C
ov

id
-1

9 
ha

s 
im

pl
ica

tio
ns

, e
sp

ec
ia

lly
 in

 
ar

ea
s 

w
ith

 p
oo

r s
an

ita
tio

n.

M
ey

er
ow

itz
 

20
20

no
To

 re
vie

w
 th

e 
ev

id
en

ce
 o

n 
tr

an
sm

iss
io

n 
of

 S
AR

S-
Co

V-
2 

(7
 S

ep
te

m
be

r 2
02

0)
N

R
St

ro
ng

 e
vid

en
ce

 fr
om

 c
as

e 
an

d 
clu

st
er

 re
po

rt
s 

in
di

ca
te

s 
th

at
 re

sp
ira

to
ry

 tr
an

sm
iss

io
n 

is 
do

m
in

an
t, 

w
ith

 p
ro

xi
m

ity
 a

nd
 v

en
til

at
io

n 
be

in
g 

ke
y 

de
te

rm
in

an
ts

 
of

 tr
an

sm
iss

io
n 

ris
k.

 A
lth

ou
gh

 li
ve

 v
iru

s 
ha

s 
be

en
 

iso
la

te
d 

fro
m

 s
al

iva
 a

nd
 s

to
ol

 a
nd

 v
ira

l R
N

A 
ha

s 
be

en
 

iso
la

te
d 

fro
m

 s
em

en
 a

nd
 b

lo
od

 d
on

at
io

ns
, t

he
re

 a
re

 
no

 re
po

rt
ed

 c
as

es
 o

f S
AR

S-
Co

V-
2 

tra
ns

m
iss

io
n 

via
 

fe
ca

l–
or

al
, s

ex
ua

l, 
or

 b
lo

od
bo

rn
e 

ro
ut

es
. T

o 
da

te
, t

he
re

 
is 

1 
clu

st
er

 o
f p

os
sib

le
 fe

ca
l–

re
sp

ira
to

ry
 tr

an
sm

iss
io

n.

Ev
id

en
ce

 in
di

ca
te

s 
th

at
 

re
sp

ira
to

ry
 tr

an
sm

iss
io

n 
is 

do
m

in
an

t. 
Re

: f
ec

al
 a

er
os

ol
 

tra
ns

m
iss

io
n,

 g
ive

n 
ho

w
 ra

re
ly 

liv
e 

vir
us

 h
as

 b
ee

n 
iso

la
te

d 
fro

m
 s

to
ol

, t
he

 lo
w

 le
ve

ls 
of

 
re

pl
ica

tio
n-

co
m

pe
te

nt
 v

iru
s 

in
 

st
oo

l t
ha

t m
ig

ht
 b

e 
ae

ro
so

liz
ed

 
fro

m
 to

ile
t fl

us
hi

ng
 s

ee
m

 h
ig

hl
y 

un
lik

el
y 

to
 c

au
se

 in
fe

ct
io

n 
ex

ce
pt

 
un

de
r u

nu
su

al
 o

r e
xt

ra
or

di
na

ry
 

cir
cu

m
st

an
ce

s.

M
oh

ap
at

ra
 S

 
20

20
no

To
 re

vie
w

 e
vid

en
ce

 o
n 

th
e 

de
te

ct
io

n,
 

oc
cu

rr
en

ce
 a

nd
 fa

te
 o

f S
AR

S-
Co

V-
2 

(&
 o

th
er

 e
nv

el
op

ed
 v

iru
se

s)
 d

ur
in

g 
pr

im
ar

y, 
se

co
nd

ar
y, 

an
d 

te
rt

ia
ry

 
w

as
te

w
at

er
 a

nd
 w

at
er

 tr
ea

tm
en

t 
pr

oc
es

se
s. 

(S
ea

rc
h 

da
te

 N
R;

 a
rt

icl
e 

av
ai

la
bl

e 
on

lin
e 

6 
O

ct
ob

er
 2

02
0)

.

N
R

SA
RS

-C
oV

-2
 c

on
ta

m
in

at
io

n 
of

 w
at

er
 b

od
ie

s 
m

ay
 b

e 
po

ss
ib

le
 th

ro
ug

h 
or

of
ec

al
 ro

ut
e.

 S
AR

S-
Co

V-
2 

RN
A 

ha
s 

be
en

 d
et

ec
te

d 
in

 w
as

te
w

at
er

 a
cr

os
s 

th
e 

gl
ob

e.
 

Co
ag

ul
at

io
n-

flo
cc

ul
at

io
n,

 fi
ltr

at
io

n 
ca

n 
re

m
ov

e 
SA

RS
-

Co
V-

2 
RN

A 
an

d 
co

m
pl

et
e 

in
ac

tiv
at

io
n 

of
 S

AR
S-

Co
V-

2 
is 

po
ss

ib
le

 th
ro

ug
h 

ch
lo

rin
at

io
n.

M
or

e 
re

se
ar

ch
 o

n 
th

e 
po

ss
ib

ilit
y 

of
 fa

ec
al

-o
ra

l t
ra

ns
m

iss
io

n 
an

d 
its

 p
os

sib
le

 fa
te

 a
nd

 p
er

sis
te

nc
e 

in
 v

ar
io

us
 e

nv
iro

nm
en

ta
l 

co
m

pa
rt

m
en

ts
 is

 n
ee

de
d.

M
or

on
e 

20
20

ye
s

To
 c

or
re

la
te

 th
e 

pr
es

en
ce

 a
nd

 
th

e 
re

le
va

nt
 te

m
po

ra
l p

at
te

rn
s 

of
 

SA
RS

-C
oV

-2
 v

ira
l R

N
A 

in
 b

io
lo

gi
ca

l 
sp

ec
im

en
s 

(s
to

ol
, u

rin
e,

 b
lo

od
, a

nd
 

te
ar

s)
 o

f t
he

 tr
an

sm
iss

io
n 

w
ith

 c
lin

ica
l/

ep
id

em
io

lo
gi

ca
l f

ea
tu

re
s 

in
 p

at
ie

nt
s 

w
ith

 C
ov

id
-1

9 
(5

 M
ay

 2
02

0)

55
 (1

,3
48

)
Fe

ca
l p

os
iti

vit
y 

du
ra

tio
n 

(m
ed

ia
n 

19
 d

ay
s)

 w
as

 
sig

ni
fic

an
tly

 (p
 <

 0
.0

01
) l

on
ge

r t
ha

n 
re

sp
ira

to
ry

 tr
ac

t 
po

sit
ivi

ty
 (m

ed
ia

n 
14

 d
ay

s)
. L

im
ite

d 
da

ta
 a

re
 a

va
ila

bl
e 

ab
ou

t t
he

 o
th

er
 s

pe
cim

en
s.

At
te

nt
io

n 
sh

ou
ld

 b
e 

pa
id

 to
 

ne
ga

tiv
iza

tio
n 

cr
ite

ria
 fo

r C
O

VI
D-

19
, b

ec
au

se
 p

at
ie

nt
s 

co
ul

d 
ha

ve
 

lo
ng

er
 a

lte
rn

at
ive

 v
ira

l s
he

dd
in

g.

Pa
m

pl
on

a 
20

20
 

ye
s

To
 d

es
cr

ib
e 

th
e 

ev
id

en
ce

 o
n 

G
I 

sy
m

pt
om

s, 
en

te
ric

 in
vo

lve
m

en
t a

nd
 

fe
ca

l e
xc

re
tio

n 
of

 S
AR

S-
Co

V-
2 

vir
al

 
RN

A,
 a

nd
 to

 d
isc

us
s 

th
e 

po
ss

ib
le

 fe
ca

l-
or

al
 tr

an
sm

iss
io

n 
pa

th
w

ay
 o

f C
ov

id
-1

9.
 

(1
2 

Ap
ril

 2
02

0)

33
 (N

R)
H

ig
h 

va
ria

bi
lty

 in
 G

I s
ym

pt
om

 re
po

rt
in

g,
 s

um
m

ar
y 

es
tim

at
e 

G
I s

ym
pt

om
s 

pr
es

en
t i

n 
16

%
, d

ia
rr

he
a 

in
 8

.1
%

, 
na

us
ea

-v
om

iti
ng

 in
 1

2%
 a

nd
 a

bd
om

in
al

 p
ai

n 
in

 4
%

 o
f 

Co
vid

-1
9 

pa
tie

nt
s.

G
I s

ym
pt

om
s 

ar
e 

co
m

m
on

 in
 

SA
RS

 C
oV

-2
 in

fe
ct

io
n 

at
 th

e 
tim

e 
of

 p
at

ie
nt

 a
dm

iss
io

n,
 s

om
et

im
es

 
pr

ec
ed

in
g 

re
sp

ira
to

ry
 s

ym
pt

om
s, 

an
d 

so
m

et
im

es
 re

pr
es

en
t t

he
 

on
ly 

cli
ni

ca
l m

an
ife

st
at

io
n.

Page 18 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://www.eurekaselect.com/187995/article
https://www.eurekaselect.com/187995/article
https://www.acpjournals.org/doi/full/10.7326/M20-5008
https://www.acpjournals.org/doi/full/10.7326/M20-5008
https://www.sciencedirect.com/science/article/pii/S0048969720362756?via=ihub
https://www.sciencedirect.com/science/article/pii/S0048969720362756?via=ihub
https://pubmed.ncbi.nlm.nih.gov/32984389/
https://pubmed.ncbi.nlm.nih.gov/32956179/


St
ud

y 
(n

= 
33

; 
1 

is
 a

 c
oh

or
t 

an
d 

SR
 s

o 
ap

pe
ar

s 
in

 
bo

th
 1

a 
an

d 
1b

)

Fu
lfi

ls
 

sy
st

em
at

ic
 

re
vi

ew
 

m
et

ho
ds

Re
se

ar
ch

 q
ue

st
io

n 
(s

ea
rc

h 
da

te
 u

p 
to

)
N

o.
 in

cl
ud

ed
 

st
ud

ie
s 

   
 (N

o.
 

pa
rt

ic
ip

an
ts

)

M
ai

n 
re

su
lt

s
Ke

y 
co

nc
lu

si
on

s

Pa
ra

sa
 2

02
0

ye
s

W
ha

t a
re

 th
e 

in
cid

en
ce

 ra
te

s 
of

 
ga

st
ro

in
te

st
in

al
 s

ym
pt

om
s 

am
on

g 
pa

tie
nt

s 
w

ith
 S

AR
S-

Co
V-

2 
in

fe
ct

io
n?

 (3
0 

M
ar

ch
 2

02
0)

29
 (4

80
5)

Po
ol

ed
 ra

te
s 

w
er

e 
7.

4%
 (9

5%
CI

 4
.3

%
 to

 1
2.

2%
) o

f 
pa

tie
nt

s 
re

po
rt

in
g 

di
ar

rh
ea

 a
nd

 4
.6

%
 (9

5%
CI

 2
.6

%
 to

 
8.

0%
) o

f p
at

ie
nt

s 
re

po
rt

in
g 

na
us

ea
 o

r v
om

iti
ng

. F
ec

al
 

te
st

s 
th

at
 w

er
e 

po
sit

ive
 fo

r S
AR

S-
Co

V-
2 

w
er

e 
re

po
rt

ed
 

in
 8

 s
tu

di
es

, a
nd

 v
ira

l R
N

A 
sh

ed
di

ng
 w

as
 d

et
ec

te
d 

in
 fe

ce
s 

in
 4

0.
5%

 (9
5%

 C
I, 

27
.4

%
-5

5.
1%

) o
f p

at
ie

nt
s. 

Th
er

e 
w

as
 h

ig
h 

le
ve

l o
f h

et
er

og
en

ei
ty

 (I
2 =

 94
%

), 
bu

t n
o 

st
at

ist
ica

lly
 s

ig
ni

fic
an

t p
ub

lic
at

io
n 

bi
as

 n
ot

ed
.

Th
es

e 
fin

di
ng

s 
su

gg
es

t t
ha

t t
ha

t 
12

%
 o

f p
at

ie
nt

s 
w

ith
 C

O
VI

D-
19

  
w

ill 
m

an
ife

st
 G

I s
ym

pt
om

s; 
ho

w
ev

er
, S

AR
-C

oV
-2

 s
he

dd
in

g 
w

as
 o

bs
er

ve
d 

in
 4

0.
5%

 o
f 

pa
tie

nt
s 

w
ith

 c
on

fir
m

ed
  

SA
RS

-C
oV

-2
 in

fe
ct

io
n.

Pa
te

l 2
02

0
no

To
 u

pd
at

e 
th

e 
cu

rr
en

t l
ite

ra
tu

re
 o

n 
tra

ns
m

iss
io

n 
of

 S
AR

S-
Co

V-
2.

 (s
ea

rc
h 

da
te

 N
R;

 s
tu

dy
 p

ub
lis

he
d 

7 
Ju

ly 
20

20
)

N
R

Th
e 

ra
tio

na
le

 b
eh

in
d 

its
 tr

an
sm

iss
io

n 
po

te
nt

ia
l i

s 
th

at
 

vir
al

 R
N

A 
ha

s 
un

ex
pe

ct
ed

ly 
be

en
 d

et
ec

te
d 

in
 m

ul
tip

le
 

bo
di

ly 
flu

id
s, 

w
ith

 s
om

e 
sa

m
pl

es
 h

av
in

g 
re

m
ai

ne
d 

po
sit

ive
 fo

r e
xt

en
de

d 
pe

rio
ds

 o
f t

im
e.

 A
dd

iti
on

al
ly,

 th
e 

re
ce

pt
or

 b
y 

w
hi

ch
 th

e 
vir

us
 g

ai
ns

 c
el

lu
la

r e
nt

ry
, A

CE
2,

 
ha

s 
be

en
 fo

un
d 

to
 b

e 
ex

pr
es

se
d 

in
 d

iff
er

en
t h

um
an

 
bo

dy
 s

ys
te

m
s, 

th
er

eb
y 

po
te

nt
ia

tin
g 

its
 in

fe
ct

io
n 

in
 th

os
e 

lo
ca

tio
ns

.

De
te

ct
io

n 
of

 v
ira

l R
N

A 
sh

ed
di

ng
 

in
 m

ul
tip

le
 b

od
ily

 fl
ui

ds
/s

am
pl

es
 

su
gg

es
ts

 th
e 

po
te

nt
ia

l f
or

 m
od

es
 

of
 tr

an
sm

iss
io

n 
ad

di
tio

na
l t

o 
re

sp
ira

to
ry

, s
uc

h 
as

 b
lo

od
bo

rn
e,

 
ur

in
ar

y, 
an

d 
fe

ca
l-r

es
pi

ra
to

ry
. 

Tr
an

sm
iss

io
n 

by
 s

uc
h 

m
ea

ns
 

re
m

ai
ns

 c
on

tro
ve

rs
ia

l g
ive

n 
th

e 
lim

ite
d 

su
pp

or
tin

g 
da

ta
 fo

r e
ac

h 
m

od
e.

SA
G

E 
20

20
no

To
 d

es
cr

ib
e 

SA
RS

-C
oV

-2
 tr

an
sm

iss
io

n 
ro

ut
es

 a
nd

 e
nv

iro
nm

en
ts

 (s
ea

rc
h 

da
te

 
N

R;
 re

po
rt

 a
va

ila
bl

e 
on

lin
e 

22
 O

ct
ob

er
 

20
20

).

N
R

O
ro

fe
ca

l-r
el

at
ed

 re
su

lts
: S

AR
S-

Co
V-

2 
RN

A 
ha

s 
be

en
 

fo
un

d 
in

 s
to

ol
 s

am
pl

es
 a

nd
 R

N
A 

sh
ed

di
ng

 o
fte

n 
pe

rs
ist

s 
fo

r l
on

ge
r t

ha
n 

in
 re

sp
ira

to
ry

 s
am

pl
es

; h
ow

ev
er

, 
iso

la
tio

n 
of

 li
ve

 v
iru

s 
ha

s 
ra

re
ly 

be
en

 s
uc

ce
ss

fu
l f

ro
m

 
st

oo
l o

r u
rin

e.
 T

he
 G

I t
ra

ct
 p

ro
ba

bl
y 

is 
al

so
 s

us
ce

pt
ib

le
 

to
 in

fe
ct

io
n 

an
d 

m
ay

 s
er

ve
 a

s 
a 

tra
ns

m
iss

io
n 

po
rt

al
 

gi
ve

n 
th

e 
hi

gh
 c

on
ce

nt
ra

tio
n 

of
 A

CE
2 

re
ce

pt
or

s 
in

 
th

e 
sm

al
l b

ow
el

, h
ow

ev
er

, n
o 

pu
bl

ish
ed

 re
po

rt
s 

ha
ve

 
de

sc
rib

ed
 fa

ec
al

-o
ra

l t
ra

ns
m

iss
io

n.
 P

os
iti

ve
 R

N
A 

sa
m

pl
es

 h
av

e 
be

en
 fo

un
d 

in
 s

am
pl

es
. T

he
re

 is
 o

nl
y 

in
di

re
ct

 e
vid

en
ce

 o
f o

ro
fe

ca
l t

ra
ns

m
iss

io
n 

in
 th

is 
pa

nd
em

ic.

M
or

e 
ev

id
en

ce
 is

 n
ee

de
d 

to
 

un
de

rs
ta

nd
 tr

an
sm

iss
io

n.
 

Re
se

ar
ch

 s
ho

ul
d 

be
 e

m
be

dd
ed

 
in

to
 th

e 
pu

bl
ic 

he
al

th
 re

sp
on

se
s 

to
 th

e 
pa

nd
em

ic.

Sa
nt

os
 2

02
0

ye
s

To
 in

ve
st

ig
at

e 
di

ffe
re

nc
es

 in
 v

ira
l 

sh
ed

di
ng

 in
 re

sp
ira

to
ry

 a
nd

 fe
ca

l 
sa

m
pl

es
 fr

om
 c

hi
ld

re
n 

w
ith

 C
ov

id
-1

9.
 

(1
9 

Ap
ril

 2
02

0)

4 
(3

6)
A 

hi
gh

er
 p

ro
po

rt
io

n 
of

 c
hi

ld
re

n 
ha

d 
vir

al
 s

he
dd

in
g 

in
 

st
oo

ls 
af

te
r 1

4 
da

ys
 o

f s
ym

pt
om

s 
on

se
t c

om
pa

re
d 

to
 

re
sp

ira
to

ry
 s

am
pl

es
 (R

R=
 3

.2
, 9

5%
CI

 1
.2

 to
 8

.9
, I

2 
= 

51
%

). 
Vi

ra
l R

N
A 

sh
ed

di
ng

 w
as

 lo
ng

er
 in

 fe
ca

l s
am

pl
es

 
w

ith
 a

 m
ea

n 
di

ffe
re

nc
e 

of
 a

pp
ro

xi
m

at
el

y 
9 

da
ys

 (M
ea

n 
Di

ffe
re

nc
e 

= 
8.

6,
 9

5%
CI

 1
.7

 to
 1

5.
4,

 I2
 = 7

7%
) c

om
pa

re
d 

w
ith

 re
sp

ira
to

ry
 s

am
pl

es

SA
RS

-C
oV

-2
 s

he
dd

in
g 

se
em

s 
to

 
be

 p
re

se
nt

 in
 fe

ce
s 

fo
r a

 lo
ng

er
 

tim
e 

th
an

 in
 th

e 
re

sp
ira

to
ry

 
tra

ct
 o

f c
hi

ld
re

n.
 A

lth
ou

gh
 fe

ca
l 

SA
RS

-C
oV

-2
 p

re
se

nc
e 

in
 fe

ce
s 

do
 

no
t c

on
fir

m
 it

s 
tra

ns
m

iss
ib

ilit
y, 

th
e 

hi
gh

 a
nd

 fa
st

 s
pr

ea
d 

of
 th

e 
CO

VI
D-

19
 d

ise
as

e 
w

or
ld

w
id

e 
in

di
ca

te
 o

th
er

 tr
an

sm
iss

io
n 

ro
ut

es
 a

re
 a

lso
 p

la
us

ib
le

Page 19 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7290409/
https://link.springer.com/article/10.1007/s10096-020-03961-1
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/933225/S0824_SARS-CoV-2_Transmission_routes_and_environments.pdf
https://pubmed.ncbi.nlm.nih.gov/32452978/


St
ud

y 
(n

= 
33

; 
1 

is
 a

 c
oh

or
t 

an
d 

SR
 s

o 
ap

pe
ar

s 
in

 
bo

th
 1

a 
an

d 
1b

)

Fu
lfi

ls
 

sy
st

em
at

ic
 

re
vi

ew
 

m
et

ho
ds

Re
se

ar
ch

 q
ue

st
io

n 
(s

ea
rc

h 
da

te
 u

p 
to

)
N

o.
 in

cl
ud

ed
 

st
ud

ie
s 

   
 (N

o.
 

pa
rt

ic
ip

an
ts

)

M
ai

n 
re

su
lt

s
Ke

y 
co

nc
lu

si
on

s

Se
hm

i 2
02

0 
no

To
 e

st
ab

lis
h 

if 
th

er
e 

is 
an

y 
ev

id
en

ce
 

of
 th

e 
pr

es
en

ce
 o

f l
ive

 S
AR

S-
Co

V-
2 

in
 

fe
ce

s 
of

 C
ov

id
-1

9 
pa

tie
nt

s.n
 (6

 Ju
ne

 
20

20
)

4 
(8

)
1 

st
ud

y 
su

cc
es

sf
ul

ly 
iso

la
te

d 
liv

e 
SA

RS
-C

oV
-2

 v
iru

s 
in

 th
e 

st
oo

l s
am

pl
e 

of
 a

 p
at

ie
nt

 w
ith

 s
ev

er
e 

Co
vid

-1
9,

 u
sin

g 
Ve

ro
 c

el
l c

ul
tu

re
 &

 e
le

ct
ro

n 
m

icr
os

co
py

. A
no

th
er

 s
tu

dy
 

us
in

g 
sim

ila
r m

et
ho

ds
 is

ol
at

ed
 a

nd
 d

em
on

st
ra

te
d 

liv
e 

vir
us

 in
 2

 o
ut

 o
f 3

 p
at

ie
nt

s 
w

ho
 h

ad
 te

st
ed

 P
CR

 p
os

iti
ve

 
in

 s
to

ol
 s

am
pl

es
. T

he
 s

am
e 

au
th

or
s 

in
 a

no
th

er
 re

po
rt

 
m

en
tio

ne
d 

th
ei

r u
np

ub
lis

he
d 

fin
di

ng
s 

on
 s

uc
ce

ss
fu

l 
iso

la
tio

n 
of

 in
fe

ct
io

us
 S

AR
S-

Co
V-

2 
fro

m
 s

to
ol

. I
n 

a 
fo

ur
th

 s
tu

dy
, i

en
tifi

ca
tio

n 
of

 li
ve

 v
iru

s 
in

 s
to

ol
 w

as
 

at
te

m
pt

ed
 s

uc
ce

ss
fu

lly
 in

 2
 o

ut
 o

f 4
 p

at
ie

nt
s; 

ne
ith

er
 o

f 
th

es
e 

pa
tie

nt
s 

ha
d 

G
I s

ym
pt

om
s.

Li
ve

 S
AR

S-
Co

V-
2 

vir
us

 is
 p

re
se

nt
 

in
 fe

ca
l s

am
pl

es
 o

f C
ov

id
-1

9 
pa

tie
nt

s, 
an

d 
th

er
ef

or
e 

su
pp

or
ts

 
th

e 
hy

po
th

es
is 

th
at

 C
ov

id
-1

9 
co

ul
d 

po
te

nt
ia

lly
 b

e 
tra

ns
m

itt
ed

 
via

 th
e 

fe
co

-o
ra

l r
ou

te
.

Su
n 

S 
20

20
no

To
 re

vie
w

 fe
ca

l t
ra

ns
m

iss
io

n 
of

 
Co

vid
-1

9,
 th

e 
pr

ac
tic

es
 o

f o
pe

n 
de

fe
ca

tio
n,

 a
nd

 th
e 

re
su

lta
nt

 ro
ut

es
 

of
 tr

an
sm

iss
io

n 
of

 fe
ca

l p
at

ho
ge

ns
. 

Al
so

, w
e 

hi
gh

lig
ht

 th
e 

op
en

 d
es

ig
n 

of
 c

om
m

on
 s

qu
at

 to
ile

ts
 a

nd
 th

e 
po

te
nt

ia
l e

xp
os

ur
e 

to
 fe

ca
l d

ro
pl

et
s 

an
d 

re
sid

ue
s. 

(S
ea

rc
h 

da
te

 N
R;

 a
rt

icl
e 

pu
bl

ish
ed

 2
9 

N
ov

em
be

r 2
02

0)
.

N
R

In
 c

om
m

un
iti

es
 p

ra
ct

ici
ng

 o
pe

n 
de

fe
ca

tio
n,

 p
oo

r h
an

d 
hy

gi
en

e,
 c

on
ta

m
in

at
ed

 s
ho

es
 a

nd
 o

bj
ec

ts
, m

ec
ha

ni
ca

l 
ve

ct
or

s, 
an

d 
ou

td
oo

r h
um

an
 a

ct
ivi

tie
s 

co
ul

d 
al

l 
co

nt
rib

ut
e 

to
 fe

ca
l t

ra
ns

m
iss

io
n.

 O
th

er
 ri

sk
 fa

ct
or

s 
in

clu
de

 s
qu

at
 p

an
s 

w
ith

 li
dl

es
s 

de
sig

ns
 a

nd
 o

pe
n 

flu
sh

in
g 

m
ec

ha
ni

sm
s, 

in
-c

ub
icl

e 
op

en
 w

as
te

 b
in

s, 
an

d 
th

e 
la

ck
 o

f w
at

er
-s

ea
lin

g 
U

-tr
ap

s 
in

 s
qu

at
 to

ile
ts

.

Fe
ca

l-a
ss

oc
ia

te
d 

tra
ns

m
iss

io
n 

ha
s 

be
en

 id
en

tifi
ed

 a
s 

a 
po

te
nt

ia
l r

ou
te

 o
f v

iru
s 

sp
re

ad
 

in
 th

e 
Co

vid
-1

9 
pa

nd
em

ic,
 a

s 
an

 in
cr

ea
sin

g 
bo

dy
 o

f e
vid

en
ce

 
co

nfi
rm

ed
 h

ig
h 

vir
al

 lo
ad

in
gs

 
an

d 
in

fe
ct

ivi
ty

 o
f S

AR
S-

Co
V-

2 
in

 p
at

ie
nt

s’ 
st

oo
ls,

 in
clu

di
ng

 
as

ym
pt

om
at

ic,
 p

re
-s

ym
pt

om
at

ic,
 

an
d 

co
nv

al
es

ce
nt

 in
di

vid
ua

ls.

Ti
an

 2
02

0
no

To
 re

po
rt

 o
n 

th
e 

ga
st

ro
in

te
st

in
al

 
m

an
ife

st
at

io
ns

 a
nd

 p
at

ho
lo

gi
ca

l 
fin

di
ng

s 
of

 p
at

ie
nt

s 
w

ith
 C

O
VI

D‐
19

, 
an

d 
to

 d
isc

us
s 

th
e 

po
ss

ib
ilit

y 
of

 fa
ec

al
 

tr
an

sm
iss

io
n.

 (s
ea

rc
h 

da
te

 N
R;

 s
tu

dy
 

pu
bl

ish
ed

 3
1 

M
ar

ch
 2

02
0)

N
R 

(2
02

3 
pa

tie
nt

s)
W

ith
 a

n 
in

cid
en

ce
 o

f 3
 to

 7
9%

, G
I s

ym
pt

om
s 

in
clu

de
d 

an
or

ex
ia

 4
0 

to
 5

0%
, d

ia
rr

ho
ea

 2
%

 to
 5

0%
, v

om
iti

ng
 4

 to
 

67
%

, n
au

se
a 

1 
to

 2
9%

, a
bd

om
in

al
 p

ai
n 

2 
to

 6
%

 a
nd

 G
I 

bl
ee

di
ng

 4
 to

 1
4%

. D
ia

rr
ho

ea
 w

as
 o

bs
er

ve
d 

be
fo

re
 a

nd
 

af
te

r d
ia

gn
os

is 
w

ith
 a

 m
ea

n 
du

ra
tio

n 
of

 4
.1

 ±
 2

.5
 d

ay
s. 

Ad
ul

t a
nd

 c
hi

ld
re

n 
pa

tie
nt

s 
ca

n 
pr

es
en

t w
ith

 d
ig

es
tiv

e 
sy

m
pt

om
s 

in
 th

e 
ab

se
nc

e 
of

 re
sp

ira
to

ry
 s

ym
pt

om
s.

Tr
an

 2
02

0
no

To
 re

vie
w

 e
vid

en
ce

 o
n 

th
e 

pr
es

en
ce

 o
f 

SA
RS

-C
oV

-2
 in

 w
at

er
 a

nd
 w

as
te

w
at

er
 

an
d 

w
ha

t l
ev

el
 o

f r
isk

 it
 m

ay
 p

os
e.

 
(s

ea
rc

h 
da

te
 N

R;
 s

tu
dy

 p
ub

lis
he

d 
1 

O
ct

ob
er

 2
02

0)

N
R

SA
RS

-C
oV

-2
 h

as
 b

ee
n 

de
te

ct
ed

 in
 w

at
er

 a
nd

 
w

as
te

w
at

er
. T

he
 s

ug
ge

st
ed

 tr
an

sm
iss

io
n 

ro
ut

e 
of

  
SA

RS
-C

oV
-2

 in
to

 w
at

er
 th

ro
ug

h 
st

oo
l a

nd
 m

as
k 

of
 

in
fe

ct
ed

 p
at

ie
nt

s. 
Co

ro
na

vir
us

 is
 o

fte
n 

in
ac

tiv
at

ed
 

ra
pi

dl
y 

in
 w

at
er

. P
ap

er
-b

as
ed

 d
ev

ice
s 

ha
ve

 b
ee

n 
su

gg
es

te
d 

fo
r d

et
ec

tin
g 

tra
ce

s 
of

 S
AR

S-
Co

V-
2 

in
 w

at
er

. 
Ex

ist
in

g 
di

sin
fe

ct
io

n 
pr

oc
es

se
s 

po
ss

ib
ly 

su
ffi

cie
nt

 to
 k

ill 
SA

RS
-C

oV
-2

 in
 w

at
er

.

Th
e 

pr
es

en
ce

 o
f S

AR
S-

Co
V-

2 
RN

A 
in

 ri
ve

r w
at

er
 a

nd
 u

nt
re

at
ed

 
w

as
te

w
at

er
 is

 c
on

fir
m

ed
, b

ut
 

st
ro

ng
 e

vid
en

ce
 o

f i
ts

 s
ur

viv
al

 
tim

e 
in

 w
at

er
 e

nv
iro

nm
en

ts
 is

 
m

iss
in

g.
 O

ne
 s

tu
dy

 c
on

fir
m

ed
 

la
ck

 o
f i

nf
ec

tiv
ity

 o
f S

AR
S-

Co
V-

2 
in

 w
at

er
 b

as
ed

 o
n 

ab
se

nc
e 

of
 

cy
to

pa
th

ic 
eff

ec
t.

Page 20 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://www.medrxiv.org/content/10.1101/2020.06.27.20105429v1
https://link.springer.com/article/10.1007/s10311-020-01143-1
https://pubmed.ncbi.nlm.nih.gov/32222988/
https://www.sciencedirect.com/science/article/pii/S0013935120311622?via=ihub


St
ud

y 
(n

= 
33

; 
1 

is
 a

 c
oh

or
t 

an
d 

SR
 s

o 
ap

pe
ar

s 
in

 
bo

th
 1

a 
an

d 
1b

)

Fu
lfi

ls
 

sy
st

em
at

ic
 

re
vi

ew
 

m
et

ho
ds

Re
se

ar
ch

 q
ue

st
io

n 
(s

ea
rc

h 
da

te
 u

p 
to

)
N

o.
 in

cl
ud

ed
 

st
ud

ie
s 

   
 (N

o.
 

pa
rt

ic
ip

an
ts

)

M
ai

n 
re

su
lt

s
Ke

y 
co

nc
lu

si
on

s

va
n 

Do
or

n 
20

20
no

To
 c

rit
ica

lly
 a

ss
es

s 
th

e 
cli

ni
ca

l r
el

ev
an

ce
 

of
 te

st
in

g 
st

oo
l s

am
pl

es
 a

nd
 a

na
l 

sw
ab

s 
an

d 
pr

ov
id

e 
an

 o
ve

rv
ie

w
 o

f t
he

 
po

te
nt

ia
l f

ae
ca

l‐o
ra

l t
ra

ns
m

iss
io

n 
of

 
SA

RS
‐C

oV
‐2

 (7
 Ju

ly 
20

20
)

95
 (2

,1
49

)
93

4/
21

49
 (4

3%
) p

at
ie

nt
s 

te
st

ed
 p

os
iti

ve
 fo

r S
AR

S‐
Co

V‐
2 

in
 s

to
ol

 s
am

pl
es

 o
r a

na
l s

w
ab

s, 
w

ith
 p

os
iti

ve
 te

st
 re

su
lts

 
up

 to
 7

0 
da

ys
 a

fte
r s

ym
pt

om
 o

ns
et

. A
 m

et
a‐

an
al

ys
is 

ex
ec

ut
ed

 w
ith

 s
tu

di
es

 o
f a

t l
ea

st
 1

0 
pa

tie
nt

s 
re

ve
al

ed
 

a 
po

ol
ed

 p
os

iti
ve

 p
ro

po
rt

io
n 

of
 5

1.
8%

 (9
5%

 C
I 4

3.
8 

‐ 5
9.

7%
). 

Po
sit

ive
 fa

ec
al

 s
am

pl
es

 o
f 2

82
/4

43
 p

at
ie

nt
s 

(6
4%

) r
em

ai
ne

d 
po

sit
ive

 fo
r S

AR
S‐

Co
V‐

2 
fo

r a
 m

ea
n 

of
 

12
.5

 d
ay

s, 
up

 to
 3

3 
da

ys
 m

ax
im

um
, a

fte
r r

es
pi

ra
to

ry
 

sa
m

pl
es

 b
ec

am
e 

ne
ga

tiv
e 

fo
r S

AR
S‐

Co
V‐

2.
 V

ia
bl

e 
SA

RS
‐C

oV
‐2

 w
as

 fo
un

d 
in

 6
/1

7 
(3

5%
) p

at
ie

nt
s 

in
 w

ho
m

 
th

is 
w

as
 s

pe
cifi

ca
lly

 in
ve

st
ig

at
ed

.

Vi
ra

l s
he

dd
in

g 
of

 S
AR

S‐
Co

V‐
2 

in
 s

to
ol

 s
am

pl
es

 o
cc

ur
s 

in
 

a 
su

bs
ta

nt
ia

l p
ro

po
rt

io
n 

of
 

pa
tie

nt
s, 

m
ak

in
g 

fa
ec

al
‐o

ra
l 

tra
ns

m
iss

io
n 

pl
au

sib
le

. 
Fu

rt
he

rm
or

e,
 d

et
ec

tio
n 

in
 

st
oo

l s
am

pl
es

 o
r a

na
l s

w
ab

s 
ca

n 
pe

rs
ist

 lo
ng

 a
fte

r n
eg

at
ive

 
re

sp
ira

to
ry

 te
st

in
g.

Zh
en

-D
on

g 
20

20
no

To
 a

ss
es

s 
ep

id
em

io
og

y 
an

d 
cli

ni
ca

l 
fe

at
ur

es
 o

f C
ov

id
-1

9 
am

on
g 

Ch
in

es
e 

ch
ild

re
n.

37
 (4

06
)

As
ym

pt
om

at
ic 

in
fe

ct
io

ns
 a

nd
 m

ild
 c

as
es

 a
cc

ou
nt

 fo
r 

44
.8

%
, w

ith
 o

nl
y 

7 
ca

se
s 

of
 c

rit
ica

l i
lln

es
s; 

la
bo

ra
to

ry
 

ex
am

in
at

io
n 

of
 ly

m
ph

oc
yt

e 
co

un
ts

 is
 n

ot
 re

du
ce

d,
 a

s 
it 

is 
fo

r a
du

lts
; c

he
st

 C
T 

fin
di

ng
s 

ar
e 

le
ss

 s
ev

er
e 

th
an

 
th

os
e 

fo
r a

du
lts

. T
he

se
 p

re
se

nt
at

io
ns

 a
re

 th
e 

cli
ni

ca
l 

fe
at

ur
es

 o
f C

O
VI

D-
19

 in
 c

hi
ld

re
n.

 O
nl

y 
55

 o
f t

he
 4

06
 

ca
se

s 
w

er
e 

te
st

ed
 b

y 
an

al
 s

w
ab

 fo
r v

iru
s 

nu
cle

ic 
ac

id
, 

45
 o

f w
hi

ch
 w

er
e 

po
sit

ive
, a

cc
ou

nt
in

g 
fo

r 8
1.

8%
 o

f s
to

ol
 

sa
m

pl
es

.

Th
er

e 
ar

e 
m

or
e 

ch
ild

re
n 

th
an

 
ad

ul
ts

 w
ith

 a
sy

m
pt

om
at

ic 
in

fe
ct

io
ns

, m
ild

er
 c

on
di

tio
ns

, 
fa

st
er

 re
co

ve
ry

, a
nd

 a
 b

et
te

r 
pr

og
no

sis
. S

om
e 

co
nc

ea
le

d 
m

or
bi

di
ty

 c
ha

ra
ct

er
ist

ics
 a

lso
 

br
in

g 
di

ffi
cu

lti
es

 to
 th

e 
ea

rly
 

id
en

tifi
ca

tio
n,

 p
re

ve
nt

io
n 

an
d 

co
nt

ro
l o

f C
O

VI
D-

19
.

Page 21 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

https://onlinelibrary.wiley.com/doi/full/10.1111/apt.16036
https://onlinelibrary.wiley.com/doi/full/10.1111/apt.16036
https://www.journalofinfection.com/article/S0163-4453(20)30241-3/fulltext#articleInformation
https://www.journalofinfection.com/article/S0163-4453(20)30241-3/fulltext#articleInformation


Table 3. Quality of included primary studies.

Study Study type

Description of 
methods with 

sufficient detail 
to replicate

Sample 
sources clear

Analysis & 
reporting 

appropriate
Is bias dealt 

with Applicability

Agrawal 2020 Observational Yes Yes Yes Unclear Yes

Ahmed 2020 Observational Yes No Yes No Yes

Ampuero 2020 Observational Yes Yes Yes No Yes

Arora 2020 Observational Yes Yes Yes Unclear Yes

Betancourt 2020 Observational Yes Yes Yes Unclear Yes

Chan 2020 Observational Yes Yes Unclear No Unclear

Chavarria-Miro 2020 Observational Yes No Yes Unclear Unclear

Chen C 2020 Observational Yes Yes Not Applicable Not Applicable Unclear

Chen W 2020 Observational Yes Unclear Yes Unclear Yes

Chen Y 2020 Observational Yes Yes No No No

Cheung CCL 2020 Observational Yes Yes Yes Not Applicable Yes

Cheung K 2020 Observational Yes Yes Yes Unclear Yes

Cho 2020 Observational Yes Yes Yes No Yes

Chu H 2020 Observational Yes Yes Yes Not Applicable Yes

COVID Ix Team Observational Yes Yes Yes Unclear No

Curtis 2020 Observational Yes Yes Yes Unclear Unclear

Del Brutto 2020 Observational Yes Yes Yes Unclear Yes

Ding Z 2020 Observational Yes Not Applicable Yes Unclear Yes

Fernández‐de‐Mera 2020 Observational Yes Yes Unclear No Unclear

Fongaro 2020 Observational Yes Yes Yes Unclear Yes

Ge 2000 Observational Yes Yes Unclear Not Applicable Yes

Guerrero-Latorre 2020 Observational Yes Yes Yes Unclear Yes

Han C 2020 Observational Yes No Yes No No

Haramoto 2020 Observational Yes Yes Yes Not Applicable Yes

Hata 2020 Observational Yes Yes Yes Not Applicable Yes

Hayee 2020 Observational Yes Not Applicable Yes Unclear Yes

Hoehl M 2020 Observational Yes Yes Yes Unclear Yes

Holshue 2020 Observational Yes Yes Yes Unclear No

Iglesias 2020 Observational Yes Yes Yes Unclear Yes

Izquierdo-Lara 2020 Observational Unclear Yes Yes Unclear Yes

Jeong 2020 Observational Yes Yes Yes Unclear Yes

Jiehao 2020 Observational Yes Yes Yes Unclear No

Kang 2020 Observational Yes Yes Yes Unclear Yes

Kim J-M 2020 Observational Yes No Unclear No Unclear

La Rosa 2020 (b) Observational Yes Unclear Yes Not Applicable Not Applicable

Lescure 2020 Observational Yes Yes Yes Unclear No

Li 2020 Observational Unclear Yes Yes Unclear Unclear
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Study Study type

Description of 
methods with 

sufficient detail 
to replicate

Sample 
sources clear

Analysis & 
reporting 

appropriate
Is bias dealt 

with Applicability

Ling 2020 Observational Yes Unclear Yes Unclear No

Lo 2020 Observational Yes Yes Unclear Unclear No

Medema 2020 Observational Yes No Yes No Yes

Neault 2020 Observational Yes Unclear Yes Not Applicable Yes

Nicastri 2020 Observational Yes Yes Yes Unclear No

Ong 2020 Observational Yes No Unclear Unclear Yes

Pan 2020 Observational Unclear No Yes Unclear No

Peccia 2020 Observational Unclear Yes Yes Not Applicable Yes

Peng 2020 Observational No Yes Not Applicable No No

Qian 2020 Observational Yes Yes Yes Unclear Yes

Senapati 2020 Observational Unclear Yes Not Applicable Not Applicable No

Sharif 2020 Observational Yes Yes Yes Unclear Yes

Shutler 2020 Observational Yes No No Unclear No

Tan 2020 Observational Unclear Yes Yes Unclear No

Tang 2020 Observational Unclear Unclear Yes Unclear No

Trottier 2020 Observational Yes Yes Yes Not Applicable Yes

Wang J 2020b Observational Yes No Yes No Yes

Wang Q-X 2020 Observational Yes Yes Yes No Unclear

Wang S 2020 Observational Unclear Yes Yes No Unclear

Wang W 2020 Observational Unclear Yes Unclear Unclear Unclear

Wang X, Zhou Y 2020 Observational Yes Yes Unclear Unclear No

Wang X, Zheng J 2020 Observational Yes Yes Yes Unclear Yes

Wolf 2020 Observational Yes Yes Yes Unclear Yes

Wölfel 2020 Observational Unclear Unclear Unclear Yes Unclear

Wu Y 2020 Observational Yes No Yes No No

Wurtzer 2020 Observational Yes No Yes Unclear Yes

Xiao F & Tang M 2020 Observational Yes Yes Not Applicable No Unclear

Xiao F & Sun J 2020 Observational Yes No Not Applicable Not Applicable Unclear

Xing Y 2020 Observational Yes Unclear Unclear Unclear Yes

Xu Y 2020 Observational Yes Yes Not Applicable Not Applicable Unclear

Yang Y 2020 Observational Yes Yes Yes Unclear Yes

Young 2020 Observational Unclear Unclear Yes Unclear No

Yuan 2020 Observational Unclear Yes Yes Unclear No

Zhang J 2020 Observational Yes Unclear Unclear No Unclear

Zhang T 2020 Observational Yes Yes Yes Unclear Yes

Zhang W 2020 Observational Yes Yes Unclear Unclear Unclear

Zhang Y 2020 Observational Unclear No Yes Unclear No

Zhang Z, Chen C 2020 Observational No Yes Yes Unclear Yes

Zhao 2020 Observational Yes Yes Yes Not Applicable Yes
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MERS-CoV has been shown to infect human primary intes-
tinal epithelial cells, small intestine explants and intestinal  
organoids8. MERS-CoV has been detected in 42% of milk 
samples collected from lactating camels where it can sur-
vive for a prolonged period. A study of human primary intesti-
nal epithelial cells and small intestine explants of MERS-CoV  
patterns identified the viral replication intermediates in stool 
specimens. MERS-CoV was found to be resistant to fed-state  
gastrointestinal fluids but less tolerant to the high acidic  
fasted-state gastric fluid.

Prolonged excretion of coronaviruses in feces was first observed 
in 19779. In the SARS-CoV-1 outbreak in 2002-03, a sig-
nificant portion of patients had enteric involvement. In the 
Toronto outbreak in 2003, 6% of 144 patients had diarrhoea on  
presentation10. Among 138 patients with SARS in Hong Kong, 
20% presented with watery diarrhoea and 38% had symptoms 
of diarrhoea during the illness. Intestinal biopsy specimens  
showed the presence of active viral replication, and  
SARS-CoV RNA was detected in the stool of some patients 
for more than ten weeks after symptom onset11. A retrospec-
tive study on specimens from 154 patients in Hong Kong 
with laboratory-confirmed SARS found the viral load to be 
the highest in stool specimens12. Up to 70% of 75 patients 
in a community outbreak in Hong Kong developed watery  
diarrhoea13. This outbreak was linked to a faulty sewage system  
in the Amoy Gardens apartment complex, further suggesting  
orofecal transmission might be a route for transmission14.

The human gastrointestinal tract can act as a primary infec-
tion site for SARS-CoV. Ding et al. used a monoclonal antibody 
specific for the SARS‐CoV nucleoprotein, and probes for the 
RNA polymerase gene fragment in four patients who died from  
SARS‐CoV-115. Virus was detected in the stomach, small intes-
tine, distal convoluted renal tubule, sweat gland, parathyroid, 
pituitary, pancreas, adrenal, liver and cerebrum. The authors  
discussed that viruses in contaminated food and water may 
enter the human body through epithelial cells covering the  
surface of the gastrointestinal tract, although there was no direct 
evidence to show that food‐borne transmission had occurred. 
A study from the sewage of two hospitals receiving SARS  
patients in Beijing found no infectious SARS-CoV contamina-
tion in any of the samples collected but did detect the nucleic 
acid in the sewage from the two hospitals before disinfec-
tion - providing further evidence that SARS-CoV-1 can be  
excreted by feces into the sewage system16.

Transmission of coronaviruses via the feces is established among 
animals: feline coronavirus, for instance, is typically shed in 
feces of healthy cats and transmitted by the orofecal route  
to other cats17. Pigs are also infected by the transmissible  
gastroenteritis coronavirus via the orofecal18. Bat coronavi-
rus infects the gastrointestinal and respiratory tracts of bats, 
seemingly without causing disease19. Transmission following 
exposure to camel feces has also been considered biologically  
plausible20.

There is evidence that SARS-CoV-2 can survive adverse  
conditions in the gastrointestinal system. It has been identified 
in endoscopic specimens of the oesophagus, stomach, duode-
num, and rectum of COVID-19 patients; substantial amounts of  
SARS-CoV-2 RNA have been consistently detected in stool 
specimens, and evidence suggests that SARS-CoV-2 can survive  
the adverse conditions in the gastrointestinal system. Heavy 
glycosylation of the large spike S protein has been shown to 
lead to resistance to the proteases, the low pH and bile salts  
found in the gastrointestinal system. Some gastric processes 
may actually facilitate viral entry into the enterocytes: in bovine 
coronavirus, one specific site on the S glycoprotein has to 
be cleaved by an intracellular protease or trypsin to activate  
viral infectivity and cell fusion21.

Evidence of ingestion, penetration of enterocytes and excre-
tion of live SARS-CoV-2 is possible; however, this working 
hypothesis requires testing by conducting case-control studies 
during the investigation of outbreaks, following a set protocol.  
For such investigations, cases of COVID-19 (categorised by 
symptom presence and severity) either fecally excreting viri-
ons or not (cases and contacts) and controls would be healthy 
matches. Exposure to potentially fecally contaminated mate-
rials and protective measures taken would be elicited at  
interview. To minimise the play of recall and ascertainment 
bias, interviewers should be blind to fecal excretion status and 
the interview should take place as soon as possible after the 
event. Viability of fecal isolates and their possible pathogenicity  
should be tested in outbreaks.

Strengths and limitations. This review is limited by the qual-
ity of included studies: many were small and did not provide a 
protocol that established a priori methods. Studies were often 
poorly reported and often did not take biases into account.  
Reporting is often heterogeneous and essential information 
such as symptom onset and cycle threshold values were often 
missing. We do not have information on publication bias, but 
the current urgency to understand SARS-CoV-2 may have an  
impact on research, with unknown implications and a tendency to 
publish those studies with positive results. We note the possibil-
ity that some cases may be reported in more than one publication, 
but there is no adequate method by which to identify this. It is 
likely we missed some studies, but we plan to keep updating this 
review. Furthermore, our judgments of quality are to some extended 
subjective and open to disagreement. This does not, however,  
undermine our overall assessment of the quality of the included 
studies. We perceive that standardization of methods in this 
area would improve the quality of the research. Some of these 
limitations increase uncertainties and prevent firm conclu-
sions being drawn; however, this body of research provides 
largely consistent evidence on the main conclusions that  
SARS-CoV-2 is excreted fecally, is found in sewage and  
can be cultured from fecal samples.

Conclusion
Observational and mechanistic evidence as well as estab-
lished animal orofecal transmission of coronaviruses suggests  
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SARS-CoV-2 can infect and be shed from the human  
gastrointestinal tract. However, quantitative data on infec-
tiousness and the consequent likelihood of transmission from 
orofecal contamination is not available. Whilst SARS-CoV-2  
RNA is observed in sewage and wastewaters, there is no evi-
dence of infectiousness in these sources and a transmission 
risk from these sources is considered unlikely based on the 
reviewed studies. To properly assess these risks, quantitative 
data on infectious virus are needed, along with information  
on likely infectious dose in humans.

Data availability
Underlying data
All data underlying the results are available as part of the article  
and no additional source data are required.

Extended data
Figshare: Extended data for SARS-CoV-2 and the role of  
orofecal transmission: a systematic review, https://doi.org/10.6084/
m9.figshare.14247470.v12.

This project contains the following extended data:
-    Appendix 1: Updated protocol

-    Appendix 2: Search strategy

-    Appendix 3: References to included studies.

Reporting guidelines
Figshare: PRISMA checklist for ‘SARS-CoV-2 and the role of  
orofecal transmission: a systematic review’, https://doi.org/10.6084/
m9.figshare.14247470.v12.

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).
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and extended data has been uploaded onto Figshare. This review is very well-written and the 
references relevant. The authors have undertaken this review thoroughly, with the largely low-
moderate data available. There are, however, some points that should be addressed to strengthen 
the review and conclusions.

The aim was to systematically review evidence on orofecal SARS-CoV-2 transmission while 
the conclusion focuses on SARS-CoV-2 fecal excretion and presence in sewage, which is not 
evidence of transmission. Detection of SARS-CoV-2 in stool samples and in ecological 
settings is important but it should be noted that was not the aim of this review. Viral culture 
data from six studies is included but this is a small minority of studies, and as the authors 
note due to methodological issues should be interpreted with caution.

○

Examining the ecological studies and review is very worthwhile but none address the issues 
of orofecal SARS-CoV-2 transmission. Perhaps ecological factors are a secondary outcome?

○

While the authors do note in the results that some reviews included overlapping studies, 
there is no figure/percentage given for this. How much overlap in total is there, is the 
overlap greater for cohort/case series or ecological studies? What is the quality of the 
overlapping studies – are they over-representing the low-quality data?

○

What is the breakdown for included reviews between cohort/case series and ecological 
studies? This is provided for primary studies in Figure 1 but I can’t find it for the reviews.

○

Have you considered a sub analysis of the studies in children?○

Is gender reported routinely across the studies?○

How many/percentage of the studies are only on MedRxiv? Consider including breakdown 
by primary/review, cohort-case series/ecological. This could be a source of bias.

○

 
Minor:

Table 1 pages 10, 11 & 12 – total patient number from the cohort/case series (9081) appears 
in the “sewage” header rows.

○

 
Are the rationale for, and objectives of, the Systematic Review clearly stated?
Yes

Are sufficient details of the methods and analysis provided to allow replication by others?
Yes

Is the statistical analysis and its interpretation appropriate?
Partly

Are the conclusions drawn adequately supported by the results presented in the review?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: I am a Clinical Research Fellow with a major research interest in HIV-Hepatitis 
co-infection, and since 2020 also COVID-19 infection

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
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significant reservations, as outlined above.

Author Response 30 Sep 2021
Elizabeth Spencer, University of Oxford, Oxford, UK 

Thank you for these helpful suggestions to improve the review. Please see our changes 
made, noted below.  
 
1. Added: typically quantified by the number of virions, gene copies or equivalents, or by 
antigen indicators of viral load. 
 
2. Added to the Discussion: these studies do not provide an estimate of infectious virus 
concentration; nor has the infectious dose for humans been established, so at this point it is 
unwarranted to deduce a human transmission risk based on this small number of virus-
positive fecal samples. 
 
3. Changed Discussion sentence: Many studies report identifying SARS-CoV-2 RNA in sewage 
and wastewaters, but viral culture from such sources has not been demonstrated, so there 
is no evidence of infection risk from those sources; however, detection of SARS-CoV-2 RNA 
in sewage and wastewaters can be useful as a surveillance tool. 
 
4. Added: However, quantitative data on infectiousness and the consequent likelihood of 
transmission from orofecal contamination is not available. Whilst SARS-CoV-2 RNA is 
observed in sewage and wastewaters, there is no evidence of infectiousness in these 
sources and a transmission risk from these sources is therefore unlikely. To properly assess 
these risks, quantitative data on infectious virus are needed, along with information on 
likely infectious dose in humans. 
 
5. Added to Discussion: We note the possibility that some cases may be reported in more 
than one publication, but there is no adequate means by which to identify this. 
 
6. Unclear reporting in the reviews did not allow full analysis of their included studies. To do 
this we could revisit the full text of their included studies, but this is beyond the scope of 
this review. Inclusion of these reviews represents a level of interest in the field but 
necessarily they will overlap in scope and therefore we do not analyse their findings in 
detail. 
 
7. Thank you for the suggestion to further sub analyse the data; at this stage there are 
insufficient data for such sub analyses including among children. 
 
8. Unfortunately there are several studies in which sex of participants is not reported and so 
we were limited by this.  
 
9. This was a very interesting suggestion to sub-analyse according to preprint publication 
and examine possible publication biases; this is unfortunately beyond the scope of this 
review, not least because this changes over time. The next time we update this review we 
hope to have a better breakdown of those fully published, and hopefully a better bank of 
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evidence to analyse. 
 
10. Thank you for noting the anomaly in the table, we have checked and rectified and 
hopefully this will all be in the right place now.  
 
Thank you for these comments.  

Competing Interests: None.

Reviewer Report 07 April 2021
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© 2021 Sobsey M. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Mark D. Sobsey  
1 Department of Environmental Sciences and Engineering, Gillings School of Global Public Health, 
Chapel Hill, NC, USA 
2 University of North Carolina at Chapel Hill, Chapel Hill, USA 

This article is of generally high quality, but improvements are suggested in some areas, including 
in the conclusions. Starting from the beginning of the article here are some points that should be 
clarified or improved:

In Box 1. Terminology, Viral load is defined in a rather vague and insufficiently quantitative 
way. Viral load can be quantified on the basis of virions (physical particles (as seen by 
electron microscopy), gene copies or equivalents based on RNA units or CT values, antigen 
units such viral proteins quantified in different ways, including immunofluorescence 
intensity observed in infected tissues and as infectious units for replication competent virus 
based on titers in susceptible cell cultures or experimental animals. There is value in 
focusing on quantified "viral load" in human gastrointestinal tissues, intestinal contents and 
fecally contaminated materials such as fomites, wastewater (e.g., sewage) and water (such 
as recreational, agricultural irrigation and drinking waters). These nuances in "viral load" are 
important in interpreting and communicating the transmission-relevant results reported in 
the research studies reviewed.. 
 

1. 

The data found in the study and provided in Table 1 indicate that only a few studies (5 
according to table 1) attempted to detect infectious or replication-competent SARS-CoV-2 in 
either feces, sewage or a related sample, of which only 3 reported the presence of 
infectious virus. Further, infectious virus results are reported as "yes" or "no" (presence or 
absence) per sample. The data for infectious virus are not quantified in typical units such as 
plaque-forming units or TCID-50 units. Therefore, the concentrations of the detected viruses 
are unknown. Such lack of quantitative data on infectious virus concentration makes it 
impossible to determine if sufficient infectious virus is present to pose a transmission risk 

2. 
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from human exposure. This point should be mentioned in the overall presentation of the 
infectious virus results. Furthermore, we do not know the infectivity dose-response 
relationship of SARS-CoV-2 for human hosts, such an estimate of 50% infectious 
dose. Unless we know what virus concentration is in samples such as feces or 
sewage/wastewater and unless we know what the likelihood of human infection is from 
exposure to known concentrations of infectious virus, it is probably unjustified to suggest 
that the presence of an unknown concentration of infectious virus in a very small number of 
reported virus-positive fecal samples poses a human health risk from exposure. While 
infectious virus presence in a few samples is noteworthy, the lack of quantitative infectivity 
data makes it impossible to judge that there is plausible human health exposure risk from 
this infectious virus-positive fecal matter of unknown concentration. The best one can say is 
that the risk of infection or other health effects from exposure is not zero, but is also not 
quantifiable due to lack of data on virus concentration in feces and lack of knowledge of 
human infectivity dose-response for infection or other health endpoints.  
 
For sewage and water, the lack of data on virus infectivity in such samples makes it 
impossible to determine if these samples pose risks of human infection from 
exposure. Although some data on concentrations of viral RNA are reported based on 
estimated gene copies or CT values, the quantitative relationship of virus infectious units to 
RNA concentration units is highly variable and therefore uncertain This is especially so for 
samples that have been in the environment for unknown and variable periods of time since 
the feces were shed from a human host. This is due to the variable and difficult-to-quantify 
effects of exposure time, temperature, microbial activity, predation and other 
environmental stressors on virus survival. These factors are not mentioned in the paper, 
even though we know they are important for determining the quality and validity of the 
results for infectious virus presence and concentrations. The last sentence of the first 
paragraph of the Discussion section does not adequately address the issue of lack of 
evidence of virus culture in wastewater and sewage and its implications for human health 
risks from sewage. Instead it sidesteps to the potential value using SARS-CoV-2 RNA in 
sewage and wastewater as a surveillance tool. This seems to miss the main point of 
assessing the evidence for human health risk from exposure to sewage or wastewater.In 
the "strengths and limitations section of the Discussion section, the authors state "however, 
this body of research provides largely consistent evidence on the main conclusions that 
SARS-CoV-2 is excreted fecally, is found in sewage and can be cultured from fecal samples." 
While there there is some evidence that unknown but probably low concentrations of 
infectious SARS-CoV-2 have been occasionally found in excreted feces, they have not been 
found in sewage or wastewater. The wording of the above sentence conflates feces with 
wastewater and sewage, even though there is only limited and poor evidence for infectious 
virus in the latter and no evidence for it in sewage or wastewater. I recommend that the 
sentence be revised to avoid conflating these rather separate exposure sources of feces 
versus sewage and wastewater. 
 

3. 

The Conclusion sentence is short and limited in scope. It does not adequately address the 
issue of whether sufficient infectious SARS-CoV-2 is or is not likely to be present in feces or 
wastewater and sewage to pose human health risks from exposure. The available evidence 
seems to indicate that such risks are not possible to assess or quantify without better and 
more rigorous and as well as more quantitative data that is still not available.

4. 
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Are the rationale for, and objectives of, the Systematic Review clearly stated?
Yes

Are sufficient details of the methods and analysis provided to allow replication by others?
Partly

Is the statistical analysis and its interpretation appropriate?
Partly

Are the conclusions drawn adequately supported by the results presented in the review?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: I am an environmental and public health virologist and microbiologist with 
expertise in infection protection and control and water-sanitation and hygiene, as well as in 
infectious disease epidemiology in the context of environmental exposure risks and disease 
transmission of human pathogens .

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 30 Sep 2021
Elizabeth Spencer, University of Oxford, Oxford, UK 

Thank you for these helpful suggestions to improve the review. Please see our changes 
made, noted below.  
 
1. Added: typically quantified by the number of virions, gene copies or equivalents, or by 
antigen indicators of viral load. 
 
2. Added to the Discussion: these studies do not provide an estimate of infectious virus 
concentration; nor has the infectious dose for humans been established, so at this point it is 
unwarranted to deduce a human transmission risk based on this small number of virus-
positive fecal samples. 
 
3. Changed Discussion sentence: Many studies report identifying SARS-CoV-2 RNA in sewage 
and wastewaters, but viral culture from such sources has not been demonstrated, so there 
is no evidence of infection risk from those sources; however, detection of SARS-CoV-2 RNA 
in sewage and wastewaters can be useful as a surveillance tool. 
 
4. Added: However, quantitative data on infectiousness and the consequent likelihood of 
transmission from orofecal contamination is not available. Whilst SARS-CoV-2 RNA is 
observed in sewage and wastewaters, there is no evidence of infectiousness in these 
sources and a transmission risk from these sources is therefore unlikely. To properly assess 
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these risks, quantitative data on infectious virus are needed, along with information on 
likely infectious dose in humans.  

Competing Interests: None.

The benefits of publishing with F1000Research:

Your article is published within days, with no editorial bias•

You can publish traditional articles, null/negative results, case reports, data notes and more•

The peer review process is transparent and collaborative•

Your article is indexed in PubMed after passing peer review•

Dedicated customer support at every stage•

For pre-submission enquiries, contact research@f1000.com

 
Page 40 of 40

F1000Research 2021, 10:231 Last updated: 07 JAN 2022

mailto:research@f1000.com

