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INTRODUCTION: The prevalence and shedding of fecal severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

RNA indicate coronavirus disease 2019 (COVID-19) infection in the gastrointestinal (GI) tract and

likely infectivity. We performed a systemic review andmeta-analysis to evaluate the prevalence and the

duration of shedding of fecal RNA in patients with COVID-19 infection.

METHODS: PubMed, Embase, Web of Science, and Chinese databases ChineseNational Knowledge Infrastructure

and Wanfang Data up to June 2020 were searched for studies evaluating fecal SARS-CoV-2 RNA,

including anal and rectal samples, in patients with confirmed COVID-19 infection. The pooled

prevalence of fecal RNA in patients with detectable respiratory RNA was estimated. The days of

shedding and days to loss of fecal and respiratory RNA from presentation were compared.

RESULTS: Thirty-five studies (N5 1,636) met criteria. The pooled prevalence of fecal RNA in COVID-19 patients

was 43% (95% confidence interval [CI] 34%–52%). Higher proportion of patients with GI symptoms

(52.4% vs 25.9%, odds ratio5 2.4, 95% CI 1.2–4.7) compared with no GI symptoms, specifically

diarrhea (51.6% vs 24.0%, odds ratio5 3.0, 95% CI 1.9–4.8), had detectable fecal RNA. After loss of

respiratory RNA, 27% (95%CI 15%–44%) of the patients had persistent shedding of fecal RNA. Days of

RNA shedding in the feces were longer than respiratory samples (21.8 vs 14.7 days, mean difference5
7.1 days, 95%CI 1.2–13.0). Furthermore, days to loss of fecal RNA lagged respiratory RNA by amean of

4.8 days (95% CI 2.2–7.5).

DISCUSSION: Fecal SARS-CoV-2 RNA is commonly detected in COVID-19 patients with a 3-fold increased risk with

diarrhea. Shedding of fecal RNA lasted more than 3 weeks after presentation and a week after last

detectable respiratory RNA.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A570.
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INTRODUCTION
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
coronavirus disease 2019 (COVID-19) was first identified in
Wuhan, China, in 2019 (1). With rapidly increasing number of
patients with SARS-CoV-2 infection worldwide, the World
Health Organization (WHO) categorized the spread of COVID-
19 to be an international public health emergency and a global
pandemic. By September 2020, nearly 27 million confirmed cases
and 900,000 deaths worldwide were reported (2). The high in-
fectivity and morbidity of COVID-19 has led to major disruption

and even a crisis of healthcare resources in certain epicenters (3).
Fever and respiratory symptoms are the most common mani-
festations of COVID-19, and SARS-CoV-2 is transmitted person
to person primarily through respiratory route (4). According to
the WHO guidelines, COVID-19 infection is diagnosed by
presence of SARS-CoV-2 RNA in respiratory sample by real-time
reverse transcription polymerase chain reaction (5,6). However,
given the similarity in viral structure with SARS which is in the
same family of coronavirus that cause enteric disease, possible
pathogenicity of SARS-CoV-2 in the gastrointestinal (GI) tract
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have been raised. In a meta-analysis of 6,686 patients with
COVID-19 infection, the pooled prevalence of GI symptoms was
15% (95% confidence interval [CI] 10%–21%) (7). Furthermore,
increasing number of studies demonstrated detection of SARS-
CoV-2 RNA in fecal samples (8) and persistent shedding of fecal
RNA after recovery from respiratory illness (9). The possibility of
transmission of SARS-CoV-2 through fecal-oral route has raised
concerns.

Whether GI symptoms in patients with COVID-19 with en-
teric disease are associated with the presence of fecal RNA is
uncertain. Furthermore, the prevalence and duration of viral
shedding in the GI tract, even after the loss of virus in the re-
spiratory tract, are unclear. Understanding the natural history of
COVID-19 infection in the GI tract is important for optimal
public health containment measures. Particularly, concerns for
safety of endoscopic services as aerosolizing procedures with
increased exposure to fecal material have led to dramatic reduc-
tions in procedure volumes (10). We performed a systematic
review and meta-analysis to summarize the prevalence and pre-
dictors of fecal SARS-CoV-2 RNA. Furthermore, we aimed to
compare the duration of viral shedding in fecal and respiratory
specimens of patients with COVID-19 infection.

METHODS
Search strategy and selection criteria

In this systematic review andmeta-analysis, PubMed, Embase, and
Web of Science were searched according to Meta-analysis of Ob-
servational Studies in Epidemiology guideline to June 1, 2020.
Search strategy terms included: 2019-nCoV-2, coronavirus,
COVID-19, SARS-CoV-2, novel coronavirus, or SARS2; and stool,
fecal, faecal, rectal, anal, anus, viral RNA, or viral load. Considering
the first outbreak inWuhan, China, 2major search databases from
China (Chinese National Knowledge Infrastructure and Wanfang
Data) were searched and reviewed for additional studies inChinese
manuscripts that met criteria.

Studies thatmet following criteria were eligible for analysis: (i)
laboratory confirmed adults and children with respiratory
COVID-19 infection and (ii) evaluation of stool collection or anal
and rectal swabs for SARS-CoV-2 RNA. We excluded studies
evaluating infants, pregnant women, asymptomatic patients, as
well as patients with cancer, immune disorders, and other chronic
viral infection. All selected literatures were initially screened by
title and abstract to exclude irrelevant studies. Fullmanuscripts of
remaining studies, including studies in Chinese, were reviewed to
assess for study eligibility. Given the potential inaccuracy, we
excluded small studies (N , 10). Two reviewers (Y.W.Z. and
M.J.H.) independently assessed for study eligibility, and dis-
agreement was resolved by consensus after discussion with the
principal investigators (N.D. and J.K.).

Data extraction and definitions

Information including first author, study date, country of origin,
number of patients with fecal or anal/rectal swab SARS-CoV-2
evaluation, numberofpatientswithpositive fecal SARS-CoV-2RNA
before and after the loss of respiratory RNA, and duration of positive
SARS-CoV-2 RNA in fecal or respiratory samples from the onset of
symptoms or hospitalization were extracted. Furthermore, de-
mographic and clinical information including age, sex, disease se-
verity, and symptoms (fever, cough,diarrhea, orotherGI symptoms)
were collected. GI symptoms were defined by presence of anorexia,
nausea, vomiting, abdominal pain/discomfort, GI bleeding, and/or

diarrhea. Persistent shedding was defined as the duration from
presentation (onset of symptomsor hospitalization) to the last day of
positive fecal or respiratory RNA results. Loss of fecal or respiratory
RNAwasdefinedas theduration frompresentation to thefirst dayof
negative fecal or respiratory RNAwithout a recurrent positive RNA.
Patients who lacked documentation of final negative RNA results
were excluded for the analysis calculating days to loss ofRNA. Severe
COVID-19 infection was defined by meeting 1 of the following
criteria: (i) respiratory distresswith respiratory rate over 30 times per
minute, (ii) hypoxia (SpO2#93%) in the resting state, (iii) abnormal
blood gas analysis (PaO2/FiO2 #300 mm Hg), (iv) severe disease
complications including respiratory failure or other organ failure, (v)
need of intensive care unit admission, and/or (vi) death (5).

Quality assessment

Quality of enrolled studies were assessed by Agency for Health-
care Research and Quality checklist (http://www.ncbi.nlm.nih.
gov/books/NBK35156/). Score of 1 (yes) or 0 (no or unclear)
point for each item in the checklist (except for the fifth question
with opposite result to other questions) was assigned. Overall
score (range of 0–11) was calculated for each study and catego-
rized as high (.7), moderate (4–7), or low (,3) quality.

Data synthesis and statistical analysis

The mean proportions of positive SARS-CoV-2 RNA in feces or
anal/rectal swab in patientswith confirmedCOVID-19disease and
after loss of RNA in respiratory sampleswere pooled and estimated
with 95% CI. The durations of positive SARS-CoV-2 RNA in feces
or respiratory sampleswere estimated byweightedmeandifference
using the values of themean and SD. For the studies withoutmean,
we used the value of median, range, and IQR to calculate themean
and SD (11,12). Odds ratios (ORs) were derived to describe the
ratio of probability of positive cases with SARS-CoV-2 RNA in
feces, occurring in subgroups stratified by age, COVID-19 disease
severity, and symptoms presentation (GI symptoms, fever, or
cough). Forest plots and funnel plots were used to express the
results. Heterogeneity was assessed by I2 statistic. The random-
effects model was performed when I2 . 50%, otherwise the fixed-
effects model was used. Egger tests were performed to assess for
publication bias. Two-sided P value ,0.05 was considered statis-
tically significant. All statistical analyses were performed using
RStudio version 1.1.463 and Stata SE 15.0 for Mac.

RESULTS
Of 2,212 citations identified, we removed 830 duplicate articles
and 1,094 articles after reviewing titles and abstracts. Full-text of
288 relevant articles were reviewed. Finally, 35 studies including
1,636 laboratory confirmedCOVID-19patientswhoreceived fecal,
anal, and/or rectal swab SARS-CoV-2 RNA examination were
included in the analyses (Figure 1). Five studies provided English
abstracts with full manuscripts available only in Chinese (13–17).

Study characteristics and quality

Of 35 studies, 32 were performed in China (2 inHongKong and 1
in Macao), 1 in Italy, 1 in the United States, and 1 in Austria
(Table 1). The age of the patients ranged from 8 days to 96 years,
and 30%–81% were males. Thirteen studies included patients
with both severe and nonsevere disease (15,18–29), 8 included
only nonsevere disease (30–37), 3 included only severe disease
(16,38,39), and 11 did not specify the disease severity of COVID-
19 infection (13,14,17,40–47). The pooled-proportion of patients
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with severe disease was 35.9% (95% CI 21%–50.9%) in 13 studies
evaluating all disease severity types. The median quality score of
included studies was 6 (range, 3–8) indicating moderate quality.

Prevalence of fecal SARS-CoV-2 RNA

Thirty studies reported the prevalence of fecal SARS-CoV-2RNA in
patients with COVID-19 infection confirmed by respiratory sam-
ples (13,15–31,33–35,37–42,45,46). Thepooledprevalencewas 43%
(95% CI 34%–52%, I2 5 89%) (Figure 2a). The highest prevalence
was 100% in a study from Macau (22), and the lowest was 2% in a
study evaluating patients with severe disease (35). The funnel plot
suggested absence of publication bias based on the Egger test (P5
0.10, Figure 2b). Subgroup analysis showed no differences in the
prevalence of fecal RNA comparing adults and children (39% vs
54%, P5 0.22) or patients with nonsevere and severe disease (35%
vs 49%, P5 0.21) (see Supplemental Figure, Supplementary Digital
Content 1, http://links.lww.com/CTG/A570).

Prevalence of fecal SARS-CoV-2 RNA by symptoms

Sixteen studies compared the prevalence of fecal SARS-CoV-2
RNA in patients with different clinical symptoms

(15,18,19,21,23,25–28,30,34,36,39–42). Pooled results from 10
studies indicated that higher proportion of patients had detectable
fecal SARS-CoV-2 RNA among those with GI symptoms (52.4%
[99/189] vs 25.9% [163/629]; OR 5 2.4, 95% CI 1.2–4.7, I2 5
54.5%) compared with no GI symptoms (Figure 3a). Patients with
diarrhea were more likely to test positive for fecal SARS-CoV-2
RNA (51.6% [63/122] vs 24.0% [141/587], OR 5 3.0, 95% CI
1.9–4.8, I2 5 41.6%) compared with those without diarrhea
(Figure 3b). In subgroup analysis, no differences in odds of
detectable fecal RNA were observed among patients with
severe or nonsevere disease (OR 5 1.2, 95% CI 0.8–1.7)
(15,18,19,23,25–28,39), with or without a fever (OR5 1.0, 95% CI
0.7–1.6) (19,25,27,30,36), and with or without cough (OR 5 1.1,
95% CI 0.7–1.7) (19,25,27,36).

Persistent shedding of fecal SARS-CoV-2 RNA

Fourteen studies including 620 patients had available data
on the prevalence of SARS-CoV-2 RNA in feces after virus
converted negative in respiratory samples (Figure 4a)
(14,19,20,25,26,28,31,32,34,36,39,43,44,47). The pooled

Figure 1. Flow diagram of study selection. CNKI, China National Knowledge Infrastructure.
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Table 1. Characteristics of included studies

Study

Publish or

accepted date Study period Region N Age Male Disease severity Quality score

Chen et al. (18) February 15,

2020

NA China 28 NA NA 12 severe; 16 nonsevere 4

Chen et al. (19) March 31, 2020 January 20, 2020–February 9, 2020 China 42 Median 51 (IQR 43–62) 15 (35.7%) 11 severe; 31 nonsevere 5

Cheung et al. (40) March 26, 2020 February 2, 2020 – February 29, 2020 Hong

Kong

59 Median 58.5 (IQR 44–68,

range 22–96)

27 (45.8%) NA 5

De Ioris et al. (41) May 23, 2020 March 16, 2020 – April 8, 2020 Italy 22 Median 84 mo (8 d–210 mo) 15 (68.2%) NA 6

Effenberger et al.

(42)

April 13, 2020 NA Austria 40 Without diarrhea: 58.4 6 17.1; resolved

diarrhea: 66.3 6 13.1;

with diarrhea: 78.3 6 13.8

24 (60%) NA 5

Han et al. (30) March 31, 2020 February 13, 2020 – February 29,

2020

China 22 43.3 6 14.2 9 (40.9%) Nonsevere type 6

Huang et al. (38) April 15, 2020 January 26, 2020–February 25, 2020 China 16 Median 60 (range 26–79) 13 (81.3%) Severe type to ICU 6

Kujawski et al. (20) April 23, 2020 January 20, 2020–February 5, 2020 US 12 Median 53 (range 21–68) 8 (66.7%) All types 4

Li et al. (13) February 17,

2020

February 11, 2020–February 13, 2020 China 15 NA NA NA 5

Li et al. (31) April 20, 2020 January 26, 2020–February 6, 2020 China 13 52.8 6 20.2 (range 1–72) 6 (46.2%) Nonsevere type 6

Lin et al. (21) March 24, 2020 January 17, 2020–February 15, 2020 China 65 45.3 6 18.3 NA All types 6

Ling et al. (43) May 5, 2020 January 20, 2020–February 10, 2020 China 66 Median 44 (IQR 34–62, range 16–78) 38 (57.6%) NA 7

Liu et al. (44) April 14, 2020 March 15, 2020 China 69 NA NA NA 7

Lo et al. (22) March 15, 2020 January 21, 2020–February 16, 2020 Macau 10 Median 54 (IQR 27–64) 3 (30%) 6 severe; 4 nonsevere 7

Ma et al. (32) March 19, 2020 NA China 27 NA NA Nonsevere type 3

Tan et al. (33) April 3, 2020 January 27, 2020–March 10, 2020 China 10 Mean 7 (range 1–12) 3 (30%) Nonsevere type 7

To et al. (23) March 23, 2020 January 22, 2020–February 12, 2020 Hong

Kong

15 Median 62 (range 37–75) NA 8 severe; 7 nonsevere 7

Wang et al. (14) April 21, 2020 January 24, 2020–February 17, 2020 China 50 42.6 6 17.5 24 (48%) NA 7

Wang et al. (24) March 11, 2020 January 1, 2020–February 17, 2020 China 16 NA NA All types 6

Wei et al. (34) May 25, 2020 January 19, 2020–February 7, 2020 China 84 Median 37 (range 24–74) 28 (33%) Nonsevere type 7

Wu et al. (15) February

27, 2020

NA China 36 49 (range 17–86) 22 (61.1%) 12 severe; 24 nonsevere 4

Wu et al. (16) March 31, 2020 January 31, 2020–February 19, 2020 China 19 Mean 67 (range 51–86) 10 (52.6%) 17 severe; 2 critical severe 6

Wu et al. (25) March 19, 2020 January 16, 2020–March 15, 2020 China 74 Stool RNA1 patients: 41.3 6 3.1; stool

RNA2 patients: 46.2 6 2.6

39 (52.7%) 18 severe; 56 nonsevere 7
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Table 1. (continued)

Study

Publish or

accepted date Study period Region N Age Male Disease severity Quality score

Xiao et al. (39) February 27, 2020 February 1, 2020–February 14, 2020 China 73 Mean 43 (range 0.8–78 yr) 41 (56.2%) 4 ICU 6

Xu et al. (35) March 7, 2020 January 23, 2020–February 18, 2020 China 51 Imported cases: median 35 (IQR 29–51)

Secondary cases: median 37 (IQR 24–48)

Tertiary cases: median 53 (IQR 35–65)

25 (49.0%) Nonsevere type 7

Xu et al. (36) April 2020 By February 20, 2020 China 10 Range: 2 mo–15 yr 6 (60%) Nonsevere type 6

Yuan et al. (45) May 18, 2020 January 1, 2020–March 18, 2020 China 61 NA NA NA 8

Zhang et al. (37) May 15, 2020 January 17, 2020–January 28, 2020 China 22 NHM group: 43.4 6 15.9; control group: 40.7

6 13.3

8 (36.4%) Nonsevere type 8

Zhang et al. (46) March 1, 2020 January 27, 2020–February 10, 2020 China 14 Median 41 (range 18–87) 7 (50%) NA 6

Zhang et al. (26) May 2, 2020 January 25, 2020–March 18, 2020 China 15 Median 37 (range 10–73) 8 (53.3%) 4 severe; 8 nonsevere;

3 asymptomatic

7

Zhao et al. (27) May 12, 2020 NA China 401 Median 47 (IQR 33–60) 190 (47.4%) 85 severe; 316 nonsevere 7

Zheng et al. (17) April 24, 2020 January 30, 2020–February 23, 2020 China 51 Male: 42.6 6 16.11; female: 38.3 6 19.03 25 (49.0%) NA 6

Zheng et al. (47) April 20, 2020 January 25, 2020–February 26, 2020 China 20 Range: 23–57 yr 14 (70%) NA 6

Zheng et al. (28) April 6, 2020 January 19, 2020–February 15, 2020 China 93 Median 55 (IQR 44.3–64.8) NA 71 severe; 22 nonsevere 6

Zuo et al. (29) May 14, 2020 February 5, 2020–March 17, 2020 China 15 Median 55 (IQR 44–67.5) 7 (47%) All types 8

IQR, interquartile range; NA, no description.
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prevalence was 27% (95% CI 15%–44%, I2 5 92%). No publi-
cation bias was observed (P 5 0.50, Figure 4b).

Duration of persistent shedding of SARS-CoV-2RNA in feces or
respiratory samples was assessed in 8 studies (Figure 5)
(20,22,25,26,28,36,41,43). The pooled mean durations of persistent
shedding from the onset of symptoms to the final documented
detectable viral RNAwere 21.8 days (95%CI 16.4–27.1) in feces and
14.7 days (95% CI 9.9–19.5) in respiratory samples with a mean

difference of 7.1 days (95% CI 1.2–13.0, Figure 5a). Furthermore,
days to loss ofRNAwas longer in fecal (19.9 days, 95%CI15.6–24.1)
compared with respiratory samples (15.0 days, 95% CI 10.9–19.2)
with a mean difference of 4.8 days (95% CI 2.2–7.5, Figure 5b).

DISCUSSION
We performed a systematic review and meta-analysis of 1,636
patients to evaluate the prevalence and the duration of shedding

Figure2.PooledprevalenceofdetectableSARS-CoV-2RNA in fecal samplesofpatientswithconfirmedCOVID-19 infection. (a) Forestplotsof includedstudies. (b)
Funnel plots of included studies. CI, confidence interval; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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of fecal RNA in patients with COVID-19 infection. Overall, 43%
(95% CI 34%–52%) of patients with COVID-19 infection tested
positive for fecal RNA with a higher proportion observed in pa-
tients with GI symptoms, especially diarrhea, compared with no
GI symptoms. After loss of RNA in the respiratory tract, 27%
(95% CI 15%–44%) had persistent detectable RNA in the feces.
Furthermore, SARS-CoV-2 RNA was detectable in the feces for a
mean of 21.8 days (95% CI 1.2–13.0) from presentation with a
meandifference of 7.1 days (95%CI 1.2–13.0) greater than the last
detectable virus in the respiratory tract. Similarly, loss of fecal
RNA lagged the loss of RNA in the respiratory tract bymean of 4.8
days (95% CI 2.2–7.5).

Emerging studies revealed that SARS-CoV-2 possesses high
degree of homology with SARS-CoV in the family of B beta-
coronavirus and may share similar pathogenicity (48). Previous
studies in SARS showed that .60% of infected patients had de-
tectable positive fecal viral RNA which could last .4 weeks even
after discharge from hospitalization (49,50). Similarly, we found
that COVID-19 patients also showed a high prevalence of fecal
viral RNA and prolonged viral shedding in feces. Some studies
reported protracted shedding of fecal RNA of 2 months even after
complete recovery of respiratory disease and loss of respiratory
RNA (28). Our meta-analysis showed that 27% of patients who
cleared the virus from the respiratory tract with 2 consecutive

negative tests had detectable fecal RNA. A recent systemic review
that included both suspected and confirmed respiratory COVID-
19 infection also showedahighprevalence (64%) of detectable fecal
RNA and a protracted fecal viral shedding after loss of RNA in
respiratory samples (mean difference of 12.5 days) (51). A higher
proportion of patients with persistent shedding of fecal RNA after
loss of respiratory RNA in the previous study may be related to
indiscriminately including patients with positive fecal SARS-CoV-
2RNAregardless ofmeetingWHOcriteria ofCOVID-19 infection
that require a positive respiratory RNA. In clinical practice, fecal
RNA alone is seldomly evaluated in patients with suspected
COVID-19 infection. To increase generalizability, the prevalence
of positive fecal RNA and persistent shedding of fecal RNA were
calculated only among patients with confirmed COVID-19 in-
fection based on WHO criteria in our study.

Angiotensin-converting enzyme II (ACE2) and trans-
membrane serine protease 2 (TMPRSS2) are 2 main cell entry
receptors of SARS-CoV for host invasion. Not only in lung alveolar
type 2 cells, ACE2 and TMPRSS2 are also highly expressed in the
GI tract including stomach, ileum, and colon based on single-cell
transcriptomic analysis (52). As a prerequisite for SARS-CoV-2
infection, the abundant distribution of ACE2 and TMPRSS2 in GI
epithelium provides opportunity for viral host entry. Given the
high prevalence of fecal RNA in patients with COVID-19 patients,

Figure 3. Comparison of pooled prevalence of SARS-CoV-2 RNA in fecal samples of patients with COVID-19 infection with or without GI symptoms. (a)
Comparison among patients with or without GI symptoms. (b) Comparison among patients with or without diarrhea. CI, confidence interval; COVID-19,
coronavirus disease 2019; GI, gastrointestinal; OR, odds ratio; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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theGI tract is a likely target organof SARS-CoV-2. Parallelwith the
proposed mechanism, the digestive symptoms are common in
COVID-19 patients. Previousmeta-analyses estimated that 15% of
patients with COVID-19 infection exhibit GI symptoms (7,40).
Our analysis also showed that presence of GI symptom increased
the odds of detectable fecal SARS-CoV-2 RNA (52%vs 26%,OR5
2.4, 95% CI 1.2–4.7), supporting a strong association between
presence of GI symptoms and fecal SARS-CoV-2 in patients with
COVID-19 infection. In addition to fecal samples, SARS-CoV-2
RNA and proteins have been isolated from GI tract (21,39). Fur-
thermore, infectious SARS-CoV-2 has been successfully isolated
from fecal samples (21). Currently, pathogenicity and mechanism
of SARS-CoV-2 on the GI tract are largely unknown. However,
preliminary studies demonstrated that patients with COVID-19
exhibit gut dysbiosis characterized by enrichment of opportunistic
pathogens, loss of short-chain fatty acid–producing bacteria, and
increased functional capacity for nucleotide, amino acid, and car-
bohydratemetabolism (53). The interaction between SARS-CoV-2
and gut commensal bacteria leading to microbial shifts may ac-
count for the development of GI symptoms in patients with
COVID-19 infection. Further studies are needed to elucidate the
pathogenicity of SARS-CoV-2 in the GI tract.

Although early evidence suggested that fecal-oral trans-
mission SARS-CoV-2 may be possible, a case of direct feces-oral
transmission is yet to be reported (54). Several studies showed
that SARS-CoV-2 can be detected in feces-related contaminants,
such as wastewater, toilet plumes, and hospital sewage system
(55–57). Whether the isolated virus from feces-related contami-
nants have viability or infectivity is unclear. Although culturing
the virus from feces is possible, attempts to culture the virus from
feces-related contaminants (i.e., sewage) have not been successful
(56). Future studies examining the viability and infectivity of
SARS-CoV-2 virus from feces-related contaminants will be im-
portant to clarify the significance of fecal shedding of SARS-CoV-
2. In addition, emerging studies have demonstrated the potential
application of waste water-based epidemiology to track the
spread of COVID-19 infection at the population level (58). For
example, longitudinal quantification of SARS-CoV-2 RNA by
reverse-transcription quantitative polymerase chain reaction of
waste water treatment plant samples in France correlated with
both the rise and decline in the number of new cases (59). Another
study from Spain showed that longitudinal sampling of waste
water provided early evidence of circulating COVID-19 infection
12–16 days before the first clinical case within the treatment plant

Figure 4. Pooled prevalence of SARS-CoV-2 RNA in fecal samples of patients with COVID-19 patients after loss of RNA in respiratory samples. (a) Forest
plots of included studies. (b) Funnel plots of included studies. CI, confidence interval; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.
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catchment area (60). Finally, aUS studydemonstrated that the rise
in SARS-CoV-2 RNA concentrations in sewage sludge preceded
the rise in the number and proportion of positive test results by 0–2
days and the rise in the number of local hospital admission by 1–4
days (61). The ability to accurately assess the burden of COVID-19
infection at the population level will be particularly important, not
only for targeting quarantinemeasures but also appropriatingmass
vaccination efforts for optimal disease control currently un-
derway (62).

Our findings have clinical implications on public health pol-
icies. Given our results showing high prevalence of fecal RNA and
prolonged shedding of virus 3 weeks from presentation, height-
ened level of caution is warranted for patients with GI COVID-19
infection. Currently, the WHO guidelines recommend quaran-
tine of 10 days and the Centers for Disease Control recommend
14 days after onset of primarily respiratory symptoms without
laboratory testing (63,64). Fecal RNA testing is not routinely
performed in clinical practice, and the presence of GI symptoms
is not incorporated in policies for quarantine measures. Given
that the final loss of fecal RNA was not documented in many of
the studies, persistent shedding of fecal RNA likely exceeded 3
weeks (36). Therefore, a longer duration of quarantine (i.e., 3–4

weeks) should be considered among those with or at risk of GI
COVID-19 infection (especially diarrhea) until the risk of fecal-
oral transmission is fully clarified. In addition, our findings also
may impact endoscopy practices. Although dramatic reduction in
endoscopy volumes was commonly observed at the start of the
pandemic (1), many centers have cautiously resumed performing
elective procedures (65). Society guidelines recommend COVID-
19 before testing in respiratory samples 48–72 hours before
elective endoscopy where the prevalence of asymptomatic SARS-
CoV-2 infection is intermediate (0.5%–2%) (66). Increased
number of positive results in asymptomatic patients from routine
pretesting for COVID-19 infection is expected. Furthermore,
when to safely perform endoscopic procedures in hospitalized
patients with COVID-19 infection is uncertain. Currently, there
are no guidelines to decide when or how to perform semi-urgent
endoscopy (e.g., management of inflammatory bowel disease and
cancer treatment) in patients with COVID-19 infection. How-
ever, based on our results, delaying endoscopic procedures for
.3–4 weeks may be warranted unless medical urgency necessi-
tates an earlier procedure.

Strengths of our study include analysis of a large number of
patients (N5 1,636) with GI COVID-19 infection based on fecal

Figure 5. Comparison of pooled durations for persistent shedding and loss of SARS-CoV-2 RNA in fecal and respiratory samples of patients with COVID-19
infection. (a) Persistent shedding of SARS-CoV-2 RNA in fecal/anal/rectal and respiratory samples of COVID-19 patients. (b) Loss of SARS-CoV-2 RNA in
fecal/anal/rectal and respiratory samples of COVID-19 patients. Results of respiratory samples were used as control during comparison. CI, confidence
interval; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; WMD, weighted mean difference.
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SARS-CoV-2 RNA, quadrupling the sample size of the previous
meta-analysis (67). Our study is also first to estimate the preva-
lence of detectable fecal SARS-CoV-2 RNA after the loss of RNA
in respiratory samples in patients with laboratory-confirmed
COVID-19 infection. Finally, literature search and full review of
Chinese manuscripts without limitation were possible by the
investigators because several studies were only available in Chi-
nese language.

The current study has limitations. First, the quality of the ob-
servational studies included in the meta-analysis was not high.
Substantial heterogeneity was present among the studies likely
reflecting differences in testing methods for SARS-CoV-2 RNA,
definitions of positive samples, and patient population. Further-
more, findings of the meta-analysis in predominantly Chinese
population may limit the generalizability in other setting. Finally,
asymptomatic patients with COVID-19 infection were excluded
given the paucity of studies andwill be invaluable in future studies.

In conclusion, fecal SARS-CoV-2RNAwas commonly detected
in patients with COVID-19 patients, exceeding half among those
with GI symptoms.More than a quarter of patients had prolonged
shedding of fecal RNA after clearance of RNA in the respiratory
tract, and fecal RNA was detected for 3 weeks after presentation,
exceeding the duration of shedding in the respiratory tract by a
week. Policies incorporating GI symptoms or evaluation of fecal
RNA to reduce the risk of exposure of SARS-CoV-2 RNA to
healthcare worker and patients should be considered until in-
fectivity of fecal-oral transmission is fully elucidated.
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