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Abstract

IMPORTANCE Coronavirus disease 2019 (COVID-19) is a global pandemic and can involve the
gastrointestinal (Gl) tract, including symptoms like diarrhea and shedding of the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) in feces.

OBJECTIVE To provide a pooled estimate of GI symptoms, liver enzyme levels outside reference
ranges, and fecal tests positive for SARS-CoV-2 among patients with COVID-19.

DATA SOURCES An electronic literature search was performed for published (using MEDLINE/
PubMed and Embase) and preprint (using bioRxiv and medRxiv) studies of interest conducted from
November 1, 2019, to March 30, 2020. Search terms included "COVID-19," "SARS-Cov-2," and/or
"novel coronavirus.”

STUDY SELECTION Eligible studies were those including patients with SARS-CoV-2 infection who
reported Gl symptoms.

DATA EXTRACTION AND SYNTHESIS Data on patients with GI symptoms (ie, diarrhea, nausea, or
vomiting), liver enzyme level changes, and fecal shedding of virus were extracted. Quality of studies
was examined using methodological index for nonrandomized studies. Pooled estimates (%) were
reported with 95% Cls with level of heterogeneity (I%).

MAIN OUTCOMES AND MEASURES Study and patient characteristics with pooled detection rates
for diarrhea, nausea or vomiting, liver enzyme levels outside reference ranges, and SARS-CoV-2
positivity in feces tests were analyzed.

RESULTS Of 1484 records reviewed, 23 published and 6 preprint studies were included in the
analysis, with a total of 4805 patients (mean [SD] age, 52.2 [14.8] years; 1598 [33.2%] women) with
COVID-19. The pooled rates were 7.4% (95% Cl, 4.3%-12.2%) of patients reporting diarrhea and 4.6%
(95% Cl, 2.6%-8.0%) of patients reporting nausea or vomiting. The pooled rate for aspartate
aminotransferase levels outside reference ranges was 20% (95% Cl, 15.3%-25.6%) of patients, and
the pooled rate for alanine aminotransferase levels outside reference ranges was 14.6% (95% Cl,
12.8%-16.6%) of patients. Fecal tests that were positive for SARS-CoV-2 were reported in 8 studies,
and viral RNA shedding was detected in feces in 40.5% (95% Cl, 27.4%-55.1%) of patients. There was
high level of heterogeneity (I = 94%), but no statistically significant publication bias noted.
CONCLUSIONS AND RELEVANCE These findings suggest that that 12% of patients with COVID-19
will manifest GI symptoms; however, SAR-CoV-2 shedding was observed in 40.5% of patients with
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Key Points

Question What are the incidence rates
of gastrointestinal symptoms among
patients with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)
infection?

Findings This systematic review and
meta-analysis of 23 published and 6
preprint studies found that
approximately 12% of patients with
SARS-CoV-2 infection reported
gastrointestinal symptoms, including
diarrhea, nausea, and vomiting. Liver
enzyme levels outside reference ranges
were observed in 15% to 20% of
patients, and SARS-CoV-2 RNA shedding
in stool was detected in up to 41% of
patients.

Meaning These findings suggest that
patients with SARS-CoV-2 infection can
present with gastrointestinal symptoms
with possible fecal-oral route of
transmission due to the presence of viral
RNA in stool.
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Abstract (continued)

confirmed SARS-CoV-2 infection. This highlights the need to better understand what measures are
needed to prevent further spread of this highly contagious pathogen.
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Introduction

A global pandemic emerged in December 2019 from a novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)." Phylogenetics of this virus indicate that SARS-CoV-2 is a single-
stranded positive-sense RNA virus, has 79.5% homology with SARS-CoV, and is closely related to
bat-derived SARS-like coronaviruses.? A recent large case series of 72 314 infected individuals in
China showed an estimated 14% with severe disease and a case-fatality rate of 2.3%.3*

The coronaviruses are a common source of upper respiratory, gastrointestinal, and central
nervous system infections in humans and other mammals.> SARS-CoV-2 is highly homologous to
SARS-CoV, and similar to SARS-CoV, angiotensin converting enzyme 2 (ACE2) is also the cellular entry
receptor of SARS-CoV-2.9 Since ACE2 is found in the absorptive enterocytes of the ileum and colon,
these absorptive enterocytes can be infected by a host of viruses, including coronavirus, rotavirus,
and noroviruses, thereby resulting in diarrhea.” A few bioinformatics studies'®" found that ACE2-
expressing intestinal epithelium cells might be at increased risk of attack by SARS-CoV-2 and that
ACE2 was highly expressed in the small intestine, especially in proximal and distal enterocytes.
Hence, the digestive system can be invaded by SARS-CoV-2 and serve as a route of infection.

In fact, the first reported patient with coronavirus disease 2019 (COVID-19) in the US reported
gastrointestinal (GI) symptoms of loose bowel movements and abdominal discomfort.'? The patient's
stool and respiratory specimens were found to be positive for SARS-CoV-2 by real-time reverse
transcription-polymerase chain reaction (RT-PCR)."? This raises the question of inadvertent human-
to-human transmission via the fecal route despite public health emphasis on droplet transmission
and precautions for contact with respiratory secretions. Hence, additional information and
understanding the involvement of the digestive system in transmission of COVID-19 during this
pandemic would be useful.

Our objective was to determine the prevalence of Gl symptoms at presentation of COVID-19 and
viral shedding in stool of patients with confirmed SARS-CoV-2 infection based on published
literature. We have also included data from preprint publications as a separate category to provide a
concise review of the existing knowledge as this global emergency unfolds.

Methods

This systematic review and meta-analysis was performed according to the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline.” Per institutional review board
policy of the University of Utah, institutional review board approval was not required for this study since
it did not involve any direct human participant research.

Search Strategy

We performed a literature search combining Medical Subject Headings (MeSH) terms and keyword
searches using MEDLINE/PubMed and Embase to find studies published from November 1, 2019, to
March 30, 2020, using the terms "COVID-19," "SARS-Cov-2," and/or "novel coronavirus.” We also
queried the newly developed artificial intelligence-enabled search engine, CORD-19 (Allen Institute
for Artificial Intelligence), which has partnered with leading research groups to prepare and
distribute the COVID-19 Open Research Data set, a free resource of more than 29 000 scholarly
articles, and also archival services, such as bioRxiv and medRxiv."*'> A secondary search through
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references of published studies was also performed. The reference lists of all studies were reviewed
for additional sources of data. Duplicate citations were removed, and all remaining studies were
screened for eligibility by review of their titles and abstracts. The search strategy and method used
for selection of studies is presented in Figure 1.

Eligibility Criteria

Eligibility criteria included observational studies reporting clinical symptoms at presentation in
patients with COVID-19 (determined by nasopharyngeal swabs which were positive for SARS-CoV-2
in PCR) to estimate the prevalence of Gl symptoms when present and observational studies
providing data regarding RNA detection or isolation of SARS-CoV-2 in stool samples of patients with
COVID-19. Studies in abstract form only were excluded owing to limited available information
satisfying eligibility for analysis of our outcomes of interest. After application of these criteria, an
in-depth review of the remaining studies was conducted along with data extraction into an Excel
spreadsheet (Microsoft). Two investigators (S.P. and M.D.) independently performed the search.

Data Extraction and Quality Appraisal

Data were extracted and recorded from all studies as study type, author, year of publication, country
and site or setting, age, sex, number of patients, primary aim of the study, timing of data collection,
symptom prevalence (including cough, diarrhea, and nausea or vomiting among primary symptoms),
laboratory test results (including liver enzyme levels, such as aspartate aminotransferase [AST],
alanine aminotransferase [ALT], alkaline phosphatase [ALP], and total bilirubin), follow-up
determination, collection of stool viral RNA load, and performance of endoscopy. Quality of included
studies was assessed using a validated quality grading instrument, methodological index for
non-randomized studies (MINORS).'® The following criteria were evaluated and a score of O (not
present), 1(reported but inadequate), or 2 (reported and adequate) was provided for each: clearly stated
aim, inclusion of consecutive patients, prospective collection of data, end points appropriate to the
aim of the study, unbiased assessment of the study end point, follow-up period appropriate to the aim
of the study, loss to follow-up less than 5%, and prospective calculation of the study size.

Figure 1. PRISMA Flow Diagram Depicting Study Selection Process

1494 Records identified through 624 Additional records identified through 24 Additional records identified through
database searches preprint medRxiv/bioRxiv bibliographic search

1092 PubMed

402 Embase

‘ 462 Records after duplicates removed ‘

v

‘ 462 Records screened (title/abstract) ‘

398 Records excluded
170 Had no reported Gl symptoms
140 Included no information on variables of interest
31 Included no patient-level data
29 Case reports
28 Included only nonhuman data

29 Full-text articles assessed for eligibility

35 Full-text articles excluded because of lack of information
—> on Gl symptoms or cluster family with no information
on variables of interest

29 Studies included in quantitative analysis
23 Full-text published studies
6 Preprint studies

Gl indicates gastrointestinal.
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Statistical Analysis

The primary objective of this systematic review and meta-analysis was to assess the rates of Gl
symptoms (ie, diarrhea, nausea, or vomiting) reported among patients with COVID-19. This was
calculated as the pooled prevalence rate of these Gl symptoms individually. Studies that did not
report Gl symptoms were excluded from this analysis. Secondary objectives included calculating the
pooled estimate rates for Gl symptoms and rates of virus shedding in stool of patients with COVID-19
among published and archived studies (ie, preprint studies) as derived from COVID-19 Semantic
Scholar.’>" Statistical analysis was performed using R statistical software (R Project for Statistical
Analysis). The extent of heterogeneity across studies was assessed using Q statistics and /? index. For
the I statistic, heterogeneity was defined as low (25%-50%), moderate (50%-75%). or high (>75%).
Publication bias was assessed using funnel plots, and asymmetry of the funnel was evaluated with
Egger regression test. P values were 2-sided, and P < .05 was considered statistically significant. Data
were analyzed from December 2019 to March 2020.

Results

Study Characteristics
The initial search using the MeSH terms yielded 1484 studies. After screening titles, abstracts, and full
texts and for the studies in preprint version derived from COVID-19 Semantic Scholar, the selection
was reduced to 614 studies. After further screening and applying the inclusion and exclusion criteria,
21 publications'®'*'734 and 8 preprint studies">3>4° were included for the final analysis (2 preprint
studies were accepted in the time between initial analysis and final analysis) (Table). Most of these
studies were single-arm observational studies with retrospective reporting of data from hospitalized
patients, and most studies were reported from mainland China. The primary method of data
collection was extraction of information from electronic medical records of hospitalized patients.
Most studies collected data on adults, 1study collected data on pregnant patients,'® and 3 studies
included data on children younger than 18 years.'®>3¢ One study reported information on health
care personnel.”

Overall, the studies included 4805 patients (mean [SD] age, 52.2 [14.8] years; 1598 [33.2%]
women). All studies were conducted between November 1, 2019, and March 30, 2020. Eight studies
provided information on viral shedding in stool.1017:20-21:41-44

Quality of Studies

Overall, most of the incorporated studies scored between 8 and 10 on the MINORS quality
assessment (ie, moderate quality), with important factors being stated aims of the study. inclusion of
eligible patients, and appropriately stated end points. Uniformly, sample size calculation or
estimation and loss of data contributing to any attrition bias were not reported by the studies. The
results of quality assessment are shown in eTable 1in the Supplement.

Analysis of Primary Outcomes

Of 29 publications and preprint studies included in the final analysis, 26 studies reported the
occurrence of diarrhea, whereas 12 studies measured the occurrence of Gl manifestations as
vomiting or nausea.

The most commonly reported Gl symptom at presentation was diarrhea, with pooled estimate
among published studies of 7.4% (95% Cl, 4.3%-12.2%) of patients (Figure 2), which includes 371
patients with diarrhea of 4393 patients from 21 studies (/? = 94%; Egger test for bias, P = .64).
Pooled prevalence of diarrhea when including all studies published and preprint was 7.8% (95% Cl,
5.1%-11.9%%) of patients, which includes 414 patients with diarrhea of 4805 patients from 26
studies (I? = 93% Egger test for bias, P = .49).

The pooled prevalence of nausea or vomiting in published studies was 4.6% (95% Cl, 2.6% -
8%) of patients, including 285 patients with nausea or vomiting of 4005 patients from 12 studies

[5 JAMA Network Open. 2020;3(6):e2011335. doi:10.1001/jamanetworkopen.2020.11335 June 11,2020 414

Downloaded From: https://jamanetwork.com/ by a A.R. Dykes Library of the Health Sciences User on 06/11/2020


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.11335&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.11335

Gastrointestinal Symptoms and Fecal Viral Shedding in Patients With COVID-19 Infection

JAMA Network Open | Gastroenterology and Hepatology

(panuuod)
euly) ‘ueynp
(€) ((29) (L1) (1) r1) (82) plem uoljejosi ay3 0c0¢ ‘ABojouyda) pue adudIdS
T L S 1C VN 14 8 A9g ‘ueapy 6C 031 paniwpe jusiied Ksenuer Jo Ayis1aniun buoyzeny 020T ‘TT Y21y 6718 1 U3Y)
00T ‘s
(99) (11 (rv) A(6%-ST) Aienigag-g1
VN VN VN S VN T ¥ 9¢€ '(40I) uelpa 6 sjuaned )y Asenuer  euiyd ‘bulfiag ui d1und 1aAd4 020T ‘TT Y21y 571839 bueyz
(69) (r1) (o1) (£°s¥) A(89-2¥) 0207 '8¢-1
VN 0 0 8 6T 1 €9 95 ‘(¥OI) uelpap 8€T sjuaized }npy Asenuer ueynj ‘veubuoyz 020z ‘£ Arenigay <1219 buem
(28) (1) @ (€43) A(T€T) 0207 ‘0z-1T
VN VN VN 18 T 4 [43 G'GG "(as) ueapy 66 sjualied )npy Ksenuer euly) ‘ueynp 020t ‘o€ Atenuer pzl® IR U3Y)
0c0¢
‘¢ Aenuer
(L) (92) (€) (Lo A(85-1¥) -610¢ ‘91
VN ST VN 1€ 0 T 11 6 ‘(40I) uelpapy 1874 sjualied )npy 13quiadaq euly) ‘ueynp 0202 'y Arenuer 11213 bueny
0c0tC
‘67 Menuer
2(0T) (20 »(12) (89) (%) (L€) A(85-5¢) uo13394ul 7-A0D -6T0C 'TT
9L 891 84T L SS 184 6Ty Lt '(¥OI) ueipapy 660T -SYVS YHm synpy Jaquiadaq eUIYD ‘UBYNM  0ZOT ‘8T Alenigad zz1e 1 ueny
(€9 (€0 (€8) (0€) (0€) (99)  A6S-Tg ‘abues 'k 020T ‘T1-€ eully) ‘ueynjy 1edsoy
VN L L 14 6 6 0z (8) 5€‘(as) ueapy 0€ sasinu pue suepdisAyd Asenuer Ayis1aaiun ueybuelr 020T ‘TT U24e ozl€ R NI
uo13234Ul Z-A0D
-SYVS pauiijuod 0¢0¢
(91)  papiodal (18) (8) ((2%) A(2s-€) -A10jeJoqe) yam '97-01 euly) ‘duinold
VN 01 10N 0§ VN € LT T '(¥0I) uepa 79 sjuaned paziedsoy Asenuer bueifayz ursiedsoy £ 0Z0T ‘6T Alenigad 11831 Ny
ddd-1y
BIA pawliuod 020z ‘0T
(€) (81) (1) (89) (1) ) (97) A(peT) uoaul g-A0)  Asenigad-L1 euly) ‘noyzuspm
¥ LT 8T L8 [4 11T 89 1'G¥ '(as) ueapy 6vT  -SYVS Yim sjualied Ksenuer ur Apn3s 123uadIMNN 0Z0T ‘9 Alenigay »11€39 buey
sjuswiedap 020¢
Kiojesidsarayi ol ‘g Asenuer
(8%) (8) (59) A(£8-07) panyiwpe 6T-AINOD -610¢ '0¢ euly) ‘aduinoid
0 0 0 99 VN 11T 9/ /S '(¥OI) uelpapy LET U3m syualied Jaquiada@  13qnH ul sjeydsoy Alenal 6 020z ‘£ Arenigay s7lewnn
uoibal leybueys 020t ‘01 eulydy
(tv) A(029-07€) ul6T-alA0) A1enigai-og ‘leybueys “4a3ua) 1ealun)
VN VN VN VN VN VN 87 0'v¥ ‘(4OI) uelpapy 99 Uam syuaiied |y Ksenuer UneaH onand teybueys  0zoz ‘gz Arenigad 1Z1e 3 bur
1003S Ul Pa3231ap
(9°24) q(9°5€) (61) 7-N\0D-SYVS YUM 00T ‘v1-T euly) ‘noyzbueny
VN VN VN €S VN 9C ¥1T Ag/-ow QT ‘abuey €/ sjuaned pazijeydsoH Kienigay ‘RIISI9AIUN USS-1BA UNS 020 ‘€ U24ei oz]@ 18 0eIX
euly) ‘saauinold
070T ‘Tz buopueys pue ‘ueudy ‘1aqaH
(z0) (z) (s¥) (6) (A£1-0Ww 9) owr T Aseniga4-6z ‘eIXBuIN ‘nsues ‘Ixueeys
VN 9 9 1 0 € YN ‘A£‘(4OI) uelpapy 1€ uaJpiyd Asenuer ursanid /T ul sjeydsoy 1z 020T ‘T U24e 511832 buem
ejuownaud
6T-AIAOD pauliijuod 020z ‘01 eulydy
(12) (09) K(/8-8T) -fiojeloqe) Aseniged-/¢ ‘enyulr ‘AISISAIUN euly)
VN VN VN 0T 0 0 L Tt '(40I) ueipapy T UM syualied Asenuer  ‘Bueifdyz jo 1e3idsoH enyuir 020 ‘€ U24e or1€ 39 bueyz
ejuownaud
6T1-AIAOD pauwliljuod 0c0¢
(€€) (€€) (1) (1) (o01) -Aiojeloqe) yum ‘T€-0C euly) ‘ueynpy ‘Aus1aaiun
VN (S € 7 0 T 6 K 0¥-97 ‘abuey 6 uswom jueubald Kienuer ueynp\ ‘edsoH ueubuoyz 020C ‘L yalen grlB I UdYD
S]2131e payshignd
uignaniq 1SV 17V ybno)  BulMWOA eayslelq  UIWOM by  "ON ‘sjudned uoneindod  pousad awi| (A13unod -91ep 92.n0S
1elon 10 e3sneN ‘@auino4d 10 A312) 33IS uoleanqnd jeniu|
19A3] WINJ3S paiend)d swoydwAs
(%) "oN

S9IPNIS PapN|oU| 4O SO1SLIBIRIELD JUBled pue ApmiS "a|qeL

5/14

June 11,2020

& JAMA Network Open. 2020;3(6):e2011335. doi:10.1001/jamanetworkopen.2020.11335

https://jamanetwork.com/ by a A.R. Dykes Library of the Health Sciences User on 06/11/2020

Downloaded From



Gastrointestinal Symptoms and Fecal Viral Shedding in Patients With COVID-19 Infection

JAMA Network Open | Gastroenterology and Hepatology

'sisAjeue 1no aduis paysijgnd usaq sey dpIHedy| g

‘uonjediysuod payiodal (%05) siuaned om|

'syuaiied zg/ 1oy e3ep sapnpuj o

‘syusned /G/ 10j e1ep sapnpu| |,

'syuanied |4/ 104 e3Rp SIpNPU| 5
‘Buipss|q |eunsaiulonses paousnadxe (%9°€L) Ol [BUOIIPPE LY o

"sajep uonedlqnd

|BIDI440 YdJeL Jou Aew 219y Sa1ep 0s ‘uoiedlgnd Jo peaye auljuo pajuasald a1am SaIHe aWos

"3|qejIeAR 30U YN ‘@8uel 31ienbiaiul ‘YOI ‘6107 @SeSSIP SNUIABUOIOD ‘61-AIAOD ‘LOIUSABI] PUB [013U0)
9seas| 10} 93U 3saUIY) ‘DD ‘Sselajsueliouliuie deledse ‘| Sy ‘9SeajSuUBIoUILIE SUlUB|e ‘] Ty SUOIIRIASIqQY

020T ‘ST
(6) (€1) (Lv) (%) (¥9) A(ev-62) Ag9-cz Alenigad-91 BuIlyd
VN 9 8 (1]3 0 € v S€'(¥01) uelpaw 79 pabe sjuaiied Asenuer ‘ueynj ‘leydsoH uoiun 070T ‘€T Y21l ople 3R NI
020T ‘11
sased AJeniga4
pawjuod -610C ‘6 5cUBBO0DI|N
VN VN VN VN VN VN VN VN CL9Vy  SpPl0d9l19sed yTE ¢L d8quiadaQ 9seqeiep DAJ J3udINN 020¢ ‘¢ f1enigay pue nm
020T ‘0t euly) ‘noyzbueny
(ov) Aseniga4-zz ‘423U 1e21P3 S,u3P]ILYD
WN WN VN WN WN 4 ¥ AgT-ow g ‘abuey 0T sjuaijed d1je1pad Asenuer pue uawiop noyzbuens 0T0T ‘€T Ydep 5ocl® 33 NX
0z0t
(90 (z1) (€€) (99) A(26-L0) A'26-LT pabe ‘6C-€T
VN WN WN €5 44 L9 SIT €9 '(y0I) uetpay 907 sjuanied pazijeHdsoH Asenigay euly) ‘ueynp 020T ‘0€ Ude pecl® 33 UBH
0202 ‘91 euiy) Jo A6ojouyda)
(61) (00) (€8) (6) (r¥) A(55-¥€) A16-9T Atenigag-1¢ pue a3ua|3s 4o AjIsIaAILN
VN 1 ST 9 0 6 €€ /¥ '(¥OI) uelpap SL pabe sjualied Asenuer Jo1eyidsoy pajeniye 1si14 0202 ‘9 ya1epy gel€ 19 0eyz
0z0¢
(19) (19) (sv) (@ (¥) (6¥) A (%9-9€) A88-ST 'T€-0¢
VN G/ S/ /9 ¢ 9 7L 506 ‘(¥OI) uelpap SY1 pabe sjuaed Adenuer eulyd ‘leybueys  0zoc ‘sz Arenigad 571 19 ueq
020T ‘11
(o1) (8) (09) (61) (€0 (69) ow (£5-5'9¢€) Aseniga4-0z
VN 6 L qS LT TC S 06 ‘(¥0I) uelpapy 16 VN Asenuer euIyd ‘ueynm 020z ‘T Aenigay 5,18 19 UBID
020z ‘€t
(69) (z1) (z¢1) (69) ouw (€'%6-0T) Aienigas-1 eulyd ‘ueAiys ‘audIpapy
VN VN VN 0T 14 14 0C €€ '(40I) uelpapy v€  AyT1-0pabe sjuaned Asenuer J0 Ayissaniun 13GnH 020T ‘9T U24el cc18 19 bueyz
sa1pns jundald
0¢0T ‘8
(£9) (€) (8) (6%) A(TvT) Asenigag-/1 euly) ‘eduinoad
WN WN VN 137 4 €5 0ze  9'S¥ ‘(as) ueaw 159 syuaized ynpy Asenuer  Bueliyz ‘Apns 193uadmnyy 020T ‘v Ud1en pele 3 uIr
0c0¢
‘6 Aeniga4
(6€) (8) (81) (59) A(£8-51) sjualied yeisuou  -6TOT ‘0T
VN VN VN 86 1¢ 9 6€T TS '(¥OI) uelpap 1474 pue jje3s 1es1pajy 13quiadaq euly) ‘ueynp 020T ‘TT U24e ¢l 19 noyz
020t ‘0t
(e1) 9) (%) spuaned  Alenige4-T
WN WN VN WN YET 89 18 Ag€g ‘ueapy TPTT pazijejidsoH Aenuer euly) ‘ueynp 0207 ‘0T Ud1en zcle3@on]
00T ‘8¢
(1) #1) (8%) A1) Aseniga4-81 euly)y
0 0 0 VN 8 6C L6 615 '(as)ueaw v0T syuaized ynpy Asenuer  ‘ueyn ‘Apnis 123uddINNN 0707 ‘8T Y21l 1ele 38 ued
0z0¢
(o) (8) (€1) A(8v-v€) '6¢-91
VN WN VN 9 WN 1 € € '(401) ueipapy €T  sjuaned pazijendsoy Asenuer euiy) ‘buifiag ut sjeydsoy ¢ 020¢ 'z Asenigay ocl® 39 buey)
auIpaw
ulaisap pue 0c0tC eulyd
(s2) (4] 9S3UIY) PauIquiod 'vT-1¢ ‘leybueys 4ajua) 1eda1u)
VN VN VN € VN 0 T VN ¥ BuiAlaIal Sjuailed Ksenuer y1esH d1qnd leybueys 020¢ ‘9T ud4ep 1€ 33 buep
uignaniq 1SV 17V ybno)  BulMWOA eayslelq  USWOM aby  "ON ‘sjudned uoneindod  pousad awip (A13unod -91ep 924n0s
1e301 10 easneN ‘@auino4d 10 A312) 33IS uopednqnd jeniug
19A3] WINJ3S paiend]3 swoydwAs
(%) "ON

(pPaNuRUO2) SAIPNIS PAPN|dU] JO SINSHISIIRIEY) JUSIIRd pUe ApNIS d|qeL

6/14

June 11,2020

[5 JAMA Network Open. 2020;3(6):e2011335. doi:10.1001/jamanetworkopen.2020.11335

https://jamanetwork.com/ by a A.R. Dykes Library of the Health Sciences User on 06/11/2020

Downloaded From



JAMA Network Open | Gastroenterology and Hepatology Gastrointestinal Symptoms and Fecal Viral Shedding in Patients With COVID-19 Infection

Figure 2. Forest Plots of Included Studies Showing Pooled Estimate of Diarrhea

[A] Published studies

No. Proportion
Study Events Patients (95% Cl)
Chen et all8 1 9 0.111(0.003-0.482) —B#—————
Zhang et all0 0 14 0(0-0.232) [
Wang et all® 3 31 0.097 (0.020-0.258) | —@——
Xiao et al20 26 73 0.356 (0.247-0.477) —a
Liu et al25 1 137 0.007 (0-0.040) |
Yang et all4 1 149 0.007 (0-0.037) | =
Xu et all? 3 62 0.048(0.010-0.135) i —m+—
Liuet al38 9 30 0.300 (0.147-0.494) —_——
Guan et al?2 41 1099 0.037 (0.027-0.050) |
Huang et al27 1 41 0.024 (0.001-0.129) =—+—
Chen et al24 2 99 0.020 (0.002-0.071) =
Wang et al23 14 138 0.101 (0.057-0.164) -
Zhang et al28 1 9 0.111(0.003-0.482) —m————————
Chen et al29 4 29 0.138 (0.039-0.317) —
Wang et al27 0 4 0(0-0.602) ]
Chang et al30 1 13 0.077 (0.002-0.360) —
Pan et al3! 29 204 0.142 (0.097-0.198) -
Luo et al32 68 1141 0.060 (0.047-0.075) L
Jinetal34 53 651 0.081 (0.062-0.105) Ii
Zhou et al33 46 254 0.181(0.136-0.234) —a—
Han et al3° 67 206 0.325(0.262-0.394) ——
Random-effects model 4393 0.074 (0.043-0.122) <
Heterogeneity: 12=94% 0 01 02 03 04 05 06 07
Proportion (95% Cl)
Allincluded studies
No. Proportion
Study Events Patients (95% ClI)
Chenetall8 1 9 0.111(0.003-0.482) —@#—
Zhang et all0 0 14 0(0-0.232) |
Wang et all® 3 31 0.356 (0.020-0.258) —
Xiao et al20 26 73 0.355(0.247-0.477) —a—
Liu et al?5 1 137 0.007 (0-0.040) |
Yang et all4 1 149 0.007 (0-0.037) | =
Xu et all” 3 62 0.048 (0.010-0.135) i—W+—
Liuet al38 9 30 0.300 (0.147-0.494) B
Guan et al?2 41 1099 0.037 (0.027-0.050) |
Huang et al27 1 41 0.024 (0.001-0.129) =——
Chen et al24 2 99 0.020 (0.002-0.071) =m—
Wang et al23 14 138 0.101 (0.057-0.164) ——
Zhang et al28 1 9 0.111 (0.003-0.482) 4%.7
Chen et al29 4 29 0.138(0.039-0317) —m@——
Wang et al2” 0 4 0(0-0.602) [ -
Chang et al30 1 13 0.077 (0.002-0.360) —‘7
Pan et al3! 29 204 0.142 (0.097-0.198) ——
Zhang et al3% 4 34 0.118 (0.033-0.275 —
Qian et al37 21 91 0.231(0.149-0.331) ——
Fan et all 6 148 0.041 (0.015-0.086) -+t
Zhao et al38 9 75 0.120 (0.056-0.216) -
Liu et al40 3 64 0.047 (0.010-0.131) -
Luo et al3? 68 1141 0.060 (0.047-0.075) I:
Jinetal3* 53 651 0.081 (0.062-0.105) E 3
Zhou et al33 46 254 0.181(0.136-0.234) ——
Han et al3° 67 206 0.325(0.262-0.394) —a—
Random-effects model 4805 0.078(0.051-0.119) <> All studies were published or appeared as preprints in
Heterogeneity: 12=93% 0 01 02 03 04 05 06 07 2020. Squares indicate proportions; whiskers, 95% Cl;
Proportion (95% CI) diamond, random-effects model estimate.
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(? = 92%; Egger test for bias, P = .10) (Figure 3). Pooled prevalence of nausea of vomiting was 3.9%
(95% Cl, 2.1%-7.2%) of patients when all studies were considered, including 309 patients with
nausea or vomiting of 4417 patients from 17 studies (1> = 94%:; Egger test for bias, P = .25).

Occurrence of SARS-CoV-2 Shedding in Stool

There were 8 studies that reported detection of viral RNA of SARS-CoV-2 in stool. Pooled detection
of patients with fecal samples positive for SARS-CoV-2 RNA for patients who were confirmed by
nasopharyngeal swab testing or respiratory secretion analysis for PCR to have COVID-19 was 40.5%
(95% Cl:27.4%-55.1%) of patients (Figure 4),'0120-2141-44 inc|yding 154 patients with fecal samples
positive for SARS-CoV-2 of 407 patients from 8 studies (/> = 83%; Egger test for bias, P = .86).
Characteristics of these studies are presented in eTable 2 in the Supplement.

In the study by Wang et al,*' among a total of 153 fecal samples collected, 44 samples (28.8%)
tested positive for SARS-CoV-2 compared with 126 positive results of 398 pharyngeal swabs (31.7%),
which is one of the most prevalent mechanisms of testing. The rates of positivity using other
specimens were 14 of 15 tests using bronchoalveolar lavage fluid (93.3%), 72 of 104 tests using

Figure 3. Forest Plots of Included Studies Showing Pooled Estimate of Nausea or Vomiting Symptoms

[A] Published studies

No. Proportion
Study Events Patients (95% ClI)
Chen et all® 0 9 0(0-0.336) |
Zhang et all0 0 14 0(0-0.232) [ B
Yang et all4 2 149 0.013 (0.002-0.048) =
Guan et al22 55 1099 0.050 (0.038-0.065) .'
Huang et al2” 0 41 0 (0-0.086) ——
Chen et al24 1 99 0.010 (0-0.055) I—:L
Wang et al23 19 138 0.138 (0.085-0.207) i —a—
Pan et al3! 8 204 0.039 (0.017-0.076) 1‘7
Luo et al3? 134 1141 0.117 (0.099-0.138) i B
Jinetal34 21 651 0.032 (0.020-0.049) I:+
Zhou et al33 21 254 0.083 (0.052-0.124) i+
Han et al3° 24 206 0.117 (0.076-0.168) E ——
Random-effects model 4005 0.046 (0.026-0.080) <
Heterogeneity: 12=92% 0 01 02 03 04 05
Proportion (95% Cl)
Allincluded studies
No. Proportion
Study Events Patients (95% Cl)
Chen et all8 0 9 0(0-0.336) |
Zhang et all0 0 14 0(0-0.232) [ B
Yang et all4 2 149 0.013 (0.002-0.048) W
Guan et al22 55 1099 0.050 (0.038-0.065) -
Huang et al27 0 41 0 (0-0.086) l—g—
Chen et al24 1 99 0.010 (0-0.055) I—:F
Wang et al23 19 138 0.138 (0.085-0.207) i —a—
Pan et al3! 8 204 0.039 (0.017-0.076) #7
Zhang et al3% 4 34 0.118(0.033-0.275) ‘;—Ii
Qian et a3’ 17 91 0.187(0.113-0.282) i e
Fanetall 3 148 0.020 (0.004-0.058) I:¥
Zhao et al3® 0 75 0(0-0.048) -
Liu et al40 0 64 0 (0-0.056) [
Luo et al3? 134 1141 0.117 (0.099-0.138) i E 3
Jinet al34 21 651 0.032 (0.020-0.049) il
Zhou et al33 21 254 0.083 (0.052-0.124) i -
Han et al3° 24 206 0.117 (0.076-0.168) ——
Random-effects model 4417 0.039 (0.021-0.072) = <> All studies were published or appeared as preprints in
Heterogeneity: 12=94%; 12=1.1672 (P<.01) 0 01 02 03 04 05 2020. Squares indicate proportions; whiskers, 95% Cl;
Proportion (95% CI) diamond, random-effects model estimate.
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sputum (69.2%), 5 of 8 tests using nasal swabs (62.5%), 6 of 13; tests using fiberoptic bronchoscope
brush biopsy (46.2%), and 3 of 307 tests using blood (1.0%). Of 72 urine specimens tested, O were
positive for SARS-CoV-2.* Two stool samples (1.3%) showed live virus on electron microscopy. Xiao
et al?° reported that, of 73 patients with SARS-CoV-2 infection, 39 patients (53.4%), including 25
men and 14 women, had results positive for SARS-CoV-2 RNA in stool specimens. Moreover, Xiao

et al?° found that 17 patients (23.3%) had PCR of stool results positive for SARS-CoV-2 despite having
respiratory samples with PCR results negative for SARS-CoV-2.

In a study by Young et al,*? in 4 of 8 patients had RT-PCR results positive for SARS-CoV-2 in
stool, regardless of diarrhea, for 1to 7 days. Peng et al*® found that anal swabs from 2 of 9 patients
tested positive for SARS-CoV-2. In a single-patient case study*> comparing the presence of SARS-
CoV-2in throat vs rectum samples, the rectal samples were positive for SARS-CoV-2 for up to 18 days
after hospitalization. A study by Ling et al*' included 66 patients who recovered after treatment for
COVID-19, among whom 11 patients (16.7%) still had stool test results positive for viral RNA after a
median duration of 11 days after symptom onset. In another study including 17 patients with
confirmed SARS-CoV-2 infection with available data (representing 0-13 days after onset), stool
samples from 9 patients (52.9%) were positive for SARS-CoV-2 on RT-PCR analysis for O to 11 days
after disease onset.” The viral loads in stool samples were lower than those of respiratory samples
(range, 550 copies per mL to 1.21 x 10° copies per mL vs 641 copies per mL to 1.34 x 10" copies per
mL).”

Elevated Liver Enzymes

Of 23 studies included in the final analysis, 8 studies reported data on elevation of either AST or ALT
levels at the time of patients’ clinical presentation. The pooled estimate of elevated AST levels was
20% (95% Cl, 15.3%-25.6%) of patients, including 243 patients with elevated AST levels of 1450
patients from 8 studies (/> = 48%:; Egger test for bias, P = .34) (eFigure in the Supplement). The
pooled prevalence of elevated ALT levels was 14.6% (95% Cl, 12.8%-16.6%) of patients, including 197
patients with elevated ALT levels of 1347 patients from 6 studies (1> = 0%; Egger test for bias, P = .13)
(eFigure in the Supplement).

The pooled prevalence of elevated AST levels when including all studies, published and
preprint, was 17.7% (95% Cl, 14.1%-22%) of patients, including 272 patients with elevated AST levels
of 1680 patients from 11 studies (1> = 53%; Egger test for bias, P = .23). The pooled prevalence of
elevated ALT was 18.5% (95% Cl, 12.4%-26.5%) of patients, including 302 patients with elevated ALT
levels of 1725 patients from 10 studies (/> = 87%; Egger test for bias, P = .81).

Figure 4. Forest Plot of Included Studies Showing Pooled Estimate of Viral Shedding in Feces

No. Proportion
Study Events Patients (95% Cl)
Xiao et al20 39 73 0.534 (0.414-0.652) ——
Zhang et al10 5 14 0.357 (0.128-0.649) .
Young et al42 4 8 0.500 (0.157-0.843) ]
Peng et al*3 2 9 0.222 (0.028-0.600) —a—
Wang et al4! 44 153 0.288(0.217-0.366) e
Xu et al44 41 74 0.554 (0.434-0.670) —a—
Ling et al2! 11 66 0.167 (0.086-0.279) ——
Xu et all” 8 10 0.800 (0.444-0.975) —
Random-effects model 407 0.405 (0.274-0.551) e All studies were published or appeared as preprintsin
Heterogeneity: 12 =83% 0 02 04 06 08 10 2020. Squares indicate proportions; whiskers, 95% Cl;
Proportion (95% ClI) diamond, random-effects model estimate.
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Discussion

In this systematic review and pooled analysis of the published and preprint literature of SARS-CoV-2
infection and GI symptoms, we found that approximately 10% to 12% of patients with COVID-19
experience Gl symptoms, such as diarrhea (7.4%) and nausea or vomiting (4.6%). In addition, 30%
to 50% of patients may have fecal swabs that test positive for the SARS-CoV-2 RNA, confirming that
the virus can be detected in other sites and therefore potentially transmitted in ways other than by
respiratory droplets. Particularly concerning was the presence of live virus in patients’ stool and that
fecal shedding continued for days after hospitalization.

In this study, we report that the pooled prevalence of diarrhea among patients was 7.4% and of
nausea or vomiting was 4.6%. Although these numbers are not as high compared with SARS
infection, where the estimate of Gl symptoms is approximately 20%,*¢**® based on our
understanding of the pathophysiological and phylogenetical characteristics of SARS-CoV-2, it might
be possible that Gl symptoms could be underreported in the initial studies. The reasons for this may
be related to the focus on the more important and fatal respiratory symptoms being managed by
treating physicians, as well as the challenges in the definition of diarrhea. Nevertheless, the presence
of Gl symptoms may portend a worse outcome for patients infected with SARS-CoV-2, as shown in
a 2020 study by Pan et al” that reported that patients without Gl symptoms were more likely to
recover and be discharged compared with those with Gl symptoms (60% vs 34%). Liver enzyme
levels outside of reference ranges have also been observed in 15% to 20% of patients. Guan et al*?
reported significantly higher elevation in liver enzymes in patients with severe COVID-19 compared
with patients with nonsevere COVID-19 (39.4% vs 18.2%). Similarly Wang et al®>> reported higher
levels in patients in intensive care units. Chen et al** reported liver enzyme levels as high as 1445 U/L
for AST and 7590 U/L for ALT (to convert to microkatal per liter, multiply by 0.0167).

There have been some reports?®#! regarding the virus being detected from other sites, and
therefore potentially transmitted in ways other than respiratory droplets. In our analysis of a few
studies in which SARS-CoV-2 RNA was isolated from the stool, the fecal-oral route of transmission
could be an additional potential source of infection spread. Our results also suggest that testing of
the virus in feces by real-time RT-PCR could be helpful in disease monitoring and surveillance. Current
Centers for Disease Control and Prevention recommendations for transmission-based precautions
for hospitalized patients with COVID-19 are based on having negative results on at least 2 sequential
respiratory tract specimens collected at least 24 hours apart.*° A study by Xiao et al?° found that
more than 20% patients with of SARS-CoV-2 infection have test results positive for viral RNA in stool
even after negative conversion of viral RNA in the respiratory tract. Moreover, fecal-oral transmission
of the virus could explain some of the nosocomial infections, especially those occurring in endoscopy
units. Nosocomial transmission of SARS-CoV-2 is a severe problem, as 3019 health care workers in
Wuhan, China, were infected as of February 12, 2020, which accounted for close to 4% of the total
number of infections in Wuhan and burdened health care systems.?"° To reduce health care-
associated infections, clinicians should be take extra precautions when a patient reports diarrhea.

To our knowledge, this systematic review and meta-analysis offers the most up-to-date
summary of the ongoing COVID-19 outbreak with burgeoning information being reported in a short
time span, with focus on GI symptoms and fecal viral shedding due to COVID-19. This study provides
important clinical information and insights for clinicians and epidemiologists and for future research.

Limitations

This analysis has some limitations. First, most available studies were from China and were large case
series or observational studies, which are subject to methodological biases; however, observational
studies are currently the only ethical study type to measure presence of Gl symptoms in patients with
COVID-19. Moreover, the quality of clinical assessment, individual patient record-screening vs
hospital database, was not clear in the studies included. Second, sample size calculation and
prospective study of GI symptoms during the natural history of the infection and implications were
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not the primary aims of the studies included in our analysis, thereby limiting deeper interpretation of
pooled summary estimates. Third, multiple large series of patients have not reported significant
numbers of patients with GI symptoms. However, it is not entirely clear whether minor Gl symptoms
were underreported in patients presenting later with severe multisystem organ failure, including
severe pneumonia, or that these patients actually did not have significant GI symptoms. Similarly,
minor changes in liver enzyme levels during the disease trajectory may have been underreported,
and studies focusing on enzyme levels could not be incorporated owing to focus of our review. This
may affect the precise population mean of reported estimates, but it is difficult to arrive at such
conclusions without having had true prospective, longitudinal studies of robust power with adequate
follow-up. Moreover, significant heterogeneity is noted for our results. This is likely explained by
clinical and methodological heterogeneity resulting from most studies being low-power case series
or retrospective in nature with varied reporting of symptoms and labs. It is also due to the fact that
high heterogeneity is probable representation of population distribution of the summary estimate.
Although we used a random-effects model, there was still some influence on the final results. In the
setting of an emerging pandemic, although most data were from 1region of the world, early reporting
of this information could still be very helpful to guide management of COVID-19.

Conclusions

Our findings suggest that the intestinal tropism of SARS-CoV-2 is similar to previous SARS infections
and that Gl symptoms are a frequent manifestation of this emerging infection. It has to be noted that
although GI symptoms are frequent, fever, cough, and respiratory symptoms are still the
predominant type of presentation based on data from studies from China. In addition to the call for
increasing awareness for this atypical presentation, these findings regarding virus shedding in feces
imply that SARS-CoV-2 could be transmitted by the fecal-oral route and support consideration of
stool RT-PCR testing to aid in transmission-based precautions among patients with SARS-CoV-2
infection. Finally, particularly concerning is the presence of detectable RNA in the Gl tract, making the
use of optimal personal protective equipment and following up-to-date national infection control
guidelines highly prudent.
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