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Background: The worldwide outbreak of COVID-19 infected millions
of people. Some patients had gastrointestinal (GI) symptoms, abnormal
liver function, digestive system disease and liver disease.

Aim: To investigate the prevalence of GI symptoms, abnormal liver
function, digestive system disease and liver disease in patients with
COVID-19 by a systematic review and meta-analysis.

Methods: We searched PubMed, Ovid Embase, Medline, and 2
Chinese databases. Primary outcomes were the prevalence of GI
symptoms, abnormal liver function, digestive system disease, and
liver disease. Different studies were included in different subset
analysis. These outcomes were estimated with proportions, odds
ratio, 95% confidence interval (CI) and P-value by Stata SE 15.1.

Results: Thirty-one studies involving 4682 patients were included.
The most significant GI symptoms were diarrhea (0.08, 95% CI:
0.06-0.11) and anorexia (0.17, 95% CI: 0.06-0.27). The most sig-
nificant abnormal liver function was increased alanine amino-
transferase (ALT) (0.25, 95% CI: 0.16-0.33). A total of 5% of the
patients had digestive system disease (95% CI: 0.02-0.08). A total of
3% of the patients had liver disease (95% CI: 0.02-0.05). The
prevalence of nausea and vomiting, diarrhea, abnormal liver func-
tion, digestive system disease, and liver disease was higher in Wuhan
group. The prevalence of diarrhea was higher in non-China group.
Patients in severe/intensive care unit group were more likely to have
diarrhea, anorexia, abdominal pain increased aspartate amino-
transferase, and increased ALT.

Conclusion: The most significant GI symptoms were anorexia and
diarrhea. The most significant abnormal liver function was increased
ALT. Severe patients were more likely to have GI symptoms and
abnormal liver function.

Key Words: COVID-19, gastrointestinal symptoms, liver function,
digestive system disease, meta-analysis
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I n December 2019, several cases of pneumonia with unknown
reason emerged in Wuhan, Hubei province, China.1,2 Chinese

Center for Disease Control and Prevention (China CDC)
identified a novel coronavirus, which was named 2019 novel
coronavirus (2019-nCoV).3 2019 novel coronavirus disease
(COVID-19) spread through China rapidly in last 3 months,
thus far, there were >80 thousand confirmed cases and >3
thousand dead cases in China. At present, the epidemic has
been contained successfully in China with effective measures.
However, COVID-19 is affecting many countries and territories
outside China, as of April 3, 2020, >1 million cases of COVID-
19 have been reported, among which >50 thousand patients
have died.4 On March 11, 2020, World Health Organization
(WHO) pronounced that COVID-19 could be characterized as
pandemic.5

The severity of COVID-19 can vary from mild to severe,
some patients have only influenza-like symptoms of fever,
cough, myalgia, and fatigue, however, a few patients can
progress rapidly to acute respiratory distress syndrome, acute
respiratory failure, and other serious complications. Previous
studies have shown that 5% of the patients were admitted to
the intensive care unit (ICU), 2.3% of the patients need inva-
sive mechanical ventilation and 1.4% of the patients died.6–8

Except for typical respiratory symptoms, gastrointestinal (GI)
symptoms such as diarrhea, nausea, and vomiting are worthy
of attention. A multicenter research in China shown that 3.8%
of the patients had diarrhea, 5% of the patients had nausea or
vomiting.8 In the study of Wang et al,9 10.1% of the patients
had nausea and diarrhea at the onset of illness followed by
fever and dyspnea. Besides, abnormal liver function was
observed in a substantial portion of the patients. In the study
of Chen et al,7 43% of the patients had differing degrees of liver
insufficiency with increased aspartate aminotransferase (AST)
and alanine aminotransferase (ALT), 18% of the patients had
increased total bilirubin (TBil). Another study found that liver
damage was more likely to be observed in severe patients
during the process of disease.10 Previous studies have shown
that COVID-19 was more likely to affect populations with
comorbidities. In the study of Chen and colleagues, 11% of the
patients got COVID-19 with underlying digestive system dis-
ease. With the rapid spread of COVID-19, the better under-
standing of clinical features will facilitate efforts to control
COVID-19. The aim of this meta-analysis is to identify the

From the Department of Gastroenterology, First Affiliated Hospital,
China Medical University, Shenyang City, Liaoning Province,
China.

Z.-y.D.: carried out the literature search, selection, validity assessment,
data abstraction and data analysis. B.-j.X. and M.-j.S.: provided
relevant support. Z.-y.D. and C.D.: wrote the paper and incorporated
the comments from other authors and peer reviewers. C.D. and M.J.
had the original idea for the paper, formulated the protocol, and
contributed to data abstraction and analysis.

Supported by Liaoning Science and Technology Foundation (No
20170541052), but the work was independent of it.

The authors declare that they have nothing to disclose.
Address correspondence to: Cong Dai, PhD, Department of Gastro-

enterology, First Affiliated Hospital, China Medical University,
Shenyang City 110001, Liaoning Province, China
(e-mail: congdai2006@sohu.com).

Supplemental Digital Content is available for this article. Direct URL
citations appear in the printed text and are provided in the HTML and
PDF versions of this article on the journal’s website, www.jcge.com.

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.
DOI: 10.1097/MCG.0000000000001424

ORIGINAL ARTICLE

J Clin Gastroenterol � Volume 55, Number 1, January 2021 www.jcge.com | 67

Copyright r 2020 Wolters Kluwer Health, Inc. All rights reserved.

mailto:congdai2006@sohu.com
http://www.jcge.com


prevalence of GI symptoms, abnormal liver function, digestive
system disease, and liver disease in patients with COVID-19,
also to compare the difference based on region and severity of
disease.

METHODS

Search Strategy
We systematically searched PubMed, Ovid Embase,

Medline, 2 Chinese databases (CNKI and Wanfang Data)
since inception up to April 6, 2020. Search terms were
“COVID-19,” “SARS-CoV-2,” “2019-nCoV,” “2019 novel
coronavirus,” and “novel coronavirus pneumonia.”

Inclusion Criteria and Exclusion Criteria
We included studies which met criteria as follows: (1)

studies aimed at COVID-19; (2) studies provided information
about GI symptoms, abnormal liver function, digestive system
disease, and liver disease; (3) studies designed by randomized
controlled trials (RCTs), prospective cohorts, retrospective
cohorts, and open-label; (4) full text. The exclusion criteria
were as follows: (1) studies published as reviews, letters, case
reports, editorials, comments, conference abstracts, and fam-
ily-based studies; (2) studies only describe these situations such
as GI symptoms, abnormal liver function, digestive system
disease, liver disease, and lacks specific data.

Data Extraction
Information was extracted from each study, including

baseline characteristics such as age, sex, region, severity of dis-
ease, clinical outcome, date of cases collection, GI symptoms
such as nausea, vomiting, diarrhea, abdominal pain, anorexia,
belching and constipation, abnormal liver function such as
increased AST, ALT, and TBil, digestive system disease, and
liver disease. We defined studies performed inWuhan asWuhan
group, studies performed outside Wuhan in China as non-
Wuhan group, studies performed in China as China group and
studies performed outside China as non-China group. We
defined the patients who had severe symptoms or received ICU
care as severe/ICU group, the patients who had general symp-
toms or did not receive ICU care as general/non-ICU group.
Primary outcome was the prevalence of GI symptoms. Secon-
dary outcomes were the prevalence of abnormal liver function,
digestive system disease, and liver disease.

Statistical Analysis
The data was analyzed by Stata SE 15.1, the proportion

and 95% confidence interval (CI) was used to calculate the
prevalence. Forest plots were used to present data visually.
Heterogeneity was evaluated using the Cochran’s Q test and I2

statistics, P-value<0.10 or I2>50% means the heterogeneity was
significant. The random-effects model was used if heterogeneity
was significant, otherwise, the fixed-effects model was adopted.
Publication bias was assessed with funnel plots and Egger’s test.
Subgroup analysis were performed based on region. Odds ratio
(OR), 95% CI, and P-value were computed to compare the dif-
ference based on severity of disease. P-value <0.05 means the
difference between groups was statistically significant. Different
studies were included in different subset analysis.

RESULTS

Study Selection and Baseline Characteristics
We initially retrieved 3154 unique citations from PubMed,

Ovid Embase, Medline, and 2 Chinese databases (CNKI and

Wanfang Data). A total of 569 studies were excluded in the first
screening because of duplication. After reading the titles,
abstracts, and full-text of citations, 2554 literatures were excluded
and 31 studies with a total of 4682 patients were included (Fig. 1).
In this meta-analysis, the time span of cases collection was from
December 11, 2019 to February 28, 2020. The median age of
patients ranged from 36 to 62 years, 55% of the patients were
male (Table 1).

Prevalence of GI Symptoms
In total, 26 studies were included to analyze the prevalence

of nausea, vomiting, diarrhea, abdominal pain, and anorexia
which we focused on in this meta-analysis. In addition, the study
of Zhang et al31 reported 7 patients with belching. The study of
Wang et al24 reported a patient with constipation. The preva-
lence of nausea and vomiting was 7% (95% CI: 0.04-0.09),
heterogeneity was significant (P<0.0001, I2=85.8%), the funnel
plot and Egger’s test revealed evidence of publication bias
(t=2.57, 95% CI: 0.46-4.55, P=0.019). The prevalence of
diarrhea was 8% (95% CI: 0.06-0.11), heterogeneity was sig-
nificant (P<0.0001, I2=86.4%) (Fig. 2), the funnel plot and
Egger’s test revealed the evidence of publication bias (t=3.02,
95% CI: 0.77-4.13, P=0.006). The prevalence of abdominal
pain was 3% (95% CI: 0.01-0.05), heterogeneity was significant
(P=0.005, I2=73.4%), the funnel plot and Egger’s test revealed
no evidence of publication bias (t=2.86, 95% CI: −0.46 to 8.77,
P=0.064). The prevalence of anorexia was 17% (95% CI: 0.06-
0.27), heterogeneity was significant (P<0.0001, I2=95.6%)
(Fig. S1 in Supplementary Appendix, Supplemental Digital
Content 1, http://links.lww.com/JCG/A622), the funnel plot and
Egger’s test revealed no evidence of publication bias (t=2.10,
95% CI: −1.31 to 13.34, P=0.089). We utilized random-effect
model to analyze the prevalence of GI symptoms.

Prevalence of Abnormal Liver Function
Fourteen studies were included to analyze the prevalence

of increased AST, ALT, and TBil. The upper limit of normal
value of AST, ALT, and TBil was 40U/L, 40 to 64U/L, and
17.1 to 26 μmol/L, respectively. In total, 24% of the patients had
increased AST (95% CI: 0.16-0.32), heterogeneity was sig-
nificant (P<0.0001, I2=94.7%) (Fig. S2 in Supplementary
Appendix, Supplemental Digital Content 2, http://links.lww.
com/JCG/A623), the funnel plot and Egger’s test revealed no
evidence of publication bias (t=1.49, 95% CI: −1.61 to 8.30,
P=0.165). A total of 25% of the patients had increased ALT
(95% CI: 0.16-0.33), heterogeneity was significant (P<0.0001,
I2=92.9%) (Fig. 3), the funnel plot and Egger’s test revealed no
evidence of publication bias (t=0.99, 95% CI: −3.21 to 7.80,
P=0.356). A toal of 13% of the patients had increased TBil
(95% CI: 0.05-0.20), heterogeneity was significant (P<0.0001,
I2=92.5%), the funnel plot and Egger’s test revealed evidence of
publication bias (t=1.12, 95% CI: −11.69 to 19.89, P=0.38).
All the results were analyzed by random-effect model.

Prevalence of Digestive System Disease and Liver
Disease

Seventeen studies were included to analyze the prevalence
of digestive system disease and liver disease. The disease cate-
gories were not mentioned in most studies. The study of Easom
et al16 reported 3 patients with gastroenteritis. The study of
Wang et al24 reported 1 patient with fatty liver. The study of
Zhang et al31 reported 8 patients with fatty liver and abnormal
liver function, 7 patients with chronic gastritis and gastric ulcer,
and 6 patients with cholelithiasis. In this meta-analysis, 5% of
the patients had digestive system disease (95% CI: 0.02-0.08),
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heterogeneity was significant (P<0.0001, I2=76.5%) (Fig. 4),
the funnel plot and Egger’s test revealed evidence of publication
bias (t=5.61, 95% CI: 1.68-4.53, P=0.002). In total, 3% of the
patients had liver disease (95% CI: 0.02-0.05), heterogeneity was
significant (P=0.023, I2=50.6%) (Fig. 5), the funnel plot and
Egger’s test revealed no evidence of publication bias (t=2.18,
95% CI: −0.03 to 2.83, P=0.054). Both the results were ana-
lyzed by fixed-effects model.

Subgroup Analysis by Region
Fourteen studies were performed inWuhan, 14 studies were

performed outside Wuhan in China. Only 1 study was performed
in United Kingdom. Two studies including patients in and out-
side Wuhan in China, however, the difference of clinical char-
acteristics between patients in and outside Wuhan in China were
not mentioned. Ultimately, 28 studies were included to analyze

the difference between Wuhan group and non-Wuhan group.
And 31 studies were included to analyze the difference between
China group and non-China group.

In Wuhan group, 58% of the patients were male. The
prevalence of nausea and vomiting was 8% (95% CI: 0.04-
0.12), the prevalence of diarrhea was 10% (95% CI: 0.05-
0.14), and the prevalence of anorexia was 17% (95% CI:
0.05-0.28). The prevalence of increased AST, ALT, and TBil
were 40% (95% CI: 0.31-0.49), 38% (95% CI: 0.23-0.52), and
18% (95% CI: 0.11-0.26), respectively. The prevalence of
digestive system disease and liver disease were 7% (95% CI:
0.00-0.14) and 4% (95% CI: 0.02-0.06), respectively. In non-
Wuhan group, 53% of the patients were male. The preva-
lence of nausea and vomiting was 5% (95% CI: 0.02-0.09),
the prevalence of diarrhea was 7% (95% CI: 0.03-0.10), and
the prevalence of anorexia was 18% (95% CI: 0.10-0.26).

FIGURE 1. A flow diagram of articles retrieved and inclusion progress through the stage of meta-analysis.
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TABLE 1. Baseline Characteristics and Prevalence of GI Symptoms, Abnormal Liver Function, Digestive System Disease, and Liver Disease

GI Symptoms Abnormal Liver Function

References Date (mm dd, yy)
Sample
Size

Age,
Mean

Sex,
Male

Nausea and
Vomiting Diarrhea

Abdominal
Pain Anorexia

Increased
AST

Increased
ALT

Increased
Tbil

Digestive
System Disease

Liver
Disease

Bai et al11 Jan 6, 2020-Feb 20, 2020 219 44.8 119 6
Chen et al 7 Jan 1, 2020-Jan 20, 2020 99 55.5 67 1 2 35 28 18 11
Chen et al12 Jan 13, 2020-Feb 28, 2020 274 62 171 40 77 19 66 84 3
Chu et al13 Jan 7, 2020-Feb 11, 2020 54 39 36 1 3 3
Chung et al14 Jan 18, 2020-Jan 27, 2020 21 51 13 1
Dong et al15 Jan 20, 2020-Feb 14, 2020 11 36.6 5 1 2 2
Easom et al16 Jan 29, 2020-Feb 24, 2020 68 42.5 32 2 9 2 3
Guan et al9 Dec 11, 2019-Jan 29, 2020 1099 47 637/1096 55 42 168/757 158/741 76/722
Huang et al6 Dec 16, 2019-Jan 2, 2020 41 49 30 1/38 15 1
Lian et al17 Jan 17, 2020-Feb 12, 2020 788 407 31
Lin et al18 Jan 17, 2020-Feb 15, 2020 95 45.3 45 21 23 17 4 5 22
Liu et al10 Jan 23, 2020-Feb 8, 2020 32 38.5 20 2 9 1
Liu et al19 Dec 30, 2019-Jan 24, 2020 137 55 61 11
Liu et al20 Dec 26, 2019-Jan 21, 2020 12 53.7 8 2 2 3 2
Mo et al21 Jan 1, 2020-Feb 5, 2020 155 54 86 6 7 3 7
Peng et al22 Jan 20, 2020-Feb 15, 2020 112 62 53 15
Shi et al23 Dec 20, 2019-Jan 23, 2020 81 49.5 42 4 3 1 43 7
Wang et al8 Jan 1, 2020- Jan 28, 2020 138 56 75 19 14 3 55 4
Wang et al24 Jan 21, 2020-Jan 24, 2020 4 44.3 3 1
Wu et al25 Jan 22, 2020- Feb 14, 2020 80 46.1 39 1 1 3 1
Xu et al26 Jan 23, 2020-Feb 4, 2020 90 50 39 7 5
Xu et al27 Jan 10, 2020-Jan 26, 2020 62 41 36 3 10 7
Yang et al28 Jan 17, 2020-Feb 10, 2020 149 45.1 81 2 11 27 18 4 8
Yang et al29 Dec 24, 2019-Jan 26, 2020 52 59.7 35 2
Zhang et al30 Jan 16, 2020-Feb 25, 2020 95 49 53 45 52
Zhang et al31 Jan 16, 2020-Feb 3, 2020 140 57 71 31/139 18/139 8/139 17/139 13 8
Zhang et al32 Jan 18, 2020-Feb 3, 2020 9 36 5 1
Zhao et al33 Jan 23, 2020-Feb 5, 2020 19 48 11 1 5/18 5/18
Zhao et al34 101 44.4 56 2 3 6
Zhou et al35 Dec 29, 2019-Jan 31, 2020 191 56 119 7 9 59/189
Zhou et al36 Dec 20, 2019-Feb 9, 2020 254 50 115 36 46 3 3
Total 4682 2570 241 309 36 161 443 336 120 47 77
Propotion (%) 55 7 8 3 17 24 25 13 5 3
95% CI (0.04-0.09) (0.06-0.11) (0.01-0.05) (0.06-0.27) (0.16-0.32) (0.16-0.33) (0.05-0.20) (0.02-0.08) (0.02-0.05)
I2 85.80% 86.40% 73.40% 95.60% 94.70% 92.90% 92.50% 76.50% 50.60%

ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; GI, gastrointestinal; Tbil, total bilirubin.
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The prevalence of increased AST, ALT, and TBil were 13%
(95% CI: 0.06-0.21), 14% (95% CI: 0.06-0.22), and 13%
(95% CI: −0.08 to 0.33), respectively. The prevalence of
digestive system disease and liver disease were 5% (95% CI:
0.03-0.07) and 3% (95% CI: 0.02-0.05), respectively (Fig.
S3-S8 in Supplementary Appendix, Supplemental Digital
Content 3, http://links.lww.com/JCG/A624, Supplemental
Digital Content 4, http://links.lww.com/JCG/A625, Sup-
plemental Digital Content 5, http://links.lww.com/JCG/
A626, Supplemental Digital Content 6, http://links.lww.
com/JCG/A627, Supplemental Digital Content 7, http://
links.lww.com/JCG/A628, Supplemental Digital Content 8,
http://links.lww.com/JCG/A629).

In China group, 55% of the patients were male. The
prevalence of nausea and vomiting was 7% (95% CI: 0.05-
0.09), the prevalence of diarrhea was 8% (95% CI: 0.06-
0.11). The prevalence of increased AST and digestive system
disease were 26% (95% CI: 0.18-0.34) and 6% (95% CI: 0.02-
0.09), respectively. In non-China group, 47% of the patients
were male. The prevalence of nausea and vomiting was 3%
(95% CI: −0.01 to 0.07), the prevalence of diarrhea was 13%
(95% CI: 0.05-0.21) (Fig. S9, Supplemental Digital Content 9,
http://links.lww.com/JCG/A630). The prevalence of increased
AST and digestive system disease were 3% (95% CI: −0.01 to
0.07) and 4% (95% CI: 0.00-0.09).

Difference Between General/Non-ICU Group and
Severe/ICU Group

Only 8 studies were included, the prevalence of nausea
and vomiting, diarrhea, abdominal pain, anorexia, increased
AST, increased ALT, and liver disease were analyzed. There
was no significant difference between general/non-ICU group
and severe/ICU group for the prevalence of nausea and
vomiting (OR= 0.97, 95% CI: 0.45-2.08, P= 0.927) and liver
disease (OR= 1.20, 95% CI: 0.48-2.97, P= 0.695). Patients in
severe/ICU group were more likely to have diarrhea (OR=
1.65, 95% CI: 1.04-2.62, P= 0.033), anorexia (OR= 2.19,
95% CI: 1.21-3.93, P= 0.009), abdominal pain (OR= 6.38,
95% CI: 1.77-22.91, P= 0.005), increased AST (OR= 2.98,
95% CI: 2.11-4.21, P< 0.0001) and increased ALT (OR=
2.66, 95% CI: 1.11-6.37, P= 0.029) compared with the
patients in general/non-ICU group (Fig. S10-S14 in Supple-
mentary Appendix, Supplemental Digital Content 10, http://
links.lww.com/JCG/A631, Supplemental Digital Content 11,
http://links.lww.com/JCG/A632, Supplemental Digital Con-
tent 12, http://links.lww.com/JCG/A633, Supplemental Digi-
tal Content 13, http://links.lww.com/JCG/A634, Supple-
mental Digital Content 14, http://links.lww.com/JCG/A635).
Heterogeneity was not significant in the above analysis apart
from the prevalence of nausea and vomiting and increased
ALT.

FIGURE 2. Forest plot of prevalence of diarrhea in patients with COVID-19. CI indicates confidence interval; ES, effect size.
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DISCUSSION
In the last 2 decades, the severe acute respiratory syn-

drome (SARS) and Middle East respiratory syndrome
(MERS) had a great effect on global health, the emergence
of 2019-nCoV marked the third introduction of a highly
morbific coronavirus which could cause epidemics with

variable severity of respiratory and extra-respiratory symp-
toms into the human population.37 2019-nCoV is the sev-
enth member of the human-infecting coronaviruses family
which had 88% identity with 2 bat-derived SARS-like
coronaviruses, bat-SL-CoVZC45, and bat-SL-CoVZXC21,
and was 79% related to SARS-associated coronavirus

FIGURE 3. Forest plot of prevalence of increased alanine aminotransferase in patients with COVID-19. CI indicates confidence interval;
ES, effect size.

FIGURE 4. Forest plot of prevalence of digestive system disease in patients with COVID-19. CI indicates confidence interval; ES, effect size.
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(SARS-CoV), 50% related to MERS-associated coronavirus
(MERS-CoV), respectively.38,39 The main mode of COVID-
19 transmission is via droplets and contact, positive reverse-
transcription polymerase chain reaction (RT-PCR) test for
viral RNA from oropharyngeal or nasopharyngeal swabs
can help doctors make a quick diagnosis. Notably, labo-
ratories in China declared that they isolated 2019-CoV from
stool specimens of patients with COVID-19.40 A study of 18
patients in Singapore shown that 2019-nCoV was detectable
in the stools in 50% of the patients.41 The first confirmed
case in the United State had a history of nausea and vom-
iting for 2 days followed by diarrhea and abdominal
discomfort.42 Patients could have negative PCR test in
oropharyngeal swabs together with positive results in stools.
The existence duration of viral RNA in patients’ stool
specimens is longer than in oropharyngeal swabs, which was
essential during convalescence.43 Besides, angiotensin con-
verting enzyme II (ACE2) which was the cell entry receptor
of SARS-CoV has also been confirmed as the cell entry
receptor of 2019-nCoV, which could influence the expres-
sion of neutral amino acid transporters in gut, change
the composition of the gut microbiota, and cause diarrhea
and intestinal inflammation.44,45 All the information revea-
led that COVID-19 could influence GI manifestations,
and fecal-oral might contribute to the transmission of
COVID-19.

Common GI symptoms include nausea, vomiting,
diarrhea, abdominal pain, and anorexia. The study of Guan
et al8 showed that 5% of the patients had nausea and
vomiting and 3.8% of the patients had diarrhea. The study
of Zhang et al31 showed that 12.2% of the patients had
anorexia, 5.8% of the patients had abdominal pain, and
5% of the patients had belching. However, the study of

Wang et al9 showed that 10.1% of the patients had nausea
and diarrhea, 39.9% of the patients had anorexia. In this
meta-analysis, 7% of the patients had nausea and vomiting,
8% of the patients had diarrhea, 3% of the patients had
abdominal pain, and 17% of the patients had anorexia.
After reviewing previous studies, we found that the preva-
lence of GI symptoms of COVID-19 was lower than that
of SARS and MERS. Previous studies showed that 40% to
70% of the patients had self-limited watery diarrhea, and
20% to 35% of the patients had nausea and vomiting
in SARS infection.46,47 Besides, at least one-third of the
patients got GI symptoms in MERS infection.48 Just as the
description in above paragraph, ACE2 was identified as cell
receptor of 2019-nCoV. Previous study showed that abun-
dant presentation of ACE2 was discovered in esophagus
keratinocytes, stomach epithelial cells, intestinal epithelial
cells, and colon colonocytes. ACE2 might provide possible
routes of entry for 2019-nCoV and played an important role
in the GI infection of COVID-19.49,50 In order to treat
the disease, multiple types of antiviral agents and antibiotic
agents were used. Pharmacy expert consensus in China
indicated that lopinavir and ritonavir could cause nausea,
diarrhea, and vomiting.51 A previous study showed that the
most common adverse events (AEs) of combination therapy
of oseltamivir, amantadine, and ribavirin for the treatment
of influenza were nausea, diarrhea, and vomiting.52 The use
of antibiotic agents could change the composition and
metabolic function of the intestinal microflora, which was
essential to the immunity and metabolism. Antibiotic agents
might cause dysbacteriosis and contributed to antibiotic-
associated diarrhea (AAD).53,54 The clinical manifestations
of AAD varied from mild to severe, severe AAD could have
nausea, fever, abdominal pain, and severe watery diarrhea,

FIGURE 5. Forest plot of prevalence of liver disease in patients with COVID-19. CI indicates confidence interval; ES, effect size.
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some patients could have megacolon, even death. Common
opportunistic pathogen of severe AAD was Clostridium
difficile, a meta-analysis revealed that the most commonly
used antibiotic agents were clindamycin, fluoroquinolones,
and cephalosporins in clinical practice, and the frequency
of clostridium difficile among AAD was 20.2%.55 Therefore,
it is necessary to avoid blindly using medicine, especially the
abuse of combination therapy of antiviral agents or anti-
biotics. A meta-analysis shown that probiotics could reduce
risk of AAD in adults, however, the effect in elderly pop-
ulation was not significant.56 It reminded us that probiotics
could be used to relieve GI symptoms.

A considerable number of patients could have abnor-
mal liver function, primarily presented as increased AST,
ALT, and TBil. Besides, some patients with normal liver
function at baseline could have liver insufficiency during the
disease process. In the study of Guan et al,8 the prevalence
of increased AST, ALT, TBil were 22%, 21.3%, and 10.5%,
respectively. In the study of Chen et al,7 1 patient had severe
liver function damage with extremely increased ALT
(7590 U/L) and AST (1445U/L). Besides, the study of Zhao
et al33 reported 44.44% of the patients had increased
γ-glutamyl, and compared with other types of pneumonia,
COVID-19 could cause liver dysfunction more frequently.
The study of Liu et al20 indicated that 17% of the patients,
who did not have liver damage at baseline, got liver dys-
function during the process of disease. In this meta-analysis,
24% of the patients had increased AST, 25% of the patients
had increased ALT, and 13% of the patients had increased
TBil. Reviewing previous studies of SARS and MERS, we
found that up to 60% patients could have abnormal liver
function in SARS, large numbers of virus particles was
found in liver, the liver function impairment was associated
with the direct attack of coronavirus or the immune
response of viral infection in SARS.57,58 The study of Assiri
et al59 shown that 15% of the patients had increased AST
and 11% of the patients had increased ALT in MERS.
MERS-CoV could bind with host cell dipeptidyl peptidase 4
(DPP4) receptor to enter host cells, and DPP4 was widely
expressed on the tissues of liver, which might explain the
liver impairment by MERS-CoV.60,61 In COVID-19, the
liver damage might be associated with several factors. The
previous studies shown that ACE2 could express in liver
cells and biliary epithelial cells, the level of expression in
biliary epithelial cells was similar to that in alveolar type 2
cells in lung, and higher than that in liver cells, which might
explain the liver damage in COVID-19.50,62 Besides, phar-
macy expert consensus in China indicated that lopinavir and
ribavirin should been used with caution with the AEs of
liver damage.51 There was a case report of liver dysfunction
and alimentary tract hemorrhage caused by oseltamivir in a
child, although the AEs of the drug were mostly mild.63

Therefore, it is essential to monitor the liver function and
avoid intensive use of drugs which could cause liver damage,
especially in severe patients. Protecting liver therapy could
be applied if necessary.

Some patients had digestive system disease and liver
disease at the baseline. The study of Chen et al7 showed that
11% of the patients had digestive system disease. The study
of Zhang et al31 showed that 5.7% of the patients had fatty
liver and abnormal liver function, 5% of the patients had
chronic gastritis and gastric ulcer, 4.3% patients had chol-
elithiasis, and 6.4% of the patients received cholecystectomy
at the baseline. Compared with other types of viral pneu-
monia, patients infected by COVID-19 had similar

prevalence for liver disease in the study of Bai et al.11 In this
meta-analysis, 5% of the patients had digestive system dis-
ease and 3% of the patients had liver disease. A meta-
analysis revealed that the pooled mean prevalence of fatty
liver disease was 16.73% in China.64 The prevalence of
gastro-oesophageal reflux symptoms was 2.5% in China.65

The prevalence of gallstone diseases ranged from 4% to 73%
around the world.66 Although we did not acquire all the
epidemiological data of digestive system disease and liver
disease, it seemed that we could not say people with diges-
tive system disease and liver disease were more likely to have
COVID-19.

Compared with non-Wuhan group, the prevalence of
nausea and vomiting, diarrhea, abnormal liver function, and
digestive system disease was higher in Wuhan group. In
Wuhan region, severe patients were admitted to designated
hospitals in concentrated way, such as Jinyintan Hospital
and Zhongnan Hospital, and the studies included in Wuhan
group were mostly from these designated hospitals. The
proportion of severe patients in these hospitals might be
higher than hospitals in other provinces whose patients were
more sporadic. The study of Huang et al6 which included
patients infected early in the COVID-19 outbreak showed
that the mortality rate of COVID-19 was 15%. However, in
the study of Guan et al8 which included 1099 cases from 552
hospitals in 30 provinces, autonomous regions in China, the
mortality rate is 1.4%. The variation might because of the
emergence of more mild-moderate patients.

Compared with general/non-ICU group, the patients in
severe/ICU group were more likely to have diarrhea, ano-
rexia, abdominal pain, increased AST, and increased ALT
in this meta-analysis. However, there were no significant
differences between severe/ICU group and general/non-ICU
group for the prevalence of nausea and vomiting and liver
disease. The study of Wang and colleagues reported 5% of
the patients had vomiting, 14% of the patients had diarrhea
or nausea, and there was no significant difference between
ICU patients and non-ICU patients. However, patients in
ICU were more likely to have abdominal pain, anorexia,
and abnormal liver function.9 In the study of Zhang et al,31

there was no difference for the prevalence of underlying
digestive system disease between severe patients and non-
severe patients. Study of Yang et al29 showed 29% of the ICU
patients had liver dysfunction. The patients with hepatic insuffi-
ciency usually had multiple complications such as acute respira-
tory distress syndrome, respiratory failure, and renal insufficiency,
therefore, the liver damage might be the reflection of disease
severity and be induced by cytokine release syndrome (CRS).
CRS was a systemic inflammatory response caused by a variety
of factors such as infection and drugs which could lead to mul-
tiorgan system failure, hepatomegaly, hypofibrinogeniemia, liver
failure, and abnormal liver enzymes were common in CRS.67

Besides, the severe patients usually received combination therapy
of antivirals agents and antibiotics which could increase the
burden of liver.

There were limitations in this meta-analysis. First,
classification of digestive system disease and liver disease
was unclear in most studies. Second, few studies have per-
formed colonoscopy to observe colon directly, or biopsy of
liver and colon to identified the pathologic features. Third,
quite a part of included studies had small samples. Most
studies were published in China, studies from other coun-
tries outside China were needed for further analysis. Besides,
the heterogeneity between several studies were high because
of varies sample size and different severity among the cases.

Dong et al J Clin Gastroenterol � Volume 55, Number 1, January 2021

74 | www.jcge.com Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2020 Wolters Kluwer Health, Inc. All rights reserved.



In conclusion, we have analyzed the prevalence of GI
symptoms, abnormal liver function, digestive system dis-
ease, and liver disease using different set of studies and
patients. Diarrhea and anorexia were the most common GI
symptoms in patients with COVID-19. COVID-19 could
cause liver damage in different extent, the most significant
abnormal liver function was increased ALT. The prevalence
of digestive system disease and liver disease was 5% and 3%,
respectively. The prevalence of nausea and vomiting, diar-
rhea, abnormal liver function, digestive system disease, and
liver disease was higher in Wuhan group. Severe patients
were more likely to have GI symptoms and abnormal liver
function. More researches were needed to explore the rele-
vant mechanism of the outcomes.
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