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Gastrointestinal and hepatic manifestations of Corona Virus
Disease-19 and their relationship to severe clinical course: A
systematic review and meta-analysis

Ashish Kumar1 & Anil Arora1 & Praveen Sharma1 & Shrihari Anil Anikhindi1 & Naresh Bansal1 & Vikas Singla1 &

Shivam Khare1
& Abhishyant Srivastava2

Abstract
Background Many case series on Corona Virus Disease (COVID-19) have reported gastrointestinal (GI) and hepatic manifes-
tations in a proportion of cases; however, the data is conflicting. The relationship of GI and hepatic involvement with severe
clinical course of COVID-19 has also not been explored.
Objectives The main objectives were to determine the frequency of GI and hepatic manifestations of COVID-19 and to explore
their relationship with severe clinical course.
Methods We searched PubMed for studies published between January 1, 2020, andMarch 25, 2020, with data on GI and hepatic
manifestations in adult patients with COVID-19. These data were compared between patients with severe and good clinical
course using the random-effects model and odds ratio (OR) as the effect size. If the heterogeneity among studies was high,
sensitivity analysis was performed for each outcome.
Results We included 62 studies (8301 patients) in the systematic review and 26 studies (4676 patients) in the meta-analysis.
Diarrhea was the most common GI symptom (9%), followed by nausea/vomiting (5%) and abdominal pain (4%). Transaminases
were abnormal in approximately 25%, bilirubin in 9%, prothrombin time (PT) in 7%, and low albumin in 60%. Up to 20%
patients developed severe clinical course, and GI and hepatic factors associated with severe clinical course were as follows:
diarrhea (OR 2), high aspartate aminotransferase (OR 1.4), high alanine aminotransferase (OR 1.6), high bilirubin (OR 2.4), low
albumin (OR 3.4), and high PT (OR 3).
Conclusions GI and hepatic involvement should be sought in patients with COVID-19 since it portends severe clinical course.
The pathogenesis of GI and hepatic involvement needs to be explored in future studies.
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Introduction

Corona Virus Disease (COVID-19) is a new disease,
which within 3 months of its origin, has now spread to
more than two hundred countries and territories around
the world, affecting more than 4,342,000 people and
caused more than 292,000 deaths, as of 13 May 2020
[1]. On 11 March 2020, the World Health Organization
(WHO) had declared COVID-19 a pandemic because of
alarming levels of its spread and severity [2]. COVID-19
is caused by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), which is sufficiently genetically di-
vergent from SARS-CoV to be considered a new human-
infecting betacoronavirus [3]. It mainly affects the respi-
ratory tract, and the illness ranges in severity from
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asymptomatic or mildly symptomatic to severe or critical
disease. Although the current estimate of the case fatality
rate of COVID-19 is < 5%, up to 15% to 18% of patients
may become severe or critically ill, some of them requir-
ing intensive care unit (ICU) care and mechanical venti-
lation [4].

Since COVID-19 is a new disease, knowledge about this
disease is still incomplete and evolving. Apart from the respi-
ratory system involvement, many case series have also report-
ed variable involvement of gastrointestinal (GI) and hepatic
systems. However, most of these case series have small sam-
ple size, and the data in these are heterogenous and conflict-
ing. In addition, the relationship of GI and hepatic involve-
ment with the severity and outcome of COVID-19 is also not
clear.

Hence, this systematic review and meta-analysis was con-
ducted with the following objectives: (1) to study the frequen-
cy of GI and hepatic manifestations in COVID-19, and (2) to
determine whether GI or hepatic manifestations are associated
with severe clinical course of COVID-19.

Methods

Since this is a systematic review and meta-analysis, an insti-
tutional review board or an ethics committee approval was not
required. The PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) and MOOSE
(Meta-analysis of Observational Studies in Epidemiology)
guidelines were consulted during the stages of design, analy-
sis, and reporting of this meta-analysis [5, 6]. The protocol of
this meta-analysis is registered with the International
Prospective Register of Systematic Reviews (PROSPERO)
vide registration number CRD42020179482 and is available
in full on the NIHR (National Institute for Health Research)
website (https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42020179482).

Study selection

Relevant papers in English language were searched in
PubMed database using the following keywords: “2019-

Bullet points of the study highlights

What is already known?

What is new in this study?

What are the future clinical and research implications of the study findings?

Corona Virus Disease (COVID-19) is a global pandemic with a case
fatality rate of approximately 3% to 4%.

Many case series have reported gastrointestinal (GI) and hepatic manifestations
in a proportion of patients.
Their relationship to severity has not been explored.

It predominantly affects the respiratory system.

In COVID-19, diarrhea is present in 9%, nausea/vomiting in 5%, and
pain abdomen in 4%.
Transaminases are abnormal in approximately 25%, bilirubin in 9%, prothrombin
 time (PT) in 7%, and low albumin in 60%.
Up to 20% of patients developed severe clinical course.

GI and hepatic factors associated with severe clinical course are diarrhea, high aspartate 
aminotransferas, high alanine aminotransferase, high bilirubin,
low albumin, and high PT.

GI and hepatic involvement should be sought in patients with COVID-
19 since it portends severe clinical course.

The pathogenesis of GI and hepatic involvement needs to be explored in future studies.
Many of these patients require close monitoring and intensive care.
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nCoV,” “nCoV-2019,” “novel Coronavirus 2019,” “SARS-
CoV-2,” “COVID-19,” “coronavirus,” “coronavirus covid-
19,” and “corona virus.” Since the first report of COVID-19
disease was published on 31 December 2019 [7], we limited
our search to articles published since 1 January 2020. The last
search was performed on March 25, 2020. Since there is a
high likelihood of duplicate publications on COVID-19 [8],
especially, the same set of patients being reported in English
as well as Chinese or other languages, we restricted our search
to papers published in English language only. For the same
reason, we restricted our search to PubMed database only and
did not search other databases.

The eligibility criteria for the inclusion of studies were as
follows:

(1) The studies should be in English language.
(2) The studies should be published in full; studies published

only in abstract form (such as conference abstracts) were
excluded.

(3) The study design should be retrospective or prospective,
observational, or case-control study with data on GI and/
or hepatic manifestations of COVID-19 disease.
Interventional studies such as controlled or uncontrolled
drug trials were excluded. Case reports, meta-analyses,
and systematic reviews were also excluded.

(4) The participants should be adult patients with
COVID-19 disease. Studies describing exclusively
pediatric population were excluded; however, stud-
ies which had both adult and pediatric patients
were included. Studies describing exclusively preg-
nant women were also excluded.

Data extraction

The following data were extracted from each study: date of
online publication, number of patients, study setting, demo-
graphic data, comorbidities, presenting symptoms (including
GI symptoms), laboratory features (including liver function
tests), number of patients having severe and good clinical
course. The following criteria were used to identify patients
having “severe clinical course”:

1. Patients requiring ICU care
2. Patients developing acute respiratory distress syndrome

(ARDS), shock, respiratory failure, or those requiring me-
chanical ventilation as defined according to the guidance
of the WHO for COVID-19 [9]

3. Patients categorized as severe or critical groups according
to the diagnostic and treatment guideline for SARS-CoV-
2 issued by the National Health Commission of the
People’s Republic of China (version 3–5) [10, 11]

4. Patients not surviving

Patients not having any of the features of “severe clinical
course” were categorized into “good clinical course.” The
baseline clinical and laboratory features of patients with se-
vere clinical course and good clinical course were tabulated
separately and compared using meta-analytical tools. For
studies with missing data, the corresponding authors of those
studies were contacted with a request to provide the missing
data.

Assessment of quality of studies

For the assessment of quality of studies including risk of
bias, the National Institute of Health (NIH) tools were
used, which were developed jointly by the National
Heart, Lung and Blood Institute (NHLBI) and the
Research Triangle Institute International [12]. For the first
objective of this systematic review, i.e. to study the GI
and hepatic manifestations of COVID-19, the NIH tool
for case series was used. It uses nine domains; and based
on these, each study was given an overall rating of good,
fair, or poor, depending on “yes” response in ≥ 7 domains,
4–6 domains, and < 4 domains, respectively. For the sec-
ond objective of this meta-analysis, i.e. to determine the
GI and hepatic factors associated with severe clinical
course of COVID-19, the NIH tool for case-control stud-
ies was used. It uses twelve domains, and based on these,
each study was given an overall rating of good, fair, or
poor, depending on “yes” response in ≥ 8 domains, 6–7
domains, and < 6 domains, respectively.

Statistical analysis

The demographic, clinical, and laboratory data was
displayed as n (%) or mean (standard deviation, [SD]).
For data with median, interquartile range (IQR), or
range, the method described by Wan et al. was used
to calculate mean and SD [13]. The meta-analysis was
performed using odds ratios (ORs) with 95% confidence
intervals (CIs) as the effect sizes of dichotomous data
and a p-value of < 0.05 to show a meaningful difference
in the outcomes. To obtain ORs from continuous data
(i.e. from standardized mean difference), Hasselblad and
Hedges’ method was used [14]. To assess the heteroge-
neity among studies, I2 statistic was calculated. An I2

value > 50% indicated substantial heterogeneity. To take
care of heterogeneity among the studies, and to calcu-
late a more conservative result, the ORs were pooled
using only the random-effects model. In addition, if
the heterogeneity among the studies was ≥ 50%, a sen-
sitivity analysis was also performed after removing the
outlier studies. Review Manager version 5.3.5 software
(The Nordic Cochrane Centre, Copenhagen, Denmark)
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and Microsoft Excel (version 16.35) were employed for
the meta-analysis and statistical analyses.

Results

Study selection and data collection

Using the keywords “2019-nCoV,” “nCoV-2019,” “novel
Coronavirus 2019,” “SARS-CoV-2,” “COVID-19,” “corona-
virus,” “coronavirus covid-19,” and “corona virus” and limit-
ing the Entrez date from 1 January 2020, through 25 March
2020, initially 1672 publications in English language were
retrieved from the PubMed database, which were screened
for relevance (Fig. 1). After carefully going through the ab-
stracts and full texts (if needed), of these publications, only 99
potentially relevant studies were evaluated in detail for poten-
tial inclusion. Of these, 37 studies were excluded because of
the following reasons: (1) 15 studies did not have any data on
GI or hepatic manifestations of COVID-19; (2) 9 studies had
overlapping patients with other included studies; (3) 4 studies
had only radiological or epidemiological data without any
clinical data; (4) 2 studies included only pregnant women;
(5) 1 study included only those patients who had GI symptoms
and excluded patients without GI symptoms; (6) 1 study in-
cluded only COVID-19-influenza co-infected patients; (7) 1

study included only cancer patients with COVID-19; and (8) 4
studies had data not relevant to present study. Hence, the re-
maining 62 studies were included in the systematic review. Of
these 62 studies, only 26 had comparative data between severe
and good clinical course; hence, these 26 studies were includ-
ed in the meta-analysis (Fig. 1).

Characteristics and quality of the included studies

The study characteristics of the included 62 studies are given in
Table 1. The online publication date of the studies in the PubMed
database was from January 24, 2020, through March 25, 2020.
Thirty-eight out of 62 (61%) studies were from single centers,
while the remaining 24 (39%) were multi-center studies. Most
studies (56/62, 90%) were from mainland China, and of the
remaining 6 studies, two were from Singapore (3%), and one
each (1.6%) from Hong Kong, USA, Australia, and Europe.
The total included patients were 8301, and of them, 8076
(97%) were reported from mainland China. The median number
of patients included in the studies was 74 (IQR: 34–137). The
largest study was by Guan et al. [15], which recruited 1099
patients from 552 hospitals in 30 provinces, autonomous regions,
and municipalities of mainland China.

The quality of study was assessed using the NIH tool for case
series [12], and the results are shown in Table 1. The scores were
as follows: 8/9 (48 studies [77%]); 7/9 (8 studies [13%]); 6/9 (2

Fig. 1 PRISMA flow diagram
depicting the flow of information
through different phases of the
systematic review. PRISMA
Preferred Reporting Items for
Systematic Reviews and Meta-
Analyses
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studies [3%]); 5/9 (2 studies [3%]); and 4/9 (2 studies [3%]).
Thus, 56 studies (90%) were of good quality (scores of ≥ 7)
and the remaining 6 studies (10%) were of fair quality (scores
4–6). None of the included study was judged poor.

Twenty-six studies (4676 patients), which were included in
the meta-analysis, were evaluated for quality by NIH tool for
case-control studies [12] (Table 1). The scores were as follows:
9/12 (24 studies [92%]) and 8/12 (2 studies [8%]). Thus, all the
studies were of good quality with scores ≥ 8. Out of the twelve
domains assessed by this tool, the three domains in which all the
studies were given “0” score were sample size justification,
blinding of assessors, and adjusting for confounding variables.

Demographic data and clinical presentation of
patients

Table 2 shows the clinical presentation of the included patients.
The total number of patients was 8301, and of these, 4443 (54%)
were males. Thus, the male to female ratio was approximately
1.2:1. The pooled mean age of patients was 48.7 ± 16.5 years.

Table 2 also shows the clinical presentation and un-
derlying comorbidities of the included patients. Thirty-

four percent (1957/5785) of patients had one or more of
some chronic underlying comorbidity such as hyperten-
sion, diabetes, cardiovascular disease, and chronic kid-
ney disease (individual data not shown). Notably, chron-
ic liver disease (including chronic hepatitis B or C, non-
alcoholic steatohepatitis [NASH], or cirrhosis) was pres-
ent in just 3% (200/6183) of patients.

Of the presenting symptoms, fever was the most
common, present in 83% (6274/7546) of patients,
followed by cough in 61% (4651/7673), expectoration
(sputum) in 29% (1690/5894), and dyspnea in 18%
(1263/6962) patients. Among the GI symptoms, diarrhea
was the most common, present in 9% (555/6401),
followed by nausea/vomiting in 5% (182/3629) and ab-
dominal pain in just 4% (30/694) patients (Table 2).

Liver function tests of patients

Only 23 studies had data on liver function tests
(Table 3). The transaminases, aspartate aminotransferase
(AST) and alanine aminotransferase (ALT), were elevat-
ed in 25% (559/2226) and 23% (477/2107) patients,

Table 3 Liver function tests of patients

First author N High AST High ALT High bilirubin Low albumin High PT

Chan et al. [29] 6 0 0 0 0 0

Huang et al. [30] 41 15 – – – –

Chen et al. [31] 99 35 28 18 97 5

Liu et al. [36] 12 2 2 0 6 –

Ren et al. [37] 5 – 1 – – 1

Xu et al. [38] 62 10 – – – –

Yang et al. [41] 52 15 15 – – –

Shi et al. [42] 81 43 – – – –

Yang et al. [44] 149 27 18 4 9 17

Huang et al. [45] 34 7 8 3 25 17

Guan et al. [15] 1099 (168/757) (158/741) (76/722) – –

Wu et al. [48] 80 3 3 1 2 0

Ruan et al. [53] 150 (54/147) (43/146) (18/147) (114/148) –

Hu et al. [57] 24 0 2 0 – –

Wang et al. [59] 18 (4/16) (4/16) – – –

Zhou et al. [62] 191 – (59/189) – – (11/182)

Zhao et al. [65] 19 (5/18) (5/18) – – –

Wu et al. [68] 201 (59/198) (43/198) (10/198) (195/198) (4/195)

Mo et al. [70] 155 54 54 – – –

Wang et al. [71] 69 19 23 – – –

Qian et al. [74] 91 9 7 – 43 –

Wan et al. [83] 135 30 – – – –

To et al. [85] 23 – 4 – – –

559/2226 (25%) 477/2107 (23%) 130/1471 (9%) 491/817 (60%) 55/750 (7%)

AST aspartate aminotransferase, ALT alanine aminotransferase, PT prothrombin time, N number
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respectively. Serum bilirubin was elevated in 9% (130/
1471), and prothrombin time (PT) was elevated in just
7% (55/750) patients. Very few studies had data on
serum albumin; however, it was below the normal range
in 60% (491/817) patients.

Clinical outcome

Since, at the time of publication of most of these stud-
ies, many of the included patients were still admitted in
the hospital, with many in the ICUs, it was not possible
by many studies to provide the mortality data. However,
many studies did classify the patients into severe and
non-severe groups based on pre-defined criteria [9–11].
Overall, 30 studies reported that 80% (4969/6210) of
their patients had good clinical course, while the re-
maining 20% (1241/6210) patients had severe clinical
course based on pre-defined severity criteria [9–11], in-
cluding admission to ICU, development of ARDS, ven-
tilatory requirement, or mortality (Table 1).

Factors associated with severe clinical course: age and
comorbidity

Age was compared between patients with severe clinical
course and good clinical course in 26 studies. The mean age
in patients with severe clinical course was found to be signif-
icantly higher than in patients with good clinical course (60 ±
16 vs. 46 ± 16 years; p < 0.01). The pooled OR of patients of

advanced age (≥ 60 years) having severe clinical course was
3.96 (95%CI, 3.24–4.84; p < 0.01) (Fig. 2). The heterogeneity
among the studies was substantial with an I2 of 95%. A sen-
sitivity analysis after removing 7 outlier studies revealed a
higher pooled odds ratio of 4.19 (95% CI, 3.18–5.53;
p < 0.01) and an acceptable I2 of 42%.

Presence of any comorbidity was assessed as a factor asso-
ciated with severe clinical course in 16 studies. The pooled
OR of 3.88 (95% CI, 2.92–5.13; p < 0.01) suggested that the
presence of any comorbidity was significantly associated with
severe clinical course (Fig. 3). The heterogeneity among stud-
ies was acceptable with an I2 of 42%.

GI and hepatic factors associated with severe clinical
course

Presence of underlying chronic liver disease, as a factor asso-
ciated with severe clinical course, was assessed in 10 studies,
and it was not found to be significantly associated (pooled OR
1.07 [95% CI, 0.55–2.09; p = 0.83]) (Fig. 4). There was no
heterogeneity among the studies (I2 = 0%).

Among the GI symptoms, diarrhea was found in 9% of
cases. Whether it was associated with severe clinical course
was assessed in 16 studies. A pooled OR of 2.00 (95% CI,
1.37–2.91; p < 0.01) indicated that it was significantly associ-
ated with severe clinical course (Fig. 5). There was non-
significant heterogeneity among studies with an I2 of 22%.

Transaminases, AST and ALT values, were reported to be
associated with severe clinical course by many individual

Fig. 2 Forest plot showing pooled odds ratio for patients with higher age (≥ 60 years) developing severe clinical course
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studies. AST was evaluated in 15 studies, and higher than
normal values of ASTwas found to be significantly associated
with severe clinical course (pooled OR 1.40 [95% CI, 1.25–
1.56]; p < 0.01) (Fig. 6). The heterogeneity among studies was
substantial (I2 of 91%) so a sensitivity analysis was done after
removing four outlier studies, which again revealed a signifi-
cant pooled OR of 2.45 (95% CI, 1.83–3.28; p < 0.01) and an
acceptable I2 of 31%. ALT was evaluated in 16 studies, and
higher than normal values of ALT was found to be signifi-
cantly associated with severe clinical course (pooled OR 1.57
[95% CI, 1.22–2.04; p < 0.01]) (Fig. 7). Since the heterogene-
ity among the studies was high (I2 68%), a sensitivity analysis
was done after removing one outlier study, which still re-
vealed a significant pooled OR of 1.68 (95% CI, 1.39–2.04;
p < 0.01) and an I2 of just 8%.

Serum bilirubin was assessed in 7 studies, and higher
than normal values of serum bilirubin was found to be
significantly associated with severe clinical course with
a pooled OR of 2.38 (95% CI, 1.76–3.22; p < 0.01)
(Fig. 8). The heterogeneity among the studies was
non-significant with an I2 of 25%.

Serum albumin was assessed in 10 studies, and lower
than normal values of serum albumin was found to be
significantly associated with severe clinical course with

a pooled OR of 3.40 (95% CI, 2.35–4.92; p < 0.01)
(Fig. 9). Since the heterogeneity among studies was sub-
stantial with an I2 of 93%, a sensitivity analysis was done
after removing two outlier studies, which again revealed a
significant pooled OR of 5.09 (95% CI, 3.75–6.91;
p < 0.01) and an acceptable I2 of 25%.

PT as a factor associated with severe clinical course was
evaluated in 8 studies. Higher than control values of PT was
found to be significantly associated with severe clinical course
with a pooled OR of 2.95 (95% CI, 1.61–5.38; p < 0.01)
(Fig. 10). Since the heterogeneity among studies was signifi-
cant with an I2 of 69%, a sensitivity analysis was done after
removing one outlier study, which again showed a significant
pooled OR of 3.81 (95% CI, 2.68–5.41; p < 0.01) and non-
significant I2 of 13%.

Discussion

To summarize the results of this systematic review and
meta-analysis, the mean age of patients with COVID-19
is 48.7 ± 16.5 years with a male to female ratio of 1.2:1.
Common symptoms and their frequency are fever

Fig. 4 Forest plot showing pooled odds ratio for patients with chronic liver disease developing severe clinical course

Fig. 3 Forest plot showing pooled odds ratio for patients having any comorbidity developing severe clinical course
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(83%), cough (61%), expectoration (29%), and dyspnea
(18%). Among the GI symptoms, diarrhea was the most
common, present in 9%, followed by nausea/vomiting in
5%, and pain abdomen in just 4% of patients.
Transaminases were abnormal in approx. 25%, serum
albumin was low in 60%, bilirubin was high in 9%,
and prothrombin time was abnormal in 7%. Twenty
percent of patients developed severe clinical course,
and two of the most common factors associated with
severe clinical course are age ≥ 60 years (OR approxi-
mately [approx.] 4) and underlying chronic comorbidity
(OR approx. 4). However, underlying chronic liver dis-
ease was not associated with severe clinical course.
Presence of diarrhea was associated with severe clinical
course (OR 2). Liver function abnormalities were asso-
ciated with severe clinical course: high AST (OR
approx. 2), high ALT (OR approx. 1.7), high bilirubin
(OR approx. 2), low albumin (OR approx. 5), and high
PT (OR approx. 4).

The strength of this systematic review and meta-analysis is
that it included a large number of studies: 62 studies involving
8301 patients for the data on demographic and clinical fea-
tures (especially GI and hepatic) and 26 studies involving
4676 patients for meta-analysis of GI and hepatic factors as-
sociated with severe clinical course. This is one of the first
meta-analyses on factors associated with severe clinical
course. The results of our study show that, even though
COVID-19 is a disease of predominantly respiratory system,
however, the involvement of the digestive system is also com-
mon, and it portends severe clinical course, including ICU
requirement, or even mortality.

Our study showed that although GI symptoms are not
very common, they can still occur in up to 10% of
patients. However, it is still unclear how the SARS-
CoV-2 virus induces GI symptoms and whether SARS-
CoV-2 can be transmitted through the GI tract [16]. The
SARS-CoV-2 virus has been documented in fecal sam-
ples as well as in intestinal mucosa of infected patients,

Fig. 6 Forest plot showing pooled odds ratio of higher than normal values of aspartate aminotransferase being associated with severe clinical course

Fig. 5 Forest plot showing pooled odds ratio of diarrhea being associated with severe clinical course
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and this may indicate that GI symptoms are a result of
invasion of GI tract by SARS-CoV-2 as an alternative
route of infection. SARS-CoV-2 uses angiotensin-
converting enzyme-2 (ACE2) as a viral receptor to enter
host cells [17], and these receptors are not only highly
expressed in the small intestine, especially in the prox-
imal and distal enterocytes [18], but also an important
regulator of intestinal inflammation [19]. The SARS-
CoV-2 infection of the ACE2-expressing enterocytes
leads to mucosal inflammation, malabsorption, unbal-
anced intestinal secretion, and activation of the enteric
nervous system, resulting in diarrhea. Other indirect
mechanisms of GI involvement in COVID-19 could be
damage of the GI mucosa through a chain of inflamma-
tory responses; drugs-induced (especially antibiotics) di-
arrhea; and changes in the composition and function of
intestinal microbiota that mutually affect the respiratory
tract through immune regulation, the so-called “gut-lung
axis” [20, 21]. Whatever be the mechanism of GI in-
volvement, the implication of diarrhea and prolonged
fecal shedding of SARS-CoV-2 viral particles (even af-
ter clinical recovery), is the potential for fecal-oral
transmission of COVID-19, especially in countries with
poor sanitation [22, 23]. Hence, a negative stool sample

should be a mandatory criterion before discharging a
patient from the hospital.

The pathogenesis of hepatic involvement may also be
multi-factorial. It has been shown previously that
cholangiocytes may too express ACE2 receptors [24];
and so it has been speculated that SARS-CoV-2 infection
might cause bile duct involvement rather than hepatocel-
lular involvement. However, significant increases in cir-
culating levels of serum gamma-glutamyl transferase, al-
kaline phosphatase, or bilirubin have been rarely reported
in COVID-19 patients. In addition, liver histopathologic
features from COVID-19 patients also did not show any
significant damage in hepatocytes or bile duct cells. For
this reason, it is hypothesized that COVID-19-related liver
dysfunction is more likely due to secondary liver damage
rather than primary cholangiocyte or hepatocyte damage
by SARS-CoV-2. The secondary mechanisms of COVID-
19-related liver dysfunction could be systemic inflamma-
tory response syndrome (SIRS); sepsis; hypoxia-
reperfusion dysfunction; and drug-induced liver injury
(DILI) as a result of hepatotoxic drugs used to treat
COVID-19 [25]. SIRS is a result of sudden initiation of
an inflammatory cascade due to the activation of both
natural and cellular immunity triggered by COVID-19 in-

Fig. 8 Forest plot showing pooled odds ratio of higher than normal values of serum bilirubin being associated with severe clinical course

Fig. 7 Forest plot showing pooled odds ratio of higher than normal values of alanine transaminase being associated with severe clinical course
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fection. Hyperactivated immune responses and cytokine storm–
related systemic inflammation in SARS-CoV-2 infection can
affect and damage many organs, including the gut and liver
[26]. In addition to SIRS, sepsis is also not uncommon in severe
and critical COVID-19 cases. The pathophysiology of sepsis-
related liver injury includes cholestasis due to altered bile me-
tabolism, hepatocellular injury due to drug toxicity, or over-
whelming inflammatory hypoxic liver injury due to ischemia
and shock [27]. Furthermore, severe hypoxia and hypovolemia
could be the major causes of ischemic liver injury in COVID-19
cases with hypotension and shock. Ischemic hepatic injury is
associated with metabolic acidosis, calcium overloading, and
changes of mitochondrial membrane permeability, and has thus
far usually manifested as high aminotransferase concentrations
in serum [26]. In addition,many patients with COVID-19 have a
history of simultaneous use of multiple antiviral, antimalarial,
and antibiotic drugs, which are potentially hepato-toxic, such as
oseltamivir, abidol, lopinavir/ritonavir, hydroxychloroquine,
and azithromycin. Thus, DILI may be an additional factor in
liver function derangement [28].

Our meta-analysis had a few limitations. The first lim-
itation was that several of the identified factors may be
confounding variables, and which of these factors are
independently associated with severe clinical course
could not be determined. Since our meta-analysis includ-
ed only retrospective case series with a lot of heteroge-
neity, identification of independent factors was not possi-
ble. Only a well-designed prospective study can identify

independent factors associated with severe clinical course
or mortality. The second limitation was the non-
uniformity of the clinical endpoint. It may be argued that
clubbing studies that compared patients with and without
ICU admission with studies that used mortality as end-
point may not be statistically justified. However, in the
present circumstances, when many of the included pa-
tients are still admitted and sufficient follow-up time has
still not elapsed to determine their final outcome, using a
composite endpoint of “severe clinical course” seems to
be the most acceptable endpoint in our meta-analysis. The
third limitation is that most studies in this meta-analysis
are from China. COVID-19 is now a global disease; how-
ever, at the time of data extraction and analysis very few
non-China studies were published. This meta-analysis
will need updating when more studies from other coun-
tries become available.

In conclusion, our systematic review and meta-analysis
has shown that, even though GI and hepatic manifestation
are not very common in COVID-19, their presence por-
tends a severe clinical course. GI symptoms, especially
diarrhea, should be enquired from patients because it not
only indicates severe disease, these patients are more like-
ly to have fecal shedding of virus with potential infectiv-
ity to others. In addition, liver function tests in COVID-19
patients need to be monitored, which are likely to be ab-
normal in up to one-fourth of patients, especially those
with severe clinical course.

Fig. 10 Forest plot showing pooled odds ratio of higher than normal values of prothrombin time being associated with severe clinical course

Fig. 9 Forest plot showing pooled odds ratio of lower than normal values of serum albumin being associated with severe clinical course
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