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Abstract

A meta‐analysis was performed to identify patients with coronavirus disease 2019

(COVID‐19) presenting with gastrointestinal (GI) symptoms during the first and

second pandemic waves and investigate their association with the disease out-

comes. A systematic search in PubMed, Scopus, Web of Science, ScienceDirect, and

EMBASE was performed up to July 25, 2020. The pooled prevalence of the GI

presentations was estimated using the random‐effects model. Pairwise comparison

for the outcomes was performed according to the GI manifestations' presentation

and the pandemic wave of infection. Data were reported as relative risk (RR), or

odds ratio and 95% confidence interval. Of 125 articles with 25,252 patients, 20.3%

presented with GI manifestations. Anorexia (19.9%), dysgeusia/ageusia (15.4%),

diarrhea (13.2%), nausea (10.3%), and hematemesis (9.1%) were the most common.

About 26.7% had confirmed positive fecal RNA, with persistent viral shedding for an

average time of 19.2 days before being negative. Patients presenting with GI

symptoms on admission showed a higher risk of complications, including acute
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respiratory distress syndrome (RR = 8.16), acute cardiac injury (RR = 5.36), and

acute kidney injury (RR = 5.52), intensive care unit (ICU) admission (RR = 2.56), and

mortality (RR = 2.01). Although not reach significant levels, subgroup‐analysis re-

vealed that affected cohorts in the first wave had a higher risk of being hospitalized,

ventilated, ICU admitted, and expired. This meta‐analysis suggests an association

between GI symptoms in COVID‐19 patients and unfavorable outcomes. The ana-

lysis also showed improved overall outcomes for COVID‐19 patients during the

second wave compared to the first wave of the outbreak.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID‐19) pandemic has demon-

strated the deadly impact of a highly transmissible, novel respiratory

pathogen infecting humans.1 Much of the initial response to the

pathogen was centered around finding ways to prevent patients from

developing severe respiratory symptoms, often with poor outcomes.2

The patients' risk for developing complications was comorbid con-

ditions or abnormal laboratory values on presentation.3,4 The typical

symptoms of the illness are fever, dry cough, loss of taste or smell,

fatigue, and shortness of breath. While acute respiratory manifes-

tations of the disease are still the focal point of clinical research, the

Centers for Disease Control and Prevention reports that gastro-

intestinal (GI) symptoms may be indicators of COVID‐19 infection.5

Also, viral shedding in the feces of infected patients is not un-

common.6 There are conflicting reports of the significance of GI

symptoms in predicting the outcome of patients with COVID‐19.
Therefore, GI symptoms have not been used as a predictive tool by

healthcare providers.7,8

However, we believe the further analysis is indicated for several

reasons. First, GI pathology in COVID‐19 infections is attributed to

the angiotensin‐converting enzyme‐2 (ACE‐2) receptor expressed in

epithelial cells of the GI tract, which mediates direct viral entry and

damage.5,6 Second, the gut‐lung axis is thought to play a role in

indirect GI damage via the exaggerated immune reaction typical in

these patients.6 Third, respiratory viruses have been demonstrated

to increase CD4+ T‐cell entry into the small intestine leading to a

surge of cytokine release.9 Fourth, hepatocytes also express the

ACE‐2 receptor, which may play a role in acute liver injuries often

seen in hospitalized patients with COVID‐19.10 Lastly, the fecal–oral

transmission may be a major source of spread, particularly in

healthcare settings.11

In this sense, the purpose of this meta‐analysis is to analyze

patients with COVID‐19 in terms of the presence of GI symptoms

and its potential contribution to the outcomes of the disease.

We also compared the differences in presentation and outcome

between the first and the second wave of patients with

COVID‐19.

2 | METHODS

2.1 | Search strategy

The study protocol was based on the Preferred Reporting Items for

Systematic Reviews and Meta‐Analyses guidelines.12 A comprehen-

sive literature search of all eligible articles was conducted by two

reviewers (RME and RM) utilizing the electronic medical databases;

Web of Science, PubMed, Scopus, Science Direct, and Embase up to

July 25, 2020. The subsequent set of MeSH terms and keywords

related to gastrointestinal manifestations and COVID‐19 were ap-

plied, including (“2019‐ncov,” “SARS‐COV‐2,” “Wuhan coronavirus,”

OR “COVID‐19”) AND (“Gastrointestinal manifestations,” “Gastro-

intestinal symptoms,” “Gastrointestinal presentations,” “GI symp-

toms,” “Digestive symptoms,” “Gastric symptoms,” “Digestive

manifestations,” “Gastrointestinal features” OR “Gastrointestinal in-

volvement”) AND (“Viral shedding,” “Fecal shedding,” “Feces,” OR

“Fecal oral”). No language, time, and/or country limitations have been

applied. We also screened manually the references list of articles for

potentially relevant articles.

2.2 | Eligibility criteria

We screened the records against the following inclusion criteria: (a)

study population: patients with COVID‐19 (including adult, but not

pediatric and/or pregnant women) enclosing data on gastrointestinal

manifestations such as diarrhea, vomiting, nausea, abdominal pain,

anorexia, dysgeusia/ageusia, heartburn, constipation, hemoptysis,

hematochezia, hematemesis, melena or fecal occult blood or under-

went fecal shedding screening using fecal RNA reverse‐transcription
polymerase chain reaction (RT‐PCR). (b) Study design: Observational

studies including case series, prospective/retrospective cohort stu-

dies, and case–control studies. (c) Articles reporting original enough

data demographics, laboratory values, and/or outcomes. (d) Peer‐
reviewed articles. We excluded articles with the following char-

acteristics: (a) pediatric and/or pregnant women, (b) case reports,

case series with sample size less than five patients, (c) duplicate data,
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(d) reviews, editorial materials, non‐peer‐reviewed articles, and

preprint versions, and (e) articles reporting irrelevant, or in-

sufficient data.

2.3 | Definitions and subgroup analysis

Positive GI cases were those who had at least one of the following

gastrointestinal symptoms: anorexia, nausea, vomiting, diarrhea, ab-

dominal pain, recent‐onset constipation, heartburn, dysgeusia/ageu-
sia, hematemesis, hematochezia, and/or melena. Non‐GI controls

were defined as asymptomatic cohorts or presenting with re-

spiratory and/or neurologic and/or systemic symptoms, not including

any reported GI symptoms. Patients with a severe phenotype should

meet at least one of the following three criteria: (a) respiratory

distress and respiratory rate higher than 30 per minute; (b) fingertip

blood oxygen saturation less than 93% during rest; (c) partial

arterial oxygen pressure (PaO2)/fraction of inspiration oxygen

(FiO2) ≤ 300mmHg.13

Regarding pairwise meta‐analysis, we conducted five com-

parisons, including (1) severe patients with COVID‐19 versus

non‐severe ones; (2) hospitalized patients versus discharged

cases; (3) ICU admission patients versus floor hospitalization

patients; (4) nonsurvived patients versus survived; and (5) finally

COVID‐19 patients with positive fecal RNA RT‐PCR versus

negative cases.

In addition, a subgroup analysis was performed according to

the publication date to investigate a potential difference between

the first and second waves of the pandemic. The former was de-

fined as patients infected with COVID‐19 before May 15, 2020.

The latter was defined as patients infected with COVID‐19 at or

after May 16, 2020.14,15 May 15 was selected for two reasons: It is

closest to the median date of publication of the included 126

studies. It is approximately the date of various re‐opening stra-

tegies in many geographic areas. Also, studies were categorized

according to geographic distribution into Asian and non‐Asian
studies.

2.4 | Data extraction and covariate assessment

Independent investigators (AE, MHA, MMS, MO, RM, NM, and

ASA) abstracted the reported data in a pre‐specified excel sheet.

Studies' characteristics, patient demographics, and clinical pre-

sentation, comorbid conditions, and results of laboratory testing

were also retrieved. Complications such as acute respiratory

distress syndrome (ARDS), acute cardiac injury, arrhythmias,

acute liver injury, acute kidney injury (AKI), shock, and sepsis,

degree of severity, intensive care unit (ICU) admission, treatment

protocols, length of hospital stay, and outcomes were collected.

RME has revised the whole extracted data and resolved any

dissonance.

2.5 | Data synthesis and statistical analysis

All statistical analyses were processed with Comprehensive Meta‐
Analysis version 3.0 and STATA 16.0, and the results were con-

sidered significant at a p value less than .05. Related events or means

and standard deviations (SDs) of each arm were extracted. Other

statistical variable data, like median and interquartile range (IQR),

were converted to means and SDs. One‐arm meta‐analysis was first

performed using the Continuous Random‐effects model and the

DerSimonian–Laird method. The pooled mean effect size and pro-

portion were estimated for quantitative and binary data, respec-

tively. Next, a two‐arms meta‐analysis was performed to compare

clinical outcomes and admission outcomes between cohorts pre-

sented with gastrointestinal manifestations and those without gas-

trointestinal symptoms. Data were reported as standardized mean

difference (SMD), relative risk (RR), or odds ratio (OR), and 95%

confidence interval (CI).

Heterogeneity was quantified by using I2 statistics. Articles were

considered to have significant heterogeneity between studies when

the p value less than .1 or I2 greater than 50%.16 Subgroup analysis

by the pandemic wave of infection (first/early wave vs. second/late

wave) and ethnicity (Asian, American, European, and Mexican) was

carried out. Random‐effects Meta‐regression was performed to

identify the influence of potential effect modifiers on the pooled

results and explain the heterogeneity between studies. Covariates as

geographical distribution and date of publication were employed.

Also, publication bias was evaluated by Egger's regression test.17

3 | RESULTS

3.1 | Characteristics of included studies

Systematic search as depicted in Figure 1A yield 125 eligible pub-

lications, including 25,252 participants.18–141 Articles were published

in 11 countries, predominated by China (101 studies; Figure 1B).

They were published from January 24 to July 25, 2020, covering the

two COVID‐19 pandemic waves. The sample size ranged from 6 to

1452 per article. The basic characteristics of the 125 articles used

for one‐arm meta‐analysis are listed in Table 1. For pairwise com-

parisons, 60 articles compared the clinical data, laboratory features,

and outcomes of COVID‐19 patients with and without GI symptoms

(Table 2).18,24,29,34,36,40,42–47,50,51,53,54,58,60,62,64,65,67,70,73,74,77,80,81,83,86,

87,89,91–96,98,99,102,110,111,116–119,121–124,130,132,133,142 Of these, 26 stu-

dies compared severe/critical COVID‐19 patients versus mild

cases,18,34,43,44,46,47,51,53,62,67,70,73,74,77,92,93,98,99,102,111,117–119,121,122,133

four articles compared between hospitalized patients and those not

required hospitalization,45,80,89,142 five studies compared ICU admitted

patients versus floor hospitalization,50,80,96,116,142 11 publications

compared between those who died with those who sur-

vived,29,34,58,60,83,91,94,110,117,123,137 three articles reported the

comparison between COVID‐19 patients with positive versus
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negative fecal shedding,36,65,130 and of the remaining 14 studies

comparing cohorts with and without GI symptoms.24,40,42,46,54,64,

81,86,87,95,101,124,133,138

3.2 | The pooled prevalence of patients with
gastrointestinal manifestations

The one‐arm meta‐analysis included 25,252 COVID‐19 positive pa-

tients with a mean age of 52.1 years (95% CI, 49.9–54.3). The males

accounted for 52.2% (95%CI, 50.8%–53.6%). Most common co-

morbid conditions were hypertension (22.3%, 95% CI, 19.3%–25.6%)

and obesity (20.7%, 95%CI, 17.1%–24.9%).

Of the overall COVID‐19 patients, 20.3% (95% CI,

16.6%–23.9%) presented with GI features, and 26.7% (95%CI,

16.9%–36.5%) had confirmed fecal viral shedding with positive fecal

RNA RT‐PCR test. The most common presenting gastrointestinal

symptoms were anorexia (19.9%), dysgeusia/ageusia (15.4%), and

diarrhea (13.2%). Fecal testing showed persistent viral shedding for

an average time of 19.2 days (95%CI, 16.1–22.4) before being ne-

gative. The proportion of GI features was 18.7% (95%CI,

13.6%–23.8%) in studies published during the first pandemic wave,

which was insignificant from the second wave (23.1%, 95%CI,

18.7%–27.5%). Subgroup analysis by geographical region showed a

higher frequency of patients presented with gastrointestinal in-

volvement in European studies (36.7%, 95%CI, 28.3%–45.1%) com-

pared with Asian (18.1%, 95% CI, 13.9%–22.2%) and American

(24.6%, 95% CI, 19.5%–29.6%) studies (Figure 2).

A pooled one‐arm meta‐analysis of detailed demographic, clin-

ical, and laboratory features of COVID‐19 patients with gastro-

intestinal presentations is demonstrated in Table S1. As depicted in

Figure 3, subgroup analysis by the pandemic waves revealed a higher

prevalence of acute cardiac injury and ICU admission (both p < .001)

in the first wave. In contrast, second wave articles reported higher

ARDS frequencies, AKI, mechanical ventilation use, and a higher risk

of mortality (all p < .001).

3.3 | Differential outcomes of patients presenting
with gastrointestinal manifestations

Pairwise comparative analysis of COVID‐19 cases with and without

GI symptoms is shown in Table 3. COVID‐19 patients presented with

GI features were more likely to be older (SMD = 0.53; 95%

CI = 0.41–0.64, p < .001), and males (OR = 1.29; 95% CI = 1.14–1.46,

p < .001). Black patients were also less likely to present with GI

features. They had higher odds of having comorbid conditions as

hypertension (OR = 2.12; 95%CI = 1.76–2.56), diabetes (OR = 2.06,

95% CI = 1.66–2.55, p < .001), chronic kidney disease (OR = 1.78,

95% CI = 1.21–2.63, p = .003), chronic liver disease (OR = 1.51, 95%

CI = 1.14–2.0, p = .004), and malignancy (OR = 1.44, 95%

CI = 1.11–1.87, p = .005).

As depicted in Table 3G–I, despite lack of association with the

degree of COVID‐19 severity and length of hospital stay, cases

presenting with GI symptoms on admission were more subjected to

complications including ARDS (RR = 8.16; 95% CI = 4.77–13.9,

F IGURE 1 Selection of eligible studies and their geographic region. (A) Flowchart for systematic literature search (B) Mapping the
geographic distribution of the studies
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p < .001), acute cardiac injury (RR = 5.36; 95% CI = 3.47–8.27,

p < .001), and AKI (RR = 5.52; 95% CI = 2.83–10.76, p < .001). Fur-

thermore, GI cohorts showed a higher risk of ICU admission (RR =

2.56; 95% CI = 1.62–1.04, p < .001), and mortality (RR = 2.01; 95%

CI = 1.18–3.43, p = .010).

Subgroup analysis by date of publication showed that affected

cohorts in the first wave had a higher risk of being hospitalized

(RR = 1.60; 95% CI = 1.15–2.22, p = .005), requiring ventilation

(RR = 11.6; 95% CI = 5.08–26.9, p < .001), and ICU admission (RR =

3.0; 95% CI = 1.58–5.68, p < .001). However, patients in the second

wave were less associated with hospitalization, ICU admission, me-

chanical ventilation, or mortality, although not reach significant le-

vels (Figure 4). Meta‐regression analysis revealed that heterogeneity

in mechanical ventilation parameters was partly related to geo-

graphical region (p = .012; Table S2).

4 | DISCUSSION

SARS‐CoV‐2 has been found to infect multiple organ systems and is

not exclusively a respiratory virus, as initially thought. Gastro-

intestinal symptoms have previously been reported to worsen out-

comes in COVID‐19 patients, although it remains unclear as

contradictory research also exists.7

This relatively wide scoped meta‐analysis showed that GI

symptoms were present in about one‐fifth of the study population

and were associated with higher rates of adverse outcomes such as

ICU admission and/or mortality. Furthermore, patients with GI

symptoms were more likely to develop AKIs associated with worse

outcomes in COVID‐19 patients.143,144 Similarly, GI symptoms

correlated with a greater risk of cardiac injury, another poor

prognostic factor for hospitalized patients with COVID‐19.145,146

The strong correlation between GI symptoms and the most un-

favorable COVID‐19 outcomes in such a large population under-

scores the clinical importance of what was once considered

incidental symptoms of the disease. Focused research should be

conducted to understand the mechanism of how GI pathology may

lead to severe and worse outcomes. With this knowledge, health

care providers can more closely monitor and treat these symptoms,

which may lower mortality. Of note, the fecal shedding rate of

SARS‐CoV‐2 was more common than the rate of manifested GI

symptoms of COVID‐19, suggesting that some patients with

colonized GI tracts may be asymptomatic. While this is consistent

with previous studies, the significance of this viral shedding is still

unclear.147,148 Future research should be conducted to evaluate

the usefulness of viral stool studies in the workup of acutely ill

patients with COVID‐19.
Regarding the geographical distribution, European patients had a

greater GI symptoms rate than all other regions studied, which could

be attributed to differences in reporting or different genetic variants

between continents. Islam et al. report that the mutation rate in the

SARS‐CoV‐2 genomic sequence is higher in Europe compared with

Asia and North America.149 Regarding the outcome, Asian patientsT
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were ventilated less often than non‐Asians. However, this might be

due to the differences in medical practices between these geographic

areas. Despite the discrepancy in ventilation rates, there were no

differences in ARDS, AKI, or acute cardiac injury rates. Admission

outcomes, including mortality, were likewise equal among Asian

versus nonAsian patients.

Pandemics have historically come in waves with differing seve-

rities and lengths of time between them.150 Consequentially, it is

F IGURE 2 Prevalence of gastrointestinal manifestations. (A) The proportion of patients with COVID‐19 presenting with gastrointestinal
symptoms. One‐arm meta‐analysis was applied. Overall proportion and confidence intervals are shown. Subgroup analysis was performed
stratifying studies by the date of publication (during the first wave; <May 15, or during the second wave; >May 15) and by geographical regions
(Asia, Europe, America, and Mexico). (B) The proportion of gastrointestinal symptoms in COVID‐19 cohorts. (C) Prevalence of fecal shedding
confirmed by fecal RNA RT‐PCR. (D) Duration of viral shedding (days). CI, confidence interval; COVID‐19, coronavirus disease 2019; RT‐PCR,
reverse‐transcription polymerase chain reaction
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important to evaluate the success of the initial treatment interven-

tions compared with the more recent treatment innovations; this can

be done by comparing the outcomes of critically ill patients. A

comparison between the early wave and subsequent wave of

COVID‐19 infections was achieved by a sub‐group analysis of the

enrolled studies. The second wave of cases showed more GI mani-

festations than first wave cases; however, this was not statistically

significant. Pooled prevalence comparisons between early and late

wave cases showed mixed results regarding outcome events. Early

wave patients experienced greater rates of acute cardiac injury and

ICU admission, and late wave patients had higher ARDS, AKI, me-

chanical ventilation, and mortality rates. This may be due to more

patients in the second wave presenting with GI symptoms indicating

severe disease. To directly compare patients with GI symptoms in

each wave, a pairwise comparison analysis of patients with and

without GI symptoms was performed. Second wave patients with GI

symptoms were less likely to have acute cardiac injuries, be admitted

to the ICU, receive mechanical ventilation, or die due to COVID‐19,
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F IGURE 3 Subgroup analysis for pooled one‐arm meta‐analysis of
COVID‐19 outcomes by the pandemic wave. Odds ratio and 95%
confidence intervals were reported. p values comparing the first and

second waves were estimated using Student's t‐test. ARDS, acute
respiratory distress syndrome; COVID‐19, coronavirus disease 2019
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compared with first wave patients with GI symptoms. This particular

analytic method allowed a comparison between the more acutely ill

patients showing GI symptoms, which demonstrated more accurate

results than the pooled prevalence results.

Fan et al.15 found that mortality rates in the second wave of the

pandemic decreased sharply even among countries that saw a

greater caseload than the first wave. In the studies analyzed for this

meta‐analysis, there was an overall lower rate of complications and

mortality in the GI symptom‐positive cohort of the second wave

providing evidence of improved management of patients with

COVID‐19, which agrees with the findings of Fan et al.15 This meta‐
analysis is further evidence of the decrease in mortality outcome

that might be due to an improvement in the clinical handling of the

disease. While many treatments have proven effective at improving

the disease course in smaller trials, it is reassuring to see a large‐
scale improvement in morbidity and mortality in severe cases. This is

most likely due to the combined efforts of medical providers and

public health officials in identifying severe COVID‐19 cases earlier

and intervening appropriately. Also, likely contributing factors are

the improvements in therapeutics, treatment algorithms, and famil-

iarity with the disease course.

A limitation of this meta‐analysis was that it reviewed pre-

dominately retrospective studies making randomization impossible.

Since not all studies had the primary goal of evaluating GI symptoms'

impact on COVID‐19 outcomes, differences in the recording of

symptoms between studies could be potentially present. While in-

cluding studies throughout the world was beneficial for increasing

the findings' generalizability, doing so might affect the data collected

from differently impacted countries. This limitation was addressed by

controlling analysis for a geographic area.

5 | CONCLUSIONS

The findings of this meta‐analysis suggest that there is an association

between gastrointestinal symptoms in patients with COVID‐19 and

worse disease outcomes, especially in the first wave of infection.

These symptoms were found to be common, appearing in approxi-

mately one‐fifth of studied patients. Screening patients for GI

symptoms is quick and may benefit providers by offering a simple

method for stratifying patient risk levels. By grouping the studies in

the first wave and second wave categories, the analysis showed

overall improved outcomes for patients who have more recently

been treated for COVID‐19 regardless of their GI affection.
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