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Introduction
The disease caused by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), known as COVID-19, has affected 
millions of people worldwide.1 Initially, COVID-19 was identified as 
a respiratory disease. However, there’s vast evidence of the potential 
serious systemic damage, involving major organs, including the 
digestive system.2–5 The ability of SARS-CoV-2 to infect epithelial 
cells is achieved when the virus binds to angiotensin converting 
enzyme-2 (ACE-2) receptor, which is then primed by the cellular 
transmembrane serine protease 2 (TMPRSS-2).6–9 The mechanism of 
infection in the gastrointestinal tract is similar and there is evidence of 
a higher co-expression of ACE-2 and TMPRSS-2 in the brush border 
of enterocytes of the small intestine, than in alveolar cells.10–12 

The main function of ACE-2 in the small intestine is the transport 
of essential amino acids and the regulation of intestinal inflammation 
through the production of antimicrobial peptides.13–16 When SARS-
CoV-2 interacts with ACE-2, it blocks its functions causing alterations 
in the production of antimicrobial peptides and inflammation of the 
intestine. Inflammation caused by the disruption of ACE-2 function 
leads to the development of diarrhea.9,17 

It has been observed that one-third of patients infected with SARS-
CoV-2 shows gastrointestinal symptoms (GIS) such as diarrhea, 
nausea, abdominal pain, vomiting, and anorexia during the course of 
the disease. In addition, fifty percent of infected individuals present 
viral RNA in feces during infection.18 In some individuals, GIS are 
the only manifestations of the disease. While in other individuals, 
these GIS and the presence of viral RNA in feces persist even after 
the remission of the infection.18 Several studies, including in-vitro and 
with animal models, have shown diffuse damage to the gastrointestinal 
tract, as well as signs of desquamation of the enterocytes, edema, 
dilation of small blood vessels, and infiltration of lymphocytes in the 
small intestine.9

Research on the visualization of small intestine mucosa has been 
limited because it involves invasive procedures (i.e., endoscopy) 
which can result in potential major adverse events (i.e., perforation 
and bleeding among others). Although gastrointestinal symptoms 
have been reported in COVID-19 patients,19 and replication of SARS-
CoV-2 within cells of human small intestinal organoids derived 
from primary human small intestinal epithelial stem cells have been 
demonstrated,20 macroscopic changes in the mucosa of the entire small 
intestine secondary to the SARS-CoV-2 infection in humans have not 
been studied. Here, we propose the use of capsule endoscopy, a safe 
and well-tolerated study that allows to visualize the entire small bowel 
and to describe COVID-19 associated macroscopic gastrointestinal 
changes in individuals hospitalized with and without GIS. 
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Abstract

Background and aim: Small intestine study is a challenge in the field of clinical research. 
However, capsule endoscopy is a safe and minimally invasive alternative. During the 
COVID-19 pandemic, this endoscopic procedure acquires added value. Although SARS-
CoV-2 has mainly respiratory manifestations, gastrointestinal symptoms are observed in 
30% of cases. ACE-2 used by SARS-CoV-2 to infect cells is highly expressed in the brush 
border of enterocytes. This enzyme transports essential amino acids in the small intestine 
and regulates intestinal inflammation through antimicrobial peptides production. Here we 
describe the endoscopic changes in the mucosa of the small intestine secondary to severe 
SARS-CoV-2 infection in patients with and without gastrointestinal symptoms.

Methods: We performed a prospective and observational study in hospitalized patients 
with severe COVID-19 disease. Capsule endoscopy and detection of SARS-CoV-2 RNA 
in feces were performed in each participant. Each capsule was reviewed separately by two 
trained endoscopists.

Results: Twenty individuals were enrolled. Diarrhea was observed in 78% of participants. 
In 45% of capsule endoscopy studies, changes characterized by shortening of villi, atrophy 
or denuded areas accompanied by red spots or patches, hyperemia or edema were found. 
Individuals showing these changes in the intestinal mucosa were positive for SARS-CoV-2 
in stool. 

Conclusions: Here we provide evidence of macroscopic changes along the small 
intestine in COVID-19 patients. We proposed the term of COVID-19 enteropathy to 
denote involvement of the mucosa and in the villi of the small intestine in SARS-CoV-2 
infected individuals. Longitudinal follow-up will be valuable for a better understanding of 
COVID-19 enteropathy.

Keywords: capsule endoscopy, COVID-19, enteropathy, SARS-CoV-2 infection, small 
intestine
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Methods
Ethics

This study was conducted according to the declaration of Helsinki 
and approved by the Institutional Review Board of the National 
Institute of Respiratory Diseases, Mexico City, Mexico on January 
15th, 2021. All participants provided written informed consent prior 
to enrollment in the study. 

Study participants

Participants were prospectively included into the study between 
January 27th and May 17th, 2021. Adult patients (>18 yo) with a 
positive SARS-CoV-2 PCR nasopharyngeal swab test, with and 
without gastrointestinal symptoms (e.g., abdominal pain, nausea, 
vomiting, diarrhea, constipation, disgeusia, bleeding), and with the 
capacity to swallow were included in the study. All individuals have 
been hospitalized with severe or critical disease, according to NIH 
guidelines,21 some needing ventilator support, high flow cannula 
or nasal prongs during hospitalization. Capsule endoscopy was 
performed after ventilatory support was removed and patients were 
able to swallow.

Individuals with specific opportunistic infectious diseases, 
positive fecal culture, positive respiratory panel other than SARS-
CoV-2, previous use of antibiotics as quinolones and any conventional 
contraindications to perform capsule endoscopy such as history of 
intestinal surgery, stenosis, disability or difficult to swallow, were 
excluded from the study. None of them, had previous record of any 
intestinal disease, neither an endoscopic study. All participants had a 
negative gastrointestinal bacterial and viral panel performed during 
hospitalization. Participant’s medical history including comorbidities, 
gastrointestinal symptoms, current and previous medication and 
details of COVID-19 infection including days since positive test, 
days since symptoms onset, inpatient days, history of antibiotics and 
previous treatments were recorded. 

Capsule endoscopy (CE) procedure

The capsule used in the study was a PillCam Colon2 from 
Medtronic® (Dublin, Ireland). This device has two cameras, each 
with 4 white LEDs. The field of view is 170º and it is capable of 
detecting objects up to 0.1mm at a distance of 3cm. The frame rate per 
second (fps) of the CE varies from 4 to 35 fps. Capsule hibernation 
function was deactivated.

All patients underwent an 8-hour fast before the ingestion of the 
capsule. They did not receive any intestinal preparation. As participants 
were bed-bound, in a restricted COVID-19 area, we administered a 
dose of intravenous metoclopramide immediately after ingestion of 
the capsule. Participants were allowed to drink clear liquids three 
hours after capsule ingestion and to eat a light meal five hours after. 
The study was considered completed when the capsule had passed 
through the ileocecal valve, confirmed with the Real-Time-Viewer. 

Capsule endoscopy was performed during hospitalization. All 
patients required respiratory support with high flow cannula or 
nasal prongs during capsule endoscopy. Three of the patients needed 
ventilatory support. However, in these patients, capsule endoscopy 
was performed after recovery from respiratory failure. 

Two separate certified endoscopists with experience of reading 
at least 30 CE per year, read and interpreted each video. When 
discrepancies in interpretation occurred, both endoscopists reviewed 
the findings together and reached a consensus.

Sample collection

Fecal samples were collected in a sterile container the same day 
or one day after the CE was performed, a median day of 4 (IQR 2-8) 
from the positivity of the nasopharyngeal swab PCR test. Each sample 
was aliquoted into 2 mL low-bind Eppendorf tubes, briefly spun down 
by centrifugation and immediately stored at -80°C until processed. 

Detection of SARS-CoV-2 RNA in fecal samples

Detection of SARS-CoV-2 RNA was performed according to the 
CDC 2019-Novel Coronavirus (2019-nCoV) Real-Time RT-PCR 
Diagnostic Panel Manual (22). Viral RNA was extracted from 140µl 
fecal samples using QIAamp Viral RNA kit reagents (QIAGEN, 
Hilden, Germany) according to the manufacturer’s instructions. 
Isolated RNA was reverse transcribed to cDNA and subsequently 
amplified using an Applied Biosystem 7500 Fast Dx Real-Time PCR 
instrument (Thermo Fisher, Waltham, Massachusetts USA). The 
panel was designed for specific detection of two regions of the SARS-
CoV-2 nucleocapsid (N) gene, an additional probe to detect the human 
RNase P gene (RP) as internal control. The assay was considered 
positive when both nucleocapsid gene marker (N1, N2) curves 
crossed the threshold line before 40 cycles (Ct<40), in accordance 
with the CDC 2019-Novel Coronavirus (2019-nCoV) Real-Time RT-
PCR Diagnostic Panel Manual.

Statistical analysis

Study data were collected and managed using REDCap electronic 
data capture tools (Vanderbilt University), hosted at CIENI.23,24 Data 
were expressed as medians with interquartile range. Intergroup 
differences (i.e., patients with gastrointestinal symptoms vs. patients 
without gastrointestinal symptoms) were evaluated using the non-
parametric Fisher´s exact test and Mann Whitney U test as appropriate. 
The p value was 2 sided, and significance was set at p<0.05 was used 
to determine statistical significance. The analyses were performed 
using STATA/SE (version 16).25 

Results
Demographic and clinical characteristics of study 
participants

A total of 20 individuals, 11 with gastrointestinal symptoms and 
9 without gastrointestinal symptoms, were enrolled between January 
27th and May 17th, 2021. Demographic and clinical characteristics 
of the study participants are shown in Table 1. During the course of 
this study, the Mexican government initiated the national vaccination 
strategy against COVID-19. Thus, four participants received the first 
dose of a SARS-CoV-2 vaccine (Sputnik V, AstraZeneca, or Pfizer) 
between 0 and 13 days before the onset of symptoms. The median 
age of participants was 52years and 55% were female. Forty-five 
percent of study participants refer at least one comorbidity. Arterial 
hypertension was observed predominantly in the group of individuals 
with gastrointestinal symptoms although no statistical difference 
was observed between groups (55%, p = 0.07). The most frequent 
gastrointestinal symptom reported by in the participants was diarrhea 
(72%), followed by abdominal pain (36%), nausea (27%) and 
vomiting (18%) (Table 1).

All participants required some respiratory support during their 
hospitalization. Three patients underwent respiratory failure and were 
treated with orotraqueal tube and mechanical ventilator support. The 
rest of the participants required high-flow cannula (n = 11), nasal 
prongs (n = 5) or oxygen mask (n = 1). This last case, died at the 
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hospital due to post COVID-19 complications. Disease outcome, 
classified as improvement or death, showed no statistical significance 
between groups.

Small bowel capsule endoscopy

The median days between the onset of COVID-19 symptoms and 
the capsule endoscopy (CE) study was 15 (IQR 11-19), and between the 
positivity of the nasopharyngeal swab PCR test and the CE study was 
4 (IQR 2-8) (Table 3)

Inpatient days, elapsed time between the onset of symptoms and 
time between the positivity of the nasopharyngeal swab PCR test and 
the CE study was similar between groups (Table 3). 

We performed CE study in 20 enrolled participants. CE study 
was normal in 6 participants (30%), of which half (n = 3), were 
classified in the gastrointestinal symptoms group and half in the 
non-gastrointestinal symptoms group. The CE of 5 participants 

(25%) showed exclusively inflammatory changes such as hyperemia, 
swelling, red spots, and ulcers. While 9 participants (45%) showed 
structural changes in villi in addition to mucosal changes. These 
findings included shortening of villi (66%), villous atrophy (55%), 
denuded mucosa (22%), red spots (88%), hyperemia (77%), edema 
(22%) and ulcers (11%) (Table 2). Villous atrophy was observed 
predominantly in the first third of the total intestinal transit time of 
the CE (88% of cases). Subsequently, we will refer to the presence of 
mucosal and villi changes observed by CE as COVID-19 enteropathy 
(Figure 1 & 2). 

We did not find differences in clinical or demographic characteristics 
between individuals with COVID-19 enteropathy and those without it 
(Table 3). However, more than half of the individuals with COVID-19 
enteropathy reported gastrointestinal symptoms (Table 2).

SARS-CoV-2 RNA was detected in 46% of the stool samples. 
Eighty-three percent of individuals with COVID-19 enteropathy 
showed positive SARS-CoV-2 RNA in feces (p=0.029) (Table 4).

Table 1 Demographic and clinical characteristics of the study participants

Total (n=20) GIS+ (n=11) GIS- (n=9) p-value

Gender, n(%) Male 9(45%) 4(36%) 5(55%)
0.65a

Female 11(55%) 7(64%) 4(44%)

Age, median [IQR]b 5237–60 5638–56 4834–61 0.56

BMI, median [IQR]b 2927–30 3027–32 2925–30 0.47

Comorbidities, n(%)a

Arterial hypertension 7(35%) 6(55%) 1(11%) 0.07

Diabetes Mellitus 3(15%) 2(18%) 1(11%) 1

Heart disease 1(11%) 0(0%) 1(11%) 0.45

Hypothyroidism 1(11%) 1(9%) 0(0%) 1

Allergies 2(22%) 2(18%) 0(0%) 0.48

Any comorbidity 9(45%) 6(55%) 3(33%) 0.40

Clinical Symptoms, n(%)

Diarrhea 8(72%) 8(72%) NA --

Abdominal Pain 4(36%) 4(36%) NA --

Nausea 3(27%) 3(27%) NA --

Vomiting 2(18%) 2(18%) NA --

Gastrointestinal Bleeding 0(0%) 0(0%) NA --

Dysgeusia 0(0%) 0(0%) NA --

Disease Outcome, n(%)a

Improvement 19(95%) 10(91%) 9(100%)
0.45

Death 1(5%) 1(9%) 0(0%)

Inpatient days, median [IQR]a 86–14 75–9 149–16 0.83

Days between positive test and EC, median [IQR]a 42–8 32–7 84–15 0.85

Days between symptoms onset and EC, median [IQR]a 1511–19 1210–19 1715–19 0.60

Respiratory support, n(%)a

Post- Ventilator mechanical support 3(15%) 1(9%) 2(22%) 0.56

High-flow nasal cannula 10(50%) 7(64%) 3(33%) 0.37

Nasal prongs 6(30%) 3(27%) 3(33%) 1

Oxygen mask 1(5%) 0(0%) 1(11%) 0.45

IQR, interquartile range; BMI, body mass index; EC, endoscopic capsule; GIS, gastrointestinal symptoms; NA, not applicable.
a Fisher exact test
b Mann-Whitney U test
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Table 2 Endoscopic Capsule Findings in COVID-19 patients with and without gastrointestinal symptoms

Total (n=20) GIS+ (n=11) GIS- (n=9) p - valuea

Normal n(%) 6(30%) 3(27%) 3(33%) 1
Enteropathy by COVID-19, n(%)
Shortening villi 6(30%) 3(27%) 3(33%) 1
Villous atrophy 5(25%) 3(27%) 2(22%) 1
Denuded mucosa 2(10%) 2(18%) 0(0%) 0.48
Red spots 5(25%) 1(9%) 4(44%) 0.13
Hyperemia 7(35%) 4(36%) 3(33%) 1
Edema 2(10%) 2(18%) 0(0%) 0.48
Ulcer 1(5%) 0(0%) 1(11%) 0.45
Total COVID-19 enteropathy 9(45%) 5(45%) 4(44%) 1
Other findings n(%)
Ulcer 2(10%) 2(18%) 0(0%) 0.48
Hyperemia 2(10%) 1(9%) 1(11%) 1
Red spots 3(15%) 1(9%) 2(22%) 0.56
Total 5(25%) 3(27%) 2(22%) 1

GIS, gastrointestinal symptoms.
a Fisher’s exact test

Table 3 Association between clinical factors and COVID-19 enteropathy

No enteropathy(n=11) Enteropathy(n= 9) p - value
Age, median [IQR]a 4131–58 5648–65 0.13
Any Gastrointestinal symptom, n(%)b 6(55%) 5(56%) 1
Diarrhea 4(66%) 4(80%) 1
Abdominal Pain 3(50%) 1(20%) 0.59
Nausea 2(33%) 1(20%) 1
Vomiting 1(17%) 1(20%) 1
Inpatients days, median [IQR]a 85–15 97–14 0.81
Days between positive test and CE study, median [IQR]a 32–13 72–8 0.70
Days between symptoms onset and CE study, median [IQR]a 1511–19 1512–19 0.75
Hemoglobin, median [IQR]a 1513–15 1413–16 0.68

p < 0.05 
a Mann Whitney U test 
bFisher exact test

Table 4 RNA SARS-CoV-2 in feces in individuals and COVID-19 enteropathy

No enteropathy (n = 7) Enteropathy (n = 6) p-value
Feces
SARS-CoV-2 - 6(86%) 1(17%)

0.029
SARS-CoV-2 + 1(14%) 5(83%)

Values are given as number(percentage). Fisher’s exact test

Discussion
COVID-19-associated gastrointestinal symptoms, such as nausea, 

vomiting, diarrhea, anorexia, and abdominal pain are common, both in 
mild and severe cases of the disease. In several cases, gastrointestinal 
symptoms can precede the development of respiratory symptoms 
and sometimes, they can be the only symptoms.26 Further studies are 
required to describe the gastrointestinal involvement in the context 
of COVID-19. It is known that ACE-2 and TMPRSS2 receptors are 
necessary for the virus to infect cells and that they are highly expressed 
in the small intestine.6–9 However, the effect that the virus could cause 
on this organ and its relationship with the gastrointestinal symptoms 
requires further exploration.

To our knowledge, this is the first study to describe changes in the 
entire small bowel mucosa in COVID-19 patients. Here, we reported 
alterations in intestinal villi, predominantly in the proximal intestinal 
segments (i.e., duodenum and proximal jejunum), accompanied 

with unspecific changes in the intestinal mucosa, including red 
spots, swelling, and hyperemia. Unspecific changes in the small 
intestine mucosa have been reported with high frequency, even in 
healthy volunteers,27 which suggests that they may not be specific 
of SARS-CoV-2 infection (stress, medications, previous infections 
and other factors could participated). However, when combined with 
mucosal damage such as atrophy, shortened of villi, or denuded areas 
associations with virus-induced pathogenesis might be more feasible. 

Changes in the intestinal villi have been previously reported in 
other acute enteric diseases caused by viruses and parasites, and also 
in chronic pathologies including celiac disease, tropical sprue, and 
ulcerative colitis.28 Participants in our study denied any suggestive 
symptoms of these diseases before COVID-19 and they had no reports 
of positive cultures for enteric pathogens in their medical record. The 
denuded mucosa seen in two patients with diarrhea, is an infrequent 
finding that represents the most extreme damage of the mucosal 
structure. The presence of changes in both the mucosa and the villi 
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in 45% of our study participants, together with the presence of viral 
RNA in feces regardless of the presence of gastrointestinal symptoms, 
suggests involvement of SARS-CoV-2 in these changes. 

Figure 1 COVID-19 enteropathy. 

These representative images show changes at duodenum observed by CE. 
(A) and (B) show denuded mucosa. (C) and (D) show shortening of villi and 
edema.

Figure 2 COVID-19 enteropathy. 

These representative images show changes at proximal jejunum mucosa 
observed by CE. (A) show villous atrophy, (B) shortening of villi and hyperemia, 
(C) a red spot and (D) shortening of villi and edema.

Some previous papers, had suggested that the presence of 
gastrointestinal symptoms has a relation with the severity of SARS 
CoV-2 infection.29 As we included only severe hospitalized patients 
with supplementary oxygen requirements, we can´t show a present 
association between structural mucosa findings and severity of the 
COVID-19 at this moment. From the three patients who required 
ventilatory machine support during hospitalization, one CE study 
was normal, one showed enteropathy and the last one, showed ileal 
ulcers and erosions. The first patient referred diarrhea and the other 
two patients were gastrointestinal asymptomatic. As it is note, we are 

not able to see any relationship between abdominal symptoms, CE 
findings and severity of the disease.

It is important to considered that at the time of the study, Mexican 
population had already access to SARS CoV 2 vaccines. Previous 
immunity could have modified the severity of the infection, and 
potentially could attenuate the endoscopic findings. 

The pathogenesis of the lesions observed in COVID-19 enteropathy 
as well as their relevance are controversial. The main function of the 
ACE-2 receptor in the gastrointestinal tract is the transport of essential 
amino acids and the regulation of intestinal inflammation through 
the production of antimicrobial peptides. Antimicrobial peptides 
act as chaperons of the B0AT1 protein, which in turn activates the 
mTOR serine-threonine kinase pathway, responsible for the transport 
of tryptophan and niacin. The deficiency of these essential amino 
acids is a known cause of villi atrophy.9 Villous atrophy and denuded 
mucosa in the small intestine, as observed here, suggest epithelial 
damage associated with disruption of the intestinal mucosa barrier, 
its permeability, and the consequent development of gastrointestinal 
symptoms and persistent diarrhea even with a negative SARS-CoV-2 
PCR test. It would be interesting to know for how long villous 
atrophy and gastrointestinal symptoms, mainly diarrhea, persists 
after a negative SARS-CoV-2 PCR test. There is a growing evidence 
about long-term consequences of COVID-19 and gastrointestinal 
tract,30 so it would be worthwhile to continue investigation to know 
how enterocyte damage resulting from SARS-CoV-2 infection is 
responsible of these manifestations and how long time. 

Capsule endoscopy is a safe option to research and visualize 
the small bowel. Besides clinical indications (chronic diarrhea, 
gastrointestinal bleeding, inflammatory intestinal follow-up diseases, 
abdominal pain, ejem), it could be useful in COVID-19 patients 
who require endoscopic exploration, without aerosol health personal 
exposition, and minimal discomfort to patients. 

Our work has some limitations. This is a monocentric study with 
a small sample of patients. Confounding factors such as intake of 
medications (antibiotics, analgesics and steroids), are not possible to 
control. However, intake of medications recorded in participants of 
our study has not been previously associated with intestinal villous 
atrophy. Additionally, the method used here to detect SARS-CoV2 
in feces was not quantitative and does not discriminate between live 
virus and non-infectious viral particles. 

This study contributes evidence of COVID-19-associated 
enteropathy, showing macroscopic changes in the mucosal surface 
across the entire intestinal tract by endoscopic capsule. Further studies 
are warranted to establish mechanistic associations as well as long 
term implications of our observations.

Conclusion
Here we provide evidence of macroscopic changes along the small 

intestine in COVID-19 patients. We propose the term COVID-19 
enteropathy to denote involvement of the mucosa and the villi of the 
small intestine in SARS-CoV-2 infected individuals. No correlation 
between the presence of COVID-19 enteropathy and the presence 
of gastrointestinal symptoms was observed; however, COVID-19 
enteropathy was associated with detection of SARS-CoV-2 RNA in 
feces, suggesting possible causality. Longitudinal follow-up will be 
valuable for a better understanding of COVID-19 enteropathy, its 
relation with gastrointestinal symptoms and long-term effects, mainly 
persistent diarrhea, and its functional consequences. 

https://doi.org/10.15406/ghoa.2022.13.00520


Enteropathy endoscopic findings in small intestine in patients with severe COVID-19 188
Copyright:

©2022 Torres-Ruiz et al.

Citation: Torres-Ruiz MF, Garrido-Rodríguez D, Blanco-Velasco G, et al. Enteropathy endoscopic findings in small intestine in patients with severe COVID-19. 
Gastroenterol Hepatol Open Access. 2022;13(5):183‒188. DOI: 10.15406/ghoa.2022.13.00520

Acknowledgments
Authors would like to acknowledge all individuals who participated 

in this study. Authors also thank Gabriela García and Sonia Zacarías 
specialist nurses at CIENI, INER and the administrative staff Omar 
Quevedo and María Jesús Espinoza of the CIENI, INER. 

Conflicts of interests
Gerardo Blanco Velasco is speaker of Medtronic. The other authors 

report no declaration of interest.

Funding information
This work was supported by the Mexican Government (Programa 

Presupuestal P016; Anexo 13 del Decreto del Presupuesto de Egresos 
de la Federación).

References
1. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines. 2021. 

2. Konturek PC, Harsch IA, Neurath MF, et al. COVID-19 - more than 
respiratory disease: a gastroenterologist’s perspective. J Physiol 
Pharmacol. 2020;71(2).

3. AlSamman M, Caggiula A, Ganguli S, et al. Non-respiratory 
presentations of COVID-19, a clinical review. Am J Emerg Med. 
2020;38(11):2444–2454. 

4. Perisetti A, Gajendran M, Mann R, et al. COVID-19 extrapulmonary 
illness – special gastrointestinal and hepatic considerations. Dis Mon. 
2020;66(9):101064. 

5. Zheng KI, Feng G, Liu WY, et al. Extrapulmonary complications of 
COVID-19: A multisystem disease? J Med Virol. 2021;93(1):323–335. 

6. Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 Cell 
Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically 
Proven Protease Inhibitor. Cell. 2020;181(2):271-280.e8. 

7. Zhang H, Kang Z, Gong H, et al. Digestive system is a potential route 
of COVID-19: an analysis of single-cell coexpression pattern of key 
proteins in viral entry process. Gut. 2020;69(6):1010–1018. 

8. Tay MZ, Poh CM, Rénia L, et al. The trinity of COVID-19: immunity, 
inflammation and intervention. Nat Rev Immunol. 2020;20(6):363–374.

9. Klaus Mönkemüller, Lucia C Fry, Steffen Rickes. COVID-19, 
coronavirus, SARS-CoV-2 and the small bowell. Rev Esp Enferm Dig. 
2020;5(112):383–388. 

10. Wong SH, Lui RN, Sung JJ. Covid‐19 and the digestive system. J 
Gastroenterol Hepatol. 2022;35(5):744–748. 

11. Poyiadji N, Shahin G, Noujaim D, et al. COVID-19–associated 
Acute Hemorrhagic Necrotizing Encephalopathy: Imaging Features. 
Radiology. 2020;296(2):E119–E120. 

12. Lian Yong Li, Wei Wu, Sheng Chen, et al. Digestive system involvement 
of novel coronavirus infection: Prevention and control infection from a 
gastroenterology perspective. J Dig Dis. 2020;21:199–204. 

13. Collen T Cole-Jeffrey, Meng Liu, Michael J Katovich, et al. ACE2 and 
Microbiota: Emerging Targets for Cardiopulmonary Disease Therapy. J 
Cardiovasc Pharmacol.2015;66:540–550. 

14. Perlot T, Penninger JM. ACE2 – From the renin–angiotensin system to 
gut microbiota and malnutrition. Microbes Infect. 2013;15(13):866–873. 

15. Hashimoto T, Perlot T, Rehman A, et al. ACE2 links amino acid 
malnutrition to microbial ecology and intestinal inflammation. Nature. 
2012;487(7408):477–481. 

16. D’Amico F, Baumgart DC, Danese S, et al. Diarrhea During COVID-19 
Infection: Pathogenesis, Epidemiology, Prevention, and Management. 
Clin Gastroenterol Hepatol. 2020;18(8):1663–1672. 

17. Schmulson M, Ghoshal UC, Barbara G. Managing the Inevitable 
Surge of Post–COVID-19 Functional Gastrointestinal Disorders. Am J 
Gastroenterol. 2021;116(1):4–7. 

18. Cheung KS, Hung IFN, Chan PPY, et al. Gastrointestinal Manifestations 
of SARS-CoV-2 Infection and Virus Load in Fecal Samples From a Hong 
Kong Cohort: Systematic Review and Meta-analysis. Gastroenterology. 
2020;159(1):81–95. 

19. Lin L, Jiang X, Zhang Z, et al. Gastrointestinal symptoms of 95 cases 
with SARS-CoV-2 infection. Gut. 2020;69(6):997–1001. 

20. Lamers MM, Beumer J, van der Vaart J, et al. SARS-CoV-2 productively 
infects human gut enterocytes. Science. 2020;369(6499):50–54. 

21. https://www.ncbi.nlm.nih.gov/books/NBK570371/

22. Centers for Disease Control and Prevention. CDC 2019-Novel 
Coronavirus (2019-nCoV) Real-Time RT-PCR Diagnostic Panel. 2019. 

23. Harris PA, Taylor R, Thielke R. Research electronic data capture 
(REDCap)—A metadata-driven methodology and workflow process for 
providing translational research informatics support. J Biomed Inform. 
2009;42(2):377-381.

24. Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: Building 
an international community of software platform partners. J Biomed 
Inform. 2019;95:103208. 

25. StataCorp. Stata Statistical Software: Release 16. College Station, TX: 
StataCorp LLC; 2019.

26. Cheung KS, Hung IFN, et al. Gastrointestinal Manifestations of SARS-
CoV-2 Infection and Virus Load in Fecal Samples From a Hong Kong 
Cohort: Systematic Review and Meta-analysis. Gastroenterology. 
2020;159(1):81–95. 

27. Tachecí I, Bradna P, Douda T, et al. Wireless Capsule Enteroscopy in 
Healthy Volunteers. Acta Medica (Hradec Kralove). 2016;59(3):79–83. 

28. Collins JR. Small Intestinal Mucosal Damage with Villous Atrophy: A 
Review of the Literature. Am J Clin Pathol. 1965;44(1):36–44. 

29. Wang D, Hu B, Hu C, et al. Clinical Characteristics of 138 Hospitalized 
Patients With 2019 Novel Coronavirus–Infected Pneumonia in Wuhan, 
China. JAMA. 2020;323(11):1061. 

30. Choudhury A, Tariq R, Jena A, et al. Gastrointestinal manifestations 
of long COVID: A systematic review and meta-analysis. Ther Adv 
Gastroenterol. 2022;15:17562848221118404. 

https://doi.org/10.15406/ghoa.2022.13.00520
https://files.covid19treatmentguidelines.nih.gov/guidelines/covid19treatmentguidelines.pdf
https://pubmed.ncbi.nlm.nih.gov/32633236/
https://pubmed.ncbi.nlm.nih.gov/32633236/
https://pubmed.ncbi.nlm.nih.gov/32633236/
https://pubmed.ncbi.nlm.nih.gov/33039218/
https://pubmed.ncbi.nlm.nih.gov/33039218/
https://pubmed.ncbi.nlm.nih.gov/33039218/
https://pubmed.ncbi.nlm.nih.gov/32807535/
https://pubmed.ncbi.nlm.nih.gov/32807535/
https://pubmed.ncbi.nlm.nih.gov/32807535/
https://pubmed.ncbi.nlm.nih.gov/32648973/
https://pubmed.ncbi.nlm.nih.gov/32648973/
https://pubmed.ncbi.nlm.nih.gov/32142651/
https://pubmed.ncbi.nlm.nih.gov/32142651/
https://pubmed.ncbi.nlm.nih.gov/32142651/
https://gut.bmj.com/content/69/6/1010
https://gut.bmj.com/content/69/6/1010
https://gut.bmj.com/content/69/6/1010
https://pubmed.ncbi.nlm.nih.gov/32346093/
https://pubmed.ncbi.nlm.nih.gov/32346093/
https://pubmed.ncbi.nlm.nih.gov/32343593/
https://pubmed.ncbi.nlm.nih.gov/32343593/
https://pubmed.ncbi.nlm.nih.gov/32343593/
https://pubmed.ncbi.nlm.nih.gov/32215956/
https://pubmed.ncbi.nlm.nih.gov/32215956/
https://pubmed.ncbi.nlm.nih.gov/32228363/
https://pubmed.ncbi.nlm.nih.gov/32228363/
https://pubmed.ncbi.nlm.nih.gov/32228363/
https://pubmed.ncbi.nlm.nih.gov/32267098/
https://pubmed.ncbi.nlm.nih.gov/32267098/
https://pubmed.ncbi.nlm.nih.gov/32267098/
https://pubmed.ncbi.nlm.nih.gov/26322922/
https://pubmed.ncbi.nlm.nih.gov/26322922/
https://pubmed.ncbi.nlm.nih.gov/26322922/
https://pubmed.ncbi.nlm.nih.gov/23962453/
https://pubmed.ncbi.nlm.nih.gov/23962453/
https://pubmed.ncbi.nlm.nih.gov/22837003/
https://pubmed.ncbi.nlm.nih.gov/22837003/
https://pubmed.ncbi.nlm.nih.gov/22837003/
https://pubmed.ncbi.nlm.nih.gov/32278065/
https://pubmed.ncbi.nlm.nih.gov/32278065/
https://pubmed.ncbi.nlm.nih.gov/32278065/
https://pubmed.ncbi.nlm.nih.gov/33273261/
https://pubmed.ncbi.nlm.nih.gov/33273261/
https://pubmed.ncbi.nlm.nih.gov/33273261/
https://pubmed.ncbi.nlm.nih.gov/32251668/
https://pubmed.ncbi.nlm.nih.gov/32251668/
https://pubmed.ncbi.nlm.nih.gov/32251668/
https://pubmed.ncbi.nlm.nih.gov/32251668/
https://gut.bmj.com/content/69/6/997
https://gut.bmj.com/content/69/6/997
https://pubmed.ncbi.nlm.nih.gov/32358202/
https://pubmed.ncbi.nlm.nih.gov/32358202/
https://www.fda.gov/media/134922/download
https://www.fda.gov/media/134922/download
https://pubmed.ncbi.nlm.nih.gov/18929686/
https://pubmed.ncbi.nlm.nih.gov/18929686/
https://pubmed.ncbi.nlm.nih.gov/18929686/
https://pubmed.ncbi.nlm.nih.gov/18929686/
https://pubmed.ncbi.nlm.nih.gov/31078660/
https://pubmed.ncbi.nlm.nih.gov/31078660/
https://pubmed.ncbi.nlm.nih.gov/31078660/
https://www.businesswire.com/news/home/20190709005823/en/StataCorp-Launches-Stata-Release-16
https://www.businesswire.com/news/home/20190709005823/en/StataCorp-Launches-Stata-Release-16
https://pubmed.ncbi.nlm.nih.gov/32251668/
https://pubmed.ncbi.nlm.nih.gov/32251668/
https://pubmed.ncbi.nlm.nih.gov/32251668/
https://pubmed.ncbi.nlm.nih.gov/32251668/
https://pubmed.ncbi.nlm.nih.gov/27639097/
https://pubmed.ncbi.nlm.nih.gov/27639097/
https://academic.oup.com/ajcp/article-abstract/44/1/36/1768961
https://academic.oup.com/ajcp/article-abstract/44/1/36/1768961
https://pubmed.ncbi.nlm.nih.gov/32031570/
https://pubmed.ncbi.nlm.nih.gov/32031570/
https://pubmed.ncbi.nlm.nih.gov/32031570/
https://pubmed.ncbi.nlm.nih.gov/36004306/
https://pubmed.ncbi.nlm.nih.gov/36004306/
https://pubmed.ncbi.nlm.nih.gov/36004306/

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Methods
	Ethics
	Study participants 
	Capsule endoscopy (CE) procedure 
	Sample collection 
	Detection of SARS-CoV-2 RNA in fecal samples 
	Statistical analysis 

	Results
	Demographic and clinical characteristics of study participants 
	Small bowel capsule endoscopy 

	Discussion
	Conclusion
	Acknowledgments
	Conflicts of interests 
	Funding information 
	References
	Table 1
	Table 2
	Table 3 
	Table 4
	Figure 1
	Figure 2

