Int J Clin Exp Pathol 2021;14(11):1069-1079
www.ijcep.com /ISSN:1936-2625/1JCEP0138212

Original Article

Vascular thrombosis and vasculitis

in the gastrointestinal tract are associated
with poor prognosis in patients with COVID-19

Min Cui*?, Qiang Wang?, Alison W Xin%, Danian Che?, Zhengbin Lu?, Lan Zhou?, Wei Xin'2

1Department of Pathology, University Hospital Cleveland Medical Center, Cleveland, OH 44106, USA; 2Department
of Pathology, Case Western Reserve University, Cleveland, OH 44106, USA; *Gopath Pathology, 1351 Barclay Blvd,
Buffalo Grove, IL 60089, USA; “Harvard College, Cambridge, MA, USA

Received August 11, 2021; Accepted August 24, 2021; Epub November 15, 2021; Published November 30, 2021

Abstract: Aim: To report pathologic findings in the gastrointestinal (Gl) tract of coronavirus disease 2019 (COVID-19)
patients. Material and Methods: we evaluated clinical and Gl tract histologic findings in six COVID-19 patients that
presented with Gl symptoms like diarrhea, and abdominal pain. This study includes surgical resection specimens
from five patients and two sets of biopsy specimens from one patient. Results: Idiopathic inflammatory bowel dis-
ease was considered in three of six cases based on clinical, radiologic, and endoscopic presentation. Histologically,
the enteric mucosa had a spectrum of histologic changes, including active enteritis, chronic active enteritis, and
transmural necrosis. Extensive thrombi in vessels and/or vasculitis were identified in three out of the six cases.
The presence of extensive vascular thrombi is associated with poor prognosis, and the three patients deceased
in a short period of time (ranges from 7-67 days, median 14 days) after admission for GI symptoms. Severe acute
respiratory syndrome coronavirus 2 (SARS-Cov-2) RNA was detected in bowel tissue of one case. The other three pa-
tients recovered and were discharged and free of GI symptoms (follow-up period ranges from 235 days to 270 days,
median 237 days). Conclusion: COVID-19 associated enteritis may mimic Crohn’s disease clinically, radiologically
and endoscopically, and these two entities can be differentiated by pathologic findings. COVID-19 patients with Gl
symptoms may warrant a workup to evaluate for pathologic changes, as the presence of vasculitis and microthrombi
may predict poor clinical outcome.
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Introduction

The SARS-CoV-2 virus, the cause of coronavirus
disease 19 (COVID-19), first appeared in the
Wuhan Province of the People’s Republic of
China in 2019 and has since spread rapidly,
with the World Health Organization declaring
COVID-19 a pandemic in March 2020. Although
COVID-19 mainly manifests as a respiratory dis-
ease, digestive symptoms have been reported
in 3% to 18.6% of patients in various studies
[1-3] and intestinal ischemia has been reported
in patients with COVID-19 [4-9]. In children, a
study reports temporal association of SARS-
CoV-2 infection with acute appendicitis [10]. To
further the understanding of Gl involvement in
COVID-19, we report clinical and pathological
findings in the Gl tracts of six patients.

Materials and methods
Case selection and data collection

From May 2020 to January 2021, we collected
Gl tract tissue samples of patients with current
or prior positive PCR results for COVID-19 in
nasopharyngeal swabs. Clinical information
and follow-up data were obtained from the elec-
tronic medical record. Data included age, gen-
der, treatments, and clinical course (Table 1).
Slides were reviewed by two practicing board-
certified pathologists. This study was approved
by the Institutional Review Board at our
institute.

PCR analysis for COVID-19 viral mRNA

Nasopharyngeal swab PCR tests were per-
formed as previously described [11]. RNA was
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Table 1. Clinical and pathologic features of six patients with COVID-19

Case Sex Age First Positive PCR Procedure Main histologic findings RT-PCR in bowel  Follow-up period and

# (y) nasal swab tissue SARS-CoV-2 outcome

1 F 55 One week after onset of Small bowel Transmural necrosis, vessel Negative Deceased 14 days after
diarrhea resection thrombi admission

2 F 20 2.5 months prior to Gl Transverse Active colitis, vessel thrombi Positive Deceased 7 days after
symptoms onset colectomy and vasculitis admission

3 F 59 4 months prior to ab- Colonoscopies Ischemic colitis, vessel Negative Deceased 67 days after
dominal pain onset thrombi, vasculitis, CMV ED visit

4 M 21 Two weeks prior to Appendectomy Active inflammation, con- Not performed 235 days, recovered
testicular pain gestion, vessel thrombi and free of Gl symptom

5 F 65 On the day of admission Sigmoid colec- Transmural necrosis Not performed 237 days, recovered and
for abdominal pain tomy free of GI symptom

6 F 29 3 months after abdomi- lleum and cecum Ulcer, transmural inflam- Negative 270 days, recovered and

nal pain onset

resection

mation

free of GI symptom

extracted using Maxwell RSC RNA FFPE Kit
(Promega). The CDC 2019-Novel Coronavirus
Real-Time RT-PCR Diagnostic Panel assay
was adapted using TagPath 1-step RT-gPCR
Mastermix (Thermo Fisher), 2019-nCoV N1 and
N2 primer/probe sets, and control RNA primer/
probe set (IDT Inc. Coralville, IA). Cycle thresh-
old values less than 40 were considered posi-
tive. PCR tests on bowel tissue were performed
at GoPath (IL, USA). Formalin-fixed paraffin-
embedded (FFPE) tissue was deparaffinized in
xylene and ethanol gradient. After proteinase K
digestion, total RNA was extracted using AllPrep
DNA/RNA FFPE kit from Qiagen Inc. (Hilden,
Germany). Real Time PCR was performed with
a One-Step RT-PCR kit from Meridian Bioscien-
ce Inc. (Cincinnati, OH). Primers and probes for
the N1 and N2 genes of SARS-CoV-2 virus and
for the reference gene RPP30 were purchased
from IDT using the CDC recommended target
sequences. Samples with amplification of N1
and N2 were interpreted as SARS-CoV-2 posi-
tive. Absence of N1 and N2 gene amplification
with amplification of the reference gene
(RPP30) indicated a sample was negative for
SARS-CoV-2 virus. Cycle threshold values less
than 40 were considered positive.

Results
Case 1

A 55-year-old female with morbid obesity,
hypertension, heart failure, type 2 diabetes
mellitus, and atrial fibrillation presented with a
history of one week of fever, headache, diar-
rhea, and fatigue. The patient noted one epi-
sode of nausea and vomiting on the day of
admission and did not report cough, chest
pain, or difficulty breathing. CT showed multiple
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bilateral peripheral ground-glass and consoli-
dative opacities, consistent with multifocal
pneumonia. On admission to the Emergency
Department, PCR from nasopharyngeal swab
was negative for SARS-CoV-2 and fibrinogen
was elevated. Two days later, the patient tested
positive for SARS-CoV-2 by PCR from nasopha-
ryngeal swab. Additionally, D-dimer was also
elevated. The patient’s hospital course was
complicated by renal failure and anemia.
Thirteen days after admission, the patient
became hypotensive and febrile and CT scan
demonstrated pneumatosis and portal venous
gas. The subsequent day, the patient under-
went exploratory laparotomy. At this time, her
D-dimer was significantly elevated. More than 3
meters of the small bowel was necrotic, result-
ing in resection of most of the jejunum and
ileum. As shown in Figure 1, most of the sec-
tions showed ischemic mucosal changes with
extensive thrombi in underlying vessels (Figure
1A, 1B). Rare focal viable mucosa can be iden-
tified and the vessels in the submucosa show
congestion and rare thrombus (Figure 1C, 1D).
RT-PCR from small bowel tissue was negative
for COVID-19 viral mRNA with proper positive
control. The patient expired after returning from
the operating room, 3 weeks after onset of her
symptoms and 14 days after the admission.

Case 2

A 20-year-old female with a history of asthma
and obesity presented with four days of nausea
associated with abdominal pain, vomiting,
bloating, non-bloody diarrhea, dizziness, and
headaches. The patient tested positive for
SARS-CoV-2 PCR 2.5 months prior and had
been tested routinely due to working in an
assisted living facility. After initial positive PCR
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Figure 1. (A) 10X objective, (B) 20X objective. Ischemic colitis with necrosis, congestion, and hemorrhage in mucosa
and vascular thrombi in submucosa. (C) 10X objective, (D) 20X objective. Rare focal viable mucosa with congestion
and focal thrombus (black arrow) in blood vessels in submucosa.

test, the patient developed diarrhea, malaise,
and fatigue that resolved in less than one week.
She tested positive by PCR three days before
admission and positive by 1gG for SARS-CoV-2
after admission. The patient presented with
hypotension and CT showed colitis of unknown
etiology. On admission, the patient underwent
exploratory laparotomy and transverse colec-
tomy. Both fibrinogen and D-dimer were elevat-
ed. An intraoperative colonoscopy showed
segmental thickened colonic mucosa and seg-
mental inflammation, concerning for acute
onset inflammatory bowel disease clinically.
Microscopically, active colitis and thrombi in
the blood vessels of the lamina propria was
present in colonic mucosa (Figure 2A, 2B).
Additionally, vasculitis and extensive thrombi
were present in the blood vessels of the sub-
mucosa (Figure 2C, 2D). No granulomas or
morphologic evidence of chronic colitis were
identified to support the diagnosis of Crohn’s
disease. RT-PCR from colonic tissue was posi-
tive for SARS-CoV-2 viral mMRNA (Supplementary
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Figure 1). The patient was treated with broad-
spectrum antibiotics, steroids, and IVIG. Three
days after surgery, the patient exhibited acute
neurological status change and CT/MRI demon-
strated diffuse cerebral edema. Craniotomy
was offered but was declined by her family due
to poor prognosis. Seven days after surgery, the
patient died, 2-3 months after her initial Gl
symptoms and 7 days after admission. An
autopsy was performed. The remaining colon
was grossly unremarkable. Microscopically,
there was no colitis in the mucosa and no
thrombus was identified in the vessels of the
colonic sections with extensive sampling.
Microthrombi were identified only in the lungs
and thrombosis was not identified in any other
organs.

Case 3
A 59-year-old female with a medical history of

asthma and breast cancer presented with Gl
tract bleeding and diarrhea. Though she tested
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Figure 2. (A) 10X objective, (B) 20X objective. Colonic mucosa with cryptitis and vessel thrombus (black arrow) in
lamina propria. (C) 10X objective, (D) 20X objective. Extensive vessel thrombi and vasculitis (black arrow) in blood
vessels in submucosa.

positive for SARS-Cov-2 with PCR by nasopha-
ryngeal swab four months earlier, four follow-up
PCR tests were negative. She had minimal
symptoms at the time of her positive PCR test,
including intermittent cough with congestion,
runny nose, and postnasal drip with no fever,
chills, body aches, and fatigue. These respira-
tory systems may have been confounded by
the patient’s history of asthma. Colonoscopy
showed a diffuse area of severely erythema-
tous mucosa in the sigmoid colon. Histology
showed ischemic-type changes, including
“withered” crypts, regenerative changes, and
mildly active colitis with cryptitis (Figure 3A).
Idiopathic inflammatory bowel disease was
suspected clinically and the patient was start-
ed on PO prednisone for inflammatory colitis.
Three weeks later, a follow-up colonoscopy
showed normal ileum alongside diffuse and
patchy severe inflammation in the cecum,
hepatic flexure, splenic flexure, and descending
colon. Endoscopic impression was consistent
with Crohn’s disease. Biopsy from the cecum

1072

showed mildly active colitis and submucosal
vasculitis (Figure 3B). Biopsy from the ascend-
ing colon showed chronic active colitis with
cryptitis, lymphoplasmacytosis, vasculitis and
prominent vessel thrombi (Figure 3C). The
transverse colon and descending colon showed
chronic active colitis, ulcers, granulation tissue,
and cytomegalovirus (CMV) inclusions (Figure
3D), which was confirmed by immunostain (not
shown). RT-PCR performed on the biopsy of the
ascending colon was negative for SARS-Cov-2
MRNA. Plasma CMV PCR was positive. No mea-
surement of D-dimer or fibrinogen was per-
formed during either colonoscopy. The patient
was treated with Valganciclovir for CMV infec-
tion. Although CMV levels dropped below detec-
tion after treatment, the patient continued to
have abdominal pain and fatigue and she was
found to have deep vein thrombosis of the bilat-
eral lower extremities. She was discharged with
Apixaban. One month after the second colonos-
copy, the patient had bowel perforation and
underwent bowel resection, which revealed
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Figure 3. A. From the first colonoscopy, sigmoid colon biopsy showed ischemic type changes with crypt atrophy
(black arrow) and regenerative changes (10X objective). B. Three weeks later, cecal biopsy showed vasculitis (black
arrow) with mildly active colitis in overlying colonic mucosa (20X objective). C. Ascending colon biopsy showed
marked vascular thrombi (black arrow, 20X objective). D. Granulation tissue from transverse colon biopsy showed
CMV viral inclusions (black arrow, 40X objective).

ischemic necrosis of the bowel. Five days after
the surgery, the patient passed away due to
sepsis secondary to perforated bowel, approxi-
mately 2 months after initial onset of Gl
symptoms.

Case 4

A 21-year-old male with no significant past
medical history presented to the Emergency
Department with testicular pain. Two weeks
prior to the visit, he was diagnosed with COVID-
19 with a positive SARS-Cov-2 PCR and symp-
toms of cough, congestion, rhinorrhea, and
fevers. He was also diagnosed with epididymi-
tis and started on doxycycline three days prior
to the visit. Ultrasound of the testicles showed
no torsion or other acute abnormality. Six days
later, the patient presented to the Emergency
Department for abdominal pain. Imaging sho-
wed a ruptured appendix. PCR for SARS-Cov-2
from nasal swab was negative. Intraoperative
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findings include omentum surrounding the
appendix and a perforation within the mid
appendix. Resection specimens showed acute
appendicitis and periappendicitis with acute
inflammatory exudates in the appendiceal
lumen (Figure 4A) and marked vascular con-
gestion with abundant neutrophils and histio-
cytes in periappendiceal tissue (Figure 4B).
Fibrin thrombi were present in blood vessels in
periappendiceal tissue away from perforation
site (Figure 4C, 4D). No measurement of D-
dimer or fibrinogen was performed. He recov-
ered and was discharged five days after
surgery.

Case 5

A 65-year-old female with a history of diverticu-
losis (diagnosed by colonoscopy eight years
prior), hypertension, and hypothyroidism pre-
sented with one day of abdominal pain, rectal
bleeding, and nausea associated with fever
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Figure 4. (A) Acute appendicitis with acute inflammatory exudates in the appendiceal lumen (10X objective). (B)
Marked congestion with abundant inflammatory cells in the periappendiceal tissue. (10X objective). (C) 20X objec-
tive, (D) 40X objective. Vessel fibrin thrombi in the periappendiceal tissue.

and chills. CT showed pneumoperitoneum with
concern for sigmoid colon perforation. PCR
from a nasopharyngeal swab was positive for
SARS-Cov-2. On the day of admission, the
patient underwent exploratory laparotomy and
resection of the perforated sigmoid colon.
Fibrinogen and D-dimer measurements were
not performed before surgery, and measure-
ments taken four days after were both reported
to be elevated. Transmural necrosis was pres-
ent at the perforation site (Figure 5A) and adja-
cent colonic mucosa was unremarkable (Figure
5B). Rare fibrin thrombi were identified only at
the perforation site (Figure 5C). Most of the
blood vessels showed congestion with edema
with mild active inflammation in the submuco-
sa (Figure 5D). The patient recovered and was
discharged one month after surgery.

Case 6

A 29-year-old female with no significant prior
medical history presented to the Emergency

1074

Department with two months of intermittent
abdominal pain. CT revealed bowel wall thick-
ening and inflammatory changes in the termi-
nal ileum with secondary luminal narrowing and
stranding, suggesting Crohn’s disease. Imaging
identified a focal phlegmon/abscess in the left
hemi-abdomen. PCR from a nasopharyngeal
swab was negative for SARS-Cov-2. Colonos-
copy revealed stenosis at the ileocecal valve
and diffuse inflammation (including altered
vascularity, congestion, erythema, friability and
shallow ulcer) in the terminal ileum and the
ileocecal valve. Antibiotics were prescribed to
manage the phlegmon/abscess. One month
after the colonoscopy, the patient presented
with runny nose, congestion, and headache.
PCR from a nasopharyngeal swab was positive
for SARS-Cov-2. After self-quarantining, the
patient recovered. She underwent resection of
terminal ileum and cecum two months after the
colonoscopy. At the time of surgery, PCR from a
nasopharyngeal swab was negative for SARS-
Cov-2. Microscopically, the specimen showed a
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Figure 5. A. Transmural necrosis at the perforation site (10X objective). B. Colonic mucosa adjacent to perforation
site shows no abnormalities (120X objective). C. Very rare fibrin thrombi identified at the perforation site (10X objec-
tive). D. Congestion and edema in the submucosa.

fissuring ulcer (Figure 6A), chronic active ileitis
(Figure 6B), and pyloric gland metaplasia
(Figure 6C). Submucosal blood vessels were
congested and no vascular thrombi was identi-
fied (Figure 6D). PCR on bowel tissue for SARS-
Cov-2 RNA was negative. The patient recovered
after surgery, 4-5 months after the onset of GI
symptoms, and was managed with Inflectra.

Discussion

Although pneumonia is the most common
symptom of COVID-19 [12], GI symptoms are
also prominent in some patients. A systemic
review and meta-analysis of 29 studies report-
ed a pooled prevalence of digestive symptoms
of 15%. Nausea or vomiting, diarrhea, and loss
of appetite were the most common Gl symp-
toms [13]. Additionally, one study reported that
45% of patients with severe COVID-19 had Gl
symptoms (abdominal pain, diarrhea, and vom-
iting) at hospital presentation [14]. A case
series from Italy reported 1.7-fold higher mor-
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tality in patients with COVID-19-related intesti-
nal ischemia compared to patients with intesti-
nal ischemia pre-COVID-19 [15]. Additionally,
an autopsy series reported ischemic enteritis in
3 out of 12 consecutive COVID-19 positive
deaths [16].

Some literature has suggested association
between intestinal thrombosis and COVID-19.
Singh et al reported that an 82-year-old woman
with a history of hypertension and diabetes
had gangrenous ascending colon after diag-
nosis of COVID-19. The resection specimen
showed mucosal, submucosal necrosis and
microthrombi [8]. Additionally, Norsa et al
reported a case of fatal intestinal infarction
in a 62-year-old man [9]. The resected small
bowel showed complete ischemic necrosis of
the mucosal layer and acute perivisceral inflam-
mation. The authors also reported that the
mesenteric vessels showed complete recent
thrombosis and inflammatory infiltration of the
endothelium.
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Figure 6. A. Deep fissuring ulcer in the terminal ileum (2X objective). B. Chronic active ileitis (10X objective). C. lleal
mucosa with pyloric gland metaplasia (black arrow, 20X objective). D. Congested submucosal blood vessel with no
thrombi (black arrow, 10x objective).

Although organ damage may result from viral
immune response (cytokine storm) and system-
ic coagulopathy [18], there is also evidence
suggesting that SARS-CoV-2 may directly target
epithelial cells in the Gl system and cause
damage. ACE2, a cell receptor for the virus, is
expressed in the Gl system, especially the
small bowel and colon [17]. Viral RNA was
detected in 48.1% of stool specimens from a
meta-analysis of 60 studies, even after respira-
tory samples were negative in some of the
cases [19]. Current literature shows variable
results regarding the presence of virus in the
bowel tissue. Although coronavirus-like parti-
cles were reported to be found in Gl tract by
Bradley and colleagues [20], other authors
noted that some of the paper’s figures misinter-
preted cellular structures as viral particles due
to the declining usage and loss of expertise
regarding electron microscopy [21]. Using
RT-PCR, SARS-CoV-2 was not detected in the
small intestine and large intestine in an autop-
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sy study [22]. Another autopsy study reported
negative findings in the small intestine by RNA-
ISH, immunohistochemistry (IHC), and gPCR
[23]. A recent study by Zhang et al reported
negative IHC for SARS-CoV-2 in two cases and
chromogenic in situ hybridization in seven
cases [24]. In contrast, Carnevale et al reported
direct endothelial damage and vasculitis in the
submucosa of the ileocecal valve, with viral
particles detected in endothelial cells by IHC
[25]. In a case report by Norsa et al [9], a patient
who tested negative in a nasopharyngeal swab
and bronco-alveolar lavage also tested positive
for SARS-CoV-2 in intestinal mucosa by RNA in
situ hybridization.

COVID-19-associated coagulopathy is well-doc-
umented in the literature [26]. Pulmonary endo-
theliitis, thrombosis, and angiogenesis have
been reported [27]. Endotheliitis was also
reported in a small bowel resection specimen
[28]. However, there have been limited reports
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on pathologic findings of the Gl tract in patients
with COVID-19. Additionally, the majority of the
cases in the literature are autopsy studies and
are unsuitable for evaluating histologic findings
in the Gl tract due to autolysis. Our study pro-
vides unique insights into pathologic findings in
the Gl tract of COVID-19 infected patients.

Cases 1, 2, and 3 showed vessel microthrombi,
and presented at various stages of the pro-
cess. Case 1 was end stage with transmural
necrosis. Case 2 was at a relatively early stage
with well-formed vessel thrombi and intact
colonic mucosa with active colitis. Case 3 dem-
onstrated chronic ischemic changes in colonic
mucosa with well-formed vessel thrombi and
coexisting CMV infection in the second set of
biopsies. Cases 2 mimicked Crohn’s disease
clinically. In Case 2, given that microthrombi
were only identified in the lungs at the autopsy
and the remaining colon was grossly and micro-
scopically unremarkable, vasculitis and throm-
bosis in the Gl tract were likely segmental.
Based on the current understanding of the pro-
cess, the formation of microthrombi in the Gl
tract and lungs are most likely secondary to
endothelial damage induced vasculitis and
thrombosis. Case 3 mimicked Crohn’s disease
endoscopically. In Case 3, the patient tested
negative for SARS-CoV-2 by nasopharyngeal
swab multiple times and RT-PCR for SARS-
CoV-2 mRNA was negative in bowel tissue. CMV
treatment in this patient did not improve Gl
symptoms, suggesting that CMV infection may
have been a concurrent condition instead of
the driver of the disease process.

In these three cases, only case 2 demonstrat-
ed presence of SARS-CoV-2 mRNA in the bowel
tissue. Our findings, combined with previous
literature of variable findings of viral detection
in the bowel tissue, suggest that patients can
have bowel ischemia secondary to viral effect
without evidence of virus in the bowel tissue.

The role of SARS-CoV-2 in Cases 4 and 5 is less
clear. In Case 4, clinical and pathological find-
ings appear to be limited to the appendix. At the
time of appendectomy, the patient’s nasopha-
ryngeal swab was negative, although he tested
positive 16 days prior to the appendectomy.
Histologically, vascular thrombi can be seen in
some cases of acute appendicitis; however, the
prominent vascular congestion in periappendi-
ceal tissue is not commonly seen in acute
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appendectomy specimens. Interestingly, Ahm-
ed et al reported a 28-year-old man with acute
appendicitis with positive PCR finding for SARS-
CoV-2 from appendiceal tissue and three ne-
gative PCR results from nasopharyngeal and
throat swabs [29]. The pathology report
described acute appendicitis with a severe
unusual mesenteric lymphadenitis and suppu-
rative necrotizing reaction, suggesting Yersinia
enterocolitis or Crohn’s disease. Case 5 had
a well-documented history of diverticulosis,
which may have caused bowel perforation. The
vessel thrombi present at the perforation site
may be attributed to development of a localized
transient hypercoagulative state rather than
etiology [30]. Moreover, bowel perforation and
SARS-CoV-2 may have been coincidental; on
the day of admission, the positive rate of COVID-
19 in the patient’'s state of residence was
13.3%.

Case 6 is most likely coincidental SARS-CoV-2
infection in a patient with Crohn’s disease. Gl
symptoms manifested three months before a
positive PCR test and COVID-19 respiratory
symptoms. The negative RT-PCR from resection
bowel tissue and lack of vessel thrombi or vas-
culitis indicates Gl symptoms were not the
result of viral infection.

Our study has some limitations. First, the num-
ber of the cases is limited due to a single insti-
tution study. Second, although RT-PCR for
SARS-CoV-2 mRNA was positive in one of the
cases, it's unclear which cell type, endothelial
cells, epithelial cells or both, account for the
positivity. Based on a recent study, viral protein
and RNA were detected in superficial entero-
cytes [31]. Another study showed viral RNA was
detected by in situ hybridization in bowel epi-
thelium in one of 25 CVOID-19 cases tested
[32]. Further studies with more cases and
extended follow-up period would help under-
stand the role of enteric viral infection in Gl
symptoms of COVID-19 patients.

In summary, our cases show a spectrum of Gl
tract findings in COVID-19 patients. Patients
with COVID-19 can present with Gl symptoms
before a positive nasal swab or after the viral
level drops below detection limit. COVID-19
associated colitis may mimic Crohn’s disease
clinically, radiologically and endoscopically, and
these two entities can be differentiated by
pathological findings. COVID-19 patients with
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Gl symptoms may warrant a workup to evaluate
for pathologic changes, as thepresence of vas-
culitis and microthrombi may predict poor clini-
cal outcome. Whether COVID-19 can contribute
to other Gl complications such as appendicitis,
diverticulitis, and pre-existing Crohn’s disease
warrants further investigation.
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Supplementary Figure 1. SARS-CoV-2 RNA was detected from bowel tissue from Case 2.




