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Abstract

Purpose This study aimed to investigate manifestations of the gastric wall and related risk factors in COVID-19 patients
with gastrointestinal symptoms by CT.

Materials and methods Two hundred and forty patients diagnosed with COVID-19 by RT-PCR were enrolled from January
2020 to April 2020. Patients showed gastrointestinal symptoms, including nausea, vomiting, or diarrhea. Results of the ini-
tial laboratory examination were performed after admission. Chest CT was performed for all patients, with the lower bound
including the gastric antrum. The volume of COVID-19 and lungs was segmented, and the ratio was calculated as follows:
PV/LV = Volume, ., monia VOlume, .

Results Among the 240 patients, 109 presented with gastric wall edema (edema group), and 131 showed no gastric wall
edema (non-edema group); the PV/LV values between the two groups were significantly different (P =0.002). Univariate
analysis revealed the following: fibrinogen (Fib), thrombin time (TT), activated partial thromboplastin time (APTT), and
albumin (ALB) significantly differed between the two groups (P <0.05). Binary logistic regression analysis showed that
only APTT had a negative effect on gastric wall edema (P =0.003).

Conclusions SARS-CoV-2 invades the gastrointestinal tract, gastric wall edema is the primary CT manifestation, and gastric
wall edema is more likely to occur with a shorter APTT and severe pneumonia, with a slightly longer hospitalization time.
Patients with gastric wall edema observed by CT should intervene early, which may improve digestive function, and further
strengthen immune potency against COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19) is caused by SARS-
CoV-2 [1]. COVID-19 is highly infectious and can even be
vertically transmitted [2]. In addition to life-threatening pul-
monary complications [3], COVID-19 attacks the body’s
other organ systems. On the digestive system, the impact
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should be investigated as manifestations of COVID-19 [8].
The mechanism underlying the development of gastrointes-
tinal symptoms in COVID-19 patients is similar to that in
patients with severe acute respiratory syndrome (SARS) [9].
When SARS-CoV-2 reaches the digestive system, it binds
to the angiotensin-converting enzyme 2 (ACE2) receptor
expressed on epithelial cells [10], once inside these cells, it
replicates in the cytoplasm, affecting the absorptive func-
tion of gastrointestinal epithelial cells and causing an imbal-
ance in bacterial flora [11], thus inducing gastrointestinal
symptoms. A study has reported that SARS-CoV-2 RNA
was found in feces; therefore, even if a SARS-CoV-2 test
result is negative based on respiratory secretions [12, 13], a
patient may be a potential virus carrier through fecal-oral
transmission. Hence, the digestive tract is a crucial transmis-
sion route for SARS-CoV-2 infection.

The small intestine has the most abundant ACE2 receptor
expression among the organs of the digestive system; thus, it
is most likely to be invaded by SARS-CoV-2 [14]. Regard-
ing imaging manifestations of SARS-CoV-2 in the digestive
tract, most studies have focused on abnormal imaging mani-
festations of the small intestine, including intestinal wall
ischemia, infection, and necrosis, adjacent mesenteric hyper-
emia, and portal vein thrombosis or portal venous gas [15,
16]. In addition, imaging manifestations of the colon have
been reported. In one COVID-19 patient, Nardi et al. [17]
noted a significantly inflated colon with perforation, which
may be related to virus invasion of the autonomic motor
neurons. Pathological findings showed diffuse granulocytic
infiltration and submucosal edema in the colon wall [18].

The ACE2 receptor is expressed in the gastric wall, how-
ever, its expression level is relatively low [19]. We hypoth-
esized that SARS-CoV-2 may invade the gastric wall first,
causing changes in the physiology of the gastric wall, hence
resulting in gastrointestinal symptoms. However, there are
few reports on whether it can cause abnormal changes seen
on gastric wall imaging. On the basis of the above specula-
tion, this study further explored whether COVID-19 patients
with gastrointestinal symptoms have stomach wall abnor-
malities on CT and analyzed its risk factors.

Materials and methods
Patient clinical data

This retrospective study was approved by the Ethics Com-
mittee of the First Affiliated Hospital, Army Medical Uni-
versity. From January 2020 to April 2020, patients with
COVID-19 confirmed by RT-PCR at 3 Hospitals were
enrolled, including Huoshenshan Hospital, Taikang Hospital
and Guanggu Hospital at Wuhan. The inclusion criteria were
initial clinical symptoms including digestive abnormalities,
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such as nausea and vomiting, and/or diarrhea; chest CT
including the entire gastric; and laboratory examination
after admission, including the white blood cell (WBC)
count, lymphocyte (LYM) count, neutrophil (NEU) count,
C-reactive protein (CRP), prothrombin time (PT), activated
partial thromboplastin time (APTT), thrombin time (TT),
fibrinogen (Fib), blood glucose, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), albumin (ALB),
and total bilirubin (TB). Conversely, the exclusion criteria
were poor CT image quality due to artifacts and incomplete
laboratory test data or > 7 days between the CT scan and
laboratory tests (Fig. 1). Overall, 240 patients were included
in this study: 93 men and 147 women, with an age range of
19-94 years and an average age of 58.3 + 14.3 years. No
patient had a history of malignant tumor, chronic hepatitis
B, alcoholic liver disease, nonalcoholic fatty liver disease,
ascites, heart failure, gastritis, ulcer or shock (Table 1).

Scanning parameters and image analysis

For the patients included in this study, 64-row (Somatom,
Siemens Healthcare), 128-row (uCT 760 scanner, United
Imaging Healthcare), and 256-row (Brilliance-16P, Philips
Healthcare) spiral CT scans were performed. All patients
were asked to hold their breath after deep inhalation before
the scan was started. The scanning parameters were as fol-
lows: tube voltage at default machine settings, with auto-
matic tube current; layer thickness was 1 mm (64-row),
0.625 mm (128-row), and 1 mm (256-row); lung window
width and level were 1200-1500 HU and — 600 to 700 HU,
respectively; and mediastinal window width and level were
400 HU and 20-40 HU, respectively. The scan covered the
area from the thoracic inlet to the costophrenic angle. After
each examination, the staff disinfected the equipment room
and machine.

The comprehensive 3D-UNet for COVID-19 segmen-
tation model was used to identify and separate the vol-
ume of both lungs (LV, Volume]ungs) and pneumonia (PV,
Volume,,.cmonia) (refer to Y Bao for specific methods) [20].
The Volume, ¢ monis/ Volume,,. ratio was calculated as fol-
lows: PV/LV = Volume,, ¢ monis/ Volume,,,... In addition,
all CT images were analyzed by two radiologists (Dr. Liu,
10 years’ experience; Dr. Chen 5 years’ experience) to observe
any abnormality of the gastric wall, and any discrepancy in
feature assessment was resolved by means of consensus dis-
cussion. If the following signs occurred simultaneously, we
believed the presence of gastric wall edema. (i) The gastric
lumen is well-filled, which is defined by full dilatation of
gastric lumen and no folds on gastric mucosa displayed; (ii)
layering appearance: mainly mucosa and muscle layer was
separated by diffuse banding low-density (CT value 0-20HU)
appeared in the gastric wall (greater and/or lesser curvature
involved). (iii) The wall thickness at the level of the body is



Chinese Journal of Academic Radiology

Fig. 1 Flowchart shows the
patient exclusion criteria

Patients with COVID-19 by RT-PCR
from 3 hospitals (N=4536)

Excluded (N=4260)

® No digestive symptoms (N=3892)

® Incomplete data (N=305)
® No chest CT examination (N=63)

Initially include patients (N=276)

Excluded (N=36)
® Poor CT image quality (N=4)

® Poor gastric filling (N=32)

Finally include patients (N=240)

Edema group
(N=109)

No edema group
(N=131)

measured from innermost edge of the mucosa to outer surface
of the serosa perpendicular to the gastric wall, a radiologist
(10 years’ abdominal experience) manually measured twice,
and obtain average value,>2 mm was considered abnormal
[21].

Statistical analysis

All statistical analyses were performed using SPSS 22.0
(IBM Corp). Measurement data with a normal distribution
are expressed as the means + standard deviation, and a ¢ test
was used for comparisons between the two groups. Data with
a skewed distribution are presented as the median Py (inter-
quartile range P,s and Ps), and the rank sum test was used for
comparisons between the two groups. Categorical variables
were compared using the y* test. Binary logistic regression
was used to screen for related risk factors. P <0.05 (two-sided)
indicated a statistically significant difference.

Results

Among the 240 COVID-19 patients, 109 (45%) presented
with gastric wall edema (edema group, Figs. 2, 3) and 131
(55%) did not present with gastric wall edema (non-edema
group).

Chest CT images showed no obvious lesions in three
patients diagnosed with mild COVID-19. The remain-
ing 237 patients had different ground-glass opacities
or consolidations. Statistical results showed that the
PV/LV ratio (0.102+0.113 vs. 0.066 +0.097) and PV
(327,721.9 +£319,021.6 vs. 209,753.7 + 259,882 cm?)
were significantly different between the edema and non-
edema groups (P=0.002, 0.002) (Fig. 4). No signifi-
cant difference in LV was noted between the two groups
(Z=-0.522, P=0.602).
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Table 1 Baseline characteristics of the overall study population

Variable Patients (n=240) Variable Patients
(n=240)
Age (years) 19-92 PT (normal range 10-14 s)
Normal 223
Over 17

Sex TT (normal range 11-14 s)

M 93 Normal 236

F 147 Over 4
Gastrointestinal symptoms APTT (normal range 24.8-33.8 s)

Diarrhea 149

Nausea/vomiting 75 Normal 227

All of the above 16 Over 13
Other symptoms Fib (normal range 1.8-3.7 g/L)

Fever 164

Cough 157

Muscle soreness 40 Normal 213

Headache/dizziness 18 Elevated 27
Chronic diseases Blood glucose (normal range 3.9—6.1 mmol/L)

Hypothyroidism 4

Hyperthyroidism Normal 204

Chronic kidney diseases 2 Elevated 36
DM CRP (normal range 0-5 mg/L)

Presence 29 Normal 166

Absence 211 Elevated 74
Hypertension TB (normal range 6-21 pmol/L)

Presence 80 Normal 233

Absence 160 Elevated 7
WBC count (normal range 3.5-9.5 X 10%/L) ALT (normal range 0—42 IU/L)

Normal 232 Normal 201

Elevated 8 Elevated 39
LYM count (normal range 1.1-3.2 X 10°/L) AST (normal range 0—42 IU/L)

Normal 200 Normal 212

Decreased 40 Elevated 28
NEU count (normal range 1.8-6.3 X 10°/L) ALB (normal range 35-51 g/L)

Normal 224 Normal 187

Elevated 16 Decrease 53

DM diabetes mellitus, PT prothrombin time, 77 thrombin time, APTT activated partial thromboplastin time, Fib fibrinogen, WBC white blood
cell, LYM lymphocyte, NEU neutrophil, CRP C-reactive protein, ALT alanine aminotransferase, AST aspartate aminotransferase, ALB albumin,

TB total bilirubin

The univariate analysis indicated significant differences
in the coagulation parameters between the edema and
non-edema groups: Fib level (P=0.003), TT (P=0.025),
APTT (P=0.001), and the ALB level in the edema group
was lower than that in the non-edema group (P =0.018).
Regarding sex, age, WBC count, LYM count, NEU
count, CRP, PT, blood glucose, ALT, AST, and TB, the
intergroup differences were not statistically significant
(P>0.05) (Table 2).

Binary logistic regression analysis showed that only APTT
had a negative effect on gastric wall edema (odds ratio [OR]
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0.896; 95% confidence interval [CI] 0.833-0.964; P=0.003)
(Fig. 5) (Table 3).

The average hospitalization time was 15.7+9.3 d for edema
group, and 13.7 +6.4 d for non-edema group, there is a statis-
tical difference between two groups (t=—1.989, P=0.048).
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Fig.2 Male, 44 years old, positive for COVID-19 (nucleic acid test). scan shows diffuse edema on the large curvature of the gastric wall
The patient had nausea and diarrhea for 3 weeks. a Segmentation (triangles). The upper right corner showed the magnified image
results of lung and pneumonia lesions (yellow arrows). b CT axial

Fig.3 Female, 58 years old, positive for COVID-19 (nucleic acid (yellow arrow). b CT axial scan showing diffuse edema of the gastric
test). The patient had vomiting and fever for 2 weeks, accompanied wall (triangles). The upper right corner showed the magnified image
with diarrhea. a Segmentation results of lung and pneumonia lesions

Fig.4 Comparison of PV/LV PV/LV
ratio between the edema and 0
non-edema groups. Gastric wall
edema in COVID-19 patients
with gastrointestinal symptoms
is correlated with the PV/LV
ratio: the greater the ratio, the
higher the occurrence of edema

P=0.002

04

03
Group

. Edema
. No Edema

Value

02

0.0

Edema No Edema

Group
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Table 2 Comparison of general
information between the edema
and non-edema groups

Fig.5 Comparison of APTT

in the edema and non-edema
groups. Gastric wall edema

in COVID-19 patients with
gastrointestinal symptoms is
correlated with a short APTT:
the shorter the APTT, the higher
the occurrence of edema

Baseline characteristic Edema group (n=109) Non-edema group (n=131)  /Z P

Sex (male) 46 (42.2%) 48 (36.6%) 1.606 0.205
Age 59.9+133 57.1+14.6 —1.452 0.147
DM 15 14 0.529 0.467
Hypertension 43 37 3.362 0.067
WBC count 58(4.7,7.1) 5.5(4.7,6.9) —0.806 0.42
LYM count 1.5(1.1,1.8) 1.6 (1.2,2.0) -1.677 0.094
NEU count 3.7(2.7,4.6) 3.1(24,49) —1.661 0.097
CRP 1.9(0.5, 6.0) 1.2 (0.5, 4.8) —1.041 0.298
PT 12.5(11.9,13.4) 12.6 (11.9, 13.2) -0.1 0.92
TT 154+1.1 15.1+1.2 —2.247 0.025*
APTT 27.3(25.2,29.2) 29.1 (27.1, 30.0) —3.243 0.001*
Fib 3.1(2.7,35) 2.8(2.5,3.2) —3.009 0.003*
Glucose 5.1(4.5,5.8) 4.8(4.5,54) —2.158 0.056
ALT 24.7 (15.3,38.3) 19.7 (12.9, 34.6) —-1.634  0.102
AST 20.3 (16.3,29.0) 19.0 (15.3,25.4) -1.239 0.215
ALB 37.1+43 38.3+4.1 -2362  0.018*
TB 9.3 (7.1, 12.5) 9.3(7.2,12.2) —0.065 0.948

DM diabetes mellitus, 7T thrombin time, 7B total bilirubin, CRP C-reactive protein, PLT platelet, ALB
albumin, AST aspartate aminotransferase, NEU neutrophil, ALT alanine aminotransferase; LYM lympho-
cyte, WBC white blood cell, Fib fibrinogen, PT prothrombin time, APTT activated partial thromboplastin

time

*Represents a statistically significant difference in TT, APTT, Fib, and ALB

Value

APTT

P=0.003

Edema

Group
Table 3 Analysis of risk factors related to gastric wall edema Discussion
P OR 95% CI
Fib 0.331 1.206 0.826-1.762
APTT 0.003* 0.896 0.833-0.964
ALB 0.089 0.936 0.868-1.010
TT 0.207 1.249 0.885-1.762

TT thrombin time, ALB albumin, Fib fibrinogen, APTT activated par-

tial thromboplastin time, CI confidence interval

*Represents a statistically significant difference
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In this study, as shown in the CT images, approximately
45% of COVID-19 patients with gastrointestinal symptoms
had gastric wall edema. After ruling out edema caused by
other diseases, such as heart, liver, and kidney diseases
and malignant tumors, gastric wall edema was suspected
to be correlated with SARS-CoV-2. On autopsy, SARS-

CoV-2 (positive) was found in the gastric wall, and the
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epithelium of the gastric wall had degenerated and was
necrotic and exfoliated to different degrees by microscopy
[22]. Another study observed yellow discoloration of the
gastric wall, supporting the possibility that SARS-CoV-2
affects the gastric wall [15]. Pathological abnormalities
in the gastric wall may be the result of the interaction of
many factors, and statistical analyses in this study indi-
cated that gastric wall edema was associated with the PV/
LV ratio, ALB, Fib, TT, and APTT.

The comprehensive 3D-UNet segmentation model was
used to quantitatively study pulmonary inflammation in
COVID-19. The results showed that more severe pneumonia
(COVID-19) correlated with a greater possibility of gastric
wall edema, a result believed to involve the “gut-lung” axis.
The “gut-lung” axis plays crucial roles in the mediation of
the immune response and the release of inflammatory medi-
ators through interactions among gastrointestinal microflora
and the lungs [23]. After SARS-CoV-2 binds to the ACE2
receptor in the lungs, effector CD4 +T cells reach the gastric
wall through the “gut-lung” axis. The disturbance of gas-
trointestinal microflora and the release of proinflammatory
cytokines can promote the accumulation of NEUs, leading to
the destruction of the gastric mucosal barrier. Furthermore,
inflammatory cytokines and bacteria can enter the lungs
through the blood circulation, further aggravating pulmo-
nary inflammation [24, 25].

COVID-19 patients often suffer from a variety of coagu-
lation disorders, and both a bleeding-prone state and a hyper-
coagulable state [26] indirectly reflect impaired liver cell
function. This study also found that coagulation parameters,
including Fib, TT, and APTT, were critical factors affecting
gastric wall edema; in particular, the relative shortening of
the APTT was an independent risk factor for the develop-
ment of gastric wall edema. The S (spike) protein on the sur-
face of SARS-CoV-2 binds to the ACE2 receptor expressed
on the endothelial surface of the vessels, stimulating entry
of the virus into host cells [27] and directly causing vascular
endothelial injury in multiple organs (e.g., the lungs, stom-
ach, small intestine, and liver) [28], inflammatory cytokine
stimulation, and impaired endothelial glycocalyx function.
The functions of the endothelial glycocalyx include the
maintenance of an oncotic gradient across the endothelial
barrier, regulation of leukocyte adhesion/migration, and
inhibition of intravascular thrombosis [29]. Activating the
endogenous coagulation pathway is an important cause of
thrombosis [28, 30, 31], and APTT is an important indica-
tor for the detection of endogenous coagulation pathways.
A shortened APTT reflects a hypercoagulable state, and
thrombosis may occur in blood vessels. In addition, vascular
endothelial dysfunction further promotes vasoconstriction
[32], thus causing acute ischemia and hypoxia in the gastric
wall. SARS-CoV-2 has also been shown to bind directly to
the ACE2 receptor in the gastric gland cells, resulting in

numerous infiltrating plasma cells, lymphocytes, and inter-
stitial edema [33]. The imaging findings were similar to
those of the small intestine, mainly manifesting as submu-
cosal edema. In contrast-enhanced scans, the intestinal wall
is weakened due to ischemia [15, 34].

In addition, a correlation between gastric wall edema and
reduced ALB levels was observed, mainly because SARS-
CoV-2 causes liver cell dysfunction [35]. Impaired liver
function can result in decreased ALB synthesis [36], which
can lead to edema formation. In addition, a reduction in ALB
may also be associated with ALB loss during the presence of
gastrointestinal symptoms and a decrease in nutrition intake
[37]. Our results suggested that patients with gastric wall
edema had slightly longer hospitalization time than without
edema, so CT might be helpful for clinical hierarchical man-
agement and treatment of patients.

This study had several limitations. First, the patients
underwent chest CT plain scan only because the impact of
the epidemic and clinical requirements; therefore, no other
digestive tract images, such as images of the colon and small
intestine, could be observed in this study to identify abnor-
malities. Second, all patients did not perform gastroscope
and colonoscopy due to the risk of aerosol infection. Third,
other immune cells subsets such as CD3, CD4, and CD8
could not be statistically analyzed due to incomplete data.
Finally, all patients with gastric wall edema were not fol-
lowed up because of missing data.

Conclusions

COVID-19 patients with gastrointestinal symptoms may
present with gastric wall edema related to both lung inflam-
mation severity and APTT. This finding suggests that in
addition to chest CT manifestations, clinicians should also
pay attention to APTT. Patients with gastric wall edema
observed by CT should intervene early, which may improve
digestive function, and further strengthen immunopotency
against COVID-19. COVID-19 patients with gastrointestinal
symptoms should undergo routine abdominal CT. If neces-
sary, contrast-enhanced CT scans should be performed to
obtain images of the entire gastrointestinal tract and vessels.
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