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Abstract

Aim: Multisystem inflammatory syndrome in children (MIS-C) is a
hyperinflammatory syndrome which was newly described during
the coronavirus disease 2019 (COVID-19) pandemic in children and
characterized by fever, inflammation, multiorgan dysfunction. One of the
major clinical presentation is gastrointestinal system involvement. The aim
of the study is to evaluate the clinical course and outcome according to
the severity of gastrointestinal presentation, focusing on MIS-C cases with
gastrointestinal system involvement.

Material and Method: We performed a retrospective study of 47 MIS-C
patients with gastrointestinal involvement in our clinic between October
2020 and March 2022. The patients were divided into two groups according
to the severity of gastrointestinal involvement. The groups were compared
in terms of demographic characteristics, gastrointestinal symptoms,
laboratory parameters, other system involvement, length of hospital stay,
treatment modalities, and clinical outcomes.

Results: According to the severity of gastrointestinal system involvement,
44.7% (n=21) of the cases were mild to moderate, 55.3% (n=26) were
severe. The most common gastrointestinal symptoms at presentation
were abdominal pain (78.7%), vomiting (59.6%), and nausea (55.3%).
Transaminase elevation was present in 29.8% of the cases. The most
common radiological findings were ascites (36.2%) and pancreatic edema
(27.7%). In cases presenting with acute pancreatitis (n=9), intensive care
unit admission rates (n=6) were statistically significantly higher. Brain
natriuretic peptide (p=0.020) and d-dimer (p=0.032) were statistically
significantly higher in the severe group than in the mild to moderate group.

Conclusion: In a significant part of the MIS-C cases with gastrointestinal
involvement, severe findings is observed. Especially in cases presenting
with pancreatitis, a more severe clinical course may be observed. Therefore,
when managing patients presenting with gastrointestinal symptoms, the
evaluation for pancreatitis is essential.

Keywors: Multisystem inflammatory syndrome in children, gastrointestinal
involvement, pancreatitis

Oz

Amag: Pediatrik multisistem inflamatuvar hastalik (MIS-C), koronavirls
2019 (COVID-19) pandemisi sirasinda yeni tanimlanan, ates, inflamasyon ve
coklu organ yetmezligi ile karakterize hiperinflamatuvar bir sendromdur.
Baslica klinik prezentasyonlardan birisi gastrointestinal sistem tutulumudur.
Galismanin amaci, gastrointestinal sistem tutulumu olan MIS-C olgularina
odaklanarak, gastrointestinal tablonun siddetine gore klinik seyir ve sonucu
degerlendirmektir.

Gere¢ ve Yontem: Ekim 2020-Mart 2022 tarihleri arasinda klinigimizde
gastrointestinal tutulumu olan 47 MIS-C hastasinin retrospektif bir calismasini
gergeklestirdik. Hastalar gastrointestinal tutulumun siddetine gore iki gruba
ayrildi. Gruplar demografik 6zellikler, gastrointestinal semptomlar, laboratuvar
parametreleri, diger sistem tutulumlar, hastanede kalis sureleri, tedavi
yontemleri ve klinik sonuglar agisindan karsilastirildi.

Bulgular: Gastrointestinal sistem tutulumunun ciddiyetine gére olgularin
%44.7'si (n=21) hafif-orta, %55.3'0 (n=26) siddetli idi. Basvuru aninda en sik
gorulen gastrointestinal semptomlar karin agrisi (%78.7), kusma (%59.6) ve
bulantr (%55.3) idi. Olgularin %29.8'inde transaminaz yuiksekligi mevcuttu. En
sik radyolojik bulgu asit (%36.2) ve pankreas 6demi (%27.7) idi. Akut pankreatit
ile basvuran olgularda (n=9), yogun bakima yatis oranlari (n=6) istatistiksel
olarak anlamli derecede yUksekti. Brain natritiretik peptid (p=0.020) ve d-dimer
(p=0.032), siddetli grupta, hafif-orta gruba gore istatistiksel olarak anlamli
derecede yiiksekti.

Sonug: Gastrointestinal tutulumu olan MIS-C olgularinin énemli bir kisminda
ciddi bulgular gérilmektedir. Ozellikle pankreatit ile basvuran olgularda daha
agir bir klinik seyir gézlenebilir. Bu nedenle gastrointestinal semptomlarla
prezente olan hastalarda pankreatit acisindan degerlendirme gereklidir.
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INTRODUCTION

Multisystem inflammatory syndrome in children (MIS-C)
is a newly recognized severe clinical condition which
affects multiple systems and may result in shock and
death. The most common organ involvements are
cardiovascular, respiratory, renal, neurologic, hematologic
and gastrointestinal systems.! Some patients with MIS-C
with gastrointestinal system involvement may present with
a clinic resembling viral gastroenteritis such as abdominal
pain, nausea and vomiting. But, a considerable number
of serious gastrointestinal manifestations such as diffuse
mesenteric lymphadenitis, appendicitis, pancreatitis and
terminal ileitis have also been reported in the literature.”
In the literature, the presence of gastrointestinal symptoms
at presentation was associated with a more severe clinical
course for MIS-C.B! The aim of this study is to describe
the MIS-C patients presenting with gastrointestinal
system involvement (clinical/radiological findings) and to
evaluate patients according the severity of gastrointestinal
involvement and its relationship with clinical course and
outcome.

MATERIAL AND METHOD

In this study, the files of 53 patients followed with a
diagnosis of MIS-C in the pediatric infectious diseases
service of Necmettin Erbakan University Meram Medical
Faculty between October 2020 and March 2022 were
evaluated retrospectively. The diagnosis of MIS-C was
made according to the CDC criteria:

1. Age < 21 years.

2. Clinical presentation in accordance with MIS-C,
including all of the following:

Fever: Documented fever > 38.0°C (100.4 °F) for> 24 hours

or report of subjective fever lasting> 24 hours.

Laboratory evidence of inflammation, including any of the

following:

- Elevated C-reactive protein, erythrocyte sedimentation
rate, fibrinogen, procalcitonin, D-dimer, ferritin, lactate
dehydrogenase, IL-6 level.

« Neutrophilia, lymphocytopenia, hypoalbuminemia.

Multisystem (=2) organ involvement:
. Cardiovascular  (e.g., shock, elevated troponin,

elevated brain natriuretic peptide (BNP), abnormal
echocardiography, arrhythmia).

+ Respiratory (e.g., ARDS,

embolism).

pneumonia, pulmonary

« Renal (renal failure).
» Neurologic (e.g., seizure, stroke, and aseptic meningitis).
« Hematologic (e.g., coagulopathy).

« Gastrointestinal (e.g.,, abdominal pain,
diarrhea, elevated liver enzymes, and ileus).

vomiting,

Severe illness requiring hospitalization.
3. No alternative potential diagnosis.

4. Evidence of infection with SARS-CoV-2 including
positive SARS-CoV-2 reverse-transcriptase polymerase
chain reaction (RT-PCR) or positive serology.”

Demographic data, clinical features, laboratory parameters,
radiological findings, treatment options and clinical
outcome of the patients were retrospectively scanned from
hospital records. MIS-C divided into three groups according
to clinical severity as mild, moderate and severe:

« Mild MIS-C: No vasoactive requirement or respiratory
support and minimal organ injury.

» Moderate MIS-C: Mild or isolated organ injury.

«Severe MIS-C: Moderate or severe organ injury,
including moderate-to-severe ventricular dysfunction
and requirement of inotropic support.®

Gastrointestinal  involvement was determined by
evaluating symptoms, laboratory and imaging findings
at admission. The symptoms were nausea, vomiting,
abdominal pain, diarrhea, hematemesis, and hematochezia.
A transaminase level elevated more than twice the upper
limit of normal was accepted as increased. The diagnosis
of acute pancreatitis was made by evaluating clinical,
laboratory and radiological findings in accordance with
the recommendations of the International Study Group
Of Pediatric Pancreatitis: In Search For A Cure consortium.
I The liver size, findings consistent with pancreatitis
(heterogeneity, edema), gallbladder wall thickening, wall
thickening in the terminal ileum and/or cecum, findings
compatible with appendicitis, presence of ascites and
diffuse mesenteric lymphadenitis were examined by
abdominal ultrasonography and computed tomography.

Patients were divided into 3 groups according to the
severity of gastrointestinal involvement:

a. Severe gastrointestinal involvement: cases with clinical
and radiological findings suggesting appendicitis, diffuse
adenomesenteritis, ascites, terminal ileitis and acute
pancreatitis, which require surgical consultation

b. Mild to moderate gastrointestinal involvement: cases
with symptoms such as nausea, vomiting, abdominal
pain, and diarrhea, without severe gastrointestinal
findings and/or mild findings such as liver enzyme
elevation, and gallbladder wall thickening

c. Cases without gastrointestinal symptoms and signs.”

According to this classification scheme, 6 patients without
gastrointestinal involvement were excluded from the study.
The remaining 47 patients were divided into two groups
as mild to moderate group and severe group. The groups
were compared in terms of demographic characteristics,
gastrointestinal symptoms, laboratory parameters, other
system involvement, length of hospital stay, treatment
modalities, and clinical outcomes.
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The study protocol was approved by the Ethics Committee
of Necmettin Erbakan University Meram Medical Faculty
(approval no:2022/4060) and conformed to the principles
outlined in the Declaration of Helsinki. Informed consent
was obtained from all individual participants included in the
study.

Statistical Method

The data were analyzed by using IBM-Statistical Package
for Social Sciences (IBM-SPSS Inc., Chicago, IL, USA)
22.0 package program. The conformity to the normal
distribution was examined by using the 'Shapiro-Wilk test.
Continuous variables were expressed as mean + standard
deviation or median (25-75 percentile) and categorical
variables were expressed as frequency (percentage ratio).
In the analysis of continuous variables, when parametric
test assumptions were met the 'Independent Sample
T-test' was used and when parametric test assumptions
were not met the 'Mann-Whitney U test' was used. In
the analysis of categorical variables Chi-square Test or
Fischer's Exact Test were used. Logistic regression analysis
was used to identify possible independent risk factors for
severe gastrointestinal involvement. A value of p<0.05 was
accepted as statistically significant level.

RESULTS

The study was conducted on 47 patients with MIS-C with
gastrointestinal system involvement. The mean age was
126.53+44.88 months and, 27 (57.4%) patients were male
and 20 (42.6%) were female. All cases were previously
healthy. According to the severity of the MIS-C clinic, 27.7%
of the cases were considered as mild, 46.8% moderate and
25.5% severe. According to the severity of gastrointestinal
involvement, 44.7% (n=21) of the cases were mild to
moderate and 55.3% (n=26) were severe.

The most common gastrointestinal symptoms at admission
were abdominal pain (78.7%), vomiting (59.6%), and
nausea (55.3%). Seventeen (36.2%) children presented
with diarrhea. Gastrointestinal bleeding was observed in
2 patients. Transaminase elevation was present in 29.8%
of the patients. Cholestatic hepatitis was not observed
in any of the cases. Additionally, acute liver failure was
not observed in any of these cases. Abdominal USG was
performed in all cases. Abdominal computed tomography
was performed in 7 cases. The most common radiological
findings were ascites (36.2%) and pancreatic edema (27.7%).
Other radiological findings were mesenteric lymphadenitis
(12.8%), hepatomegaly (10.6%), gallbladder wall thickness
(8.5%), terminal ileitis (6.4%), and appendicitis (4.3%).
MIS-C symptoms developed after appendectomy in one of
2 patients who had an clinical findings of acute abdomen
and had radiological findings consistent with appendicitis.
The other patient had clinical and laboratory findings of
MIS-C at the first presentation and appendectomy was not

performed. 3 patients had radiographic findings similar to
those seen in inflammatory bowel disease, such as bowel
wall thickening. These findings improved in 2 of patients,
but persisted in a patient and were diagnosed with
inflammatory bowel disease 3 months later.

Median duration of hospitalization was 9 days (25-75
percentiles, 7-11). All patients received intravenous
immunoglobulin and methylprednisolone. 45 (95.7%)
patients received acetylsalicylicacid and 35 (74.5%) patients
received enoxaparin. Interleukin-1 receptor antagonist
was administered to 22 patients (46.8%) and interleukin-6
receptor inhibitor was administered to a patient (2.1%). 9
children (19.1%) required intensive care unit admission
and 2 of those who need hospitalization in the intensive
care unit died. 95.7% of MIS-C cases with gastrointestinal
presentation were discharged. Gastrointestinal symptoms
and findings, treatment methods and clinical outcome of
the cases are shown in Table 1.

Table 1. Gastrointestinal symptoms and findings, treatment, clinical

outcomes in MIS-C patients with gastrointestinal involvement.

Abdominal Pain 37 (78.7%)
Vomiting 28 (59.6%)
Symptoms Nausea 26 (55.3%)
N (%) Diarrhea 17 (36.2%)
Hematemesis 1(2.1%)
Hematochezia 1(2.1%)
Ascites 17 (36.2%)
Pancreatic Edema 13 (27.7%)
L Mesenteric lymphadenitis 6(12.8%)
E?%')ngs Hepatomegaly 5(10.6%)
Gallbladder wall thickness 4 (8.5%)
Terminal lleitis 3 (6.4%)
Appendicitis 2 (4.3%)
Hospitalization Time (days) 9(7-11)
Hospitalization in the ICU 9(19.1%)
Inotrope Support 12 (25.5%)
Invasive or Noninvasive MV support 10(21.3%)
Clinical Course Acetylsalicylic acid 45 (95.7%)
and Outcomes IVIG 47 (100%)
N (%) or median Methylprednisolone 47 (100%)
(25-75 persentile) Enoxaparin 35 (74.5%)
IL-1 receptor antagonist 22 (46,8%)
II-6 receptor inhibitor 1(2.1%)
Mortality 2 (4.3%)
Discharge 45 (95.7%)
The severe gastrointestinal presentations such as
pancreatitis, adenomesenteritis, ascites, appendicitis

were compared according to the clinical courses and
outcomes (intensive care unit hospitalization requirement,
inotropic support, invasive or noninvasive mechanical
ventilation requirement, mortality). It was found that
the rate of intensive care unit admission was statistically
significantly higher in cases presenting with acute
pancreatitis (p=0.008). 2 patients died and these patients
had acute pancreatitis and ascites. There was no significant
difference between the other severe clinical presentations
(ascites, diffuse mesenteric lymphadenitis, terminal ileit,
appendicitis) in terms of clinical course and outcome
(Table 2).
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Table 2. The severe gastrointestinal presentations according to the clinical courses and outcomes

Mesenteric

Ascites Pancreatitis lymphadenitis Terminal lleit Appendicitis
Yes No p Yes No p Yes No P Yes No p Yes No p
ICU Yes 5(55.4) 4(45.4) 6°(66.7) 3°(33.3) 0.008* 1(11.1) 8(88.9) 0678 0(0) 9(100) 0520 0(0) 9(100) 0650
admission No 12 (31.6) 26 (68.4) 7°(18.4) 31°(81.6) 5(4.9) 33(86.8) 3(7.9) 35(92.1) 2(5.3) 36(947)
Inotrop ~ Yes  6(50) 6 (50) 6(50)  6(50) 0(0) 12(100) 0(0) 12(100) 0(0) 12(100)
0.208 0.055 0.151 0.404 0.550
support  No 11(31.4) 24 (68.6) 7(20) 28(80) 6(12.8) 29(82.9) 3(8.6) 32(91.4) 2(5.7) 33(94.3)
Y 4 (40 6 (60 5 (50 5 (50 1(10 9 (90 0(0) 10(100 0(0) 10(100
MV es  4{40) 60) 5y 200 GO gy 10O 90O o, 00 (100) - 479 00O 1001000 o
No 13(35.1) 24 (64.9) 8(21.6) 29(78.4) 5(13.5) 32(86.5) 3(8.1) 34(91.9) 2(54) 35(94.6)
Y 2(100 0(0 2(100 0(0 0(0 2(100 0(0) 2(100 0(0) 2(100
Mortality e (100 ©) 0.126 (100) ©) 0.072 ©) (100 0.759 © (100 0.875 (©) (100) 0.916
No 15(33.3) 30(66.7) 11 (24.4) 34(75.6) 6(13.3) 41(87.2) 3(6.7) 42(93.3) 2(4.4) 45(95.7)

*: significant at 0.05 level according to Fischer's Exact test. a,b: same superscript letters in each row denote the significant pairwise comparison of columns. ICU: Intensive Care Unit, MV: Mechanical Ventilation

(invasive or/and noninvasive)

When the patients were evaluated according to the
severity of gastrointestinal involvement, it was found that
there was no statistically significant difference between
the groups in terms of age (p=0.427) and gender (p=0.579).
Body mass index was lower in the severe group, but the
difference was not statistically significant (p=0.627). The
most common gastrointestinal complaint was abdominal
pain in both groups. There was no statistically significant
difference between the groups in terms of the distribution
of symptoms (p>0.05 for all) (Table 2). It was found that
respiratory (p=0.284) and cardiovascular involvement
(p=0.181) were more common in the severe group,
however the difference was not statistically significant.
Neurological involvement was significantly higher in the
severe group (p=0.037) (Table 3).

When the groups were compared according to the severity
of MIS-C, it was found that the rate of mild to moderate
gastrointestinal involvement was significantly higher in
cases with mild MIS-C. Similarly, severe gastrointestinal
involvement was significantly higher in cases with
moderate and severe MIS-C (p=0.002).

When the groups were evaluated in terms of clinical
course and outcome, it was found that there was no
statistically significant difference between the groups.
However, intensive care unit requirement (26.9%, p=0.160),
inotropic support (30.8%, p=0.360), invasive or noninvasive
mechanical ventilation requirement (26.9%, p=0.475) and
mortality rates (7.7%, p=0.475) were higher in the group
with severe gastrointestinal involvement compared to the
group with mild to moderate gastrointestinal involvement
(9.5%, 19%, 14.3%, 0%, respectively) (Table 3).

When the groups were compared according to laboratory
parameters, it was found that BNP (p=0.020) and d-dimer
(p=0.032) levels were statistically significantly higher in the
severe group compared to the mild to moderate group. The
median BNP level was 8,632 ng/mL (2.252-16,414 ng/mL) in
the severe group, it was 2,227 ng/mL (909-5,444 ng/mL) in
the mild to moderate group. D-dimer level was 3,771 ng/
mL (2.005-4.800 ng/mL) [median (25-75 percentiles)] in the
severe group and it was 2,022 ng/mL (725-3,100 ng/mL)

[median (25-75 percentiles)] in the mild to moderate group.
In addition, lymphocyte count (p=0.195) and albumin
levels (p=0.334) were lower in the severe group, but the
difference was not statistically significant. Additionally,
there was no statistically significant difference between
severe and mild to moderate groups in terms of other
laboratory parameters such as hemoglobin, white blood
cell count, platelet count, erythrocyte sedimentation rate,
C-reactive protein, interleukin-6, aspartate transaminase,
alanine transaminase, fibrinogen and ferritin. (Table 3).

DISCUSSION

Gastrointestinal symptoms, which were thought to
be less common in the early stages of the COVID-19
pandemic, have been reported more frequently after the
identification of MIS-C.B! It is increasingly recognized that
gastrointestinal symptoms and signs are the most common
clinical presentation of MIS-C.®! Cases ranging from mild
gastrointestinal symptoms such as isolated nausea and
vomiting to severe manifestations such as terminal ileitis,
pancreatitis, and acute abdomen have been reported.*'"
Our study focused on MIS-C cases with gastrointestinal
system involvement and evaluated the severity of
gastrointestinal involvement, clinical features, laboratory
findings, and clinical outcome.

In a meta-analysis in which 8 studies including a total of 440
MIS-C cases were evaluated, it was reported that the age
of the cases ranged from 7 to 10 years, with a dominance
of male gender 59%.!'# Sayed et al,, in their study, which
evaluated gastrointestinal involvement in patients with
SARS-CoV-2 infection and MIS-C, reported that the mean
age of MIS-C cases with gastrointestinal involvement was
approximately 8 years higher compared to those without
gastrointestinal involvement and there was no significant
difference in terms of gender.'3!Vecchio et al evaluated the
severity of gastrointestinal findings in children with SARS-
CoV-2 infection. They reported that the mean age of the
patients with severe gastrointestinal findings was higher in
their cohort, which also included cases with MIS-C and age
was a risk factor for severe gastrointestinal involvement.”
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Table 3. Demographic characteristics, clinical and laboratory parameters according to the severity of gastrointestinal involvement

Parameters Mild to moderate (n:21) Severe (n:26) p value
*Age (months) 120.67+48.65 131.27+£41.96 0.427
$2-5 years of age 4(19%) 1(3.8%) 0.158
Demographic +>5 years of age 17(81%) 25(96.2%)
characteristics §Male 13(61.9%) 14(53.8%) 0.579
§Female 8(38.1%) 12(46.2%)
*BMI SDS 0.26+1.31 0.07+1.26 0.627
Nausea 12 (46.2%) 14 (53.8%) 0.528
Vomiting 13 (46.4%) 15 (53.6%) 0.503
Abdominal pain 17 (45.9%) 20 (54.1%) 0.512
Symptoms Diarrhea 7 (41.2%) 10 (58.8%) 0.478
Hematemesis 0 (0.0%) 1 (100%) 0.553
Hematochezia 0 (0.0%) 1 (100%) 0.553
Mild 11(84.6%)a 2(15.4%)a 0.002
’S"é'féﬁty Moderate 8(36.4%)b 14(63.6%)b
Severe 2(16.7%)b 10(83.3%)b
Neurological 5(23.8%) 14(53.8%) 0.037
Other system Respiratory 5(23.8%) 10(38.5%) 0.284
involvement Cardiac 8(38.1%) 15(57.7%) 0.181
Renal 3(14.3%) 3(11.5%) 1
tHospitalization duration 9(7-10) 11(8-13) 0.093
. FHospitalization in the ICU 2(9.5%) 7(26.9%) 0.160
Clinical course
§lnotrop 4(19%) 8(30.8%) 0.360
*Invasive/Noninvasive MV 3(14.3%) 7(26.9%) 0.475
Clinical Mortality 0(0%) 2(7.7%) 0.495
outcomes Discharge 21(100%) 24(92.3%)
*Hemoglobin (g/dL) 12.16£2.18 12.25+£1.31 0.859
*White blood cell (ug/L) 8,409+3,807 10,744+5,175 0.171
tPlatelet count (109/L) 140 (122-195) 161 (121-206) 0.669
tLymphocyte count (ug/L) 0.850 (0.640-1.220) 0.730 (0.600-0.970) 0.195
*Neutrophil count (ug/L) 6,748+3,582 9,482+5,077 0.069
TErythrocyte sedimentation rate (>20mm/h) 55 (40-73) 40 (26-78) 0.624
TAST (U/L) 27.3 (13.0-48.0) 27.5 (16.3-87.0) 0.556
’L):?;’r:f;?e?’s TALT (U/L) 30.0 (17.4-43.0) 315 (16-72) 0.889
TAlbumin (g/dL) 3.5(3.0-3.8) 3.1 (2.8-3.6) 0.334
TBNP (>25 ng/mL) 2,227 (909-5,444) 8,632 (2,252-16,414) 0.020
1IL-6 (>6.4 pg/mL) 51.35 (8.30-230) 96.85 (56.55-1,253.5) 0.187
*C- reactive protein (mg/L) 177.49+96.31 201.74+84.24 0.362
tD-dimer (>500 ng/mL) 2,022 (725-3,100) 3,771 (2,005-4,800) 0.032
tFibrinogen (>400 mg/dL) 457 (334-547) 481.5 (437-732) 0.149
tFerritin >336 ng/mL) 601(410-903) 854 (551-1080) 0.239

* Independent Sample T-test, T Mann-Whitney U test, # Fischer's Exact test, §Chi-Square test. Continuous variables were expressed as mean+SD or median (25-75 percentiles), while categorical variables were
presented as N (%). BMI SDS: Body mass index standard deviation score; ICU: Intensive care unit; MV: Mechanical ventilation

In our study, the mean age and male dominance (57.4%)
were similar to the previously reported MIS-C cases.
However, the mean age of mild to moderate involvement
and severe involvement groups were very close to each
other. In addition, there was no difference between the
severity groups in terms of gender.

The most common gastrointestinal symptoms of MIS-C
include abdominal pain vomiting, and diarrhea. Radia et al.,
in their review analyzed the results of 35 studies conducted
on a total of 783 MIS-C cases. They reported that 36% of
cases with MIS-C had abdominal pain, 27% had diarrhea,
and 25% had vomiting.'"" In our study, the most common

symptoms of the cases with gastrointestinal involvement
were abdominal pain (78.7%) and vomiting (59.6%). When
the groups according to the severity of gastrointestinal
involvement were compared no statistically significant
difference was found in terms of presenting symptoms. The
results of our study findings show that patients may present
with different gastrointestinal symptoms regardless of the
severity of gastrointestinal involvement.

It has been reported that elevated liver enzymes are
frequent in MIS-C and associated with more severe
clinical manifestations.!™ Giannattasio et al., in their study
evaluating acute liver injury in MIS-C cases, reported that
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16 (29%) of 55 MIS-C cases had increased transaminases
and cholestasis findings were accompanied in 2 cases at
admission and no acute liver failure developed in any of
the patient.l'¥ In our study, consistent with the literature,
increased transaminases were present in 29.8% of our cases.
No cholestasis or acute liver failure was detected in any of
the patients included in our study. There was no difference
between the mild to moderate and severe gastrointestinal
involvement groups in terms of transaminase levels. The
results of our study suggest that there is no relationship
between increased transaminase levels and severity of
gastrointestinal involvement.

In patients with MIS-C abdominal imaging findings are
rarely normal. Frequently reported imaging findings
include mesenteric lymphadenitis, ascites, intestinal
wall thickening including terminal ileum and/or cecum,
hepatomegaly, and gallbladder wall thickening."'® The
some clinical and radiological features in gastrointestinal
involvement of MIS-C can lead to an unneccesary surgery
or late-diagnosis of some disease such as inflammatory
bowel disease, as in our cohort.” Ilieva et al evaluated
abdominal imaging findings in a cohort of 51 patients with
MIS-C. They reported ascites in 65% of cases, mesenteric
lymphadenitis in 37%, and ileitis and/or colitis in 35%.
191 The most common findings in our study were ascites
(36.2%) and pancreatic edema (27.7%). The patients with
severe findings including ascites, pancreatitis, diffuse
mesenteric lymphadenitis and terminal ileitis were included
in the severe group. When the relationships between these
findings and parameters related to poor clinical outcome,
such as intensive care admission, inotropic support,
invasive/noninvasive mechanical ventilation requirement,
and mortality were examined, it was found that the rate
of intensive care hospitalization was significantly higher,
especially in the presence of pancreatitis.

Liu et al, investigated the expression of angiotensin-
converting enzyme 2 (ACE2) receptors of SARS-CoV-2
in the pancreas and they showed that ACE2 receptors
are more abundant in the pancreas than in the lung.
201 Acharyya et al., reported that 53% of 17 patients with
MIS-C had acute pancreatitis at admission. In addition,
they reported that 55% of the cases with acute pancreatitis
required hospitalization in the ICU and 22% resulted in
mortality. Acharya et al. suggested that pancreatitis should
be included in the MIS-C diagnostic criteria, due to its
frequency and poor clinical course."” In our study, similar
to the literature, we found that the rate of hospitalization
in the intensive care unit is higher in the presence of acute
pancreatitis.

The results of our study showed that neurological
involvement was significantly higher in MIS-C cases with
severe gastrointestinal involvement. It has been suggested
that neuroinvasion of the central nervous system by
SARS-CoV-2 may worsen the clinical course.?" In addition,

it has been shown that two proteinases required for
neuroinvasion (ACE2 and TMPRSS2) are expressed in the
enteric nervous system and the blood brain barrier and
have been implicated in neurological findings.?? The fact
that neurological involvement is more frequent in MIS-C
cases with severe gastrointestinal involvement may be the
clinical reflection of this expression.

Vecchio et al. found that leukocyte, C-reactive protein,
and ferritin levels were higher in MIS-C cases with severe
gastrointestinal involvement.”? In our study, there was
no difference between the severe and mild to moderate
groups, in terms of these inflammatory biomarkers. We
found that BNP and d-dimer levels were higher in MIS-C
with severe gastrointestinal involvement group compared
to the mild to moderate group. In the literature, it has
been reported that BNP and d-dimer levels are associated
with the severity of MIS-C.® In our study, we observed
that severe MIS-C clinic was significantly more common
in patients with severe gastrointestinal involvement and
we suggest that these findings may be related to the
severity of the MIS-C. In a study evaluating the severity of
gastrointestinal involvement in children with SARS-CoV-2
infection, it was reported that severe gastrointestinal
findings are associated with MIS-C, prolonged
hospitalization, and increased need for hospitalization in
the intensive care unit.”? Sayed et al. reported that the rate
of critical illness was higher in patients with MIS-C, in the
presence of gastrointestinal involvement. However, the
severity of gastrointestinal involvement was not evaluated
in this study.'¥ Our study focused only on MIS-C cases
with gastrointestinal involvement and showed that severe
gastrointestinal involvement was more common in severe
MIS-C cases. The rates of need for hospitalization in the
intensive care unit, inotropic support, need for invasive/
noninvasive mechanical ventilation, and mortality were
higher in patients with MIS-Cs with severe gastrointestinal
involvement; however, the differences were not statistically
significant. We think that the lack of statistically significant
results is due to the small number of patients in the groups,
which we formed according to severity.

The limitations of the study are its retrospective design
and single-center study. Although the number of patients
in the groups seems to be small, this is the study with the
largest patient cohort from a single center on a specific
aspect of MIS-C in the current literature. We focused only
on cases with MIS-C with gastrointestinal involvement
and evaluated the severity of gastrointestinal system
involvement along with clinical course and outcome.

CONCLUSION

Gastrointestinal involvement is one of the major
findings of MIS-C. In a significant part of the cases severe
gastrointestinal system involvement is observed. Patients
with pancreatitis may have more severe course. However,
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pancreatitis is not one of the organ involvements in
the MIS-C diagnostic criteria. We think that, clinic and
laboratory evaluation for pancreatitis should be part of the
management of MIS-C with gastrointestinal presentations.
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