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Abstract

Multisystem Inflammatory Syndrome in Children (MIS-C) following SARS-CoV-2 infection is 

characterized by fever, elevated inflammatory markers, and multisystem organ involvement. 

Presentations are variable, but often include gastrointestinal symptoms. We describe five children 

with fever and gastrointestinal symptoms initially concerning for MIS-C who were ultimately 

diagnosed with bacterial enteritis, highlighting the diagnostic challenges presented by the SARS-

CoV-2 pandemic.

Keywords
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Introduction:

Several months into the SARS-CoV-2 pandemic, physicians described a new clinical entity 

characterized by severe inflammation in the setting of recent SARS-CoV-2 infection.1,2 

Shortly thereafter, the Centers for Disease Control and Prevention (CDC) released a case 

definition for the Multisystem Inflammatory Syndrome in Children (MIS-C) associated with 

COVID-19, which included fever, laboratory evidence of inflammation, and multisystem 

organ involvement.3 Further case series showed that while patients with MIS-C have a wide 

spectrum of presentations, common symptoms include gastrointestinal symptoms 

(abdominal pain, vomiting, and diarrhea), cardiovascular involvement, and mucocutaneous 
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features, with significantly elevated inflammatory markers, including C-reactive protein 

(CRP) and ferritin.4,5 No single diagnostic test is diagnostic for MIS-C; rather, it is a clinical 

diagnosis with supportive laboratory features and evidence of exposure to SARS-CoV-2. 

Thus, healthcare providers must maintain a high index of suspicion when caring for patients 

with fever and elevated inflammatory markers, while remembering that other disease entities 

can mimic MIS-C. We present a series of five pediatric cases who presented to hospitals in 

San Diego, California and Boston, Massachusetts, with fever, gastrointestinal symptoms, 

and elevated inflammatory markers, concerning for MIS-C.

Case Descriptions:

Initial Presentations:

All five patients presented with fever, abdominal pain, and diarrhea (Table 1). In all patients, 

the diarrhea was initially non-bloody, becoming blood-tinged on the day of admission in two 

of the cases. All appeared dehydrated and had tachycardia at presentation, raising concern 

for possible cardiac involvement. Case 1 also had red, cracked lips on initial exam, but none 

of the other patients had any clinical features of Kawasaki disease, including rash, 

conjunctival injection or strawberry tongue. None of our patients had known sick contacts or 

animal exposures with the exception of Case 1, who had a pet turtle at home that he had not 

touched and Case 3, who had a puppy with a concurrent diarrheal illness.

Both parents of Case 2 had acute SARS-CoV-2 infections within two weeks of this 

presentation, Case 3 had a documented SARS-CoV-2 infection four months prior to this 

presentation, and the mother of Case 4 had a documented SARS-CoV-2 infection three 

months prior to this presentation. These three patients had SARS-CoV-2 antibodies, but 

none of our patients were SARS-CoV-2 PCR positive (Table 1).

As these patients presented during surges of MIS-C in their respective cities and vigilance 

for MIS-C cases was high, the constellation of signs and symptoms triggered additional 

laboratory evaluation, which further increased the suspicion for MIS-C. All of our patients 

were found to have elevated inflammatory markers, specifically elevated CRP, ferritin, and 

D-dimer (Table 1). Neutrophilia was also present in all patients. Two had significantly 

elevated immature neutrophil counts, although bands were only reported in three of our 

patients. Four patients had lymphopenia, though none had an absolute count less than 1000 

cells/mm3.

Hospital Courses:

Given the concern for MIS-C, all patients were admitted to the hospital for further 

evaluation and management. In all five, tachycardia resolved with fluid resuscitation and 

their echocardiograms were normal. With this additional information, the decision was made 

to observe three of the patients (Cases 2, 3, and 4) without immunomodulatory treatment, all 

of whom quickly improved. Shortly thereafter, their stool studies returned positive for 

Salmonella species in Cases 2 and 4, and Campylobacter species in Case 3. None of these 

patients were treated for their bacterial enteritis given their clinical improvement and 

negative blood cultures.
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After admission, Case 1, who had red, cracked lips in addition to his gastrointestinal 

symptoms, was treated with intravenous immunoglobulin (IVIG) and steroids. His 

symptoms improved within a matter of hours of admission and his echocardiogram was 

normal. After a multidisciplinary discussion, steroids were stopped the morning after 

admission. He continued to improve clinically, and his stool studies returned positive for 

Salmonella species and blood cultures remained negative. He was treated with a seven-day 

course of azithromycin.

Case 5 had a history of liver hamartoma and was admitted on day five of fever with elevated 

inflammatory markers, leukocytosis, and anemia. There was no history of SARS-CoV-2 

exposure and her echocardiogram was normal, so MIS-C treatment was deferred in favor of 

additional evaluation for infection and malignancy. Abdominal ultrasound and MRI were 

normal. Due to continued fevers without a source, a second echocardiogram was performed 

on hospital day 5, which was also normal. She remained febrile and her white blood cell 

count increased to 43,000 cells/μL, which raised concerns for malignancy. She underwent 

bone marrow biopsy, which was unrevealing. Stool studies subsequently returned positive 

for Salmonella species. Due to persistent fever and inflammation, she was treated with 

azithromycin.

Discussion:

We describe five children presenting with fever, gastrointestinal symptoms, and 

hyperinflammation mimicking MIS-C, who were ultimately found to have bacterial enteritis. 

Our cases highlight several diagnostic challenges presented by children with febrile illnesses 

during the COVID-19 pandemic.

Fever and gastrointestinal symptoms are some of the most common features of MIS-C4,5,. 

However, these symptoms are nonspecific and have multiple other etiologies, most notably 

acute bacterial or viral gastroenteritis. A distinguishing feature of MIS-C is that multiple 

organ systems are affected. All of our patients had tachycardia on presentation, which raised 

concern for cardiac dysfunction and triggered additional evaluation for MIS-C. However, 

tachycardia resolved after fluid resuscitation in all five cases, which was more consistent 

with dehydration. None had elevated cardiac enzymes, which has been noted in most MIS-C 

patients with myocardial dysfunction.6 Thus, none of our patients ultimately had true 

multisystem organ involvement needed to fulfill the CDC case definition. However, as 

children with MIS-C may develop additional organ system involvement over the course of 

admission, it is prudent to maintain a high index of suspicion.

Only one of our patients had clear recent SARS-CoV-2 exposure. However, the lack of other 

sick contacts in patients who had been sequestered at home and the low community 

prevalence of other common viral illnesses as a result of social distancing raised concern for 

MIS-C over infectious etiologies. The presence of SARS-CoV-2 antibodies in three of our 

patients also heightened suspicion for MIS-C. However, it remains unclear how antibody 

testing should be interpreted. Large series of MIS-C patients have reported antibody 

positivity in the majority of diagnosed cases, but not universally4,5,7. Further, commercially 

available antibody assays may not detect all subunits of the spike protein or nucleocapsid 
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protein;8 anti-spike antibodies have been shown to occur more in children than adults, and at 

higher titers in children with MIS-C than acute COVID-197,9. Further research is needed to 

better understand the time course and specificity of the antibody response in MIS-C so that 

more comprehensive diagnostic panels can be developed.

Further complicating the utility of SARS-CoV-2 antibody testing is the rising prevalence of 

infection in the community. As the SARS-CoV-2 pandemic continues and prevalence rates 

of the antibody rise, a positive antibody test does not guarantee a diagnosis of MIS-C. MIS-

C is now described as occurring 2–6 weeks post-SARS-CoV-2 infection, and the CDC case 

definition includes SARS-CoV-2 exposure within the past 4 weeks.4 This was true for only 

one patient in our series; however, at the time many of these patients presented, the timing of 

MIS-C presentation following SARS-CoV-2 infection was unclear.

All five patients had neutrophilia and variably elevated inflammatory markers and D-dimer. 

Two of the three patients in whom it was reported also had elevated immature neutrophils. 

While these laboratory value abnormalities have been associated with MIS-C in many series, 

elevation of these markers is nonspecific and overlaps with other infectious and 

inflammatory diseases. Prior to the emergence of MIS-C, obtaining laboratory values such 

as ferritin and D-dimer in otherwise healthy febrile children presenting for initial evaluation 

was uncommon. Therefore, expected laboratory values in comparison groups of children 

with more common febrile illnesses such as viral syndromes and bacterial enteritis are 

unknown. Only one of the five patients had ferritin greater than 200 ng/mL, which may help 

distinguish MIS-C from infectious etiologies of fever.10 More research is needed to establish 

the most specific laboratory features of MIS-C.

Despite the increasing prevalence of SARS-CoV-2 in the United States, MIS-C is still a rare 

manifestation. Due to the nonspecific features of the current MIS-C case definition, many 

children initially appear to meet MIS-C criteria, and non-SARS-CoV-2 infections are 

common in children evaluated for MIS-C.10 However, severe illness and death have occurred 

in MIS-C, and thus a delay in diagnosis may have significant consequences. Therefore, 

vigilance in considering MIS-C must be balanced with prompt evaluation for more common 

childhood febrile illnesses, including bacterial sources.

Acknowledgments

Conflicts of Interest and Sources of Funding: This work was funded in part with support from the Patient 
Centered Outcomes Research Institute (PCORI; CER-160234473) to Dr. Jane C Burns and Dr. Adriana H 
Tremoulet, from the NIH Grant 5T32AI007512-34 to Dr. Jordan E Roberts, from the Samara Jan Turkel Clinical 
Center to Dr. Mary Beth F Son, and the McCance Family Foundation to Dr. Jane W Newburger.

References:

1. Riphagen S, Gomez X, Gonzalez-Martinez C, Wilkinson N, Theocharis P. Hyperinflammatory 
shock in children during COVID-19 pandemic. Lancet Lond Engl. 2020;395(10237):1607–1608. 
doi:10.1016/S0140-6736(20)31094-1

2. Verdoni L, Mazza A, Gervasoni A, et al. An outbreak of severe Kawasaki-like disease at the Italian 
epicentre of the SARS-CoV-2 epidemic: an observational cohort study. Lancet Lond Engl. 
2020;395(10239):1771–1778. doi:10.1016/S0140-6736(20)31103-X

Dworsky et al. Page 4

Pediatr Infect Dis J. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. CDCHAN-00432, May 14, 2020. Multisystem Inflammatory Syndrome in Children(MIS-C) 
Associated with Coronavirus Disease 2019 (COVID-19). Available at: https://
emergency.cdc.gov/han/2020/han00432.asp. Accessed November 28, 2020.

4. Whittaker E, Bamford A, Kenny J, et al. Clinical Characteristics of 58 Children With a Pediatric 
Inflammatory Multisystem Syndrome Temporally Associated With SARS-CoV-2. JAMA. 
2020;324(3):259–269. doi:10.1001/jama.2020.10369 [PubMed: 32511692] 

5. Miller J, Cantor A, Zachariah P, Ahn D, Martinez M, Margolis KG. Gastrointestinal Symptoms as a 
Major Presentation Component of a Novel Multisystem Inflammatory Syndrome in Children That Is 
Related to Coronavirus Disease 2019: A Single Center Experience of 44 Cases. Gastroenterology. 
2020;159(4):1571–1574.e2. doi:10.1053/j.gastro.2020.05.079

6. Sperotto F, Friedman KG, Son MBF, VanderPluym CJ, Newburger JW, Dionne A. Cardiac 
manifestations in SARS-CoV-2-associated multisystem inflammatory syndrome in children: a 
comprehensive review and proposed clinical approach. Eur J Pediatr. Published online August 15, 
2020. doi:10.1007/s00431-020-03766-6

7. Weisberg SP, Connors TJ, Zhu Y, et al. Distinct antibody responses to SARS-CoV-2 in children and 
adults across the COVID-19 clinical spectrum. Nat Immunol. Published online November 5, 2020. 
doi:10.1038/s41590-020-00826-9

8. Rikhtegaran Tehrani Z, Saadat S, Saleh E, et al. Performance of nucleocapsid and spike-based 
SARS-CoV-2 serologic assays. PLoS One. 2020;15(11):e0237828. Published 2020 Nov 2. 
doi:10.1371/journal.pone.0237828

9. Rostad CA, Chahroudi A, Mantus G, et al. Quantitative SARS-CoV-2 Serology in Children With 
Multisystem Inflammatory Syndrome (MIS-C). Pediatrics. 2020;146(6). doi:10.1542/
peds.2020-018242

10. Campbell JI, Roberts JE, Dubois M, Naureckas Li C, Sandora TJ, Lamb GS. NON-SARS-CoV-2 
INFECTIONS AMONG PATIENTS EVALUATED FOR MIS-C ASSOCIATED WITH 
COVID-19. Pediatr Infect Dis J. Published online November 3, 2020. doi:10.1097/
INF.0000000000002977

Dworsky et al. Page 5

Pediatr Infect Dis J. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://emergency.cdc.gov/han/2020/han00432.asp
https://emergency.cdc.gov/han/2020/han00432.asp


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dworsky et al. Page 6

Ta
b

le
 1

.

Pa
tie

nt
 C

ha
ra

ct
er

is
tic

s 
an

d 
L

ab
or

at
or

y 
Fi

nd
in

gs
.

C
as

e 
1

C
as

e 
2

C
as

e 
3

C
as

e 
4

C
as

e 
5

C
ha

ra
ct

er
is

ti
cs

D
em

og
ra

ph
ic

s

Se
x

M
al

e
M

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e

Pa
tie

nt
 a

ge
4 

ye
ar

s
7 

ye
ar

s
4 

ye
ar

s
2 

ye
ar

s
9 

m
on

th
s

R
ac

e
H

is
pa

ni
c

H
is

pa
ni

c
H

is
pa

ni
c

N
ot

 R
ep

or
te

d
N

on
-H

is
pa

ni
c

E
th

ni
ci

ty
W

hi
te

W
hi

te
W

hi
te

N
ot

 R
ep

or
te

d
A

si
an

P
re

se
nt

in
g 

Sy
m

pt
om

s

# 
D

ay
s 

of
 F

ev
er

 a
t P

re
se

nt
at

io
n

3
4

3
10

5

A
bd

om
in

al
 P

ai
n

ye
s

ye
s

ye
s

ye
s

ye
s

V
om

iti
ng

no
no

ye
s

no
no

D
ia

rr
he

a
ye

s
ye

s
ye

s
ye

s
ye

s

A
dm

is
si

on
 L

ab
or

at
or

y 
V

al
ue

s

W
B

C
 (

x 
10

3 /
μL

)
5.

9
8.

1
5.

1
15

.1
28

.2

H
gb

 (
g/

dL
)

12
.4

13
.1

12
.2

12
.1

10
.1

Pl
at

el
et

s 
(x

 1
03 /

μL
)

20
7

25
2

17
0

32
2

47
5

A
bs

ol
ut

e 
N

eu
tr

op
hi

l C
ou

nt
 (

ce
lls

/m
m

3 )
47

20
65

61
34

70
13

33
0

13
24

0

B
an

d 
%

46
32

12
N

ot
 D

on
e

N
ot

 D
on

e

A
bs

ol
ut

e 
Ly

m
ph

oc
yt

e 
C

ou
nt

 (
ce

lls
/m

m
3 )

10
62

11
34

13
00

11
00

10
86

0

A
lb

um
in

 (
g/

dL
)

4.
2

3.
9

4.
5

4.
1

3.
4

C
R

P 
(m

g/
dL

)
18

.1
6.

5
15

.8
7.

6
23

.5

E
SR

 (
m

m
/h

r)
22

22
32

22
10

6

Fe
rr

iti
n 

(n
g/

m
L

)
17

6
27

6
10

1
95

.6
18

9.
3

D
-d

im
er

 (
μg

/m
L

)
1.

74
0.

99
2.

8
1.

95
19

.5
8

Fi
br

in
og

en
 (

m
g/

dL
)

40
7

52
7

45
9

15
7

N
ot

 D
on

e

B
N

P 
(p

g/
m

L
)

<
10

<
10

<
10

14
12

T
ro

po
ni

n 
(n

g/
m

L
)

<
0.

01
<

0.
01

0.
01

<
0.

01
N

ot
 D

on
e

SA
R

S-
C

oV
-2

 R
T-

PC
R

N
eg

at
iv

e
N

eg
at

iv
e

N
eg

at
iv

e
N

eg
at

iv
e

N
eg

at
iv

e

SA
R

S-
C

oV
-2

 A
nt

ib
od

y
N

eg
at

iv
e*

Po
si

tiv
e*

Po
si

tiv
e*

Po
si

tiv
e*

*
N

eg
at

iv
e*

*

Pediatr Infect Dis J. Author manuscript; available in PMC 2022 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dworsky et al. Page 7

C
as

e 
1

C
as

e 
2

C
as

e 
3

C
as

e 
4

C
as

e 
5

C
ha

ra
ct

er
is

ti
cs

St
oo

l S
tu

di
es

Sa
lm

on
el

la
 s

pe
ci

es
Sa

lm
on

el
la

 s
pe

ci
es

C
am

py
lo

ba
ct

er
 s

pe
ci

es
Sa

lm
on

el
la

 s
pe

ci
es

Sa
lm

on
el

la
 s

pe
ci

es

E
ch

oc
ar

di
og

ra
m

N
or

m
al

N
or

m
al

N
or

m
al

N
or

m
al

N
or

m
al

* A
bb

ot
t A

rc
hi

te
ct

 S
A

R
S-

C
oV

-2
 A

nt
i-

N
uc

le
oc

ap
si

d 
Ig

G

**
R

oc
he

 D
ia

gn
os

tic
s 

E
le

cs
ys

 A
nt

i-
SA

R
S-

C
oV

-2
 I

m
m

un
oa

ss
ay

Pediatr Infect Dis J. Author manuscript; available in PMC 2022 April 01.


	Abstract
	Introduction:
	Case Descriptions:
	Initial Presentations:
	Hospital Courses:

	Discussion:
	References
	Table 1.



