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A multisystem inflammatory syndrome in children associated with
COVID-19 in a 11-years-old girl

MynTucucreMck HH(pIAMaTOPHU CHHIIPOM KOJ JIele TTOBE3aH ca

koBuOM 19 ko neBojuniie y3pacta 11 roguna

SUMMARY

Introduction Multisystem inflammatory syndrome in
children (MIS-C) is a post-viral, life-threatening,
inflammatory state with multisystem involvement that
typically manifests 3-4 weeks after SARS-CoV-2
infection. In this article, we present the first case of
MIS-C in the Institute for Child and Youth Health
Care of Vojvodina at the beginning of the COVID-19
pandemic.

Case outline A previously 11-years-old healthy girl
got sick two days before admission to the hospital with
a fever, headache, vomiting, abdominal pain, and
fatigue. She was tested positive for COVID-19 by
nasopharyngeal swab PCR with positive IgM and 1gG
antibodies. In the further course the illness presented
with prolonged fever, laboratory evidence of
inflammation, multiorgan involvement such as
respiratory, gastrointestinal, cardiovascular, _and
dermatologic. Based on Centers for Disease Control
and Prevention and World Health Organization
criteria the diagnosis of MIS-C was-made and IVIG
and methylprednisolone were/ introduced with
favorable clinical course.

Conclusion Every prolonged and unusual febrile
state, especially _if it is accompanied by
gastrointestinal .symptoms, in a school-age child,
should be investigated in the direction of recent
COVID-19 infection or exposure. In a case of a
positive COVID-19 history or history of exposure, the
MIS-C diagnosis should be considered.
Keywords: . SARS-CoV-2; child;
immunoglobulins; glucocorticoids

inflammation;

INTRODUCTION

CAXETAK

YBoa MyntucucteMcku HHQIAMATOPHHA CHHAPOM
kox neme (MUC-L) je >kuBOTHO yrpoxamajyhe
HH(IaMAaTOPHO  CTame Cca  MYJITHCHCTEMCKOM
MIPE3CHTAINjOM KOje ce THIIMYHO jaBJha 3-4 HEIesbe
HakoH SARS-CoV-2 wundekunuje. Y _oBOM pamy
npesenryjemo npeu ciydaj MUC-1] va Muernryty 3a
3/IPaBCTBEHY 3aIUTHUTY JCLe W OMilaJuHe BojBoaHe
Ha NOYeTKy KoBu/a 19 manaemuje.

IMpuxa3 cayuyaja IlperxoaHo 3apaBa AEBOjYMLIA
y3pacta 11 rommHa pazOomnena ce mojaBoM (edpmi-
HOCTH, MaJaKCaJocTH, INIaBoOoJbe, moBpahama U
6omoBa y TpOyxy.  PCR tect Ha SARS-CoV-2 wu3
Ha3zo(apUHreaTHor Opuca je OMO MO3UTHBAH, Kao U
UrM u Url" artitena Ha SARS-CoV-2. V nassem ToKy
(hebpumHOCT ce'oapikaBaia y3 J1ad0paTopHjCcKe IOKa-
3aresbe MH(IaManuje 1 MyJITHOPTaHCKY MTPe3eHTaLH-
Jy YKJbyuyjyhu pecriupaTopHH, racTpOMHTECTHHAITHH,
KapIMoBacKyJIapHU CHCTEM M KOXXHe mpomeHe. Ha
OCHOBY Kputepujyma LleHTpa 3a KOHTpOIIy U IpEeBeH-
uujy 6onectu u CBeTCKe 3[PABCTBEHE OpraHH3aIlNje
nocraBjbeHa je aujarHoza MUC-L m 3amouera je
Teparja WHTPABEHCKHM HUMYHOTJIOOYJIMHHMA H Me-
THJINPEIHU30JIOHOM ca JOOpHM OJArOBOPOM Ha IpH-
MEHCHY Tepalrjy 1 IOBOJBHUM KIMHUYKHM TOKOM.
3akspyyak CBako NPOJOHTUPAHO MM HEYOOHYajeHO
(ebpuHO cTame, HAPOYUTO ako je mpaheHo
racTPOMHTECTHHAIHUM CHUMITOMHMA, KOJ[ IIKOJICKOT
neteta, Tpeda jaa Oyjie UICTIUTaHO y TIPABILY MPETXOIHE
KoBUA 19 wuH)EKnHje WM HU3JI0KEHOCTH OBUM
BUPYCOM. YKOJIMKO I1I0CTOj€ aHAMHECTHYKH MOAALH O
KOBHJY 19 MHGEKIMjU WK U3II0KEHOCTH, TTOTPEOHO
je pasmotput MUC-LI.

Kmbyune peun: SARS-CoV-2; nere; mH(pmamarnmja;
HUMYHOTTIOOYJTHHH; KOPTHKOCTEPOUIIH

Initially, the SARS-CoV-2 infection was not considered to be a severe infection in

children. However, the first cases of multisystem inflammatory syndromes in children (MIS-

C) showed the potential of this virus to produce a life-threatening state with multisystem

involvement [1, 2]. Still, the vast majority of children with COVID-19 present with mild
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symptoms and have excellent outcomes. MIS-C remains a rare complication of SARS-CoV-2
infection in the pediatric population [2, 3]. The mortality rate of MIS-C is 1.7-1.8% [4, 5].

A multisystem inflammatory syndrome in children (MIS-C) has been defined by the
Center for Disease Control and Prevention (CDC) and the World Health Organization
(WHO). Both definitions are similar and include the same main criteria: age under 21 years
(CDC) or 19 years (WHO), fever for more than 1 day (CDC) or 3 days (WHO), clinical signs
of multisystem involvement, laboratory evidence of inflammation, no alternative diagnosis
and evidence of SARS-CoV-2 infection or exposure [6, 7]. MIS-C is a post-viral
inflammatory state that typically manifests 3-4 weeks after SARS-CoV-2 infection and may
rapidly progress to multiorgan failure [1, 4, 8]. Rarely,; MIS-C occurs during the acute phase
of SARS-CoV-2 infection [2]. Clinical presentation of MIS-C may have some overlapping
features with Kawasaki disease (KD) and toxic shocksyndrome but is presently understood
to be a separate phenomenon [1]. Unlike traditional KD, affected patients with MIS-C often
require intensive care and additional targeted therapy against the inflammatory response [8].

In this article, we present the first case of MIS-C in the Institute for Child and Youth

Health Care of VVojvodina at the beginning of the COVID-19 pandemic.

CASE REPORT

A previously 11-years-old healthy girl, apart from congenital hypothyroidism(well
controlled with oral levothyroxine replacement therapy), with the 75% of body weight and
height, got sick two days before admission to the hospital with a fever, headache, vomiting,
abdominal pain, and fatigue. Upon admission, the patient tested positive for COVID-19 by
nasopharyngeal swab PCR. IgM and IgG antibodies to SARS-CoV-2 were positive. No other
family members were tested and all remained asymptomatic. On addmition laboratory tests

revealed an elevated C reactive protein (CRP) of 11.6 mg/dL with a leukocyte count of 5.8 x
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109/L, neutrophilia (84.7%), and lymphopenia (3%). An abdominal ultrasound was
performed and was inconclusive for appendicitis; enlarged mesenteric lymph nodes were
found. Oral intake was stopped, parenteral hydration started and the patient was observed for
the acute surgical abdominal disease. On the second day of hospitalization, the patient
remained febrile with the appearance of tachypnea, dry cough, and episodes of oxygen
desaturations. The patient developed red and cracked lips, macular rash on limbs with
petechiae on the feet, and swelling of the ankles. The acute phase reactants continued to
increase (CRP 21.5 mg/dL, procalcitonin 1.6 ng/mL, ERS 62 mm/hr, fibrinogen 4,57 g/l, 1L6
1077 pg/ml, ferritin 385 ug/L. D-dimer values were elevated (over 2500 ng/mL) with
prolonged PT and PTT. Troponin | (95.5 ng/mL) was also elevated. There was
hypoalbuminemia (34 g/L), slightly elevated uric acid values (362 umol/L), elevated
aspartate aminotransferase (AST) values (0.480 ukat/L). T3 and TSH were decreased, T4 was
in a normal range. Other parameters of renal, hepatic, and pancreatic function were normal,
as well as LDH and lipid profile. Serum immunoglobulin levels and serum components of
complement C3 and C4 were in a normal range. Antinuclear antibodies were positive. Anti-
neutrophil cytoplasmic-antibodies, anticardiolipin antibodies, beta-2 glycoprotein antibodies,
anti-double stranded DNA antibodies, and anti-cyclic citrullinated peptides were negative.
Blood,-urine, and stool cultures were negative. A chest radiograph was performed to verify
bilateral interstitial pneumonia (Figure 1). Oxygen therapy and antibiotic therapy
(ceftriaxone, metronidazole, azithromycin) were introduced. Since the patient had pneumonia
and confirmed SARS-CoV-2 infection, according to the RECOVERY collaborative group
recommendations, parenteral corticosteroid therapy (dexamethasone 0.15mg/kg, 6 mg) was
started. Vitamin C and vitamin D were also introduced. Initially, nadroparin was given,

followed by acetylsalicylic acid.
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The patient was treated by a multidisciplinary team including a pediatric
pulmonologist, immunologist, hematologist, intensive care pediatrician, and surgeon.

On the fourth day of hospitalization, fever persisted, as well as abdominal pain with the
further increase of the acute phase reactants (CRP 22.8 mg/dL, procalcitonin 2.5 ng/ml).
Additional blood cultures were negative. Echocardiography verified pericardial effusion of
6mm with no changes in coronary arteries and normal ejection fraction. The lung ultrasound
revealed bilateral pleural effusions up to 19 mm. The abdominal ultrasound showed-the non-
compressible appendix surrounded by reactively altered adipose tissue. The pediatric surgeon
recommended appendectomy which was done and catarrhal appendicitis was found.

Antibiotic therapy was changed, meropenem and linezolid were introduced. Since the
patient was febrile with laboratory evidence of inflammation, multiorgan involvement such as
respiratory, gastrointestinal, cardiovascular, and dermatologic and proven SARS-CoV-2
infection, the multidisciplinary team considered MIS-C. The intravenous immunoglobulins
(IVIG) at a dose of 2 g/kg (1g/kg for two days) were introduced on the 4" day of
hospitalization, and methylprednisolone at a dose of 2mg/kg/day was introduced on the 5th
hospital day. The day after the introduction of IVIG, IL-6 levels halved (561 pg/ml) with a
constant decrease in the further course. The level of CRP started decreasing two days after
the introduction of IVIG and methylprednisolon. Levels of procalcitonin continued to rise till
the 5" hospital day (maximum 25.9 ng/ml) and then decreased slowly. Ferritin levels
increased to the maximum level of 468 pg/l on the 5™ hospital day and then started to
decrease slowly. The further clinical course was complicated with the appearance of acute
renal injury (urea 12.9 mmol/l, creatinine 129.1 pmol/l, uric acid 417 umol/l), hypotension,
and signs of shock. Acute renal failure was treated conservatively. Due to hypotension, a
vasopressor (norepinephrine) was introduced. There was a good clinical response to the

applied therapy. The patient became afebrile from the 5™ day of hospitalization with a
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gradual normalization of the acute phase reactants as well as renal function parameter levels.
There was also a gradual cardiovascular and respiratory recovery with normalization of the
chest radiograph and lung ultrasound. From the 12th day of hospitalization, no oxygen
therapy was needed. The further clinical course was complicated with acute pancreatitis
(amylase 4.36 ukat/L, lipase 4.22 ukat/L), which was treated conservatively. After 23 days
the patient was discharged from the hospital in a good general condition. During a regular
check-up, she complained of occasional chest pain and increased hair loss that resolved after
a couple of months. Control chest x-ray, laboratory, and echocardiography findings were

normal.

DISCUSSION

MIS-C associated with SARS-CaV-2 is thought to occur due to a dysregulated innate
immune response and a subsequent cytokine storm and endothelial damage that affects
numerous organ systems [8, 9]. Still, much remains unknown regarding epidemiology,
pathogenesis, clinical spectrum, and long-term outcomes of MIS-C [9].

We present the first case of MIS-C in our Institute in the first months of the COVID-19
pandemic.

It is known that children can develop MIS-C 3-4 weeks after a symptomatic or
asymptomatic COVID19 infection, often causing the patients with MIS-C to have positive
antibodies to SARS-CoV-2 and negative PCR. This suggests that MIS-C is not mediated by
direct viral invasion, but coincides with the development of the acquired immune response to
SARS-COV-2. In a minority of cases, MIS-C occurs during the acute phase of SARS-CoV-2
infection. This underlines the necessity of meticulous follow-up of children with COVID19
infection even when they don't have serious symptoms [2, 4, 9]. Our patient at the time of

MIS-C presentation had both positive PCR and IgM and IgG antibodies. As the SARS-COV-
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2 infection in children is usually asymptomatic with no multiorgan involvement, and since
the PCR test may still be positive several days after infection, a multiorgan presentation in
our patient is considered to be MIS-C.

Until today, risk factors for developing MIS-C are not completely defined. The
literature data show that the mean age at presentation is around 9 years with no specific
difference between genders [4, 5, 10]. Our patient is a 11-years-old girl, slightly older than
the published mean age. Some studies in the USA showed that there was a higher rate of
MIS-C in the African American/Afro-Caribbean population, suggesting genetic
susceptibility. Obesity in children is considered to be a risk factor due to an'accumulation of
inflammatory cells in adipose tissue, impaired respiratory function, and more SARS-CoV-2
binding receptors in adipose cells [4]. Our patient had body weight on the 75th percentile,
slightly above the average, but still was not obese.

Diagnosing MIS-C can be challenging, especially when it develops after the episode of
asymptomatic or unrecognized COVID19 infection. MIS-C can start with nonspecific
symptoms and over time can develop all necessary criteria defined by CDC and WHO [4, 6,
7]. The obligatory criterion is prolonged fever, as it was in the case of our patient. Other usual
symptoms are gastrointestinal, which occur in around 70% of patients with MIS-C [4].
Vomiting and abdominal pain can be so intense to mimic acute appendicitis [4, 5, 8, 10]. The
same clinical picture was present in our patient, which was firstly observed in the light of
acute abdominal disease and undergone an appendectomy. In the 3 weeks clinical course she
also developed pancreatitis, as previously was described in the literature as one of the spectra
of gastrointestinal pathology in MIS-C [11]. Other clinical signs and symptoms of MIS-C are:
respiratory, cardiovascular, renal, hematological, neurological, and dermatological [6, 7]. Our

patient had bilateral pleuropneumonia, hypotension, shock, pericarditis, acute kidney injury,
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coagulopathy, and skin rash. All these clinical signs appeared in the latter course, after the
initial gastrointestinal presentation.

Elevated markers of inflammation are among the criteria of the case definition of MIS-
C. They include elevated CRP, ERS, fibrinogen, procalcitonin, D-dimer, ferritin, LDH, IL-6
levels, neutrophilia, lymphocytopenia, and hypoalbuminemia [6, 7]. All these criteria were
fulfilled in the case of our patient, except elevated LDH.

One of the criteria for making the diagnosis of MIS-C is the exclusion of other obvious
microbial causes or inflammation. Multiple bloods, urine, and stool cultures in our patient
were negative. Also, immunological analyses were done and all results were normal, except
positive antinuclear antibodies.

One of the problems with making the diagnosis of MIS-C is that it resembles Kawasaki
disease (KD). Still, there are few important differences. Firstly, KD occurs in young children
<5 years of age, whereas the mean age in MIS-C is nine years. Secondly, there is an increased
incidence of MIS-C in patients of African, Afro-Caribbean, and Hispanic descent, but a lower
incidence in those of East Asian descent, in contrast to KD [4]. Thirdly, the inflammatory
storm observed in MIS-C is much more intense with a greater elevation of inflammatory
markers. At presentation, patients with MIS-C tend to have higher CRP levels, lower platelet
counts;and lower absolute lymphocyte counts than patients with KD. Fourthly, the clinical
presentation of KD and MIS-C is slightly different. Distinguishing clinical characteristics
found in MIS-C are vomiting, diarrhea, abdominal pain, shock, and cardiac dysfunction,
while they could be present, but are not usual in KD. MIS-C and KD may share overlapping
clinical features, including fever, conjunctival injection, oropharyngeal findings (red and/or
cracked lips, strawberry tongue), rash, swollen and/or erythematous hands, and feet, and
cervical lymphadenopathy [3, 4]. According to the published data conjunctivitis and rash are

present in around 50% of children with MIS-C [4]. Epidemiologic studies of MIS-C suggest
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that younger children are more likely to present with KD-like features while older children
are more likely to develop myocarditis and shock [3, 4]. Our patient, although an older child,
had the clinical picture that mimics KD with prolonged fever, oropharyngeal changes, rash,
and swelling of the ankles. Still, she did not have the enlargement of cervical lymph nodes
and bilateral bulbar conjunctival injections and no other criteria for KD. On the other hand,
predominant symptoms were gastrointestinal with the further involvement of other organ
systems; laboratory findings were consistent with MIS-C and SARS-CoV-2 infection was
confirmed. These are reasons why our patient was diagnosed and treated as MIS-C.

The overlapping characteristics between these syndromes might suggest that they may
have similar pathophysiology and as a consequence similar therapeutical approach. Most
children with MIS-C recover with standard KD therapies, IVIG, and glucocorticoids and only
a small number of patients require immunomodulating agents, such as IL-1 or IL-6
antagonists. The majority of the children with/MIS-C need some degree of intensive care,
most often respiratory support and inotropes [3, 4, 9]. There are no widely accepted
guidelines concerning the therapy of MIS-C, but several organizations have published their
guidelines [3, 12-17]. The combination of IVIG and methylprednisolone has been proven to
be-associated with a more favorable fever course in patients with MIS-C than IVIG alone
[18]. Our patient had a good clinical response to IVIG and glucocorticoid therapy (initially
dexamethasone, then methylprednisolone). Vitamin C, vitamin D, and initially nadroparin
followed with acetylsalicylic acid, were also introduced. During the first 12 days of
hospitalization oxygen therapy was required as well as the inotropes in the further course.

It is currently unknown whether MIS-C has potential long-term sequelae [4, 9]. It is
known that the inflammatory disorders triggered by SARS-CoV-2 can result in coronary
aneurysms, so cardiac assessment and follow-up are essential in all cases [9]. It is unknown if

the incidence of coronary artery aneurysms (CAA) is different in MIS-C compared to KD.
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However, MIS-C patients without KD features can develop CAA [3]. A follow-up of our
patient revealed the occasional chest pain and increased hair loss in the weeks following
discharge from the hospital. Echocardiography and 24-hour ECG monitoring were without
pathological changes and all laboratory analyses were within referral ranges, including
control antinuclear antibodies which were negative. These symptoms disappeared after a few
months.

This case report highlights the necessity of close monitoring of children during and
after COVID-19. Every prolonged and unusual febrile state, especially if.it is accompanied
by gastrointestinal symptoms, in a school-age child should be-investigated in the direction of
recent COVID-19 infection or exposure. In a case of a'positive COVID-19 history or history
of exposure, the MIS-C diagnosis should be considered. Otherwise, the child should be
observed for any other cause of the febrile state, including other infections or KD. Overlaps
in the clinical picture of MIS-C, KD and, acute appendicitis should be kept in mind in order

to make the right diagnosis-and introduce the appropriate treatment.
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