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Objective: To evaluate the differential characteristics of SARS-COV-2 associated inflamma-
tory multisystem syndrome (MIS-C) in children. Methods: A retrospective cohort study was
conducted. The definition of MIS- C was based on WHO criteria. Temporally related COVID-
19 patients were included as controls. Results: 25 patients with MIS-C and 75 controls were
included. Multivariate multiple logistic regression model of variables that showed to be signifi-
cant in univariate analysis revealed that age >2 years (OR 24.7; 95% CI 1.03 -592.4;
P=0.048), lymphopenia (OR 9.03, 95%CI 2.05-39.7; P=0.004), and platelet count <150x10°%/
L (OR 11.7; 95% CI 1.88-75.22; P=0.009) were significantly associated with MIS-C. Pres-
ence of underlying disease seemed to reduce the risk of MIS-C (OR 0.06; 95% CI 0.01-0.3).
Conclusion: MIS-C was more common in patients older than 2 years and in those with lym-

phopenia or thrombocytopenia. Underlying disease appears to reduce the risk of MIS-C.
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ultisystem  inflammatory ~ syndrome
(MIS-C), in association with severe acute
respiratory syndrome coronavirus 2
(SARS-CoV-2) infection, shares some
clinical featureswith Kawasaki disease (KD), toxic shock
syndrome (TSS), macrophage activation syndrome, and
other inflammatory processesasin the so-called cytokine
storm [1-5]. MIS-C is characterized by persistent fever,
abdominal pain, vomiting, diarrhea, as well as muco-
cutaneous, cardiovascular, hematological, musculo-
skeletal, and neurol ogical manifestations, among others[6-
11]. After identification of MIS-C cases in Argentinean
children with COVID-19, we conducted this study to
evaluatethe possiblerisk factorsassociated withMIS-Cto
allow clinicians to categorize patients who may require
closer monitoring and i nterdi sciplinary management.

METHODS

A retrospective cohort study was conducted at a tertiary
pediatric referral center. Patientswereidentified fromthe
electronic database of pediatric patients with confirmed
COVID-19 seen between 19 April, and 31 October,
2020, at the Department of infectious diseases. Thisstudy
was approved by theinstitutional research board.
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Childrenwithadiagnosisof MIS-C, asestablished by
theWorld Health Organization (WHO) [12], wereincluded
in the study and defined as cases. For each case, three
consecutive children with apositivereversetranscriptase-
polymerase chainreaction (RT-PCR) for SARS-CoV-2and
noclinical or laboratory findingssuspicionsof MIS-Cwere
selected as controls. Thrombocytopeniawas defined asa
platelet count <150x10%L and lymphopeniaasalympho-
cyte count <1x10%L on admission. C-reactive protein
(CRP) <5mg/L, B-typenatriuretic peptide (BNP) <104 pg/
mL, troponin <19 ng/L, and ferritin <200 ng/mL were
considered to be within normal range. Cardio-vascular
involvement was identified in the presence of any of the
following: vasopressor requirement, an echo-cardiogram
showing an abnormal ejection fraction, pericarditis or
pericardial effusion, or elevated troponin or BNP levels.
For both cases and controls, exclusion criteria were
previous treatment with convalescent plasmaor steroids,
presence of any viral or bacterial co-infections, and
outpatient status.

We analyzed epidemiological data (age, sex, co-
morbidities, overcrowding defined as morethan 4 people
living in one room, and living in informal settlements);
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virological data (RT-PCR of nasopharyngeal secretions
and/or positive serology on admission); and clinical data
(fever, respiratory distress, abdominal pain, diarrhea,
vomiting, myalgia, dysgeusia, anosmia, conjunctivitis,
rash, shock, intensive care unit (ICU) admission,
mechanical ventilation requirement, oxygen therapy, or
inotropic and vasopressors, and the length of hospital

stay).

Laboratory tests on admission included leukocyte,
lymphocyte, and platel et counts. In patientswith suspected
MIS-C, coagulogram, fibrinogen, ferritin, CRP, procal-
citonin (PCT), liver and kidney function, lactate
dehydrogenase (LDH), BNP, and troponin were analyzed
(when available). Echocardiogram and radiographs were
performed on admission and repeated depending on
clinical features. Lung computed tomography (CT) scan
and abdominal ultrasound were performed according to
symptoms. Blood and urine cultures, PCR of naso-
pharyngeal swabsfor influenzavirus, respiratory syncytia
virus, adenovirus, metapneumovirus, rhinovirus, and
coronaviruses and serology for HIV, VDRL, HCV, HBV,
CMV and EBV wered so performed. I ntravenousimmuno-
globulin (IVIG) and/or steroid use was documented.
Outcomewas defined as discharge or death.

Satistical analysis: Univariate analysiswas performed to
compare cases and controls. Oddsratio (OR) with a95%
Cl was used for dichotomous variables. Chi-square or
rank-sum test were used. Predictive factors for MIS-C
wereidentified using amultiplelogistic regression model
including variables that were significant in univariate
analysis. STATA 16 was used for statistical analysis. A
value of P<0.05 was considered assignificant.

RESULTS

Of the 533 children aged <18 yearswith COVID-19, 25
(4.7%) met the diagnostic criteriafor MIS-C. In addition,
75 patients were included as controls. Median age of
cases was 104 months (IQR 61-126) vs 78 months (IQR
18-139) in the control group. Underlying diseases were
more commonly observed in the control group (n=52;
69%) than in MIS-C patients (n=7; 28%) Underlying
diseases were cancer (18 controls; 24%), solid organ
trans-plantation (18 controls; 24%), genetic disorders (4
controls; 5%), neurological disorders (4 controls; 5%,
and 3 cases; 12%), congenital disorders (3 controls; 4%),
obesity (3 controls; 4%), recurrent wheezing (3 cases;
12%), chronic renal failure (1 case; 4%), and others (15
controls; 20%).

Clinical manifestations of MIS-C patients and
controls are shown in Table I. Nine MIS-C patients
(36%) vs one control (1.3%) required intensive care unit
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Table | Characteristics of Children With SARS-CoV-2
Infection With and Without MIS-C

Variable MISC Controls OR (Cl 95%)
n=25 n=75

Malesex 9(36) 36 (48) 0.61

(0.21-1.69)
Age, mo? 104 78 -

(61-126) (18-139)

Age>2y 24,(96) 54(72) 9.33

(1.19-73.4)
Livinginapopular 8(32) 7(9 457
neighborhood (1.23-16.8)
Asymptomatic 0 20(27) -
Fever 25 (100) 29(39) -
Abdominal pain 9(36) 10(13) 2.68(0.8-8.2)
Diarrhea 14 (56) 9(12) 9.33(2.9-30.5)
Vomiting 12 (48) 13(17) 4.40(1.4-13)
Skininvolvement 16 (64) 3(4) 42.66

(9.1-254.8)
Conjunctival injection 9 (36) 0 -
Septic shock 8(32) 0 -
Upper respiratory 5(20) 18(24) 0.79
tract infectionP (0.2-2.6)
Odynophagia 4(16) 8(11) 1.59(0.3-6.7)
Tachypnea® 3(12) 2(3) 4.97 (0.5-61)
Headache 2(8) 4(5) 1.54(0.1-11.5)
Myalgia 3(12) 1(1) 10.09(0.7-536.6)
Anosmia 0 1(1) -

Valuesin no. (%) or 2median (IQR). PUpper respiratory tract infection:
cough, loss of appetite, sorethroat, or nasal congestion, nasal stuffiness,
rhinorrhea, anosmia; Tachypnea (breaths/min): <2 mo: >60; 2-11 mo:
>50; 1-5y: >40; >5y: >20. MIS-C: multi-systeminflammatory syndrome
associated with SARS-CoV-2 in children; PCR: polymerase chain
reaction.

(ICU) admission. Eight MIS-C patients (32%) had
cardiac abnormalities consisting of myocarditis (n=3),
pericarditis (n=1), left ventricular dysfunction (n=3) and
coronary dilatation (n=1). Lymphopenia and thrombo-
cytopenia were more common in MIS-C patients than
controls. Median (IQR) CRP was 139 (122-248) mg/L,
BNP 1116 (183-4857) pg/mL, troponin 2.5 (<1.5-79) ng/
L, andferritin 339 (191-611) ng/mL in MIS-C patients. At
onset, PCR for SARS-Co-V2 was positivein 15 MIS-C
patients (60%) and in al of those in the control group.
IgM antibodies were positive in seven MIS-C patients
(28%) and six controls (8%), while 1gG antibodies were
positive in 24 MIS-C patients (96%) and 22 controls
(29%). In one MIS-C patient with a history of close
contact with COVID-19 one month previously, both the
PCR and antibody test were negative. All M1S-C patients
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received 1VIG, associated with steroids in 15 (60%).
Median (IQR) length of hospital stay was 10 days (9-12)
incasesvs8(4-11) daysin controls (P=0.006) (Tablell).

Multivariatelogistic regression analysisrevealed that
age >2 years (OR 24.71; 95%CI,1.03-592.42), lympho-
penia (OR 9.03; 95% ClI, 2.05-39.70), and thrombo-
cytopenia (OR 11.73; 95%Cl, 1.88-75.22) at diagnosis
were significantly associated with MIS-C. Presence of
underlying diseases (OR 0.06; 95%CI, 0.01-0.30) seems
toreducethe probability of developingMIS-C.

DISCUSSION

In our series all MIS-C patients were older than 2 years,
which isin agreement with previous finding that MI1S-C
does not affect infants younger than 1 year [1-8].
Potential age-related variability among MIS-C patients
may result from differences in SARS-CoV-2 infection
due to the likelihood of exposure or to differential nasal
expression of angiotensin-converting enzyme 2, theentry
receptor for SARS-CoV-2[2-6]. Inequalitiesin accessto
health care, genetics-related risks, or overcrowding might
be lines for future research. In our study, living with a
person with COVID-19 and overcrowded living condi-
tions were significantly associated with MIS-C in uni-
variateanalysis.

Several studies evaluating patients with MIS-C have
found high rates of comorbidities[8,13,14]. In our series
comorbidities were less frequently observed in MIS-C
patients than in controls. A recent meta-analysis
concluded that cancer patients undergoing treatment were
not at ahigher risk of devel oping more severe COVID-19
disease; however, the role of comorbidities in patients
with COVID-19 needs further exploration [15]. Most
MIS-C patients had a previous or concurrent laboratory-
confirmed SARS-CoV-2 infection, supporting the

Tablell
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hypothesis that MIS-C is an immune-mediated post-
infectious synd-rome related to SARS-CoV-2 infection
[6-11]. In our series, gastrointestinal symptoms were
more frequent in MI1S-C patients than in controls. Fever
was observed in all MI1S-C patientsbut not in all controls
[8]. Similar to other series, shock and acute heart failure
were more frequent in MIS-C patients than in controls
[23].

MIS-C is associated with heart complications and
inflammatory disorders triggered by SARS-CoV-2 with
features similar to KD suggesting that this virus might be
acting as an immunological trigger causing similar
immune- mediated injury to the heart and coronary arteries
comparable to KD [13]. Cardiovascular involvement was
common in our MIS-C patients but not seen in any of the
controls.

Low lymphocyte count, associated with poor
outcome, was more common in MIS-C patients than in
controls [14]. Levels of acute-phase reactants (CRP and
PCT), may be highin patientswith MIS-C [5,8]. Similar
to other studies, all MIS-C patients received IVIG and
combination with steroids in some of them [8]. As in
previous studies on COVID-19 in children, 1CU
admission wasmorefrequent in MIS-C patients[7-8], but
no deathswerereported.

Inconclusion SARS-CoV-2 associated MIS-C was
more common in children older than 2 years and in those
with lymphopenia or thrombocytopenia. The presence of
underlying diseases seems to decrease the likehood to
develop MIS-C; however, further studies are needed to
confirm this observation and rule out that it was an
incidental association in thisstudy.

Ethics clearence: Hospital Juan P Garrahan; No. 1294, dated
October 11, 2020.

Laboratory Characteristicsof Children With SARS-CoV-2 I nfection With and Without M1S-C at Hospital Admission

Variable MIS-C, n=25 (%)

Controls, n=75 (%) OR(Cl 95%)

White cellscount? 10650 (6800-13680)

Lymphopenia 15(60)

Platelets count/L2 197000 (137000-246000)
Thrombocytopenia 8(32)

C-reactive protein, mg/L2 139.9 (122-248.5)
Abnormal liver enzymes 3(12)

SARS-CoV-2 PCR 15 (60)

IgM SARS-CoV-2 7(28)

1gG SARS-CoV-2 24,(96)

6840 (4350-10830) -

14(19) 48(1.77-13.1)
294000 (210000-375000) -
4(5) 8.3(2.24-31)
2.94(0.77-22.8) -
5(7) 1.9(0.3-10.7)
75 (100) -
6(8) 4.47 (1.1-18.0)
22(29) 57.8 (8.1-2410.2)

Values in no. (%) or 8median (IQR). Lymphopenia-lymphocyte count <1000/mm?3 on admission; Thrombocytopenia: platelet count <150000/mmn.
MIS-C -multisystem inflammatory syndrome associated with SARS-CoV-2 in children; PCR -polymerase chain reaction.
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thrombocytopenia.

WHAT THIS STUDY ADDS?

In Argentina, MIS-C was more common in children older than two years and those with lymphopenia or

Presence of underlying diseases seems to decrease the likelihood to develop MIS-C.
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