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O N Ul e W N e

Abstract: Multisystem inflammatory syndrome in children (MIS-C) is a pediatric hyperinflammatory
syndrome related to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection whose
epidemiology is not very well known at present. The objective of the study was to better understand
the incidence of MIS-C in the Apulia region in southern Italy. Our primary goal was to estimate
the incidence of newly identified cases of MIS-C in children aged 0-18 years, during a period of six
months, encompassing the second pandemic wave. We also analyzed the characteristics of our cohort
in terms of clinical features, treatment, and outcomes. The cumulative incidence of MIS-C was 3.27
per 100,000 residents between 0 and 18 years of age. In our cohort, gastrointestinal, mucocutaneous,
and cardiac involvement were the most common clinical features. With our step-up approach to
therapy, no patients required intensive care unit (ICU) admission and no cardiac sequelae after
6 months of onset were found in echocardiograms. Conclusion: Our epidemiological study of MIS-C
in southern Italy showed unexpectedly overlapping figures with other US studies.

Keywords: children; MIS-C; COVID-19; incidence; epidemiology

1. Introduction

Incidence of the novel virus called SARS-CoV-2 has rapidly increased around the
world since late 2019. In February 2020, the World Health Organization (WHO) called the
disease resulting from its infection coronavirus disease 2019 (COVID-19) [1]. Most children
and adolescents with COVID-19 experience an asymptomatic or mild disease course [2].
Nonetheless, in late April 2020, soon after the first wave of SARS-CoV-2 infections in Italy,
there was an unusual peak in children presenting with a severe systemic inflammatory
disease resembling Kawasaki Disease (KD) who required hospitalization [2]. The first
cases were published soon after by Verdoni [3]. In the following weeks, a Kawasaki-
like disease began to be reported in some pediatric patients with a history of COVID-
19 worldwide [4-6]. This condition is now called multisystem inflammatory syndrome
in children (MIS-C) [1,2,6-9]. It is characterized by hyperinflammatory and multiple
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organ involvement and usually occurs 2-6 weeks after the acute phase of SARS-CoV-2
infection [1,2,6-9].

MIS-C has some overlapping findings with KD, with a range of clinical features in-
cluding mucocutaneous, pulmonary, gastrointestinal, neurological, and cardiovascular
symptoms. Unlike KD, however, MIS-C has been suggested to predominantly affect adoles-
cents and children older than five years of age and to be associated more frequently with
gastrointestinal involvement and myocarditis [1,2,6-10]. In fact, gastrointestinal symptoms
such as abdominal pain, vomiting, and diarrhea are the predominant clinical manifestation
in MIS-C patients and were found in 70-90% of cases [6,9-18]. Cardiac involvement was
found in 35-80% of patients, and the combined prevalence of myocarditis or pericardi-
tis was 34.3% [6,9,19]. The incidence of coronary artery dilatation varied between 10%
and 48% in different reports [15,20,21]. Mucocutaneous signs were similar to those ob-
served in KD [9,14,16,22-24]. The neurological manifestations, from mild symptoms such
as headache or transient impairment of consciousness to severe manifestations such as
seizures or aseptic meningoencephalitis, have also been described with a variable incidence
from 11% to 67% [25,26]. Many patients presented hypotension and shock that frequently
required intensive care. [6,9,11-17]. Another severe complication in MIS-C patients was rep-
resented by macrophage activation syndrome (MAS). It was present in 15-25% [16,27,28],
according to the international diagnostic criteria for MAS for rheumatic disease [27].

Due to the overlap with commonly observed features of KD, patients with MIS-C are
currently treated based on KD therapy protocols. The American College of Rheumatology
(ACR) has provided clinical practice guidelines for the laboratory workup and management
of patients with suspected MIS-C [29]. High-dose intravenous immunoglobulin (IVIG)
at 2 g/kg and intravenous corticosteroids at 2 mg/kg/day, in divided doses, have been
recommended as the starting treatment. Steroids have been shown to have a favorable
effect in MIS-C patients compared to IVIG monotherapy [30,31]. Patients were also started
on low-dose aspirin (3-5 mg/kg, max 100 mg daily). For MIS-C with significant left
ventricular dysfunction evidenced by Ejection Fraction (EF) < 55%, anticoagulation with
low molecular weight heparin (LMWH) is usually considered [29,32]. Patients with severe
clinical presentation (significant cardiovascular involvement, evidence of MAS) have been
treated with high-dose methylprednisolone (30 mg/kg/day, max 1000 mg per dose, for
three consecutive days) followed by sparing dose (2 mg/kg/day in divided doses) [10].
The use of anakinra, an IL-1 receptor antagonist, has been indicated by ACR in cases of
refractory MIS-C despite IVIG and steroids, or in case of severe myocarditis or MAS [29,32].
Many papers have shown the efficacy of anakinra in MIS-C patients [33-35]. Nevertheless,
due to the severe inflammation, higher doses of intravenous anakinra (>4 mg/kg/day,
up to 10 mg/kg/day, in divided doses) are usually considered, particularly when there is
evidence of MAS or a severe systemic involvement [29,33,34]. A significant proportion of
patients required intensive care (31-85%), and some of them needed mechanical ventilation
and extracorporeal membrane oxygenation [9,14,16,36]. Patients can deteriorate quickly,
requiring cardiac or respiratory support, with poor prognosis related to the involvement of
the cardiovascular system accompanied by systemic inflammation, severe cardiac disease,
shock, disease of the coronary arteries, and/or MAS [37]. A mortality rate of 1-5% was
reported [36,37].

Very few studies have analyzed the incidence of MIS-C to date. Most of these studies
come from the United States (US) and largely reflect North America’s racial and environ-
mental backgrounds [9,38,39]. The median age in these studies is 7.3-10.8 years old, and
55% of patients were male [40,41]. Many of the studies reported a higher incidence of
MIS-C in Hispanic, African, or Latino—American subjects [9,38-41]. About 23% of patients
had comorbidities, and obesity /overweight was the most frequent, followed by cardiac
and respiratory features [41]. During the period between 1 March and 10 May 2020, an
incidence of two cases per 100,000 subjects under 21 years old was reported in the state
of New York [9]. In another survey, conducted by Lee in New York City, the incidence
of MIS-C was 11.4 per 100,000 patients under 20 years of age during the period between
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1 March and 30 June 2020 [38]. In a further study published by Payne in a cohort of 248
patients with MIS-C in the period between 1 April and 30 June 2020, an incidence of 5.1 per
1,000,000 person/month was estimated. In the same paper, a prevalence of 316 cases per
1,000,000 SARS-CoV-2 infections in persons younger than 21 years was calculated [39]. In
another study, conducted in Cape Town, South Africa, a prevalence of 22 cases of MIS-C
per 100,000 SARS-CoV-2 infections in children younger than 14 years was found [42]. Since
the first descriptions, the incidence of MIS-C has been decreasing over time [43]. Data on
the incidence of MIS-C in Europe are missing. Epidemiological data are only present in the
United Kingdom (UK) and only include patients under 15 years of age.

The purpose of this study was to estimate the Incidence of MIS-C in Apulia, a geograph-
ical region located in southern Italy with a population of about four million, evaluating
newly identified cases of MIS-C in children 0-18 years of age during the second wave of
the pandemic. We also calculated the prevalence of children with previous SARS-CoV-2
infection who developed MIS-C and the cumulative incidence per 100,000 residents, dis-
tributed according to four age groups, <5, 6-10, 11-15, 16-18 years, and the incidence rate
of MIS-C in terms of cases/month/year. We also described the characteristics of our MIS-C
cohort in terms of clinical features, treatment, and outcome.

2. Materials and Methods
2.1. Study Design

An observatory network for all the pediatric departments in Apulia was established
in October 2020. Data from all cases of MIS-C observed in patients between 0 and 18 years,
hospitalized in all regional pediatric departments, over a period of six months spanning
from 1 November 2020 to 30 April 2021, were collected. All children diagnosed as having
MIS-C in accordance with the criteria developed by the World Health Organization (WHO)
were included in the study (Table 1) [44].

Table 1. WHO criteria for diagnosis of MIS-C.

Evidence of SARS-CoV-2

Organ Involvement Inflammatory Markers Infection

Mucocutaneous
(rash or mucocutaneous
inflammation signs) or Erythrocyte sedimentation Oronasal swab-PCR (RT-PCR),
Conjunctivitis rate (ESR) antigen test
(bilateral nonpurulent)

Hypotension or Shock

Cardiac (features of
myocardial dysfunction,
pericarditis, valvulitis, or
coronary abnormalities, C-reactive protein (CRP) Serology
including ECHO findings or
elevated
Troponin/NT-proBNP)

Coagulopathy
(PT, PTT, elevated D-Dimers)

Contact with patients with

Acute gastrointestinal Procalcitonin COVID-19

symptoms
(diarrhea, vomiting, or
abdominal pain)

MIS-C diagnosis was made according to the presence of fever for 3 days or more, plus at least two of the organs
involved, plus the elevation of inflammatory markers and evidence of COVID-19 infection (RT-PCR, antigen test
or serology positive or possible contact with patients with COVID-19).
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2.2. Statistical Analysis

The collected data were analyzed using STATA MP17 software. Continuous vari-
ables were expressed as mean =+ standard deviation and range, categorical variables as
proportions. The data source was the “Infections Regional Informative System” (IRIS)-
Apulia. This is a very rigorous regional informative system that collects all positive cases
of SARS-CoV-2. Cases are inserted by all public health system workers who perform and
test positive for COVID-19. The number of residents aged 0-18 years in Apulia relating
to the 2020-2021 data was obtained from the Italian National Statistics Institute (ISTAT)
registry. The prevalence was calculated by dividing the number of MIS-C patients by the
total individuals 0-18 years at risk of the disease (confirmed SARS-CoV-2 infection).

3. Results

During the reporting period, 22 new cases of MIS-C were admitted to five community
pediatric departments in Apulia (Bari, Brindisi, Foggia, Lecce, and Taranto). These are
reference hospitals for the region, which generally collect the most complex cases for
all pediatric pathologies. Therefore, the diagnoses were made in these departments by
pediatricians with great experience in the management of patients with Kawasaki disease
and other systemic vasculitis. All the cases were Caucasians and there was a higher
prevalence in males (14 boys and 8 girls—M/F ratio: 1.7). The median age was 7.54 years
(IQR 2.60-12.80). Comorbidities such as obesity/overweight were present in 5 out 22 of
patients (23%). Nasopharyngeal swabs and serological tests for SARS-CoV-2 gave positive
results during hospitalization in 1/22 and 22 /22 of patients, respectively. The cumulative
incidence of MIS-C was 3.27 per 100,000 residents between 0 and 18 years of age (Table 2).

Table 2. Cumulative incidence of MIS-C by age group.

Cumulative Incidence

Age Group, y Number of Cases (x100,000 residents
0-18 years)
<5 9 5.02
6-10 10 5.67
11-15 3 1.56
16-18 0 0.00
0-18 22 3.27

The number of children 0-18 years with SARS-CoV-2 infection confirmed by nasopha-
ryngeal swab during the six-month period was 29,585, and the prevalence of MIS-C among
pediatric subjects with previous SARS-CoV-2 infection was 0.07%. We also evaluated the
incidence according to four age groups: <5 years, 6-10 years, 11-15 years, and 16-18 years
(Table 2). The most affected age group was 6-10 years, with a cumulative incidence of 5.67
per 100,000 residents aged 0-18 years. Finally, in our cohort, no cases of MIS-C between
16 and 18 years were recorded (Table 2). Most newly diagnosed cases of MIS-C followed
the peak in SARS-CoV-2 infections after 2-6 weeks, and a notably greater number of cases
was recorded in December 2020 and between late February and early April 2021, with a
higher incidence rate per month, expressed in cases/month/year, being recorded in March
2021 (Figure 1). In particular, the incidence rate of MIS-C in the population between 0 and
18 years per 100,000 residents was 0.15 cases in November 2020, 0.6 cases in December 2020,
0.3 cases in January 2021, 0.6 cases in February 2021, 0.89 cases in March 2021, and 0.6 cases
in April 2021 (Figure 1).
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Figure 1. Incidence rate per month (<100 000 residents 0-18 years) of MIS-C.

Gastrointestinal involvement with abdominal pains was the most frequent organ
involvement (19/22, 86%). Of these patients, 12/19 had diarrhea, 4/19 had pancreatitis,
2/19 peritonitis, and 1/19 had paralytic ileus. In our cohort, abdominal imaging showed
peritoneal effusion in 8 out 19 patients and, more frequently, wall-thickening of the in-
testinal tract, in 11 out 19 patients. Cardiovascular involvement was present in 18 out
22 patients (81.8%). Signs of myocarditis with an increase in troponin and brain natriuretic
peptide (pro-BNP) were present in half of patients (11/22). A coronary artery ectasia was
observedin four patients. Pericarditis and endocarditis were present in 8 out 22 and 4
out 22 patients, respectively. The involvement of other organs, in order of frequency, was
as follows: conjunctivitis (18/22), mucositis (18/22), rash (17/22), neurological (7/22),
respiratory (5/22), capillary leak syndrome (5/22), macrophage activation syndrome (MAS)
(5/22) (Table 3). After characterizing the laboratory findings, lymphopenia (<1000 mmc)
and thrombocytopenia (<110.000 mmc) were found to be present in 13 out 22 and 8 out
22 patients, respectively. Hyperferritinemia(>500 ng/mL) and hypoalbuminemia (25 g/L)
were also present in 11 out 22 and 5 out 22 patients, respectively (Table 3). All patients re-
ceived one dose of 2 g/kg (max 80 gr) of intravenous immunoglobulin (IVIG), but only two
patients (9%) had a rapid and satisfactory response. The remaining 20 patients were also
treated with steroids. Six nonresponder IVIG patients (27%) with noncomplicated organ
involvement started with low-dose intravenous (IV) methylprednisolone (2 mg/kg/day)
and then tapered using oral prednisone. Fourteen patients (63%) showing the presence
of myocarditis, aseptic meningoencephalitis, shock, or MAS, received high-dose methyl-
prednisolone at a dose of 30 mg/kg/day, with a maximum (max) 1000 mg per dose for
three consecutive days, and were then tapered with low-dose IV methylprednisolone and
oral prednisone. Of this latter group, in five patients (23%) with severe cardiac involve-
ment (EF < 55%) and/or MAS, treatment with endovenous anakinra at a dose of 2 mg/kg
(max 100 mg) four times/day was also started. In these patients, after achieving control
of the disease with normalization of CRP, ferritin, and signs of myocarditis, anakinra was
reduced by one dose every 3 days until discontinuation. All patients were treated with oral
aspirin (ASA) at 5 mg/kg (max 100 mg/day). Subcutaneous LMWH with enoxaparin at
100 unit/Kg/day was started for thromboprophylaxis before ASA in patients with severe
organ involvement or elevated D-dimer levels (13/22) (Table 3). All children completely
recovered with this step-up approach to therapy and no patients required pediatric inten-
sive care unit (PICU) admission. Upon discharge, 5 out 22 (23%) presented with residual
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cardiac involvement (one with mild right coronary ectasia, two with mitral insufficiency,
one with aortic insufficiency, and one with mild pericardial effusion). In the follow-up visit,
at 8 weeks from onset, all residual cardiac abnormalities were resolved, and ASA therapy
was stopped for all patients. No cardiac sequelae were found in echocardiogram 6 months
after onset (Table 3).

Table 3. Characteristics of our MIS-C cohort in terms of clinical features, laboratory findings, treat-
ment, outcome, and comorbidities.

Organ Involvement n. Pts (Tot. 22) %
Gastrointestinal 19 87
Cardiovascular 18 82
Conjunctivitis 18 82
Mucositis 18 82
Rash 17 77
Myocarditis 11 50
Pericarditis 8 36
Endocarditis 4 18
Neurological 7 32
Respiratory 5 23
MAS 5 23
Laboratory findings

Lymphopenia (<1000 mmc) 13 59
Thrombocytopenia (<110.000 mmc) 8 36
Hyperferritinemia (>500 ng/mL) 5 23
Hypoalbuminemia (25 g/L) 11 50
Treatment

IVIG 2 g/kg (max 80 gr) 22 100
Low-dose methylprednisolone (2 mg/kg/day) 6 27
High-dose methylprednisolone 14 64
(30 mg/kg/day x 3 days)

Anakinra 2 mg/kg (max 100 mg) x 4 times/day 5 23
Aspirin 5 mg/kg (max 100 mg/day) 22 100
Enoxaparin 13 59
Outcome

Upondischarge 5 23
After 8 weeks from onset 0 0

After 6 months from onset 0 0

Comorbidity

Obesity /overweight 5 23

4. Discussion
4.1. Epidemiological Data

Our study showed unexpectedly overlapping figures with some studies conducted in
the US. In fact, our data displayed a very similar trend of MIS-C incidence in Italy to that
published by Dufort in the US, which also showed a higher cumulative incidence in the age
group 6-10 years [9]. In our cohort, we could not evaluate the role of racial factors because
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all the children enrolled were Caucasian. Regarding the sex ratio, according to previously
published data, a higher prevalence was also found in males (63.63%). The median age
of our cohort was 7.54 years, in the lower end of the reported range (7.3-10.8 years) for
MIS-C [4,19,37], although this was older compared to the published range for Kawasaki
Disease, which is mainly shown to affect children aged less than 5 years [1,2]. Moreover,
in our study, about 1 in every 1400 children who had contracted COVID-19 was at risk of
developing MIS-C. In fact, the number of children 0-18 years with confirmed SARS-CoV-2
infection during the six months considered was 29,585, and the prevalence of MIS-C among
pediatric subjects with previous SARS-CoV-2 infection was 0.07%, with a total of 74 cases
per 100,000 younger than 18 years. However, due to the frequent presence of asymptomatic
infections in childhood, these data are certainly overestimated. Furthermore, as already
widely reported in the literature, in our cohort, MIS-C also occurred 2—-6 weeks after COVID-
19 infection and its recrudescence followed the peak in positivity for SARS-CoV-2, with a
peculiar concordance with both epidemic curves (Figure 2) [39].

Figure 2 illustrates the epicurve of the COVID-19 cases (Figure 2A) using 7 day moving
averages, contrasted with that of the MIS-C cases (Figure 2B) in the Apulian population
0-18 years. Figure 2B shows three peaks for MIS-C in December 2020, late February—early
March 2021, and April 2021. The first two peaks followed those due to the COVID-19
pandemic by 2-6 weeks. The third peak seems to follow the peak in the COVID-19
pandemic in Apulia. As illustrated in Figure 2B, the first MIS-C peak (December 2020) was
primarily due to the first phase of the second pandemic wave, which started in our region
in late October 2020 and continued in November 2020 (Figure 2A). Instead, the second
MIS-C peak (late February—early March 2021, Figure 2B) was due to the rebound wave of
COVID-19 cases that occurred after the Christmas period (Figure 2A). In contrast, the third
MIS-C peak (April 2021, Figure 2B) followed the rise in the curve of COVID-19 cases in the
Apulian population aged 0-18 years in March 2021 (Figure 2A).

350

Daily pediatric COVID-19 cases (7-d moving averages)

Date of onset

(A)

Figure 2. Cont.
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Figure 2. Curves of moving average of COVID-19 cases after 7 days (red line) in Apulian population
0-18 years (A) and curves of moving average of MIS-C cases after 7 days (green line) in Apulian
population 0-18 years (B).

4.2. Characteristics of MIS-Cohort (Clinical Features, Treatment, and Outcome)

The clinical features of MIS-C observed in our patients showed the similarities and
differences between MIS-C and Kawasaki Disease outlined in the literature. Common
clinical features in our cohort were conjunctivitis and mucocutaneous signs, similar to
KD. Gastrointestinal and cardiac involvement with myocarditis were also frequent in
our population and are known to be less common in KD [2,10,21]. In fact, gastrointestinal
system with abdominal pains was the most frequent organ involved (87%), with a published
prevalence of 70-90% [6,9,10,19]. More than half of patients (54%) had diarrhea, 18% had
pancreatitis, 9% had peritonitis, and one patient (4,5%) had paralytic ileus. It is noteworthy
that pancreatitis, confirmed by an evident increase in lipase (>1000 U/L), is not as rare an
event as it is considered in the literature, because it was present in almost 1/5 of patients [18].
Wall-thickening of intestinal tract, as determined by ultrasound, was present in half of
the patients. Cardiovascular involvement was evaluated in 82%. Signs of myocarditis
were present in 50% of cases with an increase in pro-BNP (>1000 pg/mL, normal range
0-125) in all of these patients and, in 7 out 11, this was above 10,000 pg/mL. An increase in
troponin (>500 pg/mL, normal range 0-70) was present in 4 out 11 patients. A reduction
in left ventricular ejection fraction (LVEF) of 55-50% was present in 3 out 11 patients,
but this was rapidly responsive to anakinra treatment in all cases. In fact, in our cohort,
there was a similar prevalence of myocarditis compared to the published data [6,9,10,19],
but the early combined approach adopted in these cases, with high doses of steroids and
anakinra, reduced the percentage of patients with LVEF to below 55% and reduced the
need for PICU admission [36,37]. The prevalence of coronary artery involvement was
in line with other reports [17,22,23]. In fact, coronary artery ectasia was observed in 4
out 22 patients (18%) and, in all cases, the right coronary artery was involved. In our
cohort, the prevalence of pericarditis (36%) and endocarditis (18%) was also similar to
the other reports [19,22]. Coagulopathy, thrombocytopenia, and lymphopenia were more
frequent in MIS-C than in KD [2,10,21]. Neurological involvement was present in 32%,
as described in the literature (11-67%) [25,26]. All of these patients presented headache
and, in 4 out 7, signs of aseptic meningoencephalitis with transient impairment of the
consciousness and rigor nucalis were present. In these cases, there were also signs of
myocarditis and an early combined approach was started, with high doses of steroids and
anakinra treatment, resulting in a progressive improvement in the neurological picture
up to regression. In our cohort, the prompt step-up treatment with IVIG, steroids, and
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anakinra depending on the organ involvement or response to therapy, contributed to
the good outcomes in term of PICU admission and long-term cardiac sequelae. This is
unlike KD, where steroids or anakinra are only used in refractory cases [2]. As such, the
proportion of steroid use (86.3%) was higher in our cohort compared to the data reported
(range 49-63%) [10,21]. The American College of Rheumatology (ACR) recommends a
stepwise approach to the immunomodulatory treatment of MIS-C, with IVIG and moderate
to high doses of glucocorticoids [29]. Observational studies have shown that starting
therapy with IVIG plus corticosteroids was associated with a more favorable course of fever
and less risk of heart dysfunction compared to IVIG alone, while their timely administration
can prevent progression and the need for admission to intensive care [30,40,41]. The
use of anakinra is recommended by ACR in cases of refractory MIS-C despite IVIG and
steroids [29], but with our management strategy, the outcomes of our series were favorable,
with no PICU admission cases (versus the reported range of 31-85%) [9,14,16,36], and no
cardiac sequelae were seen with echocardiograms after 6 months from onset. In fact, even
if, upon discharge, 5 out 22 (23%) patients presented with residual cardiac involvement
(one mild right coronary ectasia, two mitral and one aortic regurgitation, and one mild
pericardial effusion) in the follow-up visit 8 weeks after onset, all abnormalities were
resolved. These data confirm that a prompt and aggressive treatment with a high dose
of steroids and anakinra in severe MIS-C patients with myocarditis, meningoencephalitis,
shock, or MAS can modify the outcome in these patients [45-47].

4.3. Strengths and Limitations of the Study

The strength of our study was the creation of a network among all the pediatric
departments in a well-defined geographical region, which allowed us to catch all cases
of MIS-C that occurred in the examined period. This makes our epidemiological data as
accurate as possible and confirms the trends of the US data in Europe. One limit of our
survey is the small sample size. It is also limited by being a retrospective study, although
the data were prospectively inserted from our network.

5. Conclusions

As far as we know, our work represents one of the first epidemiological studies of
MIS-C in Europe, showing overlapping data with US studies. The cumulative incidence of
3.27 per 100,000 residents and prevalence of 74 cases per 100,000 pediatric subjects with
previous SARS-CoV-2, between 0 and 18 years of age, were similar to those in other data
described in the literature for the same period. Moreover, in our cohort, the prevalence
of clinical features and laboratory findings are in line with the published data, showing a
higher prevalence of gastrointestinal and cardiac involvement with myocarditis compared
to Kawasaki disease. Early diagnosis and step-up treatment with IVIG, steroids, and
anakinra depending on the organ involvement or response to therapy, contributed to the
good outcomes achieved for our patients: no patient died, no patient was admitted to the
PICU, and no cardiac sequelae were seen in echocardiograms taken 8 weeks from onset.

Author Contributions: Conceptualization, FL.T., M.PE., V.A.M. and E.C.; methodology, EL.T., M.PE.,
and EC.; formal analysis, EL.T., M.PE., M.C. and D.L,; investigation, EL.T., M.PE., VAM., A.C.
(Angelo Campanozzi), EM., A.C. (Adele Civino), V.C., U.V,, M.G. and L.M.; resources, M.P.E. and
V.AM,; data curation, EL.T., M.PE., M.C., D.L. and E.C.; writing—original draft preparation, FL.T.,
M.PE., VAM.,, and EC; writing—review and editing, FL.T., M.C., D.L,U.V,, LM., M.G. and EC.;
supervision, EL.T. and EC.; project administration, EL.T., M.PE. and EC.; All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Bari, Italy (protocol code 6403,
approval date: 27 May 2020).



Children 2023, 10, 766 10 of 12

Informed Consent Statement: Informed consent was obtained from parents or legal guardians of all
subjects involved in the study.

Data Availability Statement: The data analyzed during the current study are available from the
corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

Radia, T.; Williams, N.; Agrawal, P.; Harman, K.; Weale, ].; Cook, J.; Gupta, A. Multi-system inflammatory syndrome in children
& adolescents (MIS-C): A systematic review of clinical features and presentation. Paediatr. Respir. Rev. 2021, 38, 51-57. [CrossRef]
[PubMed]

Cattalini, M.; della Paolera, S.; Zunica, F.; Bracaglia, C.; Giangreco, M.; Verdoni, L.; Meini, A.; Sottile, R.; Caorsi, R.; Zuccotti, G.;
et al. Defining Kawasaki Disease and Pediatric Inflammatory Multisystem Syndrome-Temporally Associated to SARS-CoV-2
Infectionduring SARS-CoV-2 Epidemic in Italy: Results from a National, Multicenter Survey. Pediatr. Rheumatol. 2021, 19, 29.
[CrossRef] [PubMed]

Verdoni, L.; Mazza, A.; Gervasoni, A.; Martelli, L.; Ruggeri, M.; Ciuffreda, M.; Bonanomi, E.; D’Antiga, L. An Outbreak of Severe
Kawasaki-like Diseaseat the ItalianEpicentre of the SARS-CoV-2 Epidemic: An ObservationalCohort Study. Lancet 2020, 295,
1771-1778. [CrossRef]

Moraleda, C.; Serna-Pascual, M.; Soriano-Arandes, A.; Simé, S.; Epalza, C.; Santos, M.; Grasa, C.; Rodriguez, M.; Soto, B.; Gallego,
N.; et al. Multi-Inflammatory Syndrome in Children Related to SARS-CoV-2 in Spain. Clin. Infect. Dis. 2020, 72, e397-e401.
[CrossRef]

Kaushik, S.; Aydin, S.I.; Derespina, K.R.; Bansal, P.B.; Kowalsky, S.; Trachtman, R.; Gillen, ] K.; Perez, M.M.; Soshnick, S.H.;
Conway, E.E.; et al. Multisystem Inflammatory Syndrome in Children (MIS-C) Associated with SARS-CoV-2 Infection: A
Multi-Institutional Study from New York City. J. Pediatr. 2020, 224, 24-29. [CrossRef] [PubMed]

Feldstein, L.R.; Rose, E.B.; Horwitz, S.M.; Collins, ].P.; Newhams, M.M.; Son, M.B.F.; Newburger, ].W.; Kleinman, L.C.; Heidemann,
S.M.; Martin, A.A.; et al. Multisystem Inflammatory Syndrome in U.S. Children and Adolescents. N. Engl. ]. Med. 2020, 383,
334-346. [CrossRef]

Rafferty, M.S.; Burrows, H.; Joseph, ].P.; Leveille, J.; Nihtianova, S.; Amirian, E.S. Multisystem inflammatory syndrome in children
(MIS-C) and the coronavirus pandemic: Current knowledge and implications for public health. J. Infect. Public. Health 2021, 14,
484-494. [CrossRef]

Nakra, N.A.; Blumberg, D.A.; Herrera-Guerra, A.; Lakshminrusimha, S. Multi-System Inflammatory Syndrome in Children (MIS-
C) Following SARS-CoV-2 Infection: Review of Clinical Presentation, Hypothetical Pathogenesis, and Proposed Management.
Children 2020, 7, 69. [CrossRef]

Dufort, EM.; Koumans, E.H.; Chow, E.J.; Rosenthal, E.M.; Muse, A.; Rowlands, J.; Barranco, M.A.; Maxted, A.M.; Rosenberg,
E.S.; Easton, D.; et al. Multisystem Inflammatory Syndrome in Children in New York State. N. Engl. |. Med. 2020, 383, 347-358.
[CrossRef]

Patel, ].M. Multisystem Inflammatory Syndrome in Children (MIS-C). Curr. Allergy Asthma Rep. 2022, 22, 53-60. [CrossRef]
Santos, M.O.; Gongalves, L.C.; Silva, PA.N.; Moreira, A.L.E.; Ito, CR.M.; Peixoto, F.A.O.; Wastowski, L.].; Carneiro, L.C.; Avelino,
M.A.G. Multisystem inflammatory syndrome (MIS-C): A systematic review and meta-analysis of clinical characteristics, treatment,
and outcomes. J. Pediatr. 2022, 98, 338-349. [CrossRef] [PubMed]

Dionne, A.; Son, M.B.E,; Randolph, A.G. An update on multisystem inflammatory syndrome in children related to SARS-CoV-2.
Pediatr. Infect. Dis. |. 2022, 41, e6—€9. [CrossRef] [PubMed]

Sozeri, B.; Caglayan, S.; Atasayan, V.; Ulu, K.; Coskuner, T.; Pelin Akbay, 0.; Hasbal Akkus, C.; Atay, G.; Saly, E.; Karacan, M.; et al.
The clinical course and short-term health outcomes of multisystem inflammatory syndrome in children in the single pediatric
rheumatology center. Postgrad. Med. 2021, 133, 994-1000. [CrossRef] [PubMed]

Levy, N.; Koppel, ].H.; Kaplan, O.; Yechiam, H.; Shahar-Nissan, K.; Cohen, N.K; Shavit, I. Severity and incidence of multisystem
inflammatory syndrome in children during 3 SARS-CoV-2 pandemic waves in Israel. JAMA 2022, 327, 2452-2454. [CrossRef]
Sharma, C.; Ganigara, M.; Galeotti, C.; Burns, J.; Berganza, EM.; Hayes, D.A.; Singh-Grewal, D.; Bharath, S.; Sajjan, S.; Bayry, J.
Multisystem inflammatory syndrome in children and Kawasaki disease: A critical comparison. Nat. Rev. Rheumatol. 2021, 17,
731-748. [CrossRef]

Acevedo, L.; Pifieres-Olave, B.E.; Nifio-Serna, L.F; Vega, L.M.; Gomez, I.].A; Chacén, S.; Jaramillo-Bustamante, J.C.; Mulett-Hoyos,
H.; Gonzalez-Pardo, O.; Zemanate, E.; et al. Mortality and clinical characteristics of multisystem inflammatory syndrome in
children (MISC) associated with covid-19 in critically ill patients: An observational multicenter study (MISCO study). BMC
Pediatr. 2021, 21, 516. [CrossRef]

Zhang, Q.Y.; Xu, BW,; Du, ].B. Similarities and differences between multiple inflammatory syndrome in children associated with
COVID-19 and Kawasaki disease: Clinical presentations, diagnosis, and treatment. World |. Pediatr. 2021, 17, 335-340. [CrossRef]
Bautista-Rodriguez, C.; Sanchez-de-Toledo, J.; Clark, B.C.; Herberg, J.; Bajolle, F.; Randanne, P.C.; Salas-Mera, D.; Foldvari, S.;
Chowdhury, D.; Munoz, R.; et al. Multisystem infammatory syndrome in children: An international survey. Pediatrics 2021, 147,
€2020024554. [CrossRef]


https://doi.org/10.1016/j.prrv.2020.08.001
https://www.ncbi.nlm.nih.gov/pubmed/32891582
https://doi.org/10.1186/s12969-021-00511-7
https://www.ncbi.nlm.nih.gov/pubmed/33726806
https://doi.org/10.1016/S0140-6736(20)31103-X
https://doi.org/10.1093/cid/ciaa1042
https://doi.org/10.1016/j.jpeds.2020.06.045
https://www.ncbi.nlm.nih.gov/pubmed/32553861
https://doi.org/10.1056/NEJMoa2021680
https://doi.org/10.1016/j.jiph.2021.01.008
https://doi.org/10.3390/children7070069
https://doi.org/10.1056/NEJMoa2021756
https://doi.org/10.1007/s11882-022-01031-4
https://doi.org/10.1016/j.jped.2021.08.006
https://www.ncbi.nlm.nih.gov/pubmed/34863701
https://doi.org/10.1097/INF.0000000000003393
https://www.ncbi.nlm.nih.gov/pubmed/34889873
https://doi.org/10.1080/00325481.2021.1987732
https://www.ncbi.nlm.nih.gov/pubmed/34605352
https://doi.org/10.1001/jama.2022.8025
https://doi.org/10.1038/s41584-021-00709-9
https://doi.org/10.1186/s12887-021-02974-9
https://doi.org/10.1007/s12519-021-00435-y
https://doi.org/10.1542/peds.2020-024554

Children 2023, 10, 766 11 0f12

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Arantes, M.A'E, Jr.; Conegundes, A.F.; Branco Miranda, B.C.; Radicchi Campos, A.S.R.; Franga Vieira, A.L.; Faleiro, M.D.; Campos,
M.A.; Kroon, E.G.; Bentes, A.A. Cardiac manifestations in children with the multisystem inflammatory syndrome (MIS-C)
associated with SARS-CoV-2 infection: Systematic review and meta-analysis. Rev. Med. Virol. 2023, 18, €2432. [CrossRef]

Dhar, D.; Dey, T.; Samim, M.M.; Padmanabha, H.; Chatterjee, A.; Naznin, P.; Chandra, S.R.; Mallesh, K.; Shah, R.; Siddiqui, S.;
et al. Systemic inflammatory syndrome in COVID-19- SISCoV study: Systematic review and meta-analysis. Pediatr. Res. 2022, 91,
1334-1339. [CrossRef]

Jone, PN.; John, A.; Oster, M.E.; Allen, K.; Tremoulet, A.H.; Saarel, E.V.; Lambert, L.M.; Miyamoto, S.D.; de Ferranti, S.D.
SARS-CoV-2 infection and associated cardiovascular manifestations and complications in children and young adults: A scientific
statement from the American Heart Association. Circulation 2022, 145, €1037—-e1052. [CrossRef] [PubMed]

Naka, F.; Melnick, L.; Gorelik, M.; Morel, K.D. A dermatologic perspective on multisystem inflammatory syndrome in children.
Clin. Dermatol. 2021, 39, 163-168. [CrossRef] [PubMed]

Jiang, L.; Tang, K.; Irfan, O.; Li, X,; Zhang, E.; Bhutta, Z. Epidemiology, clinical features, and outcomes of multisystem
inflammatory syndrome in children (MIS-C) and adolescents a live systematic review and meta-analysis. Curr. Pediatr. Rep. 2022,
10, 19-30. [CrossRef]

Brumfiel, C.M.; DiLorenzo, A.M.; Petronic-Rosic, V.M. Dermatologic manifestations of COVID-19-associated multisystem
inflammatory syndrome in children. Clin. Dermatol. 2021, 39, 329-333. [CrossRef] [PubMed]

Abdel-Mannan, O.; Eyre, M.; Lobel, U.; Bamford, A.; Eltze, C.; Hameed, B.; Hemingway, C.; Hacohen, Y. Neurologic and
Radiographic Findings Associated with COVID-19 Infection in Children. JAMA Neurol. 2020, 77, 1440-1445. [CrossRef] [PubMed]
Olivotto, S.; Basso, E.; Lavatelli, R.; Previtali, R.; Parenti, L.; Fiori, L.; Dilillo, D.; Zuccotti, G.V.; Veggiotti, P.; Bova, S.M. Acute
encephalitis in pediatric multisystem inflammatory syndrome associated with COVID-19. Eur. |. Paediatr. Neurol. 2021, 34, 84-90.
[CrossRef] [PubMed]

Ravelli, A.; Minoia, E; Davi, S.; Horne, A.; Bovis, E,; Pistorio, A.; Arico, M.; Avcin, T.; Behrens, E.M.; De Benedetti, F.; et al.
Classifcation criteria for macrophage activation syndrome complicating systemic juvenile idiopathic arthritis: A European
League Against Rheumatism/American College of Rheumatology /Paediatric Rheumatology International Trials Organisation
Collaborative Initiative. Arthritis Rheumatol. 2016, 68, 566-576. [CrossRef]

Buda, P; Strauss, E.; Januszkiewicz-Lewandowska, D.; Czerwinska, E.; Ludwikowska, K.; Szenborn, L.; Gowin, E.; Okarska-
Napierata, M.; Kuchar, E.; Ksia Zyk, J. Clinical characteristics of children with MIS-C fulfilling classification criteria for macrophage
activation syndrome. Front. Pediatr. 2022, 10, 981711. [CrossRef]

Henderson, L.A.; Canna, S.W.; Friedman, K.G.; Gorelik, M.; Lapidus, S.K.; Bassiri, H.; Behrens, E.M.; Kernan, K.E; Schulert,
G.S.; Seo, P; et al. American College of Rheumatology Clinical Guidance for Multisystem Inflammatory Syndrome in Children
Associated With SARS-CoV-2 and Hyperinflammation in Pediatric COVID-19: Version 3. Arthritis Rheumatol. 2022, 74, e1—e20.
[CrossRef]

Ouldali, N.; Toubiana, J.; Antona, D.; Javouhey, E.; Madhi, F,; Lorrot, M.; Léger, P.L.; Galeotti, C.; Claude, C.; Wiedemann, A_; et al.
Association of Intravenous Immunoglobulins Plus Methylpredni-solone vs Immunoglobulins Alone With Course of Fever in
Multisystem Inflammatory Syndrome in Children. JAMA 2020, 325, 855-864. [CrossRef]

Belhadjer, Z.; Auriau, J.; Méot, M.; Oualha, M.; Renolleau, S.; Houyel, L.; Bonnet, D. Addition of corticosteroids to immunoglobu-
lins is associated with recovery of cardiac function in multi-infammatory syndrome in children. Circulation 2020, 142, 2282-2284.
[CrossRef] [PubMed]

Cattalini, M.; Taddio, A.; Bracaglia, C.; Cimaz, R.; Paolera, S.D.; Filocamo, G.; La Torre, E; Lattanzi, B.; Marchesi, A.; Simonini, G.;
et al. Rheumatology Study Group of the Italian Society of Pediatrics. Childhood multisystem inflammatory syndrome associated
with COVID-19 (MIS-C): A diagnostic and treatment guidance from the Rheumatology Study Group of the Italian Society of
Pediatrics. Ital. |. Pediatr. 2021, 47, 24. [CrossRef] [PubMed]

La Torre, F.; Calabrese, G.; Signorile, K.; Bizzoco, F.; Mastrorilli, C.; Strippoli, A.; Amato, D.; Carella, F,; Vairo, U.; Giordano, P,;
et al. Efficacy of sildenafil and high-dose anakinra in an MIS-C patient with pulmonary vasculitis: A case report. Front. Pediatr.
2023, 10, 1015617. [CrossRef] [PubMed]

Della Paolera, S.; Valencic, E.; Piscianz, E.; Moressa, V.; Tommasini, A.; Sagredini, R.; Kiren, V.; Comar, M.; Taddio, A. Case Report:
Use of Anakinra in Multisystem Inflammatory Syndrome During COVID-19 Pandemic. Front. Pediatr. 2021, 8, 624248. [CrossRef]
[PubMed]

Brisca, G.; Olcese, C.; Derchi, M.E.; Trocchio, G.; Caorsi, R.; Moscatelli, A.; Gattorno, M. Efficacy of anakinra on rebound of
multisystem inflammatory syndrome. Pediatr. Int. 2022, 64, €15337. [CrossRef]

Abrams, J.Y.; Oster, M.E.; Godfred-Cato, S.E.; Bryant, B.; Datta, S.D.; Campbell, A.P; Leung, ] W.; Tsang, C.A.; Pierce, T,
Kennedy, J.L.; et al. Factors linked to severe outcomes in multisystem inflammatory syndrome in children (MIS-C) in the USA: A
retrospective surveillance study. Lancet Child. Adolesc. Health 2021, 5, 323-331. [CrossRef]

Ahmed, M.; Advani, S.; Moreira, A.; Zoretic, S.; Martinez, J.; Chorath, K.; Acosta, S.; Naqvi, R.; Burmeister-Morton, F; Burmeister,
F; et al. Multisystem infammatory syndrome in children: A systematic review. E. Clin. Med. 2020, 26, 100527. [CrossRef]

Lee, PY,; Day-Lewis, M.; Henderson, L.A.; Friedman, K.G.; Lo, J.; Roberts, J.E.; Lo, M.S,; Platt, C.D.; Chou, J.; Hoyt, K.J.; et al.
Distinct clinical and immunological features of SARS-CoV-2-induced multisystem inflammatory syndrome in children. J. Clin.
Invest. 2020, 130, 5942-5950. [CrossRef]


https://doi.org/10.1002/rmv.2432
https://doi.org/10.1038/s41390-021-01545-z
https://doi.org/10.1161/CIR.0000000000001064
https://www.ncbi.nlm.nih.gov/pubmed/35400169
https://doi.org/10.1016/j.clindermatol.2020.09.003
https://www.ncbi.nlm.nih.gov/pubmed/33972046
https://doi.org/10.1007/s40124-022-00264-1
https://doi.org/10.1016/j.clindermatol.2020.10.021
https://www.ncbi.nlm.nih.gov/pubmed/34272031
https://doi.org/10.1001/jamaneurol.2020.2687
https://www.ncbi.nlm.nih.gov/pubmed/32609336
https://doi.org/10.1016/j.ejpn.2021.07.010
https://www.ncbi.nlm.nih.gov/pubmed/34425479
https://doi.org/10.1002/art.39332
https://doi.org/10.3389/fped.2022.981711
https://doi.org/10.1002/art.42062
https://doi.org/10.1001/jama.2021.0694
https://doi.org/10.1161/CIRCULATIONAHA.120.050147
https://www.ncbi.nlm.nih.gov/pubmed/33112651
https://doi.org/10.1186/s13052-021-00980-2
https://www.ncbi.nlm.nih.gov/pubmed/33557873
https://doi.org/10.3389/fped.2022.1015617
https://www.ncbi.nlm.nih.gov/pubmed/36644405
https://doi.org/10.3389/fped.2020.624248
https://www.ncbi.nlm.nih.gov/pubmed/33708752
https://doi.org/10.1111/ped.15337
https://doi.org/10.1016/S2352-4642(21)00050-X
https://doi.org/10.1016/j.eclinm.2020.100527
https://doi.org/10.1172/JCI141113

Children 2023, 10, 766 12 0of 12

39.

40.

41.

42.

43.

44.

45.

46.

47.

Payne, A.B.; Gilani, Z.; Godfred-Cato, S.; Belay, E.D.; Feldstein, L.R.; Patel, M.M.; Randolph, A.G.; Newhams, M.; Thomas, D.;
Magleby, R.; et al. Incidence of Multisystem Inflammatory Syndrome in Children Among US Persons Infected With SARS-CoV-2.
JAMA Netw. Open. 2021, 4, e2116420. [CrossRef]

Yasuhara, J.; Watanabe, K.; Takagi, H.; Sumitomo, N.; Kuno, T. COVID-19 and multisystem in-flammatory syndrome in children:
A systematic review and meta-analysis. Pediatr. Pulmonol. 2021, 56, 837-848. [CrossRef]

Kaushik, A.; Gupta, S.; Sood, M.; Sharma, S.; Verma, S. A Systematic Review of Multisystem In-flammatory Syndrome in Children
Associated With SARS-CoV-2 Infection. Pediatr. Infect. Dis. ]. 2020, 39, e340-e346. [CrossRef] [PubMed]

Butters, C.; Abraham, D.R.; Stander, R.; Facey-Thomas, H.; Abrahams, D.; Faleye, A.; Allie, N.; Soni, K.; Rabie, H.; Scott, C.;
et al. The clinical features and estimated incidence of MIS-C in Cape Town, South Africa. BMC Pediatr. 2022, 22, 241. [CrossRef]
[PubMed]

CDC. Health Department-Reported Cases of Multisystem Inflammatory Syndrome in Children (MIS-C) in the United States.
COVID Data Tracker. 2020. Available online: https://covid.cdc.gov/covid-data-tracker/#mis-national-surveillance (accessed on
23 January 2023).

World Health Organization. Multisystem inflammatory syndrome in children and adolescents with COVID-19. 2020. Available
online: https:/ /www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescentswith-
covid-19 (accessed on 16 June 2020).

Belay, E.D.; Abrams, J.; Oster, M.E.; Giovanni, ].; Pierce, T.; Meng, L.; Prezzato, E.; Balachandran, N.; Openshaw, ].J.; Rosen, H.E.;
et al. Trends in Geographic and Temporal Distribution of US Children With Multisystem Inflammatory Syndrome during the
COVID-19 Pandemic. JAMA Pediatr. 2021, 175, 837-845. [CrossRef] [PubMed]

Son, M.B.E; Murray, N.; Friedman, K.; Young, C.C.; Newhams, M.M.; Feldstein, L.R.; Loftis, L.L.; Tarquinio, K.M.; Singh, A.R,;
Heidemann, S.M.; et al. Multisystem Inflammatory Syndrome in Children—Initial Therapy and Outcomes. N. Engl. ]. Med. 2021,
385, 23-34. [CrossRef]

Brisca, G.; Consolaro, A.; Caorsi, R.; Pirlo, D.; Tuo, G.; Campanello, C.; Castagnola, E.; Moscatelli, A.; Gattorno, M.; Ravelli,
A. Timely Recognition and Early Multi-Step Antinflammatory Therapy May Prevent ICU Admission of Patients With MIS-C:
Proposal for a Severity Score. Front. Pediatr. 2021, 9, 783745. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1001/jamanetworkopen.2021.16420
https://doi.org/10.1002/ppul.25245
https://doi.org/10.1097/INF.0000000000002888
https://www.ncbi.nlm.nih.gov/pubmed/32925547
https://doi.org/10.1186/s12887-022-03308-z
https://www.ncbi.nlm.nih.gov/pubmed/35501710
https://covid.cdc.gov/covid-data-tracker/#mis-national-surveillance
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescentswith-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescentswith-covid-19
https://doi.org/10.1001/jamapediatrics.2021.0630
https://www.ncbi.nlm.nih.gov/pubmed/33821923
https://doi.org/10.1056/NEJMoa2102605
https://doi.org/10.3389/fped.2021.783745

	Introduction 
	Materials and Methods 
	Study Design 
	Statistical Analysis 

	Results 
	Discussion 
	Epidemiological Data 
	Characteristics of MIS-Cohort (Clinical Features, Treatment, and Outcome) 
	Strengths and Limitations of the Study 

	Conclusions 
	References

