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hypotension, and conjunctival congestion and had high lev-
els of inflammatory markers such as C-reactive protein and 
interleukin 6 (IL-6) in their serum, as well as biochemical 
evidence of myocardial dysfunction [2–4]. Similar cases 
were later reported in Europe and the USA, and these were 
temporally and geographically associated with outbreaks 
of COVID-19. Most of the affected children were negative 
for SARS-CoV-2 by reverse transcription polymerase chain 
reaction (RT-PCR) but were positive for specific antibodies 
against the virus, indicating previous infection [5].

The cause of the clinical syndrome has been postulated to 
be a post-infectious inflammatory response, manifested days 
or weeks after SARS-CoV-2 infection. This clinical condi-
tion was called "multisystemic inflammatory syndrome 
associated with COVID-19 in children and adolescents", 
also referred to as "pediatric inflammatory multisystemic 
syndrome temporarily associated with SARS-CoV-2" 
(PIMS-TS) [6]. The World Health Organization (WHO) has 
referred to it as “multisystem inflammatory syndrome in 
children (MIS-C) associated with COVID-19" to describe 
the disease, and here, it will also be referred to as such [7].

In epidemiological week (EW) 20 (05/10 to 05/16/2020), 
the US Centers for Disease Control and Prevention (CDC) 
and WHO recommended reporting suspected cases of MIS-
C. In Brazil, an alert was released to the pediatric community 

On April 26, 2020, at the height of the COVID-19 pan-
demic, the English National Health Service (NHS) [1] pub-
lished an alert on a new clinical presentation in children, 
characterized by fever and multisystem inflammation, pos-
sibly associated with SARS-CoV-2 infection [1]. The clini-
cal features of these pediatric cases were similar to those of 
other well-described inflammatory syndromes in children, 
including complete or incomplete Kawasaki disease (KD) 
and KD shock syndrome. Some of these children developed 
toxic shock syndrome and multiple organ failure [2, 3]. 
Those affected also had fever and unusual symptoms, such 
as abdominal pain, gastrointestinal symptoms with diarrhea, 
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Here, we describe the clinical and laboratory characteristics of patients diagnosed with multisystem inflammatory syn-
drome in children (MIS-C) in the state of Goiás, Brazil, and its possible association with COVID-19. The study subjects 
were individuals aged between 0 and 19 years, selected from private and public institutions from May 2020 to April 
2022. Thirty-five cases of MIS-C were confirmed. Four progressed to death. Most of the patients were 0–9 years old. 
All had fever, and 71.4% had abdominal pain. All had elevated levels of inflammatory markers, and 40.0% were positive 
for SARS-CoV-2 by RT-PCR. This study demonstrates a broad relationship between MIS-C and SARS-CoV-2 infection. 
Further studies are needed to confirm this association.
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on May 20 of the same year by the Ministry of Health (MH) 
in partnership with the Pan American Health Organization 
(PAHO) and the Brazilian Society of Pediatrics (BSP) [3, 
7]. In view of this emergency situation and with the emer-
gence of a series of case reports from the United Kingdom, 
Spain, Italy, France, Switzerland, the USA, and Brazil [8], 
a technical note (no. 14/2020) was published by the MH 
on July 24, 2020, in which criteria for defining cases were 
established and mandatory notification of MIS-C cases in 
Brazil was announced.

We describe here the clinical and laboratory characteris-
tics of patients with MIS-C, identified in the State of Goiás, 
Brazil, between 2020 and 2022, which were registered in 
the RedCap/MS (Research Electronic Data Capture) system 
and notified in the Influenza Epidemiological Surveillance 
System (IESS; in Portuguese, SIVEP-Gripe), a system man-
aged by the MH/Health Department together with the State 
and Municipal Health Departments. The inclusion criteria 
for the study were as follows: [i] being a resident of the 
State of Goiás; [ii] experiencing symptoms compatible with 
MIS-C, and [iii] being between 0 and 19 years old. Patients 
were selected from private and public institutions. The cri-
teria were proposed by the MH based on the case defini-
tion established by the PAHO/WHO [3]. These include high 
(at least 38oC) and persistent (≥ 3 days) fever in children or 
adolescents (between 0 and 19 years old) accompanied by at 
least two of the signs and/or symptoms listed below:

1. non-purulent conjunctivitis or bilateral rash or signs of 
mucocutaneous inflammation (oral, hands or feet);

2. arterial hypotension or shock;
3. manifestations of myocardial dysfunction, valvulitis, 

pericarditis, or coronary abnormalities (including echo-
cardiogram findings);

4. acute gastrointestinal manifestations (diarrhea, vomit-
ing or abdominal pain);

5. evidence of coagulopathy (prolonged prothrombin time 
(PT) and activated partial thromboplastin time (APTT); 
elevated D-dimer)

These signs and symptoms must be associated with increased 
levels of inflammation markers in the bloodstream, such 
as ferritin, C-reactive protein, or fibrinogen; an increased 
erythrocyte sedimentation rate (ESR); and evidence of 
COVID-19 (diagnosed by molecular assay, antigen detec-
tion test or positive serological test), or having a history of 
contact with a confirmed case of COVID-19. Additionally, 
other causes of infectious origin, such as bacterial sepsis, 
staphylococcal shock syndrome, or streptococcal infection 
must be ruled out. Children and adolescents who meet some 
or all of the criteria for Kawasaki syndrome or toxic shock, 
with evidence of SARS-CoV-2 infection, may be included.

The first confirmed case in Goiás, Brazil, was reported on 
October 22, 2020, after carrying out retrospective searches 
by epidemiological surveillance and evaluation by the 
technical group for analysis of death by COVID-19. In the 
period from May 17 to April 2, 2022, 86 cases were reported. 
MIS-C was confirmed in 35 of these cases and ruled out in 
29. Twenty-two cases were still under investigation while 
this article was being written (Fig. 1). Four patients (aged 
13, 11, and 2 years and < 1 year of age) died, giving a fatal-
ity rate of 11.4%.

The largest number of cases occurred in the age group 
from 0 to 4 years (15 cases), corresponding to 42.9% of 
the total. The mean age was 5 years (ranging from 0 to 14 
years), and the majority of the patients were males (57.1%). 
Fever was the most frequent sign/symptom, present in 
100% of the reported cases. In addition, 71.4% of individu-
als had abdominal pain and nausea/vomiting, 65.7% had O2 
saturation < 95% and cyanosis or pallor, 60.0% showed leth-
argy, and 54.3% had tachycardia. Lymphadenopathy was 
observed in 40% of the cases. Other signs and symptoms 
were reported less frequently and are listed in Fig. 2.

The most frequent laboratory findings were a significant 
increase in brain natriuretic peptide (BNP) and C-reactive 
protein levels (seen in 100% of reported cases). An increase 
in ERS was observed in 96.3% of cases, D-dimer in 93.1%, 
IL-6 in 83.3%, and fibrinogen in 81.0%. A decrease in plate-
let count (thrombocytopenia) was observed in just over 
half of MIS-C cases. Other laboratory findings are listed in 
Fig. 3.

Biological samples (nasopharyngeal swab and blood 
samples) were collected from 30 individuals and subjected 
to genomic amplification testing (RT-PCR) and antibody 
detection assays for SARS-CoV-2. For SARS-COV-2 
genome detection, the molecular kit SARS-CoV-2 Bio-
Manguinhos of the Berlim Protocol (Bio-Manguinhos, Rio 
de Janeiro, Brazil) was used. This is a target-specific ampli-
fication technique with fluorescence-labeled probes used to 
detect the presence of the SARS-CoV-2 envelope gene. For 
antibody detection, the Wondfo® SARS-CoV-2 Antibody 
Test (Lateral Flow Method) (Guangzhou Wondfo Biotech 
Co., Guangzhou, PR China) was used. This is an immuno-
chromatographic assay for rapid, qualitative detection of 
SARS-CoV-2 IgG/IgM antibody in human whole blood, 
serum, or plasma samples.

All of the samples were tested by RT-PCR; 12 (40%) 
were positive and 18 (60%) were negative. In serological 
tests, 16 out of 18 samples tested (88.9%) were positive for 
IgG antibodies, and two (11.1%) were negative. Five indi-
viduals underwent rapid tests for antibody detection, and 
three were positive. For 10 patients, MIS-C was ruled out 
based on clinical and epidemiological criteria.
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The 35 confirmed MIS-C patients were hospitalized, 26 
(74.2%) in an intensive care unit (ICU), with a mean length 
of stay of 10 days (ranging from 1 to 35 days). Corticosteroid 
therapy was used in 88.5% of the cases, and immunotherapy 
with immunoglobulins was used in 85.7%. Anticoagulants 
were used in 60.0% of cases, and antivirals were used in 
14.3%. Of the four individuals (11.4%) who died, three 
(75%) were male. Confusion and fever were observed in all 
four of these patients. O2 saturation of < 95%, nausea, vom-
iting, and cyanosis or pallor was observed in three patients, 
two had spots on the body, myalgia, abdominal pain, and 
dyspnea, and one had lethargy, irritability, edema of the 
hands and feet, diarrhea, conjunctivitis, coryza, and head-
ache. The four patients who died were hospitalized, two of 
them in the ICU. The mean length of stay in the ward or ICU 
was 6.75 days, with a median of 2.5 days (max, 21; min, 1). 
Two of them (50%) were treated with steroids and immuno-
globulin. One was treated only with antivirals (25%), and 
one was treated only with anticoagulants (25%). One of 
them required a blood transfusion.

Of the 30 patients who underwent echocardiography, 
23.3% had signs of valvulitis, 40.0% had signs of pericardi-
tis, 20.0% had signs of myocardial dysfunction, and 10.0% 
had a coronary abnormality. Other findings were reported 
less frequently, including pneumonia and thromboembolism. 
The most frequent clinical complication was hypotension 
(42.9%), followed by acute renal failure (20.0%) and septi-
cemia/pneumonia, lung edema, and convulsion (17.1%).

MIS-C is a syndrome that occurs especially in children 
and adolescents, and health services have been alerted to 

its occurrence in the current pandemic scenario because of 
its impact on health and its still uncertain origin. It is char-
acterized by clinical signs that are similar to those of KD, 
including fever, conjunctival blood vessel dilation, rash, 
and redness of the oropharynx, and has been observed to 
occur after infection with SARS-CoV-2, resulting in death 
in 1.8–18% of cases [8–13]. However, the global incidence 
of MIS-C and its frequency in a specific population remains 
unknown. Furthermore, the causal relationships among the 
syndrome, SARS-CoV-2 infection, and KD pathogenesis 
remain unclear [6].

MIS-C has been observed in the population of Goiás, and 
the analysis of the current scenario suggests that the dis-
ease is expanding, following a trend similar to that observed 
in several countries around the world, including Brazil, 
and with a median mortality rate of 11.4%. The incidence 
appears to be slightly higher in males than in females (54% 
and 46%, respectively, according to a recent meta-analysis) 
[14], although the difference observed in this study was not 
considered statistically significant.

MIS-C cases are confirmed based on a constellation 
of clinical signs and symptoms in addition to laboratory 
findings that demonstrate immunological, hematological, 
and biochemical changes. Among these signs and symp-
toms, fever, abdominal pain accompanied by diarrhea, and 
skin rash were the most prevalent in the cases diagnosed 
here. These findings coincide with those most frequently 
observed in cases of MIS-C described in the literature, and, 
taken as a whole, they resemble the description of KS cases 
[15]. It is important to note, however, that there are several 

Fig. 1 Notified cases of MIS-C according to final classification and epidemiological week of symptom onset, Goiás-Brazil, 2020–2022 N = 35
Source: IESS [SIVEP-Gripe]
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with this syndrome [17]. Overall, C-reactive protein, pro-
calcitonin, and ESR are highly elevated, as are ferritin and 
IL-6 levels in serum. A significant increase in D-dimer and 
fibrinogen are the main features of the coagulation profile, 
while the hematological features of the disease are leukocy-
tosis, neutrophilia, lymphopenia, and normal or decreased 
red blood cell and platelet counts [18, 19]. These data are 
in agreement with the findings presented here. Importantly, 
high levels of D-dimer and procalcitonin and lymphopenia 
have been demonstrated to be markers of worse outcomes 
in adult COVID-19 patients. IL-6 has been associated with 
the “cytokine storm” phenomenon and may also play a role 
in the pathogenesis of MIS-C [19].

clinical and laboratory peculiarities that can distinguish this 
syndrome from KS. These include prominent cardiac dys-
function with increased troponin and elevated BNPs, and 
frequent (and often severe) enteropathy, in contrast to sever-
ity rates of 15%-26% among patients diagnosed with KD 
[15, 16], and relative thrombocytopenia rather than throm-
bocytosis [15]. Thus, considering the overlapping of symp-
toms, laboratory tests seem to be essential for differentiating 
the two syndromes.

The laboratory data presented here are also sufficient to 
support the diagnosis of MIS-C. Elevated levels of inflam-
matory markers and evidence of hyperinflammation have 
been widely reported and are found consistently in patients 

Fig. 2 Confirmed cases of MIS-C, according to signs and symptoms, Goiás, Brazil, 2020 to 2022
N = 35
Source: IESS [SIVEP-Gripe]
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process is mediated by the immune response. Furthermore, 
while the definition of MIS-C given by the Royal College of 
Pediatrics and Child Health recognizes temporal association 
with COVID-19, it does not require proof of infection or 
exposure to SARS-CoV-2 to meet the case definition, such 
as the criteria defined by the CDC and WHO [22]. On the 
other hand, it has been reported that almost all patients with 
MIS-C had positive serological results for SARS-CoV-2, 
with some of them still in the acute phase of infection [23]. 
Thus, to categorically state that there is or is not a correla-
tion may still be premature.

Patients with MIS-C require hospitalization, and the median 
duration has been reported to be 6 days. More than 60 percent 

As the correlation of COVID-19 cases with the develop-
ment of MIS-C was established previously [20], in this study, 
biological samples from the 30 individuals were subjected 
to laboratory tests that could show previous exposure to 
SARS-CoV-2 or active infection by this agent. Of this total, 
28 patients (93.3%) were shown to have been exposed to 
SARS-CoV-2, including 12 with active infection, confirmed 
by detection of viral genomic RNA. These results suggest 
that there is a broad correlation between MIS-C develop-
ment and previous SARS-CoV-2 infection. However, it is 
important to note that MIS-C cases seem to develop 4 to 
6 weeks after the acute stage of COVID-19 and not dur-
ing active infection [21], which suggests that the pathogenic 

Fig. 3 Laboratory findings of confirmed cases of MIS-C, Goiás, Brazil, 2020–2022
N = 35
Source: IESS [SIVEP-Gripe]
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similarity to MIS-C, there are subtle differences in the char-
acteristics of these syndromes. Furthermore, the clinical 
signs of MIS-C can be seen in many infectious diseases in 
childhood and are not specific for any diagnosis. Therefore, 
a diagnosis of MIS-C should be made with caution.

Another intriguing aspect of MIS-C is its origin. Although 
there is some evidence that it is a post-infection immune 
reaction to COVID-19, it should be kept in mind that our 
understanding of the immune response to SARS-CoV-2 is 
still limited. SARS-CoV-2 is a new virus, and its association 
with MIS-C, despite an increasing number of case reports 
suggesting a relationship, is still not definitively established.

Finally, in view this scenario, healthcare professionals 
should be aware of the signs and symptoms of MIS-C and, 
when in doubt, refer the patient to a local or state healthcare 
facility so that the case can be properly investigated. Analy-
sis of reported cases can increase our understanding of this 
syndrome and improve our ability to identify the disease for 
early detection and treatment.

Acknowledgments We thank Samantha Teixeira Souza for critical 
reading of the manuscript.

Author Contribution Mary Alexandra: first author and intellectual 
mentor of the study, data extraction, preparation of tables, and study 
design. Robélia Pondé: discussion and relevant critical review of the 
manuscript’s intellectual content and design, adaptation of tables 
throughout the text, and revision of the manuscript. Robério Pondé: 
discussion, study design, writing, analysis and interpretation of data, 
and revision of the manuscript

Funding This study was not financed or supported by any institution.

Data Availability The clinical and laboratory characteristics of patients 
with MIS-C, identified in the State of Goiás between 2020 and 2022, 
are recorded in the RedCap/MS (Research Electronic Data Capture) 
system, through its own form available using the link https:/is.gd/
simpcovid, and notified in the SIVEP-Gripe.

Declarations

Conflict of interest The authors declare that they have no known com-
peting financial interests or personal relationships that could appear to 
have influenced the work reported in this paper.

References

1. NHS, London NHS, COVID-19 and Paediatric Shock (2020) : 
Disponível em: https://dgpi.de/eilmeldung-nhs-london-covid-
19-paediatric-shock/Acesso (acessed on 12.07.2020).

2. Centers for Disease Control and Prevention (CDC) “Health advisory 
on multisystem inflammatory syndrome in children (MIS-C) associ-
ated with coronavirus disease 2019,”2019. https://emergency.cdc.gov/
han/2020/han00432.asp?deliveryName=USCDC_511-DM28431.

3. WHO. Multisystem inflammatory syndrome in children and adoles-
cents with COVID-19 (2021) https://www.who.int/publications/i/
item/multisystem-inflammatory-syndrome-in-children-andadoles-
cents-with-covid-19 (accessed on: 03.24.2021)

need care in the ICU [20]. The percentage of ICU admissions 
observed in the state of Goiás, as expected, was also high. As 
MIS-C patients show some clinical and laboratory similarities 
to KD patients, the principles of therapy for KD apply, and 
applying this treatment protocol has been shown to result in 
rapid clinical improvement, reduction of inflammatory mark-
ers in most patients, and prevention of death [24].

Cardiac involvement seems to be the most frequently 
observed complication and sequela in patients with MIS-C. 
Recent studies have described coronary artery anomalies and 
changes in cardiac function (based on conventional echocar-
diographic parameters such as ejection fraction and velocity). 
However, detailed analysis of cardiac mechanics is needed 
in order to detect subtle changes in myocardial function. The 
major finding during the acute phase of MIS-C is a myocar-
ditis-like clinical picture, which may remain subtle and sub-
clinical. This has led to the hypothesis that MIS-C may be 
associated with reduced systolic and diastolic function, simi-
lar to other forms of viral myocarditis, and may produce coro-
nary artery dilation similar to that found in KD [25].

Our analysis also showed that, in 16.7% of the cases 
analyzed, the patient was obese or overweight. Previous 
studies have also suggested that MIS-C may occur more fre-
quently in obese patients, with the frequency ranging from 
10 to 37% [26, 27]. Obesity results in “metainflammation”, 
a chronic inflammatory response to excess energy substrate 
produced by metabolic cells, including adipocytes, hepato-
cytes, myocytes, pancreatic islets of Langerhans, astrocytes, 
and neurons. This inflammatory signaling activates immune 
response cells, which in turn, exacerbate tissue inflammation 
[28], which is already present in MIS-C cases [29, 30]. It is 
postulated that obesity and obesity-associated chronic inflam-
mation may also contribute to endothelial cell activation, a 
phenomenon also observed in cases of MIS-C, whose occur-
rence has been associated with elevated plasma levels of bio-
markers of arterial damage [28, 31]. Therefore, the harmful 
effects of the hyperinflammatory response and endothelial 
cell activation observed in childhood obesity are believed to 
contribute to poor outcomes in critically ill children.

It has been shown that MIS-C can lead to gastrointes-
tinal manifestations, myocardial dysfunction, and coronary 
abnormalities – complications that can worsen and lead to 
death due to multiple organ failure if not properly treated. 
Therefore, to minimize the risk of adverse outcomes, patients 
with MIS-C need an early diagnosis in order for appropri-
ate treatment to be initiated. Currently, these patients are 
being treated in different ways based on symptoms, using 
a standard KD protocol involving corticosteroids, immuno-
globulins, anticoagulants, and antivirals, depending on the 
specific situation and the needs of the patient. However, it 
is important to note that KD is a disease of unknown etiol-
ogy (although recent research supports the existence of an 
unidentified virus as the cause [6]), and despite its clinical 

1 3

142 Page 6 of 7

https://is.gd/simpcovid
https://is.gd/simpcovid
https://dgpi.de/eilmeldung-nhs-london-covid-19-paediatric-shock/Acesso
https://dgpi.de/eilmeldung-nhs-london-covid-19-paediatric-shock/Acesso
https://emergency.cdc.gov/han/2020/han00432.asp?deliveryName=USCDC_511-DM28431
https://emergency.cdc.gov/han/2020/han00432.asp?deliveryName=USCDC_511-DM28431
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-andadolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-andadolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-andadolescents-with-covid-19


Clinical-laboratory profile of children and adolescents with multisystem inflammatory syndrome temporarily…

18. Sperotto F, Friedman KG, Son MBF, VanderPluym CJ, Newburger 
JW, Dionne A (2021) Cardiac manifestations in SARS-CoV-2-as-
sociated multisystem inflammatory syndrome in children: a com-
prehensive review and proposed clinical approach. Eur J Pediatr 
180(2):307–322. https://doi.org/10.1007/s00431-020-03766-6

19. Toraih EA, Hussein MH, Elshazli RM, Kline A, Munshi R, 
Sultana N et al (2021) Multisystem inflammatory syndrome in 
pediatric COVID-19 patients: a meta-analysis. World J Pediatr 
17(2):141–151. https://doi.org/10.1007/s12519-021-00419-y

20. Godfred-Cato S, Bryant B, Leung J, Oster ME, Conklin L, Abrams 
J et al (2020) COVID-19-Associated Multisystem Inflammatory 
Syndrome in Children - United States, March-July 2020. MMWR 
Morb Mortal Wkly Rep 69(32):1074–1080

21. Belot A, Antona D, Renolleau S, Javouhey E, Hentgen V, Angoul-
vant F et al (2020) SARS-CoV-2-related paediatric inflamma-
tory multisystem syndrome, an epidemiological study, France, 1 
March to 17 May 2020. Euro Surveill 25(22):2001010

22. Royal College of Paediatrics and Child Health (2021) Guid-
ance: paediatric multisystem inflammatory syndrome tempo-
rally associated with COVID-19. www.rcpch.ac.uk/resources/
guidance-paediatric-multisystem-inflammatory-syndrome-tem-
porally-associated-covid-19

23. Toubiana J, Poirault C, Corsia A, Bajolle F, Fourgeaud J, Angoul-
vant F et al (2020) Kawasaki-like multisystem inflammatory syn-
drome in children during the covid-19 pandemic in Paris, France: 
prospective observational study. BMJ. 369:m2094. doi: https://
doi.org/10.1136/bmj.m2094

24. Capone CA, Subramony A, Sweberg T, Schneider J, Shah S, 
Rubin L et al (2020) Characteristics, Cardiac Involvement, and 
Outcomes of Multisystem Inflammatory Syndrome of Child-
hood Associated with severe acute respiratory syndrome corona-
virus 2. Infect J Pediatr 224:141–145. https://doi.org/10.1016/j.
jpeds.2020.06.044

25. 24, Matsubara D, Kauffman HL, Wang Y, Calderon-Anyosa 
R, Nadaraj S, Elias MD et al (2020) Echocardiographic Find-
ings in Pediatric Multisystem Inflammatory Syndrome Associ-
ated With COVID-19 in the United States. J Am Coll Cardiol 
76(17):1947–1961

26. Swann OV, Holden KA, Turtle L, Pollock L, Fairfield CJ, Drake 
TM et al (2020) Clinical characteristics of children and young 
people admitted to hospital with covid-19 in United Kingdom: 
prospective multicentre observational cohort study.BMJ.27; 
370():m3249

27. Feldstein LR, Rose EB, Horwitz SM, Collins JP, Newhams MM, 
Son MBF et al (2020) Overcoming COVID-19 Investigators., 
CDC. COVID-19 Response Team. Multisystem Inflammatory 
Syndrome in U.S. Children and Adolescents.N Engl J Med. 23; 
383(4):334–346

28. Radman M, McGuire J, Zimmerman (2020) Childhood Obesity, 
Endothelial Cell Activation, and Critical Illness. J Front Pediatr 
8:441. https://doi.org/10.3389/fped.2020.00441

29. Young TK, Shaw KS, Shah JK, Noor A, Alperin RA, Ratner AJ et 
al (2021) Mucocutaneous Manifestations of Multisystem Inflam-
matory Syndrome in Children During the COVID-19 Pandemic. 
JAMA Dermatol 157(2):207–212. https://doi.org/10.1001/
jamadermatol.2020.4779

30. Gruber CN, Patel RS, Trachtman R, Lepow L, Amanat F, Kram-
mer F et al (2020) Mapping Systemic Inflammation and Anti-
body Responses in Multisystem Inflammatory Syndrome in 
Children (MIS-C). Cell 2020 Nov 12(4):982–995e14. https://doi.
org/10.1016/j.cell.2020.09.034

31. Consiglio CR, Cotugno N, Sardh F, Pou C, Amodio D, Rodriguez 
L et al (2020) The Immunology of Multisystem Inflammatory 
Syndrome in Children with COVID-19. Cell 183(4):968–981e7

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations. 

4. Whittaker E, Bamford A, Kenny J, Kaforou M, Jones CE, Shah P 
et al (2020) Clinical Characteristics of 58 Children With a Pedi-
atric Inflammatory Multisystem Syndrome Temporally Associ-
ated With SARS-CoV-2. JAMA 324(3):259–269. https://doi.
org/10.1001/jama.2020.10369

5. Radia T, Williams N, Agrawal P, Harman K, Weale J, Gupta A 
(2021) Multi-system inflammatory syndrome in children & ado-
lescents (MIS-C): A systematic review of clinical features and 
presentation. Paediatr Respir Rev 38:51–57

6. Jiang L, Tang K, Levin M, Irfan O, Morris SK, Wilson K et al 
(2020) COVID-19 and multisystem inflammatory syndrome in 
children and adolescents. Lancet Infect Dis 20(11):e276–e288. 
https://doi.org/10.1016/S1473-3099(20)30651-4

7. WHO (2020) Multisystem inflammatory syndrome in children 
and adolescents temporally related to COVID-19:https://www.
who.int/news-room/commentaries/detail/multisystem-inflam-
matory-syndrome-in-children-and-adolescents-with-covid-19 
(acessed on 12.09.2020)

8. De Farias ECF, Pedro Piva J, de Mello MLFMF, do Nascimento 
LMPP, Costa CC et al (2020) Multisystem Inflammatory Syndrome 
Associated With Coronavirus Disease in Children: A Multi-centered 
Study in Belém, Pará, Brazil. Pediatr Infect Dis J 39(11):e374–
e376. https://doi.org/10.1097/INF.0000000000002865

9. Farias ECF, Justino MCA, Mello MLFMF (2020) Multi-
system inflammatory syndrome in a child associated with 
coronavirus disease 19 in the brazilian amazon: fatal out-
come in an infant. Rev Paul Pediatr 38:e2020165. https://doi.
org/10.1590/1984-0462/2020/38/2020165

10. Relvas-Brandt LA, Gava C, Camelo FS, Porto VBG, Alves RFS, 
Costa MSCD, Carvalho SMD, Carmo GMID et al (2021) Mul-
tisystem inflammatory syndrome in children: a cross-sectional 
study of cases and factors associated with deaths during the 
COVID-19 pandemic in Brazil, 2020. Epidemiol Serv Saude. 
2021;8;30(4):e2021267. English, Portuguese. doi: https://doi.
org/10.1590/S1679-49742021000400005

11. Shobhavat L, Solomon R, Rao S, Bhagat I, Prabhu S, Prabhu S 
(2020) Multisystem Inflammatory Syndrome in Children: Clini-
cal Features and Management-Intensive Care Experience from 
a Pediatric Public Hospital in Western India. Indian J Crit Care 
Med. 2020; 24(11):1089–1094. doi: https://doi.org/10.5005/
jp-journals-10071-23658

12. Diniz MFR, Cardoso MF, Sawamura KSS, Menezes CRB, Lianza 
AC, Pereira MFB et al (2021) The Heart of Pediatric Patients 
with COVID-19: New Insights from a Systematic Echocardio-
graphic Study in a Tertiary Hospital in Brazil. Arq Bras Cardiol 
2021;117(5):954–964. Portuguese, English. doi: https://doi.
org/10.36660/abc.20200920

13. Acevedo L, Piñeres-Olave BE, Niño-Serna LF, Vega LM, Gomez 
IJA, Chacón S et al (2021) Mortality and clinical characteristics of 
multisystem inflammatory syndrome in children (MIS-C) associ-
ated with covid-19 in critically ill patients: an observational mul-
ticenter study (MISCO study). BMC Pediatr 2021; 18;21(1):516. 
doi: https://doi.org/10.1186/s12887-021-02974-9

14. Baradaran A, Malek A, Moazzen N, Abbasi Shaye Z (2020) 
COVID-19 Associated Multisystem Inflammatory Syndrome: 
A Systematic Review and Meta-analysis. Iran J Allergy Asthma 
Immunol 19(6):570–588

15. Chiotos K, Bassiri H, Behrens EM, Blatz AM, Chang J, Diorio 
C et al (2020) Multisystem Inflammatory Syndrome in Children 
During the Coronavirus 2019 Pandemic: A Case Series. J Pediatr 
Infect Dis Soc 9(3):393–398

16. Yun SH, Yang NR, Park SA (2011) Associated symptoms of 
Kawasaki disease. Korean Circ J 41:394–398

17. Rauf A, Vijayan A, John S, Krishnan R, Latheef A (2020) Mul-
tisystem inflammatory syndrome with features of atypical 
Kawasaki disease during COVID-19 pandemic. Indian J Pediatr 
87(9):745–747

1 3

Page 7 of 7 142

http://dx.doi.org/10.1007/s00431-020-03766-6
http://dx.doi.org/10.1007/s12519-021-00419-y
http://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
http://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
http://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
http://dx.doi.org/10.1136/bmj.m
http://dx.doi.org/10.1136/bmj.m
http://dx.doi.org/10.1016/j.jpeds.2020.06.044
http://dx.doi.org/10.1016/j.jpeds.2020.06.044
http://dx.doi.org/10.3389/fped.2020.00441
http://dx.doi.org/10.1001/jamadermatol.2020.4779
http://dx.doi.org/10.1001/jamadermatol.2020.4779
http://dx.doi.org/10.1016/j.cell.2020.09.034
http://dx.doi.org/10.1016/j.cell.2020.09.034
http://dx.doi.org/10.1001/jama.2020.10369
http://dx.doi.org/10.1001/jama.2020.10369
http://dx.doi.org/10.1016/S1473-3099(20)30651-4
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
http://dx.doi.org/10.1097/INF.0000000000002865
http://dx.doi.org/10.1590/1984-0462/2020/38/2020165
http://dx.doi.org/10.1590/1984-0462/2020/38/2020165
http://dx.doi.org/10.1590/S1679-49742021000400005
http://dx.doi.org/10.1590/S1679-49742021000400005
http://dx.doi.org/10.5005/jp-journals-10071-23658
http://dx.doi.org/10.5005/jp-journals-10071-23658
http://dx.doi.org/10.36660/abc.20200920
http://dx.doi.org/10.36660/abc.20200920
http://dx.doi.org/10.1186/s12887-021-02974-9

	Clinical-laboratory profile of children and adolescents with multisystem inflammatory syndrome temporarily associated with COVID-19 in Goiás, Brazil
	Abstract
	References


