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Background: In 2020, Brazil became the epicentre of the coronavirus disease (COVID-19) pandemic in Latin 

America, resulting in an unparalleled health catastrophe. Nevertheless, comprehensive clinical reports in Brazilian 

children are not available. 

Methods: This retrospective, hospital-based, active surveillance study was performed to identify paediatric pa- 

tients with COVID-19 who presented at a private academic medical centre in a large urban area between March 

2020 and March 2021. Clinical and demographic information was analysed for those requiring hospitalization, 

those with severe illness and those with clinical syndromes. 

Results: In total, 964 symptomatic cases were evaluated; of these, 17.7% required hospitalization, and 27.5% of 

hospitalized cases were classified as severe/critical. Acute bronchiolitis and pneumonia were the most common 

causes of hospitalization among the severe cases. Twenty-seven hospitalized children fulfilled the diagnostic crite- 

ria for multi-system inflammatory syndrome (median age 29 months; 85.2% cases were non-severe). A significant 

co-existing condition was present in 29% of hospitalized children. The risk of hospitalization was higher in chil- 

dren with at least one comorbidity, children aged < 2 years and obese children. Increased risk of severe disease 

was described among those with leukopenia, leukocytosis or any significant comorbidity. No deaths occurred 

among the study population. 

Conclusion: Although most children with COVID-19 experienced mild disease, and no deaths occurred among the 

study population, a significant proportion of cases required hospitalization and developed severe illness. Obesity, 

young age, underlying comorbidity, leukopenia and leukocytosis were risk factors for hospitalization or severe 

disease. 
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The coronavirus disease (COVID-19) pandemic, caused by severe

cute respiratory syndrome coronavirus-2 (SARS-CoV-2), is the most se-

ere global public health threat since the influenza A H1N1 pandemic

n 1918. With a population of 210 million individuals, Brazil, an upper-

iddle-income country, was the first Latin American country to report

onfirmed cases of COVID-19 (late February 2020) [1] . As a large ur-

an area of more than 12 million inhabitants, São Paulo has been the

picentre of Brazil’s coronavirus pandemic. 
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In the first half of 2020, Brazil became the epicentre of the COVID-19

andemic in Latin America, accounting for the second highest death toll

n the world [ 2 , 3 ]. Starting in late 2020, the country suffered from a sec-

nd wave associated with the emergence of a new variant of concern –

he Gamma variant (also known as lineage P.1) [4] . Subsequently, Brazil

as plunged into an unparalleled health catastrophe: despite Brazil ac-

ounting for < 3% of the world’s population, nearly one in every nine

eaths worldwide occurred in Brazil [5] . Since the start of the pandemic,

here have been more than 34.5 million confirmed cases of COVID-19

n Brazil, including 3.2 million hospitalizations and 686,000 deaths as-

ociated with COVID-19 [6] . In addition, by June 2022, children and
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Figure 1. Map of São Paulo metropolitan area (population in 2018: 21,571,281) [51] with the approximate geographic location of residence of outpatients (blue) 

and hospitalized patients (red). The location of Hospital Infantil Sabará is shown in yellow. 
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dolescents aged < 19 years accounted for > 41,000 hospitalizations and

 3000 deaths [7] . These numbers indicate a case fatality rate as high

s 7.2% among children and adolescents hospitalized with COVID-19

data from SIVEP-Influenza Epidemiological Surveillance Information

ystem, Brazilian Ministry of Health) and multi-system inflammatory

yndrome in children (MIS-C) [3] , which is up to four times higher than

hat observed in the USA [8] . 

Extensive worldwide data suggest lower rates of severe or critical

OVID-19, significantly lower risk of death from the disease, and higher

ates of asymptomatic infection in children than in adults [9–13] . The

nderlying reasons for these considerable differences remain unclear,

ut age-related differences in expression of angiotensin-converting en-

yme 2 receptors and differences in innate and adaptive immunity may

lay a role [14] . Despite the lower risk for severe outcomes in children,

t is essential to acknowledge the consequences of the disease burden

n children, including hospitalizations, deaths, long COVID and MIS-C,

articularly in low-and-middle-income countries. 

Contrasting with the abundant data on adult and paediatric cases of

OVID-19 worldwide, comprehensive reports about Brazilian children

re not available. Understanding the risk factors associated with hos-

italization and severity of COVID-19 could guide clinicians to better

iagnostic and management strategies. This article presents the clinical,

aboratory and radiographic characteristics of symptomatic paediatric

atients with confirmed SARS-CoV-2 infection presenting to a large pri-

ate paediatric referral hospital in the heart of the pandemic in Brazil. 

aterials and methods 

etting 

This hospital-based descriptive surveillance analysis defines the epi-

emiology of paediatric COVID-19 at Hospital Infantil Sabará (Sabará

hildren’s Hospital; HIS), a 145-bed private hospital providing tertiary

are in metropolitan São Paulo, Brazil ( Figure 1 ). With approximately

00,000 urgent consultations and > 6000 admissions every year, HIS is

he second largest private paediatric medical centre in the country [15] .
53 
tudy design 

All patients aged < 18 years with SARS-CoV-2 detected in nasopha-

yngeal swab specimens using reverse transcription polymerase chain

eaction (RT-PCR) and symptoms consistent with COVID-19 from 28

arch 2020 to 31 March 2021 were included in this study ( Figure 2 ).

s per hospital protocol, a nasal swab was only performed on symp-

omatic children if clinical and epidemiological information raised sus-

icion of SARS-CoV-2 infection. RT-PCR testing began on 15 February

020, with the first positive test on 28 March 2020 ( Figure 3 ). Asymp-

omatic children were not tested, even if they had been in close con-

act with a confirmed case of COVID-19. To determine an association

etween recent SARS-CoV-2 infection and post-infection manifestations

herein ‘MIS-C’), immunological testing was performed using an anti-

ARS-CoV-2 enzyme-linked immunosorbent assay for the detection of

mmunogloblin (Ig) A/IgM, IgG and total antibodies [16] , independent

f the molecular evaluation. 

valuation of SARS-CoV-2 infection 

Laboratory testing was requested upon individual medical assess-

ents under hospital protocols. All laboratory evaluations were con-

ucted at Diagnósticos da America S.A. RT-PCR testing was performed

ccording to the Charité-Berlin protocol [17] . In addition, Xpert Xpress

ARS-CoV-2 (Cepheid, Sunnyvale, CA, USA) was used in limited sam-

les. 

valuation of other respiratory pathogens 

The evaluation of additional respiratory viruses [through rapid res-

iratory syncytial virus (RSV) and influenza A/B immunochromato-

raphic tests] and group A streptococcus in the nasopharynx (through

apid immunoenzymatic test) is not standardized by HIS, and was re-

uested exclusively upon individual medical assessment. Such tests are

ot covered by private medical care. Even more expensive multiplex RT-

CR is requested more frequently following hospitalization (see online
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Figure 2. Flow chart of study population se- 

lection, including patient recruitment and ex- 

clusion criteria. RT-PCR, reverse transcription 

polymerase chain reaction; SARS-CoV-2, se- 

vere acute respiratory syndrome; ER, emer- 

gency room; PIMS-TS, paediatric inflammatory 

multi-system syndrome. 

Figure 3. Number of positive reverse transcription polymerase chain reaction tests among outpatients (blue), hospitalized patients (red) and cases of multi-system 

inflammatory syndrome in children (MIS-C) (green) according to epidemiological week [52] among 964 children with coronavirus disease 2019 (COVID-19) at 

Hospital Infantil Sabará (HIS) (left axis). Textboxes present the relevant events occurring at HIS during the COVID-19 pandemic (black), main non-pharmaceutical 

interventions (yellow), school-related interventions (red), and vaccination against COVID-19 by age in São Paulo State (green). The grey columns in the background 

represent COVID-19 cases of all ages in the São Paulo metropolitan area (right axis) [53] . By overlapping the paediatric cases from HIS with overall cases (i.e. 

paediatric and non-paediatric cases) in the same geographic area, a disproportionate number of infections in adults was identified during the first months of the 

pandemic, which flattened as non-pharmacological measures and restrictions took place. An apparent increase in infections occurred in mid–late October 2020, 

coinciding with the gradual reopening of elementary and high schools. This pattern persisted during the remaining weeks of the study, which included the initial 

period of circulation of the Gamma variant. RT-PCR, reverse transcription polymerase chain reaction. 
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upplementary material for technical information regarding this RT-PCR

ssay). 

adiologic evaluation 

Chest radiographs and computed tomography (CT) scans were re-

uested upon individual medical decisions. When performed, the exam-

nations were analysed by unblinded radiologists who interpreted the

esults independently. 

ata sources and analysis 

Clinical and demographic information was extracted systematically

rom electronic medical records for each case, and included age, sex, un-

erlying medical conditions that posed risk for severe outcomes, expo-

ure to cases of COVID-19 (confirmed, suspected or unknown – when no
54 
ymptomatic disease was identified among close contacts irrespective of

aboratory confirmation), symptoms experienced, radiologic evaluation,

aboratory evaluation, hospitalization, need for intensive care, support-

ve treatments, pharmacologic therapy and outcomes. Race and ethnic-

ty were self-reported based on fixed categories. For children requiring

erial laboratory evaluations, the most altered value was considered. 

Disease severity among inpatients and outpatients was classified

18] as mild (individuals who had any signs or symptoms of COVID-

9, except shortness of breath, dyspnoea or abnormal chest imaging),

oderate (individuals who showed evidence of lower respiratory dis-

ase during clinical assessment or imaging, and had SpO 2 ≥ 94% on

oom air), severe (individuals who had SpO 2 < 94% on room air or lung

nfiltrates > 50% on chest CT), or critical (individuals who had respira-

ory failure, septic shock and/or multiple organ dysfunction). MIS-C was

efined using the World Health Organization case definition for multi-

ystem inflammatory disorders [19] . 
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tatistical data analysis 

Due to the large number of predictor variables to be analysed for

ach outcome, pre-selection was performed in bivariate analyses. Chi-

quared test or Fisher’s exact test was used to evaluate the association

etween categorical variables and the binary outcomes, as appropriate,

nd Student’s t -test or Mann–Whitney test was used to compare the cate-

orical variables and binary outcomes. Significant predictors with P ≤ 0.2

n bivariate analysis were exported to the multi-variable logistic re-

ression model, where three separate analyses were conducted for each

utcome: (i) factors associated with hospitalization; (ii) factors associ-

ted with clinical severity among hospitalized children (i.e. non-severe

ases vs severe cases); and (iii) factors associated with predefined clini-

al syndromes among hospitalized children (i.e. ‘respiratory syndrome’,

MIS-C’ and ‘other clinical syndromes’). Multi-variate logistic regression

nalysis was carried out using the stepwise forward technique to find

he combined effects of the variables. Odds ratios (ORs) and 95% con-

dence intervals (CIs) were determined; the significance level was set

t 0.05 (two-tailed test) for all tests. Cases with unknown/blank infor-

ation were excluded from the analysis. Categorical variables were re-

orted as absolute numbers and percentages, and continuous variables

ere expressed as medians and interquartile ranges (IQRs), if distributed

on-normally. Statistical analyses were performed using SPSS Statistics

ersion 13 (IBM Corp., Armonk, NY, USA). 

thics 

Study approval was obtained from the Research Ethics Committee

f José Luiz Egydio Setúbal Foundation Review Board (Approval No.

2080620.5.0000.5567). Given the study’s purely descriptive and ret-

ospective nature, written informed consent was waived. Data were col-

ected anonymously, and analysed and reported in aggregate form. 

esults 

tudy population 

From the first detected case of COVID-19 at HIS, a total of 964 symp-

omatic SARS-CoV-2-related conditions from 962 unique patients were

valuated. Of these, 17.7% ( n = 171) were hospitalized for at least 1 day

 Figure 2 ), and 95.3% ( n = 163) of hospitalized cases stayed for ≥ 48 h.

eographical case distribution is depicted in Figure 1 . Overall, the me-

ian age was 44.7 (IQR 16.4–104.7) months, and 55.4% ( n = 534) were

ale. White ethnicity was the most prevalent (74.5%, n = 718), followed

y black/African descent (11.9%, n = 115) and Asian (3.6%, n = 35). Case

istribution was inversely related to age: children aged < 2 years ac-

ounted for more than one-third of all infections (34.2%, n = 330), fol-

owed by children aged 2–5 years (24.8%, n = 239), 5–10 years (21.6%,

 = 208) and > 10 years (19.4%, n = 187). Known exposure to SARS-CoV-2

as documented in 80.7% ( n = 778) of cases, and a family contact was

he source in 75.7% ( n = 730) of cases. Marked differences in most of

hese epidemiological variables were seen when comparing inpatients

nd outpatients ( Table 1 ). 

linical characteristics and outcomes 

A co-existing condition was present in 21.1% ( n = 203) of all cases.

sthma/recurrent wheezing, chronic neurologic disease, and prematu-

ity were disproportionately represented among both outpatients and

ospitalized children ( Table 1 ). Twenty-five of 57 patients (43.8%) ad-

itted to a paediatric intensive care unit (PICU) reported at least one

ignificant underlying disease. The additional relevant clinical condi-

ions are described in Table 2 . Among the outpatients, upper respiratory

ract infection (URTI) ( n = 364/793) and flu-like syndrome ( n = 216/793)

ere the leading presentations, comprising 73.1% of all discharged chil-
55 
ren. Acute gastroenteritis (12%, n = 95/793) and fever without source

5.5%, n = 44/793) were less common presentation syndromes. 

Children requiring hospitalization were divided into two groups ac-

ording to the clinical course: non-severe hospitalized cases (72.5%,

 = 124/171) and severe/critical cases (27.5%, n = 47/171) requiring

ICU care ( Table 1 ). The clinical syndromes in this subgroup were dis-

ributed evenly among nine conditions ( Figure 4 ). A significant number

f severe/critical patients experienced respiratory disease: acute bron-

hiolitis (38.3%, n = 18/47) and pneumonia (23.4%, n = 11/47) were the

ost common causes of hospitalization, followed by flu-like syndrome

12.7%, n = 6/47), asthma exacerbation (10.6%, n = 5/47) and MIS-C

8.5%, n = 4/47). No deaths related to COVID-19 or MIS-C occurred at

IS prior to the acceptance date of this article. 

OVID-19 in very young infants 

Thirty-four symptomatic infections occurred in children aged < 2

onths, and 26 were hospitalized (15.2% of all inpatients); of these, four

ere late preterm babies and all had significant comorbidities. The most

ommon clinical syndromes causing hospitalization were acute bronchi-

litis ( n = 6), URTI ( n = 5) and fever without source ( n = 8). One-quarter

23.5%, n = 8) of cases were severe, and RSV was co-detected in two of

hese babies. URTI ( n = 3) and exanthaematous disease ( n = 2) were the

ost common presentations among outpatients. 

iral co-detections 

Testing for other respiratory pathogens was performed in 17.0% of

ll children ( n = 164/964), including 10.3% of outpatients ( n = 82/793)

nd 48% of inpatients ( n = 82/171). The crude positivity rate was 16.5%

 n = 27/164), but differed significantly among hospitalized cases [26.8%

 n = 22/82) vs 6.1% (5/82); P = 0.001]. RSV was detected exclusively in

npatients, found in 75% ( n = 15/20) of those hospitalized with respira-

ory symptoms. RSV was also the leading co-pathogen in acute bronchi-

litis, found in 15 of 28 tests irrespective of disease severity, and in 10

f 16 severe cases tested for additional pathogens. 

Among the 29 children with severe respiratory disease, three viruses

ere identified: 11 RSV (one co-detection, rhinovirus) and five rhi-

oviruses (two co-detection: RSV and adenovirus). Seven positive tests

n patients hospitalized with non-severe infection detected RSV ( n = 4)

nd three rhinoviruses (one co-detection, adenovirus). 

linical markers for hospitalization 

Factors that increased the risk of hospitalization are described in

able 1 , and included chronic pulmonary disease, but not asthma

r recurrent wheezing ( P = 0.002), genetic or chromosomal disease

 P = 0.003), oncologic disease ( P = 0.006) and obesity ( P = 0.019). Symp-

omatic infections occurring after identification of the Gamma variant

id not result in a higher risk of hospitalization ( P = 0.434). The adjusted

dds of hospitalization were 2.0 (95% CI 1.23–3.47) and 22.9 (95% CI

.67–313.8) among children with at least one significant comorbidity

nd obesity, respectively, compared with those with no underlying med-

cal conditions. Additional conditions associated with increased risk of

ospitalization included age < 2 years (OR 6.6, 95% CI 4.0–11.0), nau-

ea or vomiting (OR 4.5, 95% CI 2.2–9.2), abdominal pain (OR 4.07,

5% CI 2.1–10.1) and rash (OR 3.5, 95% CI 1.7–7.3). 

isk markers for severe clinical illness 

The clinical factors associated with increased risk of severe disease

ncluded asthma/recurrent wheezing ( P < 0.001), presence of any signif-

cant comorbidity ( P < 0.001), prematurity ( P = 0.013), any gastrointesti-

al symptoms ( P = 0.009) and age < 2 years ( P = 0.033). The only labora-

ory markers differentiating between severe cases and non-severe cases

ere higher erythrocyte sedimentation rate (median 62 vs 21 mm/h,
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Table 1 

Clinical, demographic and laboratory characteristics of paediatric patients with coronavirus disease 2019 (COVID-19) evaluated at Hospital Infantil Sabará between March 2020 and March 2021. 

All patients Clinical syndrome among hospitalized patients 

Characteristics Hospitalized Outpatient P -value MIS-C Respiratory Other syndromes P -value 

Number of patients (%) 171 17.7% 793 82.3% 27 15.8% 86 50.3% 58 33.9% 

Age, median (IQR), months 21.6 (7.2-53.8) 51.5 (19.3-108.3) < 0.001 29 (19-69) 16 (4-47) 21.6 (3-54) < 0.001 

Age distribution, no. (%), years < 0.001 0.444 

< 2 91 53.2% 239 30.1% 10 37.0% 50 58.1% 31 53.4% 

2-5 40 23.4% 199 25.1% 8 29.6% 18 20.9% 14 24.1% 

5-10 16 9.4% 192 24.2% 5 18.5% 7 8.1% 4 6.9% 

> 10 24 14.0% 163 20.6% 4 14.8% 11 12.8% 9 15.5% 

Sex, no. (%) 0.217 0.318 

Female 69 40.4% 361 45.5% 10 37.0% 38 44.2% 21 36.2% 

Male 102 59.6% 432 54.5% 17 63.0% 48 55.8% 37 63.8% 

Race/ethnicity, no. (%) 0.693 0.421 

Black 1 0.6% 5 0.6% 0 0.0% 1 1.2% 0 0.0% 

Afrodescent 13 7.6% 96 12.1% 1 3.7% 8 9.3% 4 6.9% 

White 137 80.1% 581 73.3% 25 92.6% 66 76.7% 46 79.3% 

Asian 6 3.5% 29 3.7% 0 0.0% 6 7.0% 0 0.0% 

NA 14 8.2% 82 10.3% 1 3.7% 5 5.8% 8 13.8% 

Significant underlying medical conditions, no. (%) 50 29% 153 19% 0.001 < 0.001 

Asthma or recurrent wheezing 25 14.6% 82 10.3% 0 0.0% 22 25.6% 3 5.2% < 0.001 

Prematurity 10 5.8% 7 0.9% 0 0.0% 6 7.0% 4 6.9% 0.392 

Chronic neurologic disease 11 6.4% 28 3.5% 0 0.0% 7 8.1% 4 6.9% 0.099 

Genetic/chromosomal disease 6 3.5% 7 0.9% 1 3.7% 4 4.7% 1 1.7% 0.423 

Onocologic disease 3 1.8% 0 0.0% 0 0.0% 1 1.2% 2 3.4% 0.49 

Congenital cardiopathy 5 2.9% 12 1.5% 1 3.7% 3 3.5% 1 1.7% 0.524 

Chronic pulmonary disease (not asthma) 5 2.9% 4 0.5% 0 0.0% 5 5.8% 0 0.0% 0.14 

Obesity 3 1.8% 1 0.1% 0 0.0% 3 3.5% 0 0.0% 0.382 

Severity of illness and outcomes 

Severe and critical 47 27.5% - - - 4 14.8% 40 46.5% 3 5.2% < 0.001 

Required intensive care 57 33.3% - - - 14 51.9% 39 45.3% 4 6.9% < 0.001 

Length of stay in PICU, median (IQR), days 4.5 (2.3-8) - - - 6 (3.3-8.0) 4 (2-8) 4 (3.5-6) - 

Length of stay, hospital, median (IQR), days 4 (3-6) - - - 6 (4.5-8.5) 4 (3-7) 3 (2-4) - 

Symptoms presented during disease course, no. (%) 

Median duration of symptoms/signs at ER evaluation 

(IQR), days 

3.0 (2-5) 3.0 (2-4) 0.004 7.0 (4-9) 3.0 (2-5) 2.0 (1-4) 0.004 

Fever 131 76.6% 525 66.2% 0.008 27 100.0% 61 70.9% 43 74.1% < 0.001 

Cough 72 42.1% 416 52.5% 0.014 3 11.1% 62 72.1% 7 12.1% < 0.001 

Rhinorrhoea/nasal congestion 65 38.0% 469 59.1% < 0.001 5 18.5% 54 62.8% 6 10.3% 0.127 

Sneezing 13 7.6% 113 14.2% 0.019 0 0.0% 11 12.8% 2 3.4% < 0.001 

Tachypnoea on admission 41 24.0% 21 2.6% < 0.001 1 3.7% 38 44.2% 2 3.4% 0.083 

Tachycardia on admission 18 10.5% 7 0.9% < 0.001 5 18.5% 11 12.8% 2 3.4% < 0.001 

Shortness of breath 48 28.1% 26 3.3% < 0.001 0 0.0% 47 54.7% 1 1.7% < 0.001 

Hypoxia (O 2 < 92% as measured by pulse oximetry) 31 18.1% 4 0.5% < 0.001 1 3.7% 28 32.6% 2 3.4% 0.329 

Cyanosis 9 5.3% 0 0.0% < 0.001 0 0.0% 6 7.0% 3 5.2% 0.023 

Reduced feeding or difficulty feeding 68 39.8% 169 21.3% 0.01 16 59.3% 28 32.6% 24 41.4% 0.023 

Abdominal pain 28 16.4% 72 9.1% 0.197 13 48.1% 2 2.3% 13 22.4% < 0.001 

Diarrhoea 43 25.1% 164 20.7% < 0.001 9 33.3% 10 11.6% 24 41.4% 0.020 

Nausea or vomiting 53 31.0% 119 15.0% < 0.001 13 48.1% 15 17.4% 25 43.1% 0.002 

Dehydration 25 14.6% 14 1.8% < 0.001 7 25.9% 5 5.8% 13 22.4% 0.004 

Fatigue/mialgia 21 12.3% 114 14.4% 0.351 10 37.0% 7 8.1% 4 6.9% < 0.001 

Drowsiness/Irritability 44 25.7% 51 6.4% < 0.001 10 37.0% 16 18.6% 18 31.0% 0.018 

Headache 16 9.4% 181 22.8% < 0.001 4 14.8% 6 7.0% 6 10.3% 0.322 

( continued on next page ) 
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Table 1 ( continued ) 

All patients Clinical syndrome among hospitalized patients 

Characteristics Hospitalized Outpatient P -value MIS-C Respiratory Other syndromes P -value 

Number of patients (%) 171 17.7% 793 82.3% 27 15.8% 86 50.3% 58 33.9% 

Sore throat 16 9.4% 144 18.2% 0.002 6 22.2% 6 7.0% 4 6.9% 0.018 

Anosmia 4 2.3% 39 4.9% 0.072 0 0.0% 4 4.7% 0 0.0% 0.401 

Ageusia 4 2.3% 39 4.9% 0.072 0 0.0% 4 4.7% 0 0.0% 0.401 

Neurologic symptoms 9 5.3% 6 0.8% < 0.001 1 3.7% 0 0.0% 8 13.8% < 0.001 

Meningeal signs 1 0.6% 0 0.0% 0.178 0 0.0% 0 0.0% 1 1.7% 0.122 

Rash 24 14.0% 33 4.2% < 0.001 15 55.6% 4 4.7% 5 8.6% < 0.001 

Cervical adenopathy 5 2.9% 1 0.1% 0.001 5 18.5% 0 0.0% 0 0.0% < 0.001 

Oral abnormalities 17 9.9% 48 6.1% 0.069 12 44.4% 2 2.3% 3 5.2% < 0.001 

Non-supurative conjunctivitis 10 5.8% 5 0.6% < 0.001 10 37.0% 0 0.0% 0 0.0% < 0.001 

Extreme abnormalities 11 6.4% 0 0.0% < 0.001 10 37.0% 0 0.0% 1 1.7% < 0.001 

General laboratory evaluation 

Age-matched anaemia 50/158 31.6% 6/85 7.1% < 0.001 19/25 76.0% 17/81 21.0% 14/52 26.9% < 0.001 

WBC per μL, median 8330 (5925-12,950) 7815 (5925-10,175) 0.172 13000 (8040-19,200) 7600 (5700-12,100) 7920 (5140-12,200) - 

Leukopenia ( < 4000 cells/ 𝜇L) 14/156 9.0% 3/88 3.4% 0.101 2/25 8.0% 8/78 10.3% 2/26 7.7% 0.898 

Left shift 17/158 10.8% 2/85 2.4% 0.017 6/25 24.0% 6/81 7.4% 5/52 9.6% 0.063 

Absolute neutrophil count (cells/ 𝜇L), median 3525 (1890-6440) 2998 (1815-5965) 6198 (3450-8532) 3300 (1890-5800) 3745 (1880-6485) - 

Absolute lymphocyte count (cells/ 𝜇L), median 2595 (1630-4220) 3170 (2045-4525) 0.246 2553 (1311-3387) 2500 (1490-4300) 2930 (1800-4275) - 

Neutrophil to lymphocyte ratio, median (rv not 

established) 

1.4 (0.6-3.2) 1.2 (0.4-2.1) - 1.8 (1.1-4.6) 1.5 (0.6-3.2) 1.3 (0.5-2.7) - 

Age-matched lymphopenia (cells/μL) 57/153 37.3% 15/90 16.7% 0.001 7/21 33.3% 33/80 41.3% 17/52 32.7% 0.227 

Atypical lymphocytes 92/158 58.2% 43/84 51.2% 0.178 16/25 64.0% 43/81 53.1% 33/52 63.5% 0.597 

Platelets/μL, median 

284000 

(210,000- 

383,000) 269000 

(217,000- 

3,432,500) 

0.184 180000 (82,000-434,000) 

296000 

(249,000- 

371,000) 283000 

(211,000-350,000) 

Increased platelets count ( > 450,000/μL) 20/157 12.7% 5/84 6.0% 0.050 6/25 24.0% 10/81 12.3% 4/51 7.8% 0.405 

Reduced platelets count ( < 150,000/μL) 

136/157 

86.6% 79/84 94.0% 0.937 19/25 76.0% 70/81 86.4% 47/51 92.2% < 0.001 

AST (U/L), median 39 (29-65) 44 (27-43) 0.424 48 (32-81) 35 (31-64) 28 (24-41) 0.153 

ALT (U/L), median 24 (17-44) 22 (17-32) 0.999 30 (21-57) 24 (17-44) 20 (17-24) 0.323 

Laboratory evidence of cardiac involvement 

Increased CPK (rv 30-135 U/L) 1/19 5.3% - - - 1/12 8.3% 0/5 0.0% 0/2 0.0% 0.767 

Increased troponin I (rv ≤ 53 ng/L) 8/22 36.4% - - - 6/15 40.0% 2/6 33.3% 0/1 0.0% 0.119 

Increased proBNP (rv < 100 pg/mL) 8/21 38.1% - - - 7/15 46.7% 1/4 25.0% 0/2 0.0% 0.517 

Laboratory evidence of systemic inflammation 

Median C-reactive protein level (mg/dL) 1.5 (0.3-6.8) 0.6 (0.1-2.4) - 12.6 (5.9-20.8) 0.8 (0.2-2.6) 1.2 (0.2-4.7) - 

Elevated C-reactive protein ( > 3.0 mg/dL) 56/157 35.7% 11/63 17.5% 0.002 21/26 80.8% 17/80 21.3% 18/51 35.3% < 0.001 

Elevated C-reactive protein ( > 10.0 mg/dL) 26/157 16.6% 3/63 4.8% 0.028 15/26 57.7% 4/80 5.0% 7/51 13.7% < 0.001 

ESR (mm/h), median 53.0 (25-81) 11.0 (9-13) 0.004 72 (63-105) 23 (15-36) 30 (23-42) - 

Elevated ESR ( ≥ 40 mm/h) 27 58.1% 0 0.0% 0.041 21/21 100.0% 3/15 20.0% 3/7 42.9% < 0.001 

Leukocytosis ( ≥ 15,000 mm 

3 ) 26/158 16.5% 5/85 5.9% 0.01 9/25 36.0% 12/81 14.8% 5/52 9.6% 0.003 

Elevated LDH ( > 237 UI/L) 35/41 85.4% - - - 18/20 90.0% 12/13 92.3% 5/8 62.5% 0.002 

Elevated D-dimer ( > 0.50 μg/mL) 

122/122 

100.0% - - - 5/5 100.0% 65/65 100.0% 52/52 100.0% 0.006 

Altered fibrinogen (rv 200-400 mg/dL) 24/38 63.2% - - - 19/21 90.5% 3/12 25.0% 2/5 40.0% 0.001 

Altered coagulopathy 7/35 20.0% - - - 5/15 33.3% 1/14 7.1% 1/6 16.7% 0.081 

Albumin level ≤ 3.5 g/dL 

108/108 

100.0% - - - 5/5 100.0% 57/57 100.0% 46/46 100.0% 0.215 

Increased IL-6 (rv < 7 pg/mL) 15/20 75.0% - - - 14/14 100.0% 1/5 20.0% 0/1 0.0% 0.001 

Exposure to SARS-CoV-2, no. (%) < 0.001 0.689 

Family cluster 109 63.7% 621 78.3% 17 63.0% 58 67.4% 34 58.6% 

Contact with other suspected case 6 3.5% 42 5.3% 1 3.7% 4 4.7% 1 1.7% 

Unidentified source of infection 56 32.7% 130 16.4% 9 33.3% 24 27.9% 23 39.7% 

( continued on next page ) 
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Table 1 ( continued ) 

All patients Clinical syndrome among hospitalized patients 

Characteristics Hospitalized Outpatient P -value MIS-C Respiratory Other syndromes P -value 

Number of patients (%) 171 17.7% 793 82.3% 27 15.8% 86 50.3% 58 33.9% 

Laboratory evidence of COVID-19, contact with 

SARS-CoV-2 and detection of other respiratory 

pathogens 

Positive test for any other respiratory pathogen 22/82 26.8% 2/81 2.5% < 0.001 2/12 16.7% 20/51 39.2% 0/19 0.0% - 

Positive multiplex RT-PCR respiratory panel 15/35 42.9% 0/0 #DIV/0! - 2/4 50.0% 13/27 48.1% 0/4 0.0% - 

RSV (rapid test) 10/22 35.7% 1/10 10.0% - 0/1 0.0% 10/24 41.7% 0/3 0.0% - 

RSV (any test) 15/22 68.2% 1/2 50.0% - 0/2 0.0% 15/20 75.0% 0/0 #DIV/0! - 

Influenza A/B (rapid test) 0/23 0.0% 0/17 0.0% - 0/2 0.0% 0/17 0.0% 0/4 0.0% - 

Group A streptococcus (rapid test) 0/28 0.0% 1/66 1.5% - 0/7 0.0% 0/9 0.0% 0/12 0.0% - 

Radiologic evaluation, no. (%) 

No radiologic evaluation 40 23.4% 575 72.5% - 6 22.2% 0 0.0% 34 58.6% - 

Chest CT performed 18 10.5% 7 0.9% - 2 7.4% 14 16.3% 2 3.4% - 

Chest CT abnormalities 14/18 77.8% 1/7 14.3% - 0/2 0.0% 12/14 85.7% 2/2 100.0% - 

Ground-glass opacity 11 61.1% 1 14.3% - 0 0.0% 9 64.3% 2 100.0% - 

Consolidations 9 50.0% 0 0.0% - 0 0.0% 8 57.1% 1 50.0% - 

Other 5 27.8% 0 0.0% - 0 0.0% 4 28.6% 1 50.0% - 

Chest CT abnormalities with normal X-ray 4/14 0/1 - 0/0 3/12 1/2 - 

X-ray performed 130 76.0% 213 26.9% - 21 77.8% 85 98.8% 24 41.4% - 

X-ray performed, no chest CT 113 86.9% 211 99.1% - 19 90.5% 72 84.7% 22 91.7% - 

Any X-ray abnormalities 78/130 60.0% 

75/213 

35.2% < 0.001 11/21 52.4% 54/85 63.5% 13/24 54.2% 0.271 

Perihilar peribroncovascular thickening 65/130 50.0% 

65/213 

30.5% - 9/21 42.9% 44/85 51.8% 12/24 50.0% - 

Pulmonary opacities 24/130 18.5% 

11/213 

5.2% - 3/21 14.3% 19/85 22.4% 2/24 8.3% - 

Atelectasis 8/130 6.2% 4/213 1.9% - 1/21 4.8% 5/85 5.9% 2/24 8.3% - 

Maximum respiratory and vasoactive support 

None 124 72.5% - - - 23 85.2% 46 53.5% 55 94.8% < 0.001 

Supplemental oxygen 25 14.6% - - - 1 3.7% 23 26.7% 1 1.7% 0.002 

High-flow nasal cannula 13 7.6% - - - 0 0.0% 12 14.0% 1 1.7% 0.016 

CPAP or BiPAP 4 2.3% - - - 0 0.0% 4 4.7% 0 0.0% 0.275 

Intubation/tracheostomy ventilation 5 2.9% - - - 3 11.1% 1 1.2% 1 1.7% 0.016 

Vasoactive support 4 2.3% - - - 3 11.1% 0 0.0% 1 1.7% 0.002 

Advanced therapy (iNO, ECMO, prone ventilation) 2 1.2% - - - 1 3.7% 0 0.0% 1 1.7% 0.122 

Pharmacologic therapy 

None 74 43.3% 723 91.2% < 0.001 4 14.8% 28 32.6% 42 72.4% < 0.001 

Macrolide 29 17.0% 19 2.4% < 0.001 2 7.4% 26 30.2% 1 1.7% < 0.001 

Tocilizumab 3 1.8% 0 0.0% - 3 11.1% 0 0.0% 0 0.0% 0.002 

Intravenous immunoglobulin 19 11.1% 0 0.0% - 16 59.3% 1 1.2% 2 3.4% < 0.001 

Oseltamivir 19 11.1% 1 0.1% < 0.001 2 7.4% 17 19.8% 0 0.0% 0.083 

Systemic glucocorticoids 54 31.6% 24 3.0% < 0.001 14 51.9% 36 41.9% 4 6.9% < 0.001 

Antibacterial therapy (other than macrolide) 65 38.0% 30 3.8% < 0.001 17 63.0% 34 39.5% 14 24.1% 0.017 

ALT, alanine transaminase; AST, aspartate aminotransferase; BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressue; CPK, creatine phosphokinase; CT, computed tomography; ECMO, 

extracorporeal membrane oxygenation; ER, emergency room; ESR, erythrocyte sedimentation rate; IL-6, interleukin-6; iNO, inhaled nitric oxide; IQR, interquartile range; PICU, paediatric intensive care unit; proBNP, 

pro B-type natriuretic peptide; RT-PCR, reverse transcription polymerase chain reaction; RSV, respiratory syncytial virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; WBC, white blood cells. LDH, 

lactate dehydrogenase; rv, reference value. 

Reference values and ranges for parameters were provided by the local laboratory 
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Figure 4. Distribution of clinical syndromes according to disease severity among 964 children with coronavirus disease 2019 (COVID-19) at Hospital Infantil Sabará. 

Outpatients were considered mild. URT, upper respiratory tract; PIMS-TS, paediatric inflammatory multi-system syndrome. 

Table 2 

Significant underlying chronic conditions according to disease severity among 

paediatric patients with coronavirus disease 2019 evaluated at Hospital Infantil 

Sabará between March 2020 and March 2021. 

Bacterial agents causing carbapenemase-producing carbapenem-resistant Enter- 

obacterales infection found in clinical specimens at Debre Berhan Comprehen- 

sive Specialized Hospital from January to June 2021 

Bacterial isolate Clinical sample CPE infection ( n = 164) Total 

Yes (%) No (%) 

E. coli Blood 3 (1.8) 14 (8.5) 17 (10.4) 

Urine 1 (0.6) 30 (18.3) 31 (18.9) 

Wound 4 (2.4) 10 (6.1) 14 (8.5) 

Sputum - 2 (1.2) 2 (1.2) 

Stool - 10 (6.1) 10 (6.1) 

Total 8 (4.9) 66 (40.2) 74 (45.1) 

K. pneumoniae Blood 3 (1.8) 10 (6.1) 13 (7.9) 

Stool 1 (0.6) 2 (1.2) 3 (1.8) 

Urine 4 (2.4) 19 (11.6) 23 (14.0) 

Wound - 8 (4.9) 8 (4.9) 

Total 8 (4.9) 39 (23.8) 47 (28.7) 

K. oxytoca Blood 2 (1.2) 2 (1.2) 4 (2.4) 

Stool 1 (0.6) 2 (1.2) 3 (1.8) 

Total 3 (1.8) 4 (2.4) 7 (4.3) 

C. koseri Wound - 1 (0.6) 1 (0.6) 

Stool - 1 (0.6) 1 (0.6) 

Blood 2 (1.2) 4 (2.4) 6 (3.7) 

Urine - 2 (1.2) 2 (1.2) 

Total 2 (1.2) 8 (4.9) 10 (6.1) 

K. aerogenes Wound 1 (0.6) - 1 (0.6) 

Urine - 3 (1.8) 3 (1.8) 

Stool - 3 (1.8) 3 (1.8) 

Total 1 (0.6) 6 (3.7) 7 (4.3) 

M. morganii Urine - 1 (0.6) 1 (0.6) 

Stool - 1 (0.6) 1 (0.6) 

Total - 2 (1.2) 2 (1.2) 

K. ozaenae Blood - 3 (1.8) 3 (1.8) 

Urine - 1 (0.6) 1 (0.6) 

Total - 4 (2.4) 4 (2.4) 

P. stuartii Urine 1 (0.6) 2 (1.2) 3 (1.8) 

Blood 1 (0.6) - 1 (0.6) 

Stool - 1 (0.6) 1 (0.6) 

Total 2 (1.2) 3 (1.8) 5 (3.0) 

E. cloacae Urine - 4 (2.4) 4 (2.4) 

Stool - 2 (1.2) 2 (1.2) 

Total 6 (3.7) 6 (3.7) 

Citrobacter spp. Wound - 1 (0.6) 1 (0.6) 

C. freundii Stool - 1 (0.6) 1 (0.6) 

Total 24 (14.6) 140 (85.4) 164(100) 
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59 
espectively; P = 0.007) and increased white blood cell count (median

0,500 vs 7640/mm 

3 , respectively; P = 0.036). The adjusted OR of se-

ere disease was 3.0 (95% CI 1.09–8.6) among cases with at least one

ignificant comorbidity compared with cases without any significant co-

orbidities. Additional laboratory markers associated with increased

everity included leukopenia ( < 4000 cells/ 𝜇L) (OR 7.3, 95% CI 1.4–

7.5) and leukocytosis (OR 6.0, 95% CI 1.7–21.2). 

adiologic findings 

A radiologic evaluation was performed in 36.2% of all children

 n = 349) ( Table 1 ). Any pulmonary abnormality was present in 35.2%

f discharged patients, in contrast with 60% of inpatients ( P < 0.001).

he most common findings in both subgroups were perihilar peribron-

ovascular thickening, pulmonary opacities and atelectasis. A chest CT

can was performed in 25 children (2.6%): 60% ( n = 15) had a significant

nderlying condition, and 18 were hospitalized. Ground-glass opacity

ith, at most, moderate involvement (25–50%) of the lung parenchyma

as the most common finding among those with an abnormal report

 n = 12, 48.0%), followed by consolidations ( n = 9, 36%). However, these

bnormalities differed significantly between inpatients [ n = 11 (61.1%)

nd n = 9 (50%), respectively] and outpatients [ n = 1 (14.3%) and n = 0,

espectively]. Radiologic signs of complicated pneumonia (i.e. pleural

ffusion or empyema, necrotizing pneumonia or intrapulmonary ab-

cesses) were not described in any patients. 

dministered therapy 

Most non-hospitalized patients were discharged from the emergency

oom with a prescription for symptomatic treatment alone ( Table 1

nd Figure 5 ). Forty-nine outpatients (6.2%) were prescribed an oral

-lactam or macrolide antibiotic. Antibiotic justifications were acute

titis media ( n = 10), presumed urinary tract infection ( n = 3), ‘abnor-

alities’ seen on chest X-ray ( n = 2), and treatment of group A strep-

ococcal pharyngotonsillitis ( n = 1). Only 7.7% of all children presenting

ith flu-like syndrome or pneumonia ( n = 20/258) and 32.5% of children

ith severe respiratory illness ( n = 13/40) were prescribed oseltamivir.

verall, 8.1% of patients ( n = 78/964) were prescribed a systemic glu-

ocorticoid: 3% of outpatients ( n = 24/793) and 31.6% of hospitalized

atients ( n = 54/171), of whom 29 had severe clinical presentation. No

atients received specific SARS-CoV-2 antiviral therapy (e.g. remdesivir)

r chloroquine/hydroxychloroquine. 



D. Jarovsky, G. de Freitas Fongaro, R.M. Zampol et al. IJID Regions 7 (2023) 52–62 

Figure 5. Distribution of clinical syndromes and pharmacologic therapies according to disease severity among 964 children with coronavirus disease 2019 at Hospital 

Infantil Sabará. Outpatients were considered mild. 
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Twenty-seven hospitalized children fulfilled the diagnostic criteria

or MIS-C. The median duration of fever was 7 (range 3–15) days, and

he most common clinical findings are described in Table 1 . RT-PCR-

onfirmed COVID-19 and serologic evidence of SARS-CoV-2 infection

as seen in 29.6% ( n = 8) and 59.3% ( n = 16) of patients tested, respec-

ively. Only three cases (11.1%) showed a positive epidemiologic link

nd both tests were negative. Three of the four severe/critical cases were

haracterized by intense clinical courses including mechanical ventila-

ion in a prone position, vasoactive support, dialysis ( n = 1) and therapy

ith tocilizumab (a monoclonal antibody against the interleukin-6 re-

eptor). Six (22.2%) children were treated with high-dose intravenous

mmunoglobulin (IVIG) alone, four (14.8%) children were treated with

ystemic glucocorticoids alone, 10 (37%) children were treated with

oth medications in combination, and seven (26%) children did not re-

eive any treatment. 

All MIS-C patients had echocardiographic evaluations. Abnormal

ndings were seen in two-thirds of cases ( n = 18), while two or more

bnormalities occurred in 22.2% ( n = 6) of cases. As expected, the pres-

nce of any abnormal finding was significantly more common in chil-

ren with MIS-C than in children with acute COVID-19 ( n = 29; P = 0.001):

ericardial effusion (PE) was the most common finding [37.0% ( n = 10)

s 6.9% ( n = 2)], followed by coronary artery dilation [22.2% ( n = 6) vs

.4% ( n = 1)], mitral valve regurgitation [14.8% ( n = 4) vs 3.4% ( n = 1)]

nd left ventricular dilation [7.4% ( n = 2) vs n = 0]. Coronary artery

neurysms were not detected. 

iscussion 

Globally, the paediatric population represents approximately 15%

f all cases of COVID-19 [20] , and < 1% of documented critical and fa-

al cases [ 11 , 21 ]. However, low-and-middle-income countries, includ-

ng several Latin American countries, experience higher numbers of

aediatric deaths than high-income nations [22–24] . Brazil, for exam-

le, has one of the highest paediatric COVID-19 death rates worldwide,

ccounting for almost one in every four paediatric COVID-19 deaths
60 
orldwide before the Omicron variant [25] . Despite these concern-

ng numbers, limited comprehensive data on SARS-CoV-2 infection in

razilian children have been published since the start of the COVID-19

andemic. 

To the best of the authors’ knowledge, this is the largest study to date

o evaluate the clinical, laboratory and radiographic characteristics of

aediatric COVID-19 in a Brazilian population. As the disease epicentre

n Brazil and the largest paediatric hospital in the country’s south-east

egion, the high prevalence of SARS-CoV-2 infection in metropolitan

ão Paulo offered a unique opportunity to describe the varied paediatric

orms of the disease. 

This study had two remarkable findings. First, before the predomi-

ance of the Delta and Omicron variants, paediatric COVID-19 resulted

n hospitalization rates ranging from 0.1% to 1.5% in the USA and some

uropean Union countries [ 20 , 26 ]; however, the rates in Brazil were

ore than 10–15-fold higher. Even higher rates were reported by a

ulti-centre paediatric research network, comprising five Latin Amer-

can countries, where an overwhelming 47% of paediatric COVID-19

ases were admitted to hospital [23] . The present data support the cur-

ent evidence of more severe disease in Latin/Hispanic children in one

f the largest and most populated areas in the world. Similarly, PICU

dmission occurred in < 13% of hospitalized paediatric patients in Eu-

ope and North America [26–29] , compared with the present finding

f 27.5% in Brazil. However, the authors believe the clinical severity is

 more correct measurement of the need for intensive care, as almost

ne-fifth of the PICU admissions at HIS were required due to IVIG ad-

inistration. 

This study strengthens the concept that the risk of hospitalization

nd severe COVID-19 outcome is substantially elevated for children

ith underlying risk factors [ 27 , 30 ]. Asthma, neurodevelopmental dis-

rders, congenital cardiac anomalies, prematurity (particularly in young

hildren), leukopenia and lymphocytopenia are among the strongest

isk factors for hospitalization and severe disease [31] . This is the first

tudy from Latin America to report paediatric obesity as a risk factor

or COVID-19 hospitalization. Persistent immune dysregulation (includ-

ng dysfunctional innate T cells), chronic inflammation and endothelial

ysfunction are among the postulated underlying mechanisms [32–34] .
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This study found that thrombocytosis is an additional risk factor

nfrequently described in children. While thrombocytopenia is a well-

ecognized negative prognostic factor in COVID-19 and MIS-C, a platelet

ount ≥ 450 × 10 9 /L has been reported in < 5% of cases [ 35 , 36 ] and is

sually associated with reduced overall in-hospital mortality and need

or mechanical ventilation [36] . Additionally, atypical lymphocytes in

he peripheral blood (regarded as immunologically activated T cells)

ere associated with pneumonia and need for supplemental oxygen

37] . However, despite being documented in almost 60% of children

equiring hospitalization, this did not differ between hospitalized and

on-hospitalized patients, or between clinical syndromes in the present

tudy. 

In contrast with the high hospitalization and PICU rates, the absence

f fatal outcomes was the second and probably most intriguing find-

ng. No deaths directly or indirectly related to SARS-CoV-2 infection

ad been documented at HIS by November 2022, even during the emer-

ence of the Omicron BA.1/BA.2 and BA.5 variants. While this infor-

ation could be seen as reassurance of the low severity of COVID-19

mong children, the numbers diverge from the expected case fatality

ates from national and international data [ 7 , 25 ]. Additionally, common

ardiovascular complications such as shock and cardiac collapse, con-

idered cardinal acute cardiovascular manifestations in classic episodes

f MIS-C [38] , were rarely found in the study patients. Such numbers

ontrast with the Brazilian Ministry of Health data, where the overall

ase fatality rate of 7% is among the highest in the world [3] ; this could

e related to discrepancies in quality and timely medical care in most

razilian cities. It is unclear why the severity of MIS-C differs between

ountries and populations, but viral characteristics and low specificity

f case definitions may be involved. The present data suggest that the

iagnostic criteria in use may not be specific enough to predict severe

r lethal cases [ 39 , 40 ]. 

Despite early promotion of ineffective drugs against COVID-19

including hydroxychloroquine, azithromycin and ivermectin) by the

razilian Government, none of the patients at HIS received these medi-

ations for COVID-19. However, despite the exceptionally low frequency

f antibacterial prescriptions for outpatients, disproportionate use of

acrolide derivatives, such as azithromycin, was found among those

ho received antibiotics. Not shown to improve survival in patients with

OVID-19 [ 41 , 42 ], recurrent macrolide use affects the gut resistome

the body’s largest reservoir of antimicrobial resistance genes), and has

he potential to propagate antibiotic resistance in young children [43] . 

The findings of this study are subject to several limitations. HIS is

 private hospital that is not associated with Brazil’s free and univer-

al Unified Health System, limiting access to those with supplementary

rivate health insurance. In Brazil, where > 70% of the population do

ot have private medical insurance [44] , poverty, inequality and social

eterminants of health create favourable conditions for the transmis-

ion of infectious diseases, including COVID-19 [ 45 , 46 ]. Therefore, as

 population with disproportionate access to high-quality medical care,

his study may have had selection bias [47] . Second, a small number

f Black participants were included in this analysis, which is consistent

ith the racial profile of the population who attended HIS. Ethnicity

as not found to be a predictor for hospitalization or death among the

tudy population; this is in contrast to previous studies, which found

hat race, particularly Black, Indigenous and Hispanic, was an indepen-

ent risk factor for negative outcomes in paediatric COVID-19 and MIS-

 [ 31 , 46 , 48–50 ]. Third, data collection through in-depth abstraction of

outine clinical documentation is subject to incomplete reporting. As

ost clinical data were recovered from electronic records, and attend-

ng clinicians did not use standardized forms, some inputs were excluded

rom the dataset. This drawback was minimized by reviewing all avail-

ble medical records carefully. Fourth, as this study evaluated COVID-19

n a broad but well-defined region in São Paulo, the findings may un-

erestimate the extent of the disease in other regions. Marked climatic

iversity and latitudinal differences in the pattern of viral circulation

ay differ substantially in a country such as Brazil. Moreover, testing
61 
trategies may differ regionally, resulting in geographic differences in

isease hospitalization rates and outcomes. Fifth, it was not possible to

valuate vaccine effectiveness against severe disease or hospitalization,

s immunization of children aged 5–11 years only became available in

razil in late January 2022. Finally, these findings describe the epidemi-

logy and characteristics of COVID-19 during the circulation of two pri-

ary SARS-CoV-2 variants. Continuous hospital-based surveillance of

ew variants should bring new information on COVID-19 in children,

ncluding the circulation of highly transmissible strains (such as Omi-

ron) and the effect of paediatric vaccination. 

With absolute and proportionate COVID-19 cases in children increas-

ng since late December 2021, paediatric disease is cause for increased

oncern given the vulnerabilities of this population group. Multi-centre

tudies to detect regional disparities in the disease course and replicate

he present findings in different settings are needed urgently, especially

ollowing the Omicron wave of infections. 
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