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ABSTRACT

Background: COVID-19 is considered by WHO a pandemic with public health emergency 

repercussions. Children often develop a mild disease with good prognosis. The prompt recognition of 

children at risk is essential to successfully manage pediatric COVID-19.

Methods: Data on all reported pediatric COVID-19 cases, in Portugal, was retrospectively assessed 

from a fully anonymized dataset provided by the Directorate-General for Health (DGS). Pediatric 

hospital admission results were attained from the DGS vaccine recommendations and pediatric 

intensive care unit (PICU) admission results from the Epicentre.pt work group.

Results: 92051 COVID-19 cases were studied, 50.5% males, average age of 10.1 years. The most 

common symptoms were cough, fever, rhinorrhea and headache. Gastrointestinal symptoms were 

infrequent. Patients with comorbidities were more likely symptomatic with cough (41.9%), fever 

(32.9%), or headache (26.6%). Dyspnea had a 12-fold increase, tachycardia 11-fold and convulsions 

10-fold in the comorbidity group. The most common comorbidity was asthma (n=753). Hospital 

admission was required in 0.93% of cases and PICU admission in 3.48 per 10000 cases. PICU 

admission for Multisystem Inflammatory Syndrome in Children was observed more frequently in 

children with no comorbidities (75%) and males, whereas severe COVID-19 was rarer and occurred 

mainly in female patients and under 1 year of age. Overall children with comorbidities were 26 times 

more likely to require ICU admission. Two deaths were reported as caused by COVID-19. Case 

fatality rate and mortality rates were extremely low, 1.8 per 100,000 cases and 1.2 per 1,000,000 

respectively.

Conclusions: The clinical presentations observed were predominantly respiratory and neurologic, 

gastrointestinal symptoms were infrequent. Symptomatic presentations were strikingly frequent in the 

subpopulation with comorbidities and at a greater risk of PICU admission. Less than 1% of patients 

required hospital admission. MIS-C was more frequent in patients with no comorbidities and males. 

Mortality and case-fatality rates in Portugal were extremely low.  

Keywords: COVID-19, Pediatric, Epidemiology, Comorbidities, MIS-C, Mortality
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What we know about this subject: 

Children present a milder course of disease and a lower susceptibility to being severely affected by 

COVID-19. However, children with comorbidities can present worse clinical condition and outcomes. 

Globally pediatric COVID-19 case-fatality and mortality rates are low.

What our study adds: 

Portuguese children with comorbidities are highly symptomatic for COVID-19 and in particular can 

develop dyspnoea 12x, tachycardia 11x and convulsions 10x more frequently than children without 

comorbidities. MIS-C was observed more frequently in male patients and those without comorbidities 

whereas severe COVID-19 was observed more frequently in extremely young (<1year) female patients. 

Children with comorbidities were 26x more likely to require PICU admission. Portuguese children and 

adolescents presented an extremely low mortality and case-fatality rate, 1.8 per 100,000 cases and 1.2 

per 1,000,000 respectively.
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BACKGROUND

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), is considered by the World Health Organization (WHO) a pandemic with public health 

emergency repercussions.[1],[2] Worldwide, millions of people have been infected with COVID-19 since 

the end of 2019 among all age groups.[3] Children are also at risk for COVID-19 but have experienced 

a lower incidence than other age groups.[4],[5] Laboratory-confirmed COVID-19 cases in the United 

States reveal that only 1.7% of cases were among children and adolescents under 18 years old.[6] 

Furthermore, several studies showed these age groups have lower susceptibility to being severely 

affected, often developing a mild form of disease and with a likely good prognosis.[7–9] Studies have 

shown that children present different symptoms [10], distinct comorbidities, decreased disease severity 

and fewer disease complications.[10] The characteristics and clinical manifestations of infected 

children[11],[12] and the role of the pediatric population in SARS-CoV-2 spread in the community have 

been considered of major interest.[13] The most frequent symptoms described in children have been 

fever, cough[14] and ear, nose, and throat (ENT) complaints. However, other manifestations such as 

gastrointestinal symptoms have also been identified.[12],[15],[16] A small number of children need 

hospital admission, and of these, a minority required ICU admission either due to severe COVID-19 or 

multisystem inflammatory disease in children (MIS-C). Several risk factors have been associated with 

these conditions such as extreme age, male sex, comorbidities and non-white background.[17]

As COVID-19 characteristics and clinical course among children can differ from adult patients in 

numerous ways, specific recommendations for the diagnosis, treatment and vaccination plans in 

children are being implement worldwide, despite differences across countries.[18],[19],[20],[21] 

Increasing knowledge of the clinical characteristics in this demographic group may also contribute 

towards the development and continuous adaptation of preventive strategies that can benefit all 

communities.

This study aims to investigate the epidemiological and clinical characteristics of pediatric SARS-CoV-2 

infection cases, hospital and ICU admissions in Portugal and compare these to other countries.

MATERIALS AND METHODS
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STUDY DESIGN AND DATA

Data on all cases of COVID-19 in children and adolescents under the age of 18, in Portugal, diagnosed 

between March 2nd, 2020, and February 28th, 2021 was retrospectively assessed. The dataset was fully 

anonymized and was provided by the Directorate-General for Health (DGS) on11th of March 2021. The 

data was collected by the SINAVE (National Epidemiological Surveillance System). Hospital admissions 

with a SARS-CoV-2 primary or secondary diagnosis, from March 2nd to December 31st  2020, were 

obtained as results from the Pediatric COVID-19 vaccination technical recommendation by DGS.[22] 

No information on whether the diagnosis was the primary or secondary cause of admission was 

available. Data on pediatric SARS-CoV-2 PICU admissions were obtained as anonymized data results 

on severe COVID-19 and Multisystem inflammatory syndrome in children (MIS-C) from the Epicentre.pt 

work group. Data from the National Statistics Institute (INE) was used for mortality and population 

comparisons. The pediatric mid 2020 population was used by proxy as an estimate population for the 

period analyzed.  Patients and public were not involved in the design or analysis developed in this study. 

According to the WHO definition, a confirmed SARS-CoV-2 case was based on a positive polymerase 

chain reaction test.[23] Daily death reports published by DGS were analyzed to calculate the number 

of deaths caused by COVID-19.

STATISTICAL ANALYSIS 

Descriptive statistics were used to summarize univariate characteristics. Results were presented as 

absolute and relative frequencies for qualitative variables, and as means, medians, standard deviations 

(SD), interquartile range (IQR), minimum and maximum statistics for quantitative variables. All analyses 

were conducted using R software version 3.6.3 (R Foundation for Statistical Computing, Vienna, 

Austria). 

RESULTS

GENERAL CHARACTERISTICS

The present study included 92051 COVID-19 cases in children and adolescents reported from March 

2nd, 2020, to February 28th, 2021, as infected with SARS-CoV-2 in Portugal; 46453 (50.5%) were males, 

and 45583 (49.5%) females. The age profile of patients was distributed between 0 and 17 years old, 
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with case numbers increasing with age (Table 1). An average age of 10.1 (standard deviation of 5.0) 

and a median of 11.0 years were observed. 

The geographical distribution highlights most cases occurred in 3 urban areas, 22999 (25%) in Lisbon 

district, followed by Porto 18350 (19.9%) and Braga 11091 (12%). The areas with fewer cases were 

predominantly rural districts (Portalegre and Beja) and autonomous regions of the Azores and Madeira 

islands (Figure 1). The children and adolescents with COVID-19 had mostly Portuguese nationality 

(95.3%). Only 4% were from other backgrounds, mainly from Brazil, Angola, Cape Verde, and São 

Tome and Principe scattered from a wide range of countries.

COVID-19 CASES TIMELINE

During this study, several COVID-19 epidemic waves were observed (Figure 2): 1) between March and 

April 2020, when 738 cases were reported (0.8% of all cases); 2) between May and July 2020, when 

1756 cases (1.9% of all cases) were reported; 3) from September to December 2020, when 39897 

cases (43.3% of all cases) were reported; and 4) from January to March 2021, following lockdown 

easing during the Christmas season, when 46634 cases (50.7% of all cases) were reported.

CLINICAL PRESENTATION

Symptoms were reported in 21077 (22.9%) of the cases; 13466 (14.6%) were recorded as 

asymptomatic, and there was no information regarding the presence or absence of symptoms stated in 

57508 cases (62.5%). The number of reported symptoms and the frequency of COVID-19 cases were 

inversely proportional, 7089 (7.7%) presented one symptom, whereas 89 patients (0.1%) presented 

with eight or more symptoms. The asymptomatic presentation of the disease increased with age, 

peaking between 8 and 12 years of age and slightly decreasing subsequently. 

The most common symptoms observed individually were cough (10205, 11.1%), fever (9812, 10.7%), 

rhinorrhea (7739, 8.4%), and headache (7143, 7.8%). Analyzing the distribution of the co-occurrence 

of clinical COVID-19 symptoms, in each pediatric patient, fever was commonly combined with cough 
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(38.1%), rhinorrhea (29.7%), headache (28.9%), odynophagia (20.9%) or myalgia (16.5%). 

Furthermore, combinations of these symptoms were the most common presentations observed. Fever, 

cough, and rhinorrhea were the most common presentations for children from 0 to 9 (Table 2). Children 

aged 0 presented with the highest rates of fever (30%), cough (23%), rhinorrhea (22%) and diarrhea 

(6.3%) when compared to the other age groups. From age 10 to 17 years, headache was the most 

common reported symptom (12%), followed by fever, cough, rhinorrhea, odynophagia, and myalgia.

COMORBIDITIES

The majority (98%) of pediatric patients diagnosed with COVID-19 had no reported comorbidities. A 

total of 1593 patients presented with comorbidities, of which 1000 were specified. Of these, 943 patients 

presented with one comorbidity, 47 presented with two comorbidities and 10 presented with three or 

more comorbidities. The three most frequent comorbidities associated with COVID-19 in children and 

adolescents were: asthma (n = 753, 0.8%), neuromuscular diseases (n = 49) and diabetes (n = 55). 

Most patients with asthma or neurologic disease were males, whereas most patients with diabetes were 

females. (Table 3)

Patients with comorbidities presented symptoms more frequently than patients with no comorbidities. 

Fever was observed in 524 of these patients (32.9%) whereas 9812 (10.7%) patients with no 

comorbidities, corresponding to approximately 3-fold increase. Similarly, 41.9% of patients with 

comorbidities presented with cough, a 3-fold increase; 10.3% with dyspnea, a 12-fold increase; 26.6% 

with headache, a 3-fold increase and 6.8% with abdominal pain, a 4-fold increase. 

HOSPITAL AND PICU ADMISSIONS AND DEATHS

A total of 476 children were admitted to hospital with a COVID-19 ICD-10 code, either as primary or 

secondary diagnosis. Children aged from 0 – 4 represented 47.9% (228) of hospital admissions, 

corresponding to 2.24% of all Covid-19 cases in this age group during this time. (Table 4) No other 

sociodemographic or clinical variables were available to further characterize this population. 
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A total of 32 children required PICU admission, of these 28 (87.5%) were admitted due to MIS-C and 4 

(12.5%) due to severe COVID-19. MIS-C patients were predominantly male (21, 75%) with ages from 

15 months to 17 years age, average of 10.75 and median of 10.5 years. Most cases occurred between 

January and February 2021. Six patients presented comorbidities. No deaths or major disability were 

observed. 

Severe COVID-19 was observed mainly in female patients, under the age of one and all presenting 

comorbidities.

The risk of PICU admission in patients with comorbidities was 26x increased when comparing to 

patients without comorbidities.

Two deaths caused by COVID-19 were reported by the DGS during this study.

.
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DISCUSSION

In this study, epidemiological and clinical characteristics of pediatric COVID-19 infections, hospital and 

PICU admissions in Portugal were described. These results highlight the clinical differences of COVID-

19 presentations in the various pediatric ages, the most common combinations of symptoms and the 

role comorbidities play. 

Although there is accessible and exhaustive knowledge regarding adult COVID-19 disease[24],[25] 

pediatric COVID-19 epidemiology and clinical characteristics are significantly less studied and 

documented in the literature. SARS-CoV-2 infection studies have shown that children are more likely 

to be asymptomatic than adults [26] and present a less severe disease course.[27] [28] Young children 

and infants are reported as more vulnerable to infection [29] than older pediatric patients. COVID-19 

related fatalities have been reported as scarce in the pediatric population.[6] In this context, we 

assessed the characteristics and clinical features of COVID-19 in children in Portugal.

We observed an increase of COVID-19 cases with age in both sexes with slightly higher number of 

cases in males compared to females (50.5% vs. 49.5%). However, when comparing within age groups, 

significant differences between sex were observed mainly between 16 and 17, and predominantly in 

females. Overall, in the literature, male sex seems to be most affected, although individual smaller 

studies have shown either sex as being the most frequent.[9],[28] 

Most of these cases are geographic clustered in the high-density urban areas of Lisbon, Porto, and 

Braga. The association between population density and cumulative infection cases spread was 

previously observed at a county level in the United States of America and considered an effective 

predictor of cumulative infection cases.[30] Though the regions with the lower incidences were mainly 

rural and low-density populated districts, such as Portalegre, Beja and the autonomous regions of the 

Azores and Madeira islands. The nationality of COVID-19 pediatric patients reflects the population’s 

background. The majority are Portuguese and 4% come from diverse backgrounds Brazil, Angola, Cape 

Verde, and São Tome and Principe, countries with historical ties and emigration patterns to Portugal.

Several COVID-19 waves were observed in our study. Interestingly, the pediatric and adult population 

peaks co-occurred simultaneously. Following the first wave, in March and April 2020, the first State of 
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Emergency [31], and lockdown were implemented, including school closures, mandatory remote work, 

limiting mobility, business hours, and social gatherings.

Between March 17th and April 2nd, all children who attended the Emergency Department (ED) of a 

Portuguese hospital with suspected COVID-19 symptoms as cough, fever or rhinorrhoea were tested. 

Of all 94 cases, one was positive.[32] This can indicate a low incidence of disease at this stage which 

is in accordance with our results. Studies on antibody seroprevalence of SARS-CoV-2 have shown that 

only half the children and adolescents had developed disease symptoms.[33]

The presence of gastrointestinal symptoms has been identified as major symptoms occurring in the 

pediatric population.[34],[35],[36] In our analysis, diarrhea, abdominal pain, nausea and vomiting were 

less frequent than other symptoms like cough, fever, rhinorrhea, and headache, such has been reported 

elsewhere.[4],[28] These symptoms have been dominant in other meta-analysis describing clinical 

characteristics of children: Wang et al. reported the presence of fever in 48% and cough 39% of the 

cases.[14] Li et al.[37]  in 7004 pediatric cases reported fever 47% and cough 42% as the most prevalent 

clinical symptoms. As found in our results (38.1%), the combination of symptoms, fever and cough 30% 

has also been documented.[37]  Interestingly the most common symptoms per age groups can be 

organized in 3 sets: 1) from ages zero to four years: fever, cough and rhinorrhea; 2) from ages five to 

nine years: fever, cough, rhinorrhea and headache; and 3) from 10 to 17 years: the previous 4 

symptoms, odynophagia and myalgia. This result can reflect simultaneously the inability of young 

children to express their complaints and an increase in the variety of symptoms and presentations as 

age increases.  Unknown clinical presentations were frequent and while the majority of these are likely 

to be asymptomatic patients in which no symptoms were denied on the digital platform SINAVE, during 

contact tracing, future optimization of this platform is important to mitigate these limitations. 

Concomitantly work overload and non-medical personal on the contact tracing team might also help 

explain these results. 

Asthma was the most common underlying condition (753 cases) and has been the most reported 

comorbidity among several pediatric cases as well.[6],[5],[28] However, this represents a lower 

prevalence of asthma than would have been anticipated by the authors suggesting asthma was 

underreported or these patients were successfully shielding at this phase of the pandemic. Verma et al. 
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analysed SARS-CoV-2 infections in children in four hospitals in the New York City area and found those 

with asthma were more likely to need respiratory support during hospitalization.[38] In a systematic 

review, including 5686 children aged under 18 years with SARS-CoV-2 infection, the most frequent 

comorbidity was cardiac disease; and most children who required ventilation had underlying 

comorbidities.[4] Only a small proportion of children with COVID-19 had comorbidities (n = 1000, 2%) 

which is in keeping with other studies.[28] However, overall comorbidity prevalence is lower than the 

authors would expect; which is likely associated with typical adult diseases, rather than paediatric 

diseases, being available as tick box in the SINAVE platform. Further to this, a free text box, where 

contact tracing team could add other comorbidities, was not made available.

A study of ED and admitted pediatric COVID-19 patients at a Lisbon Hospital showed 10% had risk 

factors for disease, 20% were asymptomatic, 43% presented with fever and 42% with respiratory 

symptoms.[39] Though the referred study is likely representing the most symptomatic COVID-19 cases 

seeking medical help, whereas our study focuses on all pediatric COVID-19 cases, chronic respiratory 

disease was also the most common comorbidity. 

Children and adolescents with comorbidities reported a higher number of symptoms per patient and 

were less likely asymptomatic. These results are in line with studies showing children with comorbidities 

report worse clinical presentations and outcome.[40] Furthermore, all symptoms were reported more 

often and remarkably dyspnoea was approximately 12 times more common, tachycardia 11 times and 

convulsions 10 times, symptoms which could be associated with disease severity. These results imply 

children and adolescents with comorbidities, once diagnosed with COVID-19, should receive thorough 

medical follow-up and care. 

In 2020, a total of 476 children were admitted to hospital from 51153 cases reported, corresponding to 

1 in 108 cases requiring hospitalization, and a hospitalization rate of 0.93% of cases nationwide. A 

much lower result than reported in neighbouring Navarra, Spain (3.6%) during the first wave[41] or in 

the United States (5.3%)[42] and in Scotland, where 1.03% of cases in children aged 5- to 17-year-olds 

required hospitalization[43]. These results probably reflect a higher testing rate of asymptomatic or 

mildly ill children in Portugal.  
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Thirty-two cases required PICU admission, corresponding to a rate of admission of 3.48 per 10000 

cases. Four cases (females under the age of one year and presenting comorbidities; 12.5%) were 

admitted with severe COVID-19 (non-MIS-C) and twenty-eight (87.5%) with MIS-C, implying that in our 

population, severe COVID-19 in children as less frequent than MIS-C. Patients with MIS-C were 

predominantly male and the majority (75%) had no comorbidities, which is similar to previously 

published results, where most MIS-C patients were healthy, and no correlation was observed between 

comorbidity score and MIS-C occurrence.[44] 

During this period, the Directorate-General of Health confirmed two paediatric deaths caused by 

COVID-19, corresponding to a case-fatality rate of approximately 1.8 per 100,000 cases. Furthermore, 

analysing specifically total paediatric deaths in Portugal in 2020 (n=387) and comparing to the paediatric 

COVID-19 deaths, COVID-19 was the main cause of death of 0.52%. The mortality rate due to COVID-

19 was 1.2 per million children and adolescents. These results find parallel to similar studies, 

highlighting the low mortality and case-fatality rates. Despite the extremely small number of deaths, it 

is reasonable to compare these results with other countries.  Smith et al.[45] reported a mortality rate 

due to COVID-19 of 2 per million and fatality rate of 5 per 100,000 in England, between March 2020 

and February 2021, a result 1.7 and 2.5 times higher than the one we report, respectively.[43] Spanish 

mortality results were published by Tagarro et al.[46] and reported 0.21 per 100 000 in children aged 0 

to 9 years and 0.34 per 100 000 in children aged 10 to 19 years. These results may reflect differences 

in shielding of vulnerable population or lockdown policies implemented in these countries, but further 

studies are required to analyse these effects.

The major strengths of our study are the sample size and the robust analysis of the large paediatric 

database, allowing an extensive description of clinical and epidemiological characteristics. 

The authors found unusual the lack of surveillance data in the analyzed dataset. The analysis of real-

world data has important challenges as previously acknowledged[47], however other studies using 

national data have reported similar difficulties[48],[49]. Despite the authors best effort in this analysis, 

less than optimal real-world data has imposed important limitations to the study and hindered some of 

its quality, particularly relating to missing values in some of the analyzed variables. The authors are 

Page 14 of 37

https://mc.manuscriptcentral.com/bmjpo

BMJ Paediatrics Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jpaedsopen.bm
j.com

/
bm

jpo: first published as 10.1136/bm
jpo-2022-001499 on 29 A

ugust 2022. D
ow

nloaded from
 

http://bmjpaedsopen.bmj.com/


Confidential: For Review Only

14

developing further studies and proposing solutions to help prevent these issues. As stated, the major 

limitations of this analysis are data-related, the possible underreporting of cases and its characteristics, 

such as symptoms and comorbidities and the impracticality of establishing a chronological order of 

events. Furthermore, the estimated population used for comparison was obtain by-proxy with the 

reported paediatric for 2020. 

CONCLUSIONS

COVID-19 affects all age groups, although pediatric patients tend to develop a milder course of disease 

associated with a good prognosis. The clinical manifestations of disease observed in our analyses were 

predominantly respiratory and neurologic, while gastrointestinal symptoms were reported infrequently. 

The small fraction of pediatric COVID-19 patients who present with comorbidities reported strikingly 

increased symptomatic presentations compared to patients without comorbidities and present a higher 

risk of PICU admission. Less than 1% of patients required hospital admission. MIS-C was more frequent 

in patients with no comorbidities and males, severe COVID-19 was rarer occurred mainly in children 

under 1 year of age and females, all with comorbidities.  Case fatality rates and mortality rates were 

extremely low when comparing with other countries. Further studies on the impact of COVID-19 in 

patients with comorbidities and on factors associated with hospitalization and death in healthy children 

are required.  
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TABLE 1.  AGE AND SEX OF PEDIATRIC COVID-19 INFECTED CASES, DURING 2020 IN PORTUGAL.

Total
n (%)***

Female
n (%)**

Male
n (%)**

n 92051 45583 (49.5%) 46453 (50.5%)

0 1719 (1.9%) 826 (48.1%) 884 (51.9%)

1 3725 (4.0%) 1784 (47.9%) 1940 (52.1%)

2 3692 (4.0%) 1860 (50.4%) 1832 (49.6%)

3 3332 (3.6%) 1575 (47.3%) 1757 (52.7%)

4 3709 (4.0%) 1840 (49.6%) 1869 (50.4%)

Subtotal 1-4 y 14458 (15.7%) 7059 (48.8%) 7398 (51.2%)

5 4023 (4.4%) 1988 (49.4%) 2035 (50.6%)

6 4299 (4.7%) 2128 (49.5%) 2171 (50.5%)

7 4592 (5.0%) 2232 (48.6%) 2360 (51.4%)

8 5058 (5.5%) 2490 (49.2%) 2568 (50.8%)

Age 9 5548 (6.0%) 2709 (48.8%) 2839 (51.2%)

Subtotal 5-9 y 23520 (25.6%) 11547 (49.1%) 11973 (50.9%)

10 5705 (6.2%) 2872 (50.3%) 2833 (49.7%)

11 5726 (6.2%) 2838 (49.6%) 2888 (50.4%)

12 5865 (6.4%) 2928 (49.9%) 2937 (50.1%)

13 6080 (6.6%) 2942 (48.4%) 3137 (51.6%)

14 6449 (7.0%) 3235 (50.2%) 3213 (49.8%)

Subtotal 10-14 y 29825 (32.4%) 14815 (49.7%) 15008 (50.3%)

15 6919 (7.5%) 3402 (49.2%) 3514 (50.8%)

16 7635 (8.3%) 3890 (50.9%) 3744 (49.1%)

17 7975 (8.7%) 4041 (50.7%) 3932 (49.3%)

Subtotal 15-17 y 22529 (24.5%) 11333 (50.3%) 11190 (49.7%)
Footnotes: 15 (0.02%) missing values were observed for sex, ** percentage within sex level; *** global percentage.
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TABLE 2. SYMPTOMS ASSOCIATED WITH COVID-19 PER AGE GROUP

Age groups

0-1 years
n (%)

1 to 4 years
n (%)

5 to 9 years
n (%)

10 to 14 
years
n (%)

15 to 17 
years
n (%)

Fever 517 (30.1%) 2870 
(19.9%) 2113 (9.0%) 2338 (9.9%) 1974 (8.4%)

Cough 401 (23.3%) 2423 
(16.8%) 1933 (8.2%) 2661 

(11.3%) 1913 (8.1%)

Rhinorrhoea 379 (22.0%) 2074 
(14.3%) 1484 (6.3%) 1961 (8.3%) 1841 (7.8%)

Dyspnea 34 (2.0%) 196 (1.4%) 136 (0.6%) 181 (0.8%) 258 (1.1%)

Headache 2 (0.1%) 151 (1.0%) 1364 (5.8%) 2761 
(11.7%)

2865 
(12.2%)

Diarrhea 108 (6.3%) 632 (4.4%) 452 (1.9%) 532 (2.3%) 468 (2.0%)

Symptoms Abdominal pain 8 (0.5%) 202 (1.4%) 560 (2.4%) 461 (2.0%) 256 (1.1%)

Odynophagia 13 (0.8%) 370 (2.6%) 1009 (4.3%) 1767 (7.5%) 1842 (7.8%)
Nausea and 
vomiting 38 (2.2%) 365 (2.5%) 409 (1.7%) 488 (2.1%) 348 (1.5%)

Arthralgia 0 (0.0%) 10 (0.1%) 26 (0.1%) 68 (0.3%) 62 (0.3%)

Myalgia 1 (0.1%) 86 (0.6%) 443 (1.9%) 1313 (5.6%) 1752 (7.4%)

General weakness 16 (0.9%) 154 (1.1%) 225 (1.0%) 539 (2.3%) 729 (3.1%)

Tachycardia 2 (0.1%) 21 (0.1%) 16 (0.1%) 19 (0.1%) 13 (0.1%)
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TABLE 3. COMORBIDITIES OF THE PEDIATRIC COVID-19 INFECTED CASES, DURING 2020 IN PORTUGAL.

Total
n (%) ***

Female
n (%) **

Male
n (%) **

0 46859 (97.9%) 23282 (49.7%) 23577 (50.3%)

Number of 1 943 (2.0%) 401 (42.5%) 542 (57.5%)

comorbidities 2 47 (0.1%) 20 (42.6%) 27 (57.4%)

3 or more 10 (0.02%) 6 (60.0%) 4 (40.0%)

Asthma 753 (75.3%) 437 (58.0%) 316 (42.0%)
Chronic neurologic / 
neuromuscular disease 49 (4.9%) 25 (51.0%) 24 (49.0%)

Diabetes 55 (5.5%) 26 (47.3%) 29 (52.7%)
Chronic hematological 
disease 40 (4.0%) 23 (57.5%) 17 (42.5%)

Comorbidities Chronic neurologic 
deficit 34 (3.4%)    19 (55.9%) 15 (44.1%)

Cancer 36 (3.6%) 23 (63.9%) 13 (36.1%)
Chronic pulmonary 
disease 42 (4.2%) 25 (59.5%) 17 (40.5%)

Chronic renal disease 28 (2.8%) 13 (46.4%) 15 (53.6%)
HIV and other 
immunodeficiencies 25 (2.5%) 13 (52.0%) 12 (48.0%)

Liver disease 8 (0.8%) 6 (75.0%) 2 (25.0%)
Footnotes: Results of each morbidity were presented considering the sample size of cases with any 
reported morbidity (n=1000).
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TABLE 4. PEDIATRIC HOSPITAL AND PICU ADMISSIONS

Hospital admissions from March to December 2020

Age Group Hospital 
admissions 

n (%)

Cases per 
age group

% 
per group

0 - 4 228 (47.9) 10161 2.24
5 - 11 112 (23.5) 18358 0.61

12 - 17 136 (28.6) 22674 0.60

Total 476 (100) 51193 0.93

PICU admissions from March 2020 to February 2021

Severe 
COVID-19

MIS-C Total ICU 
admissions

n (%) 4 (12.5) 28 (87.5) 32 (100)
Reported cases 92051 92051 92051

 per 10000 cases 0,43 3,04 3,48
Female n (%) 3 (75) 7 (25)
Male n (%) 1 (25) 21 (75)

Min age (months) 3 15
Max age (years) 17 17
Median (years) 0 10,5
Comorbidities 4 (100) 6 (21.4) 10
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FIGURE 1. MAP OF COVID-19 PEDIATRIC CASES IN PORTUGAL, BY DISTRICT IN ABSOLUTE VALUE.
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FIGURE 2. PEDIATRIC COVID-19 CASES PER WEEK

Footnote: 1. First COVID-19 patient diagnosed in Portugal; 2. First national state of emergency; 3. Lockdown easing; 4. 

Preschool and primary school reopening; 5. End of the school year; 6. Start of the school year; 7. State of emergency with 

restrictions; 8. Christmas with minimal gathering restrictions; 9. Reintroduction of mandatory remote working, travel restrictions 

and school closures; 10. Highest daily death toll due to COVID-19 during the pandemic.
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Country n (%) 
Brasil 2170 (59.2%) 

Angola 331 (9%) 
Cape Verde 205 (5.6%) 

Saint Tome and Príncipe 121 (3.3%) 
Guine Bissau 86 (2.3%) 

Nepal 75 (2%) 
Ukraine 72 (2%) 

Italy 66 (1.8%) 
France 62 (1.7%) 

Venezuela 49 (1.3%) 
Spain 47 (1.3%) 

United Kingdom 45 (1.2%) 
Romenia 45 (1.2%) 

India 33 (0.9%) 
Bangladesh 27 (0.7%) 

Mozambique 23 (0.6%) 
Netherlands 19 (0.5%) 

Republic of Moldava 17 (0.5%) 
Germany 16 (0.4%) 
Paquistan 16 (0.4%) 
Belgium 14 (0.4%) 
Bulgaria 14 (0.4%) 

Colombia 12 (0.3%) 
Cuba 9 (0.2%) 

Ireland 9 (0.2%) 
China 7 (0.2%) 

United States of America 7 (0.2%) 

Other 67 (1.8%) 
+

+

+

+

+
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 Male  Female  

Age Asymptomatic 
n (%) 

Symptomatic 
n (%) 

Male 
A/S ratio 

Asymptomatic 
n (%) 

Symptomatic 
n (%) 

Female 
A/S ratio 

0 85 (0.6%) 366 (1.7%) 4.31 83 (0.6%) 315 (1.5%) 3.80 
1 211 (1.6%) 791 (3.8%) 3.75 197 (1.5%) 691 (3.3%) 3.51 
2 252 (1.9%) 589 (2.8%) 2.34 255 (1.9%) 554 (2.6%) 2.17 
3 274 (2.0%) 478 (2.3%) 1.74 269 (2.0%) 379 (1.8%) 1.41 
4 353 (2.6%) 371 (1.8%) 1.05 305 (2.3%) 365 (1.7%) 1.20 
5 349 (2.6%) 422 (2.0%) 1.21 372 (2.8%) 399 (1.9%) 1.07 
6 396 (2.9%) 427 (2.0%) 1.08 387 (2.9%) 368 (1.7%) 0.95 
7 420 (3.1%) 430 (2.0%) 1.02 420 (3.1%) 404 (1.9%) 0.96 
8 473 (3.5%) 447 (2.1%) 0.95 411 (3.1%) 453 (2.1%) 1.10 
9 503 (3.7%) 509 (2.4%) 1.01 488 (3.6%) 496 (2.4%) 1.02 

10 497 (3.7%) 522 (2.5%) 1.05 455 (3.4%) 547 (2.6%) 1.20 
11 492 (3.7%) 540 (2.6%) 1.10 422 (3.1%) 566 (2.7%) 1.34 
12 474 (3.5%) 579 (2.7%) 1.22 435 (3.2%) 588 (2.8%) 1.35 
13 446 (3.3%) 664 (3.2%) 1.49 399 (3.0%) 653 (3.1%) 1.64 
14 466 (3.5%) 663 (3.1%) 1.42 425 (3.2%) 721 (3.4%) 1.70 
15 453 (3.4%) 806 (3.8%) 1.78 403 (3.0%) 853 (4.0%) 2.12 
16 440 (3.3%) 892 (4.2%) 2.03 365 (2.7%) 1088 (5.2%) 2.98 
17 450 (3.3%) 967 (4.6%) 2.15 341 (2.5%) 1174 (5.6%) 3.44 

Footnotes: A, Asymptomatic; S, Symptomatic. 
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SUPPLEMENTARY TABLE 3. DISTRIBUTION OF COMBINATIONS OF SYMPTOMS OF PEDIATRIC COVID-19 CASES 

Symptoms Fever Cough Rhinorrhea Dyspneia Headache Diarrhoea Abdominal 
pain Odynophagia 

Nausea 
and 

Vomitng 
Arthalgia Myalgia 

Tiredness 
and 

weakness 
Tachycardia Chest 

pain Irritability Convulsions 

Total 9812 
(10.7%) 

10205 
(11.1%) 

7739 
(8.4%) 

805 
(0.9%) 

7143 
(7.8%) 

2142 
(2.3%) 

1487 
(1.6%) 

5001 
(5.4%) 

1648 
(1.8%) 

166 
(0.2%) 

3595 
(3.9%) 

3595 
(1.8%) 

71 
(0.1%) 

439 
(0.5%) 

88 
(0.1%) 

42 
(0%) 

Fever - 3743 
(36.7%) 

2915 
(37.7%) 

315 
(39.1%) 

2837 
(39.7%) 

1064 
(49.7%) 

847 
(57%) 

2055 
(41.1%) 

993 
(60.3%) 

82 
(49.4%) 

1621 
(45.1%) 

753 
(20.9%) 

53 
(74.6%) 

156 
(35.5%) 

56 
(63.6%) 

25 
(59.5%) 

Cough 3743 
(38.1%) - 4233 

(54.7%) 
587 

(72.9%) 
2740 

(38.4%) 
797 

(37.2%) 
433 

(29.1%) 
2322 

(46.4%) 
563 

(34.2%) 
74 

(44.6%) 
1609 

(44.8%) 
752 

(20.9%) 
33 

(46.5%) 
262 

(59.7%) 
40 

(45.5%) 
18 

(42.9%) 

Rhinorrhea 2915 
(29.7%) 

4233 
(41.5%) - 587 

(72.9%) 
1987 

(27.8%) 
576 

(26.9%) 
345 

(23.2%) 
1759 

(35.2%) 
417 

(25.3%) 
68 

(41%) 
1028 

(28.6%) 
567 

(15.8%) 
23 

(32.4%) 
145 

(33%) 
33 

(37.5%) 
11 

(26.2%) 

Dyspneia 315 
(3.2%) 

587 
(5.8%) 

368 
(4.8%) - 209 

(2.9%) 
78 

(3.6%) 
48 

(3.2%) 
184 

(3.7%) 
65 

(3.9%) 
9 

(5.4%) 
132 

(3.7%) 
118 

(3.3%) 
16 

(22.5%) 
102 

(23.2%) 
4 

(4.5%) 
1 

(2.4%) 

Headache 2837 
(28.9%) 

2740 
(26.8%) 

1987 
(25.7%) 

209 
(26%) - 618 

(28.9%) 
599 

(40.3%) 
2115 

(42.3%) 
582 

(35.3%) 
99 

(59.6%) 
2064 

(57.4%) 
861 

(23.9%) 
15 

(21.1%) 
205 

(46.7%) 
16 

(18.2%) 
13 

(31%) 

Diarrhoea 1064 
(10.8%) 

797 
(7.8%) 

576 
(7.4%) 

78 
(9.7%) 

618 
(8.7%) - 518 

(34.8%) 
330 

(6.6%) 
434 

(26.3%) 
23 

(13.9%) 
355 

(9.9%) 
224 

(6.2%) 
4 

(5.6%) 
45 

(10.3%) 
16 

(18.2%) 
6 

(14.3%) 

Abdominal pain 847 
(8.6%) 

433 
(4.2%) 

345 
(4.5%) 

48 
(6%) 

599 
(8.4%) 

518 
(24.2%) - 353 

(7.1%) 
445 

(27%) 
25 

(15.1%) 
252 
(7%) 

163 
(4.5%) 

11 
(15.5%) 

49 
(11.2%) 

10 
(11.4%) 

5 
(11.9%) 

Odynophagia 2055 
(20.9%) 

2322 
(22.8%) 

1759 
(22.7%) 

184 
(22.9%) 

2115 
(29.6%) 

330 
(15.4%) 

353 
(23.7%) - 321 

(19.5%) 
68 

(41%) 
1084 

(30.2%) 
461 

(12.8%) 
16 

(22.5%) 
137 

(31.2%) 
15 

(17%) 
12 

(28.6%) 
Nausea and 
vomiting 

993 
(10.1%) 

563 
(5.5%) 

417 
(5.4%) 

65 
(8.1%) 

582 
(8.1%) 

434 
(20.3%) 

445 
(29.9%) 

321 
(6.4%) - 25 

(15.1%) 
296 

(8.2%) 
233 

(6.5%) 
13 

(18.3%) 
55 

(12.5%) 
16 

(18.2%) 
5 

(11.9%) 

Arthalgia 82 
(0.8%) 

74 
(0.7%) 

68 
(0.9%) 

9 
(1.1%) 

99 
(1.4%) 

23 
(1.1%) 

25 
(1.7%) 

68 
(1.4%) 

25 
(1.5%) - 115 

(3.2%) 
57 

(1.6%) 
1 

(1.4%) 
13 

(3%) 
3 

(3.4%) 
0 

(0%) 

Myalgia 1621 
(16.5%) 

1609 
(15.8%) 

1028 
(13.3%) 

132 
(16.4%) 

2064 
(28.9%) 

355 
(16.6%) 

252 
(16.9%) 

1084 
(21.7%) 

296 
(18%) 

115 
(69.3%) - 649 

(18.1%) 
13 

(18.3%) 
124 

(28.2%) 
10 

(11.4%) 
6 

(14.3%) 
Tiredness and 
weakness 

753 
(7.7%) 

752 
(7.4%) 

567 
(7.3%) 

118 
(14.7%) 

861 
(12.1%) 

224 
(10.5%) 

163 
(11%) 

461 
(9.2%) 

233 
(14.1%) 

57 
(34.3%) 

649 
(18.1%) - 10 

(14.1%) 
85 

(19.4%) 
20 

(22.7%) 
3 

(7.1%) 

Tachycardia 53 
(0.5%) 

33 
(0.3%) 

23 
(0.3%) 

16 
(2%) 

15 
(0.2%) 

4 
(0.2%) 

11 
(0.7%) 

16 
(0.3%) 

13 
(0.8%) 

1 
(0.6%) 

13 
(0.4%) 

10 
(0.3%) - 4 

(0.9%) 
5 

(5.7%) 
0 

(0%) 

Chest pain 156 
(1.6%) 

262 
(2.6%) 

145 
(1.9%) 

102 
(12.7%) 

205 
(2.9%) 

45 
(2.1%) 

49 
(3.3%) 

137 
(2.7%) 

55 
(3.3%) 

13 
(7.8%) 

124 
(3.4%) 

85 
(2.4%) 

4 
(5.6%) - 1 

(1.1%) 
0 

(0%) 

Irritability 56 
(0.6%) 

40 
(0.4%) 

33 
(0.4%) 

4 
(0.5%) 

16 
(0.2%) 

16 
(0.7%) 

10 
(0.7%) 

15 
(0.3%) 

16 
(1%) 

3 
(1.8%) 

10 
(0.3%) 

20 
(0.6%) 

5 
(7%) 

1 
(0.2%) - 3 

(7.1%) 

Convulsions 25 
(0.3%) 

18 
(0.2%) 

11 
(0.1%) 

1 
(0.1%) 

13 
(0.2%) 

6 
(0.3%) 

5 
(0.3%) 

12 
(0.2%) 

5 
(0.3%) 

0 
(0%) 

6 
(0.2%) 

3 
(0.1%) 

0 
(0%) 

0 
(0%) 

3 
(3.4%) - 
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SUPPLEMENTARY TABLE 4. FREQUENCY OF REPORTED SYMPTOMS BY ALL PATIENTS AND PATIENTS WITH 
COMORBIDITIES 

Clinical Features Patients with comorbidities  All patients  Symptom ratio C/A 

 n %  n %   

Fever 524 32.9  9812   10.7  3.1 

Cough 668 41.9  10205   11.1  3.8 

Rhinorrhea 444 27.9  7739   8.4  3.3 

Dyspnea 167 10.5  805   0.9  12.0 

Headache 423 26.6  7143   7.8  3.4 

Diarrhea 111 7.0  2142   2.3  3.0 

Abdominal pain 109 6.8  1487   1.6  4.2 

Odynophagia 301 18.9  5001   5.4  3.55 

Nausea and vomiting 121 7.6  1648   1.8  4.2 

Arthralgia 20 1.3  166   0.2  7.0 

Myalgia 216 13.6  3595   3.9  3.5 

Tiredness and weakness 144 9.0  1163   1.8  5.0 

Tachycardia 14 0.9  71   0.1  11.4 

Chest pain 53 3.3  439   0.5  7.0 

Irritability 13 0.8  88   0.1  8.5 

Convulsions 7 0.4  42   0.0  9.6 

Footnotes: C, patients with comorbidities; A, All patients. 
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SUPPLEMETARY TABLE 5. NUMBER OF SYMPTOMS REPORTED BY PEDIATRIC COVID-19 CASES WITH AND WITHOUT 
COMORBIDITIES 

  
Studied population 

n (%) 

Subpopulation of patients 
with comorbidities 

n (%) 

Number of reported 
symptoms 0  13466 (14.6%) 424 (26.6%) 

 1 7089 (7.7%) 224 (14.1%) 
 2 6944 (7.5%) 321 (20.2%) 
 3 4565 (5.0%) 304 (19.1%) 
 4 2179 (2.4%) 165 (10.4%) 
 5 937 (1.0%) 86 (5.4%) 
 6 390 (0.4%) 41 (2.6%) 
 7 126 (0.1%) 15 (0.9%) 
 8 + 89 (0.1%) 12 (0.8%) 
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ABSTRACT

Background: COVID-19 is considered by WHO a pandemic with public health emergency 

repercussions. Children often develop a mild disease with good prognosis and the recognition of 

children at risk is essential to successfully manage paediatric COVID-19. Quality epidemiological 

surveillance data is required to characterize and assess the pandemic.

Methods: Data on all reported pediatric COVID-19 cases, in Portugal, was retrospectively assessed 

from a fully anonymized dataset provided by the Directorate-General for Health (DGS). Pediatric 

hospital admission results were obtained from the DGS vaccine recommendations and paediatric 

intensive care unit (PICU) admission results from the Epicentre.pt group. Reported cases and PICU 

admissions from March 2020 to February 2021 and hospital admissions between March and December 

2020 were analyzed.

Results: 92,051 COVID-19 cases were studied, 50.5% males, average age of 10.1 years, 

corresponding to 5.4% of children in Portugal. The most common symptoms were cough and fever, 

whereas gastrointestinal symptoms were infrequent. The most common comorbidity was asthma. A 

high rate of missing surveillance data was noticed, on presentation of disease and comorbidity 

variables, which warrants a cautious interpretation of results. Hospital admission was required in 

0.93% of cases and PICU on 3.48 per 10,000 cases. PICU admission for Multisystem Inflammatory 

Syndrome in Children was more frequent in children with no comorbidities and males, severe COVID-

19 was rarer and occurred mainly in females and infants. Case fatality rate and mortality rates were 

low, 1.8 per 100,000 cases and 1.2 per 1,000,000 respectively.

Conclusions: The clinical presentations were predominantly respiratory and neurologic, 

gastrointestinal symptoms were infrequent. Less than 1% of cases required hospital admission. MIS-

C was more frequent in patients with no comorbidities and males. Mortality and case-fatality rates 

were low. Geographic adapted strategies, and information systems to facilitate surveillance, policy 

decision making, audit and research are required to improve surveillance data.
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Keywords: COVID-19, Paediatric, Epidemiology, Hospital Admission, MIS-C, PICU, Health surveillance 

data

What we know about this subject: 

- Quality health surveillance data is essential assess the COVID-19 pandemic. 

- Children present a milder course of disease and a lower susceptibility to being severely affected 

by COVID-19. 

- Globally, pediatric COVID-19 case-fatality and mortality rates are low.

What our study adds: 

- Portuguese paediatric surveillance data and systems need improvement.

- Paediatric COVID-19 incidence was 5.4% during the first pandemic year.

- Portuguese children and adolescents presented an low mortality and case-fatality rate, 1.8 per 

100,000 cases and 1.2 per 1,000,000 respectively.
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BACKGROUND

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), is considered by the World Health Organization (WHO) a pandemic with public health 

emergency repercussions.[1],[2] Worldwide, millions of people have been infected with COVID-19 since 

the end of 2019 among all age groups.[3] Children are also at risk for COVID-19 but have experienced 

a lower incidence than other age groups.[4],[5] Laboratory-confirmed COVID-19 cases in the United 

States reveal that only 1.7% of cases were among children and adolescents under 18 years old.[6] 

Furthermore, several studies showed these age groups have lower susceptibility to being severely 

affected, often developing a mild form of disease and with a likely good prognosis.[7–9] Studies have 

shown that children present different symptoms [10], distinct comorbidities, decreased disease severity 

and fewer disease complications.[10] The characteristics and clinical manifestations of infected 

children[11],[12] have been considered of major interest.[13] The most frequent symptoms described 

in children have been fever, cough[14] and ear, nose, and throat complaints. However, other 

manifestations such as gastrointestinal symptoms have also been identified.[12],[15],[16] A small 

number of children needed hospital admission, and of these, a minority required ICU admission either 

due to severe COVID-19 or multisystem inflammatory disease in children (MIS-C). Several risk factors 

have been associated with these conditions such as extreme age, male sex, comorbidities and non-

white background.[17]

As COVID-19 characteristics and clinical course among children can differ from adult patients in 

numerous ways, specific recommendations for the diagnosis, treatment and vaccination plans in 

children are being implement worldwide, despite differences across countries.[18],[19],[20],[21]  

Increasing knowledge of the clinical characteristics in this demographic group may also contribute 

towards the development and continuous adaptation of preventive strategies that can benefit all 

communities.  Epidemiological surveillance data is essential to attain these objectives. Epidemiological 

surveillance is a critical part of public health practice [7],[22] where continuous collection, analysis, and 

interpretation of health data helps identify disease clusters, assess health trends, monitor interventions, 

identify high risk groups and guide decision making and action.[23] Furthermore, epidemiological data 

quality is essential and should be monitored to guarantee data results are meaningful.[24]
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This study aimed to investigate the epidemiological and clinical characteristics of pediatric SARS-CoV-2 

infection cases, hospital and ICU admissions, compare these to other countries and to assess the 

quality of epidemiological surveillance data in Portugal.

MATERIALS AND METHODS

STUDY DESIGN AND DATA

Data on all cases of COVID-19 in children and adolescents under the age of 18, in Portugal, diagnosed 

between March 2nd, 2020, and February 28th, 2021, were retrospectively assessed. The dataset was 

fully anonymized and was provided by the Directorate-General for Health (DGS) on 11th of March 2021. 

The data was collected by the SINAVE (National Epidemiological Surveillance System). The SINAVE 

is an online system aimed at the electronic notification of mandatory reporting diseases in Portugal. The 

SINAVE database includes demographic and clinical information collected from all reported patients. 

Epidemiological Surveillance data in SINAVE is meant to be filled by public health doctors and nurses. 

However, due to the COVID-19 pandemic increased workload, other professionals from a diverse 

background have also been recruited to support in surveillance. According to the WHO definition, a 

confirmed SARS-CoV-2 case was based on a positive polymerase chain reaction test.[25] Hospital 

admissions with a SARS-CoV-2 primary or secondary diagnosis, from March 2nd to December 31st  

2020, were obtained as results from the Pediatric COVID-19 vaccination technical recommendation by 

DGS.[26] These results include admissions to all hospitals in Portugal with a SARS-CoV-2 diagnosis. 

The National Health Service Hospitals (SNS), freely cover the paediatric population in the country. No 

information on whether the SARS-CoV-2 diagnosis was the primary or secondary cause of admission 

was available. Data on pediatric SARS-CoV-2 PICU admissions, from March 2020 to February 2021, 

were obtained as anonymized data results on severe COVID-19 [27] and Multisystem inflammatory 

syndrome in children (MIS-C)[28] from the Epicentre.pt work group.  DGS information was analyzed to 

obtain the number of deaths caused by COVID-19 and these overlapped with the recorded SINAVE 

case deaths. Data from the National Statistics Institute (INE) was used for mortality and population 

comparisons. The pediatric mid 2020 population was used by proxy as an estimate population for the 

period analyzed. Patients and public were not involved in the design or analysis developed in this study.
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VARIABLES

The SINAVE system includes two variables which indicate the patient's clinical presentation (as 

symptomatic or asymptomatic) and comorbidities (present, absent). Information on symptoms and 

comorbidities associated with each case notification should also be filled in through individual variables. 

For a given symptom or comorbidity, health professionals selected the respective field as yes or no, 

according to the patient’s information. However, any information not filled, for a given symptom or 

comorbidity, created a missing value in the database. Considering this, a new variable was calculated 

to describe if a patient was symptomatic or not, using the patient's clinical presentation variable and 

associated symptoms variables and similarly for the presence of comorbidities. A patient was 

considered symptomatic either if health professionals classified it as symptomatic through the SINAVE 

original variable or at least one symptom was reported. In addition, those with any symptom variable 

filled in but not previously recorded as symptomatic were considered symptomatic patients. Patients’ 

symptomatology status was missing when no symptom variables were filled, and no information 

regarding the presentation of symptoms in the original variable. A patient was considered having 

comorbidities either if the presence of comorbidities was selected or at least one comorbidity was 

reported. 

Statistical analysis 

Descriptive statistics were used to summarize univariate characteristics. Results were presented as 

absolute and relative frequencies for qualitative variables, and as means, medians and standard 

deviations (SD) for quantitative variables. Calculated percentages excluded missing cases unless 

otherwise stated. Differences between groups were evaluated by Chi-square test with significance level 

set at 5%. All analysis were conducted using R software version 3.6.3 (R Foundation for Statistical 

Computing, Vienna, Austria) and IBM SPSS Statistics 28.0.1.1 (14). 

RESULTS

GENERAL CHARACTERISTICS

The present study included 92,051 COVID-19 cases in children and adolescents reported from March 

2nd, 2020, to February 28th, 2021, in Portugal; 46,453 (50.5%) were males, and 45583 (49.5%) females. 
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An overall reported case incidence of 5.4 per 100 children and adolescents, 5.3% males and 5.5% 

females.  The age profile of patients was distributed between 0 and 17 years old, with the number of 

cases increasing with age (Table 1). An average age of 10.1 (standard deviation of 5.0) and a median 

of 11.0 years were observed. 

The geographical distribution highlights most cases occurred in 3 urban areas, the Lisbon district 

(n=22,999, 25%), followed by Porto (n=18,350, 19.9%) and Braga (n=11,091, 12%). The areas with 

fewer cases were predominantly rural districts (Portalegre and Beja) and autonomous regions of the 

Azores and Madeira (Figure 1). The children and adolescents with COVID-19 had mostly Portuguese 

nationality (n = 88,387, 95.3%). Only 4% were from other backgrounds, mainly from Brazil, Angola, 

Cape Verde, São Tome and Principe and scattered from a wide range of countries.

COVID-19 CASES TIMELINE

During this study, several COVID-19 epidemic waves were observed (Figure 2): 1) between March and 

April 2020, when 738 cases were reported (0.8% of all cases); 2) between May and July 2020, when 

1756 cases (1.9% of all cases) were reported; 3) from September to December 2020, when 39897 

cases (43.3% of all cases) were reported; and 4) from January to March 2021, when 46,634 cases 

(50.7% of all cases) were reported.

CLINICAL PRESENTATION

Information on disease presentation, as symptomatic or asymptomatic, was reported in 47,470 (52%) 

of cases while there was no information regarding the presence or absence of symptoms in 44,192 

cases (48%). From cases with information on clinical presentation, 13,077 (27.5%) were asymptomatic 

and 34,393 (72.5%) symptomatic. Specific symptoms were reported in 21,077 (44.4%) of cases and a 

further 13,316 (14.5%) where recorded as symptomatic without reporting symptoms.  The 

asymptomatic presentation of the disease increased with age, peaking between 4 and 10 years of age 

and slightly decreasing subsequently. 
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To describe the symptomatic presentations an analysis which exclusively included cases where 

symptoms were recorded was performed (n = 21,077). The most common symptoms reported were 

cough (n = 10,205, 48.4%), fever (n = 9,812, 46.6%), rhinorrhea (n = 7,739, 36.7%), and headache (n 

= 7,143, 33.9%). Gastrointestinal symptoms, such as abdominal pain, nausea and vomiting and 

diarrhea were reported in 7.1%, 7.8% and 10.2% respectively. Analyzing the distribution of the co-

occurrence of clinical COVID-19 symptoms, in each pediatric patient, fever was commonly combined 

with cough (38.2%), rhinorrhea (29.8%), headache (29%), odynophagia (21%) or myalgia (16.6%). 

Furthermore, combinations of these symptoms were the most common presentations reported. Fever, 

cough, and rhinorrhea were the most common presentations for children from 0 to 9 (Table 2). Children 

aged 0 presented with the highest rates of fever (48%), cough (37%), rhinorrhea (35%) and diarrhea 

(24%) when compared to the other age groups. From age 10-17 years, headache was the most 

common reported symptom, followed by fever, cough and rhinorrhea.

COMORBIDITIES

Information on the presence or absence of comorbidities was reported in 19,680 (21.4%) of cases and 

there was no information regarding the presence or absence of symptoms in 72,371 (78.6%). A total of 

1,593 patients presented with comorbidities, of which 1,000 were specified.  The three most frequent 

comorbidities associated with COVID-19 in children and adolescents were: asthma (n = 753, 0.8%), 

neuromuscular diseases (n = 49) and diabetes (n = 55). Most patients with asthma or neurologic 

disease were males, whereas most patients with diabetes were females. (Table 3)

MISSING DATA ANALYSIS

Our analysis revealed a high rate of missing values in non-mandatory filling variables (Table 4): disease 

presentation and comorbidity results were missing in 44,177 (48%) and 72,371 (78.6%) of cases, 

respectively. Disease presentation presented statistical significance between districts and months; 

whereas comorbidities exhibited significant differences between sexes, district and months.  The two 
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districts with the highest recorded data were Lisbon and Faro. As the pandemic progressed, both these 

variables presented higher levels of missingness.

HOSPITAL AND PICU ADMISSIONS AND DEATHS

A total of 476 children were admitted to hospital with a COVID-19 ICD-10 code, either as primary or 

secondary diagnosis. (Table 5) Children aged from 0 – 4 represented 47.9% (n = 228) of hospital 

admissions, corresponding to 2.24% of all Covid-19 cases in this age group during this time. Overall, 

2.8 per 10,000 children in Portugal required hospital admission. No other sociodemographic or clinical 

variables were available to further characterize this population.

A total of 32 children required PICU admission, corresponding to 0.19 PICU admissions per 10,000 

children and adolescents in Portugal. Of these, 28 (87.5%) were admitted due to MIS-C and 4 (12.5%) 

due to severe COVID-19. MIS-C patients were predominantly male (21, 75%) with ages from 15 months 

to 17 years age, average of 10.75 and median of 10.5 years. Most cases occurred between January 

and February 2021. Six patients presented comorbidities. No deaths or major disability were observed. 

Severe COVID-19 patients were mainly females, under the age of one and all presenting with 

comorbidities. Two deaths caused by COVID-19 were reported by the DGS (the National Health 

Authority) during this study and coincided with two deaths recorded in the SINAVE database.

.
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DISCUSSION

In this study, epidemiological and clinical characteristics of pediatric COVID-19 infections, hospital and 

PICU admissions in Portugal were described. Health surveillance information analysis revealed an 

essential and urgent need for improvement.

General Characteristics - Although there is accessible and exhaustive knowledge regarding adult 

COVID-19 disease[29],[30] pediatric COVID-19 epidemiology and clinical characteristics are 

significantly less studied and documented in the literature. SARS-CoV-2 infection studies have shown 

that children are more likely to be asymptomatic than adults [31] and present a less severe disease 

course.[32] [33] Young children and infants are reported as more vulnerable to infection [34] than older 

pediatric patients. COVID-19 related fatalities have been reported as scarce in the pediatric 

population.[6] In this context, we assessed the characteristics and clinical features of COVID-19 in 

children in Portugal.

We observed an increase of COVID-19 cases with age in both sexes with slightly higher number of 

cases in males compared to females (50.5% vs. 49.5%). Overall, in the scientific literature, males are 

most affected, although individual smaller studies have shown either sex as being the most 

frequent.[9],[33] 

Most of these cases were geographically clustered in the high-density urban areas of Lisbon, Porto, 

and Braga. The association between population density and cumulative infection cases spread was 

previously observed at a county level in the United States of America and considered an effective 

predictor of cumulative infection cases.[35] The regions with lower number of cases were mainly rural 

and low-density populated districts, such as Portalegre, Beja and the autonomous regions of the Azores 

and Madeira. The nationality of COVID-19 pediatric patients reflects the population’s background. The 

majority were Portuguese and 4% come from diverse backgrounds such as Brazil, Angola, Cape Verde, 

and São Tome and Principe, countries with historical ties and emigration patterns to Portugal.

Several COVID-19 waves were observed in our study. Following the first wave, in March and April 2020, 

the first State of Emergency [36], and lockdown were implemented, including school closures, 

mandatory remote work, limiting mobility, business hours, and social gatherings. Between March 17th 
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and April 2nd, all children who attended the Emergency Department (ED) of a Portuguese hospital with 

suspected COVID-19 symptoms as cough, fever or rhinorrhoea were tested. Of all 94 cases, one was 

positive.[37] This can indicate a low incidence of disease at this stage which is in accordance with our 

results. Studies on antibody seroprevalence of SARS-CoV-2 have shown that only half the children and 

adolescents had developed disease symptoms.[38]

Clinical Presentation and Comorbidities - The most common symptoms identified (cough, fever, 

rhinorhoea and headache) have been dominant in meta-analysis describing clinical characteristics in 

children: Wang et al. reported the presence of fever in 48% and cough 39% of the cases.[14] Li et al. 

in 7004 pediatric cases reported fever 47% and cough 42% as the most prevalent clinical symptoms 

[39]. The presence of gastrointestinal symptoms has been identified as major symptoms occurring in 

the pediatric population.[40],[41],[42] In our analysis, diarrhea, abdominal pain, nausea and vomiting 

were less frequent than other symptoms like cough, fever and rhinorrhea as has been reported in other 

studies.[4],[33] Interestingly, the most common symptoms per age groups can be organized in 3 sets: 

1) from ages zero to four years: fever, cough and rhinorrhea; 2) from ages five to nine years: fever, 

cough, rhinorrhea and headache; and 3) from 10 to 17 years: the previous 4 symptoms, odynophagia 

and myalgia. This result can reflect simultaneously the inability of young children to express their 

complaints and an increase in the variety of symptoms and presentations as age increases. 

Asthma was the most common underlying condition and has been the most reported comorbidity among 

several pediatric cases as well.[6],[5],[33]. Verma et al. analysed SARS-CoV-2 infections in children in 

four hospitals in the New York City area and found those with asthma were more likely to need 

respiratory support during hospitalization.[43] In a systematic review, including 5686 children aged 

under 18 years with SARS-CoV-2 infection, the most frequent comorbidity was cardiac disease; and 

most children who required ventilation had underlying comorbidities.[4] A study of ED and admitted 

pediatric COVID-19 patients at a Level 3 Lisbon Hospital, one of two reference hospitals for COVID-19 

pediatric patients at this point in the pandemic, showed 10% had risk factors for disease, 20% were 

asymptomatic, 43% presented with fever and 42% with respiratory symptoms.[44] Though the referred 

study is likely representing the most symptomatic COVID-19 cases seeking medical help, whereas our 

study focuses on all pediatric COVID-19 cases, chronic respiratory disease was also the most common 
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comorbidity. Only a small proportion of children with COVID-19 had registered comorbidities (n = 1593, 

2%) which is lower than reported in other studies[33] and of what the authors expected. 

Missing Surveillance Data Analysis - The quality of surveillance data was assessed trough a 

missingness analysis, given the abnormally high number of missing clinical presentations (48%) and 

comorbidities (78.6%). Data results progressively worsened with the pandemic and particularly when 

case numbers sharply increased. These results can be consequential of massive work overload 

observed in the public health units combined with short staff. Furthermore, with increasing case counts, 

non-public health professionals were recruited to support the units. However, significant asymmetries 

were also evident according to district, with substantial fluctuations in recording rates across the 

country.  Notwithstanding, good practice and the SINAVE guidelines warrant all fields to be answered 

and to achieve this goal, measures and geographically adapted strategies, such as increased training, 

resources, and continued auditing, need to be implemented to improve surveillance data.  The SINAVE 

system collects symptoms and comorbidities in a non-mandatory and non-intelligent way, not tailored 

to previous answers. This system also needs to be improved and updated from a user perspective, so 

to fast-track user experience and enhance clinical record keeping. 

Hospital and PICU admissions - In 2020, a total of 476 children were admitted to the hospital from 

51,153 cases reported, corresponding to 1 in 108 cases requiring hospitalization, a rate of 0.93% of 

cases nationwide and a paediatric hospitalization rate of 2.8 per 10,000 children and adolescents. A 

lower case hospitalization result than reported in neighbouring Navarra, Spain (3.6%) during the first 

wave[45], in the United States (5.3%)[46] and in Scotland, where 1.03% of cases in children aged 5- to 

17-year-olds required hospitalization[47]. These results probably reflect a higher testing rate of 

asymptomatic or mildly ill children in Portugal.  

Thirty-two cases required PICU admission, corresponding to a rate of admission of 3.48 per 10,000 

cases. Four cases (females under the age of one year and presenting comorbidities; 12.5%) were 

admitted with severe COVID-19 (non-MIS-C) and twenty-eight (87.5%) with MIS-C, implying that in our 

population, severe COVID-19 in children is less frequent than MIS-C. Patients with MIS-C were 

predominantly male and the majority (75%) had no comorbidities, which is similar to previously 
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published results, where most MIS-C patients were healthy, and no correlation was observed between 

comorbidity score and MIS-C occurrence.[27] 

Deaths - During this period, the Directorate-General of Health confirmed two paediatric deaths caused 

by COVID-19, corresponding to a case-fatality rate of approximately 1.8 per 100,000 cases. 

Furthermore, analysing specifically total paediatric deaths in Portugal in 2020 (n = 387) and comparing 

to the paediatric COVID-19 deaths, COVID-19 was the main cause of death in 0.52%. The mortality 

rate due to COVID-19 was 1.2 per million children and adolescents. These results find parallel to similar 

studies, highlighting the low mortality and case-fatality rates. Despite the extremely small number of 

deaths, it is reasonable to compare these results with other countries.  Bhopal et al reported an overall 

mortality rate due to COVID-19 in children of 1.7 per 10.000, until February 2021 when comparing seven 

countries. Smith et al.[48] reported a mortality rate due to COVID-19 of 2 per million and fatality rate of 

5 per 100,000 in England, between March 2020 and February 2021, a result 1.7 and 2.5 times higher 

than the one we report, respectively.[43] Spanish mortality results were published by Tagarro et al.[49] 

and reported 0.21 per 100 000 in children aged 0 to 9 years and 0.34 per 100 000 in children aged 10 

to 19 years. These results may reflect differences in shielding of vulnerable population or lockdown 

policies implemented in these countries, but further studies are required to analyse these effects. 

The major strengths of our study are the combined analysis of a large database of COVID-19 cases, 

hospital and PICU admissions and deaths. These results present a description of paediatric COVID-19 

in Portugal and allow comparison with other countries. A missingness analysis was performed and 

highlights strategic improvements required to epidemiological surveillance data.

The authors found the elevated level of missingness in surveillance data unusual. The analysis of real-

world data has important challenges as previously acknowledged[50], however other studies using 

national data have reported similar difficulties[51],[52]. Despite the authors best effort in this analysis, 

less than optimal real-world data has imposed important limitations to the study and hindered some of 

its quality, particularly relating to missing values in some of the analyzed variables. The authors are 

developing further studies and proposing solutions to help prevent these issues.[51],[52] As stated, the 

major limitations of this analysis are data-related, besides the level of missingness observed, the 
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possible underreporting of cases and its characteristics, such as symptoms and comorbidities, the 

limited access to hospital admission data and deaths and the impracticality of establishing a 

chronological order of events. Furthermore, the estimated population used for comparison was obtain 

by-proxy with the reported paediatric for 2020. 

CONCLUSIONS

The clinical manifestations of disease reported in our analysis were predominantly respiratory and 

neurologic, while gastrointestinal symptoms were infrequent. Less than 1% of patients required hospital 

admission. MIS-C was more frequent in patients with no comorbidities and males, severe COVID-19 

was rarer and occurred mainly in children under 1 year of age and females, all with comorbidities. Case 

fatality rates and mortality rates were low when comparing with other countries. This study highlights 

the need to improve epidemiological surveillance data in Portugal, with geographic adapted strategies, 

and information systems to facilitate adequate epidemiological surveillance, policy decision making, 

audit and research.
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TABLE 1.  AGE AND SEX OF PEDIATRIC COVID-19 INFECTED CASES, FROM MARCH 2020 TO FEBRUARY 2021

IN PORTUGAL.

Total
n (%)***

Female
n (%)**

Male
n (%)**

Reported cases per 
100 children (%)

N (%) 92051 45583 (49.5%) 46453 (50.5%) 5.4%

0 1719 (1.9%) 826 (1.8%) 884 (1.9%) 2.0%

1 3725 (4.0%) 1784 (3.9%) 1940 (4.2%) 4.3%

2 3692 (4.0%) 1860 (4.1%) 1832 (3.9%) 4.2%

3 3332 (3.6%) 1575 (3.5%) 1757 (3.8%) 3.8%

4 3709 (4.0%) 1840 (4.0%) 1869 (4.0%) 4.2%
Subtotal 1-4 

y 14458 (15.7%) 7059 (15.5%) 7398 (15.9%) 4.1%

5 4023 (4.4%) 1988 (4.4%) 2035 (4.4%) 4.6%

6 4299 (4.7%) 2128 (4.7%) 2171 (4.7%) 5.1%

7 4592 (5.0%) 2232 (4.9%) 2360 (5.1%) 5.4%

8 5058 (5.5%) 2490 (5.5%) 2568 (5.5%) 5.5%

Age 9 5548 (6.0%) 2709 (5.9%) 2839 (6.1%) 5.7%
Subtotal 5-9 

y 23520 (25.6%) 11547 (25.3%) 11973 (25.8%) 5.3%

10 5705 (6.2%) 2872 (6.3%) 2833 (6.1%) 5.6%

11 5726 (6.2%) 2838 (6.2%) 2888 (6.2%) 5.9%

12 5865 (6.4%) 2928 (6.4%) 2937 (6.3%) 5.8%

13 6080 (6.6%) 2942 (6.5%) 3137 (6.8%) 6.1%

14 6449 (7.0%) 3235 (7.1%) 3213 (6.9%) 6.3%
Subtotal 10-

14 y 29825 (32.4%) 14815 (32.5%) 15008 (32.3%) 5,9%

15 6919 (7.5%) 3402 (7.5%) 3514 (7.6%) 6.5%

16 7635 (8.3%) 3890 (8.5%) 3744 (8.1%) 7.3%

17 7975 (8.7%) 4041 (8.9%) 3932 (8.5%) 7.4%
Subtotal 15-

17 y 22529 (24.5%) 11333 (24.9%) 11190 (24.1%) 7.1%

Footnotes: 15 (0.02%) missing values were observed for sex, *** global percentage; **percentage within sex level.

Page 23 of 36

https://mc.manuscriptcentral.com/bmjpo

BMJ Paediatrics Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jpaedsopen.bm
j.com

/
bm

jpo: first published as 10.1136/bm
jpo-2022-001499 on 29 A

ugust 2022. D
ow

nloaded from
 

http://bmjpaedsopen.bmj.com/


Confidential: For Review Only

21

TABLE 2. SYMPTOMS ASSOCIATED WITH COVID-19 PER AGE GROUP FROM MARCH 2020 TO FEBRUARY 2021

IN PORTUGAL.

0 1 - 4 5 - 9 10 - 14 15 - 17 Total
n (%) n (%) n (%) n (%) n (%) n (%)

Total 1075 8316 11733 14759 11587 47470

Symptoms

Fever 513 (47.7%) 2846 (34.2%) 2096 (17.9%) 2317 (15.7%) 1965 (17.0%) 9737 (20.5%)

Cough 396 (36.8%) 2397 (28.8%) 1920 (16.4%) 2632 (17.8%) 2771 (23.9%) 10116 (21.3%)

Dyspnea 34 (3.2%) 192 (2.3%) 136 (1.2%) 180 (1.2%) 258 (2.2%) 800 (1.7%)

Rhinorrhoea 376 (35.0%) 2047 (24.6%) 1465 (12.5%) 1927 (13.1%) 1818 (15.7%) 7633 (16.1%)

Odynophagia 13 (1.2%) 364 (4.4%) 1003 (8.5%) 1747 (11.8%) 1831 (15.8%) 4958 (10.4%)

Headache 1 (0.1%) 149 (1.8%) 1351 (11.5%) 2723 (18.4%) 2841 (24.5%) 7065 (14.9%)

Abdominal pain 8 (0.7%) 199 (2.4%) 553 (4.7%) 449 (3.0%) 252 (2.2%) 1461 (3.1%)

Chest pain 0 (0.0%) 11 (0.1%) 59 (0.5%) 148 (1.0%) 214 (1.8%) 432 (0.9%)

Arthralgia 0 (0.0%) 9 (0.1%) 26 (0.2%) 64 (0.4%) 61 (0.5%) 160 (0.3%)

Myalgia 1 (0.1%) 84 (1.0%) 436 (3.7%) 1300 (8.8%) 1731 (14.9%) 3552 (7.5%)

Nausea and vomiting 38 (3.5%) 362 (4.4%) 403 (3.4%) 475 (3.2%) 344 (3.0%) 1622 (3.4%)

Diarrhea 107 (10.0%) 616 (7.4%) 443 (3.8%) 523 (3.5%) 464 (4.0%) 2153 (4.5%)

Convulsions 1 (0.1%) 17 (0.2%) 5 (0.0%) 10 (0.1%) 5( 0.0%) 38 (0.1%)

Irritability 19 (1.8%) 43 (0.5%) 9 (0.1%) 9 (0.1%) 5 (0.0%) 85 (0.2%)

General weakness 16 (1.5%) 148 (1.8%) 221 (1.9%) 533 (3.6%) 724 (6.2%) 1642 (3.5%)

Tachycardia 2 (0.2%) 20 (0.2%) 15 (0.1%) 16 (0.1%) 12 (0.1%) 65 (0.1%)

Age Groups (years)

Footnotes: Percentages of patients presenting a specific symptom from patients presenting with the column 
symptom.
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TABLE 3. COMORBIDITIES OF THE PEDIATRIC COVID-19 CASES, FROM MARCH 2020 TO FEBURARY 2021, IN 
PORTUGAL.

Total Female Male

n (%) *** n (%) ** n (%) **

Total cases with comorbidities* 1593 691 902

Total cases with known comorbidities 1000 427 573

0 18087 (94.9%) 9013 (95.5%) 9074 (94.1%)

1 943 (4.9%) 401 (4.2%) 542 (6.0%)

2 47 (0.2%) 20 (0.2%) 27 (0.3%)

Number of 

comorbidities

  3+ 10 (0.1%) 6 (0.1%) 4 (0.0%)

Total 19087 9440 9647

Comorbidities

Asthma 753 (47.3%) 316 (45.7%) 437 (48.4%)

Chronic neurologic / 

neuromuscular disease

49 (3.1%) 24 (3.5%) 25 (2.8%)

Diabetes 55 (3.5%) 29 (4.2%) 26 (2.9%)

Chronic haematological 

disease

40 (2.1%) 17 (2.5%) 23 (2.5%)

Chronic neurologic deficit 34 (2.1%) 15 (2.2%)    19 (2.0%)

Cancer 36 (2.3%) 13 (1.9%) 23 (2.5%)

Chronic pulmonary disease 42 (2.6%) 17 (2.5%) 25 (2.8%)

Chronic renal disease 28 (1.8%) 15 (2.2%) 13 (1.4%)

HIV and other 

immunodeficiencies

25 (1.6%) 12 (1.7%) 13 (1.4%)

Liver disease 8 (0.5%) 2 (0.3%) 6 (0.6%)

Footnotes: Results of each morbidity were presented considering the sample size of cases with any 
reported morbidity (n=1,593). *Total cases with comorbidities, of which 1000 are specified. ***Global 
percentage; **Percentage within sex level.
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TABLE 4. PAEDIATRIC COVID-19 MISSING DATA ANALYSIS FOR CASES REPORTED BETWEEN MARCH 2020 AND 
FEBRUARY 2021, IN PORTUGAL.

Recorded % Missing % p Recorded % Missing % p
Sex 92036 100% 15 0.0
District 89650 97.4% 2399 2.6%
Disease Presentation47859 52.0% 44177 48.0%
Comorbidities 19680 21.4% 72371 78.6%

Sex
Female 23709 52% 21874 48% 9704 21.3% 35879 78.7%

Male 24150 52% 22303 48% 9976 21.4% 36477 78.6%
District

Aveiro 2451 37.3% 4120 62.7% 1084 16.5% 5488 83.5%
Beja 295 36.3% 517 63.7% 152 18.7% 660 81.3%

Braga 5784 52.2% 5307 47.8% 2287 20.6% 8804 79.4%
Braganca 204 29.0% 499 71.0% 77 11.0% 626 89.0%

Castelo Branco 556 52.9% 496 47.1% 265 25.1% 787 74.9%
Coimbra 1088 38.8% 1714 61.2% 573 20.4% 2229 79.6%

Evora 433 42.6% 584 42.6% 85 8.4% 932 91.6%
Faro 1826 71.3% 734 28.7% 802 31.3% 1758 68.7%

Guarda 224 19.5% 926 80.5% 121 10.5% 1029 89.5%
Leiria 1057 42.1% 1455 57.9% 487 19.4% 2025 80.6%

Lisboa 16161 70.3% 6838 29.7% 6955 30.2% 16044 69.8%
Portalegre 268 41.9% 371 58.1% 67 10.5% 572 89.5%

Porto 7801 42.5% 10549 57.5% 2887 15.7% 15463 84.3%
Santarem 1196 37.2% 2023 62.8% 469 14.6% 2750 85.4%

Setubal 4937 62.2% 2950 37.4% 1880 23.8% 6007 76.2%
Viana do Castelo 777 43.3% 1019 56.7% 309 17.2% 1487 82.8%

Vila Real 734 50.3% 724 49.7% 311 21.3% 1147 78.7%
Viseu 1245 41.0% 1788 59% 472 15.6% 2561 84.4%

Month
March 150 88.2% 20 11.8% 117 68.8% 53 31.2%

April 470 82.9% 97 17.1% 332 58.6% 235 41.4%
May 427 91.8% 38 8.2% 297 63.9% 168 36.1%
June 690 91.6% 63 8.4% 438 58.2% 315 41.8%
July 774 93.4% 55 6.6% 437 52.7% 392 47.3%

August 536 92.9% 41 7.1% 298 51.6% 279 48.4%
September 1440 81.5% 327 18.5% 728 41.2% 1039 58.8%

October 4205 65.0% 2266 35.0% 1920 29.7% 4551 70.3%
November 10611 62.8% 9503 47.2% 4672 23.2% 15442 76.8%
December 7691 53.2% 6766 46.8% 3143 21.7% 11314 78.3%

January 16893 45.4% 20343 54.6% 6008 16.1% 31228 83.9%
February 3972 0.46 4673 54.1% 1290 14.9% 7355 85.1%

<0.001

<0.001

<0.001 <0.001

Disease Presentation Comorbidities

0.940

<0.001
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TABLE 5. PEDIATRIC HOSPITAL FROM MARCH 2020 TO DECEMBER 2020 AND PICU ADMISISONS FROM MARCH 2020 
TO FEBRUARY 2021 IN PORTUGAL

Hospital admissions from March to December 2020

Age Group Hospital 

admissions n (%)

Cases per age 

group

Hospital admissions per 

100 reported cases

Hospital admissions per 

10.000 children

0 - 4 228 (47.9%) 10161 2.24 5.2

5-11 112 (23.5%) 18358 0.61 1.7

12-17 136 (28.6%) 22674 0.60 2.2

Total 476 (100%) 51193 0.93 2.8

PICU admissions from March 2020 to February 2021

Severe COVID-19 MIS-C Total ICU admissions

PICU admissions (%) 4 (12.5%) 28 (87.5%) 32 (100%)

PICU admissions per 10.000 

reported cases 

0.43 3.04 3.48

PICU admissions per 10.000 

children

0.02 0.16 0.19

Female (%) 3 (75%) 7 (25%) 10 (31.2%)

Male (%) 1 (25%) 21 (75%) 22 (68.8%)

Min age (months) 3 15

Max age (years) 17 17

Median (years) 0 10.5

Comorbidities present (%) 4 (100%) 6 (21.4%) 10 (31.2%)
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FIGURE 1. MAP OF COVID-19 PEDIATRIC CASES IN PORTUGAL, BY DISTRICT IN ABSOLUTE VALUE.
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FIGURE 2. PEDIATRIC COVID-19 CASES PER WEEK

Footnote: 1. First COVID-19 patient diagnosed in Portugal; 2. First national state of emergency; 3. Lockdown easing; 4. 

Preschool and primary school reopening; 5. End of the school year; 6. Start of the school year; 7. State of emergency with 

restrictions; 8. Christmas with minimal gathering restrictions; 9. Reintroduction of mandatory remote working, travel restrictions 

and school closures; 10. Highest daily death toll due to COVID-19 during the pandemic.
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SUPPLEMENTARY TABLE 1.  PEDIATRIC COVID-19 CASES COUNTRY OF ORIGIN, EXCLUDING PORTUGAL

Country n(%)
Brasil 2170 (59.2%)
Angola 331 (9.0%)
Cape Verde 205 (5.6%)
Saint Tome and Principe 121 (3.3%)
Guine Bissau 86 (2.3%)
Nepal 75 (2.0%)
Ukraine 72 (2.0%)
Italy 66 (1.8%)
France 62 (1.7%)
Venezuela 49 (1.3%)
Spain 47 (1.3%)
United Kingdom 45 (1.2%)
Romenia 45 (1.2%)
India 33 (0.9%)
Bangladesh 27 (0.7%)
Mozambique 23 (0.6%)
Netherlands 19 (0.5%)
Republic of Moldava 17 (0.5%)
Germany 16 (0.4%)
Paquistan 16 (0.4%)
Belgium 14 (0.4%)
Bulgaria 14 (0.4%)
Colombia 12 (0.3%)
Cuba 9 (0.2%)
Ireland 9 (0.2%)
China 7 (0.2%)
United States of America 7 (0.2%)
Other 67 (1.8%)
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SUPPLEMENTARY TABLE 2. SYMPTOMATIC AND ASYMPTOMATIC COVID-19 CASES PER AGE

Years
Asymptomatic

n (%)
Symptomatic n

(%)
Total

Total reported
cases

Missing
information n (%)

0 162 (15.1%) 913 (84.9%) 1075 1719 644 (37.5%)
1 387 (15.9%) 2040 (84.1%) 2427 3725 1298 (34.8%)
2 485 (22.6%) 1658 (77.4%) 2143 3692 1549 (42%)
3 527 (28.2%) 1342 (71.8%) 1869 3332 1463 (43.9%)
4 640 (34.1%) 1237 (65.9%) 1877 3709 1832 (49.4%)
5 704 (34.7%) 1325 (65.3%) 2029 4023 1994 (49.6%)
6 769 (36%) 1367 (64%) 2136 4299 2163 (50.3%)
7 825 (36.4%) 1442 (63.6%) 2267 4592 2325 (50.6%)
8 871 (34.7%) 1640 (65.3%) 2511 5058 2547 (50.4%)
9 966 (34.6%) 1824 (65.4%) 2790 5548 2758 (49.7%)

10 918 (33%) 1868 (67%) 2786 5705 2919 (51.2%)
11 892 (31.6%) 1930 (68.4%) 2822 5726 2904 (50.7%)
12 879 (30.2%) 2029 (69.8%) 2908 5865 2957 (50.4%)
13 816 (26.8%) 2229 (73.2%) 3045 6080 3035 (49.9%)
14 869 (27.2%) 2329 (72.8%) 3198 6449 3251 (50.4%)
15 829 (23.5%) 2702 (76.5%) 3531 6919 3388 (49%)
16 778 (19.9%) 3139 (80.1%) 3917 7635 3718 (48.7%)
17 760 (18.4%) 3379 (81.6%) 4139 7975 3836 (48.1%)

Total 13077 (27.5%) 34393 (72.4) 47470 92051 44581 (48.4%)

Footnote: Asymptomatic and symptomatic percentages calculated from all patients with known disease presentation; Missing 
information percentages calculated from all patients within an age bracket
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SUPPLEMENTARY TABLE 3. DISTRIBUITION OF SYMPTOMS OF PAEDIATIC COVID-19 CASES

Fever Cough Rhinorrhea Dyspneia Headache Diarrhoea
Abdominal

pain
Odynophagia

Nausea and
Vomiting

Arthalgia Myalgia
Tiredness and

weakness
Tachycardia Chest pain Irritability Convulsions

Symptoms**
Fever 3721 (37,2%) 2902 (38%) 314 (39,3%) 2824 (40%) 1060 (49,2%) 845 (57,8%) 2046 (41,3%) 992 (61,2%) 81 (50,6%) 1615 (45,5%) 752 (45,8%) 52 (80%) 156 (36,1%) 56 (65,9%) 25 (65,8%)

Cough 3721 (38,2%) 4203 (55,1%) 584 (73%) 2724 (38,6%) 790 (36,7%) 430 (29,4%) 2310 (46,6%) 562 (34,6%) 74 (46,3%) 1600 (45%) 752 (45,8%) 30 (46,2%) 261 (60,4%) 40 (47,1%) 18 (42,9%)

Rhinorrhea 2902 (29,8%) 4203 (42%) 366 (45,8%) 1976 (28%) 568 (26,4%) 342 (23,4%) 1746 (35,2%) 415 (25,6%) 68 (42,5%) 1019 (28,7%) 565 (34,4%) 22 (33,8%) 144 (33,3%) 33 (38,8%) 11 (26,2%)

Dyspneia 314 (3,2%) 584 (5,8%) 366 (4,8%) 208 (2,9%) 77 (3,6%) 48 (3,3%) 183 (3,7%) 64 (3,9%) 9 (5,6%) 132 (3,7%) 118 (7,2%) 16 (24,6%) 102 (23,6%) 4 (4,7%) 1 (2,4%)

Headache 2824 (29%) 2724 (27,2%) 1976 (25,9%) 208 (26%) 616 (28,6%) 596 (40,8%) 2106 (42,5%) 578 (35,6%) 99 (61,9%) 2055 (57,9%) 857 (52,2%) 14 (21,5%) 205 (47,5%) 16 (18,8%) 13 (31%)

Diarrhoea 1060 (10,9%) 790 (7,9%) 568 (7,4%) 77 (9,6%) 616 (8,7%) 513 (35,1%) 326 (6,6%) 430 (26,5%) 23 (14,4%) 355 (10%) 220 (13,4%) 4 (6,2%) 45 (10,4%) 16 (18,8%) 6 (14,3%)

Abdominal pain 845 (8,7%) 430 (4,3%) 342 (4,5%) 48 (6%) 596 (8,4%) 513 (23,8%) 351 (7,1%) 436 (26,9%) 24 (15%) 252 (7,1%) 159 (9,7%) 11 (16,9%) 49 (11,3%) 10 (11,8%) 5 (11,9%)

Odynophagia 2046 (21%) 2310 (23,1%) 1746 (22,9%) 183 (22,9%) 2106 (29,8%) 326 (15,1%) 351 (24%) 319 (19,7%) 68 (42,5%) 1080 (30,4%) 460 (28%) 16 (24,6%) 135 (31,3%) 15 (17,6%) 12 (28,6%)

Nausea and Vomiting 992 (10,2%) 562 (5,6%) 415 (5,4%) 64 (8%) 578 (8,2%) 430 (20%) 436 (29,8%) 319 (6,4%) 24 (15%) 296 (8,3%) 228 (13,9%) 13 (20%) 55 (12,7%) 16 (18,8%) 5 (11,9%)

Arthalgia 81 (0,8%) 74 (0,7%) 68 (0,9%) 9 (1,1%) 98 (1,4%) 23 (1,1%) 24 (1,6%) 68 (1,4%) 24 (1,5%) 115 (3,2%) 56 (3,4%) 1 (1,5%) 13 (3%) 3 (3,5%) 0 (0%)

Myalgia 1615 (16,6%) 1600 (16%) 1019 (13,3%) 132 (16,5%) 2055 (29,1%) 355 (16,5%) 252 (17,2%) 1080 (21,8%) 296 (18,2%) 115 (71,9%) 648 (39,5%) 13 (20%) 124 (28,7%) 10 (11,8%) 6 (14,3%)

Tiredness and weakness 752 (7,7%) 752 (7,5%) 565 (7,4%) 118 (14,8%) 857 (12,1%) 220 (10,2%) 159 (10,9%) 460 (9,3%) 228 (14,1%) 56 (35%) 648 (18,2%) 10 (15,4%) 85 (19,7%) 20 (23,5%) 3 (7,1%)

Tachycardia 52 (0,5%) 30 (0,3%) 22 (0,3%) 16 (2%) 14 (0,2%) 4 (0,2%) 10 (0,7%) 16 (0,3%) 13 (0,8%) 1 (0,6%) 13 (0,4%) 10 (0,6%) 4 (0,9%) 5 (5,9%) 0 (0%)

Chest pain 156 (1,6%) 261 (2,6%) 144 (1,9%) 102 (12,8%) 202 (2,9%) 45 (2,1%) 49 (3,4%) 135 (2,7%) 55 (3,4%) 13 (8,1%) 124 (3,5%) 85 (5,2%) 4 (6,2%) 1 (1,2%) 0 (0%)

Irritability 56 (0,6%) 40 (0,4%) 33 (0,4%) 4 (0,5%) 16 (0,2%) 16 (0,7%) 10 (0,7%) 15 (0,3%) 15 (0,9%) 3 (1,9%) 10 (0,3%) 20 (1,2%) 5 (7,7%) 1 (0,2%) 3 (7,1%)

Convulsions 25 (0,3%) 18 (0,2%) 11 (0,1%) 1 (0,1%) 13 (0,2%) 6 (0,3%) 5 (0,3%) 12 (0,2%) 5 (0,3%) 0 (0%) 6 (0,2%) 3 (0,2%) 0 (0%) 0 (0%) 3 (3,5%)

2153 (10.2%)Total* 9737 (46.2%) 10016 (47.5%) 7633 (36.2%) 800 (3.8%) 7065 (33.5%) 65 (0.3%) 432 (2%) 85 (0.4%) 38 (0.2%)1461 (6.9%) 4958 (23.5%) 1622 (7.7%) 160 (0.8%) 3552 (16.9%) 1642 (7.8%)

Footnote: *Percentages calculated from symptomatic patients with specified symptoms, **Percentages calculated from patients with column symptom 
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ABSTRACT

Background: COVID-19 is considered by WHO a pandemic with public health emergency 

repercussions. Children often develop a mild disease with good prognosis and the recognition of 

children at risk is essential to successfully manage paediatric COVID-19. Quality epidemiological 

surveillance data is required to characterize and assess the pandemic.

Methods: Data on all reported pediatric COVID-19 cases, in Portugal, was retrospectively assessed 

from a fully anonymized dataset provided by the Directorate-General for Health (DGS). Pediatric 

hospital admission results were obtained from the DGS vaccine recommendations and paediatric 

intensive care unit (PICU) admission results from the Epicentre.pt group. Reported cases and PICU 

admissions from March 2020 to February 2021 and hospital admissions between March and December 

2020 were analyzed.

Results: 92,051 COVID-19 cases were studied, 50.5% males, average age of 10.1 years, 

corresponding to 5.4% of children in Portugal. The most common symptoms were cough and fever, 

whereas gastrointestinal symptoms were infrequent. The most common comorbidity was asthma. A 

high rate of missing surveillance data was noticed, on presentation of disease and comorbidity 

variables, which warrants a cautious interpretation of results. Hospital admission was required in 

0.93% of cases and PICU on 3.48 per 10,000 cases. PICU admission for Multisystem Inflammatory 

Syndrome in Children was more frequent in children with no comorbidities and males, severe COVID-

19 was rarer and occurred mainly in females and infants. Case fatality rate and mortality rates were 

low, 1.8 per 100,000 cases and 1.2 per 1,000,000 respectively. 

Conclusions: The overall reported case incidence was 5.4 per 100 children and adolescents and less 

than 1% of cases required hospital admission. MIS-C was more frequent in patients with no 

comorbidities and males. Mortality and case-fatality rates were low. Geographic adapted strategies, 

and information systems to facilitate surveillance, policy decision making, audit and research are 

required to improve surveillance data.
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Conclusions: The clinical presentations predominantly respiratory and neurologic conversely 

gastrointestinal symptoms were infrequent. Less than 1% of cases required hospital admission. MIS-

C was more frequent in patients with no comorbidities and males. Mortality and case-fatality rates 

were low. Geographic adapted strategies, and information systems to facilitate surveillance, policy 

decision making, audit and research are required to improve surveillance data.
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Keywords: COVID-19, Pediatric, Epidemiology, Hospital Admission, MIS-C, PICU, Health surveillance 

data

What we know about this subject: 

- Quality health surveillance data is essential assess the COVID-19 pandemic. 

- Children present a milder course of disease and a lower susceptibility to being severely affected 

by COVID-19. 

- Globally pediatric COVID-19 case-fatality and mortality rates are low.

What our study adds: 

- Portuguese paediatric surveillance data and systems need improvement.

- Paediatric COVID-19 incidence was 5.4% during the first pandemic year.

- Portuguese children and adolescents presented an extremely low mortality and case-fatality 

rate, 1.8 per 100,000 cases and 1.2 per 1,000,000 respectively.
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BACKGROUND

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), is considered by the World Health Organization (WHO) a pandemic with public health 

emergency repercussions.1,2 Worldwide, millions of people have been infected with COVID-19 since 

the end of 2019 among all age groups.3 Children are also at risk for COVID-19 but have experienced a 

lower incidence than other age groups.4,5 Laboratory-confirmed COVID-19 cases in the United States 

reveal that only 1.7% of cases were among children and adolescents under 18 years old.6 Furthermore, 

several studies showed these age groups have lower susceptibility to being severely affected, often 

developing a mild form of disease and with a likely good prognosis.7–9 Studies have shown that children 

present different symptoms, distinct comorbidities, decreased disease severity and fewer disease 

complications.10 The characteristics and clinical manifestations of infected children11,12 have been 

considered of major interest.13 The most frequent symptoms described in children have been fever, 

cough14 and ear, nose, and throat complaints. However, other manifestations such as gastrointestinal 

symptoms have also been identified.12,15,16 A small number of children needed hospital admission, and 

of these, a minority required ICU admission either due to severe COVID-19 or multisystem inflammatory 

disease in children (MIS-C).17,18 Several risk factors have been associated with these conditions such 

as extreme age, male sex, comorbidities and non-white background.19

As COVID-19 characteristics and clinical course among children can differ from adult patients in 

numerous ways, specific recommendations for the diagnosis, treatment and vaccination plans in 

children are being implement worldwide, despite differences across countries.20,21,22,23Increasing 

knowledge of the clinical characteristics in this demographic group may also contribute towards the 

development and continuous adaptation of preventive strategies that can benefit all communities.  

Epidemiological surveillance data is essential to attain these objectives. Epidemiological surveillance is 

a critical part of public health practice24 where continuous collection, analysis, and interpretation of 

health data helps identify disease clusters, assess health trends, monitor interventions, identify high 

risk groups and guide decision making and action.25 Furthermore, epidemiological data quality is 

essential and should be monitored to guarantee data results are meaningful.26
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This study aimed to investigate the epidemiological and clinical characteristics of pediatric SARS-CoV-2 

infection cases, hospital and ICU admissions, compare these to other countries and to assess the 

quality of epidemiological surveillance data in Portugal.

MATERIALS AND METHODS

STUDY DESIGN AND DATA

Data on all cases of COVID-19 in children and adolescents under the age of 18, in Portugal, diagnosed 

between March 2nd, 2020, and February 28th, 2021 were retrospectively assessed. The dataset was 

fully anonymized and was provided by the Directorate-General for Health (DGS) on 11th of March 2021. 

The data was collected by the SINAVE (National Epidemiological Surveillance System). The SINAVE 

is an online system aimed at the electronic notification of mandatory reporting diseases in Portugal. The 

SINAVE database includes demographic and clinical information collected from all reported patients. 

Epidemiological Surveillance data in SINAVE is meant to be filled by public health doctors and nurses. 

However, due to the COVID-19 pandemic increase workload, other professionals from a diverse 

background have also been recruited to support in surveillance. According to the WHO definition, a 

confirmed SARS-CoV-2 case was based on a positive polymerase chain reaction test.27 Hospital 

admissions with a SARS-CoV-2 primary or secondary diagnosis, from March 2nd to December 31st  

2020, were obtained as results from the Pediatric COVID-19 vaccination technical recommendation by 

DGS.28 These results include admissions to all hospitals in Portugal with a SARS-CoV-2 diagnosis. The 

National Health Service Hospitals (SNS), freely cover the paediatric population in the country. No 

information on whether the SARS-CoV-2 diagnosis was the primary or secondary cause of admission 

was available. Data on pediatric SARS-CoV-2 PICU admissions, from March 2020 to February 2021, 

were obtained as anonymized data results on severe COVID-19 29 and Multisystem inflammatory 

syndrome in children (MIS-C)30 from the Epicentre.pt work group. Daily death reports published by DGS 

were analyzed to calculate the number of deaths caused by COVID-19 and these overlapped with the 

recorded SINAVE case deaths. Data from the National Statistics Institute (INE) was used for mortality 

and population comparisons. The pediatric mid 2020 population was used by proxy as an estimate 

population for the period analyzed. Patients and public were not involved in the design or analysis 

developed in this study.
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VARIABLES

The SINAVE system includes two variables which indicate the patient's clinical presentation (as 

symptomatic or asymptomatic) and comorbidities (present, absent). Information on symptoms and 

comorbidities associated with each case notification should also be filled in through individual variables. 

For a given symptom or comorbidity, health professionals selected the respective field as yes or no, 

according to the patient’s information. However, any information not filled, for a given symptom or 

comorbidity, created a missing value in the database. Considering this, a new variable was calculated 

to describe if a patient was symptomatic or not, using the patient's clinical presentation variable and 

associated symptoms variables and similarly for the presence of comorbidities. A patient was 

considered symptomatic either if health professionals classified it as symptomatic through the SINAVE 

original variable or at least one symptom was reported. In addition, those with any symptom variable 

filled in but not previously recorded as symptomatic were considered symptomatic patients. Patients’ 

symptomatology status was missing when no symptom variables were filled, and no information 

regarding the presentation of symptoms in the original variable. A patient was considered having 

comorbidities either if the presence of comorbidities was selected through the SINAVE original variable 

or at least one comorbidity was reported. 

Statistical analysis 

Descriptive statistics were used to summarize univariate characteristics. Results were presented as 

absolute and relative frequencies for qualitative variables, and as means, medians and standard 

deviations (SD) for quantitative variables. Calculated percentages in have excluded missing cases 

unless otherwise stated. Differences between groups were evaluated by Chi-square test with 

significance level set at 5%. All analysis were conducted using R software version 3.6.3 (R Foundation 

for Statistical Computing, Vienna, Austria) and IBM SPSS Statistics 28.0.1.1 (14). 

RESULTS

GENERAL CHARACTERISTICS

The present study included 92,051 COVID-19 cases in children and adolescents reported from March 

2nd, 2020, to February 28th, 2021, in Portugal; 46,453 (50.5%) were males, and 45583 (49.5%) females, 
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or the overall reported case incidence was 5.4 overall reported case rate of 5.4 per 100 children and 

adolescents and corresponding to 5.3% of males and 5.5% of females.  The age profile of patients was 

distributed between 0 and 17 years old, with the number of cases increasing with age (Table 1). An 

average age of 10.1 (standard deviation of 5.0) and a median of 11.0 years were observed. 

The geographical distribution highlights most cases occurred in 3 urban areas, the Lisbon district 

(n=22,999, 25%), followed by Porto (n=18,350, 19.9%) and Braga (n=11,091, 12%). The areas with 

fewer cases were predominantly rural districts (Portalegre and Beja) and autonomous regions of the 

Azores and Madeira (Figure 1). The children and adolescents with COVID-19 had mostly Portuguese 

nationality (n = 88,387, 95.3%). Only 4% were from other backgrounds, mainly from Brazil, Angola, 

Cape Verde, São Tome and Principe and scattered from a wide range of countries.

COVID-19 CASES TIMELINE

During this study, several COVID-19 epidemic waves were observed (Figure 2): 1) between March and 

April 2020, when 738 cases were reported (0.8% of all cases); 2) between May and July 2020, when 

1756 cases (1.9% of all cases) were reported; 3) from September to December 2020, when 39897 

cases (43.3% of all cases) were reported; and 4) from January to March 2021, when 46,634 cases 

(50.7% of all cases) were reported.

CLINICAL PRESENTATION

Information on disease presentation, as symptomatic or asymptomatic, was reported in 47,470 (52%) 

of cases while there was no information regarding the presence or absence of symptoms in 44,192 

cases (48%). From cases with information on clinical presentation, 13,077 (27.5%) were asymptomatic 

and 34,393 (72.5%) symptomatic. Specific symptoms were reported in 21,077 (61.3%44.4%) of cases 

and a further 13,316 (38.7%14.5%) where recorded as symptomatic without reporting symptoms.  The 

asymptomatic presentation of the disease increased with age, peaking between 4 and 10 years of age 

and slightly decreasing subsequently. 
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To describe the symptomatic presentations an analysis which exclusively included only cases where 

symptoms were recorded was performed (n = 21,077). The most common symptoms reported were 

cough (n = 10,205, 48.4%), fever (n = 9,812, 46.6%), rhinorrhea (n = 7,739, 36.7%), and headache (n 

= 7,143, 33.9%). Gastrointestinal symptoms, such as abdominal pain, nausea and vomiting and 

diarrhea were reported in 7.1%, 7.8% and 10.2% respectively. Analyzing the distribution of the co-

occurrence of clinical COVID-19 symptoms, in each pediatric patient, fever was commonly combined 

with cough (38.2%), rhinorrhea (29.8%), headache (29%), odynophagia (21%) or myalgia (16.6%). 

Furthermore, combinations of these symptoms were the most common presentations reported. Fever, 

cough, and rhinorrhea were the most common presentations for children from 0 to 9 (Table 2). Children 

aged 0 presented with the highest rates of fever (48%), cough (37%), rhinorrhea (35%) and diarrhea 

(24%) when compared to the other age groups. From age 10-17 years, headache was the most 

common reported symptom, followed by fever, cough and rhinorrhea.

COMORBIDITIES

Information on the presence or absence of comorbidities was reported in 19,680 (21.4%) of cases and 

there was no information regarding the presence or absence of comorbiditiessymptoms in 72,371 

(78.6%). A total of 1,593 patients presented with comorbidities, of which 1,000 were specified.  The 

three most frequently reported comorbidities associated with COVID-19 in children and adolescents 

with COVID-19 were: asthma (n = 753, 0.8%), neuromuscular diseases (n = 49) and diabetes (n = 55). 

Most patients with asthma or neurologic disease were males, whereas most patients with diabetes were 

females. (Table 3)

HOSPITAL AND PICU ADMISSIONS AND DEATHS

A total of 476 children were admitted to hospital with a COVID-19 ICD-10 code, either as primary or 

secondary diagnosis.  Children aged from 0 – 4 represented 47.9% (228) of hospital admissions, 

corresponding to 2.24% of all Covid-19 cases in this age group during this time. Overall, 2.8 per 10,000 
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children in Portugal required hospital admission (Table 4). No other sociodemographic or clinical 

variables were available to further characterize this population. 

A total of 32 children required PICU admission, corresponding to 0.19 PICU admissions per 10,000 

children and adolescents in Portugal. Of these, 28 (87.5%) were admitted due to MIS-C and 4 (12.5%) 

due to severe COVID-19. MIS-C patients were predominantly male (21, 75%) with ages from 15 months 

to 17 years age, average of 10.75 and median of 10.5 years. Most cases occurred between January 

and February 2021. Six patients presented comorbidities. Severe COVID-19 patients were mainly 

females, under the age of one and all presenting with comorbidities. Two deaths caused by COVID-19 

were reported by the DGS (the National Health Authority) during this study and coincided with two 

deaths recorded in the SINAVE database.

.
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DISCUSSION

In this study, epidemiological and clinical characteristics of pediatric COVID-19 infections, hospital and 

PICU admissions in Portugal were described. Health surveillance information analysis revealed an 

essential and urgent need for improvement.

General Characteristics - Although there is accessible and exhaustive knowledge regarding adult 

COVID-19 disease31,32, pediatric COVID-19 epidemiology and clinical characteristics are significantly 

less studied and documented in the literature. SARS-CoV-2 infection studies have shown that children 

are more likely to be asymptomatic than adults 33 and present a less severe disease course.34 35 Young 

children and infants are reported as more vulnerable to infection 36 than older pediatric patients. COVID-

19 related fatalities have been reported as scarce in the pediatric population.37 In this context, we 

assessed the characteristics and clinical features of COVID-19 in children in Portugal.

We observed an increase of COVID-19 cases with age in both sexes with slightly higher number of 

cases in males compared to females (50.5% vs. 49.5%). Overall, in the scientific literature, males are 

most affected, although individual smaller studies have shown either sex as being the most 

frequent.38,35 

Most of these cases were geographically clustered in the high-density urban areas of Lisbon, Porto, 

and Braga. The association between population density and cumulative infection cases spread was 

previously observed at a county level in the United States of America and considered an effective 

predictor of cumulative infection cases.39 The regions with lower number of cases were mainly rural and 

low-density populated districts, such as Portalegre, Beja and the autonomous regions of the Azores 

and Madeira. The nationality of COVID-19 pediatric patients reflects the population’s background. The 

majority were Portuguese and 4% come from diverse backgrounds such as Brazil, Angola, Cape Verde, 

and São Tome and Principe, countries with historical ties and emigration patterns to Portugal.

Several COVID-19 waves were observed in our study. Following the first wave, in March and April 2020, 

the first State of Emergency 40, and lockdown were implemented, including school closures, mandatory 

remote work, limiting mobility, business hours, and social gatherings. Between March 17th and April 

2nd, all children who attended the Emergency Department (ED) of a Portuguese hospital with suspected 
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COVID-19 symptoms as cough, fever or rhinorrhoea were tested. Of all 94 cases, one was positive.41 

This can indicate a low incidence of disease at this stage which is in accordance with our results. Studies 

on antibody seroprevalence of SARS-CoV-2 have shown that only half the children and adolescents 

had developed disease symptoms.42

Clinical Presentation and Comorbidities - The most common symptoms identified (cough, fever, 

rhinorhoea and headache) have been dominant in meta-analysis describing clinical characteristics of 

children: Wang et al. reported the presence of fever in 48% and cough 39% of the cases.43 Li et al. in 

7004 paediatric cases reported fever 47% and cough 42% as the most prevalent clinical symptoms 44. 

The presence of gastrointestinal symptoms has been identified as major symptoms occurring in the 

pediatric population.45,46,47 In our analysis, diarrhea, abdominal pain, nausea and vomiting were less 

frequent than other symptoms like cough, fever and rhinorrhea as has been reported in other studies.4,35 

Interestingly, the most common symptoms per age groups can be organized in 3 sets: 1) from ages 

zero to four years: fever, cough and rhinorrhea; 2) from ages five to nine years: fever, cough, rhinorrhea 

and headache; and 3) from 10 to 17 years: the previous 4 symptoms, odynophagia and myalgia. This 

result can reflect simultaneously the inability of young children to express their complaints and an 

increase in the variety of symptoms and presentations as age increases. 

Asthma was the most common underlying condition and has been the most reported comorbidity among 

several pediatric cases as well.37,48,49. Verma et al. analysed SARS-CoV-2 infections in children in four 

hospitals in the New York City area and found those with asthma were more likely to need respiratory 

support during hospitalization.50 In a systematic review, including 5686 children aged under 18 years 

with SARS-CoV-2 infection, the most frequent comorbidity was cardiac disease; and most children who 

required ventilation had underlying comorbidities.4 A study of ED and admitted pediatric COVID-19 

patients at a Level 3 Lisbon Hospital, one of two reference hospitals for COVID-19 pediatric patients at 

this point in the pandemic, showed 10% had risk factors for disease, 20% were asymptomatic, 43% 

presented with fever and 42% with respiratory symptoms.51 Though the referred study is likely 

representing the most symptomatic COVID-19 cases seeking medical help, whereas our study focuses 

on all pediatric COVID-19 cases, chronic respiratory disease was also the most common comorbidity. 

Only a small proportion of children with COVID-19 had registered comorbidities (n = 1593, 2%) which 

is lower than reported in other studies49 and of what the authors expected. 
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Missing Surveillance Data Analysis - The quality of surveillance data was assessed trough a 

missingness analysis, given the abnormally high number of missing clinical presentations (48%) and 

comorbidities (98%). Given the abnormally high number of missing clinical presentations (48%, n = 

44,177) and comorbidities (98%, n = 72,371) the quality of surveillance data was assessed. Statistical 

significant dData results progressively worsened with the pandemic and particularly when case 

numbers sharply increased. These results can be consequential of massive work overload observed in 

the public health units combined with short staff. Furthermore, with increasing case counts, non-public 

health professionals were recruited to support the units. However, significant asymmetries were also 

evident according to district, with substantial fluctuations in recording rates across the country. The two 

districts with the highest recorded data were Lisbon and Faro whereas the lowest recorded on disease 

presentation where Guarda and Bragança and on the presence of comorbidities where Évora, 

Bragança, Guarda and Portalegre. Notwithstanding, good practice and the SINAVE guidelines warrant 

all fields to be answered and to achieve this goal measures and geographically adapted strategies, 

such as increased training, resources, and continued auditing, need to be implemented to improve data 

surveillance.  The SINAVE system collects symptoms and comorbidities in a non-mandatory and non-

intelligent way, not tailored to previous answers. This system also needs to be improved from a user 

perspective so to fast-track user experience and enhance clinical record keeping. A problem with 

Portuguese surveillance data collection system needs to be recognized so it can be improved with 

increased training, geographic adapted strategies, and information systems to facilitate adequate 

epidemiological surveillance collection. This data is essential to guide public health strategies, policy 

decision making, audit and research.

Hospital and PICU admissions - In 2020, a total of 476 children were admitted to the hospital from 

51,153 cases reported, corresponding to 1 in 108 cases requiring hospitalization, a rate of 0.93% of 

cases nationwide and a paediatric hospitalization rate of 2.8 per 10,000 children and adolescents. A 

lower case hospitalization result than reported in neighbouring Navarra, Spain (3.6%) during the first 

wave52, in the United States (5.3%)53 and in Scotland, where 1.03% of cases in children aged 5- to 17-

year-olds required hospitalization54. These results probably might reflect a higher testing rate of 

asymptomatic or mildly ill children in Portugal.  
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Thirty-two cases required PICU admission, corresponding to a rate of admission of 3.48 per 10,000 

cases. Four cases (12.5%) Four cases (females under the age of one year and presenting 

comorbidities; 12.5%) were admitted with severe COVID-19 (non-MIS-C) and twenty-eight (87.5%) with 

MIS-C, implying that in our population, severe COVID-19 in children is less frequent than MIS-C. 

Patients with severe COVID-19 were predominantly female under one with comorbidities, whereas MIS-

C patients were predominantly male and the majority (75%) had no comorbidities, which is similar to 

previously published results, where most MIS-C patients were healthy, and no correlation was observed 

between comorbidity score and MIS-C occurrence.29 

Deaths - During this period, the Directorate-General of Health confirmed two paediatric deaths caused 

by COVID-19, corresponding to a case-fatality rate of approximately 1.8 per 100,000 cases. 

Furthermore, analysing specifically total paediatric deaths in Portugal in 2020 (n = 387) and comparing 

to the paediatric COVID-19 deaths, COVID-19 was the main cause of death in 0.52%. The mortality 

rate due to COVID-19 was 1.2 per million children and adolescents. These results find parallel to similar 

studies, highlighting the low mortality and case-fatality rates. Despite the extremely small number of 

deaths, it is reasonable to compare these results with other countries.  Bhopal et al reported an overall 

mortality rate due to COVID-19 in children of 1.7 per 10.000, until February 2021 when comparing seven 

countries. Smith et al.55 reported a mortality rate due to COVID-19 of 2 per million and fatality rate of 5 

per 100,000 in England, between March 2020 and February 2021, a result 1.7 and 2.5 times higher 

than the one we report, respectively. Spanish mortality results were published by Tagarro et al.56 and 

reported 0.21 per 100 000 in children aged 0 to 9 years and 0.34 per 100 000 in children aged 10 to 19 

years. These results may reflect differences in shielding of vulnerable population or lockdown policies 

implemented in these countries, but further studies are required to analyse these effects. 

The major strengths of our study are the combined analysis of a large database of COVID-19 cases, 

hospital and PICU admissions and deaths. These results present a description of paediatric COVID-19 

in Portugal and allow comparison with other countries. 

The authors found the elevatedhigh level of missingness in surveillance data unusual. The analysis of 

real-world data has important challenges as previously acknowledged57, however other studies using 
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national data have reported similar difficulties58,59. Despite the authors best effort in this analysis, less 

than optimal real-world data has imposed important limitations to the study and hindered some of its 

quality, particularly relating to missing values in some of the analyzed variables. The authors are 

developing further studies and proposing solutions to help prevent these issues.58,59 As stated, the major 

limitations of this analysis are data-related, besides the level of missingness observed, the possible 

underreporting of cases and its characteristics, such as symptoms and comorbidities, the limited access 

to hospital admission data and deaths and the impracticality of establishing a chronological order of 

events. Furthermore, the estimated population used for comparison was obtain by-proxy with the 

reported paediatric for 2020. 

CONCLUSIONS

The overall reported case incidence was 5.4 per 100 children and adolescents and less than 1% of 

cases required hospital admission. The clinical manifestations of disease reported in our analysis were 

predominantly respiratory and neurologic, while gastrointestinal symptoms were infrequent. Less than 

1% of patients required hospital admission. MIS-C was more frequent in patients with no comorbidities 

and males, severe COVID-19 was rarer and occurred mainly in children under 1 year of age and 

females, all with comorbidities. Case fatality rates and mortality rates were low when comparing with 

other countries. This study highlights the need to improve epidemiological surveillance data in Portugal, 

with geographic adapted strategies, and information systems to facilitate adequate epidemiological 

surveillance, policy decision making, audit and research.
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TABLE 1.  AGE AND SEX OF PEDIATRIC COVID-19 INFECTED CASES, FROM MARCH 2020 TO FEBRUARY 2021

IN PORTUGAL.

Total
n (%)***

Female
n (%)**

Male
n (%)**

Reported cases per 
100 children (%)

N (%) 92051 45583 46453 5.4%

0 1719 (1.9%) 826 (1.8%) 884 (1.9%) 2.0%

1 3725 (4.0%) 1784 (3.9%) 1940 (4.2%) 4.3%

2 3692 (4.0%) 1860 (4.1%) 1832 (3.9%) 4.2%

3 3332 (3.6%) 1575 (3.5%) 1757 (3.8%) 3.8%

4 3709 (4.0%) 1840 (4.0%) 1869 (4.0%) 4.2%
Subtotal 1-4 

y 14458 (15.7%) 7059 (15.5%) 7398 (15.9%) 4.1%

5 4023 (4.4%) 1988 (4.4%) 2035 (4.4%) 4.6%

6 4299 (4.7%) 2128 (4.7%) 2171 (4.7%) 5.1%

7 4592 (5.0%) 2232 (4.9%) 2360 (5.1%) 5.4%

8 5058 (5.5%) 2490 (5.5%) 2568 (5.5%) 5.5%

Age 9 5548 (6.0%) 2709 (5.9%) 2839 (6.1%) 5.7%
Subtotal 5-9 

y 23520 (25.6%) 11547 (25.3%) 11973 
(25.8%) 5.3%

10 5705 (6.2%) 2872 (6.3%) 2833 (6.1%) 5.6%

11 5726 (6.2%) 2838 (6.2%) 2888 (6.2%) 5.9%

12 5865 (6.4%) 2928 (6.4%) 2937 (6.3%) 5.8%

13 6080 (6.6%) 2942 (6.5%) 3137 (6.8%) 6.1%

14 6449 (7.0%) 3235 (7.1%) 3213 (6.9%) 6.3%
Subtotal 10-

14 y 29825 (32.4%) 14815 (32.5%) 15008 
(32.3%) 5,9%

15 6919 (7.5%) 3402 (7.5%) 3514 (7.6%) 6.5%

16 7635 (8.3%) 3890 (8.5%) 3744 (8.1%) 7.3%

17 7975 (8.7%) 4041 (8.9%) 3932 (8.5%) 7.4%
Subtotal 15-

17 y 22529 (24.5%) 11333 (24.9%) 11190 
(24.1%) 7.1%

Footnotes: 15 (0.02%) missing values were observed for sex, ***global percentage; **percentage within sex level.

Page 25 of 39

https://mc.manuscriptcentral.com/bmjpo

BMJ Paediatrics Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jpaedsopen.bm
j.com

/
bm

jpo: first published as 10.1136/bm
jpo-2022-001499 on 29 A

ugust 2022. D
ow

nloaded from
 

http://bmjpaedsopen.bmj.com/


Confidential: For Review Only

25

TABLE 2. SYMPTOMS ASSOCIATED WITH COVID-19 PER AGE GROUP FROM MARCH 2020 TO FEBRUARY 2021

IN PORTUGAL.

0 1 - 4 5 - 9 10 - 14 15 - 17 Total
n (%) n (%) n (%) n (%) n (%) n (%)

Total 1075 8316 11733 14759 11587 47470

Symptoms

Fever 513 (47.7%) 2846 (34.2%) 2096 (17.9%) 2317 (15.7%) 1965 (17.0%) 9737 (20.5%)

Cough 396 (36.8%) 2397 (28.8%) 1920 (16.4%) 2632 (17.8%) 2771 (23.9%) 10116 (21.3%)

Dyspnea 34 (3.2%) 192 (2.3%) 136 (1.2%) 180 (1.2%) 258 (2.2%) 800 (1.7%)

Rhinorrhoea 376 (35.0%) 2047 (24.6%) 1465 (12.5%) 1927 (13.1%) 1818 (15.7%) 7633 (16.1%)

Odynophagia 13 (1.2%) 364 (4.4%) 1003 (8.5%) 1747 (11.8%) 1831 (15.8%) 4958 (10.4%)

Headache 1 (0.1%) 149 (1.8%) 1351 (11.5%) 2723 (18.4%) 2841 (24.5%) 7065 (14.9%)

Abdominal pain 8 (0.7%) 199 (2.4%) 553 (4.7%) 449 (3.0%) 252 (2.2%) 1461 (3.1%)

Chest pain 0 (0.0%) 11 (0.1%) 59 (0.5%) 148 (1.0%) 214 (1.8%) 432 (0.9%)

Arthralgia 0 (0.0%) 9 (0.1%) 26 (0.2%) 64 (0.4%) 61 (0.5%) 160 (0.3%)

Myalgia 1 (0.1%) 84 (1.0%) 436 (3.7%) 1300 (8.8%) 1731 (14.9%) 3552 (7.5%)

Nausea and vomiting 38 (3.5%) 362 (4.4%) 403 (3.4%) 475 (3.2%) 344 (3.0%) 1622 (3.4%)

Diarrhea 107 (10.0%) 616 (7.4%) 443 (3.8%) 523 (3.5%) 464 (4.0%) 2153 (4.5%)

Convulsions 1 (0.1%) 17 (0.2%) 5 (0.0%) 10 (0.1%) 5( 0.0%) 38 (0.1%)

Irritability 19 (1.8%) 43 (0.5%) 9 (0.1%) 9 (0.1%) 5 (0.0%) 85 (0.2%)

General weakness 16 (1.5%) 148 (1.8%) 221 (1.9%) 533 (3.6%) 724 (6.2%) 1642 (3.5%)

Tachycardia 2 (0.2%) 20 (0.2%) 15 (0.1%) 16 (0.1%) 12 (0.1%) 65 (0.1%)

Age Groups (years)

Footnotes: Percentages of patients presenting a specific symptom from patients presenting with the column 
symptom.
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TABLE 3. COMORBIDITIES OF THE PEDIATRIC COVID-19 CASES, FROM MARCH 2020 TO FEBURARY 2021, IN 
PORTUGAL.

Total Female Male

n (%) *** n (%) ** n (%) **

Total cases with comorbidities* 1593 691 902

Total cases with known comorbidities 1000 427 573

0 18087 (94.9%) 9013 (95.5%) 9074 (94.1%)

1 943 (4.9%) 401 (4.2%) 542 (6.0%)

2 47 (0.2%) 20 (0.2%) 27 (0.3%)

Number of 

comorbidities

  3+ 10 (0.1%) 6 (0.1%) 4 (0.0%)

Total 19087 9440 9647

Comorbidities

Asthma 753 (47.3%) 316 (45.7%) 437 (48.4%)

Chronic neurologic / 

neuromuscular disease

49 (3.1%) 24 (3.5%) 25 (2.8%)

Diabetes 55 (3.5%) 29 (4.2%) 26 (2.9%)

Chronic haematological 

disease

40 (2.1%) 17 (2.5%) 23 (2.5%)

Chronic neurologic deficit 34 (2.1%) 15 (2.2%)    19 (2.0%)

Cancer 36 (2.3%) 13 (1.9%) 23 (2.5%)

Chronic pulmonary disease 42 (2.6%) 17 (2.5%) 25 (2.8%)

Chronic renal disease 28 (1.8%) 15 (2.2%) 13 (1.4%)

HIV and other 

immunodeficiencies

25 (1.6%) 12 (1.7%) 13 (1.4%)

Liver disease 8 (0.5%) 2 (0.3%) 6 (0.6%)

Footnotes: Results of each morbidity were presented considering the sample size of cases with any 
reported morbidity (n=1,593). *Total cases with comorbidities, of which 1000 are specified. ***Global 
percentage; **Percentage within sex level.
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TABLE 4. COMORBIDITIES OF THE PEDIATRIC COVID-19 CASES, FROM MARCH 2020 TO FEBURARY 2021, IN 
PORTUGAL.

Total Female Male

n (%) n (%) n (%)

Total cases with comorbidities 1593 691 902

Total cases with known comorbidities 1000 427 573

0 18087 (94.9%) 9013 (95.5%) 9074 (94.1%)

1 943 (4.9%) 401 (4.2%) 542 (6.0%)

2 47 (0.2%) 20 (0.2%) 27 (0.3%)

Number of 

comorbidities

  3+ 10 (0.1%) 6 (0.1%) 4 (0.0%)

Total 19087 9440 9647

Comorbiditie*s

Asthma 753 (47.3%) 316 (45.7%) 437 (48.4%)

Chronic neurologic / 

neuromuscular disease

49 (3.1%) 24 (3.5%) 25 (2.8%)

Diabetes 55 (3.5%) 29 (4.2%) 26 (2.9%)

Chronic haematological 

disease

40 (2.1%) 17 (2.5%) 23 (2.5%)

Chronic neurologic 

deficit

34 (2.1%) 15 (2.2%)    19 (2.0%)

Cancer 36 (2.3%) 13 (1.9%) 23 (2.5%)

Chronic pulmonary 

disease

42 (2.6%) 17 (2.5%) 25 (2.8%)

Chronic renal disease 28 (1.8%) 15 (2.2%) 13 (1.4%)

HIV and other 

immunodeficiencies

25 (1.6%) 12 (1.7%) 13 (1.4%)

Liver disease 8 (0.5%) 2 (0.3%) 6 (0.6%)

Footnotes: *Results of each comorbidity were presented considering the sample size of cases with any 
reported morbidity (n=1,593). 
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TABLE 45. PEDIATRIC HOSPITAL FROM MARCH 2020 TO DECEMBER 2020 AND PICU ADMISISONS FROM MARCH 
2020 TO FEBRUARY 2021 IN PORTUGAL

Hospital admissions from March to December 2020

Age Group Hospital 

admissions n (%)

Cases per age 

group

Hospital admissions per 

100 reported cases

Hospital admissions per 

10.000 children

0 - 4 228 (47.9%) 10161 2.24 5.2

5-11 112 (23.5%) 18358 0.61 1.7

12-17 136 (28.6%) 22674 0.60 2.2

Total 476 (100%) 51193 0.93 2.8

PICU admissions from March 2020 to February 2021

Severe COVID-19 MIS-C Total ICU admissions

PICU admissions (%) 4 (12.5%) 28 (87.5%) 32 (100%)

PICU admissions per 10.000 

reported cases 

0.43 3.04 3.48

PICU admissions per 10.000 

children

0.02 0.16 0.19

Female (%) 3 (75%) 7 (25%) 10 (31.2%)

Male (%) 1 (25%) 21 (75%) 22 (68.8%)

Min age (months) 3 15

Max age (years) 17 17

Median (years) 0 10.5

Comorbidities present (%) 4 (100%) 6 (21.4%) 10 (31.2%)
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FIGURE 1. MAP OF COVID-19 PEDIATRIC CASES IN PORTUGAL, BY DISTRICT IN ABSOLUTE VALUE.
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FIGURE 2. PEDIATRIC COVID-19 CASES PER WEEK

Footnote: 1. First COVID-19 patient diagnosed in Portugal; 2. First national state of emergency; 3. Lockdown easing; 4. 

Preschool and primary school reopening; 5. End of the school year; 6. Start of the school year; 7. State of emergency with 

restrictions; 8. Christmas with minimal gathering restrictions; 9. Reintroduction of mandatory remote working, travel restrictions 

and school closures; 10. Highest daily death toll due to COVID-19 during the pandemic.
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SUPPLEMENTARY TABLE 1.  PEDIATRIC COVID-19 CASES COUNTRY OF ORIGIN, EXCLUDING PORTUGAL

Country n(%)
Brasil 2170 (59.2%)
Angola 331 (9.0%)
Cape Verde 205 (5.6%)
Saint Tome and Principe 121 (3.3%)
Guine Bissau 86 (2.3%)
Nepal 75 (2.0%)
Ukraine 72 (2.0%)
Italy 66 (1.8%)
France 62 (1.7%)
Venezuela 49 (1.3%)
Spain 47 (1.3%)
United Kingdom 45 (1.2%)
Romenia 45 (1.2%)
India 33 (0.9%)
Bangladesh 27 (0.7%)
Mozambique 23 (0.6%)
Netherlands 19 (0.5%)
Republic of Moldava 17 (0.5%)
Germany 16 (0.4%)
Paquistan 16 (0.4%)
Belgium 14 (0.4%)
Bulgaria 14 (0.4%)
Colombia 12 (0.3%)
Cuba 9 (0.2%)
Ireland 9 (0.2%)
China 7 (0.2%)
United States of America 7 (0.2%)
Other 67 (1.8%)
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SUPPLEMENTARY TABLE 2. SYMPTOMATIC AND ASYMPTOMATIC COVID-19 CASES PER AGE

Years
Asymptomatic

n (%)
Symptomatic n

(%)
Total

Total reported
cases

Missing
information n (%)

0 162 (15.1%) 913 (84.9%) 1075 1719 644 (37.5%)
1 387 (15.9%) 2040 (84.1%) 2427 3725 1298 (34.8%)
2 485 (22.6%) 1658 (77.4%) 2143 3692 1549 (42%)
3 527 (28.2%) 1342 (71.8%) 1869 3332 1463 (43.9%)
4 640 (34.1%) 1237 (65.9%) 1877 3709 1832 (49.4%)
5 704 (34.7%) 1325 (65.3%) 2029 4023 1994 (49.6%)
6 769 (36%) 1367 (64%) 2136 4299 2163 (50.3%)
7 825 (36.4%) 1442 (63.6%) 2267 4592 2325 (50.6%)
8 871 (34.7%) 1640 (65.3%) 2511 5058 2547 (50.4%)
9 966 (34.6%) 1824 (65.4%) 2790 5548 2758 (49.7%)

10 918 (33%) 1868 (67%) 2786 5705 2919 (51.2%)
11 892 (31.6%) 1930 (68.4%) 2822 5726 2904 (50.7%)
12 879 (30.2%) 2029 (69.8%) 2908 5865 2957 (50.4%)
13 816 (26.8%) 2229 (73.2%) 3045 6080 3035 (49.9%)
14 869 (27.2%) 2329 (72.8%) 3198 6449 3251 (50.4%)
15 829 (23.5%) 2702 (76.5%) 3531 6919 3388 (49%)
16 778 (19.9%) 3139 (80.1%) 3917 7635 3718 (48.7%)
17 760 (18.4%) 3379 (81.6%) 4139 7975 3836 (48.1%)

Total 13077 (27.5%) 34393 (72.4) 47470 92051 44581 (48.4%)

Footnote: Asymptomatic and symptomatic percentages calculated from all patients with known disease presentation; Missing 
information percentages calculated from all patients within an age bracket
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SUPPLEMENTARY TABLE 3. DISTRIBUITION OF SYMPTOMS OF PAEDIATIC COVID-19 CASES

Fever Cough Rhinorrhea Dyspneia Headache Diarrhoea
Abdominal

pain
Odynophagia

Nausea and
Vomiting

Arthalgia Myalgia
Tiredness and

weakness
Tachycardia Chest pain Irritability Convulsions

Symptoms**
Fever 3721 (37,2%) 2902 (38%) 314 (39,3%) 2824 (40%) 1060 (49,2%) 845 (57,8%) 2046 (41,3%) 992 (61,2%) 81 (50,6%) 1615 (45,5%) 752 (45,8%) 52 (80%) 156 (36,1%) 56 (65,9%) 25 (65,8%)

Cough 3721 (38,2%) 4203 (55,1%) 584 (73%) 2724 (38,6%) 790 (36,7%) 430 (29,4%) 2310 (46,6%) 562 (34,6%) 74 (46,3%) 1600 (45%) 752 (45,8%) 30 (46,2%) 261 (60,4%) 40 (47,1%) 18 (42,9%)

Rhinorrhea 2902 (29,8%) 4203 (42%) 366 (45,8%) 1976 (28%) 568 (26,4%) 342 (23,4%) 1746 (35,2%) 415 (25,6%) 68 (42,5%) 1019 (28,7%) 565 (34,4%) 22 (33,8%) 144 (33,3%) 33 (38,8%) 11 (26,2%)

Dyspneia 314 (3,2%) 584 (5,8%) 366 (4,8%) 208 (2,9%) 77 (3,6%) 48 (3,3%) 183 (3,7%) 64 (3,9%) 9 (5,6%) 132 (3,7%) 118 (7,2%) 16 (24,6%) 102 (23,6%) 4 (4,7%) 1 (2,4%)

Headache 2824 (29%) 2724 (27,2%) 1976 (25,9%) 208 (26%) 616 (28,6%) 596 (40,8%) 2106 (42,5%) 578 (35,6%) 99 (61,9%) 2055 (57,9%) 857 (52,2%) 14 (21,5%) 205 (47,5%) 16 (18,8%) 13 (31%)

Diarrhoea 1060 (10,9%) 790 (7,9%) 568 (7,4%) 77 (9,6%) 616 (8,7%) 513 (35,1%) 326 (6,6%) 430 (26,5%) 23 (14,4%) 355 (10%) 220 (13,4%) 4 (6,2%) 45 (10,4%) 16 (18,8%) 6 (14,3%)

Abdominal pain 845 (8,7%) 430 (4,3%) 342 (4,5%) 48 (6%) 596 (8,4%) 513 (23,8%) 351 (7,1%) 436 (26,9%) 24 (15%) 252 (7,1%) 159 (9,7%) 11 (16,9%) 49 (11,3%) 10 (11,8%) 5 (11,9%)

Odynophagia 2046 (21%) 2310 (23,1%) 1746 (22,9%) 183 (22,9%) 2106 (29,8%) 326 (15,1%) 351 (24%) 319 (19,7%) 68 (42,5%) 1080 (30,4%) 460 (28%) 16 (24,6%) 135 (31,3%) 15 (17,6%) 12 (28,6%)

Nausea and Vomiting 992 (10,2%) 562 (5,6%) 415 (5,4%) 64 (8%) 578 (8,2%) 430 (20%) 436 (29,8%) 319 (6,4%) 24 (15%) 296 (8,3%) 228 (13,9%) 13 (20%) 55 (12,7%) 16 (18,8%) 5 (11,9%)

Arthalgia 81 (0,8%) 74 (0,7%) 68 (0,9%) 9 (1,1%) 98 (1,4%) 23 (1,1%) 24 (1,6%) 68 (1,4%) 24 (1,5%) 115 (3,2%) 56 (3,4%) 1 (1,5%) 13 (3%) 3 (3,5%) 0 (0%)

Myalgia 1615 (16,6%) 1600 (16%) 1019 (13,3%) 132 (16,5%) 2055 (29,1%) 355 (16,5%) 252 (17,2%) 1080 (21,8%) 296 (18,2%) 115 (71,9%) 648 (39,5%) 13 (20%) 124 (28,7%) 10 (11,8%) 6 (14,3%)

Tiredness and weakness 752 (7,7%) 752 (7,5%) 565 (7,4%) 118 (14,8%) 857 (12,1%) 220 (10,2%) 159 (10,9%) 460 (9,3%) 228 (14,1%) 56 (35%) 648 (18,2%) 10 (15,4%) 85 (19,7%) 20 (23,5%) 3 (7,1%)

Tachycardia 52 (0,5%) 30 (0,3%) 22 (0,3%) 16 (2%) 14 (0,2%) 4 (0,2%) 10 (0,7%) 16 (0,3%) 13 (0,8%) 1 (0,6%) 13 (0,4%) 10 (0,6%) 4 (0,9%) 5 (5,9%) 0 (0%)

Chest pain 156 (1,6%) 261 (2,6%) 144 (1,9%) 102 (12,8%) 202 (2,9%) 45 (2,1%) 49 (3,4%) 135 (2,7%) 55 (3,4%) 13 (8,1%) 124 (3,5%) 85 (5,2%) 4 (6,2%) 1 (1,2%) 0 (0%)

Irritability 56 (0,6%) 40 (0,4%) 33 (0,4%) 4 (0,5%) 16 (0,2%) 16 (0,7%) 10 (0,7%) 15 (0,3%) 15 (0,9%) 3 (1,9%) 10 (0,3%) 20 (1,2%) 5 (7,7%) 1 (0,2%) 3 (7,1%)

Convulsions 25 (0,3%) 18 (0,2%) 11 (0,1%) 1 (0,1%) 13 (0,2%) 6 (0,3%) 5 (0,3%) 12 (0,2%) 5 (0,3%) 0 (0%) 6 (0,2%) 3 (0,2%) 0 (0%) 0 (0%) 3 (3,5%)

2153 (10.2%)Total* 9737 (46.2%) 10016 (47.5%) 7633 (36.2%) 800 (3.8%) 7065 (33.5%) 65 (0.3%) 432 (2%) 85 (0.4%) 38 (0.2%)1461 (6.9%) 4958 (23.5%) 1622 (7.7%) 160 (0.8%) 3552 (16.9%) 1642 (7.8%)

Footnote: *Percentages calculated from symptomatic patients with specified symptoms, **Percentages calculated from patients with column symptom 
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