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Abstract 

Introduction  Understanding the impact of the COVID-19 pandemic on child survival is crucial. Analysing COVID-
19-related child deaths, even years after the pandemic, is critical for informing future pandemic preparedness 
and response efforts.

Methods  We conducted an analysis of all "SARS-CoV-2/COVID-19 positive deaths" among children and adolescents 
(aged < 18 years) recorded through a purposefully designed Child Death Surveillance and Response System (CDSRS) 
from October 2020 to September 2022. It included all deaths with a positive SARS-CoV-2. The analysis involved a thor-
ough review of documents (bedhead tickets, field/institutional investigation and postmortem examination reports, 
and compiled case scenarios). Multivariable backward logistic regression was conducted to identify risk factors associ-
ated with deaths attributed to COVID-19 infection. Additionally, a comparison of socio-demographic characteristics 
was conducted between deaths due to all causes and those attributed to COVID-19 infection.

Results  A total of 111 deaths with a positive SARS-CoV-2 test were analyzed. Among these, 81 deaths (73%) were cat-
egorized as directly attributed to COVID-19 infection. Fourteen children (17.2%) had Multisystem Inflammatory Syn-
drome. Cardiovascular disease was the most common comorbidity (28.4%). The odds of deaths attributed to COVID-
19 infection were eleven times higher with chronic diseases compared to incidental SARS-CoV-2 positive test 
(OR:11.22, 95% CI:1.735, 72.496). Tamil ethnicity appeared to be protective when compared to the Sinhalese (OR:0.07, 
95% CI: 0.008, 0.598). The model explained 44.8% of the variance. When compared to national all-cause mortality data, 
females (p = 0.03), post-neonatal infants (p < 0.001), and > 5–18 years (p = 0.005) were identified as being at higher risk 
of death due to COVID-19 infection.

Conclusion  The proportion of COVID-19-positive deaths during the study period was higher than that reported 
in high-income countries, with most deaths directly attributed to SARS-CoV-2. Higher mortality rates were observed 
among post-neonatal infants, children over five years, females, those with Sinhalese ethnicity, and pre-existing chronic 
medical conditions, particularly cardiovascular disease.
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Introduction
Sri Lanka has been one of the South Asian countries 
most severely affected by COVID-19 [1]. An estimated 
667,671 children and adults were infected with SARS-
CoV-2 from October 2020 to September 2022. The total 
number of deaths (all ages) related to COVID-19 during 
this period in Sri Lanka was approximately 16,768 [2], 
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which included 111 deaths among children and adoles-
cents (< 18 years).

Previous reports consistently indicate that the sever-
ity of COVID-19 infection is typically lower in children 
than in adults, and many infected children exhibited 
no symptoms [3, 4]. In England, data from March 2020 
to February 2021 revealed that almost all children and 
young people (99.995%) with a positive SARS-CoV-2 test 
survived [5]. In contrast, a multicenter study from South-
east Asia, Japan, and China reported a higher death rate 
among children (2.3%) [6]. As the pandemic progressed 
globally, severe and life-threatening manifestations of 
the disease emerged in children, including multisystem 
inflammatory syndrome (MIS-C) [7]. These findings 
underscore the diverse picture of the COVID-19 pan-
demic and the importance of continued monitoring and 
research, particularly regarding its impact on the child 
populations.

Limited studies have investigated clinical manifes-
tations and risk factors for severe COVID-19 disease 
among children globally. The presence of pneumonia, 
thrombocytopenia, raised serum C-reactive protein, 
obesity, hypertension, immunosuppression, diabetes, 
chronic lung disease, renal disease, and admission to the 
intensive care unit (ICU) are some of the reported risk 
factors for mortality [8, 9]. In the absence of effective 
therapy, the ability to minimise mortality depends on a 
better understanding of the factors related to the severity 
of the disease.

Analysing disaggregated data at the country level is 
crucial for understanding the pandemic’s effects on child 
survival. No review has analysed the disease burden 
among children, their clinical characteristics, and risk 
factors for mortality in Sri Lanka. Analysing COVID-19 
child deaths, even years after the pandemic, is critical for 
informing future pandemic preparedness and response 
efforts. By comprehensively understanding the factors 
that contributed to pediatric fatalities, more effective 
strategies to protect children during future outbreaks of 
COVID-19 or other infectious diseases can be developed.

Therefore, this analysis aimed to quantify the number 
of deaths attributed to COVID-19 infection and those 
who died from an alternative cause but had a positive 
SARS-CoV-2/COVID-19 test. Additionally, the clini-
cal profile, comorbidities, access to intensive care facil-
ity, and place of death of all children whose deaths were 
attributed to COVID-19 infection were assessed.

Methods
The Ministry of Health of Sri Lanka has implemented a 
national Child Death Surveillance and Response System 
(CDSRS) since 2016. Based on that, during the pandemic, 
a special surveillance mechanism for COVID-19 child 

deaths was initiated in the country under the guidance 
of the Family Health Bureau (FHB), the maternal and 
child health arm of the Ministry of Health. Both hospi-
tal and field health institutions were instructed to notify 
all probable COVID-19 child deaths. This enabled us to 
analyse all “SARS-CoV-2/COVID-19 positive deaths” 
among children and adolescents (aged < 18  years) using 
these records from October 2020 to September 2022. We 
included all deaths with a positive antigen or quantitative 
RT-PCR test for SARS-CoV-2. The documents, bedhead 
tickets, field/institutional investigation and postmortem 
examination reports, and compiled case scenarios of 
COVID-19-positive deaths were reviewed individually by 
a panel of experts (paediatricians, neonatologists, inten-
sivists and community physicians). The case management 
was reviewed based on national guidelines for managing 
COVID-19 infection in children [10]. The local guideline 
for diagnosing and managing Multisystem Inflammatory 
Syndrome in Children (MIS-C) was adapted from the 
World Health Organization’s 2020 guideline [11].

Clinical records of all eligible deaths were reviewed to 
determine whether COVID-19 infection contributed or 
unlikely contributed to the death. In Sri Lanka, the cause 
of death is categorised as immediate, antecedent/under-
lying, and contributory [12]. If the death certificate listed 
COVID-19 infection as the direct cause of death and the 
clinical course supported this, the death was classified 
as death attributed to COVID-19. If the contribution of 
COVID-19 infection needed to be clarified, the records 
were reviewed by a three-member panel with expertise 
relevant to the case. These cases were then categorised as 
either attributed to COVID-19 or unlikely to be due to 
COVID-19. The flow chart for this process is shown in 
Fig. 1.

Covariates and definitions
The socio-demographic information included age, sex, 
ethnicity, socioeconomic status, parents’ education, and 
resident district. Total household income was categorised 
by taking the estimated median value of the total house-
hold income of a family in Sri Lanka [13]. Education 
level was categorised as primary or less (No education or 
grade 1–5), secondary/collegiate (Grade 6–12) and ter-
tiary [14]. Clinical data included symptom onset (defined 
as the day when the first symptom or sign occurred), day 
of hospital admission, SARS-CoV-2 testing (antigen/PCR 
or antibody testing) and death (time and place of death). 
Signs and symptoms at presentation (fever, cough, res-
piratory distress including oxygen saturation, gastrointes-
tinal symptoms, etc.) and comorbidities were also noted. 
Also, respiratory support, admission to an intensive care 
unit, resuscitation, pharmacotherapies, and laboratory 
results were documented.
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Based on the Chronic Condition Indicator Refined 
(CCIR) for ICD-10-CM, chronic diseases [15] were clas-
sified. A condition that lasts 12  months or longer and 
meets one or both of the following criteria: (1) The con-
dition results in the need for ongoing intervention with 
medical products, treatment, services, and special equip-
ment; (2) The condition places limitations on self-care, 
independent living, and social interactions were included. 
Life-limiting conditions were identified per the Directory 
of Life-Limiting Conditions (DLCC) [16].

Data analysis
We used SPSS version 22 for data analysis. Frequen-
cies and proportions were computed for the categori-
cal variables. Imputation was not done for missing 
data. We could not calculate the case fatality rate since 
the number of children < 18  years infected with SARS-
CoV-2 in Sri Lanka during the same period was not 
available. However, the number of COVID-19 deaths in 
children < 18  years was calculated as a proportion of all 
deaths. Chi-squared and Fisher’s exact tests were used to 
compare categorical variables between deaths attributed 
to COVID-19 infection and deaths with incidental SARS-
CoV-2 positivity.

Multivariable backward logistic regression was con-
ducted to identify risk factors associated with deaths 
attributed to COVID-19 infection. The dependent vari-
able categorized deaths as either deaths attributed to 
COVID-19 infection or with incidental SARS-CoV-2 
positive test. Independent variables with a p-value < 0.25 
in univariate analysis were included in the multivariable 

model [17], with age added due to its clinical significance. 
To address multicollinearity, correlated variables (r > 0.5) 
were excluded; for example, only the chronic disease 
variable was retained after identifying collinearity with 
cardiovascular disease. Variables with fewer than ten 
observations, such as genetic disorders and respiratory 
disorders, were omitted from the analysis [18]. Addition-
ally, variables with over 10% missing data, including fever, 
cough, and difficulty breathing, were excluded. Finally, 
the following variables were included in the analysis: 
age, gender, ethnicity, number of living children, oxygen 
saturation on admission, chronic disease, and life threat-
ening/life limiting conditions. Dummy variables were 
created for age (Reference: > 12–18 yrs) and ethnicity 
(Reference: Sinhalese) to ensure proper inclusion in the 
analysis.

Additionally, a comparison of socio-demographic 
characteristics was conducted between deaths due to all 
causes and those specifically attributed to COVID-19 
infection in 2021 [19]. However, this analysis could not 
be extended to other factors, such as chronic diseases or 
comorbidities, due to the unavailability of relevant data. 
Furthermore, deaths from 2020 and 2022 were excluded 
from the comparison because of the lack of published 
mortality data for these years.

Results
A total of 111 records were analysed. All had a positive 
SARS-CoV-2 test. The proportion of COVID-19-positive 
deaths out of all deaths among children in Sri Lanka dur-
ing the study period was 0.7% (111/16768). Among them, 

Fig. 1  Flow charts for review of case records
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COVID-19 infection clearly contributed to 65 (58.6%). 
The remaining deaths (n = 46) were categorised as either 
attributed to COVID-19 (n = 16) or unlikely to be due to 
COVID-19 (n = 30). Finally, 81 deaths (73%) were catego-
rised as attributed to COVID-19 (Fig. 1).

Socio‑demographic and household characteristics 
of deaths attributed to COVID‑19
Out of all the deaths attributed to COVID-19, more than 
half were less than one-year-old (n = 46, 57%) (Table  1). 
The female-to-male ratio was 1.4:1. Most (68%) children 
were of Sinhalese ethnicity. The percentage of Muslims 
was 18.5%. Most deaths, 25% (n = 28), were from the 

capital city (Colombo) in the Western province (Fig. 2). 
In terms of educational attainment, the majority of moth-
ers (n = 45, 62.5%) and fathers (n = 51, 68%) had attained 
only junior secondary level or less (≤ Grade 11). Most 
mothers (n = 55/75, 73%) were homemakers. The house-
hold income was less than the median in most (n = 51/81, 
63%) families.

Clinical characteristics of deaths attributed to COVID‑19
Missing data limited the comprehensive analysis of 
the clinical features of the children who died due to 
COVID-19 infection. Thus, the percentage for each vari-
able is calculated, excluding missing data. According to 

Table 1  Demographic and household characteristics of children who had a positive test for COVID-19 infection categorised by the 
likely cause of death

a Percentages are calculated from the available data, excluding missing values

All deaths with SARS-CoV-2 
positive test (n = 111)

Deaths attributed to COVID-
19 infection (n = 81)

Deaths with incidental SARS-
CoV-2 positive test (n = 30)

p value

Age (Categorical)

  < 1 month 25 (22.5) 15 (18.5) 10 (30) 0.1

  One month – < 1 yr 38 (34.2) 31 (38.3) 07 (23.3) 0.05

  1–5 yrs 16 (14.4) 11 (13.6) 05 (16.6) 0.7

  > 5–12 yrs 32 (14.4) 23 (14..8) 09 (13.3) 0.9

Gender

  Male 52 (46.8) 33 (40.7) 19 (63.3) 0.06

  Female 58 (52.3) 47 (58) 11 (36.7)

  Unconfirmed 01 (0.9) 00 (00)

Ethnicity

  Sinhalese 73 (65.8) 55 (67.9) 18 (60) 0.3

  Tamil 19 (17.1) 11 (13.6) 08 (26.7)

  Muslim 19 (17.1) 15 (18.5) 04 (13.3)
aFather’s educational level (n = 101)

  Primary or less 03 (2.9) 03 (4.1) 00 (00) 0.4

  Junior Secondary 68 (67.3) 48 (64.9) 20 (66.7)

  Senior Secondary/Collegiate 22 (21.8) 18 (24,3) 04 (13.3)

  Tertiary 08 (07.9) 06 (8.1) 02 (6.7)
aMother’s educational level (n = 100)

  Primary or less 04 (04) 03 (4.1) 01 (3.3) 0.4

  Junior Secondary 62 (62) 42 (56.8) 20 (66.7)

  Senior Secondary/Collegiate 23 (23) 18 (24.3) 05 (16.6)

  Tertiary 11 (11) 09 (12,2) 02 (6.7)

Mother’s employment (n = 104)

  Homemaker 78 (75) 55 (71.4) 23 (76.7) 0.5

  Income generating activity 26 (25) 20 (26) 06 (20)

Household income (LKR)

  < Median 73 (65.8) 51 (63) 22 (73.3) 0.27

  ≥ Median 38 (34.3) 30 (37) 08 (26.7)

Number of living children

  None 31 (27.9) 20 (25) 11 (36.7) 0.2

  ≥ 1 80 (72.1) 61 (75.3) 19 (63.3)
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the available information, most had fever, cough, and 
tachypnea upon admission to the hospital (Table  2). 
Thirteen children (16%) had seizures on admission, and 
most (n-47, 58%) had saturation in air less than 92% on 
admission.

The first healthcare contact was a hospital outpatient 
department or an emergency unit in 77 out of 81 children 
who died of COVID-19 infection. The remaining four 
children were dead by the time they reached the hospital 

and were considered home deaths. Information on the 
onset of symptoms could not be retrieved in 20%; thus, 
the interval between the onset of symptoms and death 
was not analysed. Sixty-two per cent of children (n = 50) 
were managed at an intensive care unit (ICU), with a 
delay in ICU admission noted among 14 deaths. Eighty 
per cent (n = 65) of deaths due to COVID-19 infection 
occurred in a ward/ICU. Postmortem was conducted 

Fig. 2  Distribution of COVID-19-related deaths in Sri Lanka (2020 – 2022)
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in 30 cases, and a verbal autopsy was carried out in 10 
cases. None had received the COVID-19 vaccine.

Comorbidities in deaths attributed to COVID‑19
Among deaths attributed to Covid-19 infection, 74% 
(n = 60) had one or more comorbid conditions (Table 3). 
Cardiovascular disease was the most common comor-
bidity (n = 23, 28.4%), with half being complex heart 
disease (n = 12) (Table 4). One child had infective endo-
carditis. Neurological conditions were present in 16 
(19.8%) deaths attributed to COVID-19 infection; half 
of them had global development delay. One child had 
spinal muscular atrophy, and another had congenital 
muscular dystrophy. There were no children with iso-
lated epilepsy. Diabetic ketoacidosis due to type 1 dia-
betes and biliary atresia in isolation were also reported 
among the deaths attributed to COVID-19 infection. 
Two children had isolated obesity, and one of them had 
non-alcoholic steatohepatitis. Only five children had 
chronic respiratory problems, including asthma (n = 1). 
Most deaths attributed to COVID-19 infection had one 
or more chronic conditions (55.6%) and life-limiting 
conditions (59.3%).

Comparison of socio‑demography between deaths due 
to all causes compared to deaths attributed to covid‑19 
infection in 2021
In 2021, there were 98 SARS-CoV-2 positive deaths, 71 
of that were attributed to COVID-19 infection. A com-
parison of these deaths attributed to COVID-19 infec-
tion with all-cause deaths during the same year revealed 
significant differences in death rates across age groups, 
particularly among neonates, post-neonatal children, 
and those older than 5  years (Table  5). Post-neonatal 
children and children over 5 years were at a higher risk 
of dying from COVID-19, whereas the all-cause neonatal 
death rate far exceeded that of COVID-19-related neona-
tal death rate. Additionally, females were observed to be 
more susceptible to COVID-19-related deaths compared 
to fatalities from other causes. (Table 6)

Risk factors associated with deaths attributed to COVID‑19 
infection
In the multivariable logistic regression analysis, the odds 
of mortality were eleven times higher for individuals 
with chronic diseases in COVID-19-related deaths com-
pared to deaths with an incidental finding of a positive 

Table 2  Clinical characteristics, hospitalisation and death of children who had a positive test for COVID-19 infection categorised by 
the likely cause of death

Data is presented as n(%). The differences between groups were compared using the two-sided chi-squared test or Fisher’s exact test if small numbers

*Variables with missing data

All deaths with SARS-
CoV-2 positive test

Deaths attributed to 
COVID-19 infection

Deaths with incidental 
SARS-CoV-2 positive test

p value

Symptoms on admission

  *Fever (Yes), n = 88 59 (67) 53/70 (75.7) 06 (33.3)  < 0.001

  *Cough (Yes), n = 82 34 (41.5) 29/66 (43.9) 05 (31.2) 0.3

  *Difficulty in breathing/tachypnea, (Yes), n = 88 65 (73.9) 55/76 (72.4) 10 (83.3) 0.4

  Seizures (Yes) 18 (16.2) 13/81 (16.1) 05 (16.7) 0.9

  Saturation on air < 92% (on admission) 57 (51.4) 47/81 (58) 10 (33.3) 0.1

  Delay in getting an ICU facility 14 (12.6) 14 (17.3) 00 0.02

Place of death

  Hospital 100 (90) 77 (95) 23 (76.7) 0.004

  Home 11 (10) 04 (05) 07 (23.3)

Table 3  Details of comorbid conditions

Data is presented as n (%). The differences between groups were compared using the two-sided chi-squared test

COVID-19 positive 
deaths (n = 111)

Deaths attributed to COVID-
19 infection (n = 81)

Deaths with incidental SARS-
CoV-2 positive test (n = 30)

p value

Chronic disease 54 (48.6) 45 (55.6) 09 (30) 0.02

Life-threatening/Life-limiting condition 62 (55.9) 48 (59.3) 14 (46.6) 0.2

Comorbid conditions (one or more) 83 (74.8) 60 (74.1) 23 (76.7) 0.5

Comorbid conditions (one only) 65 (58.6) 46 (56.8) 19 (63.3) 0.5

Comorbid conditions (2 or more) 18 (16.2) 14 (17.3) 04 (13.3) 0.6
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SARS-CoV-2 test. Additionally, belonging to the Tamil 
ethnicity appeared to be protective against COVID-19 
mortality when compared to the Sinhalese ethnicity. The 
model explained 44.8% (Nagelkerke R2) of the variance.

Clinical and laboratory characteristics of the deaths 
attributed to Multisystem Inflammatory Syndrome 
in Children (MIS‑C)
Fourteen children had MIS-C, accounting for 17.2% of 
the total deaths attributed to COVID-19 infection in 
this cohort. In a sub-analysis of MIS-C cases (n = 14), 11 
had a positive PCR test for COVID-19, and seven tested 
positive for antibodies. Four patients were older than 
12 years, and the majority were females (9/14). Fever and 
lethargy were observed in 64% of cases, abdominal symp-
toms in 66%, and respiratory symptoms (cough, short-
ness of breath, or tachypnea) were universally present.

Rash was noted in 50% of MIS-C cases, while seizures 
occurred in two cases. Low blood pressure and poor 
peripheral perfusion were observed in five cases, and six 

presented with bleeding manifestations. One MIS-C case 
was associated with precocious puberty and obesity. Two 
had a history of prematurity, while all other cases were 
reported as previously healthy.

Laboratory findings revealed platelet counts below 
150,000 in six MIS-C cases and neutropenia in two cases. 
C-reactive protein (CRP) was elevated in most cases, 
with marked elevation (> 100 mg/L) observed in six. The 
highest recorded D-dimer level was 15,165 ng/mL. Tro-
ponin was positive in 7 of the 9 cases tested, while data 
were either missing or the test was not performed in the 
remaining 5 cases.

Discussion
The present analysis describes COVID-19 child deaths 
from a lower middle-income country (LMIC), which 
has a well-structured healthcare system and impressive 
child mortality rates compared to the other countries in 
the South Asian region [20]. The Child Death Surveil-
lance and Response System (CDSRS) in Sri Lanka, which 
was re-oriented to meet the information demands dur-
ing the COVID-19 pandemic, helped to generate high-
quality data. It captured information from both hospital 
and community levels. In addition, a desk review of all 
deaths by multiple experts enhanced the reliability of the 
information.

The number of deaths attributed to COVID-19 is fre-
quently used as a key indicator and is considered essen-
tial for evaluating the severity of the pandemic. Among 
COVID-19 related deaths in Sri Lanka, 0.7% are child 
deaths with a positive SARS-CoV-2 test (n = 111). This 
proportion is higher than the reported global average 
(0.4%) and that of high-income countries (0.1%) but lower 
than that of low- and middle-income countries (0.9%) [2, 

Table 4  Comorbid conditions categorised

Please note that some children had multiple comorbidities. Data is presented as n(%). The differences between groups were compared using the two-sided chi-
squared test or Fisher’s exact test if small numbers

COVID-19 positive deaths 
(n = 111)

Deaths attributed to COVID-19 
infection (n = 81)

Deaths with incidental SARS-CoV-2 
positive test (n = 30)

p value

Neurological 18 (16.2) 14 (17.3) 04 (10) 0.6

Prematurity 14 (12.6) 09 (11.3) 05 (20) 0.4

Malignancy 14 (12.6) 09 (11.3) 05 (20) 0.7

Cardiovascular 25 (22.5) 23 (28.8) 02 (10) 0.04

Genetic syndromes 06 (5.4) 05 (6.3) 01 (03) 0.6

Respiratory 08 (7.2) 03 (6.3) 05 (20) 0.02

Endocrine 05 (4.5) 05 (6.3) 00 (00) 0.2

GIT/Liver 06 (5.4) 05 (3.8) 01 (03) 0.6

Renal 02 (1.8) 02 (2.5) 00 (00) 0.9

Immune-deficiency 01 (0.9) 01 (1.3) 00 (00) 0.9

Other 04 (3.6) 02 (2.5) 02 (10) 0.3

Table 5  Age and gender distribution of deaths due to all causes 
compared to deaths attributed to covid-19 infection in 2021

a All-cause mortality as per national mortality and morbidity data 2021 [19]

aDeaths due 
to all causes

Deaths attributed to 
COVID-19 infection

p value

Age (Categorical) 

  <1 month 1499 (54.9) 13 (18.3) <0.001

  One month – <1 yr 555 (20.3) 26 (36.6) <0.001

  1–5 yrs 216 (07.9) 10 (14.1) 0.06

  >5 yrs 457 (16.8) 21 (29.6) 0.005

Gender

  Male 1497 (46.8) 30 (40.7) 0.03

  Female 1229 (52.3) 41 (58)
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21, 22]. Compared to other LMICs, the lower proportion 
of child deaths among all COVID-19-positive deaths in 
Sri Lanka can be credited to the country’s well-structured 
healthcare system with better child and maternity care. 
Additionally, proactive preventive measures may have 
reduced the transmission risk to children [2, 23]. How-
ever, the mortality rate in Sri Lanka differs significantly 
from that of high-income countries such as Japan and 
New Zealand. The likely reasons could be linked to dis-
parities in healthcare infrastructure, cultural differences 
and socioeconomic conditions [24].

To date, there are no standardised criteria to distin-
guish between deaths directly caused by COVID-19 and 
those where COVID-19 was a coincidental factor. Attrib-
uting COVID-19 as a cause of death presents significant 
challenges, primarily due to the complex interplay of 
comorbidities and the indirect effects of the pandemic on 
health behaviour. The proportion of child deaths directly 
attributed to COVID-19 among those who tested posi-
tive for SARS-CoV-2 varies across studies and regions. 
In the present analysis, COVID-19 infection was clearly 
implicated in 59% of cases and 27% of cases were consid-
ered coincidental. Compared to that, a study in England 
found that out of 185 children and young people who 
died within 100  days with a positive SARS-CoV-2 test, 
43.8% were directly attributed to COVID-19​ [25]. These 
differences may also be due to data collection variances 
and reporting standards.

The clinical manifestations of COVID-19 infection in 
our cohort matched the common symptoms observed 
globally. Many studies have documented fever, cough, 
and gastrointestinal (nausea and diarrhoea) as common 
symptoms in children hospitalised with COVID-19​ [26, 
27]. However, the incidence and presentation can vary 
slightly due to underlying health conditions and genetic 
predispositions [28, 29]. In our analysis, 11.7% had sei-
zures, which is reported as a prevalent neurological man-
ifestation in children with COVID-19, especially during 
the Omicron variant outbreak [30]. A study conducted 
in the USA showed that children with COVID-19 had a 
higher incidence of complex febrile seizures and longer 
seizure durations compared to those without the infec-
tion [31].

In our analysis, securing access to an intensive care unit 
was challenging, as 14 deaths attributed to COVID-19 
infection were associated with delays in obtaining inten-
sive care. Only four out of nine provinces in Sri Lanka 
have paediatric intensive care facilities. The overwhelm-
ing caseload exceeded the number of intensive care beds. 
Further, disrupted services due to supply chain issues, 
shortages of personal protective equipment, and reduced 
staffing added to the inability to provide optimal ser-
vices [32, 33] Mitigating these effects is particularly chal-
lenging in resource-limited settings with higher health 
and financial needs and weaker health governance. This 
highlights the need for improvement in infrastructure, 
resources and preparedness for similar future crises.

In the risk analysis, post-neonatal infants and children 
older than 5 years were identified as being at greater risk 
compared to toddlers and preschoolers. This finding 
aligns with a systematic review of 83 studies conducted 
by Harwood et  al. [34]. Notably, this review also found 
no gender differences in mortality rates, which contrasts 
with our findings [34]. Similar to the above review, higher 
case fatality rates among infants compared to children 
and adolescents aged 1 to 20 years have been reported in 
another systematic review [35], with rates of 0.07% ver-
sus 0.01% in high-income countries (HICs) and 1.3% ver-
sus 0.2% in low- and middle-income countries (LMICs). 
Neonatal deaths from other causes were significantly 
higher than deaths attributed to COVID-19 infection. 
Unlike other age groups, neonatal deaths are often mul-
tifactorial, indicating that the impact of acquired infec-
tions such as COVID-19 on neonatal mortality may be 
less pronounced.

High proportions of deaths were reported among 
females in our cohort when specifically compared to 
national mortality data. However, there is conflicting 
evidence. Some studies did not report a gender differ-
ence [34, 36, 37]. Conversely, most other studies have 
found that boys under 18 were more likely to die from the 
virus compared to girls of the same age group [38, 39]. 
Higher mortality among males is attributed to social, 
behavioural, genetic, and biological differences, such 
as stronger immune responses, which lead to higher 
cytokine storms [40].

Table 6  Risk factors associated with deaths attributed to COVID-19 infection compared to deaths with incidental SARS-CoV-2 positive 
test

a Reference: 1–5 years. χ2(4) = 26.01, p < .002. Nagelkerk R2: 44.8%

B coefficient Adjusted odds ratio 95% C.I p value

Presence of chronic disease 2.42 11.22 1.735 72.496 0.01

Tamil vs. Sinhalese −2.66 0.07 0.008 0.598 0.02
aPost-neonatal infants 2.13 8.43 0.770 92.411 0.08

Male −1.45 0.24 0.051 1.078 0.06
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In our study, we were unable to identify socioeconomic 
risk factors. However, global evidence indicates that indi-
viduals from low socioeconomic backgrounds are more 
vulnerable to COVID-19 [41]. Additionally, low educa-
tion levels have been reported as a significant risk factor 
[41]. Within our cohort, the mortality rate among Mus-
lims was disproportionately higher compared to their 
representation in Sri Lanka’s overall population (18.5% 
vs. 9.3%), although it did not emerge as a risk factor in the 
regression model. Conversely, deaths among the Tamil 
ethnicity were comparatively lower than those among the 
Sinhalese in multivariable regression. These ethnic dis-
parities in mortality may be influenced by biological fac-
tors and cultural practices.

comparisons were challenging. Nonetheless, our find-
ings underscore that underlying chronic diseases are the 
primary risk factor for deaths attributed to COVID-19. 
Cardiovascular disease was significantly more prevalent 
among COVID-19-attributed deaths compared to deaths 
with incidental SARS-CoV-2 positive tests. In contrast, 
respiratory diseases were notably higher in non-COVID-
attributed deaths within our cohort. While this obser-
vation is not readily explainable, Harwood et  al. [34] 
reported that most comorbidities are associated with an 
increased risk of death due to COVID-19 infection, with 
asthma being a notable exception.

MIS-C is a post-infectious condition associated with 
COVID-19 that has been observed globally. In our 
analysis, 12.6% of cases were diagnosed with MIS-C. 
The proportion of MIS-C among children infected with 
SARS-CoV-2 varies by region. A study by the CDC in the 
United States found that 14% of the children who died 
from COVID-19 met the criteria for MIS-C​ [42]​. A sys-
tematic review from 26 countries reported an incidence 
of 0.1% for MIS-C among all children with SARS-CoV-2 
infection​ [43]​. A study in India reported the temporal 
association between peaks in COVID-19 cases and sub-
sequent increases in MIS-C [44]​​. We observed a strik-
ingly lower number of MIS-C cases in the age group 
above 12  years, consistent with findings from a study 
conducted in Kerala, India [44]. Similar to other studies, 
the majority of children in our cohort had been previ-
ously healthy [44]. Among the neonates, two out of four 
were preterm. This aligns with findings from a study of 20 
neonates with features consistent with MIS-C related to 
maternal SARS-CoV-2 in Kolhapur, India [45].

This analysis provides valuable insights into the unique 
vulnerabilities of children during a pandemic, guiding the 
development of tailored healthcare interventions, pre-
ventive measures, preparedness and critical gaps, such 
as delays in accessing intensive care. Additionally, quan-
tifying the death toll, particularly deaths attributable to 

COVID-19, remains crucial, as this data has not yet been 
officially published. By leveraging this knowledge, we can 
strengthen healthcare infrastructure, enhance surveil-
lance systems, and improve early detection and manage-
ment of infectious diseases in children, ensuring a more 
resilient and proactive approach to safeguarding child 
health in the face of future pandemics. However, the fol-
lowing limitations should be considered when interpret-
ing the analysis. Since it is a retrospective analysis, the 
accuracy of the extracted data relied upon the informa-
tion entered in the hospital documents and postmortem 
analysis. Thus, even if we conducted a rigorous clinical 
review of all deaths, there may still have been a potential 
for misclassification of deaths attributed to COVID-19. 
As there is no diagnostic test for MIS-C, errors may have 
occurred due to the methods of diagnosis and reporting. 
Also, some actual COVID-19 deaths might have been 
underreported or misclassified due to the limitations in 
testing capacity. The mortality (child deaths as a propor-
tion of all deaths) calculations were based on reported 
deaths to the Epidemiology Unit, the national focal insti-
tute for infectious diseases, and whether all deaths were 
correctly reported is uncertain. Nationwide data on 
deaths during the same period is crucial for compari-
son. However, of the available published data, only the 
age and sex distribution of deaths among children under 
18 years in 2021 is accessible, with the remaining relevant 
data unavailable for comparison.

Conclusions
The proportion of COVID-19-positive deaths dur-
ing the study period was higher than that reported in 
high-income countries, with most deaths (73%) directly 
attributed to SARS-CoV-2. Certain socio-demographic 
factors, compounded by existing comorbidities, likely 
contributed to this elevated mortality rate. Higher mor-
tality rates were observed among post-neonatal infants, 
children over five years, females, individuals of Sinhalese 
ethnicity, and those with pre-existing chronic medical 
conditions, particularly cardiovascular disease.
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