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ABSTRACT

Objective To identify risk factors for severe disease in
children hospitalised for SARS-CoV-2 infection.

Design Multicentre retrospective cohort study.

Setting 18 hospitals in Canada, Iran and Costa Rica from
1 February 2020 to 31 May 2021.

Patients Children<18 years of age hospitalised for
symptomatic PCR-positive SARS-CoV-2 infection, including
PCR-positive multisystem inflammatory syndrome in
children (MIS-C).

Main outcome measure Severity on the WHO
COVID-19 Clinical Progression Scale was used for ordinal
logistic regression analyses.

Results We identified 403 hospitalisations. Median age
was 3.78 years (IQR 0.53-10.77). At least one comorbidity
was present in 46.4% (187/403) and multiple comorbidities
in 18.6% (75/403). Eighty-one children (20.1%) met

WHO criteria for PCR-positive MIS-C. Progression to WHO
clinical scale score >6 occurred in 25.3% (102/403). In
multivariable ordinal logistic regression analyses adjusted
for age, chest imaging findings, laboratory-confirmed
bacterial and/or viral coinfection, and MIS-C diagnosis,
presence of a single (adjusted OR (aOR) 1.90, 95% CI 1.13
to 3.20) or multiple chronic comorbidities (aOR 2.12, 95%Cl
1.19 10 3.79), obesity (aOR 3.42, 95%Cl 1.76 to 6.66)

and chromosomal disorders (aOR 4.47,95%Cl 1.25 to
16.01) were independent risk factors for severity. Age was
not an independent risk factor, but different age-specific
comorbidities were associated with more severe disease in
age-stratified adjusted analyses: cardiac (aOR 2.90, 95% Cl
1.11 to 7.56) and non-asthma pulmonary disorders (aOR
3.07,95%Cl 1.26 to 7.49) in children<12 years old and
obesity (aOR 3.69, 1.45-9.40) in adolescents>12 years old.
Among infants<1year old, neurological (aOR 10.72, 95% Cl
1.01 to 113.35) and cardiac disorders (aOR 10.13, 95% Cl
1.69 to 60.54) were independent predictors of severe
disease.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Symptoms associated with SARS-CoV-2 infection are
generally milder in children than in adults.

= Severe courses can also occur in children and it is im-
portant to understand the risk factors for severity.

= Several risk factors for severity have been identified, but
the data are partly contradictory, especially with regard
to age as risk factor among children.

WHAT THIS STUDY ADDS

= Severe disease among children hospitalised for SARS-
CoV-2 infection is associated with several risk factors
including the presence of comorbidities, obesity and
chromosomal disorders.

= The risk profile and presence of comorbidities differ
between paediatric age groups, but age itself is not as-
sociated with severe outcomes.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Improved understanding of paediatric risk factors for
severe SARS-CoV-2 infection can help guide manage-
ment and refine risk-benefit analyses of paediatric vac-
cination programmes against SARS-CoV-2

Conclusion We identified risk factors for disease
severity among children hospitalised for PCR-positive
SARS-CoV-2 infection. Comorbidities predisposing
children to more severe disease may vary by age.
These findings can potentially guide vaccination
programmes and treatment approaches in children.

INTRODUCTION
The clinical presentation of SARS-CoV-2 infec-
tion is generally milder in children than in
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Table 1 Baseline characteristics of patients with PCR-positive SARS-CoV-2 infection (N=403) according to country of origin

Canada Costa Rica Iran Total
n=266 (%) n=107 (%) n=30 (%) N=403 (%)
Demographics
Median age in years (IQR)* 5.82 (0.84-14.27) 2.19 (0.47-5.94) 2.04 (0.67-5.96) 3.78 (0.53-10.77)
Age<30days 30 (11.3%) 7 (6.5%) 0 37 (9.2%)
Age category*
<1year 7 (25.3%) 36 (34.0%) 10 (33.3%) 113 (28.2%)
1-4 years 8 (21.9%) 40 (37.7%) 8 (26.7%) 106 (26.4%)
5-11 years 53 (20.0%) 24 (22.6%) 12 (40.0%) 89 (22.2%)
>12 years 7 (32.8%) 6 (5.7%) 0 93 (23.2%)
Male sex 147 (55.3%) 64 (59.8%) 16 (563.3%) 227 (56.3%)
Admission period
Prior to 1 July 2020 12 (4.5%) 0 7 (23.3%) 19 (4.7%)
Between 1 July 2020 and 31 December 32020 77 (28.9%) 57 (53.3%) 17 (56.7%) 151 (37.5%)
Between 1 January 2021 and 31 May 2021 177 (66.5%) 50 (46.7%) 6 (20.0%) 233 (57.8%)
Number of comorbidities
None 140 (52.6%) 61 (57.0%) 15 (50.0%) 216 (53.6%)
At least 1 comorbidity 126 (47.4%) 46 (43.0%) 15 (50.0%) 187 (46.4%)
1 comorbidity 68 (25.6%) 31 (29.0%) 13 (43.3%) 112 (27.8%)
Multiple (>2) comorbidities 58 (21.8%) 15 (14.0%) 2 (6.7%) 75 (18.6%)
Individual comorbiditiest
Obesity 4 (16.5%) 5 (4.7%) 1(3.3%) 50 (12.4%)
Pulmonary disorders 32 (12.0%) 20 (18.7%) 2 (6.7%) 54 (13.4%)
Non-asthma pulmonary disorderst 6 (6.0%) 4 (3.7%) 2 (6.7%) 22 (5.4%)
Asthma 16 (6.0%) 16 (14.9%) 0 32 (7.9%)
Prematurity (<37 weeks’ gestational age) 26 (9.8%) 4 (3.7%) 0 30 (7.4%)
Immunosuppression 16 (6.0%) 11 (10.3%) 4 (13.3%) 31 (7.7%)
Malignancy§ 4 (1.5%) 8 (7.5%) 4 (13.3%) 6 (4.0%)
Anaemia and/or haemoglobinopathyf| 13 (4.9%) 0 0 3(3.2%)
Sick cell anaemia 6 (2.2%) 0 0 6 (1.5%)
Neurological disorders** 40 (15.0%) 13 (12.1%) 3 (10.0%) 56 (13.9%)
Cardiac disorders 11 (4.1%) 6 (5.6%) 2 (6.7%) 19 (4.7%)
Metabolic disorders 9 (3.4%) 2 (1.9%) 1(3.3%) 12 (3.0%)
Diabetes mellitus 4 (1.5%) 0 1(3.3%) 5(1.2%)
Renal disorders 8 (3.0%) 3(2.8%) 3 (10.0%) 14 (3.5%)
Hypertension 6 (2.2%) 3 (2.8%) 0 9 (2.2%)
Chromosomal disorderstt 6 (2.2%) 2 (1.9%) 0 8 (2.0%)
Otherstt 18 (6.8%) 5 (4.7%) 2 (6.7%) 25 (6.2%)

*One child from Canada and one child from Costa Rica were missing date of birth.

TChildren are listed more than once if they had more than one comorbidity.

FAdditional information is available for 14 out of 22 patients: obstructive sleep apnoea (n=5); bronchopulmonary dysplasia (n=3); pulmonary hypertension (n=2); cystic fibrosis (n=1);
chronic aspiration pneumonia (n=1); subglottic stenosis (n=1); and Pierre-Robin anomaly (n=1).

§Malignancy consists of the following: acute lymphoblastic leukaemia (n=11); neuroblastoma (n=2); lymphoma (n=1); rhabdomyosarcoma (n=1); and osteosarcoma (n=1).
YJAnaemia and/or haemoglobinopathy consists of the following: sickle cell disease (n=6); glucose-6-phosphate dehydrogenase deficiency (n=2); anaemia of chronic disease (n=2);
ovalocytosis (n=1); pancytopenia of unknown aetiology (n=1); and iron deficiency anaemia (n=1).

**Additional information is available for 47 out of 56 patients: syndromic condition with global developmental delay (GDD) (n=19); autism and/or GDD of unexplained aetiology (n=10);
cerebral palsy (n=7); muscular dystrophy (n=3); hydrocephalus (n=2); congenital microcephaly (n=2); brain tumour (n=1); focal cortical dysplasia (n=1); encephalopathy (n=1); and
epilepsy (n=1).

TtAdditional information is available for 7 out of 8 patients: Trisomy 21 (n=3); unbalanced translocation (n=2); Prader-Willi syndrome (n=1); and Miller-Dieker syndrome (n=1).
F1Others consists of the following: gastrostomy (n=12); liver transplantation (n=2); coeliac disease (n=1); Crohn disease (n=1) failure to thrive (n=1); inflammatory bowel disease
(n=1); inflammatory bowel disease and Hirschsprung disease (n=1); unclear liver disease (n=1); oesophageal atresia (n=1); scoliosis (n=2); liver cirrhosis and cholestasis (n=1); and
Glanzmann thrombasthenia (n=1).

adults. However, children can also experience morbidity =~ and help guide targeted vaccination campaigns. While
and mortality due to COVID-19." Knowing the risk factors ~ many countries started a vaccination programme against
for severe disease allows for identification of patient =~ SARS-CoV-2 for all adolescents and children=5 years of
groups that require closer monitoring or early treatment, age, others had limited access to vaccines or decided to
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Table 2 Clinical characteristics, investigations, treatments and outcomes of patients with PCR-positive SARS-CoV-2

infection (N=403) according to country of origin

Canada Costa Rica Iran Total

n=266 (%) n=107 (%) n=30 (%) N=403 (%)
Clinical features
Fever prior to or during admission* 205 (82.3%) 71 (78.0%) 26 (92.8%) 302 (82.1%)
Cough 136 (51.1%) 54 (50.5%) 18 (60.0%) 208 (51.6%)
Shortness of breath 125 (47.0%) 55 (51.4%) 8 (26.7%) 188 (46.6%)
Vomiting 91 (34.2%) 22 (20.6%) 14 (46.7%) 127 (31.5%)
Rhinitis 66 (24.8%) 49 (45.8%) 10(33.3%) 125 (31.0%)
Diarrhoea 70 (26.3%) 31 (29.0%) 14 (46.7%) 115 (28.5%)
Abdominal pain 67 (25.2%) 26 (24.3%) 15(50.0%) 108 (26.8%)
Headache 47 (17.7%) 19 (17.7%) 6 (20.0%) 72 (17.9%)
Rash 42 (15.8%) 24 (22.4%) 3(10.0%) 69 (17.1%)
Conjunctivitis 46 (17.3%) 21 (19.6%) 1 (3.3%) 68 (16.9%)
Myalgia 30 (11.3%) 12(11.2%) 18 (60.0%) 60 (14.9%)
Pharyngitis 32 (12.0%) 15(14.0%) 13 (43.3%) 60 (14.9%)
Wheeze 16 (6.0%) 26 (24.3%) 12 (40.0%) 54 (13.4%)
Chest pain 32 (12.0%) 3 (2.8%) 4 (13.3%) 39 (9.7%)
Cracked lips 22 (8.3%) 16 (14.9%) O 38 (9.4%)
Oedema of hands and feet 14 (5.3%) 12 (11.2%) 1 (3.3%) 27 (6.7%)
Anosmia 10 (3.7%) 2 (1.9%) 0 12 (3.0%)
Seizures 6 (2.2%) 3 (2.8%) 2 (6.7%) 11 (2.7%)
Coinfections
Bacterial (positive cultures)t 14 (5.3%) 7 (6.5%) 3(10.0%) 24 (5.9%)
Viral 7 (2.6%) 25(23.4%) O 32 (7.9%)
Bacterial and/or viral 21 (7.9%) 30 (28.0%) 3(10.0%) 54 (13.4%)

Investigations

Chest imaging performed

CXR and/or CT chest normal or had findings unrelated to COVID-19
CXR and/or CT chest abnormalities compatible with COVID-19
Laboratory investigations

Leucopenia (<4x10%/L)t

Leucocytosis (>15x10%L)t

Neutropenia (<1.5x10%/L)§

Neutrophilia§

Thrombocytopenia
(<100x10%L)9|

Thrombocytosis (>450x10%/L)**
CRP >50 (mg/L)**

Ferritin >500 (mcg/L)Tt
Albumin <29 (g/L)1F
Treatments

Intravenous immunoglobulin
Antiviral agent for influenza
Corticosteroids
Lopinavir-ritonavir

Remdesivir

200 (75.2%)
60 (22.5%)
140 (52.6%)

43 (17.1%)
20 (7.9%)

53 (21.4%)
73 (29.4%)
27 (10.8%)

47 (18.7%)
87 (38.7%)
37 (28.2%)
34 (45.9%)
48 (18.0%)
4 (1.5%)
130 (48.9%)

0
35 (13.1%)

82 (76.6%)
45 (42.0%)
37 (34.6%)

12 (11.5%)
21 (20.2%)
27 (26.0%)
37 (35.6%)
12 (11.5%)

29 (27.9%)
22 (25.0%)
12 (37.5%)
10 (21.7%)
22 (20.6%)
0
30 (28.0%)
0
0

30 (100.0%)
16 (53.3%)
14 (46.7%)

4 (13.3%)
6 (20.0%)
8 (26.7%)
10 (33.3%)
5 (16.7%)

10 (33.3%)
10 (33.3%)
6 (30.0%)
2 (16.7%)

12 (40.0%)
4 (13.3%)
8 (26.7%)
8 (26.7%)
6 (20.0%)

312 (77.4%)
121 (30.0%)
191 (47.4%)

15.3%)
12.2%)
88 (23.0%)
120 (31.4%)
44 (11.4%)

59 (
47 (

86 (22.3%)
119 (34.7%)
55 (30.0%)
46 (34.8%)

82 (20.3%)
8 (2.0%)
168 (41.7%)
8 (2.0%)

41 (10.2%)

Continued
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Table 2 Continued

Canada Costa Rica Iran Total
n=266 (%) n=107 (%) n=30 (%) N=403 (%)
Azithromycin 0 0 13 (43.3%) 13 (3.2%)
Hydroxychloroquine 1 (0.4%) 0 23 (76.7%) 24 (5.9%)
Highest level of care required
No supplemental oxygen or ICU admission 137 (51.5%) 38 (35.5%) 18 (60.0%) 193 (47.9%)
Supplemental oxygen but no ICU admission§§ 47 (17.7%) 46 (43.0%) 2 (6.7%) 95 (23.6%)
ICU admission 82 (30.8%) 23 (21.5%) 10(33.3%) 115(28.5%)
ICU care without CPAP/BiPAP/MV 45 (16.9%) 11 (10.3%) 6 (20.0%) 62 (15.4%)
ICU with CPAP/BIiPAP 18 (6.8%) 2 (1.9%) 0 20 (5.0%)
ICU with MV 19 (7.1%) 10 (9.3%) 4 (13.3%) 33 (8.2%)
Extracorporeal life support 0 0 0 0
Complications
MIS-C diagnosis 59 (22.2) 19 (17.7) 3(10.0) 81 (20.1%)
Outcomes
Mean length of hospitalisation in days (SD){1| 5.9 (6.0) 6.5 (8.1) 9.3 (6.6) 6.3 (6.7)
Median length of hospitalisation in days (IQR) 4.0 (2.0-7.0) 4.0(3.0-7.0) 7.0(6.0-9.0) 4.0(2.0-7.0)
Death 2 (0.7%) 3 (2.8%) 1 (3.3%) 6 (1.5%)
Severe disease according to WHO clinical scale score >6 71 (26.7%) 27 (25.2%) 4 (13.3%) 102 (25.3%)

*A total of 35 children were missing data on fever prior to or during admission (17 from Canada, 16 from Costa Rica and 2 from Iran) resulting

in a total N of 368.

TChildren with one of the following are included: blood culture thought to be truly positive and/or positive endotracheal tube cultures treated
with antibiotics for presumptive bacterial pneumonia and/or positive bacterial culture from another site treated with antibiotics.

FA total of 17 children were missing leucocyte values (14 from Canada and 3 from Costa Rica) resulting in a total N of 386.

§A total of 21 children were missing neutrophil values (18 from Canada and 3 from Costa Rica) resulting in a total N of 382. Cut-off values for

neutrophilia are age dependent.

9IA total of 18 children were missing platelet values (15 from Canada and 3 from Costa Rica) resulting in a total N of 385.
**A total of 60 children were missing a CRP value (41 from Canada and 19 from Costa Rica) resulting in a total N of 343.
T1The variable assessing highest ferritin value used and a total of 220 children were missing a value (135 from Canada, 75 from Costa Rica

and 10 from Iran) resulting in a total N of 183.

11A total of 271 children were missing albumin values (192 from Canada, 61 from Costa Rica and 18 from Iran) resulting in a total N of 132.
§§Supplemental oxygen but no ICU admission includes those on oxygen, high flow nasal cannula, CPAP/BiPAP on regular or COVID-19

wards.

991A total of 4 children were missing date of discharge from hospital (2 from Canada and 2 from Iran).
BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure; CRP, C-reactive protein; CXR, chest X-ray; ICU, intensive
care unit; MIS-C, multisystem inflammatory syndrome in children; MV, mechanical ventilation.

focus on high-risk groups following WHO recommenda-
tions.””

Previous studies have attempted to identify risk factors for
severe disease in paediatric patients for severe SARS-CoV-2
infection.*™® Some risk factors such as presence of comor-
bidities, obesity and increased inflammatory markers have
been implicated,”®'*"* 1 but many studies were small and
there is substantial heterogeneity.'” Importantly, most major
studies were from high-income countries, and data from
low-income and middle-income countries are scarce.

The aim of this study was the identification of risk factors
for severe disease in children hospitalised for symptom-
atic PCR-confirmed SARS-CoV-2 infection including PCR-
positive multisystem inflammatory syndrome in children
(MIS-C) in a multicentre retrospective cohort study from
Canada, Costa Rica and Iran.

METHODS

Study design and data collection

Sixteen paediatric hospitals from the Canadian Pediatric
Investigators Collaborative Network on Infections in Canada
(PICNIC) group and two international collaborators from
Tehran, Iran and San José, Costa Rica identified all chil-
dren<18years of age admitted from 1 February 2020 through
31 May 2021 for PCR-positive SARS-CoV-2 infection or PCR-
confirmed MIS-C. Patients who were admitted for reasons
other than their SARS-CoV-2 infection (ie, incidental infec-
tions), as per each local investigator’s adjudication, were
excluded. Data on primary indication for admission, demo-
graphics, comorbidities, clinical presentation and course,
coinfections, treatments and complications were abstracted
by the investigators from the patient’s medical charts and
managed using REDCap electronic data capture tools."® "

4 Schober T, et al. BMJ Paediatrics Open 2022;6:6001440. doi:10.1136/bmjpo-2022-001440



Total number of patients from
parent study
n=982

Reasons for exclusion:
* Patient admitted for other non-
SARS-CoV-2 infection related
reasons (n=357)
* Patient was admitted for probable
MIS-C but did not have a
respiratory specimen positive by
PCR for SARS-CoV-2 infection
(n=173)
* Patient admitted primarily for
COVID-19 but did not have a
respiratory specimen positive by
PCR for SARS-CoV-2 infection
(n=49)

Y

Patients with a respiratory specimen
positive by PCR for SARS-CoV-2
infection
n=403

Figure 1 Flow chart of hospitalised children<18 years of
age reported to the PICNIC study between 1 February 2020
and 31 May 2021 with a diagnosis of SARS-CoV-2 infection.
MIS-C, multisystem inflammatory syndrome in children;
PICNIC, Pediatric Investigators Collaborative Network on
Infections in Canada.

Variables of interest and study definitions

The primary outcome was severity of PCR-positive SARS-
CoV-2 infection on the ordinal WHO Clinical Progres-
sion Scale (online supplemental table 1).*’ Given the
inclusion criterion of hospitalisation, all patients had a
score of >24. As a secondary outcome, we used the WHO
Clinical Progression Scale in a categorical fashion with
a score of 26 for severe disease, that is, oxygen by non-
invasive ventilation or high flow or mechanical ventila-
tion or vasopressors or death.*” Baseline exposure vari-
ables (including the presence of chronic comorbidities:
neurological, cardiac, pulmonary (also subcategorised
into asthma; non-asthma pulmonary disease), metabolic,
renal, and chromosomal disorders, immunosuppression
(including malignancy), obesity, prematurity (<37 weeks
gestational age), anaemia and/or haemoglobinopathy
and ‘other’ comorbidities which included patients who
could not be classified into the previous categories) and
additional predictor variables are shown in tables 1 and
2 and described in detail in the online supplementary
methods.”!

Data analysis

Data were analysed using R V.3.5.2 (R Core Team, Vienna,
Austria) and STATA V.17.0 (StataCorp, College Station,
Texas, USA). Statistical significance was assessed by using
two-tailed tests, with an o of 0.05. Baseline and demo-
graphic characteristics were summarised using frequen-
cies, percentages, means and SD, medians, and IQRs.
Categorical data were compared using x” or Fisher’s exact
test as appropriate and continuous data compared using
Wilcoxon rank-sum test. Statistical testing was limited to

hypothesis-driven and biologically plausible comparisons;
accordingly, correction for multiple hypothesis testing
was not done. Ordinal logistic regression analyses were
performed with the WHO Clinical Progression Scale as an
integer to determine crude and adjusted ORs (aORs) and
corresponding 95% ClIs for factors associated with more
severe disease. To investigate the association of specific
individual comorbidities and disease severity, separate
multivariable models were created for each individual
comorbidity. Covariates considered potential confounders
based on literature and clinical experience were included
a priori: age, chest imaging findings, laboratory-confirmed
bacterial and/or viral coinfection, and MIS-C diagnosis.
We adjusted for age using cubic splines.” ** To further
explore the association of age with the outcome, age was
categorised as <lyear, 1-4 years, 5—11 years and >12 years
in separate analyses. Prespecified age-stratified analyses
were also performed. Patients were excluded from the
corresponding analyses in case of missing data points.

The Strengthening the Reporting of Observational
studies in Epidemiology (STROBE) guidelines were
followed.”* There was no patient, parental or public
involvement at any stage of this study.

RESULTS

From 1 February 2020 through 31 May 2021, 982 chil-
dren<18 years of age hospitalised for SARS-CoV-2-related
illness and/or PCR-positive MIS-C were reported by
the 18 study hospitals. We excluded 579 cases in whom
SARS-CoV-2 was not confirmed by molecular testing
from respiratory specimens or because the patient
was admitted for non-SARS-CoV-2-related reasons. We
included the remaining 403 hospitalisations (figure 1).

Demographics and clinical characteristics

Hospitalisations occurred from 19 March 2020 through
31 May 2021; 266 cases (66.0%) were from Canada,
107 (26.5%) from Costa Rica and 30 (7.4%) from Iran
(tables 1 and 2). Overall median age was 3.78 years (IQR
0.53-10.77). Atleast one chronic comorbidity was present
in 46.4% and multiple comorbidities in 18.6% of chil-
dren. Fever (82.1%), cough (51.6%), shortness of breath
(46.6%) and vomiting (31.5%) were the most common
presenting symptoms. Intensive care unit (ICU) admis-
sion was required in 115 patients (28.5%). Six patients
died, all with comorbidities, including 2 patients with
malignancies receiving palliative care.

Compared with the two middle-income countries, cases
from Canada were older (median 5.82 (IQR 0.84-14.27)
vs 2.15 (IQR 0.48-6.01) years) with a higher proportion
of adolescents (32.8% vs 4.4%, p<0.001) and occurred
later during the study period (66.5% vs 40.9% admitted
in 2021, p<0.001). Other key demographic, clinical and

outcome parameters were similar between countries.

Predictors of disease severity
Univariable ordinal logistic regression ORs for the
primary outcome of severity along the WHO Clinical

Schober T, et al. BMJ Paediatrics Open 2022;6:6001440. doi:10.1136/bmjpo-2022-001440 5
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Table 3 Characteristics of patients with PCR-positive SARS-CoV-2 infection (N=403) according to severity of disease (WHO
COVID-19 Clinical Progression Scale of >6) and univariable ordinal logistic regression ORs for more severe disease along
WHO COVID-19 Clinical Progression Scale

Unadjusted OR
Mild/moderate disease Severe disease of more severe
n=301 (%) n=102 (%) P value* diseaset
Demographics
Median age in years (IQR)f  3.21 (0.31-9.87) 6.69 (1.31-13.46) 0.002 -
Age<30days 34 (11.3%) 3 (2.9%) 0.009 0.56 (0.29-1.08)
Age categoryt
<1year 94 (31.4%) 9 (18.6%) 0.025 Ref.
1-4 years 79 (26.4%) 7 (26.5%) 1.63 (0.98-2.70)
5-11 years 66 (22.1%) 3 (22.5%) 1.66 (0.97-2.84)
>12 years 60 (20.1%) 3 (32.3%) 2.23 (1.34-3.73)
Male sex 171 (56.8%) 6 (54.9%) 0.826 0.95 (0.66-1.38)
Admission period
Prior to 1 July 2020 16 (5.3%) 3 (2.9%) 0.262 Ref.
Between 1 July 2020 and 118 (39.2%) 33 (32.3%) 1.60 (0.61-4.22)
31 December 2020
Between 1 January 2021 167 (55.5%) 66 (64.7%) 1.70 (0.66-4.42)
and 31 May 2021
Admitted in Canada 195 (64.8%) 71 (69.6%) 0.442 0.75 (0.51-1.09)
Number of comorbidities
None 173 (57.5%) 43 (42.1%) 0.009 Ref.
1 comorbidity 81 (26.9%) 31 (30.4%) 1.61 (1.05-2.48)
Multiple (>2) comorbidities 47 (15.6%) 28 (27.4%) 2.58 (1.59-4.18)
Individual comorbidities§
Obesity 25 (8.3%) 25 (24.5%) <0.001 4.72 (2.29-9.73)
Pulmonary disorders 35 (11.6%) 19 (18.6%) 0.104 2.60 (1.59-4.24)
Non-asthma pulmonary 12 (4.0%) 10 (9.8%) 0.047 3.11 (1.47-6.57)
disordersq|
Asthma 23 (7.6%) 9 (8.8%) 0.865 2.01 (1.11-3.64)
Prematurity (<37 weeks’ 20 (6.6%) 10 (9.8%) 0.405 1.35 (0.68-2.66)
gestational age)
Immunosuppression 26 (8.6%) 5 (4.9%) 0.284 0.31 (0.13-0.74)
Malignancy** 15 (5.0%) 1(1.0%) 0.083 0.07 (0.01-0.51)
Anaemia or 7 (2.3%) 6 (5.9%) 0.152 1.80 (0.61-5.29)
haemoglobinopathyt+
Sickle cell anaemia 4 (1.3%) 2 (2.0%) 0.646 1.13 (0.25-5.24)
Neurological disorderstt 33 (11.0%) 23 (22.5%) 0.006 2.04 (1.22-3.41)
Cardiac disorders 13 (4.3%) 6 (5.9%) 0.709 1.57 (0.69-3.59)
Metabolic disorders 8 (2.6%) 4 (3.9%) 0.509 1.82 (0.55-6.04)
Diabetes mellitus 3 (1.0%) 2 (2.0%) 0.604 2.38 (0.54-10.42)
Renal disorders 9 (3.0%) 5 (4.9%) 0.357 1.55 (0.57-4.24)
Hypertension 4 (1.3%) 5 (4.9%) 0.049 2.83 (0.84-9.53)
Chromosomal disorders§§ 3 (1.0%) 5 (4.9%) 0.027 3.60 (1.02-12.63)
Othersqq| 17 (5.6%) 8 (7.8%) 0.578 1.76 (0.88-3.50)
Clinical features
Continued
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Table 3 Continued

Unadjusted OR

Mild/moderate disease Severe disease of more severe

n=301 (%) n=102 (%) P value* diseaset
Fever prior to or during 226 (81.3%) 76 (84.4%) 0.604 0.96 (0.63-1.46)
admission™*
Cough 147 (48.8%) 61 (59.8%) 0.071 1.93 (1.33-2.81)
Shortness of breath 110 (36.5%) 78 (76.5%) <0.001 10.60 (6.83-16.45)
Vomiting 91 (30.2%) 36 (35.3%) 0.408 1.01 (0.68-1.51)
Rhinitis 97 (32.2%) 28 (27.4%) 0.437 0.93 (0.63-1.37)
Diarrhoea 87 (28.9%) 28 (27.4%) 0.878 1.04 (0.69-1.56)
Abdominal pain 80 (26.6%) 28 (27.4%) 0.966 0.80 (0.52-1.23)
Headache 52 (17.3%) 20 (19.6%) 0.703 1.20 (0.75-1.94)
Rash 50 (16.6%) 19 (18.6%) 0.753 0.86 (0.51-1.45)
Conjunctivitis 46 (15.3%) 22 (21.6%) 0.189 1.24 (0.75-2.06)
Myalgia 46 (15.3%) 14 (13.7%) 0.825 1.06 (0.64-1.76)
Pharyngitis 50 (16.6%) 10 (9.8%) 0.131 0.77 (0.46-1.29)
Wheeze 37 (12.3%) 17 (16.7%) 0.341 2.16 (1.34-3.49)
Chest pain 27 (9.0%) 12 (11.8%) 0.528 1.39 (0.76-2.52)
Cracked lips 26 (8.6%) 12 (11.8%) 0.461 1.14 (0.59-2.20)
Oedema of hands and feet 19 (6.3%) 8 (7.8%) 0.760 1.25 (0.59-2.64)
Anosmia 10 (3.3%) 2 (2.0%) 0.738 0.85 (0.30-2.44)
Seizures 6 (2.0%) 5 (4.9%) 0.155 1.73 (0.55-5.45)
Coinfections
Bacterial (positive 14 (4.6%) 10 (9.8%) 0.097 2.00 (0.93-4.30)
cultures)ttt
Viral 15 (5.0%) 17 (16.7%) <0.001 4.10 (2.22-7.58)
Bacterial and/or viral 29 (9.6%) 25 (24.5%) <0.001 3.23 (1.94-5.39)
Investigations
No chest imaging done 89 (29.6%) 2 (2.0%) <0.001 0.12 (0.05-0.28)
CXR and/or CT chest normal 102 (33.9%) 19 (18.6%) Ref.
or had findings unrelated to
COVID-19
CXR and/or CT chest 110 (36.5%) 81 (79.4%) 3.63 (2.32-5.67)
abnormalities compatible
with COVID-19
Laboratory investigations
Leucopenia (<4x10%/L)ttt 47 (16.5%) 12 (11.9%) 0.344 0.66 (0.39-1.11)
Leucocytosis (>15x10%L)ttt 33 (11.6%) 14 (13.9%) 0.670 1.23 (0.70-2.18)
Neutropenia (<1.5x10%/L)§§§ 69 (24.5%) 15 (14.8%) <0.001 0.55 (0.34-0.87)
Normal neutrophil count§§§ 145 (51.6%) 37 (36.6%) Ref.
Neutrophilia§§§ 67 (23.8%) 49 (48.5%) 2.59 (1.67-4.01)
Thrombocytopenia 29 (10.2%) 13 (12.9%) 0.275 1.14 (0.61-2.13)
(<100x10%L)9191
Normal platelet count| 9| 199 (70.1%) 62 (61.4%) Ref.
Thrombocytosis 56 (19.7%) 26 (25.7%) 1.14 (0.71-1.82)
(>450%10%/L)9119
CRP not done**** 51 (16.9%) 9 (8.8%) 0.003 Ref.

Normal CRP****

174 (57.8%)

50 (49.0%)

1.46 (0.84-2.53)

Continued
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Table 3 Continued

Unadjusted OR
Mild/moderate disease Severe disease of more severe
n=301 (%) n=102 (%) P value* diseaset
CRP >50 (mg/L)**** 76 (25.2%) 43 (42.1%) 2.32 (1.26-4.26)
Ferritin >500 (mcg/L)TT1T 30 (26.1%) 25 (36.8%) 0.175 2.15 (1.24-3.70)
Albumin <29 (g/L)ttt 24 (26.7%) 22 (52.4%) 0.007 3.38 (1.84-6.21)
Complications
MIS-C diagnosis 55 (18.3%) 26 (25.5%) 0.153 1.24 (0.77-1.99)

*Comparisons between mild/moderate and severe disease performed using xz or Fisher’s exact test as appropriate for
categorical data and Wilcoxon rank-sum test for continuous data as appropriate.

TORs obtained from univariable ordinal logistic regression.

FA total of two children with mild/moderate disease were missing date of birth.

§Children are listed more than once if they had more than one comorbidity.

Y/ Additional information is available for 14 out of 22 patients: obstructive sleep apnoea (n=5); bronchopulmonary dysplasia
(n=3); pulmonary hypertension (n=2); cystic fibrosis (n=1); chronic aspiration pneumonia (n=1); subglottic stenosis (n=1); and
Pierre-Robin anomaly (n=1).

**Malignancy consists of the following: acute lymphoblastic leukemia (n=11); neuroblastoma (n=2); lymphoma (n=1);
rhabdomyosarcoma (n=1); and osteosarcoma (n=1).

TTAnaemia and/or haemoglobinopathy consist of the following: sickle cell disease (n=6); glucose-6-phosphate
dehydrogenase deficiency (n=2); anaemia of chronic disease (n=2); ovalocytosis (n=1); pancytopenia of unknown aetiology
(n=1); and iron deficiency anaemia (n=1).

FfAdditional information is available for 47 out of 56 patients: syndromic condition with global developmental delay (GDD)
(n=19); autism and/or GDD of unexplained etiology (n=10); cerebral palsy (n=7); muscular dystrophy (n=3); hydrocephalus
(n=2); congenital microcephaly (n=2); brain tumor (n=1); focal cortical dysplasia (n=1); encephalopathy (n=1); and epilepsy
(n=1).

§§Additional information is available for 7 out of 8 patients: Trisomy 21 (n=3); unbalanced translocation (n=2); Prader-Willi
syndrome (n=1); and Miller-Dieker syndrome (n=1).

91910thers consist of the following: gastrostomy (n=12); liver transplantation (n=2); coeliac disease (n=1); Crohn disease
(n=1) failure to thrive (n=1); inflammatory bowel disease (n=1); inflammatory bowel disease and Hirschsprung disease (n=1);
unclear liver disease (n=1); oesophageal atresia (n=1); scoliosis (n=2); liver cirrhosis and cholestasis (n=1); and Glanzmann
thrombasthenia (n=1).

***A total of 35 children were missing data on fever prior to or during admission (23 with mild/moderate disease and 12 with
severe disease) resulting in a total N of 368.

TTtChildren with one of the following are included: blood culture thought to be truly positive and/or positive endotracheal
tube cultures treated with antibiotics for presumptive bacterial pneumonia and/or positive bacterial culture from another site
treated with antibiotics.

T11A total of 17 children were missing leukocyte values (16 with mild/moderate disease and 1 with severe disease) resulting
in a total N of 386.

§§8A total of 21 children were missing a neutrophil value (20 with mild/moderate disease and 1 with severe disease) resulting
in a total N of 382. Cut-off values for neutrophilia are age dependent.

999A total of 18 children were missing a platelet value (17 with mild/moderate disease and 1 with severe disease) resulting in
a total N of 385.

****TA total of 60 children were missing a CRP value (51 with mild/moderate disease and 9 with severe disease) and were
considered as CRP not done in the above table.

TT11The highest ferritin value measured variable used and a total of 220 children were missing a value (186 with mild/
moderate disease and 34 with severe disease) resulting in a total N of 183.

T111A total of 271 children were missing albumin values (211 with mild/moderate disease and 60 with severe disease)
resulting in a total N of 132.

CRP, C-reactive protein; CXR, chest X-ray; MIS-C, multisystem inflammatory syndrome in children.

Progression Scale are presented in table 3. Presence
of 1 and of >1 comorbidity was associated with disease
severity. Individually, obesity, pulmonary, neurolog-
ical and chromosomal disorders were significant risk
factors. In contrast, immunosuppression and its subcat-
egory malignancy were associated with decreased risk
(table 3). Shortness of breath, cough and wheeze were
the clinical presentations associated with severity. Among

laboratory and imaging investigations, viral coinfection,
chest imaging compatible with COVID-19, neutrophilia,
increased C-reactive protein (CRP), increased ferritin
and low albumin were statistically significant risk factors.

Multivariable ordinal logistic regression analyses
adjusting for age, coinfection, chest imaging and MIS-C
demonstrated that obesity (aOR 3.42, 95% CI 1.76 to
6.66) and chromosomal disorders (aOR 4.47, 95% CI
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Severe disease
less likely

Severe disease
more likely

A Covariates

Obesity

Pulmonary disorder
Non-asthma pulmonary disease
Asthma

Prematurity

Immunusuppression

Anemia / Hemoglobinopathy

Neurological disorder

Cardiac disorder

Metabolic disorder

Renal disorder

Hypertension

Chromosomal disorder

Other disorder

aOR (95% CI)
3.42 (1.76-6.66)
1.73 (1.00-3.01)
2.16 (0.96-4.86)
1.32 (0.67-2.60)
1.15 (0.55-2.40)
0.44 (0.16-1.16)
1.70 (0.56-5.47)
1.64 (0.91-2.94)
1.79 (0.72-4.49)
0.80 (0.22-2.90)
1.62 (0.53-4.98)
2.87(0.80-10.33)
4.47 (1.25-16.01)
1.06 (0.49-2.27)

B Covariates

aOR (95% CI)
<1 year Reference
1-4 years 1.12 (0.62-2.02)
5-11 years 1.07 (0.55-2.10)
>12 years 0.88 (0.46-1.67)

Reference
1.90 (1.13-3.20)
2.12 (1.19-3.79)

No comorbidity
1 comorbidity
Multiple (>2) comorbidities

—e——
e

0,1 1 10

0,1 1 10
Adjusted Odds Ratio (95% CI)

Figure 2 Multivariable ordinal logistic regression models for factors associated with more severe PCR-positive SARS-CoV-2
infection on WHO COVID-19 Clinical Progression Scale. (A) Model evaluating individual comorbidities. (B) Model evaluating age
and the number of comorbidities as risk factors for disease severity. aOR, adjusted OR.

1.25 to 16.01) were independent predictors of severe
disease (figure 2A). In a separate model adjusting for the
same covariates, we examined the effect of the number of
comorbidities instead of each comorbidity individually.
The presence of a single comorbidity (aOR 1.90, 95% CI
1.13 to 3.20) and of multiple comorbidities (aOR 2.12,
95% CI 1.19 to 3.79) were significant risk factors.

While adolescents>12 years of age had a higher risk of
severe disease in univariable analysis (table 3), age as a
categorical variable (figure 2B) and age modelled as a
cubic spline (figure 3B) did not demonstrate a statisti-
cally significant association with disease severity.

In adjusted age-stratified analyses, among children<12
years, the individual comorbidities associated with
severity were pulmonary disorders (aOR 2.33, 95% CI
1.20 to 4.51), especially non-asthma pulmonary disorders
(aOR 3.07, 95% CI 1.26 to 7.49) and cardiac disorders

(aOR 2.90, 95% CI 1.11 to 7.56; table 4). Among adoles-
cents212 years of age, the only comorbidity associated
with severity was obesity (aOR 3.69, 95% CI 1.45 to 9.40).
Of note, risk factors were not equally distributed between
the two age groups. More adolescents had any (66.7% vs
40.2%, p<0.001) or multiple (25.8% vs 16.5%, p=0.049)
comorbidities than younger children; obesity was mark-
edly more common in adolescents (40.9% vs 3.9%,
p<0.001). Among infants<lyear of age, neurological
(aOR 10.72, 95% CI 1.01 to 113.35) and cardiac disor-
ders (aOR 10.13, 95% CI 1.69 to 60.54) were indepen-
dent predictors of severe disease.

The secondary disease severity outcome (WHO
COVID-19 Clinical Progression Scale >6) occurred in
102 (25.3%) of 403 children (table 3). In univariable
analysis, patients with severe disease were older (median
6.69 (IQR 1.31-13.46) vs 3.21 (IQR 0.31-9.87) years,
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Figure 3 Age as an exposure variable for factors associated

with more severe PCR-positive SARS-CoV-2 infection on

the WHO COVID-19 Clinical Progression Scale. Analyses

according to ordinal logistic regression. (A) Unadjusted OR.

(B) OR adjusted for the number of comorbidities, presence of

any bacterial and/or viral coinfections, chest imaging results

and multisystem inflammatory syndrome in children (MIS-C).

Shaded areas represent the 95% Cls.

p=0.002). The proportion of children with severe disease
increased progressively with age, with the lowest preva-
lence in neonates (8.1%) and the highest in >12 years
old (35.5%). Compared with previously healthy patients,
those with 1 or with 22 comorbidities were more likely
to have severe disease (19.9%, 31.5% and 37.3%, respec-
tively; p=0.009).

DISCUSSION

In this multicentre cohort study from three countries, we
identified risk factors for severe disease among children
admitted to hospital for PCR-positive symptomatic SARS-
CoV-2 infection. Previous studies have been either limited
to administrative data,4 812 \ere smaller®’ 10111814 o,
had a different scope.”> We confirmed several previously
described risk factors for severity including the presence

58111415
6
12

of one or more comorbidities,4 69 12-16
neurological,” '* * pulmonary'*"?
disorders.

Previous studies have described a bimodal age pattern
regarding severe disease, with a first peak in the very
young and a second increase in adolescence mimicking
global non-SARS-CoV-2-related childhood mortality.*’ i
Infants in our study population were overrepresented
compared with the general paediatric population. For
Canadian children, the proportion of infants was 4.3
times higher than its share of the population,27 suggesting
a higher probability of hospitalisation. It is likely that
some young infants with mild symptoms were admitted
for observation, especially early during the pandemic.”®
We did not see a higher rate of severe courses according
to age, in line with other studies which restricted their
analysis to hospitalised children.'?'*'°

Similar to other studies, we saw a higher proportion
of severe disease in adolescents in our univariable anal-
ysis,* "% but this was not confirmed in the multivariable
models. This age group had a different risk profile than
younger children. We found evidence that the comorbid-
ities predisposing children to more severe disease may
vary by age. While pulmonary (especially non-asthma
disorders) and cardiac disorders were strongly associ-
ated with severe disease in children under 12 years old,
neurological and cardiac disorders were risk factors in
infants<lyear old, and only obesity predicted severe
disease in adolescents. Two recent studies from the USA
also observed that obesity was an independent risk factor
for critical illness in adolescents but not younger chil-
dren."®* This association more closely resembles adults,
in whom metabolic risk factors are among the most
important.”’ The observed higher proportion of severe
cases among adolescents in crude analyses could be
mainly due to the markedly higher prevalence of obesity
(40.9% in adolescents vs 3.9% in younger children in our
study) and other comorbidities.

Our primary outcome using an ordinal scale differed
from many previous studies which defined severity as ICU
admission.”™**! [CU admissions are simple to measure,
but can be problematic as a severity outcome because of
heterogeneity across study sites due to dependence on
local healthcare delivery structures and practice. In addi-
tion, patients with some comorbidities or within certain
age categories may be admitted to ICU mainly for moni-
toring or for treatment of a condition independent of the
severity of the current illness.” In our dataset, 10 patients
with high flow nasal cannula and/or non-invasive venti-
lation were managed outside of an ICU; in contrast,
26 patients in the ICU did not require mechanical or
medical support of vital functions. Using ICU admission
alone to define severity would have obscured the effect
of several important risk factors. Therefore, we used the
more objective WHO COVID-19 Clinical Progression
Scale.? Furthermore, to obviate the need for a cut-off,
which can be arbitrary, we used ordinal logistic regres-
sion to measure associations with more severe disease.

obesity,
and chromosoma
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We decided to include all hospitalised symptomatic
patients with positive SARS-CoV-2 PCR, independent of
the diagnosis of MIS-C. Although the pathophysiology
is different,” it is frequently impossible to distinguish
severe acute SARS-CoV-2 infections from PCR-positive
MIS-C and both can be present at the same time.” Thus,
the strict separation of acute COVID-19 and early PCR-
positive MIS-C may be an oversimplification. Moreover,
treatment regimens for both conditions can overlap.
Late, and typically PCR-negative, MIS-C has been shown
to have different severity risk factors.” '**** By requiring
patients to be PCR-positive, two-thirds of patients with
MIS-C were excluded.

Our study has limitations. First, reporting may not
have been uniform across centres despite the use of a
study protocol and a standardised data capture tool. This
includes but is not limited to the interpretation of chest
radiographs, the definition of obesity and the severity of
comorbidities. Second, despite being one of the largest
paediatric cohort studies with more than 100 severe cases,
the numbers of some individual comorbidities are small.
This might overestimate or underestimate the impact
of infrequent comorbidities such as anaemia and/or
haemoglobinopathy, chromosomal or cardiac disorders.
Third, laboratory investigations were not systematically
performed. Complete blood counts, CRP and albumin
values were missing in 4.2%, 14.9% and 67.2%, respec-
tively. Moreover, laboratory investigations were done at
the clinicians’ discretion, not at set time points during
the illness. Other parameters previously described as risk
factors could not be evaluated including ethnicity,* 7 12
which was not readily accessible from hospital records. In
addition, viral sequencing data were not available. Fourth,
indications for testing for SARS-CoV-2 likely varied by
centre and over time, which might have affected the
clinical spectrum of included patients. Fifth, our study
was not population-based. Most participating hospitals
are referral centres so milder hospitalised cases might
have been missed and this might overestimate the rate
of severe courses. In addition, there were only two hospi-
tals from Costa Rica and Iran, representing one-third of
the total sample size; they may not be representative of
middle-income countries in general. Accordingly, we did
not systematically compare risk factors between Canada
and the middle-income countries.

A strength of our study includes its multicentre, multi-
national design covering the first 15 months of the
COVID-19 pandemic. The patient population of symp-
tomatic children hospitalised for PCR-confirmed SARS-
CoV-2 is well defined and reduces potential biases from
including incidental detections of SARS-CoV-2. Finally,
this study represents a large yet comprehensive dataset
with over 100 severe cases with a WHO severity score >6,
thereby allowing us to identify differences in risk factor
profiles across age subgroups.

In conclusion, we identified several independent risk
factors for severe disease in children hospitalised for
symptomatic PCR-positive SARS-CoV-2 infection. Based

on our analyses, age was not an independent risk factor,
but there appears to be a notable age dependence of
specific comorbidities that predispose to severe disease,
with obesity in adolescence and cardiac, pulmonary
and neurological disorders in younger children as the
most important underlying comorbidities. Improved
understanding of paediatric risk factors for severe SARS-
CoV-2 infection among children requiring hospitalisa-
tion can help guide management and refine risk-benefit
analyses of paediatric vaccination programmes against
SARS-CoV-2.
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