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Editorial
IMPORTANCE Little is known about COVID-19 outcomes among children and adolescents in Supplemental content

sub-Saharan Africa, where preexisting comorbidities are prevalent.

OBJECTIVE To assess the clinical outcomes and factors associated with outcomes among
children and adolescents hospitalized with COVID-19 in 6 countries in sub-Saharan Africa.

DESIGN, SETTING, AND PARTICIPANTS This cohort study was a retrospective record review of
data from 25 hospitals in the Democratic Republic of the Congo, Ghana, Kenya, Nigeria, South
Africa, and Uganda from March 1to December 31, 2020, and included 469 hospitalized
patients aged O to 19 years with SARS-CoV-2 infection.

EXPOSURES Age, sex, preexisting comorbidities, and region of residence.

MAIN OUTCOMES AND MEASURES An ordinal primary outcome scale was used comprising 5
categories: (1) hospitalization without oxygen supplementation, (2) hospitalization with
oxygen supplementation, (3) ICU admission, (4) invasive mechanical ventilation, and (5)
death. The secondary outcome was length of hospital stay.

RESULTS Among 469 hospitalized children and adolescents, the median age was 5.9 years

(IQR, 1.6-11.1 years); 245 patients (52.4%) were male, and 115 (24.5%) had comorbidities. A

total of 39 patients (8.3%) were from central Africa, 172 (36.7%) from eastern Africa, 208

(44.3%) from southern Africa, and 50 (10.7%) from western Africa. Eighteen patients had

suspected (n = 6) or confirmed (n = 12) multisystem inflammatory syndrome in children.

Thirty-nine patients (8.3%) died, including 22 of 69 patients (31.9%) who required intensive

care unit admission and 4 of 18 patients (22.2%) with suspected or confirmed multisystem

inflammatory syndrome in children. Among 468 patients, 418 (89.3%) were discharged, and

16 (3.4%) remained hospitalized. The likelihood of outcomes with higher vs lower severity

among children younger than 1year expressed as adjusted odds ratio (aOR) was 4.89 (95%

Cl, 1.44-16.61) times higher than that of adolescents aged 15 to 19 years. The presence of

hypertension (aOR, 5.91; 95% Cl, 1.89-18.50), chronic lung disease (aOR, 2.97; 95% Cl,

1.65-5.37), or a hematological disorder (aOR, 3.10; 95% Cl, 1.04-9.24) was associated with Author Affiliations: Author _
severe outcomes. Age younger than 1year (adjusted subdistribution hazard ratio affiliations are listed at the end of this

article.

[asHR], 0.48; 95% Cl, 0.27-0.87), the presence of 1comorbidity (asHR, 0.54; 95% Cl, . )
. Group Information: A complete list

0.40-0.72), and the presence of 2 or more comorbidities (asHR, 0.26; 95% Cl, 0.18-0.38) of the members of the African Forum
were associated with reduced rates of hospital discharge. for Research and Education in Health

(AFREhealth) COVID-19 Research
CONCLUSIONS AND RELEVANCE In this cohort study of children and adolescents hospitalized Collaboration on Children and
with COVID-19 in sub-Saharan Africa, high rates of morbidity and mortality were observed g«dolelscents ;ppears in
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among infants and patients with noncommunicable disease comorbidities, suggesting that

COVID-19 vaccination and therapeutic interventions are needed for young populations in this Corresponding Author: Jean B.
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fter 2 years of the COVID-19 pandemic, several studies’®
have reported that disease severity is substantially
lower among children compared with adults. Of the
more than 315 million cases and 5.5 million deaths reported
tobe associated with SARS-CoV-2 as of January 13, 2022, more
than 29 million cases and 22 000 deaths are estimated among
children and adolescents aged O to 19 years.!° Data primarily
from China, Italy, the UK, the US, and several European coun-
tries have revealed that between 1% and 5% of all COVID-19
cases occur in children, with an overall mortality rate of 1% or
lower in hospitalized children.®
The African continent has a young population; children
younger than 18 years constitute almost 50% of people." Despite
increasing knowledge about COVID-19 in children, data from Affi-
can countries are limited.'*> Most reports about COVID-19 among
African children have been small single-center studies with scarce
data on clinical presentation and outcomes.!*'¢1® Sub-Saharan
Africa has a high prevalence of both communicable (eg, HIV in-
fection and tuberculosis) and noncommunicable (eg, asthma, can-
cer, diabetes, hypertension, and sickle cell anemia) diseases that
also occur among children.'®-2° Combined with the high preva-
lence of comorbidities, limited availability of intensive care may
have substantial consequences for COVID-19 outcomes in sub-
Saharan Africa.?%-?! In the multicenter African COVID-19 Critical
Care Outcomes Study,?? almost 50% of adults with COVID-19 died
within 30 days of intensive care unit (ICU) admission, with up to
23 excess deaths per 100 patients compared with the global av-
erage. Limited critical care resources, organ dysfunction at ad-
mission, and select comorbidities accounted for this excess mor-
tality. Both children and adults experience inadequate availabil-
ity of and access to SARS-CoV-2 testing and high-quality intensive
care in constrained sub-Saharan African settings.'>?2-23 Access
to hospital careis limited and varies within and across countries
and regions.?*2° The burden of SARS-CoV-2 infection, including
severe disease requiring hospitalization, is underestimated in sub-
Saharan Africa?®2® and is potentially more underestimated among
children, who are less likely to be evaluated for infection.'® To ad-
dress thisissue, the present study assessed clinical manifestations,
outcomes, and factors associated with outcomes among children
and adolescents hospitalized with COVID-19 in 6 countries in sub-
Saharan Affica.

Methods

This cohort study was a multicountry retrospective record
review that pooled data from hospitalized children and ado-
lescents aged O to 19 years with SARS-CoV-2 infection con-
firmed through reverse transcriptase polymerase chain
reaction testing. Study review and approval, including waiv-
ers of informed consent and permission to use deidentified
information from existing data sets or medical records, were
obtained from institutional and/or national research ethics
committees and/or regulatory bodies in participating coun-
tries (eTable 2 in Supplement 1). This study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline for cohort
studies.?®
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Key Points

Question What are the clinical outcomes and associated factors
among children and adolescents hospitalized with COVID-19 in
sub-Saharan Africa?

Findings In this cohort study of 469 children and adolescents
hospitalized with COVID-19 in 6 sub-Saharan African countries,
morbidity and mortality were substantially higher than reported
among those in non-African settings and were independently
associated with age younger than 1year and select
noncommunicable disease comorbidities.

Meaning This study's findings may have implications for clinical
practice and health policy regarding pediatric COVID-19 in African
countries; given their high risk of adverse outcomes, COVID-19
vaccination and therapeutic interventions are needed for African
children and adolescents.

Settings and Participants

The study included all children and adolescents with con-
firmed SARS-CoV-2 infection who were admitted to 25 health
care facilities in the Democratic Republic of the Congo (7 fa-
cilities), Ghana (2 facilities), Kenya (1 facility), Nigeria (2 fa-
cilities), South Africa (10 facilities), and Uganda (3 facilities)
between March 1and December 31, 2020. These countries were
selected based on regional representation (eastern, western,
central, and southern Africa) to participate in the study. For
between-country comparisons of outcomes, western and cen-
tral African regions were combined to maximize available
sample size and statistical power. Data on race and ethnicity
were not collected because the racial profile across the 6 coun-
tries was more than 90% Black or African descent, and the eth-
nic diversity across the 6 countries was too broad (almost 750
ethnic groups) for meaningful categorization or analysis. De-
tailed information about participating health care facilities (in-
cluding names, locations, urban vs rural settings, and public
vs private status) is available in eTable 1 and eFigure 1 in
Supplement 1.

Variables

Using World Health Organization (WHO) pediatric COVID-19
case report forms,3° demographic and clinical data were ex-
tracted from national or institutional COVID-19 data sets and/or
hospital records. Data collected included age, sex, preexist-
ing comorbidities, WHO-defined COVID-19 severity stage at
admission,*' and diagnosis of multisystem inflammatory syn-
drome in children (MIS-C) temporally associated with
COVID-19.3°:32 To accommodate partial or complete lack of
laboratory and imaging data (eg, inflammatory markers and
echocardiographic results) required for MIS-C diagnosis in our
study settings, cases were characterized as suspected MIS-C
when at least 2 required multisystem abnormalities that were
clinically observable or measurable were documented in the
medical records and/or databases from which study data were
extracted. This requirement was in addition to fulfilling WHO
criteria for the diagnosis of MIS-C that pertained to ruling out
“other obvious microbial cause[s] of inflammation”32® plus
confirmation of COVID-19 through a positive result on re-
verse transcriptase polymerase chain reaction testing.
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Outcomes

We selected an ordinal scale primary outcome with 5 ordered
categories: (1) hospitalization without oxygen supplementa-
tion, (2) hospitalization with oxygen supplementation, (3) ICU
admission, (4) invasive mechanical ventilation, and (5) death.
This 5-scale primary outcome provided a measure of COVID-19
illness severity ranging from 1 (mild disease) to 5 (death). The
secondary outcome was length of hospital stay.

Statistical Analysis

Baseline demographic and clinical characteristics were sum-
marized using frequencies and proportions; medians and IQRs
were applied to categorical and continuous variables. For miss-
ing data on preexisting comorbidities, we performed mul-
tiple imputation using chained equations to generate 20 data
sets. Most comorbidities had missingness less than 10%, with
the exception of diabetes (23%), chronic lung disease (26%),
cerebral palsy (28%), and cardiac disease (35%).

Multivariable proportional odds logistic regression analysis
was used to identify factors associated with outcome severity
among those with SARS-CoV-2 infection by including only fac-
tors that were considered clinically relevant and had a significance
level of P < .15 in bivariable analyses. In our analyses, the propor-
tional odds logistic regression model compared lower severity lev-
els with higher severity levels (eg, category 1 vs categories 2-5,
categories 1 and 2 vs categories 3-5, categories 1-3 vs categories
4 and 5, or categories 1-4 vs category 5). The proportional odds
assumption was evaluated using x? and parallel line tests. Using
robust SEs, the bivariable and multivariable proportional odds lo-
gistic models were fitted to account for potential within-cluster
correlation of outcomes owing to shared processes and quality
of care. Adjusted odds ratios (aORs) and associated 95% Cls were
used to characterize the association between factors and disease
severity.

We examined factors associated with the probability of hos-
pital discharge over time using a competing-risk analysis of the
Fine and Gray proportional subdistribution hazards model**
accounting for death. Factors with significance levels of P < .15
in bivariate models were included in a multivariable propor-
tional subdistribution hazards model to estimate adjusted sub-
distribution hazard ratios (asHRs) and associated 95% ClIs.
Overall survival was estimated using the Kaplan-Meier method,
and the log-rank test was applied to compare survival differ-
ences by sex, region, WHO COVID-19 severity stage, and num-
ber of comorbidities.

Two-sided P < .05 was considered statistically signifi-
cant. All regression models were applied to the 20 imputed data
sets, and estimates were combined according to Rubin
rules.>*3> All analyses were performed using Stata software,
version 16.1 (StataCorp LLC).

. |
Results

Demographic Characteristics and Clinical Manifestations

at Admission

Data from 469 children and adolescents from central Africa (39
patients [8.3%]), eastern Africa (172 patients [36.7%]), south-
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ern Africa (208 patients [44.3%]), and western Africa (50 pa-
tients [10.7%]) were analyzed. The age range for the cohort was
3 months to 19 years, with a median age of 5.9 years (IQR, 1.6-
11.1years). Among 468 patients, 223 (47.6%) were female, and
245 (52.4%) were male (Table 1; eTable 3, eFigure 1, and eFig-
ure 2 in Supplement 1). Data on race and ethnicity were not
collected. At hospital admission, 246 of 469 patients (52.5%)
presented with mild or moderate disease, and 223 of 469 pa-
tients (47.5%) presented with severe or critical disease based
on WHO severity staging. Most study sites (17 of 25 hospitals
[68.0%]) were in urban areas, and almost all study sites (23 of
25 hospitals [92.0%]) had supplemental oxygen available on
site (eTable 1 and eFigure 3 in Supplement 1). Of 372 children
and adolescents with documented oxygen saturation levels,
78 (21.0%) had levels lower than 95%.

The most frequently documented symptoms of SARS-
CoV-2 infection were cough (170 of 460 patients [37.0%]), fe-
ver (143 of 461 patients [31.0%]), rhinorrhea (116 of 463 pa-
tients [25.1%]), and respiratory distress (76 of 328 patients
[23.2%]). Eighteen of 297 cases (6.1%) were clinically sus-
pected (6 patients) or confirmed (12 patients) as MIS-C (eTable 3
in Supplement 1). A total of 115 of 469 patients (24.5%) had at
least 1 preexisting medical condition at admission, including
cancer (27 of 459 patients [5.9%]), hypertension (21 of 454 pa-
tients [4.6%]), chronic kidney disease (10 of 457 patients
[2.2%]), chronic neurological disorders (22 of 458 patients
[4.8%]), cardiac disease (25 of 302 patients [8.3%]), chronic lung
disease (8 of 343 patients [2.3%]), hematological disorders (16
of 459 patients [3.5%]), HIV infection (11 of 342 patients [3.2%)]),
and active tuberculosis (12 of 444 patients [2.7%]) (Table 1and
eTable 4 in Supplement 1). All patients received supportive
treatment per WHO recommendations,*! but no experimen-
tal therapeutic medications (eg, remdesivir or interleukin 6 re-
ceptor blockade with tocilizumab) for the treatment of
COVID-19 were locally available.

At the time of data extraction, among 468 children and ado-
lescents with complete data on outcomes, 418 patients (89.3%;
95% CI, 86.2%-92.0%) were discharged from the hospital, 39
patients (8.3%; 95% CI, 6.0%-11.2%) died, 16 patients (3.4%;
95% CI, 2.0%-5.5%) remained hospitalized (with 11 patients
[2.4%; 95% CI, 1.2%-4.2%] remaining hospitalized at 2-40 days
[median, 18 days; IQR, 7-24 days] after admission), and 1 pa-
tient (0.2%; 95% CI, 0%-1.2%) had missing outcome data.
Among 69 patients admitted to the ICU, 22 (31.9%) died. Of the
39 total deaths, information on the presence or absence of clini-
cal features of MIS-C was available for 26 patients (66.7%);
among those, 4 patients (15.4%; 22.2% of the 18 patients with
suspected or confirmed MIS-C) had confirmed or suspected
MIS-C. Twelve of the 39 deaths (30.8%) occurred among the
78 children who were younger than 1 year.

Primary Outcome

Among those with complete information, 160 of 463 patients
(34.6%) were either admitted to the ICU (69 of 461 patients
[15.0%]) or required supplemental oxygen (143 of 452 pa-
tients [31.6%]). A total of 76 of 379 patients (20.1%) received
noninvasive respiratory support via high-flow nasal cannula,
and 34 of 436 patients (7.8%; 34 of 160 patients [21.2%] ad-
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Table 1. Demographic Characteristics, Comorbidities, and Outcomes Among Children and Adolescents

Hospitalized With COVID-19 by Region of Residence in Africa

No./total No. (%)

Total Eastern Africa Western Africa  Central Africa  Southern Africa
Characteristic (N = 469) (n=172) (n=50) (n=39)° (n = 208)°
Age, median (IQR), y 5.9(1.7-11.1) 9.0(2.1-14.0) 6.0(2.5-13.0) 14.0 2.7 (0.8-8.8)
(9.0-16.0)
Sex
Female 223/468 (47.6) 92/171(53.8) 23/50 (46.0) 23/39(59.0) 85/208 (40.9)
Male 245/468 (52.4) 79/171(46.2) 27/50 (54.0) 16/39 (41.0) 123/208 (59.1)
Outcomes
No oxygen 309/452 (68.4) 138/164(84.1) 32/50(64.0) 28/33(84.8) 111/205(54.1)
supplementation
Oxygen 160/463 (34.6) 28/166(16.9) 18/50(36.0) 5/39(12.8) 109/208 (52.4)
supplementation
ICU admission 69/461 (15.0) 15/164 (9.1) 3/50 (6.0) 5/39(12.8) 46/208 (22.1)
Any invasive 34/436 (7.8) 7/148 (4.7) 0 1/33(3.0) 26/207 (12.6)
ventilation
Death 39/468 (8.3) 12/172(7.0) 7/50 (14.0) 2/38(5.3) 18/208 (8.7)
Hospital discharge 418/468 (89.3) 158/172(91.9) 42/50 (84.0) 35/38(92.1) 183/208 (88.0)
Comorbidities
Asthma 5/455 (1.1) 1/162 (0.6) 0 1/36 (2.8) 3/208 (1.4)
Hypertension (age 21/454 (4.6) 0 2/48 (4.2) 0 19/207 (9.2)
appropriate)
Type 1 diabetes 1/360 (0.3) 0 0 0 1/208 (0.5)
Cancer 27/459 (5.9) 2/164 (1.2) 2/49 (4.1) 0 23/208 (11.1)
Chronic kidney disease  10/457 (2.2)  1/165(0.6)  2/49 (4.1) 0 7/206 (3.4) Abbreviation: ICU, intensive care unit.
B . 2 The Central Africa cohort includes
Chronic liver disease 3/458(0.7) 0 1/49 (2.0) 0 2/207 (1.0) 34 children from the Nachega
Cardiac disease 25/302 (8.3) 0 2/50 (4.0) 0 22/202 (10.9) et al>® DR Congo study.
Chronic lung disease 8/343(2.3) 2/64 (3.1) 1/48 (2.1) 0 5/208 (2.4) ®|ncludes 62 children from the Van
Chronic neurological ~ 22/458 (4.8)  6/164 (3.7) 1/49 (2.0) 0 15/208 (7.2) der Zalm etal"” South African
disorders® cohort.
Hematological 16/459 (3.5) 6/164 (3.7) 3/49(6.1) 1/38(2.6) 6/208 (2.9) € Epilepsy, cerebral palsy, and other.
disorders? des ) )
Sickle cell anemia, thalassemia, and
Active tuberculosis 12/444 (2.7) 1/163 (0.6) 0 1/31(3.2) 10/201 (5.0) glucose-6-phosphate
Past tuberculosis 6/434 (1.4) 0 2/49 (4.1) 1/30(3.3) 3/201 (1.5) dehydrogenase deficiency.
HIV infection 11/342(3.2)  2/92(2.2) 2/26(7.7) 0 7/187 (3.7) ©No data reported for Nigeria;
Acute malaria® 8/437 (1.8) 4/172 (2.3) 3/18(16.7) 1/39 (2.6) 0 western Africa data were analyzed

for Ghana only.

mitted to the ICU) required invasive mechanical ventilation.
Overall, the clinical disease severity outcome among 469 pa-
tients was distributed as follows: 305 patients (65.0%) had mild
severity, 72 (15.4%) received supplemental oxygen, 18 (3.8%)
received mechanical ventilation, and 39 (8.3%) died. The south-
ern region of Africa had the highest proportion of patients re-
quiring ICU admission and/or oxygen supplementation (109
of 208 patients [52.4%]). The sequence of events from hospi-
tal admission to clinical outcomes is shown in Figure 1, and
overall clinical outcomes by region are shown in Table 1,
Figure 2, and eTable 3 in Supplement 1.

In the unadjusted analyses, male sex (hazard ratio
[HR], 2.77; 95% CI, 1.31-5.89; P = .008), the presence of 2 or
more comorbidities (HR, 2.89;95% CI, 1.28-6.52; P = .01), WHO
COVID-19 severe disease stage (HR, 5.91; 95% CI, 1.62-21.49;
P =.007),and WHO COVID-19 critical disease stage (HR, 10.68;
95% CI, 3.18-35.89; P < .001) were associated with higher risk
of death. There were no significant regional differences in the
risk of death (Figure 3). In multivariable ordinal logistic re-
gression analyses, the likelihood of more severe vs less se-
vere outcomes among children younger than 1 year was 4.89
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(95% CI, 1.44-16.61; P = .01) times higher than that among ado-
lescents aged 15 to 19 years. The presence of hypertension
(aOR, 5.91; 95% CI, 1.89-18.50; P = .002), chronic lung dis-
ease (aOR, 2.97; 95% CI, 1.65-5.37; P < .001), or a hematologi-
cal disorder (aOR, 3.10; 95% CI, 1.04-9.24; P = .04) were also
independently associated with more severe outcomes. The
presence of HIV infection (aOR, 2.02; 95% CI, 0.97-4.20;
P = .06) was not associated with more severe outcomes
(Table 2).

Secondary Outcome: Length of Hospital Stay

The median length of hospital stay was 9 days (IQR, 5-16 days)
among patients who recovered and 8 days (IQR, 3-19 days) among
those who died. Among 10 patients (1 with missing data) who re-
mained hospitalized at the time of data collection, the median
length of hospital stay was 18 days (IQR, 7-24 days). In the adjusted
competing-risk analysis of time to discharge, age younger than
1year (asHR, 0.48; 95% CI, 0.27-0.87; P = .02), the presence of
1comorbidity (asHR, 0.54; 95% CI, 0.40-0.72; P < .001), and the
presence of 2 or more comorbidities (asHR, 0.26; 95% CI, 0.18-
0.38; P < .001) were associated with reduced rates of hospital dis-
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Figure 1. Flow Diagram of Clinical Outcomes Stratified by Initial Intensive Care Unit Admission and Oxygen Supplementation

469 Children and adolescents aged 0-19 y
with SARS-CoV-2 infection
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Atotal of 26 patients (15.8%) in eastern Africa, 5 patients (15.2%) in central
Africa, 18 patients (36.0%) in western Africa, and 94 patients (45.9%) in
southern Africa required oxygen supplementation. A total of 15 patients (21.7%)
in eastern Africa, 5 patients (7.3%) in central Africa, 3 patients (4.4%) in western
Africa, and 46 patients (66.7%) in southern Africa were admitted to the

intensive care unit (ICU). A total of 7 patients (20.6%) in eastern Africa, 1 patient
(2.9%) in central Africa, O patients in western Africa, and 26 patients (76.5%) in
southern Africa required invasive mechanical ventilation. A total of 12 patients
(7.0%) in eastern Africa, 2 patients (5.3%) in central Africa, 7 patients (14.0%) in
western Africa, and 18 patients (8.7%) in southern Africa died.

charge. Therate of discharge among children and adolescents liv-
ing in southern Africa was significantly higher compared with
thoseliving in eastern Africa (asHR, 2.04; 95% CI, 1.27-3.26; P =

.003). Discharge rates in western Africa (asHR, 1.05; 95% CI, 0.58-
1.90; P = .87) and central Africa (asHR, 0.82; 95% CI, 0.45-1.49;
P = .52) were comparable with those in eastern Africa.
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Discussion

This multicountry cohort study of pediatric COVID-19 in sub-
Saharan Africa revealed relatively high morbidity and mortal-
ity, with greater likelihood of more severe outcomes among
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Figure 3. Kaplan-Meier Curves Comparing Survival Differences by Sex, World Health Organization COVID-19

Severity Stage, Number of Comorbidities, and Region
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A, The hazard ratio (HR) was 2.77 (95% Cl, 1.30-5.88; P = .008) for male
patients compared with female patients (reference group). B, The HRs were
3.27(95% Cl, 0.65-16.38; P = .15) for moderate stage disease, 5.90 (95% Cl,
1.62-21.49; P = .007) for severe stage disease, and 10.68 (95% Cl, 3.18-35.89;

P =.001) for critical stage disease compared with mild stage disease (reference
group). C, The HRs were 1.37 (95% Cl, 0.59-3.15; P = .46) for 1 comorbidity and

2.89 (95% Cl, 1.28-6.52; P = .01) for 2 or more comorbidities compared with O
comorbidities (reference group). D, The HRs were 0.60 (95% Cl, 0.13-2.70;

P = .50) for central Africa, 1.29 (95% Cl, 0.61-2.74; P = .50) for southern Africa,
and 2.35 (95% Cl, 0.92-6.00; P = .07) for western Africa compared with eastern
Africa (reference group). WHO indicates World Health Organization.

children younger than 1 year and those with hypertension,
chronic lung disease, or a hematologic disorder. Further-
more, in a competing-risk analysis of time to discharge, age
younger than 1year, the presence of 1 comorbidity, and the pres-
ence of 2 or more comorbidities were independently associ-
ated with reduced rates of hospital discharge. Overall, 34.6%
of hospitalized children and adolescents were admitted to the
ICU or required oxygen supplementation, and 21.2% of those
admitted to the ICU required invasive ventilation. The region
with the highest proportion of children and adolescents re-
quiring ICU admission and/or oxygen supplementation (52.4%)
was southern Aftica, where there was better availability of high-
quality critical care than in other sub-Saharan African
countries.?> The proportion of children and adolescents re-
quiring ICU admission or oxygen supplementation in this study
was similar to or higher than the proportions reported in stud-
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ies of non-African countries but was likely underestimated be-
cause of the limited availability of pediatric ICUs in much of
sub-Saharan Africa.>¢-3® Of note, our study included 62 hos-
pitalized patients from what was previously the largest
(N = 159) cohort of African children with COVID-19.” In that
study, 11 of 51 hospitalized children (21.6%) required ICU ad-
mission; of those, 4 children required mechanical ventila-
tion, but none died.

Overall, 8.3% of inpatients in the present study died. In com-
parison, among 766 patients with COVID-19 from a previous Na-
chega et al*® study of the Democratic Republic of the Congo, in-
hospital mortality among those younger than 20 years was 11.8%
(4 of 34 patients), all of which occurred among adolescents; this
hazard of death was almost 7 times that of adults aged 20 to 39
years (mortality rate, 2.4% [6 of 248 adults]; aHR, 6.62[95% CI,
1.85-23.65; P = .004]). A South African surveillance study of
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Table 2. Univariable and Multivariable Ordinal Logistic Regression Model Using 5 Levels of COVID-19 Disease
Severity as Primary Outcome®

Characteristic Unadjusted OR (95% CI) P value Adjusted OR (95% Cl) P value

Age group, y
<1 5.23(2.07-13.19) <.001 4.89(1.44-16.61) .01
1-4 1.46 (0.62-4.16) .01 1.46 (0.61-3.47) 39
5-9 1.42 (0.62-3.22) 40 1.04 (0.35-3.14) .94
10-14 1.07 (0.44-2.63) .88 0.90(0.27-2.99) .86
15-19 1 [Reference] NA 1 [Reference] NA
Sex
Male 1.54 (0.93-2.54) .09 1.14(0.81-1.61) 44
Female 1 [Reference] NA 1 [Reference] NA
Region
Eastern Africa 1 [Reference] NA 1 [Reference] NA
Western Africa 2.43(0.33-17.69) .38 0.59 (0.22-1.60) 31
Central Africa 0.68 (0.07-6.84) 74 0.48 (0.13-1.80) .28
Southern Africa 4.31(0.78-23.71) .09 0.83(0.59-1.16) .28
WHO COVID-19 stage®
Mild 1 [Reference] NA NA NA
Moderate 2.91(0.83-10.20) .10 NA NA
Severe 5.76 (2.12-15.65) .001 NA NA
Critical 49.20(21.38-113.23) <.001 NA NA
Type of comorbidity
No hematologic disorders 1 [Reference] NA 1 [Reference] NA
Asthma 5.39(1.36-21.32) .02 3.84(0.81-18.06) .09
Hypertension 5.86 (2.20-15.66) <.001 5.91(1.89-18.50) .002
Cancer 1.70 (0.75-3.86) 21 NA NA
Chronic kidney disease 3.31(0.21-53.40) 40 NA NA
Heart disease 2.26 (0.87-5.87) .09 1.73(0.73-4.08) 21
Chronic lung disease 2.76 (1.40-5.42) .003 2.97 (1.65-5.37) <.001
Chronic neurological disorders 1.93(1.00-3.72) .05 1.08 (0.63-1.84) .79 Abbreviations: ICU, intensive care
Hematologic disorders 3.03(1.02-9.01) 047 3.10 (1.04-9.24) 04 unit; NA, not applicable; OR, odds
ratio; WHO, World Health
Epilepsy 1.24(0.56-2.76) 59 NA NA Organization.
Current tuberculosis 1.41(0.50-3.95) .52 NA NA aThe 5 levels of COVID-19 disease
Past tuberculosis 2.45 (0.63-9.55) .20 NA NA severity were no oxygen
HIV-positive status 2.18(0.79-3.51) 13 2.02 (0.97-4.20) .06 iﬂggiﬂiﬂzﬂgﬂ ?cxﬁzr:nission,
No. of comorbidities mechanical ventilation, and death.
0 1 [Reference] NA 1 [Reference] NA b The analysis did not adjust for WHO
1 2.22(1.19-4.13) .01 1.95(1.08-3.50) .03 COVID-19 stage because its
22 3.49 (1.64-7.45) 001 3.75 (1.71-8.22) 001 components were associated with

the primary ordinal outcome.

childhood deaths identified SARS-CoV-2 infection in antemor-
tem and/or postmortem sampling among 11.7% of 171 children
who died, and 90% of SARS-CoV-2-associated deaths were
among infants.*° This finding was consistent with our finding
of higher frequency of severe outcomes, including death, among
infants and with the results of a study conducted by Oliveira
etal*'in Brazil. In a global systematic review of severe pediatric
COVID-19illness, Kitano et al'® also reported that infants had the
highest mortality, and the overall case fatality rate was signifi-
cantly higher in low- and middle-income countries (0.24%) than
in high-income countries (0.01%). In our study, mortality was
high after ICU admission (31.9%) and substantially greater than
the 0% to 0.5% mortality observed in pediatric studies con-
ducted in high-resource settings"**!> but closer to the mortal-
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ity (approximately 50%) reported in the African COVID-19 Criti-
cal Care Outcomes Study involving adults.??

We also found that hypertension, chronic lung diseases,
and hematologic disorders were independently associated with
severe clinical outcomes, including death. Preexisting comor-
bidities have been associated with worse COVID-19 prognosis
in children and adults in other studies.***> In 1 study,*> among
43 465 US children diagnosed with COVID-19 from March 2020
to January 2021, 28.7% had underlying medical conditions; the
most important risk factors associated with hospitalization or
severe COVID-19 were type 1 diabetes, obesity, cardiac or cir-
culatory congenital anomalies, hypertension, neuropsychiat-
ric disorders, and complex chronic disease. In our study as well
as the Oliveira et al*! study from Brazil, an increase in
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COVID-19-associated mortality occurred as the number of pre-
existing comorbidities increased.

In this study, HIV infection was not associated with worse
outcome severity, possibly because of low numbers of children
living with HIV. This finding necessitates further research. Of
note, published data on the association of HIV infection with
COVID-19 outcomes among adults has been inconsistent.6-48
However, a recent data review by the WHO found that HIV in-
fectionin adults was arisk factor associated with severe and criti-
cal illness at hospital admission and in-hospital mortality after
adjusting for age, sex, and underlying conditions.*°

Our findings have several implications for clinical prac-
tice or health policy. The high morbidity and mortality among
hospitalized African children and adolescents with comor-
bidities suggest that targeting these populations for prompt
COVID-19 vaccination may be warranted when vaccines be-
come available. Therapeutic interventions should be specifi-
cally evaluated among children and adolescents with severe
COVID-19 illness and made available as appropriate. In addi-
tion, limitations in the quality and scope of pediatric general
and critical care services in Africa need to be addressed toim-
prove outcomes among children and adolescents with severe
COVID-19 illness and other serious health conditions.

Limitations

This study has several limitations. Our findings of higher COVID-
19-associated in-hospital mortality among children and adoles-
cents in sub-Saharan Africa compared with those in non-
African settings needs to be interpreted with consideration of
important factors. First, we studied only hospitalized children
and adolescents, whereas most published studies from China,
Europe, and the US'®** included hospitalized, nonhospital-
ized, and asymptomatic patients. Our data are not generaliz-
able to outpatient populations. In addition, because of limited
hospital resources in sub-Saharan Africa, there may be higher
thresholds for hospitalization compared with those in more re-
source-rich settings, potentially producing a cohort of inpa-
tients who had more severe illness.

Second, a high prevalence of concurrent endemic infec-
tions and noncommunicable diseases, malnutrition, and asso-
ciated dietary deficiencies may have had implications for
COVID-19 outcomes in sub-Saharan Africa. Third, MIS-C did not
appear to be a major factor associated with mortality in our study;
of 26 evaluable deaths, only 4 (15.4%) had confirmed or sus-
pected MIS-C. However, MIS-C cases were likely underesti-
mated owing to the limited availability of tests (eg, tests for in-
flammatory biomarkers).

Clinical Outcomes Among Hospitalized Youths With COVID-19 in Sub-Saharan Africa

Fourth, the limited availability of essential equipment and
the narrower scope of pediatric intensive care (compared with
adult care) in sub-Saharan Africa likely had implications for
the high mortality observed in the present study cohort.?->>
The finding of greater use of intensive care, oxygen supple-
mentation, and mechanical ventilation in the southern Afri-
can region vs other regions as well as the lower risk of in-
hospital death in this region likely reflected varied availability
of resources across African regions. Furthermore, these re-
sults highlight the opportunity for improved outcomes af-
forded by greater availability of high-quality pediatric inten-
sive care.

Fifth, the retrospective study design relied on record ex-
traction of routinely collected and available data; however,
fewer than 6% of extracted outcome data were missing, and
we used multiple imputation techniques for missing data on
comorbidities to minimize biased OR estimates. Sixth, lim-
ited availability of laboratory tests and diagnostic procedures
may have produced underdiagnosis of COVID-19 and some as-
sociated features (eg, MIS-C) and precluded reporting and fur-
ther analysis of immunological status among children living
with HIV infection.

Seventh, our lack of a SARS-CoV-2-negative comparator
group and the general limited access to diagnostic testing pre-
vents us from drawing conclusions about the relative preva-
lence and severity of COVID-19 vs other pediatric diseases in
sub-Saharan Africa. In addition, statistical modeling of out-
comes for each region was limited by small numbers within
regions. However, the power of our study comes from pool-
ing data across health facilities and regions as well as adjust-
ment for any potential facility-level differences that may have
had consequences for outcomes.

. |
Conclusions

In this cohort study of 6 countries in sub-Saharan Africa,
morbidity and mortality rates among hospitalized children
and adolescents with COVID-19 were substantially higher
than those reported in non-African settings and were associ-
ated with age younger than 1 year and select noncommuni-
cable disease comorbidities. These findings provide new
data that may be used to inform pediatric COVID-19 health
policy in Africa. With hundreds of millions of African chil-
dren and adolescents at risk of adverse outcomes, COVID-19
vaccination and therapeutic interventions are much needed
for this population.
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