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Introduction: Most previous pediatric COVID-19 studies reported milder disease in children. However, there are limited pediatric
data from low-income settings. We aimed to assess the characteristics and outcomes of pediatric COVID-19 in Ethiopia.

Setting: St. Paul’s COVID-19 treatment center; a tertiary COVID-19 center. Pediatric care was provided in a dedicated ward but with
a common ICU.

Methods: St. Paul’s Hospital COVID-19 cohort (SPC-19) included inpatient COVID-19 RT-PCR confirmed cases from August 2020
to January 2021. Data were extracted from case report forms attached to patient charts and completed by the clinicians. Data were
uploaded into the Redcap database and exported to SPSS 20 for analysis. Binary logistic regression and chi-square test were used in
the analysis.

Results: Seventy-nine patients 0—19 years were included from the SPC-19 cohort over 6 months. Pediatric admissions accounted for
11% of cases in the cohort. The mean age (SD) was 6.9 (+£6.36) years and 40 (50.6%) were female. The disease was asymptomatic or
mild in 57 (72.2%), moderate in 15 (19%), and severe or critical in 7 (8.8%). The commonest presentations in symptomatic children
were prostration (26.6%) followed by vomiting (12.7%), fever and cough (11.4% each), and dyspnea (10%). About 53 (67%) children
had multimorbidity, and 14 (17.7%) children died. All deaths were in children with comorbidities with tuberculosis and malignancy
being associated with 43% of deaths. Nearly 5% of children reported long-COVID symptoms highlighting the need for prolonged
follow-up in those children.

Conclusion: Despite lower admissions and severity, high mortality and morbidity was documented in our pediatric cohort. The
presence of comorbidity and inadequate care organization likely contributed to high mortality. COVID-19 centers of low-income
settings should emphasize optimizing the care of children with COVID-19 and multimorbidity, and vaccination should be considered
in those children to prevent high morbidity and mortality.
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Introduction
Just in 2 years of the COVID-19 pandemic, more than 326 million people were infected, and more than 5.5 million died
worldwide as of January 17, 2022." Despite the tremendous effect, COVID-19 has brought on our lives, the direct health
effect of COVID —19 in children has initially followed a relatively benign course, with children contributing only 5% of
the affected population.”? However, COVID-19 is expected to have more lasting and serious indirect consequences on
child health.*?

COVID-19 pandemic was documented to affect children differently from adults, most reporting milder disease in
children.”? Reports from adult patients were mild in 80% with 14% severe and 5% critical cases” and an overall case
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fatality rate of 2-3%. Mortality was much higher at 10.5% in patients with comorbidities and 49.0% in those with
a critical illness.? Contrary to this, COVID-19 caused mainly asymptomatic and mild-to-moderate disease in more than
90% and severe or critical illness in <5% children.®

COVID-19 was characterized by the occurrence of previously undocumented new symptoms and complications as the
pandemic epicenter shifted from China to Europe and the US. Multi-system Inflammatory Syndrome of Childhood
related to COVID-19 (MIS-C) was initially reported from Europe,” followed by the US® and subsequently from other
countries including Ethiopia.’

The serious conditions associated with COVID-19 in children are severe pneumonia with or without ARDS and
sepsis mainly as acute COVID-19, and MIS-C as a post-infectious late complication.”*® While comorbidities are
important predictors of mortality and morbidity in adults, there is scarce data in children with inconsistent results.'%'!
Lower mortality was reported in children from 29 high-income countries associated with COVID-19'? including in
children with MIS-C (2-3%)."*> However, mortality from COVID-19 may be higher in LMICs where care may be less
well organized, the health system is easily overwhelmed, and pediatric intensive care units (PICUs) may not be
available or under-functioning.'*'® There is also lesser use of available services by sick children during
a pandemic."”

To date, most data on pediatric COVID-19 came from high- and middle-income countries with limited data from low-
and middle-income countries (LMICs), especially from Africa.'®!'""'*!® However, despite early similar pediatric
results,'* clinical presentations and outcomes may differ and are not well understood in LMICs where predictors and
therapeutic approaches differ from the origin of those previous reports. Children in LMICs had different environmental
and multifaceted health factors with nutritional deprivation and dominantly prevalent infectious disease including TB and
HIV 182!

Ethiopia reported its first case of COVID-19 on March 13, 2020, and documented more than 450,000 infections and
7000 deaths as of January 17, 2022.%* Similar to other low-income settings, little is known about COVID-19 in children
in Ethiopia. A pre-print that included 90 children from Addis Ababa showed less severe disease with no mortality, but the
children were older age, less ill, and with no comorbidity that it was not representative of all COVID-19 sick children.*
High COVID-19 vulnerability and regional differences are documented in Ethiopia so that close monitoring and follow-
up are required to mitigate the many effects of COVID-19.>* COVID-19 also impacts the mental and psychological
health of patients, families, and health care providers tremendously.”” >’ Recent studies have documented those negative
health impacts from isolation and quarantine.” Significant worsening of mental disorders including depression, anxiety,
posttraumatic stress disorders, and suicide in physicians was also noted during the COVID-19 pandemic.?*’

As systematically collected data from COVID-19 treatment centers of LMICs is important in addressing the gap, our
prospective cohort was designed to unravel the epidemiology, clinical pictures, outcome, and predictors of outcome in

children with COVID-19 in Ethiopia.

Materials and Methods
Study Setting

St. Paul’s hospital, one of the biggest hospitals with a medical college in the country, established a COVID-19 treatment
center in May 2020 in collaboration with the Federal Ministry of Health. It organized more than 350 beds, 14 intensive
care and 28 high dependency unit beds with mechanical ventilators and renal replacement therapy. The pediatric unit of
the COVID-19 hospital dedicated five neonatal and 22 pediatric beds but critical patients cared in the same ICU/HDU
with adults based on bed availability. The center used to admit all types of patients including asymptomatic COVID-19
cases for observation.

Study Design

A prospective cohort was done over 6 months from August 2020 to January 2021.
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Study Population
The study included all RT-PCR confirmed COVID-19 children and adolescents admitted to our COVID-19 treatment
center during the study period.

Data Collection Method

Data collection was prospective, starting from the day of enrollment till the end date of follow-up. The end date of the
follow-up (censoring) was day 90 after discharge or the day participant died if the child died while under care or follow-
up. At admission, the managing physician and nurse informed the patients/and guardians about the SPC19 cohort study
and obtained informed consent.

A case reporting form (CRF) was attached to the medical charts of each patient and completed by the medical
providers. The research nurse then extracted these data from the CRFs into the Redcap-based electronic database on
tablets. The data collectors synced their tablets daily to a central SPHMMC data server.

The study collected 1) baseline data, including, patient demographic data, vital signs, physical examination findings,
diagnostic laboratory tests, and imaging findings, 2) inpatient follow-up data, including, the clinical course of illness
and investigation results; 3) post-discharge follow-up data collected by phone calls at day 14, 28 and 90 days after
discharge.

Data Collection Tool
The tools were adopted from the WHO acute respiratory infection clinical characterization data tool CRF and customized
to the local context. Mild, moderate, and severe diseases were defined as the WHO case definition of SARS.?®

Data Analysis

Data from the central database was exported into SPSS version 20 statistical packages for windows, for analysis.
Descriptive statistics: Frequencies, percentages, cross tabs, and graphs were used to describe the patient’s characteristics,
proportions of cases, and describe case patterns. Analytical techniques: Simple and multiple binary logistic regressions
were used to see the predictors of outcome in children with COVID-19 in our cohort.

Results

Socio-Demographic Characteristics of Pediatric COVID-19 Patients

Among 700 COVID-19 patients in the SPC-19 cohort, 79 (11.3%) were children and adolescents 0—19 years of age. The
mean age (SD) was 6.9 (£6.36) years and 40 (50.6%) were female. Most, 38 (48%), children were under-five with 18
(22.8%) infants (4 of them were neonates), 20 (25%) were 1-5 years, 24 (30.4%) were 612 years, and the remaining 17
(22%) were adolescents from 13 to 19 years. Most were from Addis Ababa (33%) and Oromia (28%) regions.

Clinical Presentation and Disease Severity
While most were asymptomatic or only mildly symptomatic, the commonest presentation in the symptomatic children
was prostration (26.6%) followed by vomiting (12.7%), fever and cough (11.4% each), and dyspnea (10%) (Tables 1 and
2). Physical exam revealed delayed capillary refill time (CRT > 2 seconds) in 9 (11.4%) and Spo2 < 92 in 7 (8.8%)
children. Systemic hypertension defined by either the systolic or diastolic BP was found in 10 (12.6%) children
throughout the courses of their illness (Table 3).

The presentation was asymptomatic or mild in 57 (72.2%), moderate in 15 (19%), and severe and critical in 7 (8.8%)
(Table 2). About 54 (68.4%) children had comorbid disease unrelated to COVID-19, and a total of 14 (17.7%) children
died during the study period.

Laboratory Abnormalities
Only sick children (40 (50.6%)) had investigations based on clinical indications at the discretion of the treating physician.
Hematologic abnormalities were the most common with lymphopenia documented in more than half of those children.
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Neutrophilia and anemia were also commonly found with a rate of almost 2 in 5 children (Table 4). However, there was

Table

I Clinical Symptoms Related Characteristics of COVID-19

Patients Admitted at SPHMMC COVID-19 Treatment Center, 2021

Presenting Symptom

Yes Number (%)

No Number (%)

Fever 9(11.4) 69(87.3)
Cough 9(11.4) 69(87.3)
Sore throat 1(1.3) 75(94.9)
Rhinorrhea 3(3.8) 75(94.9)
Wheezing 2(2.5) 76(96.2)
Fatigue 2(2.5) 73(924)
Shortness of breath 8(10.1) 69(87.3)
Chest in-drawing 3(3.8) 74(93.7)
Prostration 21(26.6) 56(70.9)
Altered consciousness 1(1.3) 76(96.2)
Seizure 1(1.3) 76(96.2)
Abdominal pain 3(3.8) 73(924)
Vomiting 10(12.7) 68(86.1)
Jaundice 1(1.3) 76(96.2)
Anosmia 1(1.3) 75(94.9)
Skin rash* 3(3.8) 74(93.7)
Lymphadenopathy 1(1.3) 76(96.2)

Note: *One child had malnutrition and diaper-related rash whereas the 2 others were

previously healthy and no comorbidity that their rash was ascribed to COVID-19.

Table 2 WHO Severity Classification: Cohort of
Pediatric COVID-19, SPHMMC

Severity Frequency Percent
Asymptomatic 13 16.5

Mild 44 55.7
Moderate 15 19.0
Severe 5 6.3
Critical 2 2.5

Total 79 100.0

no imaging studies in our cohort of children despite the presence of indications.

Comorbidities
About 53 (67%) children had comorbid disease unrelated to COVID-19. Surgical comorbidities, Malignancy, malnutrition,
tuberculosis, and renal disease were the commonest multimorbidities in those children admitted with COVID-19 (Table 5).
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Table 3 Summary of Selected Laboratory Abnormalities in Children with COVID-19 Infection Admitted to SPHMMC, Aug 2020-Jan
2021

R.N | Laboratory Tests Specific Tests Total Abnormal Result Number | Mean Range
Children (%) (SD)
| Hematology | WBC WBC & differentials 40 11.4(7.35) 1-36
(x10%) (uL)
Leukopenia (WBC<4000) 40 3 (7.5 - -
Leukocytosis (WBC>15,000) 40 9(22.5)
Neutrophilia (N >75%) 40 11(27.5)
Neutropenia (N < 30%) 38 6(15.8)
Lymphopenia (L < 25%) 40 21(52.5)
HB (mg/dl) | Anemia (Hb < I1) 40 17(42.5) 12(3.37) 6-24
PLT (x10%) Thrombocytopenia (Pl < 38 9(23.7) 301.42 10—
(fub) 140,000) (190.3) 607
2 Liver function Elevated AST (AST >70) 18 5(27.8) - -
Elevated ALT (ALT >45) 18 5(27.8)
Elevated PT (PT> 16) 6 4(66.7)
Elevated INR (INR > [) 6 1(16.7)
3 Kidney Cr (mg/dl) | Raised Cr (Cr > I) 23 11(47.8) 2.44(5.65) 0-27
function
BUN (mg/ | Raised BUN (BUN > 25) 23 12(52.2) 49.9(62.53) | 9-238
dl)
4 Electrolytes Hypernatremia (Na > 145) 22 2(9) - -
Hyponatremia (Na < 130) 22 3(13.6)
Hyperkalemia (K > 5) 22 5(22.7)

Abbreviations: WBC, white blood cell; L, lymphocyte; N, neutrophil; PLT, platelets; Hb, hemoglobin; BUN, blood urea nitrogen; Cr, creatinine.

Treatment and Outcome

Most children did not receive specific treatment other than observation and supportive care. Antibiotics,?' antipyretics,’
and steroids® were the commonly prescribed medications. Antifungal' and anticoagulation' were rarely used, and no
antivirals were used at all. Specific medications were provided based on the underlying diagnosis including anti-TB and
cardiovascular drugs for tuberculosis and cardiac patients, respectively (Table 5). Only six children were admitted to the
ICU because of limited bed availability, although all the severe and critical patients were eligible for admission, based on
the center’s practice. Among those admissions to the ICU, Mechanical Ventilation (MV),' Non-Invasive Ventilation
(NIV),' prone position,® and renal replacement therapy' were provided in addition to the continuation of care started on
the floor. Inotropes (adrenaline or dopamine) use was not documented in any of the patients.

A total of 9 (11.4%) in-hospital deaths and 5 post-discharge deaths occurred in the first 2 weeks after hospital discharge
with a total of 14 (17.7%) deaths in the cohort. Although it is difficult to ascertain the exact causes of death after discharge,
COVID-19 and the underlying disease may have contributed to mortality. Three post-discharge deaths had acute leukemia
with complications likely playing the main role for mortality, while the other two had malnutrition and pancytopenia of an
undetermined cause whose mortality is possibly driven by COVID-19. A total of 18 (22.8%) serious complications occurred
in the cohort. The complications were bacterial pneumonia (in 7, 1 microbiologically confirmed), severe ARDS,’ pleural
effusion, seizure,” stroke,' gastrointestinal bleeding,” pancreatitis,' and hypoglycemia.! Advanced post-discharge care
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Table 4 Clinical Comorbid lliness-Related Characteristics of
COVID-19 Patients Admitted at SPHMMC COVID-19
Treatment Center, 2021

Associated Comorbidity Number (%)
Cardiac disease 4(5)
TB (pulmonary and extra-pulmonary) 5(6.3)
HIV/AIDS 1(1.3)
Kidney disease* 5(6.3)
Liver disease 3(3.8)
Malignancy (all types)** 10(12.7)
Chronic neurological disorder 4(5)
Diabetes 2(2.5)
Malnutrition®** 5(6.3)
Surgical comorbidities 12(15.2)
Any Comorbidity 53(66.7)

Notes: * Both AKI and CKD were included, most (4) were CKD. ** All
malignancies included, 4 were leukemia and 6 solid tumors. *** Includes only
moderate and severe malnutrition.

Table 5 Factors Affecting Outcome of COVID-19 Children from Multiple Regression, SPHMMC

Variable P value AOR 95% C.1

Age < | year 0.31 2.25 0.47 10.83
Disease severity 0.027 8.48 1.27 56.53
Sex 0.18 0.37 0.089 1.58
Comorbidity 0.99 - - -

Abbreviations: AOR, adjusted odds ratio; C.l, confidence interval.

(including oxygen supplementation and dialysis) was required in 14 (17.7%) of the discharged children. Among the survivors
in the cohort, almost 5% complain of persistent symptoms including fatigue, fever, cough, joint pain, headache and other
non-specific symptoms (long COVID) till the end of the 3 months follow-up.

Predictors of Outcome

Bivariate analysis showed significant association of ICU admission (p- 0.03, COR, 8.25, 95% C.I 1.25, 55.56), disease
severity (p 0.002, COR-17.5, 95% C.I: 2.94, 104), and presence of comorbidity (p 0.00038, X*=12.6) with mortality.
However, multivariate logistic regression of socio-demographic, clinical, and laboratory variables revealed only disease
severity (AOR 8.48, 95% CI 1.27, 56.53) was an independent predictor of survival in our cohort of COVID-19 children
and adolescents (Table 5).

Discussion
Pediatric COVID-19 contributed to more than 10% of COVID-19 hospital admissions in our cohort. We also documented
slightly higher cases of severe and critical cases (9%) compared to previous studies.”*> Additionally, there was a very
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high comorbidity (67%) and mortality (18%) rates unlike data from most previous studies.”*''*'*** These differences,
however, may also be affected by the limited availability of pediatric COVID-19 centers, and sick and high-risk patients
are likely to be admitted to a tertiary center and are not representative of the general pediatric population. Similar to ours,
a recently published multi-country sub-Saharan study on MIS-C and a case serious from Algeria documented very high
mortality in children with multimorbidity and malignancy and COVID-19.'%%

Clinical Presentation and Treatment

Most of our patients were asymptomatic or with mild symptoms similar to previous pediatric data.® The main presenting
symptoms of symptomatic children are similar to other studies, with prostration, fever, cough, vomiting, and shortness of
breath being the main manifestations.'""**~*° Only a few children had laboratory studies determined, and the commonest
abnormalities were lymphopenia and anemia, similar to previous studies in children and adults.*' However, CRP, PCT,
and other markers were not available regularly in the center and we could not document them. Additionally, imaging
studies are not done for all patients and thus we could not include data on imaging of those children.

Treatment was mainly supportive with medication use only in moderate and severe illnesses. ICU admission was not
possible for all with indication because of bed unavailability and as a result, the use of ICU care modalities including
MYV, NIV, and inotropes remain low despite the very high documented mortality. There was low steroid utilization (7.5%)
in our cohort possibly as it was an early COVID-19 study before the RECOVERY trial result was available®” and likely
absence of indications in most others. Antibiotics were given to all severe and critically sick and a few moderately sick
children, but the bacterial infection was rarely confirmed. There was no use of hydroxychloroquine, antivirals, or other
drugs with compassionate indication, and monoclonal antibodies and new antivirals were not available.

Outcome

High child mortality is documented in LMICs from any childhood diseases, and COVID-19 is not an exception as shown here
in our study.”® Clinical care in LMICs is usually not well organized and unaffordable, the health system is easily overwhelmed,
and PICUs may not be available or under-functioning. Mortality is high from any disease in LICs and COVID-19 mortality
also is expected to be higher as a result,'*'*>? and lesser use of available services by sick children was also documented
during the pandemic.'” The few but critically sick COVID-19 children with high multimorbidity likely contributed to the high
mortality. As a result, COVID-19 centers in LICs must emphasize optimization of the care of children with COVID-19 and
multimorbidity. Although all the deaths were in children with comorbidities, the multivariable analysis did not show
comorbidity as a significant factor. While this could be related to the increased severity in those with comorbidity in our
children, a similar Indian study also did not show an association between pediatric comorbidities with severity and mortality.'”
Contrary to this, a large Brazilian study documented increased mortality in children with comorbidity."' Although the
differences may originate from unraveled factors, the small sample size in our and Indian studies should be noted while
interpreting the result, and our data also trends towards significance in the bivariate analysis.

A striking finding of our cohort is the very high post-discharge mortality (35% of overall deaths) after discharge; most
in the first 2 weeks and all by 4 weeks’ post-discharge with no death from 1 to 3 months after hospital discharge. This
highlights the need to optimize post-discharge clinical care with continuation of health care, and to follow more stringent
discharge criteria to avoid early and immediate post-discharge deaths, especially in the presence of multimorbidity.

Determinants of outcome were disease severity, age <12 months, ICU admission, and presence of comorbidity on
bivariate analysis, but only disease severity persisted to be significant on multivariate analysis. This is consistent with the
Brazilian and other studies including the recent sub-Saharan multi-country study where age, severity, and comorbidity
were the determinants of mortality.''-'®19-%

It has been predicted earlier that the indirect effects of COVID-19 in child health may be worse than its direct effect,
especially in LMICs, as efforts are shifted to handling the pandemic in the already constrained health system with limited
capacity.*** However, our result and others also inform the significant direct health effect with high morbidity and
mortality in children of LMICs, especially in those with comorbidities.” It is thus important not to underestimate the
effect of COVID-19 in children of LMICs.>'® In this scenario, it also is critical not to lose the gained success in neonatal
and child mortality because of the COVID-19 pandemic.'**"*** As children in LMICs are among the most vulnerable
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population, more far-reaching susceptibility and risk factors should be taken into consideration and addressed
properly.24’34’35 The high rate of malnutrition and chronic infectious diseases like TB, and sub-optimal care of children
with chronic illness including malignancies are imminent challenges for the health system of LMICs already functioning
at its limit.”" Maintaining and improving the quality of care will also be challenged even more under these circumstances,

and require special emphasis and strengthening of the health care system.?*3*-*3

Long-COVID

We documented symptoms of long-COVID in nearly 5% of children. Long COVID was reported to be a rare condition
with a low burden in UK children despite a potential underestimation.*® This, however, is contrary to reports from adults
where long COVID is highly prevalent. A recent large cohort reported 57% of COVID-19 adult patients to have one or
more symptoms with 37% persisting up to 3—6 months.*’

Limitations and Strength

Our study is limited by the small number of patients in the cohort, and may not be representative of all groups of children
as most were with multimorbidities. Additionally, the characterization of symptomatic children was further limited by
a lack of chest imaging. However, we were able to collect detailed data from patients, and the prospective cohort enabled
us to see the relatively longer period outcome and symptom persistence and resolution of long-COVID.

Conclusion

Despite a relatively low rate of pediatric admissions and severity, high in-hospital and post-discharge mortality was
documented in our cohort of COVID-19 children. The presence of comorbidity, and inadequate care organization for the
few but critically sick children likely contributed to the high mortality. COVID-19 centers in LMICs should emphasize
optimizing the care of children with COVID-19 and multimorbidity, and provision of HDU/ICU care separately or in
adult ICUs as appropriate for their setting should be strongly considered. Long COVID, on the other hand, is a relatively
rare occurrence. As less attention is given to this age group concerning vaccination, because of the widespread belief that
they are not significantly affected by COVID-19, the high mortality and morbidity trend in children from LMICs should
make us prioritize the prevention of COVID-19 in children with vaccination. We thus emphasize that pediatric COVID-
19 is not as benign as we have thought, as demonstrated also from a recent multi-country sub-Saharan Africa.”’

Abbreviations

ARDS, acute respiratory distress syndrome; BP, blood pressure; COVID-19, corona virus disease caused by the SARS-
CoV-2 virus-2019; CREF, case report form; CRP, C-reactive protein; HDU/ICU, high dependency unit/intensive care unit;
LMICs, low- and middle-income countries; MIS-C, multi-system inflammatory syndrome of childhood related to
COVID-19; MV, mechanical ventilation; NIV, non-invasive ventilation; RR, respiratory rate; RT-PCR, reverse transcrip-
tase polymerase chain reaction; PCT, procalcitonin; PICU, pediatric intensive care unit; PR, pulse rate; SD, standard
deviation, SPC-19, St. Paul’s Hospital COVID-19 prospective cohort; SPHMMC, St. Paul’s Hospital Millennium
Medical College; SPO2, saturation of oxygen measured by pulse-oximetry; WHO, World Health Organization.
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