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Abstract

As the coronavirus disease 2019 (COVID-19) pandemic continues to evolve, differences
in epidemiological and clinical features among pediatrics have been noticed across dif-
ferent countries. We describe the spectrum of COVID-19 in pediatric patients treated in
tertiary health care. We conducted a retrospective chart review of pediatric patients
admitted to Indus Hospital & Health care network, Korangi campus, Karachi; from April
1st, 2020 to July 31st, 2020. A total of 141 COVID-19 cases were reported, males were
81 (57%) and the median age was 8 (0.3-17) years. Moderate and severe infections were
noted in 36(26%), and 17(12%) children respectively. Fever (50%) was the most common
clinical feature. The SF ratio less than 264 was significantly associated with severe
disease (p<.05). Lab investigations that differed significantly across disease severity
groups included IL-6 levels (p <.01) and Prothrombin time (p <.05). Majority of children
were advised home isolation 89 (63%), 29 (20.5%) were admitted while mortality was
observed in 10 (7%) children. No significant difference was observed between children
with and without malignancy. Pre-existing comorbidities are significantly associated with
COVID-19 infections among children. Reduced SF ratio, elevated Prothrombin time, and

interleukin-6 levels are associated with greater disease severity.
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Karachi was chosen as COVID-19 treatment facility and has been
actively involved in managing COVID-19 cases.

The rapid spread of coronavirus disease 2019 (COVID-19) infection
worldwide has resulted in a global pandemic and the World Health
Organization has officially declared COVID-19 a public health
emergency of international concern.' In Pakistan, the first case of
COVID-19 was reported from Karachi in February 2020.%> Recent
figures show that children and adolescents younger than 20 years of
age constitute 10.6% (24 625 of 231 818) of the total reported
confirmed cases of COVID-19 in Pakistan as of July 8, 2020, with a
mortality rate of 0.3% for those aged 10 years or younger and 0.5%
for those aged 11-20 years.” Government of Pakistan established
COVID-19-designated hospitals in March 2020.? Indus Hospital and
Health Care network, a tertiary care Centre situated in Korangi,

Abundant literature is available on epidemiological and clinical fea-
tures of COVID-19, and it shows that prevalence and severity are more
in adults than children. Two cohort studies of 44 672 confirmed cases in
China® and 149,082 cases in the United State reported COVID-19 in-
fection in 2% Chinese and 1.7% American children. However, there are
subpopulations of children who have the chance of developing severe
COVID-19 infections. They include infants children having an under-
lying pulmonary disease®, and immunocompromised medical conditions.”
Children may also play a significant role in community transmission.
Available data suggest that children may have more nasopharyngeal
carriage of the virus in the upper respiratory tract® and prolonged fecal
shedding in the stool after initial infection.”
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Although most COVID-19 infections in children are mild re-
cently, there have been reports of severe COVID-19 infections in
children known as Multisystem inflammatory syndrome (MIS-C). This
syndrome shares common features with other pediatric in-
flammatory conditions, including Kawasaki Disease, and staphylo-
coccal and streptococcal toxic shock syndromes.’® MIS-C cases have
been reported from Europe,’° Italy,** and recently from Pakistan.®

Most of the local literature on COVID-19 is based on the adult
population, and gaps exist regarding clinical manifestations, lab in-
vestigations, and MIS-C management in children in Pakistan. It may
not be prudent to follow adult guidelines for the management of
COVID-19, as many infectious diseases affect children differently
from adults. The current study is done to identify gaps in knowledge
for pediatric covid infection in our population.

Therefore, the current study is undertaken to describe epide-
miological and clinical features, imaging data, laboratory findings,
response to treatments, and outcomes of pediatric patients with
COVID-19 in Karachi and compare the severity of illness with la-

boratory investigation through a retrospective chart review.

2 | MATERIALS AND METHODS

2.1 | Study setting and design

A retrospective study of pediatric patients admitted to Indus Hos-
pital and Health care network, Korangi campus, Karachi from April
2020 to July 2020 with laboratory-confirmed COVID-19 infection.

2.2 | Participants

All children between the ages of one month and 18 years, with
evidence of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection by a polymerase chain reaction in nasal swabs, were
included. We also included patients admitted for other reasons but
tested positive for COVID-19 infection during screening. Children
from the Pediatric ward, intensive care, day care, and oncology unit
were included. As per institutional policy tele-clinics were conducted
for children who were advised home isolation. The outcomes noted
in tele-clinic were recorded in computerized hospital records.

2.3 | Study variables

A predesigned questionnaire was used to review data obtained from
computerized health records of the hospital. The questionnaire was pilot
tested for accuracy before the collection of data. Information was ob-
tained regarding age, gender, pre-existing comorbidities, like heart dis-
ease, diabetes, immune compromise, rheumatologic disorders, and
malignancy. The mode of the presentation was noted, which included
contact tracing or screening for admission or day care management.

Clinical features were noted along with the clinical course in terms of the
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presence and nature of organ failure, respiratory support (like oxygen
therapy, noninvasive ventilation, high-flow nasal cannula, or invasive
ventilation) and additional organ support, like vasoactive medications and
renal replacement therapy. Information was collected for lab investiga-
tions and imaging studies. Laboratory investigations included in the study
consisted of complete blood count (absolute leukocyte count, absolute
neutrophil count, neutrophil-lymphocyte ratio, and hemoglobin), serum
biochemistry (C-reactive protein, Procalcitonin, lactate dehydrogenase,
alanine aminotransferase, total bilirubin, creatinine, prothrombin time,
partial thromboplastin time and b-dimer), interleukin-6 levels (IL-6),
Troponin-I, B-type natriuretic peptide (Pro-BNP) levels, imaging studies
(chest X-ray and computed tomography [CT] chest, CT brain), and
echocardiography.

Chest imaging (chest X-ray and CT scan chest) was categorized
in typical, indeterminate, and atypical findings based on the expert
consensus statement.'” Pharmacotherapy details were noted,
which included antibiotics, Steroids, Remdesivir, Tocilizumab, in-
travenous Immunoglobulin, and Aspirin. Absolute leukocyte count
less than 1.5 x 10%/L and less than 1.0 x 10?/L were considered low
for children less rhgan 6 years and between 6 and 18 years of age,
respectively.

ANC of less than 1.5 x 10%/L was considered low, and neutrophil
to lymphocyte ratio greater than 3.1 was considered significant.

COVID-19 infection was classified into mild, moderate, and severe
categories based on institutional and WHO guidelines.® Clinical features,
lab investigations, and chest imaging findings were used to categorize
iliness. The same classification was used to categorize disease severity in
children with and without malignancy. The mild/asymptomatic category
included children who had mild symptoms or were asymptomatic and
identified during screening or contact tracing. Moderate category con-
sisted of at least two-organ involvement, which included severe diarrhea,
dehydration, pneumonia, motor weakness with or without loss of con-
sciousness, hepatitis, presence of lab derangements or SpO2 > 90%.
Severe disease included multiorgan dysfunction, Spo, < 90% on five liters
of oxygen pediatric acute respiratory distress syndrome (PF ratio <300
or SF ratio <264), respiratory failure, shock, central nervous system in-
volvement, cardiac manifestations, or child requiring assisted ventilation.
MIS-C category with features of either Kawasaki or toxic shock syn-

drome was included in severe disease.

24 | IRB consideration
Approval from the ethical review board of the hospital was taken

before starting the study.

2.5 | Outcomes

The admitted patients' clinical outcomes were noted at discharge or
death while for the nonadmitted patients, the outcome was noted from
tele-clinic records. The study's main outcomes were clinical character-
istics and trajectory of the disease and outcomes of children with
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confirmed COVID-19 infection. Secondary outcomes included the asso-

ciation of clinical severity with laboratory investigations.

2.6 | Statistical analysis

SPSS version 20 was used to calculate the frequency of qualitative
variables, that is, gender, mode of presentation, symptoms, medication
history, chest imaging, echocardiographic features, treatment received,
and outcome. The mean, median, and standard deviation, interquartile
range, and confidence interval were calculated for quantitative variables,
such as age, duration of hospital stay, SF ratio, hematological markers,
biochemistry markers, inflammatory markers, and myocardial enzymes.
The )2 test was applied to compare differences between categorical
variables. An independent sample t test and one-way analysis of variance
were calculated to find the mean differences. p <.05 was considered as
significant.

3 | RESULTS

A total of 165 cases were included, out of these 24 children had
unknown outcomes and were excluded. The remaining 141 children
were included in the final analysis, out of which 80 (57%) had

Total enrolled = 165

Children without
malignancy = 61

Included = 141
(57% male / 43% female)

Children with
Malignancy = 80

Severity of disease

Moderate = 36

Final outcome

malignancies while 61 (43%) children had nonmalignant conditions
(Figure 1 and Table 1).

3.1 | Demographic variables

The median age was 8 years,” ' males were 81 (57%) while females
were 60 (43%). Contact tracing identified 42 (30%) children, 97
(69%) children tested positive on admission screening and 2 (1%)
came positive during hospital stay (Table 1). The maximum number
of cases were seen in June (55% 78/141) followed by May (28%,;
40/141).

3.2 | Clinical features

Asymptomatic children were 88 (62%), while moderate and se-
vere disease were seen in 36 (26%) and 17(12%) children, re-
spectively. Overall the most common presenting symptoms were
fever 71/141 (50%), gastrointestinal complaints 36/141 (25%),
and respiratory tract symptoms 32/141 (22%) (Table 1). Neuro-
logical complications were less commonly seen (7/141; 5%).
Among seven children with neurological complications, seizures
and neuromuscular weakness were the common symptoms

Excluded = 24

Severe =17

Home isolation =
95

Admitted = 29

Expired = 10

FIGURE 1 Flowchart of patient
characteristics, disease severity, and final
outcomes
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TABITE_ 1 Differer.1ce (?f demographic Characteristics Mild (88) Moderate (36) Severe (17) p value
and clinical features in mild, moderate,
and severe infection groups Age (year)
Mean + SD 7.9+4.7 7.2+52 74+47 0.705°
Median (IQR) 9(312)  7.5(2-11.7) 7(3.5-11.5)
95% CI (LB-UB) 6.9-8.9 5.3-9.0 49-98
Gender
Male 53 (60%) 19 (53%) 9 (52%) 0.691°
Female 35 (40%) 17 (47%) 8 (48%)
Mode of presentation
Contact tracing 41 (46%) O 1 (6%) 0.000°°
Admission screening 46 (52%) 35 (97%) 16 (94%)
Came positive during hospital stay 1 (1%) 1 (3%) 0
Fever 30 (34%) 27 (75%) 14 (82%) 0.000"
Gastrointestinal symptoms 16 (18%) 11 (30%) 9 (53%) 0.008"
Neurological symptoms 2 (2%) 1 (3%) 4 (23%) 0.001%°
Respiratory symptoms 13 (15%) 12 (33%) 7 (41%) 0.012%°
PARDS (SF ratio <264) 0 4 (11%) 5 (29%) 0.015%°
Bleeding 3 (4%) 5 (14%) 4 (23%) 0.015%°
Dehydration 6 (7%) 7 (19%) 7 (41%) 0.001%°
MISC-related clinical features 0 0 7 (41%) 0.000"
Comorbidities 0 5 (14%) 4 (23%) 0.000"
Medication history
Steroids (within last 14 days) 5 (6%) 5 (14%) 1 (6%) 0.450°
Chemotherapy (within last 14 days) 15 (17%) 12 (33%) 3 (18%) 0.331°
DMARDS 2 (2%) 2 (5%) 0 0.698"
Duration of hospital stay, days
Mean + SD 0 7567 10.6+9.2 0.392°
Median (IQR) 3(1-8) 5 (3-18)
95% Cl (LB-UB) 32-117 2.9-18.3
Final outcome
Recovered 80 (91%) 33 (91%) 4 (23%) 0.000%"
Referred out 4 (4.5%) 1 (3%) 3 (17%)
LAMA 4(45%)  1(3%) 1 (6%)
Died 0 1 (3%) 9 (54%)

Abbreviations: ANOVA, analysis of variance; Cl, confidence interval; DMARDS, methotrexate,
hydroxychloroquin, actimera; IQR, interquartile range; LB, Lower bound; MISC, multisystem
inflammatory syndrome in children; PARDS, pediatric acute respiratory distress syndrome; UB, upper
bound.

#One-way ANOVA.

b2 test.

“Independent t test.
9dSignificant value, MISC-related clinical features (oral, peripheral conjunctivitis, rash).
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Mild (88) Moderate (36) Severe (17) p value TABLE 2 Difference of laboratory
investigations and final outcome in mild,
Clinical parameters (mean + SD) moderate, and severe infection groups
SF ratio <264 475+61.0 461.2+75.9 362.7 £149.2 0.000*
95% Cl (LB-UB) 457.15-494.71 432.31-490.11 283.23-442.27
Hematological markers (mean + SD)
Hemoglobin 9.78+2.26 8.50+2.54 9.36+2.56 0.296"
95% CI (LB-UB) 9.09-10.48 7.54-9.47 8.0-10.73
Total lymphocyte count 15.08 £21.6 38.19+95.3 23.9+50.0 0.239°
95% Cl (LB-UB) 8.93-21.24 4.38-72.0 -1.82-49.68
Absolute neutrophil count  6.56+ 10.1 5.29+7.92 6.2+6.7 0.853°
95% Cl (LB-UB) 3.458-9.675 2.27-8.30 2.58-9.82
Absolute leukocyte count 3.49+4.62 5.69 +8.56 55+7.8 0.350°
95% ClI (LB-UB) 2.07-4.91 2.43-8.95 1.34-9.68
Neutrophil-lymphocyte 1.75+1.88 15+1.6 11+14 0.429°
ratio
95% Cl (LB-UB) 1.17-2.33 0.92-2.19 0.38-1.89
Platelet count 252.8+230.8 206.3+218.2 218.2+227.7 0.247°
95% Cl (LB-UB) 181.7-32338 123.30-289.32  96.8-339.63
Biochemistry markers (mean + SD)
Alanine aminotransferase 43.2+44.8 29.8+20.8 45.7+52.8 0.517°
95% ClI (LB-UB) 24.77-61.7 18.75-40.96 5.13-86.42
Sodium 135.6 +3.80 175.4+197.6 134.3+4.0 0.353"
95% Cl (LB-UB) 134.3-136.9 93.8-257.0 132.1-136.4
Potassium 4.6+4.6 3.5+0.64 3.7£0.6 0.428°
95% Cl (LB-UB) 3.00-6.19 3.29-3.82 3.46-4.12
Creatinine 0.49+0.19 0.45+0.136 0.52+0.18 0.481°
95% Cl (LB-UB) 0.42-0.56 0.39--0.51 0.420--0.62
Lactate dehydrogenase 380.6 £269.9 411.2+2945 551.6 +595.9 0.734°
95% Cl (LB-UB) 97.3-663.9 138.9-683.6 0.536-1102.8
C-reactive protein 25.2.1+19.0 39.8+50.8 74.0+80.5 0.322°
95% Cl (LB-UB) 1.6-48.9 6.5-86.1 16.4-131.6
Albumin 2.51+1.02 3.38+0.60 2.8+0.87 0.262°
95% Cl (LB-UB) 1.23-3.78 2.68-4.17 1.93-3.77
Inflammatory markers (mean + SD)
Ferritin 365.6 +363.6 587.6 +732.5 990.6+1688.0  0.662°
95% Cl (LB-UB) -213.1-944.3 -24.8-1200 -781.19-2762.5
Interleukin-6 8.60+3.7 15.6 £2.59 26.1+3.2 0.000*
95% Cl (LB-UB) 4.74-12.46 11.56-19.81 20.99-31.21
Prothrombin time 11.5+1.15 12.2+0.78 22.30+22.0 0.034*
95% Cl (LB-UB) 11.03-12.08 11.7-12.8 3.88-40.71
p-dimer 0.52+0.43 22+13 1.39+0.86 0.071°
95% Cl (LB-UB) -0.16-1.21 0.59-3.87 0.31-2.47
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Mild (88) Moderate (36) Severe (17) p value
Myocardial enzymes (mean * SD)
Troponin- | 19.6+6.9 143.5+201.5 376.7 +553.9 0.360"
95% Cl (LB-UB) 10.9-28.2 102.1-299.1 135.64-889.0
B-type natriuretic peptide 11.0+5.83 3852.5+5418.5 4463.1+3000.7 0.057%
95% CI (LB-UB) 3.79-18.2 249.3-574.3 1314.1-7612.2
Chest Imaging findings X-ray/ 0.069°
CT chest)
Normal 21 (23%) 13 (36%) 6 (35%)
Atypical 7 (8%) 7 (19%) 3 (17%)
Typical 2 (2%) 0 3 (17%)
Indeterminate 1(1%) 0 0
Echocardiographic features 0.199°
Normal 2 (2%) 0 1 (6%)
LV dysfunction 0 0 1 (16%)
Ejection fraction <65 0 2 (5%) 2 (11%)

Abbreviations: ANOVA, analysis for variance; Cl, confidence interval; CT, computed tomography; LB,

lower bound; LV, left ventricle; UB, upper bound.
20ne-way ANOVA.

b)(z test.

“Significant value.

TABLE 3 Details of treatment and association with the disease
severity

Treatment
received Mild (88) Moderate (36) Severe (17) p value
Intravenous fluid 8 (9%) 20 (55%) 16 (94%)  0.000“°
Remdesivir 0 1 (3%) 2 (12%) 0.003°°
Steroids 6 (7%) 13 (8%) 10 (59%)  0.000°
IVIG 0 1 (3%) 2 (12%) 0.000"
Antibiotics 14 (15%) 23 (63%) 13 (76%)  0.000°"
Tocilizumab 0 1 (3%) 1 (6%) 0.003%"
Oxygen therapy 0 2 (5%) 14 (82%) 0.000"
Duration of
oxygen
support, days
Mean + SD 0 6.50+7.7 63+6.6 0.392°
95% Cl (LB-UB) 3.20-11.7 2.92-18.3
Invasive 0 0 6 (35%) 0.000"
ventilation
Inotropes 0 2 (5%) 6 (35%) 0.000°"
Transfusions 6 (7%) 9 (25%) 4 (23%) 0.012%°

Abbreviations: ANOVA, analysis of variance; Cl, confidence interval; LB,
lower bound; LV, left ventricle; UB, upper bound.

20ne-way ANOVA.

b2 test.

“Significant value.

observed. One child developed vision loss due to the develop-
ment of posterior reversible encephalopathy syndrome (PRES).

Severe disease was seen in 17/141 (12%) children, out of these,
7 children had features of MISC while 10 children had other severe
complications of COVID-19. Among children who had MIS-C,
5 children had multiorgan dysfunction while 2 had myocarditis.
Mortality was observed in 10/141 (7%) children, out of which 4
children had MIS-C (Table 1).

3.3 | Disease management

Oxygen therapy was given to 16 (11%) children while 6 (4%) re-
quired invasive ventilation. The mean duration of oxygen therapy in
the severe group was 6.3 + 6.6 days. Inotropic support was given to
6/16 (37%) children in the severe group (Table 2).

3.4 | Difference of clinical features, lab
investigations, and treatment among disease severity
groups

The SpO,/FiO, (SF) ratio was the only clinical feature that differ-
entiated between mild and severe cases, (median [IQR], 490 [457-
494] vs. 461 [283-442)), respectively, with the significant p < 0.005
(Table 2).
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Characteristics

Age (year)
Mean = SD
Median (IQR)
95% CI (LB-UB)

Gender
Male
Female
Symptoms
Fever
Gastrointestinal symptoms
Neurological symptoms
PARDS (SF ratio <264)
MISC- related clinical features
Investigation

Bacterial infection

Chest Imaging findings (X-ray/CT chest)

Normal
Typical
Atypical
Indeterminate
Duration of hospital stay, days
Mean + SD
Median (IQR)
95% Cl (LB-UB)

Hematological markers (mean + SD)

Hemoglobin
95% Cl (LB-UB)
Total leukocyte count
95% Cl (LB-UB)
Absolute neutrophil count
95% Cl (LB-UB)
Absolute lymphocyte count
95% Cl (LB-UB)
Neutrophil-lymphocyte ratio
95% Cl (LB-UB)

Myocardial enzymes (mean + SD)
Troponin- |
95% Cl (LB-UB)
B-type natriuretic peptide
95% Cl (LB-UB)

Inflammatory markers (mean + SD)

p-dimer

Malignant (80)

7.9+49
8 (3-12)
6.82-9.01

46 (57.5%)
34 (42.5%)

49 (61.3%)
21 (26.3%)
5 (6.3%)
5 (6.7%)
2 (2.5%)

3 (3.75%)

33 (44%)
3 (4.0%)
11 (14.7%)
1 (1.3%)

56+6.5
4 (3-5)
2.79-8.42

8.85+£2.34
8.3-9.51
31.17+72.47
13.87-49.98
594+92
4.2-8.9
4.70+7.25
3.31-7.02
1.67+2.16
1.22-2.3

20.7+7.5
8.81-32.68
20.36 +£18.85
0.57-40.1

0.40+0.43

Non-malignant (61)

7.7+45
8 (3-12)
6.57-8.92

35 (57.4%)
26 (42.6%)

22 (36.1%)
15 (24.6%)
2 (3.3%)

4 (10.5%)
5 (8.2%)

2 (3.27%)

7 (22.6%)
2 (6.5%)
6 (19.4%)
0

68+78
4 (1-10)
1.55-12.08

10.2+2.53
9.1-11.46
11.65+£8.44
7.84-15.45
6.0£5.22
3.6-8.3
3.83+287
2.6-5.28
176 +1.44
1.03-2.23

253.8+441.9
-26.96-534.6
3040.2+3194.8
584.4-5496.0

1.73+1.11

p value

0.831°

0.988"

0.003°
0.823°
0.421°
0.474°
0.123°

0.222°

0.290°

0.638°

0.015*

0.175°

0.853"

0.975%

0.429°

0.320°

0.040°*

0.072°

TABLE 4 Difference of clinical
features and laboratory investigations
between children with and without

malignancy
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Characteristics Malignant (80)

95% Cl (LB-UB) -0.68-1.48

Severity 06 (7.5%)
Final outcome

Alive 75 (93.8%)

Expired 5 (6.3%)

MEDICAL VIROLOGY
Non-malignant (61) p value
0.98-2.48
11 (18.0%) 0.057°
0.655"

56 (91.8%)
5 (8.2%)

Abbreviations: Cl, confidence interval; CT, computed tomography; IQR, interquartile range; LB, Lower
bound; MISC, multisystem inflammatory syndrome in children; PARDS, pediatric acute respiratory

distress syndrome; UB, upper bound.
dIndependent t test.

b2 test.

“Significant value, MISC-related clinical features (oral, peripheral conjunctivitis, rash).

Among the laboratory parameters, a significant difference was
observed in IL-6 among mild, moderate, and severe groups (median
[IQR], 10.3 [4.7-12.4], 15.5 (11.5-19.8), and 26 [20.9-31.2]). Pro-
thrombin time also showed significant difference among the three
groups (median [IQR], 11.5 [11-12], 12.2 [11.7-12.8], and 14
[3.8-40.7]) with p < 0.005 (Table 2).

Thirteen (8%) and 10 (59%) children received injectable steroids

while Remdesivir and IVIG were given to three children (Table 3).

3.5 | Difference in clinical features and lab
investigations between children with and without
malignancy

No difference was noted in clinical features and demographic fea-
tures between the two groups. B-type natriuretic peptide (p = 0.040)
and p-dimer (p = 0.07) were statistically significant between the two

groups (Table 4).

4 | DISCUSSION

We observed a median age of 8 (0.3-17) years, which is consistent
with other studies that report the ages ranging from 6 to 11 years.'*
Slight male preponderance was noted in our cohort, 81 (57%).
World-wide data reports the mixed-gender distribution of COVID-
19,151 which suggests that regional variations of demographic
variables may exist among children with COVID-19.

The clinical course of the disease was mild in most of the chil-
dren. The majority of the children 88/141 (62%) were asymptomatic
or had mild clinical manifestations. Similar findings have been re-
ported in other parts of the world.*®* There is evidence that ACE-2
proteins serve as receptors for both SARS-CoV and SARS-CoV-2.
These proteins are immature in children, thereby allowing less virus
adherence and milder infection in children.'” Presence of a robust
immunity in children also protects them from viral replication'® and

decreases the severity of COVID-19 infection.

In our cohort, comorbidities present in children included diabetic
ketoacidosis, congenital heart disease, juvenile rheumatoid arthritis,
and tuberculosis. Several studies have also reported an association of
chronic illnesses with COVID-19 infection.”*”?° The association of
chronic infection and COVID-19 is linked to impaired immunity and
iatrogenic effects of medicines like corticosteroids.”*

Neurological complications were seen in 7 (5%) children. One
case of Guillen-Barre syndrome (GBS) and posterior reversible en-
cephalopathy (PRES) was noted. There are few reported cases of
GBS associated with COVID-19%? while PRES has been reported in
adults only. Neurological sequelae of COVID-19 are postulated to be
secondary to hypoxia or autoimmune response. However, the direct
neural invasion has not been demonstrated as CSF is mostly negative
for SARS-CoV.?*

In our cohort, increased levels of p-dimer, pro-BNP, IL-6 levels,
and Prothrombin time differentiated mild from severe disease. Ele-
vated Pro-BNP and IL-6 point toward impaired cardiac function.
Cardiac involvement has also been reported in a cohort of European
children.?* Evidence shows that hypoxia and electrolyte imbalance in
the acute phase of the disease is linked to cardiac arrhythmias,?”
while raised inflammatory markers like IL-1f, IFN-y, and IL-6 are
associated with myocardial injury.>* These factors may have caused
impaired cardiac function in our children.

We found a significant association of raised Prothrombin time
and p-dimer with disease severity, which has been observed in other
children with severe COVID-19.2° Both of these lab investigations
indicate an increased tendency toward coagulopathy. Therefore, we
strongly emphasize the importance of monitoring coagulopathy in
children with MIS-C or severe COVID-19 infection. The decision to
start anticoagulation therapy in such children may avert adverse
outcomes.

Comparison among children with and without malignancy
showed no significant difference except for low hemoglobin in chil-
dren with malignancy. This was expected as the majority of children
had hematological malignancies. Surprisingly, none of the groups had
neutropenia, leucopenia, and raised neutrophil-lymphocyte ratio,
which are considered prognostic markers for severe disease in
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adults.* On the contrary, our findings showed lymphocytosis in se-
vere disease. Kainth et al.?” also reported lymphocytosis in a cohort
of 65 children in the United State.?® These differences in hemato-
logical parameters suggest that it may not be prudent to draw par-
allels between adults and children in terms of complete
blood count. Instead, leukocytosis and lymphocytosis in pediatric
COVID-19 infections should alert physicians for the possibility of

severe disease, and may be used as a prognostic marker.

4.1 | Limitations
The participants of our study were children admitted to the hospital.
Therefore, our results are not representative of children with
COVID-19 in ambulatory settings. The study site was limited to a
single tertiary care hospital and the results may not be generalizable
to the whole population.

5 | CONCLUSION

This study adds valuable information to the body of literature on
COVID-19 infections in children. Males are more prone to higher mor-
tality compared to females. There was no significant difference among
children with or without malignancy. Elevated Prothrombin time, p-dimer,
B-type natriuretic peptide, and IL-6 levels are shown to be associated
with disease severity. They may be studied further for consideration as
prognostic markers in children with severe COVID-19 disease.
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