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Abstract
Objective  To detail clinical profile and outcome in children infected with SARS-CoV-2.
Methods  This retrospective study was undertaken at a tertiary care pediatric teaching hospital in Northern India. The data 
on clinical characteristics and outcome of children (< 18 y) with COVID-19 illness from April 2020–October 2020 were 
reviewed and analyzed.
Results  A total of 2919 children with suspected severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) illness were 
tested for novel COVID-19 virus in the flu emergency (n = 1744), severe acute respiratory infection (SARI) ward (n = 825), 
and non-COVID area (n = 350) of the hospital. 8.73% (255/2919) children tested positive for SARS-CoV-2 infection. Of 
the 255 positive cases, 144 (56.47%) were managed on an outpatient basis and 100 (59 boys) required admission in COVID 
ward. The mortality rate of patients with SARS-CoV-2 was 11.4% (29/255). Majority of children admitted with COVID-19 
had severe to critical illness due to the presence of malnutrition and underlying comorbidities.
Conclusions  Children of all age groups were susceptible to COVID-19 illness with a slight male preponderance. Amongst 
infected, two-third were asymptomatic or had mild symptoms that required outpatient management and home isolation. The 
adverse outcomes were more commonly seen in infants and children > 10 y of age with malnutrition and comorbid illness.
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Introduction

Novel Coronavirus disease 2019 (COVID-19) pandemic, 
caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) is a global health and economic catastro-
phe of unprecedented magnitude. The disease affects all age 
groups and its spectrum varies from mild flu-like illness to 
severe pneumonia with complications like acute respiratory 
distress syndrome (ARDS), shock, multiorgan dysfunc-
tion, myocardial injury and acute kidney injury (AKI) [1]. 
Worldwide surveillance data have reported children typically 
to account for 13 percent of laboratory-confirmed cases. 

Children of all ages are susceptible to COVID-19 illness 
[2–4]. The disease in children is asymptomatic or mild in 
majority; however, critical illnesses are observed in small 
proportion [5, 6]. Despite the worldwide spread, the epide-
miological and clinical patterns of the COVID-19 remain 
largely unclear, particularly among children. Since the virus 
is novel and there exists a lot of heterogeneity in the spec-
trum and severity of illness across age groups globally, it is 
pertinent to study and identify the clinical profile and out-
come of these patients.

There have been a growing number of studies focused on 
COVID-19 illness but limited data are available on clinical 
profile and outcome on COVID-19 in children from India. 
Pediatric multisystem involvement has been reported as iso-
lated case reports and case series [7, 8]. There is paucity of 
data on the impact of underlying diseases or pre-existing 
comorbidities on the severity of illness in children. Infor-
mation on the characteristics of severely affected pediatric 
patients is also scarce. The present study aims to analyze 
the clinical features and outcome in children infected with 
SARS-CoV-2.
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Material and Methods

This retrospective study was undertaken at a tertiary care 
pediatric teaching hospital in Northern India. During the 
SARS-CoV-2 outbreak, a dedicated area for screening and 
triaging of patients with suspected COVID-19 illness was 
made operational, near the entrance gate of the hospital. This 
area was managed round the clock by a triage nurse, equipped 
with digital thermometer and finger pulse-oximeter. All chil-
dren (< 18 y of age) visiting the triage area with recent onset 
of fever and cough and/or fast breathing were referred to flu 
emergency for further evaluation. Flu emergency was cre-
ated for initial management and sampling of suspected cases 
of COVID-19 in children. Besides, severe acute respiratory 
infection (SARI) ward and COVID ward were developed, 
where children with COVID-19-suspect and confirmed cases 
were admitted respectively. The criteria for admission for 
suspected COVID-19 illness included any of the following: 
respiratory distress, SpO2 on room air < 94%, shock/poor 
peripheral perfusion, poor oral intake or lethargy, presence of 
seizures or encephalopathy [9]. Further, presence of comor-
bidities and/or age < 1 y in COVID-suspect children were 
other indications for admission. The children with COVID-
19-suspected illness and requiring admission were shifted 
to SARI ward from flu emergency. The RT-PCR sample for 
novel COVID-19 virus was sent at admission in accordance 
with WHO guidelines [9]. Some children from non-COVID 
areas of the hospital were also screened for COVID-19 ill-
ness, if they developed suspicious symptoms after admission, 
came from containment zones/hotspots or had a history of 
contact with COVID-19 cases (undisclosed before). Based on 
the results of confirmatory RT-PCR and clinical assessment, 
hospital treatment or home isolation measures were instituted 
with contact tracing measures as applicable (in accordance 
with the local prevailing guidelines). The children with posi-
tive COVID-19 report and fulfilling the admission criteria 
were shifted to the COVID ward.

The cases were classified as mild, moderate, severe and 
critical as per the published guidelines [6]. Severe and criti-
cal cases requiring intensive monitoring, ventilation and 
organ support therapy were managed in the HDU/ICU of 
COVID ward. The remaining patients and those improv-
ing with care were managed in the step-down facility of the 
ward. The patients were subjected to investigations including 
complete blood count, serum biochemistry (liver and kidney 
function test, electrolytes), and chest radiograph. The coagu-
lation profile, arterial blood gases, markers of inflammation 
including C-reactive protein, procalcitonin, serum ferritin, 
and CPK-MB were evaluated in those with severe COVID.

All the patients were managed as per the standard WHO 
protocol [9]. Paracetamol for fever control and intrave-
nous or oral fluids to maintain adequate hydration and 

maintain fluid electrolyte balance was administered as 
required. Early initiation of nutrition was also considered 
in noncritically sick children. The patients developing res-
piratory distress or hypoxemia on room air (< 94%) were 
given oxygen support. In absence of specific guidelines 
for children, the authors followed the ICMR guidelines for 
treatment of COVID in adults with appropriate modifica-
tions [10]. Oseltamivir, azithromycin and hydroxychloro-
quine (> 12 y) were given to cases whenever indicated as 
per the prevailing guidelines. Empirical antibiotics were 
administered in cases with suspected sepsis or with shock 
and were managed as per the Surviving Sepsis Campaign 
Guidelines [11]. Children developing multisystem inflam-
matory syndrome (MIS-C) were managed with intravenous 
immunoglobulin (IVIG) and methylprednisolone as per the 
CDC guidelines for treatment of MIS-C [12, 13].

The case records of patients admitted in COVID ward 
were reviewed and the clinical, biochemical, radiological 
and management details recorded. The inclusion criteria 
were children up to 18 y of age and with at least one positive 
RT-PCR test for novel COVID-19 virus. The patients who 
absconded or left against medical advice were excluded from 
the study. Details of each patient including demographic pro-
file, clinical presentation and severity, comorbidities, treat-
ment received, investigations (hematological, biochemical 
and radiological), course during hospital stay and outcome 
were recorded. Ethics approval for the study was obtained 
from the Institutional Ethics Committee.

Data was entered in EXCEL sheet. Descriptive statistics 
were used with continuous data represented as mean ± SD 
and categorical data as counts and proportions.

Results

From April 2020 to October 2020, a total of 54,486 children 
were triaged at the screening centre depending upon their  
symptoms either to the flu emergency (n = 4184) or the general 
OPD/emergency (n = 50,302) areas (scheme of flow of patients 
in Fig. 1). There was a gradual rise in number of children 
attending hospital from April to June followed by a plateau in 
July–August and thereafter, a second peak was observed in Sep-
tember–October (Supplementary Fig. S1). A total of 2919 chil-
dren with suspected SARS-CoV-2 illness were tested for novel 
COVID-19 virus in the flu emergency (n = 1744), SARI ward 
(n = 825) and non-COVID area (n = 350) of the hospital; 8.73% 
(255/2919) children tested positive for SARS-CoV-2 infection 
from different areas of the hospital (Table 1). Of 255 SARS-
CoV-2 positive cases, 144 (56.47%) children were asymptomatic 
or had mild symptoms;managed on an outpatient basis and sent 
on home isolation. A total of 100 (59 boys) SARS-CoV-2 posi-
tive children required admission in COVID ward. The mortality 
rate of patients with SARS-CoV-2 was 11.4% (29/255).
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The median age of admitted children was 62.5 mo (range, 
10 d – 18 y). The median time from onset of illness to diag-
nosis was 4 d (range 2–45 d). The most common symptom 
observed amongst the admitted patients were fever (80%), 
cough (35%), fast breathing (47%) and nausea/vomiting 
(34%). Among the symptomatic patients moderate, severe 
and critical illness was seen in 27%, 42% and 31% patients, 
respectively. The proportion of children admitted in differ-
ent age groups with their clinical profile is given in Table 2. 
More than half (59%) of the patients admitted with SARS-
CoV-2 had underlying comorbid illness. Tuberculosis 
and hematological malignancy were the most commonly 
observed comorbidity in these children.

Amongst the children who died (29) with SARS-CoV-2 
infection, 27 were admitted in COVID ward and 2 were 

brought dead; with male to female ratio of 1.45:1 The maxi-
mum proportion of deaths occurred in infants (29.62%) and 
children > 10 y (33.33%) in the absence and presence of 
comorbid illness respectively. The most frequent complica-
tion observed in the admitted children with SARS-CoV-2 
was acute respiratory distress syndrome (18%) followed by 
acute kidney injury (AKI) (16%), encephalopathy (15%) 
and myocarditis (9%) (Table 3). Multisystem inflammatory 
syndrome in children (MIS-C) was present in 9% patients. 
Three patients required renal replacement therapy in lieu of 
AKI not responding to medical management.

Among children on respiratory support, 54% required 
oxygen inhalation, 11% were put on noninvasive ventilation 
(HFNC/CPAP) and 35% needed mechanical ventilation. The 
mean (SD) hospital stay was of 8.95 (7.77) d (median—7 

Fig. 1   Scheme of triage and 
flow of patients admitted in 
different areas of the hospital 
during SARS CoV-2 pandemic 
IPD Inpatient department; 
OPD Outpatient department; 
SARI Severe acute respiratory 
infection

Number of children attended the hospital from

April 2020 to October 2020 = 54486

Screened at triage area

Children sent to the flu

emergency = 4184

Children visited the 

emergency/general OPD = 50302

Discharge

Children admitted to

COVID ward =100

Children 

admitted in 

SARI ward = 

827

IPD

Table 1   Distribution of patients with SARS-CoV-2 infection from different zones of the hospital

* Non-COVID area includes emergency, Non-COVID ICU, Inpatient wards
a COVID-19 positive on postmortem examination

Non-COVID area*
(%)

Flu emergency
(%)

SARI ward
(%)

Total cases screened for SARS-CoV-2
(n = 2919)

350 (12%) 1744 (59.7%) 825 (28.3%)

Brought deada (n = 2) in different zones 1 1 -
Total SARS-CoV-2 positive cases
(n = 255)

60 (23.5%) 148 (58%) 47 (18.5%)

Children admitted with SARS CoV-2 from different zones
(n = 100)

40 (40%) 20 (20%) 40 (40%)

Managed on an outpatient basis and sent on home isolation in different zones
(n = 144)

17 (11.8%) 122 (84.7%) 5 (3.5%)

Transfer to other hospitals from different zones
(n = 10)

3 (30%) 5 (50%) 2 (20%)
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Table 2   Clinical characteristics of children admitted with COVID-19 illness

IQR Interquartile range, SD Standard deviation
* Others include congenital conditions like CCAM, surgical conditions like abdominal cystic mass, glomerulonephritis with hypertension, and 
Tay–Sachs disease

Characteristic Number (N = 100)

Age in months, median (IQR)
Mean ± SD

62.5 (16.25, 120)
72.73 ± 57.68

Age group (y) n (%)
 < 1 24 (24)
 1–5 26 (26)
 5–10 25 (25)
  > 10 25 (25)

Sex (M:F) 1.44
Anthropometry
(SD score) Median (IQR)/Mean ± SD
 Weight/Age −1.51 (−2.61, −0.61) / −1.79±1.89
 Weight/Length (< 5 y) − 1.72 (−2.55, −0.73) / −1.85±1.54
 BMI/Age (> 2 y) −1.45 (−2.11, −0.55) / −1.65±1.45

SD score n (%)
Weight/age  < − 2

 < − 3
38 (38)
18 (18)

Weight/length  < − 2
 < −3

31 (31)
22 (22)

BMI/Age  < − 2
 < − 3

29 (29)
16 (16)

Clinical Features n (%) Duration of symptoms (d)
Median (IQR) / Mean ± SD

 Fever 80 (80) 4 (2, 7) / 10.34 ± 28.05
 Cough 35 (35) 3 (2, 7) / 6.46 ± 7.47
 Fast breathing 47 (47) 2 (1, 5) / 3.41 ± 3.36
 Pneumonia 46 (46) -
 Headache 11 (11) 4 (2, 5) / 3.64 ± 1.96
 Myalgia 11 (11) -
 Nausea and vomiting 34 (34) 2 (1, 4) / 3.26 ± 3.40
 Diarrhea and abdominal pain 27 (27) 3 (2, 5) / 4.41 ± 4.19
 Altered sensorium 15 (15) -
 Rash 9 (9) 2 (1, 5) / 3.56 ± 3.16
 Hypoxemia ( SpO2 < 94%) at admission 42 (42) -

Severity of illness n (%)
 Moderate 27 (27)
 Severe 42 (42)
 Critical 31 (31)

Comorbidities n (%)
59 (59)

Deaths secondary to COVID-
related illness (11/59)

 Tuberculosis 20 (20) 4
 Liver abscess 6 (6) -
 Disseminated staphylococcus sepsis 4 (4) 1
 Aplastic anemia/ALL/AML 15 (15) 3
 Dengue 4 (4) 1
 Nephrotic syndrome 2 (2) -
 SLE 1 (1) 1
 SOJIA 1 (1) 1
 Type 1 DM 1 (1) -
 *Others 5 (5) -

History of contact with SARS-CoV-2 12
Time from onset of illness to hospitalisation (d)
 Median (IQR) /Mean ± SD 4 (2,7) / 6.42 ± 6.81
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d: range, 1–30 d). The baseline laboratory parameters of the 
admitted patients with SARS-CoV-2 infection are outlined 
in Table 4. Two-third of the children had abnormal blood 
counts; leucocytosis (55%) was more commonly reported 
than leukopenia (12%) and lymphopenia (28%). Radiologi-
cally confirmed pneumonia was observed in 44% (40/66) 
of children. Negative RT-PCR results were obtained after  
a mean (SD) time of 12 (2) d (50% by 10th day, 75% by the 
14th day, 94% by the 21st day), while one case remained 
positive until the 28th day.

Discussion

Addressing COVID-19 pandemic was challenging in a 
resource constrained developing country. Limited health  
care facilities and large vulnerable population, many of  
whom were already burdened with comorbid conditions  
posed challenges on every dimension. This retrospective  
study highlights the clinical profile of children with SARS-
CoV-2 infection from a tertiary care pediatric teaching 
hospital in northern India. Most of the children were either 
asymptomatic contacts or had mild flu-like symptoms. The 
most common presentation was fever followed by cough and 
fast breathing, but a substantial proportion had gastrointes-
tinal symptoms as well. A significant proportion of children 
required admission due to associated comorbidities and  

severe illness. The authors also observed a higher rate of 
complications and mortality in the present study, presumably 
attributed to referral bias to the authors’ center (higher propor-
tion of critically ill children) and the presence of comorbidities. 
The adverse outcomes were more commonly seen in infants 
and children more than 10 y of age.

The trend of total footfall of children attending the hospital 
was proportional to the lockdown and the unlock phase of 
the country (April to October 2020). However, the secondary 
peak in number of cases in September–October was associ-
ated with the return of the migrant population, overcrowding 
and the seasonal influence of surge in vector borne diseases 
(dengue, malaria) observed in the city. The mean age and sex 
distribution of children admitted with SARS-CoV-2 infec-
tion in this study was comparable with the studies published 
elsewhere [6]. Children of all age groups were susceptible to 
COVID-19 infection as reported elsewhere [14, 15]. Although 
the clinical features of COVID-19 illness in children are 
diverse, still fever and cough were the most common symp-
toms reported in this cohort. The spectrum of clinical features 
reported in other published studies are heterogeneous depend-
ing on the setting and the cohort analyzed [5, 16]. Unlike the 
studies on disease severity from different settings, more than 
two third of the admitted cases in this study had severe to criti-
cal illness. Similar to the results reported by Dong et al. [6], 
infants were more vulnerable to SARS-CoV-2 infection and 
had more severe disease. However, the data on relationship of 
disease severity and gender are limited in children.

A striking observation of this study was that a high pro-
portion of children with SARS-CoV-2 infection required 
admission in view of their underlying comorbid illness. 
Comorbidities among children with SARS-CoV-2 have been 
reported in studies from China [15], India (61%) [17] and 
US/Canada (83%) [18]. Around 50% of children admitted 
with COVID-19 illness in this cohort had undernutrition 
and thinness that further compounded the severity of ill-
ness and morbidity. No comprehensive data are yet available 
on the impact of SARS-CoV-2 on children who are well 
and in those with an underlying illness; but it is reasonable 
to consider that the latter might be at an increased risk of 
severe disease. The mortality rate observed in this study is 
much higher than that reported globally in both children and 
adults [19, 20]. The proposed reasons for this observation 
are referral bias and admissions of the most critically ill 
children, higher transportation time due to limited means 
during lockdown, comorbidities, malnutrition and infections 
prevalent in the authors’ setting.

Contrary to published literature on laboratory param-
eters [18–23], a higher proportion of children in this study 
had anemia, leucocytosis, thrombocytopenia and elevated 
D-dimers. It can be attributed to higher rate comorbid illness 
(leukemia), secondary bacterial infections and sepsis in the 
authors’ patients. However, the proportion of children with 

Table 3   Clinical course and outcome of children with SARS-CoV-2 
infection admitted in COVID ward

CPAP Continuous positive airway pressure airway pressure;  HFNC 
High flow nasal cannula; IQR Interquartile range; MISC Multisystem 
inflammatory syndrome in children; NIV Noninvasive ventilation

Characteristic (N = 100) n %
Complications
  • Acute respiratory distress syndrome 18 18
  • Encephalopathy 15 15
  • Myocarditis 9 9
  • Transaminitis 19 19
  • Acute kidney injury 16 16

Shock requiring vasoactive support 35 35
Maximal respiratory support
Oxygen 54 54
NIV (HFNC, CPAP) 11 11
Mechanical ventilation 35 35
MISC 9 9
Renal replacement therapy 3 3
Length of hospital stay (d)
Mean ± SD/Median (IQR) 8.95 ± 7.77/7 (4,13)
Outcome
Discharge 70 70
Death 27 27
Transfer to other hospitals 3 3
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hypoalbuminemia, high serum ferritin levels and elevated 
CPK-MB levels were similar to that reported in previous 
studies [21–23]. Most of the admitted children had severe 
and critical illness that resulted in higher proportion of them 
with these biomarkers of inflammation.

In contrast to the available literature on ventilation in 
SARS-CoV-2 [24], a higher proportion of children in the pre-
sent study required oxygen and ventilatory support. The pres-
ence of comorbidities, like pulmonary tuberculosis, tubercular 
meningitis, disseminated staphylococcus infections and liver 
abscess accounted for increased need of respiratory support in 
the children included in the study. Children with MIS-C seen 
in this study was similar to previous reports from India [25] 
and other parts of the world [26, 27].

The study has its share of limitations of retrospective 
design and lack of long term follow up of comorbidities after 

discharge. In spite of these shortcomings, this study provides 
preliminary data on clinical characteristics and outcomes of 
COVID-19 in children from Northern India.

Conclusion

Children of all age groups were susceptible to COVID-19 
illness with a slight male preponderance. Amongst infected, 
two-third were asymptomatic or had mild symptoms that 
required outpatient management and home isolation. Though 
fever and other respiratory symptoms make up the com-
monest clinical presentation, many may present with gas-
trointestinal symptoms. Majority of children admitted with 
COVID-19 had severe to critical illness due to the presence 
of malnutrition and underlying comorbidities.

Table 4   Laboratory parameters 
in children admitted with 
SARS-CoV-2 infection

IQR Interquartile range; N Total number of children for which the data were available; n Number of chil-
dren with a specific laboratory parameter

Parameter Median (IQR)
Hemoglobin (g/dL), median (IQR) 9 (7.6–11.4)
Anemia (< 11 g/dL). n /N (%) 69/100 (69%)
WBC count (× 109/L) 11,300 (7750–18,550)
Leucopenia (< 4000/cu mm) 12/100 (12%)
PMN % 60 (38–74)
Leucocytosis (> 11,000/cmm) n/N (%) 55/100 (55%)
Absolute neutrophil count (ANC) / cu mm (N = 89) 6600 (3496–10,700)
ANC < 1500 n/N (%) 11/89 (12.3%)
Absolute lymphocyte count (ALC) / cu mm (N = 89) 3240 (1598–5898)
Lymphocyte % 31 (18–50)
Lymphopenia (ALC < 1500) n /N (%) 25/89 (28%)
PMN/Lymphocyte ratio (N = 89) 1.83 (0.72–4.1)
Platelet count (lakh)/cu mm 2.20 (0.85–4.14)
Thrombocytopenia (platelet count < 1.5 lakh/cu mm) n/N (%) 38/100 (38%)
Serum SGPT/ALT (IU/L) 28 (19.35–58.9)
Transaminitis (ALT > 2ULN) 19/100 (19%)
Serum creatinine (mg/dL) 0.33 (0.25–0.6)
CRP (mg/dL) 41.5 (5–145.75)
CRP > 6 mg/L n/N (%) 70/100 (70%)
CPK MB (N = 30) 69 (30–249)
CPK MB (> 25 IU/L) n/N (%) 20/30 (66.66%)
INR 1.3 (1.17–1.60)
D-dimer (µg/L) (N = 33) 1032 (542–1050)
Raised D-dimer (>500 µg/L) n/N (%) 26/33 (79%)
Procalcitonin (ng/mL) (N = 20) 5 (2–10)
Procalcitonin (> 0.5 ng/mL) n/N (%) 10/20 (50%)
Fibrinogen (mg/dL) (N = 15) 318 (168.75–392)
Low fibrinogen (< 360 mg/dL) n/N (%) 6/15 (40%)
Ferritin (ng/mL) (N = 40) 579 (335–1128)
Ferritin (> 500 ng/mL) n /N (%) 22/40 (55%)
Serum albumin (g/dL) 3.03 (2.37–3.60)
Hypoalbuminemia (< 2.5 g/dL) n/N (%) 20/64 (31%)
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