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Introduction

A cluster of  cases of  pneumonia due to severe acute respiratory 
syndrome coronavirus type 2 (SARS‑CoV‑2) was declared a 
pandemic by WHO on March 11, 2020.[1,2] First pediatric case 
of  COVID‑19 was detected on January 28, 2020, in China.[3,4] 
Understanding of  the disease and its management is still evolving, 
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95% (P = 0.00001), neutrophilia (P < 0.000001), 

lymphopenia (P < 0.000001), elevated values of C‑reactive protein (P < 0.00001), Interleukin‑6 (P = 0.002), D‑ dimer (P = 0.00014) and 
respiratory symptoms as presenting complaints (P < 0.000001) were found to be significantly associated with severity of disease. 
Conclusion: The male and adolescent age group was affected most. Presenting complaints were highest from the respiratory system. 
Unusual presentation may have gastrointestinal or neurological presentation. Most children with COVID‑19 had mild disease. 
Moderate to severe disease was not uncommon. Factors including neutrophilia, lymphopenia, elevated lab values of C‑reactive 
protein, D‑dimer, and interleukin‑6 had a significant association with the severity of the disease. These biomarkers can help predict 
the severity of the disease.
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and there is a lack of  clarity about the presentation, severity, 
and management of  COVID‑19 cases in children, especially in 
middle‑income countries like India.[5] Pediatric vaccination against 
COVID‑19 is still in the preliminary stage only, thus making them 
selectively vulnerable and a potential source of  adult infections.

The magnitude of  illness in children has been variously 
reported from 0.39%[6] to 12.3%[7] and of  total cases positive for 
COVID‑19, depending on local isolation and reporting protocols. 
In India, 2.5% of  children tested positive for COVID‑19 in the 
second wave,[8] with the death of  1500 children.[9] Further, data 
on pediatric patients are still limited regarding severity and clinical 
presentation, and there is a need to have a better understanding 
of  clinical features, severity, and laboratory parameters.

COVID‑19 disease has a wide spectrum of  presentations. Patients 
can have mild disease only or severe disease with complications 
like multi‑organ failure.[10] SARS‑CoV‑2 infects cells, entering via 
angiotensin‑converting enzyme 2 receptors. The host immune 
system responds to this infection through increased inflammatory 
markers that can become deregulated and exaggerated. In 
COVID‑19, there is the interplay of  deregulated inflammation, 
immunological, and coagulation cascade, which may eventually 
cause multi‑organ failure and death.[11,12] Timely identification 
of  laboratory parameters deranged during this dysregulation of  
immunity, inflammation, and coagulation cascade could help in 
timely clinical intervention and improve disease outcomes.

In this study, we attempted to assess various clinical presentations, 
laboratory findings, severity, and outcome of  disease. We also 
attempted to analyze the association between disease severity 
and clinicodemographic factors. As very few Indian studies have 
been conducted to analyze the association between inflammatory 
markers and/or other biomarkers and the severity of  COVID‑19 
disease, we attempted to analyze the same in this study.

Awareness of  primary physicians on clinical presentation of  
COVID‑19 in children will help in early detection and prompt 
treatment of  the disease. Also, knowledge of  factors that are 
associated with severity of  disease and can be evaluated easily, 
like spo2 < 95%, and simple tests like complete blood picture 
suggestive of  neutrophilia and lymphopenia could help in the 
prompt referral of  cases.

Materials and Methods

Case enrollment
It was a hospital‑based prospective observational study 
conducted from April 2020 to May 2021 in a tertiary care 
hospital in North India. A reverse transcriptase polymerase chain 
reaction (RT‑PCR) test was performed on all children coming to 
OPD/emergency for any complaints as well as on children having 
a history of  contact with a COVID‑positive person. Children 
under and up to 18 years of  age who were documented positive 
for SARS‑CoV‑2 by reverse transcriptase polymerase chain 
reaction (RT‑PCR) test on nasal and nasopharyngeal swabs were 

included in the study, irrespective of  the severity of  the disease. 
A total of  112 children were included and were categorized as 
per age into categories of  less than 1 year, 1‑5 years, 6‑11 years, 
and 12‑18 years. Patients whose RT‑PCR was negative, whose 
parents refused consent, and patients with incomplete data were 
excluded from the study.

Written informed consent was obtained in Vernacular (Hindi)/
English language from parents in all cases. Children above five 
years of  age were explained as well, and assent was obtained in 
the presence of  parents/legal guardians.

Detailed information was taken regarding contact with positive 
cases, travel history, symptoms, and demographic details. Clinical 
presentation, laboratory, and radioimaging findings within the 
first 48 hours of  admission were recorded in the data. Response 
to treatment and outcome were recorded and then analyzed. 
The study was approved by the Institutional Ethics Committee.

Case definition[13‑17]

All those children who were positive for SARS‑CoV‑2 by reverse 
transcriptase polymerase chain reaction  ( RT‑PCR) test on nasal 
and nasopharyngeal swabs were taken as COVID‑positive.

Grading of  Disease Severity.

Mild COVID Disease: features of  upper respiratory infection 
like sore throat, runny nose, cough, fever, and easy fatiguability.

No tachypnea (age‑based) and normal auscultatory findings.

No hypoxia (SpO2 > 95% on room air).

Pain in the abdomen. Diarrhea, vomiting.

Moderate COVID Disease: Tachypnea (age‑based).

Hypoxia (resting SpO2 90‑94% on room air).

Asymptomatic pneumonia with lesions seen on chest CT scan 
signs of  severe disease absent.

Severe COVID Disease: Pneumonia with either severe retractions 
or grunting, tachypnea, or SpO2 < 90% on room air.

Severe abdominal pain, diarrhea, vomiting.

Seizures, lethargy, or Somnolence.

Multi‑organ dysfunction, acute thrombosis, shock, acute 
respiratory distress syndrome (ARDS).

For common laboratory values, cut‑off  points that are widely 
accepted in clinical practice were used. Leukopenia was defined 
as white blood cell count < 4.0 × 109/L. Thrombocytopenia 
was defined as platelet count < 150 × 109/L, and Lymhopenia 
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was defined as lymphocyte count < 1 × 109/L. Deranged kidney 
function test (KFT) was defined as an absolute increase in serum 
creatinine of  >0.3 mg/dl or >50% increase from baseline. Using 
WHO‑recommended cut‑off  values, Hb > 10 g/dl to <11 g/dl 
was considered mild anemia, while Hb 7 to 11 g/dl was moderate 
anemia, and Hb < 7 g/dl was severe anemia. Neutrophilia was 
defined as neutrophil values above two standard deviations for 
that age group.

Statistical analysis
Data obtained was tabulated on an Excel sheet based on 
a Proforma and statistically analyzed. A comparison of  
demographic, clinical, and laboratory values for mild and 
moderate to severe disease was conducted using the Chi‑square 
test. Using a two‑tailed distribution, a P value of  < 0.05 was 
considered statistically significant.

Results

A total of  112 children up to 18 years of  age were enrolled in 
the study. Demographic and clinical parameters are summarized 
in Table 1.

Out of  112 cases, 56.3% (63/112) were male, and the largest 
percentage of  patients were in the 12‑18 years age group (64.3%, 
72/112). Percentage of  patients in other age groups was 
10.7% (12/112) in <1 year, 11.6% (13/112) in 1‑5 years, and 
13.4% (15/112) in the 6‑11 years age group. History of  contact 
was present in 80.4% (90/112).

The common symptoms of  children with COVID‑19 disease 
are mentioned in Table 1 and Figure 1. The most common 
symptom was fever (41.1%, 46/112), followed by cough (13.4%, 
15/112). Respiratory distress was seen in 12.5% (14/112) of  
cases. Gastrointestinal manifestations like vomiting, pain in 
the abdomen, and diarrhea were present in 8.9% (10/112) 
of  cases. Neurological manifestations (headache, dizziness, 
altered sensorium, seizures) were found in 7.1% (8/112) cases. 
Comorbidity was present in two cases. One case was a known 
case of  miliary tuberculosis and other tuberculosis meningitis. 
82.1% (92/112) of  patients were allocated to the mild degree 
group, while 15.2% (17/112) of  patients were classified as 
moderate and 2.7% (3/112) as severe disease [Figure 2]. 
Combined, 17.9% (20/112) of  patients were assigned to the 
moderate‑severe degree of  disease group.

Table 2 shows the hematological, biochemical, and radiological 
parameters of  patients. The most common abnormality in 
hematology was neutrophilia, seen in 9.8% (11/112) of  cases. 
In contrast, leucopenia was seen in 5.4% (6/112) cases only. 
Among deranged coagulation profiles, Prolonged Prothrombin 
Time (PT)/aPTT/INR was seen in one case only; however, 
D‑dimer was elevated in 6.2% (7/112) of  cases. Abnormal radio 
imaging was found in 3.6% (4/112) cases only. All cases had 
ground glass opacity, and chest computerized tomography had 
no additional advantage over plain radiography.

Further, as Table 3 shows, 9.8% (11/112) of  patients needed 
oxygen via mask/nasal prongs while 2.7% (3/112) needed 
invasive ventilation. Drugs like steroids, Remdesivir, and low 
molecular weight heparin were given to 6% (7/112), 4.5% (5/112) 
and 1.8% (2/112) cases only. 98.2% (110/112) of  patients were 
successfully discharged. The mortality rate among children with 
COVID‑19 was reported as 1.8% (2/112).

As shown in Table 4, the adolescent age group (12‑18 years) 
was affected most, but there was no association between the 
severity of  the disease and age group (P = 0.14 by Chi‑square 

Table 1: Sociodemographic and clinical parameters of 
children with COVID‑19 disease

Characteristics n (%)
Age groups (age in year)

<1 year 12 (10.7%)
1‑5 year 13 (11.6%)
6‑11 15 (13.4%)
12‑18 72 (64.3%)

Gender
Male 63 (56.3%)
Female 49 (43.7%)

History of  contact
Present 90 (80.4%)
Absent 22 (19.6%)

Clinical characteristics
Fever 46 (41.1%)

Respiratory symptoms 36 (32.1%)
Cough 15 (13.4%)
Respiratory distress 14 (12.5%)
Cold (nose running and nasal blockage) 7 (6.2%)

Gastrointestinal symptoms 10 (8.9%)
Pain abdomen, vomiting, diarrhea 9 (8%)
GI bleeding (bleeding P/R) 1 (0.9%)

Neurological manifestations 8 (7.1%)
Headache 3 (2.7%)
Dizziness 2 (1.8%)
Altered sensorium 2 (1.8%)
Seizures 1 (0.9%)

Others (Fatigue, decreased appetite, myalgia, arthralgia, 
skin rash, red eyes, and general feeling of  discomfort)

12 (10.7%)

Total 112 (100%)

Figure  1: Main presenting complaints of children with COVID-19 
disease
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test). Also, no association was found between disease severity 
and gender of  patients (P = 0.70). On analyzing the association 
between disease severity and the system affected primarily, that 
presented as presenting complaints, a significant association 
was found between the respiratory system and COVID 
severity (P < 0.000001), while other presenting complaints like 
fever (P = 0.36), or other systems affected primarily including 
Digestive system (P = 0.20) and neurological (P = 0.13) did not 
affect the severity of  disease significantly. There was a highly 
significant association (P = 0.000001) between spo2 < 95% 
on room air at presentation and the severity of  COVID‑19. 
Leucopenia was not found to have a significant association with 
disease severity (P = 0.24), while neutrophilia (P < 0.000001), 
lymphopenia (P < 0.000001), and CrP > 10 mg/l (P < 0.000001) 
had a highly significant association with disease severity. 
IL‑6 > 32 pg/L also had a significant association with disease 
severity (P = 0.002)

Discussion

In this study, which comprised 112 children, the maximum 
percentage was adolescents (12‑18 years), followed by young 
children and infants. These results are in tune with studies 
that showed that with increasing age, more children became 
COVID‑positive.[18] The male gender was affected more than the 
female. Fever followed by cough were the two most common 
symptoms, like most other studies in children.[19] Though fever is 
considered to be an important clue to COVID‑19 infection, many 
COVID‑19‑positive children were afebrile also. This suggests 
that body temperature alone may not be a sufficient indicator 
of  SARS‑CoV‑2 infection.[20]

Like other studies, in our study, the respiratory system was 
affected most commonly.[21] Patients presented with various 
respiratory manifestations like cough, cold, and shortness of  
breath.

COVID‑19 virus has a very high affinity for ACE‑2 receptors. 
These receptors are like entry and replication ports for the virus 

and are present most abundantly in airway epithelium, type I, 
and type II alveolar cells. Studies have shown this distribution 
pattern of  ACE ‑2 receptors as a cause of  the respiratory system 
being the most common clinical presentation of  symptomatic 
patients.[21]

Recently, there has been a focus on gastrointestinal (GIT) 
manifestations in COVID‑positive children. COVID virus 
is known to bind to the Angiotensin‑converting enzyme 
2 receptor of  not only the lung but kidney, pancreas, 
nervous system as well as GIT epithelium. The binding of  
the virus to GIT epithelium causes a variety of  symptoms 
including nausea, vomiting, diarrhea, and pain in the 
abdomen.[22] In our study, gastrointestinal manifestations 
were the commonest extra‑pulmonary manifestations of  
COVID‑19, followed by neurological manifestations. Studies 
have also shown that in COVID‑positive children with GIT 
symptoms, rectal swabs were persistently positive even 
though nasopharyngeal swabs became negative, and this 
persistent shedding of  virus can increase chances of  fecal‑oral 
transmission.[8]

Table 2: Laboratory and radiological findings of children 
with COVID‑19 disease

Investigations n (%)
CBC

Leucopenia 6 (5.4%)
Neutrophilia 11 (9.8%)
Lymphopenia 10 (8.9%)

Anemia
Mild 6 (5.3%)
Moderate 4 (3.5%)

Thrombocytopenia (mild) 2 (1.8%)
Deranged coagulation profile 8 (7.1%)
↑ PT/aPTT/INR 1 (0.89%)

Elevated D‑dimer (>1 ug/L) 7 (6.2%)
Deranged KFT 1 (0.89%)
Abnormal chest x‑ray

Ground glass opacity 4 (3.6%)
Abnormal chest CT‑findings

Ground glass opacity 4 (3.6%)

Table 3: Treatment and outcome of children with 
COVID‑19 disease

Treatment and outcome n (%)
Conservative (paracetamol, oral fluids, oral antibiotics) 87 (77.7%)
Oxygen via mask/nasal prongs 11 (9.8%)
Invasive ventilation 3 (2.7%)
Drugs used

Steroids 7 (6%)
Remdesivir 5 (4.5%)
Tocilizumab 3 (2.7%)
Low molecular weight heparin 3 (2.7%)

Outcome
Discharge 110 (98.2%)
Mortality 2 (1.8%)

Figure 2: Distribution of severity of disease in children with COVID-19 
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One important observation of  our study was lower GI 
bleeding in one COVID‑19‑positive child. It was a fresh bleed 
or hematochezia, without any hematemesis or melena. There 
were a few episodes of  hematochezia, with decreasing amounts 
and frequency. The child had a normal coagulation profile and 
normal platelet counts and was not on low molecular weight 
heparin, NSAIDs, or Aspirin. Based on clinical and laboratory 
parameters, bleeding was attributed to mucosal erosions as has 
been documented in other studies also.[23]

Neurological manifestations were also not uncommon and 
had a varied spectrum from mild symptoms like a headache to 
severe ones, i.e. altered sensorium and seizures. As standardized, 
well‑defined case definitions and diagnostic criteria for neurological 
manifestations of  COVID are lacking, there are high discrepancies in 
rates of  neurological involvement in different studies. Neurological 
manifestations include central (dizziness, altered sensorium, and 
seizure) and peripheral (loss of  taste and smell) nervous system 
involvement. Though very frequent in adult COVID‑19 patients, 
none of  the patients in our study had complaints of  an altered 
sense of  smell.[24] Multiple mechanisms including cytokine storm, 
hypoxic and metabolic changes, direct neuroinvasion by virus, and 
hypercoagulability have been proposed,[25,26] Yet pathophysiology 
of  nervous system involvement in COVID disease is still not clear.

In our study, underlying comorbidity was present in two cases 
only. One child had Miliary tuberculosis while the other had 
tubercular meningitis. Both children were successfully discharged. 
The majority of  children had mild disease, like most of  the other 

studies.[19,20] Moderate‑severe disease was not uncommon in our 
study. In this study, there were two mortality. The mortality rate 
in our study was 1.8%.

Studies on hematological changes due to COVID‑19 in the 
pediatric population are very few. Therefore, we attempted 
to observe the same. Leucopenia was not characteristically 
found in our study, and these results are consistent with a few 
other such studies.[27,28] Neutrophilia was present in 9.8% of  
cases. Neutrophils are part of  innate immunity and are among 
Leukocytes that are recruited first during any inflammation.[29] 
Studies have already proven that the dysregulated immune system 
that causes excessive inflammation plays a major role in the 
pathogenesis of  COVID‑19. Neutrophilia is part of  that 
dysregulated immune system, and many studies have documented 
neutrophilia in COVID‑19 patients.[30‑32] Lymphopenia was 
seen in 8.9% of  cases. Though the mechanism of  lymhopenia 
is still not well understood, it has been proposed that the 
presence of  ACE 2 receptors, which is a main binding receptor 
for COVID‑19, in T‑lymphocytes, could lead to lymphocyte 
destruction and lymphopenia.[33] Anemia like some other 
studies was also not commonly observed finding[34] mild and 
moderate anemia was observed in a few cases while no case had 
severe anemia. Causes for anemia include destruction of  RBC 
membrane by SARS‑COV‑2 after attaching to ACE ‑receptors of  
RBC, gastrointestinal bleeding due to coagulopathy or mucosal 
erosions, dysregulated iron metabolism, and autoimmune 
hemolytic anemia during cytokine storm.[35] Thrombocytopenia 
was of  mild degree only observed in a smaller percentage.

Table 4: Relationship between demographic profile, presenting complaints, laboratory parameters, and severity of COVID‑19
Variables predicting the severity of  COVID‑19 Mild COVID‑19 

disease (n=92)
Moderate –severe 

COVID‑19 disease (n=20)
n (%) P (Chi‑square 

test)
Age

<1 year 8 (8.7%)  4 (20%) 12 (10.7%)
0.141‑5 years 10 (10.9%) 3 (15%) 13 (11.6%)

6‑11 years 15 (16.3%) (0%) 15 (13.4%)
12‑18 years 59 (64.1%) 13 (65%) 72 (64.3%)

Sex
Male 51 (55.4%) 12 (60%) 63 (56.3%)

0.71Female  41 (44.6%) 8 (40%) 49 (43.7%)
Presenting complaints

Fever 36 (39.1%) 10 (50%) 46 (41.1%) 0.37
Respiratory (cough, cold, and dyspnea) 20 (21.7%) 16 (80%) 36 (32.1%) 0.00001
Digestive (pain in the abdomen, nausea, vomiting, 
diarrhea, and PR bleeding)

7 (7.6) 3 (15%) 10 (8.9%) 0.29

Neurological (headache, altered sensorium, and seizures) 5 (5.4%) 3 (15%) 8 (7.1%) 0.13
Laboratory parameters

Spo2 <95% 1 14 15 (13.4) 0.00001
Leucopenia (TLC <4000/mm3) 6 (6.5%) 0 (0%) 6 0.24
Neutrophilia[15] 4 (4.3%) 7 (35%) 11 <0.00001
Lymphopenia** 3 (3.3%) 7 (35%)  10 <0.00001

CrP >10 mg/l 0 6 (30%) 6 <0.00001
IL‑6 >32 pg/l 1 (1.1%) 4 (20%) 5 0.002
D‑Dimer
>1 ug/l 2 (2.2.%) 5 (25%) 7 (6.2) 0.00014
**Lymphocyte <20% of  total leukocyte count or <1,100/microliter
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Deranged coagulation profile with prolonged PT and activated 
partial thromboplastin time (aPTT) and international normalized 
ratio was seen in one case. Increased D‑dimer was seen in 6.2% 
of  cases. D‑dimer is a fibrinogen degradation product present in 
blood after fibrinolysis of  the blood clot. It is due to the activation 
of  coagulation and, hence, secondary fibrinolysis.[36] Determining 
cut‑off  values of  D‑dimer is a challenge, and values that have 
been widely adopted are 0.5 microgram/l, 1 microgram/l, 
and 2 microgram/l.[36] For our study, we used a cut‑off  of  
1 microgram/l. Though D‑dimer was elevated in a good 
number of  cases, deranged PT/aPTT and thrombocytopenia 
were seen in only one case. Thus, coagulation derangement in 
our study is not consumptive coagulopathy. These results differ 
from studies where patients with deranged coagulation profile 
primarily had Disseminated Intra‑vascular Coagulation.[37] 
However, in a few other studies also, COVID‑19 patients had 
hypercoagulability but not consumptive coagulopathy.[38] Many 
mechanisms that have been proposed for this hypercoagulability 
include increased levels of  pro‑coagulant factors, reduced levels 
of  anti‑coagulants, COVID‑19 induced anti‑phospholipid 
antibodies and complements causing microthrombosis and 
vasculitis.[39]

Abnormal lung imaging was observed in three cases with 
respiratory distress. The only radiological abnormality seen 
in the X‑ray as well as CT scan of  these patients was ground 
glass opacity. Few other major studies have shown ground glass 
opacity as the most frequent radiological abnormality in patients 
with COVID‑19 disease.[40] Though Studies have shown that 
radiological features can appear before clinical signs/symptoms 
and can be present in asymptomatic patients.[41] None of  the 
patients without respiratory distress had abnormal CT chest in 
our study. Thus, we do not recommend routine use of  CT scan 
for screening purposes.

The majority of  patients had mild severity of  disease and hence 
were treated symptomatically. Patients in respiratory distress were 
treated with oxygen supplementation via nasal prong or mask, 
while in more severe cases of  respiratory distress or respiratory 
failure, early intubation and gentle mechanical ventilation were 
preferred. Continuous Positive Airway Pressure, Bi‑level positive 
airway pressure (Bi–PAP), and high‑frequency nasal cannula were 
avoided due to the risk of  generation of  aerosols and putting 
other admitted patients and healthcare staff  at risk of  getting 
infected.

In our study, we used drugs like steroids, Tocilijumab, low 
molecular weight heparin, and Remdesivir in a small percentage 
of  patients from the moderate‑severe disease category. 
Randomized Evaluation of  COVID‑19 therapy (RECOVERY) 
trial conducted in June 2020 in the UK showed the benefits 
of  immunomodulation with steroid use in severe COVID‑19 
disease.[42] However, this study also showed the potential harm 
that steroids can cause in patients who were not on oxygen 
supplementation. COVID‑19 treatment guidelines issued by 
the National Institutes of  Health in October 2020 also advised 

avoiding systemic steroids in patients with mild‑moderate 
COVID‑19 disease.[43,44]

Only a small percentage of  patients in our study, who either 
had severe disease, extensive lung lesions, or elevated laboratory 
values of  IL‑6, were started on Tocilizumab along with steroids 
or Remdesivir and supportive treatment. Tocilizumab is a 
monoclonal antibody that selectively and competitively binds 
to the IL‑6 receptor. This blocks further IL‑6 signaling which is 
responsible for cytokine storm and lung injury.[45] Studies have 
advocated the use of  Tocilizumab in severe patients only.[46] 
However, whether it can be used solely and what time it should 
be added is still a matter of  debate. It is an expensive drug and 
comes in limited supply. Hence, its use should be very judicial.

We used Remdesivir in a small percentage of  cases only. Till 
now, no anti‑viral drug has been shown to have proven benefits 
against COVID‑19 disease, and treatment is primarily targeted 
toward immunomodulation. Remdesivir is the first anti‑viral 
drug approved by the US Food and Drug Administration for 
COVID‑19 disease.[47] However, various clinical trials have shown 
conflicting results regarding the use of  Remdesivir and its impact 
on morbidity, mortality, or hospital stay.[48]

Low molecular weight heparin was used in a small percentage of  
patients with severe respiratory distress and elevated D‑dimer. 
Studies have shown that micro and macro‑thrombosis due to 
exaggerated pro‑coagulation in COVID‑19 is more pronounced 
in the lungs. Therefore, giving low molecular weight heparin 
in such cases can prevent progression to ARDS, respiratory 
failure, and death. 43 Anti‑viral drugs have not been proven 
to be very effective in COVID‑19 disease, and more studies 
have documented the favorable role of  immunomodulation.[43] 
Therefore, more studies should be dedicated to understanding 
the role of  immunomodulation and especially drugs acting via 
IL‑6 inhibition in COVID‑19 disease.

Though many studies have been performed on COVID‑19, data 
on predicting the severity of  its infection are still limited. We 
attempted to find a relationship between clinicodemographic, 
laboratory parameters, and severity of  COVID‑19.

In our study, age group and gender did not have any significant 
association with the severity of  COVID‑19. These results are in 
tune with a few other studies.[49]

We also attempted to find an association between presenting 
complaints and the severity of  COVID‑19. Among various 
presenting complaints, symptoms of  the respiratory system 
only as presenting complaint had a significant association with 
the severity of  the disease. Few other studies have observed 
similar results.[50]

In our study, we also documented spo2 < 95% in room air at 
initial presentation to be significantly higher in moderate to 
severe COVID‑19 disease patients as compared to patients with 
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mild disease. It has been well documented that COVID‑19 can 
present with asymptomatic hypoxia initially, which progresses 
to breathlessness. By that time, the patient usually develops 
significant hypoxia.[51] Pulse oximeter can be a very valuable 
tool for primary physician who can monitor initial oxygen 
saturation (SpO2) on room air, and detect such asymptomatic 
hypoxic patients earlier, refer them promptly to higher center, 
where treatment can be started before pneumonia advances to 
the critical stage. Many studies have also shown a significant 
association between dropping levels of  initial Spo2 in room air 
and the severity of  COVID‑19 disease.[52‑54]

Further, we analyzed the association between various 
hematological parameters and the severity of  COVID‑19. It 
was observed that Leucopenia was not significantly associated 
with the severity of  the disease. Few other studies have also 
documented no significant association between both.[55,56]

Neutrophil count was elevated significantly in moderate to severe 
COVID‑19 disease as compared to mild disease. Neutrophils are 
part of  innate immunity and are recruited first during host‑viral 
interaction. As a part of  the defensive mechanism, neutrophils 
make neutrophil extracellular traps (NETs), a web‑like structure 
of  nucleic acids wrapped with histones that detain virus particles 
and protect against viral infection.[57] However, neutrophilia and 
excessive production of  NETs have been found to promote 
microthrombosis and damage multiple organs including the 
lung, heart, and kidney.[58] Studies have also shown elevated 
neutrophil count and elevated neutrophil to lymphocyte ratio 
are significantly associated with the severity of  COVID‑19.[59]

In our study, lymphopenia was significantly higher in moderate 
and severe disease than in mild disease. Similar findings were 
observed in other studies.[55,56] Various hypotheses that have been 
proposed as explanations of  lymphopenia in COVID‑19 include
(a) a high level of  inflammatory markers like IL‑6 that could 

cause lymphopenia as well as decreased cytotoxic activity of  
T‑lymphocytes.[60]

(b) Exhaustion of  T cells due to increased cell surface expression 
of  Programmed cell death protein1(PD‑1) and T cell 
immunoglobulin and mucin domain 3 (markers of  T cell 
exhaustion).[61]

(c) Destruction of  T cells due to abundance of  ACE‑2 receptors 
in T‑lymphocytes.[62]

(d) Down‑regulation of  genes responsible for T cell activation 
and function in COVID‑19 disease.[63]

In our study, we documented elevated CrP in moderate‑severe 
COVID‑19 disease that was significantly higher than in mild 
disease. C‑reactive protein is an acute phase protein produced by 
hepatocytes in response to various inflammatory mediators like 
Interleukin‑6 (IL‑6), and its values are normally less than 10 mg/l 
in healthy people.[27,28] Hence, being a cheap and easily available 
laboratory test, C‑RP levels testing of  COVID‑19 patients on and 
during admission could help assess the severity and progression 
of  COVID‑19 disease.

Our study demonstrated significantly elevated IL‑6 in 
moderate‑severe COVID disease. This result is in accordance 
with other studies where elevated IL‑6 is significantly associated 
with the severity of  COVID‑19 disease Interestingly, few studies 
have documented IL‑6 as a better biomarker for predicting 
COVID‑19 severity than C‑RP levels.[64‑66]

We attempted to analyze the association between elevated 
D‑dimer and the severity of  COVID‑19 disease. Our study 
documented a significant association between values of  
D‑dimer > 1 microgram/l and severity of  COVID‑19 disease. 
Studies have shown a significant association between higher 
D‑dimer values and the severity of  COVID‑19 disease.[64] This 
result shows that D‑dimer can be a valuable biomarker for 
predicting COVID‑19 disease severity.

Most of  the above‑mentioned blood tests are cheap, readily 
available, and easy to interpret. Primary physicians can also easily 
get these tests performed and treat patients with mild disease 
while referring cases in which laboratory tests are alarming.

Conclusion

In this study, children of  all age groups were affected by 
COVID‑19. Male and adolescent age groups were affected 
more. The majority of  the children had mild disease. Symptoms 
in children had a wide range of  spectrum. Fever and cough 
were the most common symptoms. The gastrointestinal system 
was the most common extra‑pulmonary system to be affected. 
Severe disease and mortality were not uncommon. Factors like 
respiratory symptoms as presenting complaint, SP02 < 95% on 
room air on admission, neutrophilia, lymphopenia, C‑reactive 
Protein (CrP) >10 mg/L, IL‑6 > 32 pg/L, and D‑dimer > 1 ug/L 
were significantly associated with the severity of  COVID‑19. 
While understanding of  COVID‑19 is still evolving, its spectrum 
in children is much less explored than that of  adults. In these 
modern times, when an evidence‑based approach is increasingly 
required to make decisions based on the best available evidence, 
more studies with larger sample sizes should be dedicated to 
studying the complete spectrum (epidemiology, clinical features, 
lab parameters, drugs, and final outcome) of  COVID‑19 in 
children.
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