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Coronavirus disease (COVID-19) is known to be less severe in children; however, it has caused a great deal of
anxiety among pediatricians. We aimed to understand and identify the potential risk factors, complications, and
treatment contributing to COVID-19 in the pediatric population and to determine the direct cost burden. This study
reviewed 176 patient medical records from January 2020 to August 2021 at two hospitals in coastal Karnataka.
Patients younger than 18 years with a mean age of 5 (1-12) years, irrespective of gender were included. Patient
information, such as demographics, medical history, and the direct cost of illness, was recorded in a pre-designed
data collection form. Prior contact [60.23% (n, 106)] and travel history [50% (n, 88)] were the major risk factors.
Respiratory distress syndrome [8.53% (n, 15)] was reported as the most common complication, followed by seizures
[6.82% (n, 12)]. An association between seizures and Covid encephalitis was observed, where 1.7% (n, 3) of the male
children who had seizures, developed COVID-19 encephalitis. Basic and advanced disease management programs
are the main cost drivers. The direct medical cost analysis revealed a median cost of Indian rupees 25,813 (17,358—
42,320) [USD 312.81 (210.35-512.840)] among the included patients. The current study recommends conducting

future research to determine the total cost of illness, including both direct and indirect costs.

INTRODUCTION

Coronavirus disease (COVID-19) is a virus-borne
infection arising from the severe acute respiratory syndrome
Coronavirus 2 (SARS-CoV-2 virus) [1]. In December 2019,
an unidentified pneumonia epidemic was recorded to have
emerged from Wuhan in China. Inoculation of bronchoalveolar
lavage material from patients with unexplained pneumonia into
human airway epithelial cells resulted in the discovery of a new
coronavirus, SARS-CoV-2, heretofore, acknowledged as 2019-
nCov [2]. As of April 10, 2022, over 496 million confirmed
cases and over 6 million deaths have been reported globally [3],
with India reporting 43,036 132 cases and 521,691 deaths [4].

*Corresponding Author

Sreedharan Nair, Manipal College of Pharmaceutical Sciences, Manipal
Academy of Higher Education, Manipal, India.

E-mail: nairsreedhar @ gmail.com

Commencing April 19, 2022, Karnataka disclosed that there
were 3,946,422 cases and 40,057 deaths [5] alongside Udupi,
Karnataka, reporting 95,606,cases and 546 deaths.

Although children have accounted for a small
proportion of COVID-19 infections [6], families with higher
infection rates due to Delta [ 7], along with increased vaccination
rates in older adults, are causing the infection frequency in
younger age groups [8,9]. However, most of the children’s
conditions remain mild. This can result from children’s nasal
epithelial tissue exhibiting lesser amounts of the Angiotensin-
converting enzyme 2 supermolecule (where SARSCoV2
connects to the cells), with expression rising as they get older
[10,11]. Due to lower vaccination rates in adolescents, current
epidemiology suggests that young adults, rather than children,
are more likely to constitute a core of increased transmission [ 12].
Immunization, according to the Centers for Disease Control and
Prevention (CDC), is predicted to diminish the complications
of the virus, such as long-term COVID-19 and multisystem-
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inflammatory syndrome (MISC) syndrome [13]. Reports of
MISC among fully vaccinated children are infrequent, and they
can assist in averting significant COVID-19 ailments, such as
hospitalizations, critical care admissions, and morbidity. This
reinforces the view that COVID-19 immunization prevents the
occurrence of complications.

Hypoalbuminemia is a sign of poor outcomes in
chronically unwell children [14] with COVID-19. Previous
analysis has linked hypoalbuminemia to vascular illness and
mortality [15,16]. In distinction to a previous study [17], we
tend to fail to determine hypoalbuminemia in kids with milder
infection; however, we tend to realize hypoalbuminemia in kids
was observed in critical illness, like those with MISC [18],
where it is predicted to be higher. Albumin of less than 3.0 g/
dl is considered a highly inflammatory state and is observed
in pediatrics with severe COVID-19 who require critical care
[19]. Several studies have shown that even though COVID-19
is regarded as a mild infection in the pediatric population, it
has caused a considerable number of complications, including
respiratory distress syndrome (RDS) [20,21] and MISC
[22,23], being reported to be the most common complication.
In contrast, others included COVID-19 pneumonia [24] and
neurological complications such as Guillain—Barre syndrome
(GBS) [25,26] and COVID-19 encephalitis [27]. Several costs
are involved in the treatment of COVID-19 in children. Some
of these include admission, consultation, super-specialization
for children, laboratory, nursing, and medication charges.
With respect to a Korean study [28], individual treatment
expenditures for youngsters with COVID-19 under the Korean
National Insurance Service System are calculable to be around
USD 2,192. COVID-19 treatment techniques tailored to every
age bracket could save expenses and improve the effectiveness
of resource allocation. COVID-19-related monetary difficulties
could push additional families into difficult financial situations,
pushing them to ration food and choose cheaper, unhealthy food
options to pay for other essentials such as rent and prescriptions.

MATERIALS AND METHODS

Study design

This was a retrospective observational study. The
study was carried out at Kasturba Hospital, Manipal, and Dr.
TMA Pai Hospital, Udupi, Karnataka. Before conducting the
study, the necessary ethical approval was obtained from the
Institutional Ethical Committee of Kasturba Hospital, Manipal
(IEC 623/2021). In addition, the study was registered with the
Clinical Trial Registry of India (CTRI) under the registration
number CTRI1/2022/01/039676. The total sample consisted of
176 pediatric patients admitted to these hospitals between March
2020 and August 2021 and included pediatric patients of both
genders, less than 18 years of age with a confirmed diagnosis
of COVID-19 by reverse transcription-polymerase chain
reaction test (RT-PCR). Patients on other alternative medicine
systems such as Ayurveda, homeopathy, and Unani systems
and incomplete medical records were excluded. The data were
collected from patient case records and finance records. The
financial data were collected on how much was spent during the
patient’s hospitalization on medicines, nursing, bed, physician

charges, and personal protective equipment (PPE) kit. The costs
spent on the various laboratory tests and Intensive Care Unit
(ICU) admission were collected.

Statistical analysis

Statistical analysis was done using SPSS version 20.0
(IBM Corp., Armonk, NY). The chi-square test was used, and
statistical significance was determined at p < 0.05. Cost analysis
was performed using all continuous variables. The mean SD
and median interquartile range were analyzed.

RESULTS

Frequency of lab tests and the relation between gender,
complications, and risk factors

The present study comprised 176 COVID-19-positive
patients from two hospitals. 43.75% (n, 77) of females were
confirmed either by RT-PCR or by Rapid Antigen Test (RAT)
test. The children were found to be 5 (1-12) years old and were
hospitalized for 6 (3-9) days. The most common diagnostic test
performed was aspartate transaminase (AST) [36.9% (n, 65)]
while the least was d-dimer [8.5% (7, 15)]. As shown in Table 1,
of'the 176 children, 60.23% (n, 106) had a history of association
with a COVID-19 case while 50% (n, 88) had a travel history.
Out of our study population, 87.5% (n, 154) were symptomatic
patients, 71.60% (n, 126) were admitted to the pediatric ward,
and 28.4% (n, 50) were on ICU admissions.

COVID-19 complications and outcomes

Among 176 children, 33.53% (n, 59) children had
COVID-19 complications as mentioned in Table 2. The majority
of the children, i.e., 89.20% (n, 157) had improved from
COVID-19 infection with only mild symptoms. Nonetheless,
2.84% (n, 5) children had expired as a result of COVID-19
and its complications, such as multiple organ failure, viral
encephalitis, and RDS, whereas 5.11% (n, 9) children remained
unchanged unaffected by COVID-19 symptoms during their
hospital stay, and 2.84% (n, 5) children were discharged against
medical advice.

Treatment pattern for COVID-19 in pediatric patients

Paracetamol [36.0% (n, 64)] was the most commonly
used drug followed by Oral/iv corticosteroids [20.5% (n, 36)]
(methylprednisolone, hydrocortisone, and dexamethasone) and
anticoagulants [9.0% (n, 16)] (Table 3).

Direct cost burden of COVID-19 on pediatric patients

The medications were found to be one of the common
reasons for the financial burden on the pediatric population and
on their parents/guardians with the total cost of COVID-19
drugs and non-COVID-19 drugs amounting to Indian rupees
(INR) 2,183.06 (1,099.23-13,032.64) [USD 26.95 (13.57-
160.87)] and INR 1,631.48 (192.0-6,533.84) [USD (20.14
(2.37-80.65)], respectively, and the direct cost burden in our
study for the COVID-19 therapy in Kasturba Hospital, Manipal,
and TMA Pai Hospital, Udupi, was calculated to be with a mean
of INR 25,813 (17,358-42,320) [USD 318.64 (214.27-522.4)].
The cost for asymptomatic patients amounting to INR 19,008.50
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Table 1. Relation between gender, complications, and risk factors.

Variables Number of patients Gender p-value
n (%) Male n (%) Female n (%)
Presence of complications
Yes 59(33.5) 40(22.7) 19(10.8) 0.041%*
No 117(66.5) 53(30.1) 64(36.4)
History of contact
Yes 106(60.2) 62(35.2) 44(25.0) 0.027*
No 70(39.8) 29(16.5) 41(23.3)
History of travel
Yes 88(50.0) 53(30.1) 35(19.9) 0.024*
No 88(50.0) 38(21.6) 50(28.4)
*p-value, p <0.05.
Table 2. Frequency of complications.
Complication Total of 176 patients Male Female
n (%) n (%) n (%)
RDS 15(8.5) 12(6.8) 3(1.7)
MISC 10(5.7) 5(2.8) 5(2.8)
Seizures 12(6.8) 10(5.7) 2(1.1)
COVID-19 encephalitis 6(3.4) 5(2.8) 1(0.6)
GBS 2(1.1) 1(0.6) 1(0.6)
Shock 3(1.7) 2(1.1) 1(0.6)
COVID-19 pneumonia 11(6.3) 5(2.8) 6(3.4)

COVID-19 encephalitis, Coronavirus encephalitis; COVID-19 pneumonia, Coronavirus pneumonia; GBS, Guillan-

barre syndrome; MISC, Multisystem inflammatory syndrome in children; RDS, Respiratory Distress Syndrome.

Table 3. Frequency of COVID-19 medications used.
COVID-19 medications Total of 154 patients
n (%)
Oral/iv corticosteroids 36 (20.5)
Inhaled corticosteroids 13 (7.3)
HCQ 1(0.5)
Remdesivir 2 (1.1)
Vasopressors 9(5.1)
Azithromycin 13 (7.4)
Anticoagulants 16 (9.0)
Paracetamol 64 (36.0)

COVID-19 medications, Coronavirus medications; HCQ, Hydroxychloroquine;
i.v, intravenous.

(14,303.50-22,210.00) [USD 234.64 (176.56-274.16)] while
symptomatic patients amounting to INR 31,435.50 (21,184.00—
61,721.25) [USD 388.04 (261.5-761.89)]. On the other hand,
the cost of therapy for patients who were admitted to the ICU
amounted to INR 70490 (45,595-105,309) [USD 870.13
(562.82-1,299.93)] in comparison to INR 21,507 (15,700—
29,511) [USD 265.48 (193.8-364.28)] for patients who were
admitted to the pediatric wards. Table 4 shows a detailed
economic breakdown of all the components involved.

DISCUSSION

There is a fair amount of information available for adult
COVID-19 patients regarding the complications, comorbidities,
and treatment; however, the data for pediatric COVID-19 is
limited. As a result, our study aimed to assess the comorbidities,
complications, treatment patterns, and the direct cost of illness
in pediatric patients hospitalized with COVID-19. Our study’s
findings were seen to be consistent with many other research
findings. For instance, a study conducted by Chua et al. [29] found
that 55.4% of the infected patients were male, similar to our study’s
findings where 51.7% of the patients were male. Simultaneously,
according to a multicentre study in Italy, the age was reported to be
similar to the median age as reported in our study [30].

The patients’ COVID-19 test results were all positive
for the virus, similar to results for adults, even though 12.5%
of them were found to be asymptomatic Other most commonly
used diagnostic tests for pediatrics include AST (36.9%),
alanine transaminase (ALT) (23.86%), C-reactive protein
(CRP) (25.57%), total bilirubin (15.9%), direct bilirubin
(15.9%), albumin (14.47%), and d-dimer (8.5%), which were
consistent to the studies described by Samprathi ef al. [31] and
Cui et al. [32]. The diagnostic tests confirmed that in mild cases,
creatine kinase-MB was mostly seen to be elevated while CRP,
procalcitonin, and lactate dehydrogenase levels were frequently
elevated in severe disease. Leukocyte indices in children were
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Table 4. Direct cost of illness components.

Cost component

COVID-19 [INR(USD)]

Admission charges

Admission
documentation charges

Miscellaneous charges*

PPE charges

COVID-19 antigen test
COVID-19 package
Chest X-ray
Ferritin

AST

ALT

D-dimer

CRP

Total bilirubin
Direct bilirubin
Creatinine
Albumin

Blood gas analysis
Vasopressor agents
Anticoagulants
Doxycycline
Paracetamol
Steroids
Levetiracetam
Budesonide

HCQ
Azithromycin

Cetirizine

Montelukast + cetirizine

Remdesivir

Mefenamic acid

200(200-300) [USD 2.4(2.4-3.7)]
150(150-300) [USD 1.8(1.8-3.7)]

3,940(NE) (USD 48.6)

5,291.49(1,580.91-14,977.5)
[USD 65.3(19.5-184.9)]

400(NE) [USD 4.9]
58,750(37,150-89,875)[USD 725(458—1,109)]
250(NE) [USD 3.08]
360(360-645) [USD 4.4(4.4-7.9]
110(110-155) [USD 1.3(1.3-1.9)]
110(110-155) [USD 1.3(1.3-1.9)]
880(570-1,760) [USD 10.8(7.03-21.7)]
145(140-280) [USD 1.7(1.72-3.4)]
80(80-90) [USD 0.9(0.9-1.1)]
80(80-90) [USD 0.9(0.9-1.1)]
110(80-120) [USD 1.3(0.9-1.4)]
110(NE) [USD 1.3]
440(440-1,270) [USD 5.4(5.4-15.67)]
14.78 (12.175-285.285) [USD 0.18(0.15-3.52)]
135.5 (128-583.35) [USD 1.67(1.5-7.2)]
118.3 (70-164.34) [USD 1.4(0.86-2.02)]
34.71 (18.44-58.8) [USD 0.4(0.22-0.7)]
67.83 (32.64-607.45) [USD 0.83(0.4-7.4)]
407.68 (147.74-757.86) [USD 5.02(1.8-9.3)]
282.24 (213.93-546.71) [USD 3.4(2.6-6.7)]
105.92 (NE) [USD 1.2]

55.295 (50.47-136.73)[USD 0.6(0.6-1.6)]
10.8 (7.2-49.6)[USD 0.13(0.08-0.6)]

226 (89.75-742.28)[USD 2.7(1.1-9.1)]
41.24.5 (899-7350)[USD 0.5(11.09-90)]
33.5 (NE)[USD 0.4]

*Miscellaneous charges include, bed charges, nursing charges, doctor
consultation charges, and housekeeping charges.

ALT, Alanine transaminase; AST, Aspartate transaminase; CRP, C-reactive
protein; COVID-19 antigen test, Coronavirus antigen test; COVID-19 package,
Coronavirus package; INR, Indian rupees; USD, United State Dollar, PPE,
Personal protective equipment.

not consistent, unlike the reports in adults that note specific
leukocyte trends, as per earlier COVID-19 studies [33]. Fisler
et al. [34] and Guo et al. [35] conducted retrospective studies
in two New York city pediatric hospitals and found that 39% of
the total patients were admitted to the pediatric intensive care
unit (PICU). These results were similar to our finding of 28.4%
PICU admissions.

A study by Guo et al. [35] found that 66% of pediatrics
were infected with COVID-19 via a family member, which is
on par with the results we concluded, showing a 60.22% history
of contact. On the other hand, thyroid, cardiovascular, liver,

respiratory, renal disorders, dehydration, immunocompromised,
iron deficiency anemia, and malnutrition were observed in
26.15% of our patients, while a previous study conducted by
Prata-Barbosa ef al. [36] concluded that 41% of the patients had
comorbidities which included predominantly neuromuscular
diseases (30%), chronic respiratory disease (20%), once-
hematological disease (20%), congenital heart defect (13%),
diabetes (7%), chronic liver disease (3%), undernutrition (13%),
and obesity (3%). Subsequently, we reported that 43.18% of
patients suffered from complications caused by COVID-19,
which included RDS, MISC, seizures, COVID-19 encephalitis,
GBS, shock, and pneumonia. Whereas a study by Garazzino et al.
[30] reported 19.6% complications, including pneumonia, severe
acute respiratory illness, gastroenterological complications, and
neurological complications. These differences are likely due to
the small sample size at our hospital during the study period.

As per the guidelines for the management of COVID-19
in children, Ministry of Health and Family Welfare Government
of India, corticosteroids (methylprednisolone, hydrocortisone,
and dexamethasone) were administered to 20.45% of the patients
in our study, compared to 7.6% in a study by Garazzino et al.
[30] in Italy. Remdesivir was used in 1.1% of the patients in our
study, which was consistent with another study in Europe that
reported 3% use [37]. hydroxychloroquine (HCQ) was used in
0.5% of the patients in our study, which is significantly lower
than the 7%—47% reported in the other studies [30,36,37]. De
Jacobis et al. [38], reported that 44% of the patients received
paracetamol, whereas we concluded that 36.3% of the patients
received paracetamol. An observational cohort study performed
by Korkmaz et al. [39] in Turkey, found that 7.3% of the patients
received inhaled corticosteroids; however, just 2% of our
pediatric patients received inhaled corticosteroids. Kainth et al.
[40], reported the use of vasopressors to be 12% in US Children’s
hospitals, and according to a previously performed study in Italy
[32], the use of anticoagulants was reported to be 9%, both of
which were significantly lower in our study by 5.1% and 6.5%,
respectively. Furthermore, Shekerdemian et al. [41] reported that
azithromycin was used in 17% of the patients. However, only a
handful (7.38%) of the pediatric patients received azithromycin
in our study. Not enough studies support the use of vitamin C,
vitamin D, and zinc in children with COVID-19. Moreover,
Lee et al. [28] reported the mean direct cost of treatment to be
2,192 USD in Korea, while on the other hand, we observed that
the mean direct cost of treatment in our study was INR 25,813
(17,358-42,320) [USD 312.81 (210.35-512.84)].

CONCLUSION

COVID-19 has had a significant impact on both the
adult and pediatric populations. The main cost drivers are PPEs,
advanced and basic disease management programs, and d-dimer.
While most children were fortunate to have only a minor
infection and recover without any major concerns, some have
had a significant illness and have died as a result of COVID-19
complications. The most frequently reported complication of
COVID-19 was respiratory distress followed by seizures. Early
identification of the specific features of severe pediatric patients
and timely treatment is crucial. The current study recommends
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conducting future research to determine the total cost of illness,
including both direct and indirect costs.

LIMITATIONS OF THE STUDY

The study’s small sample size but diverse age group
and heterogeneity characteristics may jeopardize the research’s
findings. Another limitation was that the COVID-19 diagnosis
in the hospital was not classified (mild, moderate, or severe),
so we were unable to identify the class of infection suffered by
the children. Furthermore, the study was conducted in India;
therefore, it is impossible to extrapolate the costs of medical
care and the available treatments to other nations.
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