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ABSTRACT

Background: The role of children in transmitting the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus is
difficult to ascertain and the consequences remain unclear. This is necessary for public health or infection control purposes. The
objective of this study was to describe the epidemiological, month-wise trends and clinical characteristics of coronavirus disease
2019 (COVID-19) infection among children in a tertiary care hospital. Materials and Methods: A cross-sectional study was performed
on all pediatric samples of suspected cases of SARS-CoV-2 infection. The samples were received from the adjoining districts and
our Institution in the Department of Microbiology from June to November 2020. Cases were then confirmed by real-time reverse
transcriptase-polymerase chain reaction. Results: Of the total 62,030 pediatric samples tested, 847 (1.3%) were SARS-CoV-2 positive.
The majority of positive cases were between the ages of 11-15 years. The median age of confirmed patients was 14 years. The
male to female ratio was 1.5:1. Infants represented 1.6% of the positive cases. About 62.1% of all positive cases were asymptomatic.
Childhood cases increased from June 2020 and peaked in September 2020 before declining. Conclusion: Children of all ages
appeared susceptible to COVID-19 and accounted for a very small proportion of confirmed cases. Mostly, children were found to
be asymptomatic. Young children can be important transmitters of SARS-CoV-2 infection in the general population. This population
can be important for targeting immunization efforts throughout a rapidly evolving situation. Our findings provide further evidence
of the distribution of infection in children and the transmission of SARS-CoV-2.
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Introduction

Coronavirus disease 2019 (COVID-19) which started from
Wuhan city, and spread across China, in December 2019 is a
novel infectious disease of zoonotic origin.!"! The disease was
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declared a pandemic on March 11, 2020, by the world health
organization (WHO), affecting the everyday life and routine
working conditions of millions of people actoss the world,”
and has represented a considerable change in the health of
families and children.®! Around 65.8 million cases and 1.5
million deaths have been reported globally, as of December 8,
2020." Cotronaviruses comptise a large family of enveloped,
non-segmented, single-stranded positive-sense RNA viruses
with a genome size of approximately 30 kb.”! They belong to the
family Coronaviridae, order Nidovirales. The genome of severe acute
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respiratory syndrome coronavirus 2 (SARS-CoV-2) encodes four
major structural proteins, including spike (S), membrane (M),
envelope (E), and nucleocapsid (N).1 Among them, SARS-CoV-2
uses S protein to bind to its host cell membrane receptor
angiotensin-converting enzyme 2 (ACE2) for virus entry.” Modes
of disease transmission are through direct contact with surfaces
and fomites soiled with secretions of infected individuals,
inhalation of droplets produced by patients during coughing and
sneezing."! Nucleic acid testing is the main method of laboratory
diagnosis. SARS-CoV-2 nucleic acid can be detected by real-time
reverse transcriptase-polymerase chain reaction (RT-PCR) or
by viral gene sequencing of nasal/pharyngeal swabs, sputum,
stool, ot blood samples.®! Not enough data segregated by age,
geography, and nationality are impeding efforts to fully assess the
prevalence of infection, clinical manifestations of COVID-19
in children, but also the role of children in the transmission
of COVID-19.”1 Although data from countries recovering
from huge outbreaks of COVID-19 infection show that most
children have mild clinical manifestations and rarely develop a
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severe or critical illness, or show increased mortality.
COVID-19 surveillance data show a low rate of hospitalization
among children (8.0 per 100,000 population) compared with
adults (164.5 per 100,000 population),'!! with a case-fatality rate
in children varying between <0.5% and 5%.''4 The fatality rates
may vary depending upon the differences in worldwide healthcare
services and/or epidemiological features of patients; the
regularity of diagnostic screening in children with no symptoms
ot mild symptoms may also affect the rate.”) Many other reasons
have been detailed for the low prevalence of COVID-19 among
children. Potential biological differences in susceptibility to
SARS-CoV-2 infection may exist.”? The expression of ACE2
receptors is teduced in the respiratory tract in children." Age
varying susceptibility of COVID-19 infection in children could
result from immune-cross protection from other respiratory
viruses!™ and less intense cytokine storm from the immune
system."l Lack of extensive testing in children, focusing on
testing in adults and those with sevete symptoms,!") may reflect
different practice patterns other than disease biology.l"" Most
coronavirus species demonstrate a seasonal pattern. Despite
all our endeavors and measures to contain the virus, due to
its mutational escalation, it appears to be spreading globally,
breaching all climate and environmental bartiers."” The disease is
not yet under control, as many countries are facing a resurgence
of the disease in the adult and the pediatric population as of now
which needs virtual primary care from healthcare professionals
at the basic level. COVID-19 studies are imperative as for the
unknown influence of the disease on child health, transmission,
risk factors, complications that atre yet to be evaluated fully. In
this study, we report the epidemiological characteristics and
month-wise trend analysis in North India.

Materials and Methods

A hospital-based cross-sectional study was performed on all
the samples of suspected cases of SARS-CoV-2 infection. The
samples were received from the adjoining districts and our
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institution in microbiology department during the outbreak
from June 1 to November 30, 2020. All the samples for
the COVID-19 test of children of age up to 18 years were
included in the present study. Following samples were excluded;
duplicate samples, missing data for age, gender not mentioned.
A laboratory-confirmed case is a person with laboratory
confirmation of COVID-19 infection, irrespective of clinical
features." After receiving the samples in the laboratory,
they were subjected to RNA extraction by automation using
MagMax™ Viral/Pathogen nucleic acid isolation kit (Thermo
Fisher Scientific Inc. Waltham, Massachusetts, USA), as per the
manufacturer’s protocol. Cases were then confirmed by RT-PCR
of the respiratory specimen (nasopharyngeal and oropharyngeal
swabs), targeting E, N, ORF7ab, RdRp encoding genes using
RT-PCR kits approved by ICMR-NIV Pune (like LabGun™,
COVISure Genetrix, ARGENE® SARS-COV-2 R-GENE®) as
per the manufacturer’s protocol performed on ABI 7500 Fast
Dx RT-PCR thermal cycler (Applied Biosystems, USA). Patient
demographic characteristics, type of exposure (travel, contact
history, and visiting public places), temporal distribution, and
clinical symptoms were noted from the laboratory records. Ethical
approval was obtained from the Institutional Ethics Committee
with the ethical clearance number 235/2020-21. Informed written
consent was taken from all participants/guardians and assent
was taken from the subject. Data were de-identified, coded, and
recorded in the Microsoft® Excel spreadsheet program. The
analysis was performed with statistical software using statistical
package for the social sciences (SPSS) version 24.0 by IBM,
USA. Descriptive statistics were elaborated using a median and
interquartile range for continuous variables; frequencies and
percentages for categorical variables.

Results

Between June 1 and November 30, 2020, a total of 62,030
pediatric samples were tested for SARS-CoV-2; of which
847 (1.3%) had positive test results, 54079 (87.1%) were negative,
and 7104 (11.5%) had inconclusive results [Figure 1, Table 1]. The
median age of childhood cases was 14 years (interquartile range:
8 years). Among all positive cases, 518 (61.1%) were male patients
and 329 (38.8%) were female patients, with a male to female ratio
of 1.5:1. Infants represented 14 (1.6%) cases, 83 (9.7%), were of
age 1-5 years, 183 (21.6%) were of age 6—10 years, with children
of age 11-15 years were 286 (33.7%) and older children up to
18 years were 281 (33.1%) [Table 1]. The COVID-19 disease
was confirmed across the full breadth of age categories — from
infants through adolescence. Clear patterns of an age-based
exponential increase in COVID-19 cases have been observed in
all age groups until August 2020. Age group 11-15 years showed
the maximum number of cases in September 2020, with a steep
drop thereafter [Figure 2]. In the temporal distribution, using
the summer and autumn data, in June 2020, 14.5% confirmed
cases were reported reaching the highest 24.7% in September
2020; the percentage of positive results then decreased in the
two consecutive months, reaching the lowest in November 2020
to 8.8%. The test volume neatly rose 5.5 times, from 3001 tests
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Total samples of COVID-19 suspected cases received in the
Microbiology department from June 1 to November 30, 2020

n=304047

Screened for age up to
18 years and gender Samples excluded (adults
n=62030 and duplicates) n=242017

RT-PCR nucleic acid detection

Positive cases Negative cases Inconclusive cases
n=847 n=54079 n=7104

(“microbiology samples” included in the study)

History collected from records
Data entry and statistical
analysis

Figure 1: Study Flow Diagram

Table 1: Demographic characteristics and clinical status
of SARS-CoV-2 paediatric cases, Jul-November 30,
2020

Total number of cases, n (%)

Characteristics

Test Result

Positive cases 847 (1.3)
Negative cases 54079 (87.1)
Inconclusive cases 7104 (11.5)
Age distribution (years)
<1 14 (1.6)
1-5 83 (9.7)
6-10 183 (21.6)
11-15 286 (33.7)
16-18 281 (33.1)
Sex
Male 518 (61.1)
Female 329 (38.8)
Clinical status
Yes (symptomatic) 60 (7.0)
No (asymptomatic) 526 (62.1)
Unknown/missing values 261 (30.8)
Exposure history
Travel history 49 (5.7)
Contact with COVID-19 +ive case 2406 (29)
Random selection 358 (42.2)
Public places 155 (18.2)
Contact with a health care worker 4(0.4)
Unknown/missing values 35 (4.1)

performed in June to a peak of 16,790 tests in October, and then
plateaued during November 2020 [Figure 3]. Of the 847 positives,
29% were contacts of laboratory-confirmed cases, 5.7% had
a history of travel, 18.2% had been exposed to public places
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Figure 2: COVID-19 month-wise trends among children of different
age-groups, June 01 to November 30, 2020

and 42.2% were randomly selected for testing at the screening
centers, 0.4% had a history of contact with healthcare workers.
Data of contact exposure were missing in 4.1% [Table 1]. Among
COVID-19 positive children, 7% reported symptoms, 62.1%
wete asymptomatic, and information on symptoms was missing
or unknown for 30.8% [Table 1]. The most prevalent symptom
was fever reported in 38 (63.3%) of the cases, followed by cough
in 26 (43.3%), sore throat in 6 (10%), and shortness of breath
in 5 (8.3%) [Table 2].

Discussion

COVID-19 pandemic caused by SARS-CoV-2 has led to major
health and socio-economic crisis.”! This highly communicable
disease led many organizations and health administrations to
adopt strict protective regulations and measures to contain
its spread.l'” We have provided an initial assessment of
epidemiological features and month-wise trend analysis in
children suspected of COVID-19 infection. In our study, we
found a small proportion of 1.3% of children affected by the
disease. This is in concordance with many published summaries
that have predominantly highlighted that children represent a
small proportion of <2% of COVID-19, including hospital
admissions and mortality.”” It is plausible that selection bias,”!"
exposure, and host factors?'! play a role in a lower risk of
COVID-19 in children. This can also be related to mitigation
measures such as the closure of schools.’! In addition, the
dissimilarity in the localization, maturation, and functioning
of viral receptors such as ACE2 is frequently mentioned as a
probable reason for the difference in incidence between children
and adults.” Our results showed that most of the children
were asymptomatic, these results are supported by a study
done in China.™ This might be due to that, there are no typical
symptoms in children, because of which parents may not seek
healthcare, or uncertainty about the presentation of symptoms
may lower the index of suspicion among the clinicians.? The
presenting symptoms in children with COVID-19 infection
have been well described in the literature.”

consistent with these previous reports with similar percentages
23]

1 Our results are
of clinical symptoms of fever, and cough.l'! Ma e all
besides clinical symptoms have also analyzed the use of the

imaging method chest CT scan, as a helpful tool to identify
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Figure 3: Percentage of COVID-19 Positive cases and test volume,
June 01 to November 30, 2020

and distinguish COVID-19 pneumonia. They further do
not recommend its use in children, unless it is necessary for
low-dose ionizing radiation hazards. Infants were found to be
less vulnerable to infection, with a minimum number of cases
1.6%, and the majority of positive cases 33.7% were between the
ages 11-15 years with male predominance. A study conducted by
Dong ez al?" observed more boys than gitls were affected, which
is consistent with our results. The COVID-19 pandemic has led
to unprecedented challenges to public health systems in all parts
of the world.” In India, on May 30, 2020, it was announced that
lockdown restrictions were to be lifted from then onwards.?” By
this country-wide COVID-19 relaxation in mitigation measures,
we found the cases approximately doubled in children of age
6-10 year and 11-15 year age groups, from June to September
2020, suggesting that young children might be playing an
increasingly important role in community transmission.” In
some studies, the transmission was found to be generally family
acquired.!"*? Respiratory viruses including coronaviruses sustain
a high incidence of transmission during winter.!! Coronaviruses
undergo persistent mutations and recombination, with new
vatiants evolving that can cross the species barrier.” In the
Indian temperate climate, there was a trend of a gradual rise in
cases during the summer months. However, we found discordant
results from the study done in England, in which they found
cases to decline towards summer.!'! Although the disease has
an asymptomatic course, some studies have reported that
children with post-COVID complications such as vasculopathy,
coagulopathy, interstitial pneumonia, exacerbation of arthritis,
and neurological disorders."” Studies have shown high rates
of seroconversion in children which may help in deciding the
mitigation norms on children and establishing other social
activities among them.P"

During the analysis of this study, already mutant strains and
more infectious variants of the virus were been reported from
Europe and other parts of the world, opening new dimensions
of the virus. Under the existing circumstances, the findings of
this study must be interpreted with prudence, and as such the
findings are not globally generalizable. This study also has a few
limitations. First, we were not able to assess the clinical severity
of COVID-19 in pediatric patients. Second, this study could
not report patient hospitalization rates and clinical outcomes,
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Table 2: Clinical symptoms of SARS-CoV-2 paediatric
cases, June 1-November 30, 2020

Symptoms Total number of cases=60 (%)*
Fever 38 (63.3)

Cough 26 (43.3)

Sore throat 6 (10.0)

Shortness of breath 5(8.3)

*Multi-response

which would be helpful data for clinicians in further managing
the treatment of the disease in children.

Conclusion

Although children of all ages appeared susceptible to COVID-19,
in this study, we report a proportional age breakdown of
COVID-19 infection in children, with mostly the disease affecting
in early adolescence. Children usually act as asymptomatic carriers
of the disease, raising the possibility of viral transmission and
contributing to the pandemic. SARS-CoV-2 seems to have mild
clinical features, commonly presenting with fever in children, and
has shown to have male predominance. The rise of pediatric cases
in summer indicates that SARS-CoV-2 is not restricted to winter
but will continue to circulate year-round. These results can help and
provide critical initial efforts for monitoring trends and assessment
of mitigation strategies and vaccination prophylaxis in children.
Further research needs to be done to identify the determinants
of morbidity and mortality in children, discover and develop new
treatment modalities, and ameliorate clinical outcomes.

Key message

Researchers are still searching for answers to questions, which
novel coronavirus has evoked. Nevertheless, COVID-19
has affected the lives of millions of children, awaiting their
education to resume, accumulating evidence from the pandemic
shows that children are less vulnerable to the disease and less
frequently symptomatic. The study will help to adapt and improve
COVID-related child healthcare strategies in the community.

Declaration of patient consent

The authors certify that they have obtained all appropriate
patient consent forms. In the form the patient(s) has/have
given his/her/their consent for his/het/their images and other
clinical information to be reported in the journal. The patients
understand that their names and initials will not be published and
due efforts will be made to conceal their identity, but anonymity
cannot be guaranteed.

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.

Volume 11 : Issue 2 : February 2022



10.

11.

12.

13.

14.

15.

Mussadiq, et al.: Epidemiology and trend of COVID-19 outbreak among children

References

Zimmermann P, Curtis N. Coronavirus infections in children
including COVID-19: An overview of the epidemiology,
clinical features, diagnosis, treatment and prevention
options in children. Pediatr Infect Dis J 2020;39:355-68.

Zhang N, Li C, Hu Y, Li K, Liang J, Wang L, et al. Current
development of COVID-19 diagnostics, vaccines and
therapeutics. Microbes Infect 2020;22:231-5.

Rajmil L. Role of children in the transmission of the
COVID-19 pandemic: A rapid scoping review. BM]J Paediatr
Open 2020;4:e000722.

World Health Organization (WHO). COVID-19 Weekly
epidemiological update- 8 December 2020. Available
from: https://www.who.int/publications/m/item/weekly-
epidemiological-update-8-december-2020. [Last accessed
on 2020 Jan 19].

Weiss SR, Navas-Martin S. Coronavirus pathogenesis and
the emerging pathogen severe acute respiratory syndrome
coronavirus. Microbiol Mol Biol Rev 2005;69:635-64.

Vijgen L, Keyaerts E, Moés E, Thoelen I, Wollants E, Lemey P,
et al. Complete genomic sequence of human coronavirus
0C43: molecular clock analysis suggests a relatively
recent zoonotic coronavirus transmission event. J Virol
2005;79:1595-604.

Sankar J, Dhochak N, Kabra SK, Lodha R. COVID-19 in
children: Clinical approach and management. Indian J
Pediatr 2020;87:433-42.

Kubina R, Dziedzic A. Molecular and serological tests for
COVID-19. A comparative review of SARS-CoV-2 coronavirus
laboratory and point-of-care diagnostics. Diagnostics (Basel)
2020;10:434.

Mofenson LM, Idele P, Anthony D, You D, Luo C, Peterson S.
The evolving epidemiologic and clinical picture of
SARS-CoV-2 and COVID-19 disease in children and young
people. UNICEF Off Res 2020;7:1-43.

Ladhani SN, Amin-Chowdhury Z, Davies HG, Aiano F,
Hayden I, Lacy J, et al. COVID-19 in children: Analysis
of the first pandemic peak in England. Arch Dis Child
2020;105:1180-5.

Centers for Disease Control and Prevention. Information
for Pediatric Healthcare providers. 2020. Available from:
https://www.cdc.gov/coronavirus/2019-ncov/hcp/
pediatric-hcp.html. [Last accessed on 2020 Jan 19].

Balasubramanian S, Rao NM, Goenka A, Roderick M,
Ramanan AV. Coronavirus disease 2019 (COVID-19) in
children-What we know so far and what we do not. Indian
Pediatr 2020;57:435-42.

Kang SJ, Jung SI. Age-related morbidity and mortality among
patients with COVID-19. Infect Chemother 2020;52:154-64.

Steinman JB, Lum FM, Ho PP, Kaminski N, Steinman L.
Reduced development of COVID-19 in children reveals
molecular checkpoints gating pathogenesis illuminating
potential therapeutics. Proc Natl Acad Sci U S A
2020;117:24620-6.

Waltuch T, Gill P, Zinns LE, Whitney R, Tokarski J, Tsung JW,
et al. Features of COVID-19 post-infectious cytokine
release syndrome in children presenting to the emergency
department. Am J Emerg Med 2020;38:2246.e3-6. doi:
10.1016/j.ajem.2020.05.058.

Journal of Family Medicine and Primary Care

546

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Bailey LC, Razzaghi H, Burrows EK, Bunnell HT, Camacho PE,
Christakis DA, et al. Assessment of 135 794 pediatric
patients tested for severe acute respiratory syndrome
coronavirus 2 across the United States. JAMA Pediatr.
2021;175:176-84. doi:10.1001/jamapediatrics.2020.5052.

Audi A, Allbrahim M, Kaddoura M, Hijazi G, Yassine HM,
Zaraket H. Seasonality of respiratory viral infections: Will
COVID-19 follow suit? Front Public Health 2020;8:567184.

World Health Organization (WHO). 2020. Public health
surveillance for COVID-19: Interim guidance, 7 August
2020. Available from: https://apps.who.int/iris/
handle/10665/333752. [Last accessed on 2020 Jan 19].

Khurana A, Kaushal GP, Gupta R, Verma V, Sharma K,
Kohli M. Prevalence and clinical correlates of COVID-19
outbreak among healthcare workers in a tertiary level
hospital. medRxiv 2020. doi: https://doi.org/10.1101,/202
00.07.21.20159301.

DeBiasi RL, Song X, Delaney M, Bell M, Smith K, Pershad ],
et al. Severe coronavirus disease-2019 in children and young
adults in the Washington, DC, Metropolitan region. J Pediatr
2020;223:199-203.el. doi: 10.1016/j.jpeds.2020.05.007.

Dong Y, Mo X, HuY, Qi X, Jiang F, Jiang Z, et al. Epidemiology
of COVID-19 among children in China. Pediatrics
2020;145:¢20200702. doi: 10.1542/peds.2020-0702.

Lee PI, Hu YL, Chen PY, Huang YC, Hsueh PR. Are children
less susceptible to COVID-19? J Microbiol Immunol Infect
2020;53:371-2.

Song W, Li J, Zou N, Guan W, Pan J, Xu W. Clinical features
of pediatric patients with coronavirus disease (COVID-19).
J Clin Virol 2020;27:104377.

Kulkarni SV, Chauhan H. COVID-19 in different age groups
of children: Initial impression from integrated disease
surveillance programme (IDSP) under National Centre for
Disease Control (NCDC). Indian J Pediatr 2020;87:674-5.

Ma H, Hu J, Tian J, Zhou X, Li H, Laws MT, et al.
A single-center, retrospective study of COVID-19 features in
children: A descriptive investigation. BMC Med 2020;18:123.

Sinha IP, Harwood R, Semple MG, Hawcutt DB, Thursfield R,
Narayan O, et al. COVID-19 infection in children. Lancet
Respir Med 2020;8:446-7.

Saha J, Chouhan P. Lockdown and unlock for the COVID-19
pandemic and associated residential mobility in India.
Int J Infect Dis. 2021 Mar;104:382-89. doi: 10.1016/j.
ijid.2020.11.187.

Leeb RT, Price S, Sliwa S, Kimball A, Szucs L, Caruso E, et al.
COVID-19 trends among school-aged children—United
States, March 1-September 19, 2020. MMWR Morb Mortal
Wkly Rep 2020;69:1410-5.

Felsenstein S, Herbert JA, McNamara PS, Hedrich CM.
COVID-19: Immunology and treatment options. Clin
Immunol 2020;215:108448.

Seth S, Rashid F, Khera K. An overview of the COVID-19
complications in paediatric population: A pandemic
dilemma. Int J Clin Pract 2021;75:€14494. doi: 10.1111/
ijcp.14494.

Buonsenso D, Valentini P, De Rose C, Pata D, Sinatti D,
Speziale D, et al. Seroprevalence of anti-SARS-CoV-2 IgG
antibodies in children with household exposure to adults
with COVID-19: Preliminary findings. Pediatr Pulmonol
2021;56:1374-7.

Volume 11 : Issue 2 : February 2022


https://apps.who.int/iris/handle/106
https://apps.who.int/iris/handle/106
https://doi.org/10.1101/2020
https://doi.org/10.1101/2020

