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Abstract. Little is known about the manifestations and outcomes of
coronavirus disease-2019 (COVID-19) by viral variant type among children
in Thailand. In this study we aimed to compare the clinical characteristics,
laboratory findings and outcomes of pediatric COVID-19 patients during the
2 periods when the Delta and Omicron variants were predominating in order
to inform efforts to control these infections in the study area. We conducted
a retrospective review of the medical records of subjects aged <15 years
admitted to Naresuan University Hospital, Thailand during 1 April 2021 -
30 November 2022 diagnosed with COVID-19 based on the results of a positive
reverse transcriptase polymerase chain reaction (RT-PCR) test. Exclusion
criteria for study subjects were not having a COVID-19 RT-PCR result in the
chart or not being hospitalized. The minimum sample size calculated to be
needed for the study was 390; 65 subjects who contracted COVID-19 when the
delta variant predominated (Delta Group) and 325 who contracted COVID-19
when the omicron variant predominated (Omicron Group). A total of 396
subjects were included in the study, 68 (17.2%) in the Delta Group, 38 males
(55.9%); and 328 (82.8%) in the Omicron Group, 175 males (53.4%). The median
age of Delta Group subjects was 9 years and Omicron Group subjects was 6
years. Factors that were significantly different, respectively, between Delta
Group and Omicron Group subjects were: anosmia (10.3% vs 0.3%) (p<0.001),
a fever >38 °C (10.3% vs 34.2%) (p<0.001), sore throat (17.6% vs 35.7%) (p=0.004),
diarrhea (4.4% vs 15.2%) (p=0.017), vomiting (4.4% vs 23.2%) (p<0.001), presence
of lymphopenia (4.4% vs 21.9%) (p<0.001), C-reactive protein levels (0.6 mg/1
vs 2.3 mg/l) (p<0.001) and procalcitonin levels (0.05 ng/ml vs 0.12 ng/ml)
(p<0.001). The subjects in both groups had primarily mild disease, but there
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was 1 death in the Omicron Group; none in the Delta Group. In summary,
anosmia was more common in the Delta Group but high fever, sore throat,
vomiting, diarrhea, gastrointestinal symptoms, lymphopenia and elevated
inflammatory markers were more common in the Omicron Group. These
findings show differences in the clinical presentations and laboratory results
among pediatric patients by COVID-19 viral variant type. For the most part,
subjects from both groups had mild symptoms except for 1 death in the
Omicron Group. Further studies are needed to determine if these findings

hold true for other institutions.
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INTRODUCTION

Coronavirus disease-2019
(COVID-19), caused by the severe
acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2), has
affected global health and economies
worldwide. By 2023, there had
been an estimated 771 million
SARS-CoV-2 infections and nearly
7 million deaths from COVID-19
reported worldwide (WHO, 2023).
Previous studies among adults
(Ong et al, 2022; Cojocaru et al,
2022) showed patients with the
Delta variant were more likely to be
hospitalized and have more severe
infections while the Omicron variant
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spread more rapidly but caused
milder symptoms (Chatterjee et al,
2023).

Children usually have a mild
course with COVID-19 (Dong et al,
2020; Laws et al, 2021). However,
severe cases can occur, primarily
among those with underlying health
conditions or among infants aged <1
year (Tsankov et al, 2021; Harwood
et al, 2022). During 2019-2021,
SARS-CoV-2 mutated frequently,
leading to changes in presentation
and epidemiology (Jung et al, 2022).
These changes have important
implications for public health, such
as the need for patient isolation and
wearing masks and for development
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of government policies and vaccines
(Chatterjee et al, 2023).

In Thailand, there is little
data about COVID-19 specifics
among children aged <15 years
(Satdhabudha et al, 2022; Shoji et
al, 2022; Chaiyakulsil et al, 2022,
Anugulruengkitt et al, 2021).
However, previous studies have
reported symptoms of COVID-19
among subjects aged <15 years are
often mild or even non-existent
and outcomes are generally good
(Bai et al, 2021, Satdhabudha
et al, 2022; Shoji et al, 2022). A
study (Satdhabudha et al, 2022)
conducted when the delta variant
predominated (2021-2022), reported
subjects had higher transmission
rates but milder illness compared
to the period prior to delta. With
the change of the predominant
variant from delta to omicron there
is a need to evaluate the differences
between these two variants among
children in Thailand.

In this study we aimed to
compare the clinical characteristics,
laboratory findings and outcomes
of pediatric COVID-19 patients
during the 2 periods when the
Delta and Omicron variants were
predominating in order to inform
efforts to control these infections
in the study area.
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MATERIALS AND METHODS

Study design and setting

We conducted a retrospective
study at Naresuan University
Hospital, a tertiary care hospital in
northern Thailand among subjects
aged <15 years with COVID-19
admitted to the pediatric isolation
ward or field hospital of Naresuan
University Hospital during 1 April
2021 - 30 November 2022.

Study subjects

Inclusion criteria for study
subjects were being aged <15 years
and being admitted to the study
institutions during the study period
with a diagnosis of COVID-19
confirmed by RT-PCR (using two
gene targets, N/E and ORF1ab, with
a Ct cutoff value of <40 as being
positive and a cutoff value >40 as
being negative). Exclusion criteria
were being treated as an out-patient,
not having a positive RT-PCR test for
COVID-19 and having inadequate
records. Subjects admitted during
1 April 2021 - 6 January 2022, the
period when the COVID-19 delta
variant predominated, according
to Thai Ministry of Public Health
(MoPH) nationwide surveillance
data of random samples taken from
patients at the study hospital, were
placed in the Delta Group and
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assumed to be infected with the delta
variant. Subjects admitted during 7
January - 30 November 2022 when
the omicron variant predominated,
were placed in the Omicron Group
and assumed to be infected with the
omicron variant. Fever was defined
as a temperature >37.5 °C. The
severity of the COVID-19 infection
in a subject was classified following
World Health Organization (WHO)
criteria (WHO, 2021) and ranged
from asymptomatic to critical.
Mild disease was defined as having
mild symptoms without having
pneumonia or hypoxia, moderate
disease was defined as having
pneumonia but no severe symptoms,
severe disease was defined as having
pneumonia and acute respiratory
distress syndrome (ARDS), and
critical disease was defined as
being in a critical state and having
ARDS and shock. Pneumonia was
diagnosed based on symptoms,
abnormal breath sounds, or having
an infiltrate on a chest x-ray (WHO,
2021).

Data collection

During the study period when
the delta variant predominated,
the Thai Government required
all subjects with COVID-19 to
be hospitalized, but during the
period when the omicron variant
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predominated, only those with
moderate to severe symptoms
were hospitalized. This results in
a skewing of severity toward the
omicron variant for which we could
not account for in our study design
and does affect our results.

The data collected from medical
records were: subject demographics,
signs and symptoms (fever, cough,
rhinorrhea, sore throat, anosmia,
dyspnea, chest pain, diarrhea,
vomiting, headache, myalgia, rash,
abdominal pain, eye symptom,
seizure, desaturation), disease
severity, final diagnosis, need for
respiratory support and outcome.
The laboratory data collected
were: complete blood counts, liver
function tests, inflammatory marker
results, mean cycle threshold values
for the RT-PCR tests and chest x-ray
results.

Study size

The minimum sample size
calculated to be needed for this
study was 390 subjects: 65 in the
Delta Group and 325 in the Omicron
Group.

Statistical analysis

Categorical data are described
as frequencies and percentages
and were analyzed using Fisher’s
exact probability test. Normally
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distributed continuous data are
presented as means and standard
deviations and were analyzed
using the independent t-test. Non-
normally distributed continuous
data are presented as medians
and interquartile ranges and were
analyzed using the Mann-Whitney
U test. We used an exploratory
modeling strategy that included all
risk factors for each strain. All risk
factorsin the model were prehospital
risk factors and evaluated data were
those obtained during the first two
days of hospitalization.

We determined 95% two-
sided confidence intervals for all
tactors. A p-value of <0.05 was
considered statistically significant.
All statistical calculations were
conducted using STATA, version
17 (Statacorp LLC, College Station,
TX).

Ethical approval

This study was approved by the
Institutional Review Board, Faculty
of Medicine, Naresuan University
Hospital (IRB No. P3-0081/2565).
Written informed consent was not
obtained from study subjects since
the study was retrospective and no
identifying data were used.

RESULTS

A total of 396 subjects were
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included in the study: 68 (17.2%) in
the Delta Group and 328 (82.8%) in
the Omicron Group. Of the total of
396 subjects, 213 (53.8%) were male
(Table 1). The median age of subjects
in the Delta Group was 9 years and
in the Omicron Group was 6 years.
The proportions of subjects in the
Delta and Omicron Groups for those
aged <1 year, 1-5 years, 5-10 years
and 10-15 years were 2.9% and 12.2%
(p=0.028), 30.9% and 37.2% (p=0.405),
38.2% and 24.7% (p=0.025) and 27.9%
and 25.9% (p=0.763), respectively.
A household contact was the source
of infection for 62.9% of subjects
(77.9% in the Delta Group and 59.8%
in the Omicron group; p=0.006).
The mean time between contact
with a COVID-19 infected person
and beginning to have symptoms
of COVID-19 among subjects in
the Delta Group was 4 days and
in the Omicron Group was 2 days
(p=0.002).

83.1% of subjects had no history
of underlying disease; 16.9% had
comorbidities: asthma/chronic lung/
There
was no significant difference in

allergic disease in 3.5%.

history of comorbidities between
the Delta and Omicron Groups.
26.8% of subjects had a history
of COVID-19 vaccination. Fewer
subjects in the Delta Group had been
vaccinated (7.4%) than the Omicron
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Group (30.8%) (7.4% vs 30.8%,
p<0.001) (Table 1). This makes sense
since vaccines approved for use in
children did not appear until later
in the study.

The most common symptoms
among subjects were fever (n =
285, 72.0%), cough (n = 241, 60.9%),
rhinorrhea (n =132, 33.3%) and sore
throat (n =129, 32.6%). Significantly
more subjects in the Delta Group than
the Omicron Group had anosmia
(10.3% vs 0.3%, p<0.001), rash (8.8%
vs 2.7%, p=0.029), temperature >38°C
(34.2% vs 10.3%, p<0.001), sore
throat (35.7% vs 17.6 %, p=0.004),
diarrhea (15.2% vs 4.4%, p=0.017) and
vomiting (23.2% vs 4.4%, p<0.001)
(Table 2).

Significantly fewer subjects in
the Delta Group than the Omicron
Group had pharyngitis (4.4% vs
30.8%, p<0.001), gastroenteritis (4.4
% vs 17.1%, p=0.017), croup (0% vs
0.9%, p=0.567) and febrile seizures
(0% vs 2.4%, p=0.361) (Table 2).

2.9% of subjects in the Delta
Group and 3.3% of subjects in the
Omicron Group needed respiratory
support. One subject with cerebral
palsy and developmental delay
died due to severe pneumonia,
ARDS and multiple organ failure
in the Omicron Group. None of the
subjects in the Delta Group died.

Vol 55 No.4 July 2024

Laboratory results were available
for 394 of the 396 subjects (99.4%).
The proportions of subjects with
lymphopenia in the Delta and
Omicron Groups were 4.4% and
21.9% (p<0.001), respectively. The
platelet counts among the subjects
in the Delta and Omicron Groups
were 303,000 cells/mm’ and 272,000
cells/mm’ (p<0.001), respectively.
The absolute neutrophil counts
among subjects in the Delta and
Omicron Groups were 3,117.5
cells/mm”® and 3,387.2 cells/mm’
(p=0.027), respectively. The mean
C-reactive protein levels among
subjects in the Delta and Omicron
groups were 0.6 mg/l and 2.3 mg/l
(p<0.001), respectively. The mean
procalcitonin levels among subjects
in the Delta and Omicron Groups
were 0.05 ng/ml and 0.12 ng/ml
(p<0.001) (Table 3).

Pneumonia was found on chest
radiography among 93 subjects
(23.5%). The most common abnormal
finding seen on chest radiography
was a ground-glass opacity, which
was found in 27.9% of subjects in the
Delta Group and 11.6% of subjects
in the Omicron Group (p=0.001)
(Table 3).

The mean (tstandard deviation
(SD)) RT-PCR cycle threshold (Ct)
values for the nucleocapsid/envelope
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(N/E) genes in the Delta and Omicron
Groups were 23.7 (+8.4) and 18.0
(+4.4) (p<0.001), respectively. The
mean (+SD) RT-PCR cycle threshold
(Ct) values for the open reading
frame of the 1ab (ORF1ab) genes in
the Delta and Omicron Groups were
25.8 (+7.7) and 20.2 (+4.3) (p<0.001),
respectively.

DISCUSSION

In our study, subjects in the
Omicron Group were significantly
younger than subjects in the Delta
group, similar to the findings in
studies from Pakistan, Korea, and
the USA (Abbas et al, 2023; Han et
al, 2023; Quintero et al, 2022). This
age discrepancy may be attributable
to two factors: (1) the increased
transmissibility of the Omicron
variant compared to the Delta
variant (CDC COVID-19 Response
Team, 2021), and (2) the relaxed
quarantine policies during the
Omicron period, which may have led
to a higher proportion of infections
among younger individuals.

Fever and cough were the most
common symptoms among subjects
in both the Delta and Omicron
Groups, similar to previous studies
(de Souza et al, 2020; Li et al, 2022;
Sumner et al, 2023). However, a
study from China reported fever
was the most common symptom of
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COVID-19 among subjects, followed
by cough (Cui et al, 2021). In our
study, the incidences of fever,
sore throat, vomiting, diarrhea,
croup and febrile seizures were
significantly more common among
subjects in the Omicron than the
Delta Group. A study from Spain
reported fever and diarrhea were
significantly more common among
subjects with omicron compared to
prior COVID-19 variants (Tagarro et
al, 2022b). A study from Malaysia
reported croup and febrile seizures
were significantly more common
among subjects with omicron than
delta variants (Ng et al, 2024).

In our study, anosmia was
significantly less common among
subjects in the Omicron than the
Delta Group. A previous study from
Mexico also reported anosmia was
significantly less common among
subjects with the omicron variant
than other variants (Pefia Rodriguez
et al, 2023).

In our study, lymphopenia was
significantly more common among
subjects in the Omicron than the
Delta Group, in contrast to studies
from China and Brazil who reported
lymphopenia was significantly less
common among subjects with the
omicron than the delta variant (Cui
et al, 2021; Cui et al, 2020; de Souza
et al, 2020). In our study, the mean
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C-reactive protein and procalcitonin
levels were significantly higher
among subjects in the Omicron
than the Delta Group, similar to
the findings of a study from Turkey
(Guner Ozenen et al, 2021).

Among our study subjects, an
abnormal chest x-ray was found in
23.5% of subjects, with ground-glass
opacities, patchy infiltrates and
lung consolidations being the most
common abnormal findings. A study
from China reported abnormal chest
x-ray results in 59% of subjects, with
the most common abnormal findings
being ground-glass opacities and
patchy infiltrates (Cui et al, 2021).

In our study, the mean Ct values
of both viral genes were significantly
lower in the Omicron Group than in
the Delta Group, indicating a higher
transmissibility of the Omicron
variant (Hay et al, 2021; Setiabudi
et al, 2022). Previous studies have
reported conflicting results, with a
study from Qatar (Butt et al, 2022)
showing lower Ct results among
omicron than other variants but a
study from Brazil (Franco-Miraglia
et al, 2023) showing lower Ct results
among gamma and delta than
omicron variants.

In our study, most subjects
had mild symptoms. We did have
one fatality in the Omicron Group

Vol 55 No.4 July 2024

(0.25%) who had underlying cerebral
palsy and developmental delay.
Previous studies from Thailand,
China, Spain and Malaysia have
reported COVID-19 mortality rates
among children in the range of
0-0.45% (Chaiyakulsil et al, 2022;
Cui et al, 2021; Tagarro et al, 2022a;
Ng et al, 2024).

Our sample size was not sufficient
to adequately compare mortality
rates between omicron and delta
variants but a previous study from
Qatar and the USA reported lower
mortality rates among omicron than
delta variant infected subjects (Butt
et al, 2022; Bahl et al, 2023). Higher
mortality rates have been reported
among subjects with underlying
immunosuppression, such as cancer
and prematurity (Chaiyakulsil et
al, 2022; Cui et al, 2021; Tagarro
et al, 2022a). A study from Korea
(Choi et al, 2023) reported subjects
with COVID-19 and underlying
cerebral disease were more likely
to have severe COVID-19, as was
seen in our study where the only
death was in a case with underlying
cerebral palsy. A previous study
reported COVID-19 patients from
low and middle-income countries
had significantly higher mortality
rates than subjects from high-
income countries (Kitano et al, 2021).

Our study had some limitations.
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First, the SARS-CoV-2 strain in
each patient was not confirmed.
Instead, we relied on variant
surveillance data from our hospital
and Thailand’s Ministry of Public
Health. Second, due to a government
policy shift in Thailand, which
mandated hospitalization for all
COVID-19 patients during the early
Delta period but not in the Omicron
period, a comparison of the severity
of infection among hospitalized
patients cannot be made. Lastly, the
generalizability of our findings may
be limited due to the single-center
design and the small sample size,
particularly regarding patients
with severe or critical illnesses.
This limited sample size restricts
our ability to definitively assess
the relationship between disease
severity and Ct values.

In summary, this study
showed that more subjects with
COVID-19 admitted during the
omicron period presented with high
fever, gastrointestinal symptoms,
lymphopenia, elevated inflammatory
markers and lower Ct values than
those hospitalized during the Delta
period. Despite the observed clinical
differences, both periods were
characterized by predominantly
mild disease and favorable clinical
outcomes. We conclude our findings
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highlight variations in the clinical
presentation of pediatric patients
with COVID-19 during different
periods, but the severity of symptoms
in both groups was mild. Only one
death occurred and that was in the
Omicron Group. Further studies are
needed determining the SAR-CoV-2
variant, with a larger sample size
and at multiple centers.
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