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Abstract

Objective: Little is known about the transmission of coronavirus disease 2019 (COVID-19) in

young children. This study aimed to clarify the risk of COVID-19 transmission among this

population.

Methods: Between July 2020 and April 2022, 1660 0 to 3-year-old children underwent a naso-

pharyngeal swab for later reverse transcription-polymerase chain reaction testing at a mass

screening test center in Japan. Their disease transmission rate and clinical symptoms were eval-

uated according to the predominant variant strains of that season.

Results: The secondary transmission rate after close contact of the Delta B.1.617.2 (17.4%) and

Omicron B.1.1.529 (39.2%) variants was significantly higher than that of the conventional strains

(B.1.1.284 and B.1.1.214; 4.5%) during the pandemic. The increased transmissibility with the Delta

and Omicron variants was independent of close contact or location. The prevalence rates of

cough, fatigability, and fever were similar in young children infected by the Delta and Omicron

variants.

Conclusions: COVID-19 transmission in children aged 0 to 3 years increased by 3 to 4 fold

during the Delta outbreak and by 8 to 10 fold during the Omicron outbreak compared with the

conventional strain outbreak. The symptoms in young children were not different between the

Delta and Omicron variants.
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Introduction

The pandemic of coronavirus disease 2019
(COVID-19) caused by severe acute respi-
ratory syndrome coronavirus 2 (SARS-
CoV-2) remains a major global health
concern in 2022.1,2 This pandemic is further
complicated by the intermittent emergence
of consequential variant strains.3 Japan
faced the fifth wave of a nationwide
COVID-19 infection with the Delta variant
(Phylogenetic Assignment of Named
Global Outbreak [PANGO] lineage
B.1.617.2) in August 2021,4 during which
the majority of adults in the country under-
went two vaccinations against COVID-
19.5,6 In parallel with the spread of the
Delta variant and the smooth progression
of mass vaccination campaigns among
adults, the spread of COVID-19 among
non-adults, especially infants and young
children, has been a focus of attention.7,8

In the sixth wave with the Omicron variant
(lineage B.1.1.529) since January 2022, the
transmission of infection in young children
from classmates at preschools/schools and
at homes from other family members was
further focused on.9,10 During these waves,
the number of cluster outbreaks at pre-
schools/schools apparently increased, and
subsequent child-to-parent transmission
could also have increased compared with
that in the preceding seasons. During the
pandemic prior to the of arrival of the
Delta variant, the secondary transmission
rate of variants at preschools or schools
was lower than that outside preschools/
schools. However, whether this situation
also applies to the Delta and Omicron

variants is yet to be determined by studies

including large populations. This

population-based, observational study

reports the status of COVID-19 infection

among young children aged 0 to 3 years

between July 2020 and April 2022 in

Japan. This study aimed to clarify the sec-

ondary transmission risk of COVID-19 in

young children before the Delta outbreak

and during the Delta and Omicron

outbreaks.

Patients and methods

Participants

This study enrolled young children aged 0 to

3 years. The children had a nasopharyngeal

swab performed to test for SARS-CoV-2

using reverse transcription-polymerase

chain reaction (RT-PCR) at a mass screen-

ing test center in Sendai City (population of

approximately 1.1 million) between July

2020 and April 2022.11 This screening test

center was the largest in the city for testing

small children by the nasopharyngeal swab

test. This center diagnosed approximately

half of all patients with COVID-19 aged

0 to 3 years in the city during the study

period. Overall, the testing center performed

the nasopharyngeal swab RT-PCR test on

14,912 citizens during the study period,

among whom 1660 (11.1%) were young chil-

dren aged 0 to 3 years. This testing rate in

this age group among the overall tested indi-

viduals at the center was higher than that

expected from the age distribution. The

reason for this high testing rate is probably
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because most of the young children aged 0 to

3 years in the city, who were judged by the

local governments to have required RT-PCR

testing, were preferentially guided to visit the

above-mentioned screening test center. With

regard to those in other age groups, there

was another large mass-screening RT-PCR

test center in the city. During the entire

study period, none of the enrolled children

aged 0 to 3 years were vaccinated for

COVID-19.12 To compare the transmission

risk between different types of preschools/

schools, RT-PCR-tested elementary school

students and junior high school students

who had contact with patients with

COVID-19 at preschools/schools were fur-

ther enrolled. The study design of the pre-

sent study is shown in Figure 1.

Nasopharyngeal swab RT-PCR test

Almost all young children aged 0 to 3 years
were tested on the basis of their recent con-
tact history with patients infected with
COVID-19. Nasopharyngeal swab tests
were scheduled to be performed 4 to 5
days after making contact with patients
with COVID-19. The presence of COVID-
19-related symptoms was checked at the
swab testing site. The RT-PCR test was per-
formed by detecting the nucleocapsid pro-
tein set no. 2 (N2) gene. The primer/probe
set developed by the National Institute of
Infectious Diseases in Japan (NIID_2019-
nCoV_N_F2, R2, and P2) was used.13,14

During the study period, none of the chil-
dren aged<10 years were vaccinated
against COVID-19 in the city.

Figure 1. Flow diagram of the study design. Individuals who had a nasopharyngeal swab RT-PCR test at a
large screening test center in Japan between July 2020 and April 2022 were initially recruited. In this
population, young children aged 0 to 3 years were enrolled. The study period was then divided into the
following four seasons: July 2020 to January 2021 (B.1.1.284 and B.1.1.214 outbreaks), May 2021 to June
2021 (B.1.1.7 Alpha outbreak), August 2021 to September 2021 (B.1.617.2 Delta outbreak), and January
2022 to April 2022 (B.1.1.529 Omicron outbreak). Secondary transmission rates stratified by contact
closeness or locations and symptoms in RT-PCR test-positive young children were then compared between
the periods.
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RT-PCR, reverse transcription-polymerase
chain reaction.
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Evaluated variables

Contact closeness with patients with

COVID-19 was objectively assessed by
local government staff before the nasopha-

ryngeal swab test. High-risk contact was

judged by local government staff on basis
of the fulfillment of all of the following four

criteria: 1) contact from 2 days before to 14

days after the onset of symptoms or positive

RT-PCR test results; 2) not wearing masks;
3)<1-m distance; and 4) �15 minutes of

contact. These criteria were not changed

during the study period. The place of contact
was classified into household contact, con-

tact at preschools, and others. The presence

of COVID-19-related clinical symptoms,
such as cough, fatigability, and fever, was

assessed at the swab test site. Therefore,

the clinical symptoms evaluated in the pre-
sent study were the symptoms that occurred

4 to 5 days after contacting patients with

COVID-19. The secondary transmission
rate in each subgroup was calculated by

dividing the number of RT-PCR test-posi-

tive young children by the total number of
the RT-PCR tested young children.

Study periods with different prevailing

variants

The study period was divided into the fol-

lowing four periods with different predom-
inant SARS-CoV-2 strains: July 2020 to

January 2021 (predominance of conven-

tional strains: B.1.1.284 and B.1.1.214

PANGO lineages), May 2021 to June 2021
(predominance of B.1.1.7 Alpha), August

2021 to September 2021 (predominance of

B.1.617.2 Delta), and January 2022 to April
2022 (predominance of B.1.1.529 Omicron).

The RT-PCR test results and clinical symp-

toms at 4 to 5 days after the enrolled young
children were in contact patients with

COVID-19 were compared between these

four seasons with different prevailing
COVID-19 variant strains.

Statistical analysis

Comparisons of the prevalence of events

between the two groups were performed

using the chi-square test or Fisher’s exact

test, according to the number of events in

each group. Comparisons of the prevalence

of events between three or more groups were

performed using the chi-square test. To eval-

uate the diagnostic value of each evaluated

COVID-19-related symptom, the positive

likelihood ratio (PLR), which was calculated

as sensitivity= 1� specificityð Þ, was obtained

for each symptom by using the data from

RT-PCR test-positive and -negative young

children. PLR values> 5.0 were considered

to have strong diagnostic values. Statistical

significance was set at p<0.05. Statistical

analyses were performed using R statistical

software (version 4.0.5; R Foundation,

Vienna, Austria).

Ethics

This study was approved by the institution-

al review board of Tohoku University

School of Medicine (approval number:

THK 2021-1-705). The requirement for

written informed consent from the parents

was waived by the institutional review

board. Informed consent was obtained in

an opt-out manner.15 An overview of the

study design and the opt-out process are

described on the website of the Tohoku

University Graduate School of Medicine.

The reporting of this study conforms to

STROBE guidelines.16

Results

Secondary transmission in different

seasons

We included 185 (61.1%) girls and 118

(38.9%) boys. The rate of girls appeared

to be higher than that of boys. Among the

enrolled 1660 young children, 303 (18.3%)
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showed a positive RT-PCR test. The sec-

ondary transmission rates in the young chil-

dren by season with different prevailing

strains and by contact situations are

shown in Table 1. The secondary transmis-

sion risk in young children with the

B.1.617.2 Delta or B.1.1.529 Omicron vari-

ant was significantly higher than that in

young children with the former strains

before the B.1.1.7 Alpha outbreak (i.e.,

B.1.1.284 and B.1.1.214) was confirmed

(both p<0.0001). The secondary transmis-

sion rate after high-risk contact in young

children was 4.5% during the B.1.1.284

and B.1.1.214 outbreaks, but this was not

significantly different from that during the

B.1.1.7 Alpha outbreak (8.8%, Fisher’s

exact test). However, the secondary trans-

mission rate after high-risk contact in

young children during the B.1.617.2 Delta

(p¼ 0.0016) and B.1.1.529 Omicron

(p<0.0001, Fisher’s exact test) outbreaks

was significantly higher than that during

the former strains. The increased transmis-

sibility with Delta and Omicron was inde-

pendent of the contact level or location.

COVID-19-related symptoms

The data on clinical manifestation in RT-

PCR test-positive and RT-PCR test-negative

young children at 4 to 5 days after

contact with patients with COVID-19

during each of the four pandemic periods

are shown in Table 1. The numbers of RT-

PCR test-positive young children during the

B.1.1.284, B.1.1.214, and B.1.1.7 Alpha

outbreaks were too small to evaluate their

clinical characteristics. During the Delta

and Omicron outbreaks, the clinical

manifestations in RT-PCR test-positive and

RT-PCR-negative young children remained

at similar levels. Only the prevalence of

cough symptoms in the Omicron outbreak

was slightly higher than that in the Delta

outbreak (p¼ 0.045, chi-square test).

When we compared the symptoms
between RT-PCR test-positive and RT-
PCR negative young children during the
Delta or Omicron outbreak, the presence
of fatigability (PLR: 10.01, 95% confidence
interval [CI] [2.90–34.50] during the Delta
outbreak and 6.22 [2.72–14.26] during the
Omicron outbreak) had a higher predictive
effect on RT-PCR test positivity than the
presence of a cough (1.26 [0.83–1.90]
during the Delta outbreak and 1.67 [1.33–
2.10] during the Omicron outbreak). The
body temperature had a higher predictive
effect on RT-PCR test positivity when the
cutoff was set to �37.5�C (PLR: 6.00 [2.54–
14.21] during the Delta outbreak and 9.74
[4.01–22.39] during the Omicron outbreak)
than when the cutoff was set to �37.0�C
(1.51 [0.99–2.30] during the Delta outbreak
and 1.76 [1.31–2.36] during the Omicron
outbreak).

Secondary transmission at preschools

To clarify whether the risk of transmission
at preschools/schools was different between
young children aged 0 to 3 years and
other older children, secondary transmis-
sion at preschools/schools in different
seasons was compared between the age
groups (Table 2).The secondary transmis-
sion rate during the Delta (p¼ 0.0006) and
Omicron (p<0.0001, Fisher’s exact test)
outbreaks was significantly higher than
that in seasons with the former strains
before B.1.1.7 Alpha in preschool children.
A similar trend during the Omicron out-
break was also found in children who had
contact with patients with COVID-19
at elementary schools (p¼ 0.0003) and
junior high schools (p¼ 0.0622, Fisher’s
exact test).

Discussion

This study showed that the transmissibility
of the Delta variant in young children aged

Akaishi and Ishii 5
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0 to 3 years was three to four times higher
than that of the former strains before the
Alpha outbreak and approximately two
times higher than that of the Alpha variant.
Furthermore, the transmissibility of the
Omicron variant in young children
appeared to be approximately twice as
high as that of the Delta variant. The trans-
mission rate of the Delta variant was
reported to be 40% to 60% higher than
that of the Alpha variant.17 This study sug-
gested that the increased rate of transmis-
sion with the Delta variant could be greater
in young children than in other age groups.
However, although the transmissibility
among young children was remarkably ele-
vated with the Delta variant, none of them
became severe or were admitted to hospi-
tals. Previous studies that evaluated the
outcomes in children showed a milder dis-
ease course and better prognosis in children
than in adults.18,19 This finding may be true
even with the Delta and Omicron variants.
A likely theory to explain the milder clinical

course in children is that they have a strong
innate immune response based on numer-
ous viral infections without immunological
memories. Such repeated attacks from
numerous pathogens could train and
boost the immune system against COVID-
19 infection in children.18,20 Adult patients
are more likely to show a suppressed or
dysfunctional over-active immune response
compared with children, possibly based on
immune senescence and less frequent expo-
sure to vaccinations or viral infections.21

Another notable finding in this study
was that an increase in secondary transmis-
sion at preschools/schools during the Delta
outbreak was only found in young children
aged 0 to 3 years. A conceivable theory to
explain this finding is that the young chil-
dren of this age group in Japan do not wear
masks at preschools/schools. That children
aged 4 to 6 years did not show such an
increased transmission at preschools/
schools with Delta supports this theory.
Another conceivable theory is that young

Table 2. Secondary transmission rates among children at preschools/schools.

July 2020 to

January 2021

August 2021 to

September 2021

January 2021 to

April 2022 p-value

Predominant PANGO

lineages in the locality

B.1.1.284

B.1.1.214

B.1.617.2 (Delta) B.1.1.529 (Omicron) –

Contact at preschools,

n (%)

RT-PCR (þ)

(overall)

4/477 (0.8) 20/443 (4.5) 28/180 (15.6) <0.0001

RT-PCR (þ)

(0–3 years old)

1/180 (0.6) 20/325 (6.2) 20/144 (13.9) <0.0001

RT-PCR (þ)

(4–6 years old)

3/297 (1.0) 0/118 (0.0) 8/36 (22.2) <0.0001

Contact at elementary schools, n (%)

RT-PCR (þ) 5/519 (1.0) 0/246 (0.0) 13/228 (5.7) <0.0001

Contact at junior high schools, n (%)

RT-PCR (þ) 0/181 (0.0) 0/79 (0.0) 1/12 (8.3) <0.0001

Children aged 0 to 3 years were not forced to wear masks in preschools, whereas children aged 4 to 6 years wore masks

in preschools. The p values are the results of the chi-square test between the four periods. Percentages of RT-PCR test-

positive individuals were calculated for each type of preschool/school.

PANGO, Phylogenetic Assignment of Named Global Outbreak; RT-PCR, reverse transcription-polymerase chain reaction.
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children aged 0 to 3 years may be more
vulnerable to feco-oral transmission
because of possible prolonged fecal shed-
ding of the virus in children.22,23 During
the Omicron outbreak, the transmission
risk at elementary schools was similar to
that at preschools. This finding suggests
that only wearing masks may not have
been sufficient to fully prevent transmission
of COVID-19 during the Omicron outbreak
because of the variant’s remarkably facili-
tated transmission efficiency. Further
studies are warranted to scientifically eval-
uate these hypotheses and explain the
remarkably increased transmissibility of
the Delta and Omicron variants among
small children.

This study suggested that decreasing
transmission in young children with appro-
priate safety measures may benefit public
health of the general population, especially
during the Omicron outbreak with remark-
ably increased transmissibility. The safety
of vaccinations against COVID-19 in
young children aged 0 to 3 years is still
unknown, and it should be carefully deter-
mined by evidence. Masking is recom-
mended for children aged �2 years in the
United States and in those aged �3 years in
Japan.24,25 In both countries, there is agree-
ment that young children aged 0 to 1 year
should not be forced to wear masks from
the viewpoint of safety. The safety and effi-
ciency of forcing young children aged 2 to
3 years to wear masks remain controver-
sial.26–28 The current priority in infection
control measures among young children
appears to be deciding the safety of vacci-
nation or developing vaccines that can be
safely used for young children.

Conclusions

The COVID-19 transmission risk among
young children aged 0 to 3 years is 3 to 4
times higher with Delta and 8 to 10 times
higher with Omicron than that with

the former strains before Alpha. Clinical

symptoms among SARS-CoV-2 RT-PCR
test-positive young children are not remark-

ably different between the Delta and

Omicron outbreaks. Although most chil-

dren infected by the virus will not become
severely infected, young children aged 0 to 3

years still have a high risk of transmission

during Delta and Omicron outbreaks.
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