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Background: In South Korea, the epidemiological characteristics of children and adolescents infected with severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) have not been reported to date. The purpose of this study was to identify major epidemio-
logical characteristics and transmission patterns of coronavirus disease 2019 (COVID-19) in children and adolescents.
Methods: This study was conducted through a system integrated in an epidemiological investigation by the Korea Disease Control
and Prevention Agency from January 20, 2020, to June 5, 2021. We analyzed the epidemiological characteristics of 14,967 children
and adolescents with COVID-19 according to the age groups and transmission age patterns of 3721 infector-infectee pairs in South
Korea.
Results: Among the total confirmed COVID-19 cases, 14,967 patients were aged 0–18 years. The most affected age group among
children and adolescents were those aged 16–18 years (3589, 24.0%). For all age groups, the infection route through friends and family
members (31.9%) was the highest. For the contact age pattern analysis, infection from infectors aged 30–49 years to infectees aged 0–
12 years showed a statistically significant relation (p <0.001) compared to that in other age groups. On the other hand, among the
infectees aged 13–15 years and 16–18 years were significantly related with adolescents aged 10–19 years (p <0.05).
Conclusion: These results suggest that adolescents aged 13–18 years were more infected with COVID-19 than those aged 0–12 years.
Furthermore, they are particularly more likely to be infected by friends and family members. Besides, in patients aged 13–18 years,
transmission of SARS-CoV-2 was more common from adolescents to adolescents than from adults to adolescents. This research will
provide scientific evidence for school policies and vaccine strategies for COVID-19 prevention in children and adolescents.
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Introduction
Coronavirus disease-2019 (COVID-19), originated in Wuhan, China, in December 2019 and was declared as a Public
Health Emergency of International Concern (PHEIC) by the World Health Organization in January 2020. As of June 16,
2021, more than 177 million cases have been confirmed, with more than 3.83 million deaths attributed to COVID-19 in
the world.1 One of the most concerning issues is the extent to which COVID-19 affects children and adolescents and the
role of major transmission routes. Children and adolescents below 18 years of age constituted approximately 8% of all
COVID-19 cases reported by countries in 2020, despite representing 29% of the global population.2 In the United States,
4,064,365 children with COVID-19 were reported, which represented 14.2% of the total 28,645,258 cases until July 8,
2021. The overall incidence rate in the US is 5400 cases per 100,000 children. Children accounted for 1.3% to 3.6% of
the total reported hospitalizations, and 0.1% to 1.9% of all COVID-19 confirmed children were hospitalized. Concerning
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mortality in 43 states of the US, children accounted for 0% to 0.25% of all COVID-19 deaths, and eight states reported
zero child deaths.3 Other studies have found that the overall risk of death or severe disease from COVID-19 is very low
in children.4 A comprehensive analysis of hospital admissions and reported deaths across England suggested that
COVID-19 carries a lower risk of death or need for intensive care among children and adolescents.5

In South Korea, COVID-19 outbreak started with imported cases from Wuhan, China, on January 20, 2020 and is still
prevalent in the community as of June 2021. By June 5, 2021, there were 143,594 laboratory-confirmed cases and 1971
deaths from COVID-19 in South Korea.6 Among these patients, a total of 14,967 laboratory-confirmed cases of COVID-
19 among children and adolescents aged 0–18 years were reported. In response to the pandemic situation, non-
pharmacological interventions, such as quarantine, social distancing, contact tracing, and diagnostic tests were applied,
and in February 2021, vaccines were introduced and administered to the elderly (over 65 years old) and vulnerable
populations on priority basis.7,8 However, since the recent resumption of schools nationwide, the average age of
individuals suffering from COVID-19 has been decreasing, and the incidence rate among adolescents is increasing.
There are also arguments for an extension of the recommended age range for vaccination, along with universal mitigation
strategies, to reduce community transmission, which will help schools operate safely through face-to-face learning.9,10

The aim of this study was to evaluate the epidemiological characteristics in terms of demographic factors and
transmission patterns among children and adolescents with SARS-CoV-2 to provide scientific evidence for these
opinions. Based on the national database, it can be hypothesized that the transmission pattern between the infector and
the infectee follows age groups. Through this study we aimed to provide evidence for expanding the recommended age
range for vaccination in South Korea.

Materials and Methods
Study Subjects
Based on the Infectious Disease Prevention and Control Act, all suspected COVID-19 cases require laboratory
confirmation and epidemiologic investigation. This study was based on all laboratory-confirmed cases reported through
the integrated system in the epidemiological investigation conducted by the Korea Disease Control and Prevention
Agency (KDCA) and local government public health departments. We collected epidemiological and demographic data
on 14,967 laboratory-confirmed COVID-19 cases identified in South Korea from January 20, 2020 to June 5, 2021. Some
of the data are available for research purposes through the National Infectious Disease Surveillance System website
(https://covid19.kdca.go.kr/) according to user permission. Confirmed COVID-19 cases, defined as positive for SARS-
CoV-2 nucleic acid by using real-time reverse transcriptase-polymerase chain reaction (RT-PCR) assay from nasal and
pharyngeal swab specimens or blood samples. This observational study was approved by the institutional review board of
Korea Disease Control and Prevention Agency (KDCA, KDCA 2021-04–07-PE-A), and the requirement for informed
consent was waived.

Study Design
The data of confirmed cases consisted of sex, age, reported date, address of reporting agency, residential address,
infection route, related clusters, hospitalization, and epidemiological investigation-based information on contacted
confirmed cases. The infection routes of confirmed cases were identified based on an in-depth epidemiological survey
along with a basic epidemiological survey, and sub-clusters were defined based on the surveyed information. Individual
demographic factors, such as sex, age, and residential address were determined based on the epidemiological survey. We
gathered personal epidemiological records including severity of illness, days from symptom onset to diagnosis, initial
symptom awareness, major infection route and prior contact cases. Children were defined as being under 18 years old and
were divided into five categories as follows: infants and toddlers (aged 0–2 years), preschooler (aged 3–6 years),
elementary student (aged 7–12 years), middle school student (aged 13–15 years), and high school student (aged 16–18
years) groups.11 We calculated the weekly incidence rate per 100,000 people during the COVID-19 pandemic. The total
population by age group was obtained from the census survey data collected by Ministry of the Interior and Safety from
South Korea in January 2020. Considering the period of offline (face-to-face) and online schooling, which was
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extensively implemented following the social distancing stage in South Korea, we observed weekly patterns of the
number of confirmed cases, hospitalization, and school-related cases. We conducted the age comparison among and
between 3721 COVID-19 transmission pairs. The case with the earlier report was defined as an infector (prior contact
cases), and that with the later report was defined as an infectee (secondary case).12 Information on the infectors was
tracked by classifying them according to the sub-cluster of confirmed cases in children, and the relationship between the
age group of the infectee and the infector was analyzed using splines function.13 The size of each point indicates the
relative number of pairs in each combination.

Data Analysis
Associations between the infectee and infector age groups using a generalized linear model (GLM) were analyzed. The
level of statistical significance was set at p=0.05 and 95% confidence intervals (CIs) were estimated for the point
estimate. R software (version 4.0.2; R Foundation) was used for the statistical analysis.

Results
Epidemiological Characteristics of COVID-19 Cases Aged 0–18 Years
From January 20, 2020 to June 5, 2021, a total of 14,967 laboratory-confirmed cases of COVID-19 among children and
adolescents aged 0–18 years were reported in South Korea. Of these, the majority (42.0%) occurred among adolescents
aged 13–18 years. High school students (16–18 years) accounted for 24.0% of the cases; middle school students (13–15
years), 18.0%; elementary school students (7–12 years), 30.5%; preschoolers, (3–6 years) 16.7%; and infants and
toddlers (0–2 years), 10.8% (Table 1). Overall, 54.6% of the cases were male. More than half of the patients were
from the metropolitan areas (9611; 64.2%). Among patients aged 16–18 years, weekly incidence was higher in each
successively increasing age group. There was only one severe or critical case in adolescents, and no deaths were reported
in children and adolescents aged 0–18 years. Among the children and adolescents aged 0–18 years with available data for
these outcomes, 4982 (33.3%) were hospitalized and 7638 (48.3%) had symptoms at the time of confirmation. Among
the patients aged 0–18 years, the largest percentage of hospitalizations (49.1%) occurred in children aged 0–2 years. The
period from diagnosis to quarantine among all age groups aged 0–18 years was 12 days, with an interquartile range of 11
to 15 days.

The results show the trend of weekly incidence rates according to age groups (Figure 1). Among adolescents aged 16–
18 years, the weekly incidence (per 100,000 persons) was highest during the week of April 18, 2021 (weekly incidence
10.4). For adolescents aged 13–15 years, weekly incidence was highest during the week of January 24, 2021 (weekly
incidence 10.9). Furthermore, in children aged 7–12 years, the weekly incidence was highest during the week of
December 13, 2020 (weekly incidence 8.5). Those aged 0–6 years had the highest weekly incidence during the week
of December 20, 2020 (weekly incidence 7.0). Time trends in weekly reported incidence among adolescents aged 16–18
years were consistently higher than those in the other age groups during almost all weeks. The incidence among the
adolescents aged 13–15 years was higher than that of those aged 16–18 years in the week of August 17, 2020 and
January 24, 2021. The trend in incidence among the adolescents aged 16–18 years had distinct and more prominent peaks
during the weeks at the end of January and April.

The weekly number of hospitalized patients tended to increase with the number of confirmed patients aged 0–18
years. There was no significant effect on the increase or decrease in the number of confirmed cases, depending on the
school’s online and offline class periods. Since the beginning of the third wave (November 13, 2020), the number of
cases has repeatedly increased and decreased in all age groups (Figure 2). The results show major transmission routes of
infection by age group in children (Table 2). The route of infection that showed the highest proportion among all age
groups was family-friend gatherings (31.9%). The family and friend gatherings related route were the highest route of
infection in all age groups. The second route of infection was contact with previously confirmed cases (15.6%) except
family and friends. In case of individuals aged 16–18 years, family and friend gatherings (23.3%) were the major route of
infection, however it was lower compared to that in other age groups. The proportion of educational facility clusters
(11.5%) was higher than that of other age groups among adolescents aged 16–18 years.
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Table 1 Characteristics of COVID-19 Cases Among Individuals Aged 0–18 Years in South Korea

Variables Age Group (Aged 0–18 Years)

Characteristic Total 0–2 Yrs 3–6 Yrs 7–12 Yrs 13–15 Yrs 16–18 Yrs p-value*

Total number of patients, n (%)
14,967 1623 (10.8) 2503 (16.7) 4555 (30.5) 2697 (18.0) 3589 (24.0) <0.0001

Sex, n (%)
Male 8179 (54.6) 876 (54.0) 1326 (53.0) 2417 (53.1) 1456 (54.0) 2104 (58.6) <0.0001
Female 6788 (45.4) 747 (46.0) 1177 (47.0) 2138 (46.9) 1241 (46.0) 1485 (41.4)

Province, n (%)
Metropolitan area 9611 (64.2) 1135 (69.9) 1668 (66.6) 2896 (63.6) 1680 (62.3) 2232 (62.2) <0.0001
Non-metropolitan area 5356 (35.8) 488 (30.1) 835 (33.4) 1659 (36.4) 1017 (37.7) 1357 (37.8) <0.0001

Incidence rate†

177 166 145 160 199 234 <0.0001
Total number of severe/critical medical condition§

1 0 0 0 0 1

Total number of deaths
0 0 0 0 0 0

Total number of hospitalization, n (%)
4982 (33.3) 797 (49.1) 890 (35.6) 1495 (32.8) 763 (28.3) 1037 (28.9) <0.0001

Initial symptom awareness, n (%)
Symptomatic 7638 (48.3) 821 (50.6) 981 (39.2) 1950 (42.8) 1563 (58.0) 2323 (64.7) <0.0001
Asymptomatic 6555 (46.6) 727 (44.8) 1396 (55.8) 2397 (52.6) 1001 (37.1) 1034 (28.8)

Days from diagnosis to quarantine, day
Median 12 12 12 12 12 12 <0.0001
Interquartile range 11–15 11–15 11–15 11–15 11–14 11–15

Notes: †Number of patients with laboratory-confirmed COVID-19 per 100,000 persons using 2020 Korea Census population estimates. §COVID-19 patients in isolation being treated with high-flow oxygen therapy, mechanical
ventilation, extracorporeal membrane oxygenation (ECMO), and continuous renal replacement therapy (CRRT). *p-values obtained by comparing the groups using the chi-square test or Fisher’s exact test.
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Contact Age Patterns Among the Infectees Aged 0–18 Years by Age Group
Among the 3721 confirmed COVID-19 cases, we observed the infectors of all ages and infectees aged 0–18 years for
contact patterns. The contact patterns among individuals aged 0–18 years according to the four age groups are shown in
Figure 3. A positive trend was observed between the same age groups and the parent age groups. The gray bands present
the 95% confidence intervals around the regression line. Infection from parents aged 30–49 years to children and
adolescents aged 0–18 years showed strong interaction compared to that observed in other age groups. In particular,
adolescents aged 13–15 years and 16–18 years showed a statistically significant relation between the infectors and the
infectees of the same age group than that observed in children below 12 years of age. The infectees aged 0–6 years were
significantly increasing in infectee aged 30–44 years (β = 0.78, p <0.001). Among the infectees aged 7–12 years were
significantly increasing in infectee aged 35–49 years (β = 0.51, p <0.001). Among middle school students aged 12–15
years were significantly increasing in infectee aged 10–19 years (β = 0.65, p <0.001). Also, the high school student aged
16–18 years were significantly increasing in infectee aged 10–19 years (β = 0.64, p <0.05).

Figure 2 COVID-19 weekly cases among individuals aged 0–18 years by age group in South Korea, January 20–June 5, 2021.

Figure 1 COVID-19 weekly incidence cases among individuals aged 0–18 years by age group in South Korea, January 20–June 5, 2021.
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Discussion
To the best of our knowledge, this is the first study on the epidemiological and demographic characteristics and
transmission dynamics of COVID-19 in children and adolescents from South Korea. We analyzed the epidemiological
characteristics of 14,967 laboratory-confirmed COVID-19 cases identified in South Korea from January 20, 2020 to
June 5, 2021. Most of those aged 0–18 years were likely to expose themselves to family members or friends with
COVID-19. Supportive evidence of such transmission pathways has been reported by previous studies.12 The weekly
incidence of COVID-19 and the percentage of patients among children and adolescents increased during the review

Figure 3 Contact age patterns among infector-infectee pairs aged 0–18 years, according to age groups. The 95% confidence intervals of the fitted value are shown in grey (β:
point estimate (95% confidence interval, p-value), statistically significant values (p-value) bold for each age groups).

Table 2 Major Transmission Routes of COVID-19 Cases Among Individuals Aged 0–18 Years by Age Group

Variables Age Group (Age 0–18 Years), n (%)

Major Infection Routes Total 0–2 Yrs 3–6 Yrs 7–12 Yrs 13–15 Yrs 16–18 Yrs p-value*

Family∙Friends gatherings clusters 4774 (31.9) 650 (40.0) 930 (37.2) 1604 (35.2) 755 (28.0) 835 (23.3) <0.05

Contact with confirmed cases 2330 (15.6) 254 (15.7) 426 (17.0) 736 (16.2) 391 (14.5) 523 (14.6) <0.05

Religious facility clusters 1650 (11.0) 121 (7.5) 202 (8.1) 511 (11.2) 405 (15.0) 411 (11.5) <0.05

Educational facility clusters 1639 (11.0) 158 (9.7) 266 (10.6) 377 (8.3) 285 (10.6) 553 (15.4) <0.05

Overseas imported cases 1082 (7.2) 107 (6.6) 184 (7.4) 331 (7.3) 184 (6.8) 276 (7.7) <0.05

Other public facility clusters 757 (5.1) 100 (6.2) 119 (4.8) 210 (4.6) 112 (4.2) 216 (6.0) <0.05

Workplace clusters 865 (5.8) 98 (6.0) 163 (6.5) 320 (7.0) 150 (5.6) 134 (3.7) <0.05

Nursing facility∙Hospital clusters 297 (2.0) 35 (2.2) 64 (2.6) 101 (2.2) 43 (1.6) 54 (1.5) <0.05

Correction∙Military facility clusters 37 (0.2) 3 (0.2) 4 (0.2) 4 (0.1) 13 (0.5) 13 (0.4) <0.05

Under investigation 1537 (10.2) 97 (5.9) 145 (5.6) 362 (7.9) 359 (13.2) 574 (15.9) <0.05

Note: *p-values obtained by comparing the groups using the chi-square test or Fisher’s exact test.
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period, with an outbreak peak in January and April 2021. In particular, the cumulative incidence was highest in
adolescents aged 16–18 years compared to that observed in other age groups. The higher cumulative incidence rate of
COVID-19 in adolescents is the reason why school closures are considered a key intervention for controlling COVID-19.
COVID-19 mortality among patients aged 0–18 years was zero because no deaths were reported. However, other
countries, including the USA, UK, Italy, Germany, Spain, and France, have reported COVID-19 deaths in children.14

The reason for patients aged 0–2 years having the highest hospitalization rate is that all COVID-19 patients shall receive
inpatient treatment at an infectious disease control institution, a hospital specialized in infectious diseases, except patients
who self-treat at home, according to the South Korea Infectious Disease Control and Prevention Act. The patients aged
0–2 years, the COVID-19 high risk group, were excluded from self-treatment and were mostly hospitalized. For this
reason, while the hospitalization rate in infants and young children was high, there were no severe or fatal cases in this
age group. These patterns are similar in other studies, despite the higher incidence of COVID-19 in adolescents, infants
seem to be the most vulnerable due to a high hospitalization rate.15

As a result of contact age patterns, preschoolers (0–6 years) and elementary school students (7–12 years) were
significantly related with their parent age groups (30–49 years). On the other hand, middle school students (13–15
years) and high school students (16–18 years) were significantly related with their friends age groups (10–19 years).
This pattern of transmission in adolescents reflected a specific education system in South Korea. Students in the
adolescent age group in South Korea are the most active in appearing for entrance exams and are engaged in private
as well as public education. Because of this specific education system, it is estimated that the infection spread in the
same age group through education-related facilities, such as private academies and classrooms. A study of COVID-19
transmission in England showed a significant correlation between outbreaks in educational settings and COVID-19
incidence in the community.16 In China, children with COVID-19 were mainly infected via family clustering and had
a long incubation period. For example, in another study from China, 66% of pediatric patients were infected via
family members with COVID-19.17 Additionally, children tend to have more social contact in schools than adults,
therefore contributing more to COVID-19 transmission than adults between the same age group.18 Unlike other
countries, in Korea, the source of infection is confirmed through active preemptive testing of those in close contact.
In addition, quarantine policies have been implemented to minimize the risk of infection caused by the index case.
However, despite these nationwide efforts, if the spread of COVID-19 in schools, where educational activities occur,
worsens, the overload causes aggravation of domestic medical resources, and the admission and aggravation rates are
expected to increase. Therefore, in this pandemic situation, it is necessary to grasp the pattern of the domestic
epidemic from a macroscopic point of view and prepare countermeasures through active implementation of quar-
antine rules in the local community through cooperation of related ministries.

In South Korea, the Epidemic Intelligence Support System (EISS) has been developed to track the route of COVID-19
infections and continuously revise relevant information. In this study, it was confirmed that the pattern of transmission by
contact with a confirmed case clearly changes with the pattern of COVID-19 epidemic in South Korea. However, there were
some limitations. First, there was still uncertainty about the route of infection and information on confirmed cases obtained
from epidemiological investigations. Therefore, to overcome this uncertainty, we conducted our study based on the latest
information from the National Infectious Disease Surveillance System. Second, we analyzed the relationship between the
infector-infectee pair by defining a prior confirmed case based on the onset date and information on the infection route when
the infection spread in a specific group. To overcome the information bias, only accurate information was obtained by
examining the causal relationship between outbreaks when a large number of previously confirmed cases were enrolled.
Third, the admission rate was calculated using only hospitalization information, without considering the severity of
symptoms. In fact, if information on the severity of confirmed cases was available, the correlation of severity according to
the level of close contact might have been evaluated using the relationship of prior confirmed cases.

Nevertheless, this study had several strengths. First, the scientific rationale for selecting a priority target for establishing
a COVID-19 vaccination strategy has been suggested. In South Korea, vaccine administration has been prioritized for
medical staff and susceptible populations; currently, the authorities are planning to vaccinate persons aged 18–49 years.
However, with the recent changes in COVID-19 transmission and mode of spread, school-age vaccination must be initiated
quickly. Furthermore, the age range for vaccination must be expanded by securing more vaccine volumes. Second, our study
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suggested that more preemptive tests should be conducted for adolescent age groups with high activity and a wide range of
behaviors, and quarantine guidelines should be strengthened in education-related facilities where students frequently visit. In
addition, in case of confirmed cases among school-going children, the majority of infections occur through transmission
between family members and acquaintances; therefore, when the infection spreads, it spreads faster and has a wider range of
contacts than that in other age groups. Therefore, it is necessary to isolate confirmed patients before the onset of symptoms
through preemptive testing to block the spread of COVID-19. Finally, this study suggested that it is necessary to identify the
characteristics of major infected groups during the COVID-19 pandemic period and redefine the community risk index
regarding the transmission pattern. In particular, this study suggests that the level of social distancing should be established
according to the number of confirmed cases across the country as well as the main transmission populations. This would be
a huge contributor to reducing the risk of COVID-19 transmission.

Conclusion
Our results show the epidemiological characteristics and contact patterns of COVID-19 cases aged 0–18 years in South
Korea. The total number of patients aged 0–18 years was 10.4% among all confirmed cases in South Korea. Among these
cases, the majority (42.0%) occurred among adolescents aged 13–18 years. In particular, the patients aged 13–15 years and
16–18 years showed a statistically significant relation between the infector and the infectee in the same age group. In
addition, the proportion of educational facility clusters in adolescents aged 16–18 years is higher than that of other adolescent
age groups. The relatively high infectivity among adolescents in educational facilities should be considered carefully when
making decisions around school re-openings, as infected children can pass the virus to their friends and family members.
Further studies are needed to assess the efficacy of COVID-19 vaccination in adolescents aged 12–18 years in South Korea.
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