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ABSTRACT

Objectives: The household secondary attack rate (SAR) of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is an important indicator for community transmission. This study
aimed to characterize transmission by comparing household SARs and identifying risk factors
during the periods of Delta and Omicron variant predominance in Republic of Korea.

Methods: We defined the period of Delta variant predominance (Delta period) as July 25, 2021
to January 15, 2022, and the period of Omicron variant predominance (Omicron period) as
February 7 to September 3, 2022. The number of index cases included was 214,229 for the Delta
period and 5,521,393 for the Omicron period. To identify the household SARs and risk factors
for each period, logistic regression was performed to determine the adjusted odds ratio (aOR).
Results: The SAR was 35.2% for the Delta period and 43.1% for the Omicron period. The aOR of
infection was higher in 2 groups, those aged 0 to 18 years and =75 years, compared to those
aged 19 to 49 years. Unvaccinated individuals (vs. vaccinated individuals) and individuals
experiencing initial infection (vs. individuals experiencing a second or third infection) had an
increased risk of infection with SARS-CoV-2.

Conclusion: This study analyzed the household SARs and risk factors. We hope that the
results can help develop age-specific immunization plans and responses to reduce the SAR in
preparation for emerging infectious diseases or potential new variants of SARS-CoV-2.

Keywords: COVID-19; Epidemiology; Risk factors; SARS-CoV-2 variants

Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by severe acute
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respiratory syndrome coronavirus 2 (SARS-CoV-2), which
has been prevalent worldwide since January 2020, with
more than 640 million confirmed cases and 6.64 million
deaths as of December 28, 2022. In the Republic of Korea
(hereinafter, Korea), as of December 28, 2022 the number
of confirmed COVID-19 cases was 28.6 million, with 31,774
deaths [1]. The COVID-19 epidemic in Korea is classified into 4
periods according to the circulation of SARS-CoV-2 variants
of concern (VOCs), based on the detection of a relative share
of more than 50% by whole-genome sequencing: pre-
Delta variant predominance (January 20, 2020 to July 24,
2021), Delta variant predominance (July 25, 2021 to January
15, 2022), Omicron BA.1/BA.2 subvariant predominance
(January 16 to July 23, 2022), and Omicron BA.5 subvariant
predominance (July 24 to September 3, 2022) (Figure 1) [2].
Before the period of Delta variant predominance, other
VOCs such as the Beta and Gamma variants were introduced
into Korea, but the transmissibility of these variants was
relatively low, with detection rates of less than 50% [3].
After the introduction of new VOCs such as Delta and
Omicron into Korea, the characteristics of community
transmission of COVID-19 changed. Because those 2
variants were more transmissible than previous VOCs,
several sporadic outbreaks were reported in the community
with rapid surges of newly confirmed COVID-19 cases
[4,5]; the same trend was reported worldwide [6]. Thus, the
rate of transmissibility was shown to differ depending on
the emergence of new SARS-CoV-2 VOCs. The secondary
attack rate (SAR) is an important indicator for estimating
community transmission. In the United Kingdom (UK),
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HIGHLIGHTS

- This study analyzed the household secondary attack
rates (SAR) of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and identified risk factors
during the periods of Delta and Omicron variant
predominance in the Republic of Korea.

» The SAR was 35.2% for the Delta period and 43.1% for
the Omicron period. Persons aged 0O to 18 years and
>75 years, unvaccinated individuals, and individuals
experiencing initial infection had an increased risk of
infection with SARS-CoV-2.

the household SAR of Delta variant cases was 1.7 times
higher than that of Alpha variant cases [7]. In Norway, the
household contacts of Omicron variant cases showed a
SAR 1.3 times higher than that of Delta variant cases [8]. A
Korean study also demonstrated a SAR 1.08 times higher
for the Omicron variant than for the Delta variant [9]. In this
regard, the household SAR for specific SARS-CoV-2 variants
can be a significant indicator for measuring characteristics
of community transmission of COVID-19 [10]. However, a
study on household SARs across different periods of variant
predominance has been difficult to undertake with a large
dataset until recently. The current study aimed to characterize
transmission patterns by comparing the household SARs
and identifying risk factors during the periods of Delta and
Omicron variant predominance in Korea.

Omicron variant predominance
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Figure 1. Numbers of index cases and household contacts during the periods of Delta and Omicron variant

predominance, Republic of Korea.
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Materials and Methods

Study Population

Data were analyzed from confirmed COVID-19 cases and
household contacts that were reported to the COVID-19
Information Management System (CIMS, https://covid19.kdca.
go.kr), managed by Korea Disease Control and Prevention
Agency (KDCA) as per the Infectious Disease Control and
Prevention Act. We defined the period of Delta variant
predominance (Delta period) from July 25, 2021 to January
15, 2022, and the period of Omicron variant predominance
(Omicron period) from January 16 to September 3, 2022 [2];
for the Omicron period, data reporting began on February
7, 2022, when the KDCA introduced a mobile-based self-
reporting form for epidemiological investigation [11]. During
the Delta period, contacts of confirmed COVID-19 cases were
enrolled in the CIMS and required to undergo polymerase
chain reaction tests with 14 days of home quarantine [12].
During the Omicron period, contacts of confirmed cases were
advised to monitor their health conditions, and public health
centers provided all household contacts with education
regarding home quarantine guidelines [13].

The CIMS confirmed a total number of 516,024 cases for
the Delta period and 22,995,023 cases for the Omicron period.
Of these, cases without information on epidemiological
surveys and household members were excluded from
our analysis: 313,057 and 14,054,210 cases for the Delta
and Omicron periods, respectively. The first case with the
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earliest confirmed date of COVID-19 infection within a single
household was defined as an index case. The numbers of
index cases and household contacts selected in this study
were 214,229 and 431,174, respectively, for the Delta period,
and 5,521,393 and 14,650,810, respectively, for the Omicron
period (Figure 2).

Data Sources

Data on confirmed COVID-19 cases were retrieved from the
CIMS. Information on household contacts was collected
from the Epidemiological Investigation System. COVID-19
vaccination information was retrieved from the COVID-19
Vaccination Management System. The COVID-19 infection
status such as second infection was assessed based on the
definition used in the National Guidelines for Response to
COVID-19 [12,13].

Statistical Analysis

Descriptive statistical analysis was performed to estimate the
SARs during the Delta and Omicron periods, and the SARs
were compared by sex, age, vaccination status, and infection
status. Logistic regression was conducted to identify risk
factors and to determine their adjusted odds ratios (aORs)
and 95% confidence intervals (CIs). All analyses were
conducted using SAS ver. 9.4 (SAS Institute).

Ethical Considerations
Information about all study participants was obtained

The total no. of confirmed COVID-19 cases reported:
Delta period: July 25, 2021 to January 15, 2022 (n=516,024)
Omicron period: February 7 to September 3, 2022 (n=22,995,023)

Delta period (n=512,467) ]
Omicron period (n=22,604,131) [

Delta period (n=313,057) I j
Omicron period (n=14,054,210) [

Index cases included:
Delta period (n=214,229) -
Omicron period (n=5,521,393) !

Household contacts included:
Delta period (n=431,174)
Omicron period (n=14,650,810)
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Cases without results of epidemiological surveys

Cases without information on household members

_ _.E The first case with the earlies confirmed date within
1 asingle household was defined as an index case.

excluded
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Figure 2. Flowchart of the study population among confirmed COVID-19
cases during the periods of Delta and Omicron variant predominance,
Republic of Korea, July 25, 2021 to September 3, 2022.
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after obtaining consent, in accordance with the Infectious
Diseases Control and Prevention Act. The study was
exempted from review by the Public Institutional Review
Board designated by the Ministry of Health and Welfare (No.
P01-202305-01-020).

Results

The total numbers of index cases and household contacts
during the Delta period were 214,229 and 431,174, respectively.
Of these, 151,627 cases were confirmed, with a SAR of 35.2%.
Among both index cases and household contacts, the
proportion was higher in males than in females. By age group,
the largest proportions were those aged O to 18 years (23.5%)
among index cases, 19 to 49 years (37.7%) among household
contacts, and 19 to 49 years (35.3%) among confirmed cases.
Slightly over half of the study population had received a
second vaccine dose, and the vast majority had experienced
only an initial infection (Table 1).

During the Omicron period, the total numbers of index
cases and household contacts were 5,521,393 and 14,650,810,
respectively, of which 6,313,476 were confirmed cases. The
SAR was 43.1%. Among both index cases and household
contacts, the proportion of females was higher than that
of males. By age group, the largest proportions were those
aged 19 to 49 years (48.7%) among index cases, 19 to 49 years
(47.8%) among household contacts, and O to 18 years (43.8%)

Table 1. Characteristics of index cases and household
contacts, Republic of Korea, July 25,2021 to January 15,2022

Household contacts

Characteristic Index case
Total Confirmed
Total 214,229 (100) 431,174 (100) 151,627 (100)
Sex
Male 108,848 (50.8) 220,239 (51.1) 77,294 (51.0)
Female 105,381 (49.2) 210,935 (48.9) 74,333 (49.0)
Age (y)
0-18 50,388 (23.5) 127,540 (29.6) 48,248 (31.8)
19-49 78,967 (36.9) 162,673 (37.7) 53,516 (35.3)
50-74 72,336 (33.7) 121,760 (28.2) 41,945 (27.7)
>75 12,538 (5.9) 19,201 (4.5) 7,918 (5.2)
Vaccination status
Unvaccinated 75,569 (35.3) 170,625 (39.6) 65,155 (43.0)
Dose 1 12,072 (5.6) 23,986 (5.6) 7,966 (5.3)
Dose 2 126,174 (58.9) 235,803 (54.7) 78,278 (51.6)
Dose 3 414 (0.2) 760 (0.2) 228 (0.2)

Infection status

Initial infection 213,825 (99.8) 430,282 (99.8) 151,305 (99.8)
Second infection 402 (0.2) 887 (0.2) 310(0.2)
Third infection 2(0.0) 5(0.0) 0(0.0)

Data are presented as n (%).
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among confirmed cases. A plurality of the study population
had received a third vaccine dose, and the vast majority had
experienced only an initial infection (Table 2).

The SAR among individuals aged =75 years (41.2%) was
the highest during the Delta period, followed by individuals
aged O to 18 years (37.8%). Unvaccinated individuals had
the highest SAR (38.2%), and those experiencing an initial
infection (35.2%) showed a higher SAR than those with a
second infection (34.9%). The aOR of infection was 1.50 (95%
CI, 1.46-1.54) in those aged 0 to 18 years and 1.17 (95% CI,
1.12-1.21) in those aged =75 years, compared to those aged
19 to 49 years. The aOR of infection according to vaccination
status was 0.85 (95% CI, 0.81-0.88) after dose 1, 0.88 (95%
CI, 0.86-0.90) after dose 2, and 0.65 (95% CI, 0.53-0.80)
after dose 3, compared to unvaccinated individuals. The
aOR of infection for individuals with a second infection was
0.96 (95% CI, 0.90-1.01) compared to those with an initial
infection (Table 3; Figure 3).

During the Omicron period, the SAR in males (44.4%) was
higher than that in females (41.8%). By age group, those aged
0 to 18 years (50.1%) had the highest SAR, followed by the
group aged =75 years (47.0%). The SARs for unvaccinated
individuals and those experiencing an initial infection were
the highest, accounting for 55.7% and 43.7%, respectively. The
aOR of infection among those aged =75 years was 145 (95%
CI, 144-147) compared to those aged 19 to 49 years. The aOR
of infection by vaccination status was 0.83 (95% CI, 0.82-0.84)
after dose 1, 0.72 (95% CI, 0.72-0.73) after dose 2, and 0.55
(95% CI, 0.55-0.55) after dose 3, compared to unvaccinated
individuals. The aOR of infection for individuals with a
second infection was 019 (95% CI, 0.19-0.20) and for a third
infection was 016 (95% CI, 015-0.18), compared to an initial
infection (Table 4; Figure 4).

Discussion

Our study estimated the household SARs of index cases
during the periods of Delta and Omicron predominance in
Korea in terms of specific risk factors. Other studies reported
SARs of 35% to 36% for the Delta variant and 49% to 53% for
the Omicron variant, respectively [14,15]; our study found a
similar SAR for the Delta variant (35.2%) but a slightly lower
SAR for the Omicron variant (431%). The SAR of the Omicron
period was 1.2 times higher than that of the Delta period in
our study, which is consistent with the previous finding that
reported a SAR 14 times higher for the Omicron variant [8,16].
This increase in SAR can be attributed to the improvement
in diagnostic procedures and tools, which enabled people to
have easy access to the tests over time [17].

Compared to individuals aged 19 to 49 years, the aOR

https://doi.org/10.24171/j.phrp.2023.0133
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Table 2. Characteristics of index cases and household contacts, Republic of Korea, February 7 to September 3, 2022

Household contacts

Characteristic Index case
Total Confirmed
Total 5,521,393 (100) 14,650,810 (100) 6,313,476 (100)
Sex
Male 2,635,574 (47.7) 6,984,169 (47.7) 3,102,479 (49.1)
Female 2,885,819 (52.3) 7,666,641 (52.3) 3,210,997 (50.9)
Age (y)
0-18 1,967,334 (35.6) 5,513,330 (37.6) 2,763,475 (43.8)
19-49 2,688,792 (48.7) 7,006,612 (47.8) 2,721,171 (43.1)
50-74 812,725 (14.7) 1,996,017 (13.6) 765,442 (12.1)
>75 52,542 (1.0) 134,851 (0.9) 63,388 (1.0)

Vaccination status
Unvaccinated

1,609,916 (29.2)

Dose 1 49,129 (0.9)
Dose 2 1,525,210 (27.6)
Dose 3 2,309,849 (41.8)
Dose 4 27,289 (0.5)

Infection status
Initial infection
Second infection
Third infection

5,392,691 (97.7)

4,475,483 (30.5)
130,043 (0.9)
4,021,101 (27.4)
5,957,861 (40.7)
66,322 (0.5)

14,288,683 (97.5)

2,481,707 (39.3)
54,891 (0.9)
1,561,224 (24.7)
2,183,216 (34.6)
21,681 (0.3)

6,251,758 (99.0)

128,517 (2.3)

185 (0.0)

361,610 (2.5)
517 (0.0)

57,489 (0.9)
70 (0.0)

Data are presented as n (%).

Table 3. Adjusted odds ratios by sex, age, vaccination
status, and reinfection status of index cases, Republic of

Korea, July 25,2021 to January 15,2022

Index SAR (%) cOR(95% Cl) aOR (95% CI)
Total 352
Sex
Male 35.1 1.00 1.00
Female 352 1.00(0.98-1.01) 0.98 (0.97-1.00)
Age (y)
0-18 37.8 1.64 (1.60-1.68) 1.50 (1.46-1.54)
19-49 32.8 1.00 1.00
50-74 34.4 0.92 (0.90-0.94) 0.94 (0.92-0.96)
>75 41.2 1.15(1.11-1.20) 1.17 (1.12-1.21)
Vaccination status
Unvaccinated 38.2 1.00 1.00
Dose 1 33.2 0.68 (0.66-0.71) 0.85(0.81-0.88)
Dose 2 33.2 0.67 (0.66-0.68) 0.88 (0.86—0.90)
Dose 3 30.0 0.51 (0.42-0.62) 0.65(0.53-0.80)
Infection status
Initial infection 352 1.00 1.00
Second infection 34.9 0.93 (0.88-0.99) 0.96 (0.90-1.01)
Third infection 0 0 0

SAR, secondary attack rate; cOR, crude odds ratio; Cl, confidence interval;
aOR, adjusted odds ratio.

of infection was 1.50 times higher in those aged 0 to 18
years and 117 times higher in those aged 275 years during
the Delta period, and 145 times higher in those aged =75
years during the Omicron period. These results agreed

https://doi.org/10.24171/j.phrp.2023.0133

with studies conducted in other countries; unvaccinated
individuals aged <19 years had a risk of infection 1.3 times
higher compared to individuals aged 20 to 59 years in Japan
[18,19]. Furthermore, individuals in the UK aged =75 years
had a risk of infection 1.61 times higher compared to those
aged 30 to 39 years [16]. This may be because children aged
0 to1lyears and older adults aged =75 years are more likely
to spend time with family compared to other age groups;
similarly, a Japanese study reported that the higher risk of
infection for individuals aged <19 years owes to various
factors such as spending longer periods of time with
household members [18,19]. In Korea, COVID-19 vaccination
was not yet authorized for children and adolescents aged
0-17 years during the Delta period [20-23]. Furthermore,
older individuals lose vaccine-induced immunity more
rapidly than younger individuals, although they are likely to
have better vaccine coverage [24,25].

This study confirmed, similar to previous findings, that
the SAR of unvaccinated groups was higher than that of
vaccinated groups during both the Delta and Omicron
periods [14,16]. Other countries reported a risk of infection 1.4
to 2.5 times higher among unvaccinated groups [8,16,18,19],
which agrees with a study that showed a higher risk of
infection among unvaccinated Koreans [9]. Additionally, a
study conducted in Spain reported that COVID-19 vaccination
was effective during the Delta period [26]. However, another
Spanish cohort study confirmed that a third dose of mRNA-

267



phrp
N +

+

0.8

Odds ratio

0.6

0.4

0.2

SARS-CoV-2 secondary attack rates, Republic of Korea

19-49

50-74 >75
Age group (y)

Figure 3. Adjusted odds ratios by age group of index cases, Republic of Korea, July 25,2021 to January 15, 2022.
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Figure 4. Adjusted odds ratios by age group of index cases, Republic of Korea, February 7 to September 3, 2022.

based COVID-19 vaccination was moderately effective in
preventing infection by the Omicron variant for one month,
with lower efficacy compared to the Delta period [27].
During both Delta and Omicron periods, the SARs for
individuals experiencing their second and third infections
were higher, with higher risks of infection, compared to those

268

with initial COVID-19 infection. Animal experimental studies
have demonstrated that reinfected animals did not shed
the virus at sufficient levels to infect naive animals, with no
nasal and oral shedding of the virus [28,29], and evidence on
transmissibility among reinfected patients after their initial
infection with COVID-19 has been inconclusive. Therefore,

https://doi.org/10.24171/j.phrp.2023.0133
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Table 4. Adjusted odds ratios by sex, age, vaccination
status, and reinfection status of index cases, Republic of
Korea, February 7 to September 3, 2022

Index SAR (%) cOR (95% CI) aOR (95% CI)
Total 43.1
Sex
Male 44.4 1.00 1.00
Female 41.8 0.90 (0.90-0.90) 0.93 (0.93-0.93)
Age (y)
0-18 50.1 1.48 (1.47-1.48) 0.75(0.75-0.75)
19-49 38.8 1.00 1.00
50-74 38.3 0.96 (0.96-0.96) 1.02(1.01-1.02)
>75 47.0 1.36 (1.35-1.38) 1.45(1.44-1.47)
Vaccination status
Unvaccinated 55.7 1.00 1.00
Dose 1 42.2 0.60 (0.59-0.60) 0.83 (0.82-0.84)
Dose 2 38.8 0.52 (0.52-0.52) 0.72(0.72-0.73)
Dose 3 36.6 0.47 (0.47-0.47) 0.55(0.55-0.55)
Dose 4 32.6 0.40 (0.40-0.41) 0.41 (0.40-0.41)
Infection status
Initial infection 43.7 1.00 1.00
Second infection 15.9 0.24 (0.24-0.24) 0.19 (0.19-0.20)
Third infection 13.5 0.18 (0.16-0.20) 0.16 (0.15-0.18)

SAR, secondary attack rate; cOR, crude odds ratio; Cl, confidence interval;
aOR, adjusted odds ratio.

additional investigation of transmission among reinfected
COVID-19 patients may be required [30].

Although a previous study investigated SARs in Korea by
COVID-19 vaccination status, the result predated the Omicron
period and did not analyze risk factors such as reinfection
and age group [9]. The current study used the large datasets
reported to the CIMS during the Delta and Omicron periods,
identifying risk factors such as age group, vaccination
status, and reinfection. Children and adolescents, who are
more susceptible to becoming infected with SARS-CoV-2,
may have lower transmissibility without being vaccinated
[25,31,32], and older individuals may be more likely to
develop symptoms, since they have lower vaccine-induced
immunity compared to young adults [25,32]. Furthermore,
vaccinated individuals may be less likely to practice social
distancing than unvaccinated people [33]. In this respect,
other aspects should be considered in interpreting the effects
of risk factors. Since the World Health Organization has
recently lifted the Public Health Emergency of International
Concern for COVID-19, a follow-up study on risk factors such
as reinfection needs to be conducted to provide evidence-
based guidelines [34]. We hope that the results of this study
can help develop age-specific immunization plans and
responses to reduce the SAR in preparing for emerging
infectious diseases or potential new VOCs of SARS-CoV-2.

https://doi.org/10.24171/j.phrp.2023.0133
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This study has some limitations. First, because COVID-19
rapid antigen tests became available to use for confirmation
during the Omicron period, limiting to the identification
of variant types, we were not able to include all confirmed
COVID-19 cases in Korea during the Delta and Omicron
periods. Therefore, the result might not be representative of
the entire population. Second, our analysis included only the
number of vaccine doses administered without accounting
for their type or the time elapsed following vaccination.
Third, isolation for close contacts was not required during
the Omicron period; thus, those contacts might have had a
risk of infection through community transmission.
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