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Abstract: We assessed the risk of reinfection among all residents in South
Korea who tested positive for coronavirus disease 2019 from January to
August 2022. Children 5-11 years [adjusted hazard ratio (aHR) = 2.20], and
1217 years old (aHR = 2.00), were at higher risk; whereas 3-dose vaccina-
tion (aHR = 0.20) lowered the risk of reinfection.
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ollowing the introduction of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) Omicron subvariant, many
countries have experienced large numbers of coronavirus disease
2019 (COVID-19) reinfections.! However, few detailed cohort stud-
ies are available from countries where vaccination rates remain sub-
optimal in children. South Korea has a relatively lower vaccine cov-
erage rate of 1.5% among children 5-11 years old, compared with a
vaccine coverage rate of more than 80% in adolescents 12—17 years
of age, as of August 2022. In this study, we aimed to assess the risk
of SARS-CoV-2 reinfection using the Korean national cohort.
Details of the surveillance and vaccination system in South
Korea have been previously described.? All residents in South
Korea who tested positive for COVID-19 infection via rapid anti-
gen test or polymerase chain reaction from January 1 to August
30, 2022, were included (Figure, Supplemental Digital Content 1,
http://links.lww.com/INF/F61). Reinfection is defined as occurring
=45 days after initial positive laboratory-confirmed COVID-19.
Risk of reinfection by demographic characteristics, health status
(immunocompromised, or living in a long-term care facility) and
vaccination status (0-3 doses) were assessed. For each individual,
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a Cox proportional hazards model was fitted, and adjusted for sex,
age, residence, health status, and vaccination status. Adjusted haz-
ard ratios from the age-and-sex-adjusted and fully adjusted models
are reported with 95% confidence intervals. All statistical analyses
were conducted using R v.4.02 (R Core Team, Vienna). This work
was approved by Korea Disease Control and Prevention Agency
Institutional Review Board (IRB No. 2021-12-03-PE-A).

In 2022, there were 2 peaks of the COVID-19 outbreak in
Korea, largely attributable to Omicron subvariant BA.1 and BA.2
in March and BA.S in August (Figure 1, Supplemental Digital Con-
tent 1, http://links.lww.com/INF/F61). Between January and August
2022, a total of 154,924 SARS-CoV-2 reinfection cases were identi-
fied, which was 0.9% of 17,543,961 total COVID-19 cases (Table 1).
Figure 1 shows the secular trend of SARS-CoV-2 reinfection by (1)
age group and by (2) vaccination status. Females [adjusted hazard
ratio (aHR) = 1.18; 95% CI: 1.17-1.20], children 5-11 years (aHR =
2.20; 95% CI: 2.15-2.26) and adolescents 12—17 years of age (aHR
=2.00; 95% CI: 1.95-2.05) were associated with increased risk of
SARS-CoV-2 reinfection (Table 1). Residents of noncapital area

TABLE 1. Risk Factor for SARS-CoV-2 Reinfection
Cases, Jan 2022—-Aug 2022, South Korea
Reinfec-  /Total Inci-
Variables tion infection (%) dence* aHR (95% CI)
Total 154,924 17,543,961 (0.9) 6.15
Sex
Male 69,444 8,209,962 (0.8) 5.88 Ref.
Female 85,480 9,333,999 (0.9) 6.38 1.18 (1.17-1.20)
Age group (yrs)
04 10,015 820,843 (1.2) 846 1.13 (1.10-1.16)
5-11 49,123 1,944,653 (2.5) 17.32 2.20 (2.15-2.26)
12-17 12,457 1,324,395 (0.9) 6.49 2.00 (1.95-2.05)
18-39 43,912 5,560,239 (0.8) 547 1.70 (1.67-1.72)
40-59 22,907 4,842,637 (0.5) 3.30 Ref.
60-74 11,021 2,224,252 (0.5) 3.51 1.03 (1.01-1.06)
75+ 5,489 826,942 (0.7) 4.74 1.16 (1.12-1.20)
Residence
Capital area 79,920 9,172,732 (0.9) 5.99 Ref.
Non-capital 75,004 8,371,229 (0.9) 6.32 1.13 (1.12-1.14)

area
Health status
Immunocom- 2,620

447,934 (0.6) 4.12 1.23 (1.18-1.28)

promised
LTCF 4,182 293,178 (1.4) 9.84 2.34 (2.26-2.43)
residents
General 148,122 16,802,849 (0.9) 6.13 Ref.
population

Vaccination
statust
Unvaccinated 143,804 15,958,222 (0.9) 6.30 Ref.
1-dose 10,689 1,555,628 (0.7) 4.59 0.94 (0.92-0.96)
2-doses 427 29,542 (1.4) 9.26 0.54 (0.49-0.59)
3-doses+ 4 569 (0.7 4.16 0.20 (0.07-0.53)

*Incidence per 100,000 person-days.

FVaccination status, post-primary infection and before reinfection.

aHR indicates adjusted hazard ratio (adjusted for sex, age, residence, health status,
vaccination status); LTCF, long-term care facility.
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B Reinfection cases by vaccination status
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FIGURE 1. Weekly number of SARS-CoV-2 reinfection cases by (A) age group and (B) by vaccination status, Jan — Aug 2022,

South Korea.

(aHR = 1.13; 95% CI: 1.12—-1.14) and long-term care facility (aHR
= 2.34; 95% CI: 2.26-2.43) were at increased risk of reinfection.
Individuals with 2-dose vaccination (aHR = 0.54; 95% CI: 0.49—
0.59) and 3-dose vaccination (aHR = 0.20; 95% CI: 0.07-0.53) were
at lower risk of SARS-CoV-2 reinfection.

We found that during the surge of Omicron BA.1, BA.2
and BA.5 outbreaks in South Korea, 2022, unvaccinated persons,
notably, children, were associated with increased risk of SARS-
CoV-2 reinfection. This finding is in line with a meta-analysis of 91
studies, showing that the risk of infection was substantially lower
among vaccinated individuals compared with unvaccinated per-
sons. (0.32% vs. 0.74%).> Before the emergence of the Omicron
variant, the risk of reinfection was lower in children. In England
between 2020 and 2021, children had a lower risk of reinfection
than did adults (21.53 vs. 72.53 per 100,000).* However, following
the introduction of the Omicron variant, the risk of reinfection has
increased in all population, most notably in unvaccinated children.
Vaccines have shown to provide protection against SARS-CoV-2
infection, severe infection, or death in children. In the US, the esti-
mated effectiveness of Omicron infection alone against reinfection
with Omicron in vaccinated children was 79.4-94.3%, highlighting
the benefit from the vaccines.’

There are several limitations to this study. First, we used
surveillance data that does not collect detailed clinical informa-
tion including the timing of the vaccination. Therefore, the inter-
pretation of the result should be made cautiously since the clinical
implication of reinfection and vaccination may vary according to
the significance of the clinical spectrum. Second, given the nature
of the observational study, we were not able to control uniformed
inclusion criteria for testing, thus poses ascertainment bias. Third,
although we cannot exclude the possibility that some of the reinfec-
tions might have been due to false positive results, we anticipate
that these cases represented only a small fraction of results with a
negligible overall impact on study findings and conclusions.

Our study provides large-scale population-level evidence on
reinfection of SARS-CoV-2, showing that the risk is elevated in
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unvaccinated individuals and in children. These findings suggest
that although there are breakthrough infections among vaccinated
persons, vaccination further decreased the risk of reinfection com-
pared to unvaccinated persons.
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