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Background: We evaluate the overall effectiveness of the nationwide vaccination campaign using
ChAdOx1 nCoV-19, BNT162b2, mRNA-1273, and Ad26.COV2.S vaccines in preventing Covid-19 in
South Korea.

Methods: The National Surveillance System with the National Immunization Registry were linked to form
a large-linked database for assessment. Age-adjusted incidence of SARS-CoV-2 infection, severe disease,
and death by vaccination status are calculated. Weekly vaccine effectiveness was calculated based on

Key Word.S: incidence rate ratio (IRR) between fully-vaccinated and unvaccinated persons, as: IRR = incidence rate
Coronavirus R R . . A

COVID-19 of vaccinated | incidence rate of unvaccinated. We estimate the cumulative SARS-CoV-2 outcome over-
SARS-CoV-2 time comparing the observed case with predicted cases without vaccination.

Vaccine Results: Age-adjusted incidence in unvaccinated persons (5.69 per 100,000 person-day) was 2.7 times the

Effectiveness rate in fully vaccinated (2.13 per 100,000 person-day) persons, resulting effectiveness against SARS-CoV-
2 infection of 63%. Vaccine effectiveness against severe disease and death were 93% and 95%, respectively.
Between March and October 2021, estimated Covid-19 related outcomes averted by vaccinations were:
46,508 infections, 3,424 severe diseases, and 718 deaths.

Conclusions: We found significant protection for national Covid-19 vaccination campaign against Covid-
19 severe disease, and death in target populations, but there was an unexpected decreased protection
against SARS-CoV-2 infection, highlighting the importance of continued surveillance and assessment.

© 2022 Elsevier Ltd. All rights reserved.

1. Introduction tuted a targeted vaccination program delivered through vaccina-

tion centers and primary care [3]. Vaccinations were initially

Since the emergence of severe acute respiratory disease syn-
drome coronavirus-2 (SARS-CoV-2), coronavirus disease 2019
(Covid-19) has caused 248 million cases with over 5 million deaths
globally, as of November 2021 [1]. After widespread use of viral
vector-based and mRNA-based Covid-19 vaccines, the incidence,
hospitalization, and death due to SARS-CoV-2 decreased noticeably
in many countries and regions; however, little is known about the
vaccine effectiveness in Asian countries [2].

Introduction of Covid-19 vaccines began in February 2021 in
South Korea, with two viral vector-based vaccines (ChAdOx1
nCoV-19 and Ad26.COV2.S) and two mRNA-based vaccines
(BNT162b2 and mRNA-1273) adopted by the Korean national vac-
cination campaign. Working in conjunction with the national
immunization technical advisory group, Korean government insti-
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offered to high risk persons in long-term care facilities and health-
care professionals, which were expanded to all persons aged
12 years and above, by October 2021 [4].

Over the course of the pandemic, all reverse transcription poly-
merase chain reaction (RT-PCR) confirmed Covid-19 cases were
reported to the government, while all Covid-19 vaccinations were
registered to the national immunization registry [4,5]. By linking
these two large databases, we aimed to evaluate the overall effec-
tiveness of the national vaccination campaign among
persons > 18 years of age, in preventing SARS-CoV-2 infection, sev-
ere disease case, and Covid-19 related death in South Korea.

2. Methods
2.1. Study population and design

In this study, we report the number of SARS-CoV-2 infections,
Covid-19 severe disease cases, and Covid-19-related deaths; and
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estimate the cases averted via the direct effect of nationwide
Covid-19 vaccination program, between March 13, 2021 (surveil-
lance week 11) and October 2, 2021 (surveillance week 40), in all
adults aged 18 years and older in Korea. The study assesses the
incidence rates of SARS-CoV-2 infections and severe disease cases,
and subsequent case fatality rates among all individuals who were
vaccinated with at least one dose, with at least 14 days of follow-

up.

2.2. PCR testing and vaccination program

In Korea, SARS-CoV-2 RT-PCR testing had been widely available
since the beginning of pandemic, which is mandated for close con-
tacts of infected person, people with febrile or respiratory symp-
toms, or people coming from abroad [4]. All RT-PCR-confirmed
SARS-CoV-2 infections, severe diseases, and deaths are reported
to the government on daily basis. In the case who wishes to be
tested regardless of above criteria, non-PCR based testing can be
done, which then are reflexed to RT-PCR testing, hence are notified
to the government. From January 2020 to February 2021, a total of
89,902 RT-PCR-confirmed SARS-CoV-2 cases were reported in
Korea, out of 51 million residents [4].

The nationwide Covid-19 vaccination program was launched on
February 26, 2021. To date, four vaccines have been authorized by
the Korean Ministry of Food and Drug Administration: ChAdOx1
nCoV-19 (AstraZeneca), BNT162b2 (Pfizer-BioNTech), mRNA-
1273 (Moderna), and Ad26.COV2.S (Janssen/Johnson & Johnson).
Except for Ad26.COV2.S, all vaccines require a two-dose vaccina-
tion schedule at different time intervals.

Given the supply constrains with the vaccines in the earlier
phase, the government had the complete control over the vaccine
distribution in different target groups. Vaccines were administered
in vaccination centers or outpatient clinics with no out-of-pocket
costs. Initially in the February, the ChAdOx1 nCoV-19 vaccination
was offered to the residents and workers at long-term care facili-
ties (LTCFs), and the BNT162b2 to the healthcare professionals

Vaccine 40 (2022) 3670-3675

(HCPs) at Covid-19 designated hospitals (Supplementary Table 1).
By June and July, Ad26.COV2.S and mRNA-1273 vaccines were
introduced to different target population. Between the surveillance
weeks 11 and 40, the vaccination coverage rate has increased in a
stepwise manner, largely due to intermittent supply constraints of
the vaccines (Supplementary Fig. 1).

2.3. Data source

We linked the Covid-19 National Surveillance System with the
National Immunization Registry to form a large-linked database
(LLDB), comprising 172,049 PCR-confirmed Covid-19 cases and
53,253,662 person’s immunization registry data (Supplementary
Fig. 2). Of those, 9,139,041 children, adolescents, and foreigners,
41,951 overseas vaccinated people, 459 persons with missing data,
and 89,107 people with prior infection were excluded. Among
43,983,105 eligible individuals, we had 8,558,970 unvaccinated
people (19.5%), 8,600,605 ChAdOx1 nCoV-19 fully vaccinated peo-
ple (19.6%), 9,284,531 BNT162b2 fully vaccinated people (21.1%),
994,567 mRNA-1273 fully vaccinated people (2.3%), 1,243,614
Ad26.COV2.S fully vaccinated people (2.8%), and 1,572,671 persons
who were primed with ChAdOx1 nCoV-19 and boosted with
BNT162b2 (3.6%).

2.4. Case definition

A case with Covid-19 severe disease is defined as a Covid-19
patient treated with high flow oxygen therapy, mechanical ventila-
tor, ECMO (extracorporeal membrane oxygenation), CRRT (contin-
uous renal replacement therapy) within 28 days of RT-PCR
confirmation. The Covid-19-related death is defined as Covid-19
patients who died within 28 days of RT-PCR confirmation.

Vaccination status was defined at the time of their SARS-CoV-2
laboratory confirmation (Supplementary Figure 3): A) unvacci-
nated, measured from zero doses to 0-13 days after the first dose
of Covid-19 vaccines; B) partially vaccinated, measured from

Table 1

Number of SARS-CoV-2 Cases among Persons Aged >18 Years, by Selected Characteristics and Vaccination Status, South Korea, February - September, 2021
Characteristics Vaccination Status, no. (%) p-value

Total Fully Vaccinated* Partially Vaccinated Unvaccinated

Total no. of cases infected 172,049 13,479 21,414 137,156
Vaccine
ChAdOx1 nCoV-19 16,099 (9.4) 5,711 (42.4) 10,388 (48.5) - - <0.001
BNT162b2 14,250 (8.3) 3,989 (29.6) 10,261 (47.9) - -
mRNA-1273 813 (0.5) 48 (0.4) 765 (3.6) - -
Ad26.COV2.S 2,941 (1.7) 2,941 (21.8) - - - -
ChAdOx1 (prime) [ BNT162b2 (booster) 790 (0.5) 790 (5.9) - - - -
Median age, years (IQR) 44 (30-56) 57 (40-65) 44 (29-52) 37 (27-48) <0.001
Age group, yrs
18-29 42,301 (24.6) 1,074 (8.0) 2,205 (10.3) 39,022 (28.5) <0.001
30-39 30,227 (17.6) 2,751 (20.4) 1,910 (8.9) 25,566 (18.6)
40-49 33,852 (19.7) 1,433 (10.6) 3,085 (14.4) 29,334 (21.4)
50-59 32,694 (19.0) 1,313 (9.7) 5,704 (26.6) 25,677 (18.7)
60-69 21,362 (12.4) 3,335 (24.7) 6,675 (31.2) 11,352 (8.3)
70-79 7,876 (4.6) 2,148 (15.9) 1,603 (7.5) 4,125 (3.0)
>80 3,737 (2.2) 1,425 (10.6) 232 (1.1) 2,080 (1.5)
Sex
Female 82,817 (48.1) 6,074 (45.1) 10,666 (49.8) 66,077 (48.2) <0.001
Male 89,232 (51.9) 7,405 (54.9) 10,748 (50.2) 71,079 (51.8)
Severe Disease” 3,849 (2.2) 197 (1.5) 409 (1.9) 3,243 (2.4) <0.001
Death™ 625 (0.4) 54 (0.4) 60 (0.3) 511 (0.4) 0.086

*Persons were considered fully vaccinated >14 days after receipt of the second dose in a 2-dose series (ChAdOx1 nCoV-19, BNT162b2, or mRNA-1273 vaccines) or after 1 dose
of the single-dose Ad26.COV2.S vaccine; partially vaccinated >14 days after receipt of the first dose and <14 days after the second dose in a 2-dose series; and unvaccinated

<14 days receipt of the first dose of a 2-dose series or 1 dose of the single-dose vaccine.

"Severe Disease: COVID-19 patients treated with high flow oxygen therapy, mechanical ventilator, ECMO (Extracorporeal Membrane Oxygenation), CRRT (Continuous Renal

Replacement Therapy) within 28 days of laboratory confirmation.
""Death: COVID-19 patients who died within 28 days of laboratory confirmation.
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14 days after the first dose through 13 days after the second dose;
C) fully vaccinated, measured 14 days after the second dose (ChA-
dOx1 nCoV-19, BNT162b2, or mRNA-1273 vaccines) or after one
dose of the single-dose Ad26.COV2.S vaccine.

2.5. Analysis

We first compare the type of vaccine, age group, sex, health out-
come (severe disease, death) for fully vaccinated, partially vacci-
nated, and unvaccinated persons. Age-adjusted incidence of
SARS-CoV-2 infection, severe disease, and death by vaccination sta-
tus are calculated. The rates were stratified by vaccination status
and were calculated as ratio between the number of events and
total observation period per 100,000 person-time in days. Weekly
vaccine effectiveness was calculated based on incidence rate ratio
(IRR) between fully-vaccinated and unvaccinated persons, as:
IRR = incidence rate of vaccinated / incidence rate of unvaccinated.

We then estimate the cumulative SARS-CoV-2 outcome over-
time comparing the crude number of cases with predicted cases
without vaccination. To estimate the weekly number of averted
cases, we used the following formula: cases averted = weekly num-
ber of observed persons*vaccine coverage rate*(expected number
of cases in unvaccinated - observed number of cases in vacci-
nated); using direct standardization to adjust for difference in pop-
ulation structure between vaccinated and unvaccinated persons.
Daily, age-adjusted incidence rates were calculated for vaccinated
(fully + partially) persons and unvaccinated persons for three
health outcomes. The person-days for vaccinated individuals for
each day was estimated by multiplying the proportion of people
who were at least partly vaccinated by population. The person-
days for unvaccinated individuals for each day was determined
by subtracting the number of person-days contributed by vacci-
nated persons from the total census population.

This study was conducted as a legally mandated public health
investigation under the authority of the Korean Infectious Diseases
Control and Prevention Act (No. 12,444 and No. 13392) and was
not a research that was subject to institutional review board
approval; therefore, written informed consent was not required.

3. Results

The number of vaccinations has increased from 20,878 (0.3% of
target population) in week 11 to 35,424,135 doses by week 40,
2021. During the same period, 172,049 cases of SARS-CoV-2 infec-
tions among residents aged > 18 years were reported nationally,
including 13,479 (7.3%) in fully vaccinated persons, 21,414
(12.4%) in partially vaccinated persons, and 137,156 (79.7%) in
unvaccinated persons (Table 1). The largest percentage of cases
were among adults aged 60-69 years in fully vaccinated persons
(24.7%) and partially vaccinated persons (31.2%); while among
unvaccinated persons, 18-29 years comprised the largest percent-
age (28.5%). Among fully vaccinated persons, median age was
higher (57 years) compared to partially vaccinated (44 years) and
unvaccinated (37 years) persons (P < 0.001). Among fully vacci-
nated persons, 42.4% had received ChAdOx1 nCoV-1 vaccine,
29.6% had received BNT162b2 vaccine, and 21.8% received Ad26.
COV2.S vaccine (Table 1). Lower percentage of fully vaccinated per-
sons had severe disease (1.5%) compared to partially vaccinated
persons (1.9%) and unvaccinated persons (2.4%) (P < 0.001). Supple-
mentary Table 2 shows baseline characteristics of study population.

Among all Korea residents, the age-adjusted incidence
increased among unvaccinated, partially vaccinated, and fully vac-
cinated persons, with the highest rates among unvaccinated per-
sons after week 28 (Fig. 1A). By week 40, in unvaccinated
persons, the age-adjusted incidence (5.69 per 100,000 person-
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day) was 1.9 times the rate in partially vaccinated (3.05 per
100,000 person-day) and 2.7 times the rate in fully vaccinated
(2.13 per 100,000 person-day) persons, resulting vaccine effective-
ness against SARS-CoV-2 infection of 63%. The age-adjusted inci-
dence for severe disease and case fatality rate for partially and
fully vaccinated persons remained relatively low compared to the
rate for unvaccinated persons (Fig. 1B and 1C). By week 40, the
age-adjusted incidence for severe disease in unvaccinated persons
(0.16 per 100,000 person-day) was 8-16 times that in partially vac-
cinated and fully vaccinated persons (0.02 per 100,000 person-day
and 0.01 per 100,000 person-day, respectively), resulting vaccine
effectiveness of 93%. The age-adjusted case fatality rate in unvacci-
nated persons (0.04 per 100,000 person-day) was higher than the
rate in partially vaccinated persons (none) and fully vaccinated
persons (0.002 per 100,000 person-day), which result in vaccine
effectiveness of 95%.

Fig. 2 shows a nationwide weekly time series of the actual num-
ber of cumulative Covid-19 A) infection, B) severe disease, and C)
death and predicted number of cumulative numbers that would
have occurred in the absence of vaccinations. Between the surveil-
lance weeks 11 and 40, estimated number of Covid-19 related out-
comes averted by vaccinations were 46,508 infections, 3,424
severe diseases, and 718 deaths.

4. Discussion

In this national cohort study, we estimated the effectiveness of
Covid-19 vaccine against SARS-CoV-2 infection in almost 170,000
people aged 18 years and greater in South Korea. Among the target
group, the vaccine effectiveness against severe disease and death
from SARS-CoV-2 infection of 93%, and 95%, respectively. In Israel,
BNT162b2 was highly effective in preventing symptomatic (97.0%)
and asymptomatic (91.5%) SARS-CoV-2 infections and COVID-19-
related hospitalizations (97.5%), severe disease (97.5%), and
(96.7%) death [6]. These figures may differ by vaccines and target
population. From the U.S. Veterans Health Administration, vaccine
effectiveness against death for age 65 years was 73.0% for Ad26.
COV2.S, 81.5% for mRNA-1273, and 84.3% for BNT162b2; vaccine
effectiveness against death for age > 65 years was 52.2% for
Ad26.COV2.S, 75.5% for mRNA-1273, and 70.1% for BNT162b2 [7].
However, our results are consistent with overall vaccine estimates
against SARS-CoV-2-related severe disease or death previously
reported by other countries. A retrospective cohort study using a
large integrated health database in the United States showed a
93% (95% Cl 84-96) effectiveness of BNT162b2 against hospital
admissions [8]. A cohort study from Scotland showed vaccine
effectiveness against death from SARS-CoV-2 was 90% (95% CI, 83
to 94) for BNT162b2 and 91% (95% CI, 86 to 94) for ChAdOx1
nCoV-19 [9]. In Qatar, a matched test-negative case-control study
showed an effectiveness against severe, critical or fatal Covid-19
of 93.4% (95% Cl, 85.4-97.0%) for BNT162b2 and 96.1% (95% (I,
71.6-99.5%) for mRNA-1273 vaccines [10].

Our findings suggest a high vaccine effectiveness for preventing
serious disease and death from target population, however, as in
studies from other countries, the vaccines may have reduced effec-
tiveness in preventing SARS-CoV-2 infections. We report an unan-
ticipated finding of decreased vaccine effectiveness against SARS-
CoV-2 infection since surveillance week 24-26 (or June of 2021).
The findings were corroborated by other observational studies in
the UK., reporting reduced effectiveness of Covid-19 vaccine
against delta variant, compared with other variants. A test-
negative case-control showed that the effectiveness of BNT162b2
was 93.7% (95% (I, 91.6 to 95.3) among persons with the alpha
variant and 88.0% (95% CI, 85.3 to 90.1) among those with the delta
variant [11]. Another U.K. study showed the reduced effectiveness
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Fig. 1. Weekly Trend in Age-Adjusted Incidence of SARS-CoV-2 Infection, Severe Disease, and Death, by Vaccination Status, South Korea, February - September 2021.

of 10-13% for BNT162b2 and 16% for ChAdOx1 in preventing delta-
related infections compared to alpha variant [12]. Since June 2021,
the delta variant has emerged as the predominant strain in Korea,
which may have affected the effectiveness in preventing SARS-
CoV-2 infection, as shown in our study [4,13]. The reduced effec-
tiveness over time may be affected by waning immunity, or the
secondary vaccine failure. In all age groups in Israel, immunity
against delta variant waned in a few months after receipt of the
second dose of vaccine [14]. A matched test-negative case-
control study from Qatar showed that the variant-specific effec-
tiveness waned in the same for BNT162b2, however, the protection
against hospitalization and death persisted for 6 months [15]. A
study from Israel reported a significantly lower incidence of
booster-dose recipients compared with non-booster dose recipi-
ents, where delta variant was the predominant virus [16]. Since
there has been emergence of delta variant affecting vaccine effec-
tiveness against SARS-CoV-2 infection, these results may lead to
public need for the booster doses in Korea [17].

Despite the reduced effectiveness against SARS-CoV-2 infection
over time, our results suggest residual protection against severe
disease and death in target population if they had been fully vacci-
nated. Our study demonstrates that the national vaccination cam-
paign was instrumental to reducing the Covid-19 related severe
disease and death. As postulated by previous modelling study, high
vaccination coverage in conjunction with continued nonpharma-
ceutical intervention may be crucial in mitigating from Covid-19
[18]. As the new variants may emerge among unvaccinated indi-
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viduals, our findings underscore the public health need to acceler-
ate vaccination coverage and close the vaccination coverage gaps.

Our study has number of limitations. First, this is an observation
study, in which neither vaccination or Covid-19 testing were made
at random. It is plausible that the vaccination status may have
affected chances of getting tested. Second, the difference in rele-
vant characteristics between vaccinated and unvaccinated popula-
tion were not controlled beyond sex and age group. Given the
limited clinical and demographic data obtained through
nationally-collected surveillance system, it was challenging to
emulate the target trial to estimate vaccine effectiveness.

Despite these limitations, our study included accurate immu-
nization registry of 53 million people and more than 170,000 RT-
PCR confirmed Covid-19 case, which allowed us to present a
real-world data from a large scale. Prior to this study, there were
limited opportunities to directly evaluate the public vaccination
program against SARS-CoV-2 in a national scale. We have pre-
sented a weekly estimation of incidence rates over time to avoid
overestimation of vaccine effectiveness. The data shows dose-re-
sponse to the vaccination in terms of number of doses and window
period on effectiveness against SARS-CoV-2 infection, severe dis-
ease, and death. Given the presence of validated, real-time,
internet-based immunization registry, the completeness is high
because all the supply and reimbursement process was controlled
by the government. Lastly, the use of complete national database
may overcome the selection bias that can be introduced by non-
random missing data.
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Korea, February - September 2021.

In summary, we found significant protection for national Covid-
19 vaccination campaign against SARS-CoV-2 severe disease, and
death in target populations, but there was an unexpected finding
of decreased protection against SARS-CoV-2 infection. This high-
lights the importance of continued surveillance of the effectiveness
of Covid-19 vaccines. With a potential for waning immunity and
vaccine escape by new variant, prevention of severe disease and
death through increased vaccine uptake and booster doses in vul-
nerable population, along with other preventive measures, will be
important in mitigating Covid-19 pandemic.
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