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ABSTRACT

Objectives: The Korea Disease Control and Prevention Agency promotes vaccination by 
regularly providing information on its benefits for reducing the severity of coronavirus disease 
2019 (COVID-19). This study aimed to analyze the number of averted severe COVID-19 cases 
and COVID-19-related deaths by age group and quantify the impact of Republic of Korea’s 
nationwide vaccination campaign. 
Methods: We analyzed an integrated database from the beginning of the vaccination campaign 
on February 26, 2021 to October 15, 2022. We estimated the cumulative number of severe cases 
and COVID-19-related deaths over time by comparing observed and estimated cases among 
unvaccinated and vaccinated groups using statistical modeling. We compared daily age-
adjusted rates of severe cases and deaths in the unvaccinated group to those in the vaccinated 
group and calculated the susceptible population and proportion of vaccinated people by age. 
Results: There were 23,793 severe cases and 25,441 deaths related to COVID-19. We estimated 
that 119,579 (95% confidence interval [CI], 118,901–120,257) severe COVID-19 cases and 137,636 
(95% CI, 136,909–138,363) COVID-19-related deaths would have occurred if vaccination had not 
been performed. Therefore, 95,786 (95% CI, 94,659–96,913) severe cases and 112,195 (95% CI, 
110,870–113,520) deaths were prevented as a result of the vaccination campaign. 
Conclusion: We found that, if the nationwide COVID-19 vaccination campaign had not been 
implemented, the number of severe cases and deaths would have been at least 4 times higher. 
These findings suggest that Republic of Korea’s nationwide vaccination campaign reduced the 
number of severe cases and COVID-19 deaths. 
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Introduction 

Coronavirus disease 2019 (COVID-19) first emerged in China in 2019 and was declared a 
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pandemic by the World Health Organization (WHO). As 
of April 12, 2023, a total of 762,791,152 COVID-19 cases and 
6,897,025 COVID-19-related deaths had been reported 
globally according to the WHO [1]. Following the rollout of 
COVID-19 vaccinations, infections and deaths were reduced 
in many countries and regions [2−4]. The WHO reported 
that COVID-19 vaccinations prevented 14.4 million COVID-
19-related deaths in 186 countries in 2021 [5]. 

In Republic of Korea, a national vaccination campaign 
began in February 2021, promoting 2 viral vector-based 
vaccines (ChAdOx1 nCoV-19 and Ad26.COV2.S) and 2 
mRNA-based vaccines (BNT162b2 and mRNA-1273). The 
vaccination campaigns were gradually expanded to the 
entire population older than 6 months of age. As of April 17, 
2023, 44,393,483 people (86.7% of the total population) had 
received 2 doses of the COVID-19 vaccine [6]. 

The Korea Disease Control and Prevention Agency 
(KDCA) has advocated for the importance and necessity 
of vaccination by regularly providing information on 
the benefits of vaccination for reducing the severity of 
COVID-19 and COVID-19-related mortality, but the number 
of severe cases and deaths averted by vaccination has not 
been sufficiently analyzed [7,8]. As the number of cases 
continued to increase due to the spread of the Omicron 
variant, bivalent vaccines were administered beginning in 
October 2022, and their necessity and importance are being 
actively promoted to increase vaccination rates. 

In Republic of Korea, all confirmed COVID-19 cases, 
severe COVID-19 cases, and COVID-19-related deaths were 
reported to the government through the COVID-19 National 
Surveillance System, and all COVID-19 vaccinations were 
registered in the National Immunization Registry. Therefore, 
by linking these 2 databases, we aimed to analyze the 
public impact of the nationwide vaccination campaign by 
estimating the number of averted severe COVID-19 cases 
and COVID-19-related deaths during the mass vaccination 
campaign in Republic of Korea. Our findings will increase 
public awareness of vaccination and improve vaccine 
coverage. 

Materials and Methods 

Study Population and Design 
In this study, we aimed to estimate the number of severe 
COVID-19 cases and COVID-19-related deaths averted by 
Republic of Korea’s nationwide vaccination campaign. We 
analyzed data from February 26, 2021 to October 15, 2022, 
on people aged 12 years and older. This study excluded those 
aged 4 to 11 years old due to differences in characteristics 
between the vaccinated and unvaccinated groups. In this age 

group, the severity of the disease is low, and vaccination was 
recommended specifically for high-risk groups. Therefore, 
the study excluded this age group from the analysis. 

According to Republic of Korea’s COVID-19 Response 
Guidelines, confirmed COVID-19 cases refer to when an 
individual tests positive for COVID-19 using polymerase chain 
reaction, rapid antigen testing, or an emergency screening 
(emergency use-approved products). All confirmed infections, 
severe cases, and deaths are reported to the government 
through the COVID-19 National Surveillance System. 

In Republic of Korea, vaccinations were first targeted to 
healthcare workers and high-risk groups, such as residents 
of long-term care facilities, beginning on February 26, 
2021. In August of the same year, large-scale vaccination 
campaigns were conducted to distribute vaccines to all 
people over 18 years of age (Table S1). 

Data Source 
In Republic of Korea, confirmed COVID-19 cases are reported 
through the COVID-19 National Surveillance System, and 
COVID-19 vaccination records are reported and managed 
through the National Immunization Registry. In this analysis, 
we linked these 2 large databases to organize a database of 
54,471,326 COVID-19 vaccination records and 23,008,640 
confirmed cases. A total of 46,864,039 eligible people were 
analyzed (Figure 1). 

Case Definition 
We estimated the number of averted severe COVID-19 
cases and COVID-19-related deaths. According to the 
COVID-19 Response Guidelines in Korea, we defined severe 
COVID-19 cases as COVID-19-confirmed cases for which the 
patient received treatment using high-flow oxygen therapy, 
mechanical ventilation, continuous renal replacement 
therapy, or extracorporeal membrane oxygenation within 28 
days of a positive COVID-19 test. COVID-19-related deaths were 

HIGHLIGHTSHIGHLIGHTS

•  As a result of estimating the number of severe cases 
and deaths after implementation of the coronavirus 
disease vaccination, we found that 95,786 severe cases 
and 112,195 deaths were prevented between February 
26, 2021, and October 15, 2022. 

•  Therefore, the implications of the study highlight that 
Republic of Korea's nationwide vaccination campaign 
reduced the number of severe cases and deaths due to 
COVID-19.
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defined as deaths within 28 days of a positive COVID-19 test. 
Vaccination status was defined in this study as follows: 

(1) the unvaccinated group comprised those who were 
completely unvaccinated and those for whom only 0 to 
13 days had passed after receiving the second dose of a 
COVID-19 vaccine; (2) the vaccinated group comprised those 
for whom 14 days had passed since receiving the second 
dose of a COVID-19 vaccine. Those who received 1 dose of 
the Janssen vaccine were classified into the vaccinated 
group. 

Dominant Variants 
According to the dates during which certain severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) variants 
were most dominant, the dominant variant was classified 

based on the period when > 50% of cases were caused by 
a specific variant. The periods when certain variants were 
dominant in this study were pre-Delta (February 26, 2021 
to July 24, 2021), Delta (July 25, 2021 to January 15, 2022), 
Omicron (January 16, 2022 to September 3, 2022), and 
Omicron sub-variants, which included BA.1 (January 16, 
2022 to March 19, 2022), BA.2 (March 20, 2022 to July 23, 
2022), and BA.5 (July 24, 2022 to October 15, 2022). 

Data Analysis 
We estimated differences in age group and sex by vaccination 
status. We then estimated the number of averted severe cases 
and deaths for all individuals who were vaccinated through 
the national vaccination campaign. The classification of 
vaccination subgroups and the analysis, which were similar 
to those described in other studies, were undertaken to 
estimate the projected burden of averted COVID-19 cases 
[9–14]. 

First, we calculated the daily age-adjusted incidence rates 
(age ranges [y]: 12−17, 18−29, 30−39, 40−49, 50−59, 60−74, 
and ≥ 75) of severe cases and deaths for the unvaccinated 
group and the vaccinated group. The person-days for 
the unvaccinated group were calculated for each day by 
deducting the person-days contributed by those who 
had received vaccination from the overall demographic 
approximations for each age group. The person-days 
for the vaccinated group were determined for each day 
by multiplying the proportion of individuals who were 
vaccinated by the demographic approximations for each age 
group. Individuals with previously confirmed SARS-CoV2 
infection were excluded from the susceptible population and 
the totals for severe cases and deaths. Differences in these 
rates between the unvaccinated group and the vaccinated 
group were then calculated for each day and each age group 
during the study period. The above procedure was repeated 
for every day during the study period and for severe cases 
and deaths. The results were then added together to 
determine the overall projected burden of COVID-19 from 
averted cases. 

The total burden, number of severe COVID-19 cases, and 
number of COVID-19-related deaths were analyzed using 
the following formula:  

∑   ∑  N×VX ≥  2dose COVIDunvaccinated & 1 dose – COVID≥  2dose

N was the daily total susceptible population in each age 
stratum, with those with a history of COVID-19 diagnosis 
excluded for each day. Vx≥2dose was the cumulative daily 
vaccination coverage of people within each age group who 

Study population aged 
≥12 years

49,276,474

Eligible study population
46,864,039

Aged <12 years 
Excluded 5,194,852

Foreigners
Excluded 1,671,303

Reinfections or redetections 
Excluded 362,290

Overseas vaccinated people 
Excluded 261,079

Confirmed cases before 
February 26, 2021
Excluded 78,858

Imported infections
Excluded 36,928

People with personal 
information and vaccine-

related errors
Excluded 1,977

Integrated database

COVID-19 National 
Surveillance System

23,008,640 Confirmed 
cases

National Immunization 
Registry

54,471,326 COVID-19 
vaccination records

Figure 1. Flow chart of the study population.
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had received at least 2 doses of vaccines. COVIDUnvaccinated & 1dose was 
the daily rate of severe cases and deaths in the unvaccinated 
group. COVID2dose was the daily rate of severe cases and deaths in 
the vaccinated group. The population of each age group was 
determined, and the age-adjusted incidence rate of severe 
COVID-19 cases and COVID-19-related deaths was calculated 
according to vaccination status. This was calculated as the 
ratio of the number of severe cases and deaths and the total 
observation period (person-day) per 1,000,000 people per 
day. Therefore, according to the aforementioned formula, 
the number of severe COVID-19 cases and COVID-19-related 
deaths averted during the study period was estimated through 
statistical modeling using the number of susceptible people 
(N), vaccination coverage (Vx≥2dose), and the difference in the 
incidence rates of severe cases and death (COVIDUnvaccinated & 1dose-
COVID2dose. All analyses were performed using SAS ver. 9.4 
(SAS Institute) and Excel 2016. 

Ethics Statement 
This study was conducted in accordance with the Infectious 
Disease Prevention and Control Act (no. 12444 and no. 13392) 
and was approved by the Institutional Bioethics Committee 
of the KDCA and the requirement for informed consent was 
waived (No: 2021-12-03-PE-A). 

Results 

From February 26, 2021 to October 15, 2022, 43,601,286 
(86.5%) of the total population (50,403,942 people aged ≥ 4 
years) were vaccinated through the national vaccination 
campaign. Of those, 43,157,609 (85.6%) were vaccinated 

through the national vaccination campaign, and 32,387,611 
(64.3%) completed the third and fourth vaccine doses. 
Republic of Korea recorded its highest number of COVID-19 
cases around the BA.1 period (January to March 2022) 
(Figure 2). 

During the same period, of the total study population, 
43,096,261 people (92.0%) were vaccinated through the 
national vaccination campaign. While the difference in 
vaccination coverage by sex was not statistically significant, 
the vaccination rate of men was 92.3%, which was 0.6% 
higher than that of women. The vaccination rate for the third 
and fourth vaccine doses among women was 69.4%, which 
was 0.5% higher than the percentage for males (68.8%). 
Vaccination coverage tended to increase in older age groups. 
For example, individuals aged 60 to 74 years showed the 
highest vaccination coverage, with a 95.1% rate of complete 
vaccination, and the rate of booster vaccinations (third and 
fourth doses) was also the highest among this age group at 
89.3% (Table 1). 

Table 2 shows the median daily differences (interquartile 
range [IQR]) in the rate of severe COVID-19 cases and 
COVID-19-related deaths per 1,000,000 population in each 
age group between those who had not been vaccinated and 
those who were vaccinated through the national vaccination 
campaign. During the study period, the median daily 
differences in rate between the unvaccinated group and 
the vaccinated group were 0.99 severe cases per 1,000,000 
population (IQR, 0.30–4.47) and 0.68 deaths per 1,000,000 
population (IQR, 0.06–3.73). Although the dominant variant 
and age group differences were diverse as Republic of Korea 
recorded the highest number of cases around the BA.1 

Figure 2. Weekly trends in the age-adjusted incidence of COVID-19 and vaccination coverage.
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Table 1. Number and percentage of people in Republic of Korea by sex, age ( ≥ 12 years), and vaccination status (February 
26, 2021 to October 15, 2022)

Characteristic

Vaccination status
a)

Total
Unvaccinated group Vaccinated group

Unvaccinated 1st dose 2nd dose 3rd dose 4th dose
Total 46,864,039 3,348,786 (7.1) 418,992 (0.9) 10,705,357 (22.8) 25,108,518 (53.6) 7,282,386 (15.5)
Sex
  Male 23,328,521 1,607,487 (6.9) 200,210 (0.9) 5,460,570 (23.4) 12,525,019 (53.7) 3,535,235 (15.2)
  Female 23,535,518 1,741,299 (7.4) 218,782 (0.9) 5,244,787 (22.3) 12,583,499 (53.5) 3,747,151 (15.9)
Age group (y)
 12–17 2,764,194 479,613 (17.4) 68,481 (2.5) 1,738,158 (62.9) 477,634 (17.3) 308 (0.0)
 18–29 7,645,787 463,745 (6.1) 72,571 (0.9) 2,698,109 (35.3) 4,388,855 (57.4) 22,507 (0.3)
 30–39 6,762,180 690,817 (10.2) 86,144 (1.3) 2,248,924 (33.3) 3,704,601 (54.8) 31,694 (0.5)
 40–49 8,164,150 610,468 (7.5) 62,293 (0.8) 2,082,978 (25.5) 5,243,537 (64.2) 164,874 (2.0)
 50–59 8,586,091 428,320 (5.0) 44,100 (0.5) 1,191,229 (13.9) 5,557,534 (64.7) 1,364,908 (15.9)
 60–74 9,196,464 405,549 (4.4) 46,046 (0.5) 535,463 (5.8) 4,612,996 (50.2) 3,596,410 (39.1)
  ≥ 75 3,745,173 270,274 (7.2) 39,357 (1.1) 210,496 (5.6) 1,123,361 (30.0) 2,101,685 (56.1)

Data are presented as n (%).
a)Vaccination status: doses 1–4, at least 14 days after receipt of doses 1–4; unvaccinated: unvaccinated or < 14 days after receipt of dose 1.

periods owing to the fifth wave of COVID-19 infection, the 
largest differences in the median daily rates of severe cases 
(6.77 cases per 1,000,000 population [IQR, 2.50–15.03]) and 
deaths (10.29 deaths per 1,000,000 population [IQR, 2.55–
27.06]) were observed between the unvaccinated group and 
the vaccinated group. Regarding age, the largest median 
daily differences in rate were observed among those aged 
≥ 75 years for severe cases at 10.28 cases per 1,000,000 
population (IQR, 1.37–28.61) and deaths at 9.99 deaths per 
1,000,000 population (IQR, 0.89–38.66) (Table 2). 

Between February 26, 2021, and October 15, 2022, there 
were 23,793 severe COVID-19 cases and 25,441 deaths 
related to COVID-19. A total of 95,786 severe cases (95% 
confidence interval [CI], 94,659–96,913) and 112,195 deaths 
(95% CI, 110,870–113,520) were prevented (Figure 3; Table 3). 
The associations of the prevented number of severe cases 
and deaths through the COVID-19 vaccination campaign by 
age group are shown in Figure S1. 

Other than children and adolescents who were not the 
initial targets of the COVID-19 vaccination campaign, over 
90% of the population aged 18 years and older received the 
COVID-19 vaccine. Although people aged 60 years and older 
accounted for only 27.6% of the 46,864,039 people included 
in the study aged 12 years and older, the number of averted 
severe cases was 43,732 (95% CI, 43,499–43,965) for those 
aged 60 to 74 years and 36,271 (95% CI, 35,908–36,634) 
for those aged 75 years or older, comprising 83.5% of the 
total averted severe cases. In total, 34,549 (95% CI, 34,368–
34,730) people aged 60 to 74 years and 69,812 (95% CI, 
69,336–70,288) people aged 75 years or older accounted for 
93.0% of the 112,195 (95% CI, 110,870–113,520) averted deaths 
(Table 3). 

Discussion 

In Republic of Korea, a vaccination campaign began with 
the BNT162b2 vaccine (Pfizer-BioNTech) for healthcare 
workers and the ChAdOx1 nCoV-19 vaccine (AstraZeneca) for 
high-risk people (aged ≥ 65 years), such as residents in long-
term care facilities, on February 26, 2021. In June of the same 
year, vaccinations with the Ad26.COV2.S vaccine (Janssen) and 
mRNA-1273 vaccine (Moderna) were initiated. Vaccination 
campaigns then began to distribute vaccines to healthy people 
(Table S1). Vaccination coverage gradually expanded to the 
entire population of Republic of Korea, and as of October 15, 
2022, 43,096,261 people have been vaccinated through the 
national vaccination campaign, representing high vaccination 
coverage (92.0%) among the total population. 

COVID-19 vaccination prevents the spread of the SARS-
CoV-2 virus; however, it is now aimed at minimizing the 
disease burden not only at the individual level but also at 
the national level by preventing severe COVID-19 outcomes. 
Since it is impossible to directly measure and observe the 
impact of the COVID-19 vaccination campaign without 
actual data, though, a mathematical model is needed to 
quantify the impact of vaccination. 

Since the initial outbreak of COVID-19 in 2019, SARS-
CoV-2 variants such as the Alpha, Beta, and Delta variants 
have continued to appear, and the Omicron variant, 
classified as the fifth variant of concern, has been reported 
in more than 200 countries worldwide [15]. New SARS-
CoV-2 variants can increasingly evade the immune system, 
which reduces the effectiveness of vaccines in preventing 
infections [16,17]; however, the effectiveness of vaccination 
in preventing severe COVID-19 cases and death has been 
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identified in previous studies [18]. During the Omicron (BA.1)-
dominant period in Republic of Korea, the median daily 
differences in rates between vaccinated and unvaccinated 
people were the largest at 6.77 severe cases per 1,000,000 
population and 10.29 deaths per 1,000,000 population. It was 
confirmed that, even if an epidemic caused by the variant 
resulted in a sharp increase in the number of infected people, 
vaccination was still effective in preventing severe cases 
and death. A positive impact from COVID-19 vaccination in 
reducing the incidence of severe cases and death, similar to 
that found in Republic of Korea, has been reported in other 
countries, especially in Israel and Japan [9,10−12,19]. 

In a study conducted in Israel, the differences in the 
daily median incidence by vaccination status were 2.0 
severe cases per 100,000 population and 0.5 deaths per 
100,000 population, which were much higher than those 
in this study, which showed estimated differences of 0.99 
severe cases per 1,000,000 population and 0.68 deaths 
per 1,000,000 population. By investigating the ratios of 
observed instances of severe cases and deaths to prevent 
further such cases in both countries, the differences could 
be ascribed to lower incidences rather than to a declining 
positive impact on immunity and differences in incidence 
between vaccinated and unvaccinated groups [9]. In Japan, 
the differences in the daily median incidence by vaccination 
status were lower than ours. In this study, there were 9.99 
deaths per 1,000,000 population among those aged 75 years 
or older. There were 1.54 cases per 1,000,000 population in 
Japan among men aged 65 years or older, while the rate was 
only 1 case per 1,000,000 among women [10].  

We estimated that 119,579 (95% CI, 118,901–120,257) COVID-
19-related severe cases and 137,636 (95% CI, 136,909– 
138,363) COVID-19-related deaths would have occurred 
if vaccination had not been performed for the 597 days 
from February 26, 2021 to October 15, 2022. We also found 
that vaccination prevented 95,786 (95% CI, 94,659–96,913) 
severe cases and 112,195 (95% CI, 110,870–113,520) deaths 
due to COVID-19, representing reductions in risk of 80.1% 
(95,786/119,579) and 81.5% (112,195/137,636), respectively. This 
also indicates that if the nationwide COVID-19 vaccination 
campaign had not been implemented in Republic of Korea, 
the number of severe cases and deaths during the same 
period would have been at least 4 times higher. 

When compared to other studies, our study estimated 
that vaccination averted more COVID-19-related deaths 
than severe COVID-19 cases, but most other studies 
estimated that more severe cases or hospitalizations were 
prevented than deaths [9–11]. This discrepancy is likely due 
to the limitations of the data sources. First, as the number 
of confirmed COVID-19 infections increased rapidly, it 
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is assumed that there was a difference in the number of 
deaths in the early stages after infection without passing 
through the severe stage. Second, the surveillance system for 
severe cases collects clinical information reported by medical 
institutions and public health centers; therefore, after the 
number of confirmed COVID-19 cases increased sharply, 
underestimation is possible since clinical information about 
those infected with severe cases was not reported promptly. 

SARS-CoV-2 can cause infection regardless of age, but 
symptoms that worsen with age can increase the risk of a 
severe case and death, especially among the elderly [20,21]. 

In this study, 80.3% of all severe cases and 94.0% of deaths 
during the analysis period occurred in infected people older 
than 60 years of age. The study population aged 60 years 
and older accounted for only 27.6% of the total population 
but 83.5% of the total number of averted severe cases and 
93.0% of the total averted deaths. Therefore, we believe that 
the strategy of the Korean COVID-19 vaccination campaign, 
which prioritized vaccination for high-risk populations 
such as those aged 60 years or older, had an impact on 
preventing serious infection and death. Similar findings 
were reported in Israel and Japan, where the vaccination 
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of the elderly was prioritized, as in Republic of Korea [9,17]. 
In Israel, those aged 65 years and older accounted for only 
17% of the total population but 74% of severe cases and 
91% of deaths; hence, this age group is an important target 
population for preventing severe disease and death [9]. 

There are some limitations to our study. First, there is a 
possibility of unmeasured differences from nonpharmaceutical 
interventions, including wearing face masks, practicing 
handwashing hygiene, avoiding large gatherings, and 
maintaining physical distance as well as from the characteristics 
of different variants in each period. These factors may have 
influenced the results of the study. Second, when analyzing the 
impact of COVID-19 vaccination, differences in the risk of 
infection between the vaccinated and unvaccinated groups 
may not be solely attributable to the vaccine but also to 
differences in health status. This increased the possibility of 
overestimating the impact of the vaccination. Unfortunately, 
due to data limitations, we were unable to include some factors 
in our analysis, including information on socioeconomic 
status and health status, such as underlying diseases, which 
could be potential confounders. Data related to these factors 
were limited and could not be added as additional factors. 
Thus, we conducted a stratified analysis based on age and 
date to control for key confounding variables to mitigate 
this issue. Therefore, in future studies, more detailed data 
with a wider range of items such as underlying diseases or 
comorbidities should be used. 

Despite these limitations, this study’s results provide a 
comprehensive evaluation of the COVID-19 vaccination 
campaign, showing the substantial impact of vaccinations 
on the entire population for over 500 days in preventing 
more than 90,000 severe cases and deaths. It is important 
to establish a response strategy to minimize the negative 
impact of COVID-19 on high-risk infected people and their 
daily lives, especially to reduce the number of severe cases 
and deaths. Through this analysis, we found that Republic 
of Korea’s nationwide vaccination campaign reduced 
the number of severe cases and deaths due to COVID-19; 
therefore, vaccination was critical for preventing severe 
cases and deaths, especially among the elderly population, 
who have a high disease burden. 

Supplementary Material 

Table S1. Timeline of vaccination start date, Republic of 
Korea, February 2021–October 2022; Figure S1. Weekly 
trend in the incidence of (A) severe disease and (B) death by 
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