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Abstract

Background

To properly assess an association between vaccines and specific adverse events requires a

comparison between the observed and background rates; however, studies in South Korea

are currently limited. Therefore, in this study, we estimated the background incidence of

anaphylaxis, myocarditis, pericarditis, Guillain-Barré syndrome (GBS), and mortality in

South Korea.

Methods

A retrospective cohort study was conducted using the National Sample Cohort (NSC) data.

Using NSC, the background incidence rate was estimated by dividing the number of epi-

sodes during 2009–2019 by the total population by year and then multiplying by 100,000.

Using Statistics Korea data, the background mortality rate was estimated by dividing the

number of deaths, during 2009–2019 by the standard population for that year and then mul-

tiplying by 100,000. Using background mortality rates, we predicted mortality rates for 2021

using autoregressive integrated moving average models. Further, the expected mortality

rates were compared with observed mortality rates.

Results

The age-adjusted incidence rate (AIR) of anaphylaxis increased from 4.28 to 22.90 cases

per 100,000 population (p = 0.003); myocarditis showed no significant increase, changing

from 0.56 to 1.26 cases per 100,000 population (p = 0.276); pericarditis increased from 0.94

to 1.88 cases per 100,000 population (p = 0.005); and GBS increased from 0.78 to 1.21

cases per 100,000 population (p = 0.013). The age-adjusted mortality rate decreased from

645.24 to 475.70 deaths per 100,000 population (p <0.001). The 2021 observed/expected
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mortality rates for overall (ratio: 1.08, 95% confidence interval [CI]: 1.07–1.08), men (ratio:

1.07, 95% CI: 1.07–1.08), and women (ratio: 1.08, 95% CI: 1.07–1.09), were all significantly

higher. When stratified by age group, those aged�80 (ratio: 1.16, 95% CI: 1.15–1.17), 60–

69 (ratio: 1.11, 95% CI: 1.10–1.13), and 20–29 years old (ratio: 1.07, 95% CI: 1.02–1.13)

were also significantly higher.

Conclusion

Through the estimation of background rates related to anaphylaxis, myocarditis, pericarditis,

GBS, and mortality, we established a reference point for evaluating the potential excess

occurrence of adverse events following COVID-19 vaccination. This reference point serves

as substantive evidence supporting the safety profile of COVID-19 vaccines.

1. Introduction

Controlling the outbreak of SARS-CoV-2 heavily relies on the acceptance of COVID-19 vaccines

[1]. According to a survey conducted in South Korea prior to the introduction of COVID-19 vac-

cines, 39.8% of respondents were hesitant to receive the vaccine, and among them, for 77.9% this

was due to concerns about vaccine adverse events (AEs) and safety [2]. Establishing evidence of

safety can increase public acceptance of COVID-19 vaccines [3]. This evidence can be established

based on the background rate of rare but serious AEs confirmed through pre-market clinical trials

[4], and post-marketing surveillance of AEs that may occur following vaccination [5].

In the USA, a systematic review was conducted to estimate the background rates of 22

adverse events of special interest (AESI), including anaphylaxis, myocarditis, pericarditis, Guil-

lain-Barré syndrome (GBS), and death [5]. In Japan, a study was conducted to estimate the

background rates of 43 events, including anaphylaxis, myocarditis, pericarditis, GBS, and

death, prior to the introduction of COVID-19 vaccines [6]. In eight countries, including Aus-

tralia, France, and Japan, using 13 databases, the background rates of 15 AESI, including GBS,

myocarditis/pericarditis, and stroke, were estimated [7].

One study compared the observed and background rates of GBS after vaccination using the

Vaccine Adverse Event Reporting System (VAERS) in the US to suggest an association with

the Ad26.COV2.S (Janssen) vaccine [8]. Another study used the Vaccine Safety Datalink

(VSD), a US healthcare database, to also compare the observed and background rates of GBS

after vaccination to suggest an association of GBS with the Janssen vaccine [9]. Conversely,

one study showed no association with mRNA COVID-19 vaccines by comparing the observed

and background rates of thrombocytopenia after vaccination using data from the VAERS [10].

To properly assess an association between vaccines and specific AEs requires a comparison

between the observed and background rates; however, studies in South Korea are currently

limited. Therefore, the aim of this study was to estimate the background rates of hospitalized

anaphylaxis, myocarditis, pericarditis, GBS, and mortality in South Korea during eleven pre-

pandemic years from 2009 to 2019. Additionally, the study sought to compare the observed

mortality rate in 2021 with the expected mortality rate.

2. Material and methods

2.1. Database

2.1.1. Background incidence rate. This retrospective study made use of data obtained

from the National Sample Cohort (NSC), established by the South Korean National Health
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Insurance Service (NHIS). In order to ensure the representativeness of the entire population,

NHIS employed a systematic stratified random sampling approach with proportional alloca-

tion based on gender, age, type of insurance, income quintiles, and geographic region.

Approximately 2.1% of the estimated total population, equivalent to around 1 million, was

thoughtfully selected to comprise the NSC [11]. This study included a population from NSC

between 2009 and 2019, and data were accessed on December 2022.

2.1.2. Background mortality rate. We collected data on the number of deaths from the

publicly available Statistics Korea [12]. This study included a population between 2009 and

2019, and data were accessed on December 2022.

2.2. Operational definition

The events for which background rates could be estimated using the NSC were selected from

among the AESIs in the adverse reactions after COVID-19 vaccination in South Korea, distrib-

uted by the Korea Disease Control and Prevention Agency [13]. The operational definition

was reviewed by clinicians and epidemiologists.

2.2.1. Anaphylaxis. Using the NSC, we identified patients who were hospitalized for ana-

phylaxis based on the 10th revision of the International Classification Disease (ICD-10) codes

as the primary diagnosis. Cases with clearly identifiable external causes were excluded, as in

previous studies [14, 15]. If a patient had multiple visits for anaphylaxis, we considered them

as separate episodes if the interval between the last date of the first visit and the first date of the

second visit was at least 28 days [16]. Detailed codes are listed in S1 Table.

2.2.2. Myocarditis/pericarditis. Using the NSC, we identified patients who were hospital-

ized with myocarditis [17–20] and pericarditis [20, 21] based on ICD-10 codes as the primary

diagnosis. If a patient had multiple visits for myocarditis or pericarditis, we considered them

as separate episodes if the interval between the last date of the first visit and the first date of the

second visit was at least 365 days [22, 23]. Detailed codes are listed in S1 Table.

2.2.3. GBS. Using the NSC, we defined patients who were hospitalized with GBS based on

ICD-10 codes [24] as the primary diagnosis and the relieved co-payment policy code for GBS.

The relieved co-payment policy is a South Korean program that reduces the payment rate for

health insurance and requires a diagnosis by a neurology specialist [25]. If a patient had multi-

ple visits with GBS, we considered them as separate episodes if the interval between the last

date of the first visit and the first date of the second visit was at least 60 days [26]. Detailed

codes are listed in S1 Table.

2.3. Statistical analysis

The background incidence rate was estimated by dividing the number of episodes during

2009–2019 by the total population in the NSC by year and then multiplying by 100,000. The

background mortality rate was estimated by dividing the number of deaths, excluding those of

unknown age, during 2009–2019 by the standard population of that year and then multiplying

by 100,000. Age-adjusted incidence and mortality rates were estimated for the 2015 standard

population using the direct standardization method. The 95% confidence interval (CI) was

estimated using a Poisson distribution.

Using the background mortality rates from to 2009–2019, autoregressive integrated moving

average models were used to predict the expected mortality rates for 2021, using the "forecast"

package and "auto.arima" function in R software [27]. Further, the expected mortality rates

were compared with observed mortality rates.
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The results were considered significant at a significance level of 95% with a p-value<0.05.

The statistical software used was R software version 3.3 (R Foundation for Statistical Comput-

ing, Vienna, Austria) and SAS v9.4 (SAS Institute, Cary, NC, USA).

2.4. Ethical statement

The study was approved by institutional review board of Korea University (KUIRB-2022-

0059). As unidentified and anonymized information was applied for analysis, the need for

informed consent was waived.

3. Results

3.1. Background incidence, mortality rate

During the study period, there were a total of 1,041 cases of anaphylaxis, with men (548 cases,

52.6%) comprising a higher proportion than women (493 cases, 47.4%). When stratified by

age groups, the most frequent occurrences were in the 50–59 age group (258 cases, 24.8%), fol-

lowed by the 60–69 age group (185 cases, 17.8%), and the 40–49 age group (174 cases, 16.7%)

(S2 Table). The crude incidence rate (CIR) of anaphylaxis, as observed in S3 Table, demon-

strates a rising trend from 4.15 cases in 2009 to 22.06 cases per 100,000 population in 2019 (p-

value = 0.003). When stratified by gender, the incidence rate was mostly higher in men than in

women and when categorized by age groups, individuals aged 50 and above consistently had

higher incidence rates. The age-adjusted incidence rate (AIR) of anaphylaxis increased from

4.28 cases per 100,000 population in 2009 to 22.90 cases per 100,000 population in 2019

(p = 0.003). Except for in 2012 (men: 3.72, women: 3.95), men had higher rates than women in

all years (Table 1).

During the study period, there were 81 cases of myocarditis, with men (53 cases, 65.4%)

comprising a higher proportion than women (28 cases, 34.6%). When stratified by age groups,

the most frequent occurrences were in the 0–19 age group (32 cases, 39.5%), followed by the

20–29 age group (13 cases, 16.0%), and the 30–39 and 40–49 age groups (each with 10 cases,

12.3%) (S4 Table). The CIR of myocarditis, as observed in S5 Table, did not demonstrate a

Table 1. Trends of anaphylaxis age-adjusted incidence rate in 2009–2019.

Year Total (95% CI) Men (95% CI) Women (95% CI)

2009 4.28 (4.10–4.46) 4.53 (4.35–4.71) 4.03 (3.85–4.20)

2010 4.31 (4.13–4.49) 4.96 (4.77–5.16) 3.66 (3.50–3.83)

2011 4.04 (3.86–4.21) 4.54 (4.36–4.73) 3.53 (3.37–3.69)

2012 3.84 (3.67–4.01) 3.72 (3.56–3.89) 3.95 (3.78–4.12)

2013 6.09 (5.87–6.30) 7.05 (6.82–7.28) 5.13 (4.93–5.32)

2014 6.03 (5.81–6.24) 6.60 (6.38–6.83) 5.45 (5.25–5.65)

2015 4.60 (4.42–4.79) 5.58 (5.37–5.78) 3.63 (3.47–3.80)

2016 14.68 (14.34–15.01) 19.07 (18.69–19.45) 10.29 (10.01–10.57)

2017 20.36 (19.97–20.76) 20.71 (20.32–21.11) 20.01 (19.63–20.40)

2018 21.70 (21.30–22.11) 24.61 (24.18–25.04) 18.80 (18.43–19.18)

2019 22.90 (22.48–23.32) 24.49 (24.06–24.92) 21.31 (20.91–21.71)

p for trend 0.003 0.003 0.008

CI: confidence interval

The incidence rate of anaphylaxis is expressed in episodes per 100,000 population.

Age adjusted to the 2015 South Korean standard population by direct standardization method.

https://doi.org/10.1371/journal.pone.0297902.t001
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rising trend from 0.61 cases in 2009 to 0.65 cases per 100,000 population in 2019 (p-

value = 0.533). When stratified by gender, the incidence rate was mostly similar or higher in

men than in women and when categorized by age groups the incidence rate was higher in rela-

tively younger age groups (below aged 40). The AIR of myocarditis did not show a significant

increase, changing from 0.56 cases per 100,000 population in 2009 to 1.26 cases per 100,000

population in 2019 (p = 0.276). Except for in 2009 (men: 0.55, women: 0.57), 2018 (men: 0.59,

Women:1.07), and 2019 (men: 1.00, women:1.51), men had higher rates than women

(Table 2).

During the study period, there were 133 cases of pericarditis, with men (78 cases, 58.6%)

comprising a higher proportion than women (55 cases, 41.4%). When stratified by age groups,

it was observed that 49.6% of all patients were concentrated in the 60 years and older age

group, with 60–69 years (26 cases, 19.5%), 70–79 years (21 cases, 15.8%), and 80 years and

above (19 cases, 14.3%) being the most frequent age groups (S6 Table). The CIR of pericarditis,

as observed in S7 Table, demonstrates a rising trend from 0.91 cases in 2009 to 1.83 cases per

100,000 population in 2019 (p-value = 0.003). When stratified by gender, the incidence rate

was mostly higher in men than in women and when categorized by age groups the incidence

rate was higher in relatively older age groups (aged 60 above). The AIR of pericarditis showed

an increase from 0.94 cases per 100,000 population in 2009 to 1.88 cases per 100,000 popula-

tion in 2019 (p = 0.005). Except for in 2017 (men: 1.45, women: 1.93), men had higher rates

than women in all years (Table 3).

During the study period, there were 162 cases of GBS, with men (88 cases, 54.3%) compris-

ing a higher proportion than women (74 cases, 45.7%). When stratified by age groups, the

most frequent occurrences were in the 50–59 age group (32 cases, 19.8%), followed by the 40–

49 age group (31 cases, 19.1%), and the 60–69 age group (23 cases, 14.2%) (S8 Table). The CIR

of GBS, as observed in S9 Table, demonstrates a rising trend from 0.81 cases in 2009 to 1.51

cases per 100,000 population in 2019 (p-value = 0.002). When stratified by gender, the inci-

dence rate was mostly higher in men than in women and when categorized by age groups the

incidence rate was relatively higher in aged 40 and above. The AIR of GBS increased from 0.78

cases per 100,000 population in 2009 to 1.21 cases per 100,000 population in 2019 (p = 0.013).

Table 2. Trends of myocarditis age-adjusted incidence rate in 2009–2019.

Year Total (95% CI) Men (95% CI) Women (95% CI)

2009 0.56 (0.50–0.63) 0.55 (0.49–0.62) 0.57 (0.51–0.64)

2010 0.48 (0.42–0.54) 0.59 (0.52–0.66) 0.36 (0.31–0.41)

2011 0.93 (0.85–1.02) 1.48 (1.37–1.58) 0.39 (0.34–0.44)

2012 0.71 (0.64–0.78) 0.90 (0.82–0.99) 0.51 (0.45–0.58)

2013 1.48 (1.38–1.59) 2.29 (2.16–2.42) 0.68 (0.61–0.76)

2014 0.85 (0.77–0.93) 1.51 (1.40–1.62) 0.19 (0.16–0.23)

2015 0.55 (0.49–0.62) 0.92 (0.83–1.00) 0.19 (0.16–0.23)

2016 1.38 (1.27–1.48) 1.97 (1.85–2.09) 0.78 (0.71–0.86)

2017 1.30 (1.20–1.40) 1.56 (1.45–1.67) 1.03 (0.95–1.12)

2018 0.83 (0.75–0.91) 0.59 (0.53–0.66) 1.07 (0.98–1.16)

2019 1.26 (1.16–1.35) 1.00 (0.91–1.09) 1.51 (1.41–1.62)

p for trend 0.276 0.276 0.029

CI: confidence interval

The incidence rate of myocarditis is expressed in episodes per 100,000 population.

Age adjusted to the 2015 South Korean standard population by direct standardization method.

https://doi.org/10.1371/journal.pone.0297902.t002
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Except for in 2011 (men: 0.86, women: 1.07), 2013 (men: 1.06, women: 1.56), 2015 (men: 0.74,

women: 2.06), and 2016 (men: 2.05, women: 2.22), men had higher rates than women in all

years (Table 4).

During the study period, there were 2,996,598 deaths, with men (1,643,195 deaths, 54.8%)

comprising a higher proportion than women (1,353,403 deaths, 45.2%). When stratified by age

groups, the most frequent cases were observed in the 80 years and above age group (1,192,280

deaths, 39.8%), followed by the 70–79 age group (780,735 deaths, 26.1%), and the 60–69 age

group (417,212 deaths, 13.9%) (S10 Table). The crude mortality rate, as observed in S11 Table,

demonstrates a rising trend from 497.20 deaths in 2009 to 574.71 deaths per 100,000 popula-

tion in 2019 (p-value<0.001). When stratified by gender, the incidence rate was higher in men

Table 3. Trends of pericarditis age-adjusted incidence rate in 2009–2019.

Year Total (95% CI) Men (95% CI) Women (95% CI)

2009 0.94 (0.86–1.02) 1.02 (0.94–1.11) 0.86 (0.78–0.94)

2010 0.56 (0.49–0.62) 0.90 (0.81–0.98) 0.22 (0.18–0.26)

2011 1.24 (1.14–1.33) 1.87 (1.75–1.99) 0.61 (0.54–0.67)

2012 0.84 (0.76–0.92) 0.90 (0.81–0.98) 0.79 (0.71–0.87)

2013 1.02 (0.93–1.11) 1.07 (0.98–1.16) 0.97 (0.89–1.06)

2014 1.15 (1.06–1.25) 1.55 (1.44–1.65) 0.76 (0.69–0.84)

2015 1.00 (0.92–1.09) 1.09 (1.00–1.18) 0.92 (0.84–1.00)

2016 1.49 (1.38–1.60) 2.30 (2.16–2.43) 0.68 (0.61–0.76)

2017 1.69 (1.58–1.81) 1.45 (1.35–1.56) 1.93 (1.81–2.05)

2018 1.88 (1.77–2.01) 2.39 (2.26–2.52) 1.38 (1.28–1.49)

2019 1.88 (1.76–2.00) 2.79 (2.64–2.93) 0.97 (0.88–1.05)

p for trend 0.005 0.008 0.087

CI: confidence interval

The incidence rate of pericarditis is expressed in episodes per 100,000 population.

Age adjusted to the 2015 South Korean standard population by direct standardization.

https://doi.org/10.1371/journal.pone.0297902.t003

Table 4. Trends of Guillain-Barré syndrome age-adjusted incidence rate in 2009–2019.

Year Total (95% CI) Men (95% CI) Women (95% CI)

2009 0.78 (0.70–0.86) 0.95 (0.87–1.04) 0.61 (0.54–0.68)

2010 1.13 (1.04–1.22) 1.22 (1.12–1.31) 1.04 (0.95–1.13)

2011 0.96 (0.88–1.05) 0.86 (0.78–0.94) 1.07 (0.98–1.16)

2012 1.35 (1.25–1.45) 1.64 (1.53–1.75) 1.05 (0.96–1.14)

2013 1.31 (1.21–1.41) 1.06 (0.94–1.15) 1.56 (1.46–1.67)

2014 1.69 (1.58–1.80) 1.91 (1.79–2.03) 1.47 (1.37–1.58)

2015 1.40 (1.30–1.50) 0.74 (0.66–0.81) 2.06 (1.94–2.18)

2016 2.14 (2.01–2.26) 2.05 (1.93–2.17) 2.22 (2.10–2.36)

2017 1.89 (1.78–2.02) 2.67 (2.53–2.82) 1.12 (1.02–1.21)

2018 2.19 (2.06–2.32) 2.96 (2.81–3.11) 1.42 (1.31–1.52)

2019 1.21 (1.12–1.31) 1.47 (1.37–1.58) 0.95 (0.86–1.03)

p for trend 0.013 0.062 0.213

CI: confidence interval

The incidence rate of GBS is expressed in episodes per 100,000 population.

Age adjusted to the 2015 South Korean standard population by direct standardization method.

https://doi.org/10.1371/journal.pone.0297902.t004
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than in women. When categorized by age groups, the mortality rate was highest in those aged

80 and above, followed by the 70–79 age group, and then the 60–69 age group. The age-

adjusted mortality rate showed a decrease from 645.24 deaths per 100,000 population in 2009

to 475.70 deaths per 100,000 population in 2019 (p<0.001). Men showed higher rates than

women in all years (Table 5).

3.2. Observed/expected mortality rate

The total number of deaths in 2021 was 317,655, with an overall mortality rate of 618.81 deaths

per 100,000 population. The rate was higher in men (672.02 per 100,000) than women (565.92

per 100,000).

As presented in Table 6, when comparing the observed mortality rates with the expected

mortality rates for 2021, the overall (ratio: 1.08, 95% CI: 1.07–1.08), men (ratio: 1.07, 95% CI:

1.07–1.08) and women (ratio: 1.08, 95% CI: 1.07–1.09), were all found to be statistically signifi-

cantly higher. By age group, the rates were statistically significantly higher for those aged 80

years and over (ratio: 1.16, 95% CI: 1.15–1.17), 60–69 years (ratio: 1.11, 95% CI: 1.10–1.13),

and 20–29 years (ratio: 1.07, 95% CI: 1.02–1.13).

4. Discussion

This study estimated the background incidence rates of anaphylaxis, myocarditis, pericarditis,

and GBS from 2009 to 2019 using the NSC data. Further, background mortality rates during

the same period were estimated using data from Statistics Korea. Based on these data, the

expected mortality rates for 2021 were estimated and compared with the observed mortality

rates.

The AIR of anaphylaxis analyzed in this study showed an increasing trend, from 4.28 to

22.90 cases per 100,000 population. This aligns with the upward trends observed in different

regions. For instance, there was an increase from 16.02 to 32.19 cases per 100,000 person-years

(py) over a 7-year period (2008–2014) based on health insurance claims data for hospital visi-

tors in South Korea, which includes outpatient and inpatient [14]. Similarly, there was a rise

from 4.79 to 8.20 cases per 100,000 py over a 13-year period (2001–2013) based on health

Table 5. Trends of age-adjusted mortality rate in 2009–2019.

Year Total (95% CI) Men (95% CI) Women (95% CI)

2009 645.24 (643.03–647.44) 717.46 (715.14–719.79) 573.11 (571.03–575.19)

2010 636.78 (634.59–638.98) 708.37 (706.06–710.68) 565.30 (563.24–567.36)

2011 613.88 (611.73–616.04) 682.72 (680.46–684.99) 545.14 (543.11–547.17)

2012 607.26 (605.12–609.40) 669.08 (666.83–671.32) 545.53 (543.50–547.56)

2013 575.09 (573.01–577.17) 632.71 (630.53–634.90) 517.55 (515.57–519.53)

2014 551.43 (549.39–553.47) 606.82 (604.68–608.96) 496.12 (494.19–498.05)

2015 541.4 (539.38–543.42) 590.89 (588.77–593.00) 491.99 (490.06–493.92)

2016 525.33 (523.34–527.32) 571.18 (569.11–573.26) 479.54 (477.64–481.44)

2017 508.14 (506.19–510.10) 549.38 (547.34–551.41) 466.96 (465.09–468.84)

2018 505.87 (503.92–507.83) 544.88 (542.85–546.91) 466.92 (465.04–468.80)

2019 475.70 (473.81–477.60) 515.48 (513.51–517.45) 435.98 (434.17–437.80)

p for trend <0.001 <0.001 <0.001

CI: confidence interval

The mortality rate is expressed per 100,000 population.

Age adjusted to the 2015 South Korean standard population by direct standardization method.

https://doi.org/10.1371/journal.pone.0297902.t005
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insurance claims data for hospital visitors in Taiwan, which includes outpatient, inpatient,

emergency department, and intensive care unit [28]. Additionally, an analysis of 20 years

(1992–2012) of hospitalization data in the UK revealed an increase from 1.0 to 7.0 cases per

100,000 population [29]. The difference in incidence rate compared with previous studies

could be due to variations in the operational definition or differences in the timing of the

study. In this study, men showed a higher incidence rate than women in most cases, which is

consistent with findings from studies in South Korea [14], and Taiwan [28]. However, a study

conducted in the UK reported a higher incidence rate in women than in men [29]. The role of

female sex hormones in allergic diseases, such as asthma and rhinitis, is known to affect T cells

and B cells, but the pathogenesis of anaphylaxis according to sex has not been clearly eluci-

dated [30].

In South Korea in 2022, COVID-19 vaccines in use include Pfizer, Moderna, ChAdOx1

(AstraZeneca), Janssen, and NVX-CoV2373 (Novavax) vaccines. Following COVID-19 vacci-

nation, the mechanism of anaphylaxis is not clear; however, it has been suggested that polyeth-

ylene glycol (PEG), which is used to stabilize lipid nanoparticles in mRNA COVID-19

vaccines, can cause allergic reactions [31, 32]. Additionally, polysorbate 80, an adjuvant in

ChAdOx1 (AstraZeneca), Janssen, and NVX-CoV2373 (Novavax) vaccines, can cause hyper-

sensitivity reactions and is structurally related to PEG, which may result in cross-reactivity and

anaphylaxis [33].

The AIR of myocarditis analyzed in this study was 1.26 cases per 100,000 population in

2019. In Spain, the incidence rates in 2017 among hospitalized patients were 2.0 cases per

100,000 population [34], and hospitalized patients in Sweden, among patients registered over

15 years (2000–2014) was 8.6 cases per 100,000 population in those aged�16 years [19]. In

this study, men had a higher incidence rate than women in most cases, which is consistent

with the results of a study conducted in Sweden [19]. The pathogenesis of myocarditis accord-

ing to sex is unclear; however, it is known that sex hormones have a direct effect on cardiac

function, endothelial cell function, and vascular tone, and thus may influence the mechanisms

of myocardial cell damage [35].

Table 6. Observed/expected rate ratio of death in 2021.

Observed rate Expected rate Observed rate/expected rate

ratio 95% CI

Total 618.81 574.84 1.08 (1.07–1.08)

Gender

Men 672.02 626.61 1.07 (1.07–1.08)

Women 565.92 523.42 1.08 (1.07–1.09)

Age group

0–19 19.59 21.87 0.90 (0.84–0.96)

20–29 41.43 38.54 1.07 (1.02–1.13)

30–39 67.24 67.25 1.00 (0.96–1.04)

40–49 137.65 148.54 0.93 (0.90–0.95)

50–59 297.52 319.36 0.93 (0.92–0.95)

60–69 646.21 580.04 1.11 (1.10–1.13)

70–79 1,873.59 1,916.88 0.98 (0.97–0.99)

80+ 7,847.28 6,773.85 1.16 (1.15–1.17)

Observed rate is based on based on Statistics Korea death data per 100,000 population, expected rate was predicted mortality rate of 2021 based on 2009–2019

background rate using autoregressive integrated moving average model.

CI: confidence interval

https://doi.org/10.1371/journal.pone.0297902.t006
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The AIR of pericarditis analyzed in this study showed an increasing trend, from 0.94 to 1.88

cases per 100,000 population. This was lower than the incidence rate of pericarditis analyzed

in 29 hospitals in Finland among hospitalized patients during 2000–2009, which was 3.32 cases

per 100,000 py [36]. In this study, men had a higher incidence rate than women in most cases,

which is consistent with the results of a Finnish study [36]. The pathogenesis of pericarditis

according to sex is not clear, but it is known that women are more likely to be underdiagnosed

with pericarditis and that there are differences depending on sex hormones [37]. Progesterone

worsens cardiac inflammation [38], and it is known that the risk of pericarditis increases

owing to decreased levels of estrogen after menopause [36].

According to an analysis of data collected from the VAERS between December 2020 and

August 2021, statistically significant rates of myocarditis and pericarditis were observed with

mRNA COVID-19 vaccines compared with viral vector COVID-19 vaccines [39]. The mecha-

nism of myocarditis and pericarditis after COVID-19 vaccination is not clear; however, it has

been suggested that immune reactions to mRNA vaccines and uncontrolled cytokine expres-

sion may be involved [40].

The AIR of GBS analyzed in this study showed an increasing trend, from 0.78 to 1.21 cases

per 100,000 population. This pattern aligned with the rise in hospitalized patients in South

Korea, as indicated by health insurance claims data spanning 7 years (2010–2016), which

showed an increase from 1.28 to 1.82 cases per 100,000 population [24]. A similar trend was

noted hospitalized patients in Taiwan, from health insurance claims data over 5 years (1997–

2011), with an increase from 1.52 to 2.1 cases per 100,000 py [41]. However, hospitalized

patients in Denmark, the incidence rate over 30 years (1987–2016) using Danish national reg-

istry data revealed no increasing trends, remaining relatively stable from 1.70 to 1.76 cases per

100,000 population [42]. In this study, men showed a higher incidence rate than women in

most cases, which is consistent with the results of studies in South Korea [24], Taiwan [41],

and Denmark [42]. Additionally, an analysis of hospital visitors, which includes emergency

department and inpatient, with VSD over a 10-year period (2000–2009) indicated that the inci-

dence rate was higher in men than in women, with rates of 3.70 cases per 100,000 py for men

and 2.64 cases for women [43]. The pathogenesis of GBS according to sex is unclear; however,

GBS is known to have a protective effect of estrogen, unlike other autoimmune diseases [44].

The mechanism of GBS following COVID-19 vaccination is not clear; however, it has been

suggested that the immune response to antibody production after vaccination may induce an

autoimmune response, leading to the generation of antibodies against myelin, which can result

in GBS [45].

In Norway, 23 deaths were reported following BNT162b2 (Pfizer) vaccination, and it was

reported that some patients experienced common AEs, such as fever and nausea after mRNA

COVID-19 vaccination, which could lead to death in some cases [46]. In Qatar, deaths follow-

ing Pfizer vaccination between December 2020 and March 2021 were more frequently reported

in elderly patients with comorbidities, such as diabetes and hypertension [47]. According to a

study in Japan, 1,368 deaths have been reported after COVID-19 vaccination. However, no

causal relationship has been established between the reported deaths and vaccines [48].

In comparing the observed and expected mortality rates in South Korea in 2021, the overall

(ratio: 1.08, 95% CI: 1.07–1.08) was found to be significantly higher. It is difficult to interpret

the observed increase in mortality as solely attributable to COVID-19 vaccination. Despite

COVID-19 vaccination, breakthrough infections have occurred owing to the emergence of

various viral variants [49], and it cannot be ruled out that some deaths may have been caused

by SARS-CoV-2 infection.

The limitations of this study were as follows. First, there were limitations to the claims data.

For the NSC, which was used to estimate the background incidence rate as collected for billing
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purposes, the possibility of misclassification of the diagnosis codes cannot be excluded [50]. Sec-

ond, there are limitations to the data period. As with the comparison of observed and expected

mortality rates, others should also be compared; however, because the NSC data were only avail-

able up to 2019, it was difficult to compare them with the 2021 observed rates. Third, there were

some limitations to the methodology. Although background rates are required to evaluate vac-

cine safety, comparing background rates with observed rates only suggests the possibility of an

association between the vaccine and AEs and does not reveal a causal relationship [3].

The strengths of this study were as follows: First, we used NSC and Statistics Korea data,

which provide representation of the entire South Korean population to estimate the back-

ground rates of potential AEs following COVID-19 vaccination. Second, to the best of our

knowledge, this is the first study to estimate the background incidence rate using the NSC and

to compare the observed/expected mortality rate in 2021 in South Korea.

5. Conclusion

We estimated the background incidence of anaphylaxis, myocarditis, pericarditis, GBS, and

mortality in South Korea. When comparing the observed and expected mortality rates for

2021, the overall mortality rates for those aged 80 years and older, those aged 60–69 years, and

those aged 20–29 years were found to be significantly higher. Through the estimation of back-

ground rates related to anaphylaxis, myocarditis, pericarditis, GBS, and mortality, we estab-

lished a reference point for evaluating the potential excess occurrence of adverse events

following COVID-19 vaccination. This reference point serves as substantive evidence support-

ing the safety profile of COVID-19 vaccines.
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drome in Taiwan. Neuroepidemiology. 2015; 44(4):249–254. https://doi.org/10.1159/000430917 PMID:

26088600

42. Levison LS, Thomsen RW, Christensen DH, Mellemkjær T, Sindrup SH, Andersen H. Guillain-Barré
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