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ABSTRACT

Background: Bivalent booster mRNA vaccines containing the omicron-variant strains have been 
introduced worldwide in the autumn of 2022. Nevertheless, the omicron subvariants evoked 
another large coronavirus disease 2019 (COVID-19) pandemic wave in late 2022 and early 2023.
Methods: A retrospective, test-negative, case-control study was conducted to estimate 
the vaccine effectiveness (VE) of bivalent COVID-19 vaccines in 8 university hospitals 
between January and February 2023. The case and control groups were divided based on 
nasopharyngeal COVID-19 real-time polymerase chain reaction results and matched based on 
age, sex, hospital, and date (week) of the test performed. The VE of the BA.1- or BA.4/BA.5-
based mRNA vaccines were estimated. VE was calculated using the 1−adjusted odds ratio 
from multivariable logistic regression.
Results: In total, 949 patients and 947 controls were enrolled in this study. VE for the BA.4/
BA.5-based bivalent mRNA vaccine was 43% (95% confidence interval [CI], 17, 61%). In subgroup 
analysis based on age and underlying medical conditions, BA.4/BA.5-based bivalent mRNA vaccine 
was effective against old adults aged ≥ 65-years (VE, 55%; 95% CI, 23, 73%) and individuals with 
comorbidities (VE, 54%; 95% CI, 23, 73%). In comparison, the BA.1-based bivalent mRNA vaccine 
did not demonstrate statistically significant effectiveness (VE, 25%; 95% CI, −8, 49%).
Conclusion: The BA.4/BA.5-based bivalent mRNA booster vaccine provided significant 
protection against COVID-19 in the Korean adults, especially in the older adults aged ≥ 65 
years and in individuals with underlying medical conditions.
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INTRODUCTION

In the era of coronavirus disease 2019 (COVID-19) pandemic, numerous vaccine platforms, 
including mRNA, have been developed against the severe acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2). Vaccination is effective in preventing viral infections, 
hospitalization, and severe diseases. However, the need for a booster dose was emphasized 
because the neutralizing antibodies produced by vaccination decreases over time, especially 
in the older adults and high-risk groups.1-3 In addition, by the end of 2021, the emergence 
of the omicron subvariants, first reported in South Africa, raised concerns about the 
decline in the efficacy of existing vaccines due to immune evasion.4 The monovalent mRNA 
booster vaccine containing the ancestral SARS-CoV-2 strain also reduces omicron-related 
hospitalization and severity; however, it exhibits lower effectiveness and neutralizing activity 
than those of previous variant strains.5 Therefore, vaccine manufacturers developed bivalent 
booster vaccines, which include the omicron-variant strain together with the ancestral 
strain.6 In August 2022, the U.S. Food and Drug Administration approved the mRNA bivalent 
vaccines (Pfizer-BioNTech Comirnaty® and Moderna Spikevax®), which additionally contains 
the omicron BA.1 component or BA.4/BA.5 component. Subsequently, these were introduced 
to Korea starting from November 2022.

However, the effectiveness of the bivalent COVID-19 vaccines in Korea remains insufficient. 
In this study, we aimed to investigate the real-world effectiveness of the bivalent booster 
vaccination against COVID-19 in Korean adults aged ≥ 18 years.

METHODS

Study population and design
Between January 1, 2023, and February 28, 2023, adult patients who were tested for COVID-19 
were recruited from 8 university hospitals. This study was conducted using a retrospective, 
test-negative, case-control design. In order to detect a vaccine effectiveness (VE) of 60% with 
a vaccine coverage of 30%, the target sample size was calculated to be 801 for both unmatched 
case and control groups when the desired precision width was 20% and a type 1 error rate 
was 0.05.7 Thus, we targeted number of enrollments was 240 patients from each hospital 
(120 cases and controls), stratified based on age groups (19–49, 50–64, and ≥ 65 years old). If 
possible, we enrolled the same number of patients by age group, but if that was not possible, 
we prioritized to fill the target sample size for each hospital. The case group was defined as 
patients diagnosed with COVID-19 based on positive results obtained from nasopharyngeal 
real-time polymerase chain reaction (RT-PCR), whereas the control group was defined as 
patients who tested negative during the same period. Individuals who underwent COVID-19 
testing for prehospital screening were excluded. In addition, individuals who were screened 
after immigration and healthcare workers (HCWs) who underwent regular repetitive testing 
were excluded from the study. The case and control groups were matched based on age and 
sex within the same hospital and in the same week as that of the test date, in a 1:1 ratio. 
Demographic and clinical data were collected based on their medical records, which included 
reason for polymerase chain reaction (PCR) test, HCW status, COVID-19 related symptoms 
(fever, cough, sputum, sore throat, rhinorrhea/nasal congestion, dyspnea, chest discomfort, 
and loss of smell and taste), previous COVID-19 history, underlying medical conditions 
(diabetes mellitus, solid cancer treated within one year, hematologic malignancy, use of 
immunosuppressants, human immunodeficiency virus infection and pregnancy, as well as 
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chronic heart, lung, kidney, liver, and neurological diseases), and clinical outcomes. The 
vaccination status was verified using immunization registry data from the Korean Disease 
Control and Prevention Agency. The study followed the guideline of the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) statements.8

Study vaccine and vaccination status
During the study period, four bivalent vaccines (Ancestral/omicron BA.1 manufactured 
by Pfizer-BioNTech and Moderna; Ancestral/omicron BA.4/BA.5 manufactured by Pfizer-
BioNTech and Moderna) were introduced and used in Korea. The vaccine was considered 
effective if administered within ≥ 7 days before the RT-PCR test. The vaccination history of the 
study participants was confirmed using a questionnaire regarding whether they had completed 
the two-doses primary vaccination series and received a monovalent booster vaccination.

Statistical analysis
The statistical significance of the 2 × 2 data in terms of baseline characteristics was assessed 
using the chi-square and Fisher’s exact tests. To estimate the VE for BA.1 or BA.4/BA.5-based 
bivalent vaccines, we employed a multivariate logistic regression model, and VE was derived 
as 1−adjusted odds ratio. In the model, age, sex, underlying medical conditions, baseline 
vaccination status, history of COVID-19, and HCW status, were chosen as independent 
variables, and multicollinearity of the variables was assessed using the variance inflation 
factor. In order to fit the model, we employed backward stepwise regression and checked the 
overdispersion. In addition, a subgroup analysis of each variable was conducted to reveal the 
differences in the effectiveness of each vaccine within specific groups. Statistical significance 
was set at P < 0.05. All statistical analyses were performed using R software (version 4.2.2; R 
Foundation, Vienna, Austria).

Ethics statement
This study was approved by the Institutional Review Board (IRB) of Korea University Guro 
Hospital (approval No. 2022GR0360) and each IRB of the other 7 university hospitals (Korea 
University Anam Hospital, 2022AN0449; Korea University Ansan Hospital, 2022AS0226; St. 
Vincent’s Hospital, VC22TIDI0150; Kangnam Sacred Heart Hospital, HKS 2022-07-016; Inha 
University Hospital, 2022-07-036; Chungbuk National University Hospital, 2022-08-022; and 
Gil Medical Center GAIRB2022-306). Informed consent was submitted by all subjects when 
they were enrolled. This study was conducted in accordance with the Declaration of Helsinki 
and Good Clinical Practice guidelines.

RESULTS

A total of 1,896 adult participants (949 cases and 947 controls) were enrolled and matched 
for age and sex between the case and control groups (Table 1). The process of enrollment and 
matching is shown in Fig. 1. All hospitals met the target sample size except for Gil hospital 
(109 cases and 107 controls enrolled). Among them, 541 patients (28.5%) were hospitalized, 
and 63 (4.2%) died. More than 90% of the participants had been previously vaccinated, and no 
difference was observed in the ratio of two-doses primary vaccination series (15.8% [n = 150] 
vs. 15.3% [n = 145]; P = 0.812) or the ratio of monovalent booster administration (72.2% [n = 
685] vs. 75.5% [n = 715]; P = 0.812). BA.1-based bivalent vaccination was performed using both 
manufacturers’ vaccines (Pfizer-BioNTech: 1.5% [n = 29], Moderna: 5.3% [n = 101]), whereas 
BA.4/BA.5-based bivalent vaccination was mostly performed using the Pfizer-BioNTech vaccine 
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(6.6% [n = 126]). History of prior SARS-CoV-2 infection (27.7% [n = 263] vs. 26.0% [n = 236]; 
P = 0.441) and presence of underlying medical conditions (46.7% [n = 443] vs. 50.4% [n = 
477]; P = 0.119) were not significantly different between the groups. Proportions of covariates 
and characteristics between case and control groups were similar within aged ≥ 65-years and 
underlying medical conditions subgroups (Supplementary Tables 1 and 2).
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Table 1. Baseline characteristics of case and control groups
Characteristics Total  

(N = 1,896)
COVID-19 test-

positive (n = 949)
COVID-19 test-

negative (n = 947)
P value

Age group 0.998
19–49 yr 616 (32.5) 308 (32.5) 308 (32.5)
50–64 yr 614 (32.4) 307 (32.3) 307 (32.4)
≥ 65 yr 666 (35.1) 334 (35.2) 332 (35.1)

Sex 0.383
Male 919 (48.5) 450 (47.4) 469 (49.5)
Female 977 (51.5) 499 (52.6) 478 (50.5)

Health care worker 158 (8.3) 96 (10.1) 62 (6.5) 0.006
Clinical outcome

Hospitalization 541 (28.5) 233 (24.6) 308 (32.5) < 0.001
ICU admission 110 (7.9) 62 (9.2) 48 (6.7) 0.097
In-hospital death 63 (4.2) 39 (5.2) 24 (3.2) 0.001

Reason for PCR test < 0.001
Related symptoms 1,472 (77.6) 560 (59.0) 912 (96.3)
Close contact with patients 424 (22.4) 389 (41.0) 35 (3.7)

Symptoms
Fever 675 (35.6) 260 (27.4) 415 (43.8) < 0.001
Cough 560 (29.5) 247 (26.0) 313 (33.1) 0.001
Sputum 418 (22.0) 177 (18.7) 241 (25.4) < 0.001
Sore throat 337 (17.8) 173 (18.2) 164 (17.3) 0.646
Rhinorrhea/nasal congestion 185 (9.8) 82 (8.6) 103 (10.9) 0.118
Dyspnea 481 (25.4) 147 (15.5) 334 (35.3) < 0.001
Chest discomfort 130 (6.9) 35 (3.7) 95 (10.0) < 0.001
Loss of smell 3 (0.2) 2 (0.2) 1 (0.1) 1.000
Loss of taste 5 (0.3) 3 (0.3) 2 (0.2) 1.000

Baseline vaccination
Yes 1,713 (90.3) 843 (88.8) 870 (91.9) 0.031
1 dose 18 (0.9) 8 (0.8) 10 (1.1) 0.812
2 doses 295 (15.5) 150 (15.8) 145 (15.3)
3 doses or more 1,400 (73.8) 685 (72.2) 715 (75.5)

Bivalent booster vaccine
Pfizer BA.1 29 (1.5) 12 (1.3) 17 (1.8) 0.451
Pfizer BA.4/BA.5 126 (6.6) 50 (5.3) 76 (8.0) 0.020
Moderna BA.1 101 (5.3) 46 (4.8) 55 (5.8) 0.395
Moderna BA.4/BA.5 1 (0.1) 1 (0.1) 0 -

Prior SARS-CoV-2 infection 499 (26.9) 263 (27.7) 236 (26.0) 0.441
Underlying medical conditions

One or more 920 (48.5) 443 (46.7) 477 (50.4) 0.119
DM 351 (18.5) 178 (18.8) 173 (18.3) 0.830
Chronic heart disease 289 (15.2) 138 (14.5) 151 (15.9) 0.432
Chronic lung disease 125 (6.6) 44 (4.6) 81 (8.6) 0.001
Chronic kidney disease 98 (5.2) 53 (5.6) 45 (4.8) 0.471
Chronic liver disease 57 (3.0) 20 (2.1) 37 (3.9) 0.031
Chronic neurologic disease 183 (9.7) 101 (10.6) 82 (8.7) 0.166
Solid cancer 228 (12.0) 103 (10.9) 125 (13.2) 0.134
Hematologic malignancy 20 (1.1) 11 (1.2) 9 (1.0) 0.826
Immunosuppressant user 26 (1.4) 10 (1.1) 16 (1.7) 0.321
HIV 3 (0.2) 0 (0.0) 3 (0.3) 0.247
Pregnancy 12 (0.6) 7 (0.7) 5 (0.5) 0.775

Values are presented as number (%).
COVID-19 = coronavirus disease 2019, ICU = intensive care unit, PCR = polymerase chain reaction, SARS-CoV-2 = 
severe acute respiratory syndrome-coronavirus-2, DM = diabetes mellitus, HIV = human immunodeficiency virus.



VE against COVID-19 was estimated to be 34% (95% CI, 13, 50%; P = 0.003) for all bivalent 
booster vaccinations and 43% (95% CI, 17, 61%; P = 0.004) for the BA.4/BA.5-based 
bivalent booster vaccination (Table 2). The BA.1-based bivalent booster vaccination was not 
significantly effective (VE, 25% [95% CI, −8, 49%]; P = 0.126). In the subgroup analysis by age, 
only the BA.4/BA.5-based bivalent vaccine was effective in the older adults aged ≥ 65-years 
(VE, 55% [95% CI, 23, 73%]; P = 0.003). The BA.4/BA.5-based bivalent vaccine was effective 
in patients who received a monovalent booster vaccination (VE, 39% [95% CI, 10, 59%]; P 
= 0.012). Because very few patients received two or fewer doses, no statistically significant 
results were observed in these individuals. When further analyzed based on the subgroups, 
the BA.4/BA.5-based bivalent vaccine demonstrated a significant VE for the non-HCW group 
(VE, 50% [95% CI, 23, 67%]; P = 0.002), individuals with prior SARS-CoV-2 infection (VE, 
59% [95% CI, 11, 81%]; P = 0.023) and individuals with underlying medical conditions (VE, 
54% [95% CI, 23, 73%]; P = 0.002). The BA.1-based bivalent vaccine was effective only in 
individuals without prior SARS-CoV-2 infection (VE, 35% [95% CI, 1, 57%]; P = 0.045). VE 
against symptomatic COVID-19 and hospitalized COVID-19 were also calculated and presented 
in Supplementary Tables 3 and 4. The BA.4/BA.5 based bivalent booster vaccine was effective 
for symptomatic COVID-19 (VE, 42% [95% CI, 8, 63%]; P = 0.020) but showed no statistically 
significant effectiveness in hospitalized COVID-19 (VE, 49% [95% CI, 0, 74%]; P = 0.051).

DISCUSSION

Since the bivalent booster vaccination campaign has begun in the Republic of Korea, the 
necessity for evaluating the real-world effectiveness data has emerged. In our study, the BA.4/
BA.5-based bivalent booster vaccination rather than BA.1-based vaccination was effective in 
preventing COVID-19, demonstrating a comprehensive VE of 43%. In particular, since VE was 
significantly effective in the older adults aged ≥ 65 years and in individuals with underlying 
medical conditions, bivalent booster COVID-19 vaccination should be strongly recommended 
for these risk groups.
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Participants from 8 university hospitals with valid vaccination history and SARS-CoV-2 PCR results
between January 1 and February 28, 2023

Not included for prehospital PCR screening, immigrants, and HCW with regular PCR screening

1:1 paired matching within each hospital:
Sex, age and test date (same week)

Vaccine effectiveness calculated by multivariate logistic regression
(1−adjusted odds ratio)

Case group (SARS-CoV-2 positive)
N = 949

19–49 years (n = 308)
50–64 years (n = 307)

≥ 65 years (n = 334)
Target sample number:

120 for each hospital

Control group (SARS-CoV-2 negative)
N = 947

19–49 years (n = 308)
50–64 years (n = 307)

≥ 65 years (n = 332)
Target sample number:

120 for each hospital

Fig. 1. Matching process and study protocol of case and control groups from 8 university hospitals.  
SARS-CoV-2 = severe acute respiratory syndrome-coronavirus-2, PCR = polymerase chain reaction, HCW = 
healthcare worker.



Although several studies have already reported low effectiveness of booster vaccine with 
monovalent ancestral strain against the omicron subvariants, VE is much more reduced 
and the duration of protective immunity is shortened after the emergence and spread of 
BA.1, followed by other the omicron subvariants.6,9 To respond to this situation, a bivalent 
mRNA vaccine combining the ancestral type and a new omicron subvariant had been rapidly 
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Table 2. VE of bivalent mRNA booster vaccination by subgroups
Characteristics COVID-19 test positive cases/

total (%)
Unadjusted VE (%)  

with 95% CI
Adjusted VE (%)  

with 95% CI
P value for adjusted VE

Types of bivalent booster
All bivalent booster 108/256 (42.2) 31 (10, 47) 34* (13, 50) 0.003
BA.4/BA.5 50/126 (39.7) 36 (8, 56) 43* (17, 61) 0.004
BA.1 58/130 (44.6) 21 (−13, 45) 25 (−8, 49) 0.126

Sex
Male

BA.4/BA.5 22/60 (36.7) 42 (0, 66) 44* (2, 68) 0.042
BA.1 36/77 (46.8) 9 (−45, 43) 11 (−46, 45) 0.655

Female
BA.4/BA.5 28/66 (42.4) 31 (−14, 58) 41* (0, 65) 0.048
BA.1 22/53 (41.5) 30 (−21, 60) 43 (−2, 68) 0.058

Age group
19–49 yr

BA.4/BA.5 11/21 (52.4) −10 (−164, 54) 4 (−134, 60) 0.935
BA.1 1/4 (25.0) 67 (−220, 97) 67 (−227, 97) 0.347

50–64 yr
BA.4/BA.5 16/37 (43.2) 25 (−46, 62) 42 (−19, 72) 0.140
BA.1 12/29 (41.4) 25 (−58, 64) 30 (−49, 67) 0.350

≥ 65 yr
BA.4/BA.5 23/68 (33.8) 53 (20, 72) 55* (23, 73) 0.003
BA.1 45/97 (46.4) 16 (−29, 46) 16 (−31, 46) 0.433

Baseline vaccination
≥ 3 doses

BA.4/BA.5 49/122 (40.2) 32 (1, 54) 39* (10, 59) 0.012
BA.1 57/127 (44.9) 15 (−23, 41) 21 (−16, 46) 0.228

2 doses
BA.4/BA.5 1/4 (25.0) 68 (−209, 17) 73 (−164, 97) 0.257
BA.1 1/3 (33.3) 52 (−435, 96) 50 (−461, 96) 0.570

Prior SARS-CoV-2 infection
Yes

BA.4/BA.5 12/33 (36.4) 51 (−2, 76) 59* (11, 81) 0.023
BA.1 14/20 (70.0) −116 (−470, 19) −77 (−375, 34) 0.256

No
BA.4/BA.5 38/93 (40.9) 30 (−7, 54) 34 (−2, 58) 0.062
BA.1 44/110 (40.0) 31 (−2, 54) 35* (1, 57) 0.045

Healthcare worker
Yes

BA.4/BA.5 13/20 (65.0) −23 (−228, 54) −61 (−366, 44) 0.375
BA.1 0/1 NA NA

No
BA.4/BA.5 37/106 (34.9) 46 (19, 64) 50* (23, 67) 0.002
BA.1 58/129 (45.0) 15 (−22, 40) 24 (−10, 48) 0.148

Underlying medical conditions
Yes

BA.4/BA.5 23/70 (32.9) 50 (16, 70) 54* (23, 73) 0.003
BA.1 36/87 (41.4) 24 (−19, 51) 35 (−4, 59) 0.071

No
BA.4/BA.5 27/56 (48.2) 14 (−47, 50) 23 (−34, 56) 0.348
BA.1 22/43 (51.2) 3 (−79, 47) 9 (−72, 52) 0.769

VE = vaccine effectiveness, COVID-19 = coronavirus disease 2019, CI = confidence interval, SARS-CoV-2 = severe acute respiratory syndrome-coronavirus-2, NA = 
not applicable.
*P value < 0.05.



developed and approved for use. The early estimation of bivalent mRNA vaccines from the 
U.S. Centers for Disease Control and Prevention (CDC) reported 56% absolute VE for urgent 
care encounters, and another study demonstrated the superior ability of bivalent vaccines to 
produce neutralizing antibodies against the omicron subvariants.10,11 One study presented 
29% VE during the BA.4/BA.5 epidemic.12

In the Republic of Korea, the rate of primary series/monovalent booster vaccinations and the 
epidemic pattern of the omicron subvariants are different from those of the United States and 
other countries. For instance, BA.5, BA.2 and XBB and its subvariants were serially dominant 
in the United States. However, BN.1, a subvariant of BA.2.75, was the most dominant type 
(50.4%), followed by BA.5 (18.3%) and BA.2.75 (11.2%) during the study period (January 
2023 to February 2023) in the Republic of Korea.13 Both BA.2.75 and BA.5 exhibit reduced 
neutralizing antibody ability; however, the immune evasion of BA.2.75 is greater than that of 
BA.5.14,15 Therefore, it was necessary to verify the real-world effectiveness of bivalent booster 
in the Republic of Korea, and this study demonstrated similar VE as those of previous studies 
from other countries.

Notably, the preventive effect of the bivalent vaccine was significant against SARS-CoV-2 
infection in the older adults and patients with underlying medical conditions. In a CDC 
report, the VE of the bivalent booster vaccine demonstrated no significant difference across 
different age groups, although a slight decrease was observed in the older adult population.16 
The relatively high VE in the older adult group in our study was probably due to differences 
in PCR testing practices, viral exposure risks, and low underlying immunity in the relevant 
group. Studies on high-risk groups have already revealed that after bivalent vaccination, VE 
against severe disease is reported in up to 53% of immunocompromised patients.16,17

Additionally, our study revealed that a history of prior SARS-CoV-2 infection and vaccination 
could also affect the effectiveness of bivalent booster vaccines. Three doses of vaccination 
are known to improve the protection against the omicron subvariants compared to two 
doses.18 One study reported that the production of neutralizing antibodies against BA.2.75.2 
increases significantly following the administration of BA.5-based bivalent booster vaccine 
in individuals with a history of COVID-19 infection.19 In Italy, prior COVID-19 exposure did 
not reduce the VE of the bivalent second booster vaccination beyond 26 weeks.20 This implies 
that prior SARS-CoV-2 infection and vaccination history over a certain period did not affect or 
increase the antibody production. These findings are supported by our study results.

Our study had several limitations. First, since most patients had a history of monovalent 
booster vaccination, VE could not be properly evaluated and compared with unvaccinated 
individuals. In addition, we were unable to confirm the exact timing of the monovalent 
booster vaccination and prior SARS-CoV-2 infection. Second, vaccine manufacturers were 
not considered in the VE analysis. The Pfizer-BioNTech vaccine contains 15 μg of both the 
ancestral and omicron subvariant mRNAs, whereas the Moderna vaccine contains 25 μg of 
each of these components. However, because the VE of each manufacturer was relatively 
the same as in the previous study, we classified and analyzed only the omicron subvariant 
strain.21 Third, further analysis is required to determine the longevity of protective 
effectiveness by bivalent vaccines. Most patients in our study were analyzed within 3 months 
of vaccination, while the protective effect of vaccination lasted for up to 6 months. Fourth, we 
did not analyze variant strain sequencing of individual infections or immune responses, such 
as antibody titers. Finally, due to the low coverage rate of the bivalent vaccine than expected 
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(ranging from 6.6 to 6.8% for each bivalent vaccine), a larger target sample size would have 
been required for the study. However, because we matched case and control groups during 
the study process, the detection power for VE would be higher than originally anticipated.

In conclusion, vaccination with bivalent booster mRNA vaccine containing the BA.4/BA.5 
omicron subvariant strains could effectively protect against COVID-19, particularly in the 
adult population ≥ 65 years age and the individuals with underlying medical conditions. The 
use of circulating strain-targeted booster vaccines should be encouraged, especially within 
these vulnerable groups.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Comparison of covariates and characteristics between case and control groups within 
subgroup of ≥ 65 years age group

Supplementary Table 2
Comparison of covariates and characteristics between case and control groups within 
subgroup of ≥ 1 underlying medical condition

Supplementary Table 3
Vaccine effectiveness of bivalent mRNA booster vaccination against symptomatic COVID-19 
calculated by subgroups

Supplementary Table 4
Vaccine effectiveness of bivalent mRNA booster vaccination against COVID-19 associated 
hospitalization calculated by subgroups
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