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Abstract

Objective Despite the global decrease in influenza infections during the coronavirus disease 2019
(COVID-19) pandemic, seasonal influenza remains a significant health issue. South Korea, known for its
robust pandemic response and high influenza vaccination rates, offers a unique context for examining
changes in vaccination trends during the pandemic. Using nationally representative data, we aimed to
understand the impact of the pandemic on influenza vaccination behavior over a 12-year period and to
identify vulnerable groups.

Methods We analyzed influenza vaccination rates in South Korea between 2011-2022, focusing on
pandemic-related impacts. The data of 2,426,139 adults (> 19 years) from the Korea Community Health
Survey were used to assess demographic and sociological factors influencing vaccination behaviors.

Results We observed an increase in influenza vaccination rates during the pre-COVID-19 period from
2011-2013 (weighted prevalence: 46.68% [95% confidence interval (Cl): 46.55-46.82]) to 2017-2019
(weighted prevalence: 52.50% [95% CI: 52.38-52.63]). However, a significant decline was observed in
2022, the late-COVID-19 pandemic period (weighted prevalence: 55.78% [95% Cl: 55.56-56.01]),
compared with the mid-pandemic period in 2021 (weighted prevalence: 59.12% [95% CI: 58.91-59.32]),
particularly among populations traditionally prioritized for influenza vaccination, including older adults
(> 65 years) and patients with chronic diseases and low educational and income levels.

Conclusion The influenza vaccination rate in South Korea was significantly affected by the COVID-19
pandemic, showing a notable decrease among vulnerable demographic groups. This suggests the need
for targeted public health strategies to address vaccine hesitancy and improve vaccination rates,
particularly among high-risk populations.
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INTRODUCTION

nfluenza virus infections decreased

worldwide during the coronavirus disease

2019 (COVID-19) pandemic™, reportedly
because of public health interventions and influenza
vaccination®™". Early in the pandemic in South Korea,
the government’s effective response suppressed
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infections. This was followed by
international policies emphasizing advanced public
health and medical systems, real-time disaster
communications, epidemiological investigations of
infected people, and superior COVID-19 diagnostic
capabilitiesls‘el. These measures are believed to have
affected COVID-19 and influenza activity.

Despite this decreasing trend, according to the
World Health Organization (WHO), approximately one
billion cases of seasonal influenza affect 5%-15% of
the world’s population each yearm. Thus, influenza
vaccination protects individuals with compromised
immune systems, reducing the chances of contracting
influenza as well as the hospitalization and mortality
rates in the event of infection”. To prevent a
“twindemic”, in which the two diseases occur
simultaneously, vaccination against influenza should
be considered”’. South Korea officially declared the
end of the COVID-19 pandemic on May 11, 2023, 3
years and 4 months after the first confirmed case on
January 20, 2020". According to the results of several
studies, the COVID-19 pandemic has led to an
increase in the influenza vaccination rate™. However,
previous studies have primarily focused on data from
the initial phase of the pandemic up to 2020, making
it difficult to accurately assess the influenza
vaccination rate fluctuations throughout the
pandemic[m]. As the criteria for eligibility for free
vaccination changed after the introduction of the
COVID-19 vaccination in February 2021[11], data for
the entire pandemic should be comprehensively
reviewed. Therefore, our aim in this study was to
compare and confirm the trends in influenza vaccine
uptake before and during the COVID-19 pandemic,
including a demographic and sociological survey to
investigate the factors influencing vaccination
behavior. Our purpose was to understand the impact
of the pandemic on influenza vaccination behavior
from 2011 to 2022 and to identify vulnerable groups.

METHODS

Study Population and Data Collection

The data used in this study were obtained from
the Korea Community Health Survey (KCHS)
conducted by the Korea Disease Control and
Prevention Agency between 2011 and 2022" The
KCHS has been conducted every year since 2008 to
produce statistics for establishing and evaluating
health policies based on the health status of
residents. The survey is administered as a face-to-
face computer-assisted personal interview to adults
aged 2 19 years in households selected by random
sampling. Basic information is collected, including
sex, age, region of residence, marital status,
education, economic activities, previous medical
history (hypertension and type 2 diabetes), physical
measurements (i.e., body mass index [BMI]), health
behaviors, vaccinations, and medical utilization™**),
Excluding data with missing values, a nationally
representative sample of 2,426,139 individuals was
used for analysis.

Ascertainment of the Influenza Vaccination Rate

Considering that the first confirmed case of
SARS-CoV-2 infection in South Korea was reported
on January 20, 2020, and the WHO declared COVID-
19 a pandemic on March 11, 2020, we defined the
pre-pandemic period from 2011 to 2019 and the
pandemic period from 2020 to 2022™. Individuals
were asked targeted questions regarding their
influenza vaccination history, such as “Have you
been vaccinated against influenza in the last year?”
Based on the responses, an individual was defined as
vaccinated if they had received at least one dose of
the influenza vaccine.

Covariates

We utilized data on the South Korean adult
population based on the KCHS. In the following
covariates, only the variables needed for analysis
were selected: age (19-29, 30-49, 50-64, 65-74,
and > 75 years), sex (men/women), residential area
(urban/rural), BMI group (underweight, normal
weight, pre-obesity, or obesity), educational level
(elementary school or lower, middle school, high
school, or college or higher), household income
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(lowest, second, third, or highest quartile), economic
activity status, occupational category (employer or
owner, wage and salary worker, or unemployed),
marital status, hypertension, diabetes, and unmet
healthcare needs. According to the guidelines of the
WHO Western Pacific Branch and the Korean Society
for the Study of Obesity, the participants were
classified as underweight (< 18.5 kg/m’), normal
weight (18.5-22.9 kg/m®), pre-obesity (23.0—
24.9 kg/m?), and obesity (> 25.0 kg/m*)™). The rate
of unmet healthcare needs is the number of people
who did not make it when they wanted to go to the
hospital (excluding dentistry), divided by the number
of respondents surveyed.

Statistical Analyses

We analyzed the impact of the COVID-19
pandemic on the influenza vaccination rate and
compared the various factors associated with this
impact by utilizing a weighted linear regression
model. The aim was to predict how different
variables influence the likelihood of individuals
receiving the influenza vaccine. Specifically, we
considered vaccination status as the dependent
variable and associated factors as the independent
variables. The results of the statistical analysis are
presented with weighted odds ratios (ORs) and 95%
confidence intervals (Cls). To ensure the validity and
reliability of the key findings, a stratified analysis was
conducted accounting for age, sex, region of
residence, BMI group, education, household income,
economic activity, occupational categories, marital
status, hypertension, diabetes, and unmet
healthcare needs. Additionally, we calculated the
interaction of each risk factor and determined the
ratio of odds ratios (ROR) both before and during the
pandemic to identify groups more susceptible to
variations in the vaccination rate. SAS software
(version 9.4; SAS Institute, Cary, NC, USA) was used
for statistical analysis. A two-sided P-value of < 0.05
was deemed statistically significant[m.

RESULTS

Table 1 presents the basic characteristics of the
study population participating in the KCHS from
2011 to 2022. We conducted an in-depth analysis of
a comprehensive cohort comprising 2,426,139 South
Korean adults who provided complete responses to
the questionnaire. A larger proportion of women
(weighted prevalence: 54.17% [95% CI: 54.11 to
54.23]) participated compared with men.

Table 2 and Figure 1 show trends in the

prevalence of influenza vaccination before and
during the pandemic. Changes in influenza
vaccination rates showed an overall increasing trend
both before and during the first year of the
pandemic. However, a subsequent decrease in
influenza vaccination rates was observed during the
pandemic (Byg -1.34 [95% CI: -1.46 to -1.22])
compared with before the pandemic. Factors that
contributed to a reduction in influenza vaccination
rates during the pandemic compared with pre-
pandemic are as follows: age 2 75 years (B —4.44
[95% ClI: -4.65 to -4.22]), women (B -2.18 [95%
Cl: =2.34 to -2.02]), rural residence (B -2.52 [95%
Cl: =2.70 to -2.34], obesity (B -3.42 [95% CI:
-3.64 to -3.20], elementary school or lower
educational level (B4 -5.59 [95% CI: -5.79 to
-5.39], lack of economic activity (Bd,-ff: -1.75 [95% CI:
-1.94 to -1.56]), being an employer or owner (B
-2.40 [95% CI: -2.64 to -2.16], being married (,Bd,-ff:
-4.07 [95% CI: -4.33 to -3.82], diagnosis of
hypertension (B -3.76 [95% CI: -3.96 to -3.55]),
diagnosis of diabetes (B, -3.84 [95% CI: -4.16 to
-3.51]), and the presence of unmet healthcare needs
(,Bd,-ff: -1.52 [95% CI: -1.64 to -1.39]. Conversely,
factors that led to an increase in influenza
vaccination rates during the pandemic included
being 19-29 years old (Bd,ff: 3.03 [95% CI: 2.61 to
3.44)), being underweight (B 3.08 [95% CI: 2.52 to
3.64]), college or higher educational level (B 0.90
[95% CI: 0.70 to 1.09]), being unmarried (B 4.87
[95% CI: 4.64 to 5.10]), and the absence of unmet
healthcare needs (B 4.87 [95% CI: 4.64 to 5.10]).
Table 3 displays the ORs from an analysis
conducted to investigate the annual trends of
influenza vaccination rates in greater depth. The
alterations in trends over the years, encompassing
all factors, demonstrated a tendency to diminish
from 2014 to 2016 compared with 2011 to 2013,
followed by an increase from 2017 to 2019.
Subsequently, there was a gradual increase until
2021, followed by a decrease in 2022 compared
with 2021. When analyzing the years 2014-2016 in
relation to 2011-2013, there was a sharp decrease
in vaccination among those aged 19-29 years (OR:
0.48 [95% CI: 0.46 to 0.50]) and an increase in those
aged > 75 years (OR: 1.42 [95% CI: 1.37 to 1.47]).
There was a decrease in vaccination in those who
were underweight (OR: 0.75 [95% CI: 0.73 to 0.78])
and unmarried (OR: 0.48 [95% CI: 0.47 to 0.49]) and
an increase in those with elementary school or
lower education (OR: 1.37 [95% CI: 1.34 to 1.39].
When analyzing 2017-2019 in relation to
2014-2016, there was an increasing trend in all
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Table 1. General characteristics of South Korean adults based on data obtained from the KCHS, 2011-2022

Study period
Characteristics Total
2011-2013 2014-2016 2017-2019 2020 2021 2022
Overall, n 2,426,139 519,248 642,803 632,565 217,963 222,119 191,441

Age, years, weighted % (95% Cl/)
9.14(9.10 2.26(2.22 11.41(11.34 10.59(10.52 11.50(11.37 10.87(10.74 10.61(10.47

19-29 t09.17) t0 2.30) t011.49)  t010.67) to11.64) to11.00)  to 10.74)
30-49 31.89 (31.83 37.91(37.78 34.12 (34.01 29.59 (29.48 27.18 (26.99 27.05 (26.86 26.60 (26.41
t031.95) t038.05) t034.24) t029.70) t027.36) t027.23)  to026.80)
5064 30.70 (30.64 33.36(33.23 29.47 (29.36 30.33 (30.22 30.55 (30.36 30.36(30.17 29.42(29.22
t030.76)  t033.48) t029.58) t030.44) t030.75) t030.55)  t029.63)
65-7 16.57 (16.52 17.21(17.11 15.17 (15.08 16.49 (16.39 16.93 (16.77 17.64 (17.49 18.10 (17.93
t016.61) to17.31) to15.26) t016.58) t017.08) t017.80)  to18.27)
575 11.71(11.67 9.26(9.18  9.82(9.75 13.00(12.92 13.84(13.70 14.07 (13.93 15.27 (15.11

to 11.75) t0 9.34) t09.90) to 13.08) to 13.99) to 14.22) to 15.43)
Sex, weighted % (95% Cl)
45.83 (45.77 45.03 (44.90 46.54 (46.42 45.94 (45.82 46.00 (45.79 46.10 (45.89 44.76 (44.53
to 45.89) to 45.17) to 46.66) t0 46.06) to 46.21) to 46.30) to 44.98)

54.17 (54.11 54.97 (54.83 53.46 (53.34 54.06 (53.94 54.00 (53.79 53.90 (53.70 55.24 (55.02
t054.23)  t055.10) t053.58) t054.18) to54.21) to54.11)  to55.47)

Men

Women

Region of residence, weighted % (95% Cl/)

57.02 (56.96 55.22 (55.09 58.06 (57.93 57.42 (57.30 56.77 (56.56 57.00 (56.79 57.45 (57.23
t057.09) t055.36) t058.18) to57.55) t056.97) t057.20)  to57.67)
42.98 (42.91 44.78 (44.64 41.94 (41.82 42.58 (42.45 43.23 (43.03 43.00 (42.80 42.55 (42.33
t043.04)  t044.91) t042.07) t042.70) t043.44) t04321)  to042.77)

Urban

Rural

BMI group, weighted % (95% CI)’

463(4.61 463(457 512(507 439(4.34 4.11(4.03 436(4.28 4.73(4.64
t0 4.66) t0 4.69) t0 5.18) to 4.44) t0 4.20) t0 4.45) t0 4.83)
4235 (42.29 44.70 (44.56 44.26 (44.14 39.97 (39.85 40.77 (40.57 40.80 (40.59 41.03 (40.81
t042.41) to44.83)  t044.38) t040.09) t040.98) t041.00)  to41.25)
24.69 (24.63 25.66 (25.54 24.38 (24.28 24.41 (24.30 24.58 (24.40 24.59 (24.41 24.22 (24.03
t024.74)  t025.78)  t024.49) t024.52) t024.76) t024.77)  to24.41)
28.33(28.27 25.01(24.90 26.23 (26.12 31.23 (31.12 30.53 (30.34 30.25 (30.06 30.02 (29.81
t028.39)  t025.13) t026.34) t031.35) t030.73) t030.44)  to30.23)

Underweight (< 18.5 kg/m’)
Normal weight (18.5-22.9 kg/m?)
Pre-obesity (23.0-24.9 kg/m’)
Obesity (2 25.0 kg/m?)

Education, weighted % (95% CI)

22.58 (22.53 27.05(26.93 21.96 (21.86 22.04 (21.93 20.89 (20.72 20.08 (19.91 19.14 (18.96
t022.63)  t027.17) t022.06) t022.14) t021.06) t020.25)  to19.31)
11.92 (11.88 13.80 (13.70 11.54 (11.46 11.68 (11.60 11.38 (11.25 10.95 (10.82 10.65 (10.51
t011.96)  t013.89) to11.62) to11.76) to11.52) t011.08)  to10.79)
29.84(29.78 31.93 (31.81 29.62 (29.50 29.28 (29.17 29.56 (29.37 29.35(29.16 27.61(27.41
t029.89) t032.06) t029.73) t029.39) t029.75) t029.54)  to27.81)
35.66 (35.60 27.22 (27.10 36.88 (36.76 37.01(36.89 38.17 (37.97 39.62 (39.41 42.60 (42.38
t035.72)  t027.34)  t037.00) t037.12) t03837) 1t039.82)  t042.82)

Elementary school or lower education
Middle school
High school

College or higher education

Household income, weighted % (95% C/)

17.05 (17.00 18.44 (18.34 19.42 (19.32 15.8815.79 15.29 (15.14 14.76 (14.61 13.81(13.66
t017.09)  t018.55)  t019.52) t015.97) t015.44) t014.90)  to 13.97)
33.48 (33.42 36.16 (36.03 35.85 (35.73 31.88 (31.77 31.56 (31.37 30.94 (30.74 28.67 (28.47
t033.54) t036.29) t03596) t032.00) t031.76) to031.13)  to 28.88)
26.48 (26.43 26.86 (26.73 28.00 (27.89 26.86 (26.76 24.90 (24.72 24.27 (24.09 23.47 (23.28
t026.54)  t026.98) t028.11) t026.97) t025.08) to24.45)  to 23.66)
22.99 (22.94 18.54 (18.44 16.73 (16.64 25.38 (25.27 28.25(28.06 30.04 (29.85 34.05 (33.83
t023.05) t018.65) t016.82) t025.49) t028.43) 1t030.23)  to34.26)

Lowest quartile
Second quartile
Third quartile

Highest quartile

Economic activity, weighted % (95% ClI)

63.16 (63.09 64.69 (64.56 64.26 (64.15 63.51 (63.39 61.20 (61.00 62.96 (62.75 56.56 (56.34
t063.22) t064.82) t064.38) t063.63) to61.41) t063.16)  t056.78)
36.84 (36.78 35.31(35.18 35.74 (35.62 36.49 (36.37 38.80 (38.59 37.05 (36.84 43.44 (43.22
t036.91) t035.44) t035.85) t036.61) 1t039.00) t037.25)  to43.66)

Yes

No
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Continued
Study period
Characteristics Total
2011-2013 2014-2016 2017-2019 2020 2021 2022

Occupational categories, weighted % (95% Cl)

Employer or owner

24.89 (24.84 29.44 (29.32 24.84 (24.74 23.91 (23.80 21.79 (21.62 21.88 (21.70 22.96 (22.77

t024.94) t029.57) t024.95) t024.01) t021.96) t022.05) to23.15)
Wage and salary worker 38.19 (38.13 35.18 (35.05 39.30 (39.18 39.48 (39.36 39.41(39.21 41.08 (40.87 33.60 (33.39

t038.25) t035.31) t039.42) t039.60) t039.62) t041.28)  to33.82)
Unemployed 36.92 (36.86 35.37 (35.24 35.85 (35.74 36.61 (36.49 38.80 (38.59 37.05 (36.84 43.44 (43.22

t036.98) t035.50) t035.97) t036.73) t039.00) t037.25) to 43.66)

Marital status, weighted % (95% Cl)

70.30(70.24 82.69 (82.59 69.40 (69.29 67.98 (67.86 63.26 (63.06 63.31 (63.11 63.52 (63.31

ves t070.36) t082.79) t069.51) t068.09) t063.46) t063.51) to63.74)
No 29.70 (29.64 17.31 (17.21 30.60 (30.49 32.02 (31.91 36.74 (36.54 36.69 (36.49 36.48 (36.26
t029.76) t017.41) t030.71) t032.14) t036.94) t036.89) to 36.69)

Hypertension, weighted % (95% C/)

26.42 (26.36 25.51 (25.39 24.34 (24.24 27.30 (27.19 27.42 (27.23 28.52 (28.34 29.37 (29.16

Y
e 1026.47) 1025.63) t024.45) t027.41) t027.61) t028.71) t029.57)
o 73.58 (73.53 74.49 (74.37 75.66 (75.55 72.70 (72.59 72.58 (72.39 71.48 (71.29 70.63 (70.43

t073.64) t07461) t07576) t072.81) t07277) to7166) to70.84)

Diabetes, weighted % (95% Cl)

10.74 (10.70 9.72(9.64

9.73(9.66 11.02(10.95 11.61 (11.48 12.31 (12.17 13.19 (13.04

Yes to0 10.78) t0 9.80) t0 9.80) to 11.10) to 11.74) to 12.45) to 13.34)

No 89.26 (89.22 90.28 (90.20 90.27 (90.20 88.98 (88.90 88.39 (88.26 87.69 (87.55 86.81 (86.66
to 89.30) t0 90.36) to 90.34) to 89.05) to 88.52) to 87.83) to 86.96)

Unmet healthcare needs, weighted % (95% C/)

Insufficient 9.35(9.31 13.23(13.14 11.59(11.51 8.22(8.15 5.06(4.97 4.82(4.73 5.18(5.08
t09.39) to 13.33) to 11.66) to 8.29) to 5.16) to 4.91) to 5.28)

Sufficient 90.65 (90.61 86.77 (86.67 88.41 (88.34 91.78 (91.71 94.94 (94.84 95.18 (95.09 94.82 (94.72
t090.69) t086.86) t088.49) t091.85) t095.03) t095.27)  t094.92)

Note. BMI, body mass index; Cl, confidence interval; KCHS, Korea Community Health Survey. *According to
the Asia-Pacific guidelines, BMI was divided into four groups.

factors, especially age > 75 years (OR: 1.47 [95% ClI:
1.42 to 1.52], elementary school or lower education
(OR: 1.54 [95% CI: 1.52 to 1.57]), and the second
quartile of household income (OR: 1.71 [95% CI:
1.69 to 1.73]). When 2020 was analyzed in relation
to 2017-2019, there was an increasing trend in all
factors; in particular, there was a significant
increase in vaccination among those aged 19-29
years (OR: 1.45 [95% ClI: 1.40 to 1.50]). When
analyzing 2021 in relation to 2020, most factors
were similar. However, there was a significant
decrease in vaccination among those aged 65-74
years (OR: 0.75 [95% CI: 0.72 to 0.79]) and 2 75
years (OR: 0.66 [95% ClI: 0.62 to 0.70]). When
analyzing 2022 in relation to 2021, there was a
decreasing trend in all factors. In particular, there
was a significant decrease in vaccination among
those aged > 75 years (OR: 0.78 [95% CI: 0.74 to
0.83], those who were economically active (OR:
0.79 [95% CI: 0.78 to 0.80]), and wage and salary
workers (OR: 0.69 [95% CI: 0.68 to 0.70]).

Table 4 shows the risk factors for the vulnerable
group among the influenza-vaccinated population,
expressed as the ROR. Differences were observed
among those who were susceptible to influenza
vaccination: those aged 65—74 years (ROR: 0.69 [95%
Cl: 0.67 to 0.71]; reference 19-29 age group), rural
dwellers (ROR: 0.88 [95% Cl: 0.87 to 0.89]; reference
urban), who had obesity (ROR: 0.88 [95% CI: 0.87 to
0.89]; reference normal weight), an educational level
of high school graduation (ROR: 1.23 [95% C/: 1.20 to
1.25]; reference college or higher education), being
in the lowest quartile of household income (ROR:
0.88 [95% CI: 0.86 to 0.90]; reference highest
quartile), no economic activity (ROR: 0.89 [95% CI:
0.88 to 0.90]; reference yes), being unemployed
(ROR: 0.83 [95% CI: 0.81 to 0.84]; reference wage
and salary worker), being married (ROR: 1.46 [95%
Cl: 1.44 to 1.47]; reference no), diagnosis of
hypertension (ROR: 0.88 [95% CI: 0.87 to 0.89];
reference no), and diagnosis of diabetes (ROR: 0.87
[95% CI: 0.86 to 0.89]; reference no).
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Table 2. Trends in the prevalence of influenza vaccination and B-coefficients before and during the COVID-19
pandemic (weighted % [95% CI]), based on data obtained from the KCHS

Before pandemic During the pandemic Trendsinthe Trends in the th:‘lif;-bze(:r;e::d
Year pre-pandemic pandemic era,
2011-2013 2014-2016 2017-2019 2020 2021 2022 g p(os%Cl) B(oS%C) 202072022
' (95% Ci)
4668 4530 5250 5776 5912 5578
Overall (46.55t0 (45.18t0 (52.38to  (57.55to (58.91to (55.56 to 3'063(559)”0 1'731(;663“0 _1'3‘_‘1(_212';1“0
46.82)  45.42)  5263)  57.96)  59.32)  56.01) ' : :
Age, years
3290 1903 2316 3039 3216  27.12
19-29 (3205t0 (1875t0 (22.84t0 (29.82to (3157to (26.50t0 '0'7%_413;)1“" 2'242(1'5())3t° 3‘033(if)lt°
3375  1932)  2347)  3096)  3275)  27.73) ' : '
2806 2828 3459 4177 4433 3961
30-49 (27.86t0 (28.09t0 (34.38to (41.37to (43.93to (39.19to 3'243(2;;9t° 2'642(%5)“0 _O'ijé_?,oéfom
2826)  2847)  3481)  4216)  4473)  40.04) ' : :
4037 4038 4423 4877 5180 4625
50-64 (40.14t0 (401610 (4401t0 (4839to (5142to (45.84t0 1'962(1'28)“0 1'581(;'2‘;“0 _0'3%_107'?%’
40.60)  40.60)  44.46)  49.15)  5218)  46.66) ‘ : :
8097 8451 8730 8854 8532 8371
65-74 (80.72t0 (8428to0 (87.10t0 (8822t (84.97to (83.32t0 3'163(§'29)9 to 115 1('012')28 to -4.30 i’;g'f“o
8123)  8473)  87.51)  8887)  8567)  84.10) ' ' ’
8530 8914 9235 9407 9129  89.15
275 (8499t0 (88.90t0 (92.17t0 (93.80to (90.98to (88.79to 3'493(2‘73)2 0 '0'9‘_‘3'812'?6 to _4‘42'242';55 t©
8562)  89.39)  9253)  9434)  9161)  89.51) ' ' '
Sex
4301 4053 4742 5225 5381 5163
Men (42.81t0 (4036t0 (472410 (51.94to (53.51to (51.30to 2'392(§'22)5 0 1'932([1)';“" _0'4%'205“0
4321)  40.71)  47.60)  5256)  5412)  51.97) ' ' ’
4969 4945 5682 6245 6366  59.15
Women (4951t0 (492810 (56.66t0 (6217to (63.38to (58.85t0 3'693(:15)“0 1.511((15;;“0 _2‘1§2('022')34t°
49.87)  4962)  56.99)  6273)  6393)  59.44) ' : '
Region of residence
4113 3949 4655 5240 5472 50.89
Urban (4095t0 (3934t0 (4639t0 (5212to (54.44to (50.59to 2'903(3'27)“0 2'202(560)9t° _0'7%'5%5“0
4131)  39.65)  4671)  5268)  5499)  51.18) ' ' ’
5353 5334 6053 6478 6495 6240
Rural (5333t0 (53.15t0 (6035t0 (64.48to (64.65to (62.07to 3'603(3‘;“0 1'081(2:)7t° _2‘532('32‘1;)70t°
5373)  5352)  60.72)  6509) 6525  62.73) ' : '
BMI group
, 5487  47.83 5181 5861 5907  54.87
Underweight - -
(<185kg/my) (5424t0 (4729t (5122to (57.60to (58.09t0 (53.84to 1'315 914)80“’ 1'702([1)'63)“" 3'083(2'45)“0
5550)  4837)  5240)  59.63)  60.05)  55.89) ' ' '
Normal weight ~ 46.60 4439 5103 5749 5909 5564
(18.5-22.9 (4639t0 (4421t0 (50.83t0 (57.17to (58.77to (55.29t0 2'292(‘2“31)5 0 2'242(;1)2 to 0‘050( 12523 t©
kg/m?) 46.80)  4457)  5122)  57.82)  59.42)  55.99) ' : '
Pre-obesity 4682 4698 5420 5928 6128 5808
(23.0-24.9 (46.55t0 (46.73t0 (53.95t0 (58.86to (60.87to (57.63 to 3'783(:'76)0 to 1.942(167)9 to 1'8‘_‘1( 620'?8 to
kg/m?) 47.08)  47.22) 5445  59.70)  6169)  58.53) ' : :
: 4519 4478 5316 5676 5740 5428
Obesity (> 25.0 - _
g/m?) (449110 (445410 (5294t0 (5639to (57.02to (53.87to 4'304(2'81)3 0 0'881(3'27)4 to 3'43; 230'554 t©
45.46)  45.02)  5338)  57.14)  57.77)  54.68) ‘ : :
Education
Elementary 7079 7679 8364 8739 8620  85.42
school or lower  (70.56t0  (76.57to0 (83.44to (87.08to (85.88t0 (85.06 to 6'426(§'72)7 to 0'830(8'57)1 to 5'5?5( 355)79 to
education 7103)  77.01)  83.83)  87.69)  8652)  85.78) ' : :
5161 5790 6741 7366 7467  74.68

791(7.66to 2.80(2.59to -5.11(-5.43to

Middle school (51.25to0 (57.54to (67.08to (73.11to (74.12to (74.08 to 8.16) 3.01) ~4.78)

51.98) 58.25) 67.75) 74.21) 75.22) 75.27)
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Continued
Before pandemic During the pandemic Trends inthe Trends in the Zg:.i;f—t)ze(:r;eae:d
Year pre-pandemic pandemic era,
2011-2013 2014-2016 2017-2019 2020 2021 2022 o (o5%Cl) B(9SHC)  2020-2022
' (95% CI)
34.59 3599  43.65 5030 5298  50.92
High school (34.36to  (35.77to (43.42to (49.91to (52.60to (50.49 to 4'594(‘7"54)3 to 3'113(;59)6 to '1'45_3 1(_217')70 to
34.82)  3621)  43.87)  50.68)  53.37)  51.34) : : :
. 34.40  30.08 36.26 4257 4564 4091
gzg‘zg::r: higher 3415t (20.89t0 (36.07t0 (42.24t0 (4531to (40.57to 1'451(;'13)0 to 2'352(‘2“72)3 to 0'901<g§7)0 to
34.65)  30.26)  36.46)  4291)  4597)  41.25) : : :
Household income
7174 7144 7868 80.15 77.67 7679
Lowest quartile  (71.45t0  (71.19t0 (78.42t0  (79.72t0 (77.22t0 (762810 3'503(2'93)1 t© _0.53(5_26)74 to _4.02_842.)33 o
7202)  71.69)  78.93)  80.58)  78.12)  77.30) : ' :
4727 4487 58.23 63.73 65.06  64.66
Second quartile (47.04to (44.67to (58.01to (63.37to (64.70to (64.26 to 5'595(321)3 to 2'552((25'9‘;1 to _3.0§2<_833.)24 to
47.49)  4507)  5844)  64.09)  65.42)  65.06) : : :
35.99 3430 4255 49.82 5200  49.23
Third quartile  (35.74to  (34.08t0 (42.32to  (49.40t0 (51.58to0 (48.76to 3'463(2'32)9 to 3'013(;8)5 to _0'45_’é_202')68 to
36.25)  34.52)  42.79)  50.24)  52.42)  49.69) : : :
3610  34.28 39.47 4595 4964 4431
Highest quartile (35.80to (33.99to (39.23to  (45.56t0 (49.26t0 (43.93to 1‘962(1'57)7 to 2'412%'52)7 to 0'450(2'92)1 to
36.40)  3456)  39.71)  4634)  50.01)  44.69) : : :
Economic activity
39.66 3854 4577 51.62 5412 48.23
Yes (39.49t0 (3839to (45.62to (51.35to (53.86t0 (47.93to 3'193(3'10)8 to 1'881(;;)8 to _1'3i 1<_116';W to
39.82)  38.69)  4593)  51.89)  54.38)  48.53) : : :
59.56  57.45 64.21 67.44  67.62 65.62
No (5933t0 (57.25t0 (64.02to (67.12t0 (67.30t0 (65.30to 2‘512(2:’)6 t© 0'760(2';;4 to L7 1(_516'?4 t°
59.78)  57.66)  64.41)  67.76)  67.94)  65.95) : : :
Occupational
categories
4532 46.25 53.16 57.17 5830  56.43
Ews(ﬁyer or (45.07t0 (46.01to (52.91to (56.73to (57.86t0 (55.97to 3'914(3'97)4 to 1'511(2'7?;5 to _2'4?2<_12é)64 to
4557)  46.50)  53.41)  57.62)  58.74)  56.89) : : :
34.89 3364  41.28 48.55 51.89  42.63
mrgki?nd Y (346710 (3346t0 (4109t (4821t0 (515710 (42.24to 3‘453(2'03)1 t© 2'082(;'19)6 to 137 1(_115)56”
35.11)  33.83)  41.48)  4888)  5221)  43.01) : : :
5954  57.42 64.17 67.44  67.62 65.62
Unemployed  (59.32to (57.21to (63.97to (67.12to (67.30to (65.30to 2'502(2'53)5 to 0'780(2';6 to '1'73 1('513'?1 to
59.77)  57.62)  64.37)  67.76)  67.94)  65.95) : ' :
Marital status
4420 4745 55.05 61.41 63.05 59.49
Yes (440510 (47.30t0 (5491t (61.15t0 (62.80t0 (59.21to 5‘435(3133)2 t© 2'222(§'21)3 o 3 .225—;7.)35 o
4435)  47.60)  55.20)  6167)  6330)  59.76) : : :
5855 4042  47.09 5146 5234 4934
No (5823t0 (4020t0 (4687t (51.12t0 (52.00t0 (48.97 to _3'63:54)82 to 1'251(;;)2 0 4'875(166)4 to
58.88)  40.64)  47.30)  51.81)  52.68)  49.71) : : :
Hypertension
65.75 67.79 73.90 7690  76.41 7421
Yes (654910 (67.56t0 (73.70to  (76.56t0 (76.08t0 (73.85to 4‘174(21;;1 t© 0'410(2'42)9 o 3 '7?;_535')96 o
66.00)  68.02)  74.11)  77.24)  76.74)  74.57) : : :
40.15 3806  44.47 50.52 5222 48.12
No (40.00t0 (37.93t0 (44.32to (50.28t0 (51.97t0 (47.86t0 2'292(42161)9 t° 1'992((135)0 0 _0.3%_106;14 to
4031)  38.20)  44.61)  50.77)  52.46)  48.39) : : :
Diabetes
66.27 68.68 74.09 7734 76.19 73.72
Yes (65.86t0 (6831t (73.77to (76.83to (75.68t0 (73.18t0 3‘994(2'57)3 to 016 3_305'?3 t° _3'8‘_‘;_541')16”
66.68)  69.04)  74.42)  77.86)  76.69)  74.26) : : :
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Continued

Before pandemic

During the pandemic

< bet
Trends in the Trends in the By between

Year

. . 2011-2019 and
pre-pandemic pandemic era,

2011-2013 2014-2016 2017-2019 2020 2021 2022 opa B(o5%cl) B(9S%C)  2020-2022
' (95% Ci)
4457 4278 49.83 5518  56.72 53.06
No (44.43t0 (4265t0 (4970t0 (54.96to (56.50to (52.82t0 2'772%‘76)8 0 1'771(;'56)8 to _1‘01'818')13 t©
4472)  4291)  49.96)  55.40)  56.94)  53.30) : : :
Unmet healthcare
needs
4351 4161  46.82 5456  54.53 52.34
Insufficient (43.14t0 (41.26t0 (46.39to (53.63to (53.58t0 (51.36to 1'461(;'51)8 to 2'572(2;32)6 to 1'111(2';;9 to
43.88)  41.96)  47.25)  5549)  5547)  53.33) : : :
4717 4578 5301 5793 5935 55.97
Sufficient (47.02t0 (45.65t0 (52.88t0 (57.71to (59.14to (55.74to 3'123(232 to 1'601((13'85)2 to -1s2 1('319')64 to
4731)  4591)  53.14)  5814)  59.56)  56.20) : : :

Note. BMI, body mass index; Cl, confidence interval; KCHS, Korea Community Health Survey. The beta
values were multiplied by 100, owing to their minimal number. represent significant variance (P < 0.05).
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Figure 1. Nationwide trends in the prevalence of influenza vaccination before and during the COVID-19

pandemic (n = 2,426,139).
DISCUSSION

We investigated a 12-year trend in influenza
vaccine uptake from 2011 to 2022 and assessed the
differences in vaccination rates before and during the
COVID-19 pandemic (N = 2,426,139). Influenza
vaccination rates increased steadily from 2011 (before
the pandemic) to 2021 (during the pandemic), but a
decrease in vaccination was observed in 2022.
Vaccination rate decreased during the pandemic,

especially among older adults (> 65 years), patients
with chronic disease, and those with low levels of
education and income. These findings suggest the
need to develop tailored policy proposals for seasonal
influenza to prepare for another potential large-scale
spread of infectious diseases™”.

In South Korea, vaccination is free for individuals
aged > 65 years and children between 6 months and
12 years under the national influenza vaccination
support initiative™.  The priority  vaccination



1052 Biomed Environ Sci, 2025; 38(9): 1044-1057

Table 3. Weighted OR as an annual trend for influenza vaccination rates (weighted % [95% C/]), based on data
obtained from the KCHS

2014-2016 2017-2019 2020 versus 2021 versus 2022 versus
. versus versus
Characteristics P-value P-value 2017-2019 P-value 2020 P-value 2021 P-value
2011-2013 2014-2016
(reference) (reference) (reference)
(reference) (reference)
0.95 (0.94 1.34(1.33 1.24 (1.23 1.06 (1.05 0.87 (0.86
Overall t0 0.95) <0.001 to 1.34) <0.001 t0 1.25) <0.001 t0 1.07) <0.001 t0 0.88) <0.001
Age, years
0.48 (0.46 1.28 (1.25 1.45 (1.40 1.09 (1.05 0.79 (0.75
19-29 t0 0.50) <0.001 to 1.32) <0.001 to 1.50) <0.001 to 1.13) <0.001 t0 0.82) <0.001
1.01(0.99 1.34 (1.32 1.36 (1.33 1.11 (1.09 0.82 (0.80
30-49 t0 1.03) 0.116 to 1.36) <0.001 to 1.38) <0.001 to 1.14) <0.001 t0 0.84) <0.001
1.00 (0.99 1.17 (1.16 1.20 (1.18 1.13(1.11 0.80 (0.78
50-64 t0 1.01) 0.953 t0 1.19) <0.001 to 1.22) <0.001 to 1.15) <0.001 t0 0.82) <0.001
1.28 (1.25 1.26 (1.23 1.12 (1.08 0.75 (0.72 0.88 (0.85
65-74 to 1.31) <0.001 t0 1.29) <0.001 to 1.17) <0.001 t00.79) <0.001 t0 0.92) <0.001
1.42 (1.37 1.47 (1.42 1.31(1.25 0.66 (0.62 0.78 (0.74
275 to 1.47) <0.001 to 1.52) <0.001 to 1.39) <0.001 t0 0.70) <0.001 t0 0.83) <0.001
Sex
0.90 (0.89 1.32(1.31 1.21(1.20 1.07 (1.05 0.92 (0.90
Men t0 0.91) <0.001 to 1.34) <0.001 t0 1.23) <0.001 to 1.08) <0.001 t0 0.93) <0.001
0.99 (0.98 1.35(1.33 1.26 (1.25 1.05 (1.04 0.83 (0.81
Women t0 1.01) 0.058 to 1.36) <0.001 t0 1.28) <0.001 t0 1.07) <0.001 t0 0.84) <0.001
Region of residence
0.93 (0.93 1.33 (1.32 1.26 (1.25 1.10(1.08 0.86 (0.84
Urban t0 0.94) <0.001 to 1.35) <0.001 to 1.28) <0.001 to 1.12) <0.001 t0 0.87) <0.001
0.99 (0.98 1.34(1.33 1.20 (1.18 1.01(0.99 0.90 (0.88
Rural to 1.01) 0.168 t0 1.36) <0.001 to 1.22) <0.001 t0 1.03) 0.453 t00.91) <0.001
BMI group
Underweight (<18.5 0,75 (0.73 1.17 (1.14 1.32(1.26 1.02 (0.96 0.84 (0.80
ke/m?) to0.78) <0001 o101y <000 o538 <0001 108 0% o089 <0001
Normal weight 0.92 (0.91 1.31(1.29 1.30 (1.28 1.07 (1.05 0.87 (0.85
(18.5-22.9 kg/m?) t0093) 0.001 " 132) < 0.001 - 132) < 0.001 T 09) < o001 89) < 0.001
Pre-obesity (23.0-24.9 101 (0.99 1.34 (1.32 1.23(1.21 1.09 (1.06 0.88 (0.85
kg/m’) t01.02) O3 o136) 000 51260 <0001 5141 <0001 5099 <0001
) 0.98 (0.97 1.40 (1.38 1.16 (1.14 1.03 (1.00 0.88 (0.86
Obesity (2 25.0 kg/m’ X X . X .
v Bm) o100) %97 14y <0001 Tilg <0001 Tios) %020 ioeq <0001
Education
Elementary school or  1.37 (1.34 1.54 (1.52 1.36 (1.31 0.90 (0.87 0.94 (0.90
lower education to 1.39) <0.001 to 1.57) <0.001 to 1.40) <0.001 to 0.94) <0.001 to 0.98) 0.001
. 1.29 (1.26 1.50 (1.47 1.35(1.31 1.05 (1.01 1.00 (0.96
Middle school to 1.32) <0.001 to 1.54) <0.001 to 1.40) <0.001 t0 1.10) 0.010 to 1.04) 1.000
. 1.06 (1.05 1.38 (1.36 1.31(1.28 1.11 (1.09 0.92 (0.90
High school to 1.08) <0.001 to 1.40) <0.001 to 1.33) <0.001 to 1.14) <0.001 t0 0.94) <0.001
College or higher 0.82 (0.81 1.32(1.31 1.30 (1.28 1.13(1.11 0.83 (0.81
education to 0.83) <0.001 to 1.34) <0.001 to 1.32) <0.001 to 1.15) <0.001 to 0.84) <0.001
Household income
) 0.99 (0.97 1.48 (1.45 1.10 (1.06 0.86 (0.83 0.95 (0.92
Lowest quartile t0 1.01) 0.124 t0 1.50) <0.001 to 1.13) <0.001 t0 0.89) <0.001 t0 0.99) 0.011
. 0.91 (0.90 1.71(1.69 1.26 (1.24 1.06 (1.04 0.98 (0.96
Second quartile 10 0.92) <0.001 t0 1.73) <0.001 t0 1.28) <0.001 t0 1.08) <0.001 t0 1.01) 0.141
) ) 0.93 (0.92 1.42 (1.40 1.34(1.32 1.09 (1.07 0.90 (0.87
Third quartile t0 0.94) <0.001 to 1.44) <0.001 t0 1.37) <0.001 t0 1.12) <0.001 t0 0.92) <0.001
. ) 0.92 (0.91 1.25(1.23 1.30(1.28 1.16 (1.13 0.81 (0.79
Highest quartile t0 0.94) <0.001 t0 1.27) <0.001 t0 1.33) <0.001 t0 1.19) <0.001 t0 0.83) <0.001
Economic activity
0.95 (0.95 1.35(1.33 1.26 (1.25 1.11 (1.09 0.79 (0.78
Yes t0 0.96) <0.001 to 1.36) <0.001 to 1.28) <0.001 to 1.12) <0.001 t0 0.80) <0.001
No 0.92 (0.91 <0.001 1.33(1.31 <0.001 1.15(1.14 <0.001 1.01(0.99 0.443 0.91 (0.90 <0.001

to 0.93) to 1.35) to 1.17) to 1.03) to 0.93)
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2014-2016 2017-2019 2020 versus 2021 versus 2022 versus
Characteristics versus P-value Versus P-value 2017-2019 P-value 2020 P-value 2021 P-value
2011-2013 2014-2016
(reference) (reference) (reference)
(reference) (reference)
Occupational categories
1.04 (1.02 1.32 (1.30 1.18 (1.15 1.05 (1.02 0.93 (0.90
Employer or owner to 1.05) <0.001 to 1.34) <0.001 t0 1.20) <0.001 to 1.08) <0.001 t0 0.95) <0.001
Wage and salary 0.95 (0.93 1.39 (1.37 1.34 (1.32 1.14 (1.12 0.69 (0.68
worker t0 0.96) <0.001 to 1.40) <0.001 to 1.36) <0.001 to 1.17) <0.001 to 0.70) <0.001
0.92 (0.91 1.33(1.31 1.16 (1.14 1.01(0.99 0.91 (0.90
Unemployed 100.93) <0.001 t0 1.34) <0.001 t0 1.18) <0.001 t01.03) 0.443 t0 0.93) <0.001
Marital status
1.14(1.13 1.36 (1.35 1.30 (1.28 1.07 (1.06 0.86 (0.85
Yes to 1.15) <0.001 to 1.37) <0.001 t0 1.32) <0.001 t0 1.09) <0.001 t0 0.87) <0.001
0.48 (0.47 1.31(1.30 1.19 (1.17 1.04 (1.02 0.89 (0.87
No t00.49) 0.001 " 133) < 0.001 % y < 0.001 N 6 0.001 " "o < 0.001
Hypertension
1.10(1.08 1.35(1.33 1.18 (1.15 0.97 (0.95 0.89 (0.87
Yes to 1.11) <0.001 t01.37) <0.001 t01.20) <0.001 t0 1.00) 0.044 t0 0.91) <0.001
0.92 (0.91 1.30 (1.29 1.28 (1.26 1.07 (1.06 0.85 (0.84
No 100.92) <0.001 t01.31) <0.001 t01.29) <0.001 t0 1.09) <0.001 t0 0.86) <0.001
Diabetes
1.12 (1.09 1.30 (1.27 1.19 (1.15 0.94 (0.90 0.88 (0.84
Yes to 1.14) <0.001 to 1.34) <0.001 to 1.24) <0.001 t0 0.98) 0.002 t0 0.91) <0.001
0.93 (0.92 1.33(1.32 1.24 (1.23 1.06 (1.05 0.86 (0.85
No t0 0.94) <0.001 to 1.34) <0.001 to 1.25) <0.001 to 1.08) <0.001 t0 0.87) <0.001
Unmet healthcare needs
- 0.93 (0.91 1.24 (1.21 1.36 (1.31 1.00 (0.95 0.92 (0.87
Insufficient 10 0.95) <0.001 t01.26) <0.001 t0 1.42) <0.001 t0 1.05) 0.961 t00.97) 0.002
- 0.95 (0.94 1.34(1.33 1.22 (1.21 1.06 (1.05 0.87 (0.86
Sufficient 10 0.95) <0.001 t01.35) <0.001 t01.23) <0.001 t0 1.07) <0.001 t0 0.88) <0.001

Note. BMI, body mass index; Cl, confidence interval; KCHS, Korea Community Health Survey; OR, odds
ratio. The data in bold represent a significant variance (P < 0.05).

recommendation list encompasses individuals at a

heightened

risk of transmitting

influenza

to

among

individuals with unmet healthcare needs.

Overall, it is plausible that high-risk individuals

vulnerable populations and those prone to severe
complications upon infection. The data presented in
Table 3 show that vaccination rates decreased in
2021 compared with 2020, even though free
vaccination was offered to individuals aged > 65
years. In particular, a decrease in vaccination rates
was observed in 2021 among high-risk groups with
conditions such as hypertension and diabetes. These
figures suggest a perceptible impact of the pandemic
on attitudes toward influenza vaccination”. In
particular, clinical results at initiating COVID-19
vaccination in 2021 could not determine the impact
of double vaccination against COVID-19 and
influenza vaccines on high-risk groups“g’zol.

Overall, vaccination rates increased compared to
pre-pandemic, except in 2022. However, the rate
decreased among vulnerable groups eligible for free
vaccination, indicating a voluntary refusal.
Moreover, a decline in vaccination rates was noted

avoided healthcare facilities owing to the heightened
risk of SARS-CoV-2 exposure, leading to inevitable
vaccine hesitancym].

In 2022, influenza vaccination rates declined
across all demographics, with a particularly notable
decrease among the old and high-risk groups. This
trend underscores the influence of the prevailing
societal sentiments. In 2021, concerns regarding the
side effects of COVID-19 vaccination garnered
attention in South Korea™. As the media grappled
with reporting on these side effects, irrespective of the
vaccine recipient, it contributed to growing societal
hesitancy toward vaccination. Such perceptions may
have  mirrored those surrounding influenza
vaccination. Studies in the U.S. have reported that
misinformation about vaccines has deepened distrust
of healthcare systems, and a lack of information about
vaccine benefits has reduced confidence in vaccines™”.
Studies in China's Hong Kong Special Administrative
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Table 4. Ratio of weighted ORs for risk factors for the vulnerable group among influenza-vaccinated people
before and during COVID-19 (weighted % [95% CI]), based on data obtained from the KCHS

Overall (2011-2022)

Before pandemic
(2011-2019)

During pandemic
(2020-2022)

Ratio of ORs (95% ClI),
during pandemic versus
before pandemic

Variables
(reference)
Weighted OR Weighted OR Weighted OR Weighted OR
(95% i) P-value (95% i) P-value (95% C) P-value (95% CI) P-value
19-29 1.00 1.00 1.00
(reference) (reference) (reference)
1.59 (1.57 to 1.60 (1.59 to 1.67 (1.64 to 1.04 (1.02 to
30-49 1.60) <0.001 1.62) <0.001 1.71) <0.001 1.07) <0.001
2.58 (2.56 to 2.74 (2.71 to 2.23 (2.19to 0.82 (0.80 to
Age 50-64 2.61) <0.001 2.77) <0.001 2.27) <0.001 0.83) <0.001
18.61 (18.39 20.59 (20.31 14.26 (13.95 0.69 (0.67 to
65-74 t018.83) ° 0.001 t02088) ° 0.001 t01a59) 0.001 0.71) <0.001
28.60 (28.21 29.95 (29.47 25.41 (24.74 0.85 (0.82 to
> . .
>75 t0 28.99) <0.001 t0 30.43) <0.001 10 26.11) <0.001 0.88) <0.001
1.00 1.00 1.00
Men
Sex (reference) (reference) (reference)
1.50 (1.50 to 1.51 (1.50 to 1.52 (1.51to 1.01 (0.99 to
<0. . <0. .
Women 1.51) 0.001 1.51) <0.001 1.54) 0.001 1.02) 0.053
1.00 1.00 1.00
. Urban
Region of (reference) (reference) (reference)
residence 1.79 (1.79 to 1.86 (1.85 to 1.64 (1.63 to 0.88 (0.87 to
Rural 1.80) <0.001 1.87) <0.001 1.66) <0.001 0.89) <0.001
Normal weight 1.00 1.00 1.00
e (reference) (reference) (reference)
. 1.07 (1.06 to 1.10 (1.08 to 1.00 (0.98 to 0.91 (0.89 to
<0. . . <0.
o grous Underweight 1.08) 0.001 1.11) <0.001 1.03) 0.777 0.94) 0.001
. 1.12 (1.12to 1.13 (1.12to 1.09 (1.08 to 0.97 (0.96 to
Pre-obesity 1.13) <0.001 1.13) <0.001 1.10) <0.001 0.98) <0.001
. 1.06 (1.05 to 1.07 (1.07 to 0.95 (0.94 to 0.88 (0.87 to
Obesity 1.06) <0.001 1.08) <0.001 0.96) <0.001 0.89) <0.001
College or 1.00 1.00 1.00
higher (reference) (reference) (reference)
education
. 7.34(7.29 to 7.47 (7.41to 8.60 (8.45 to 1.15(1.13 to
Middle school 7.39) <0.001 7.53) <0.001 8.74) <0.001 1.17) <0.001
Education . 3.12(3.09 to 3.06 (3.03 to 3.74 (3.68 to 1.23 (1.20 to
High school 3.14) <0.001 3.08) <0.001 3.81) <0.001 1.25) <0.001
Elementary
schoolor  1.29 (1.29 to 1.28 (1.27 to 1.39 (1.37 to 1.08 (1.07 to
<0. <0. <0. <0.
lower 1.30) 0.001 1.29) 0.001 1.40) 0.001 1.10) 0.001
education
Highest 1.00 1.00 1.00
quartile (reference) (reference) (reference)
Lowest 4.58 (4.54 to 5.00 (4.96 to 4.41 (4.33 to 0.88 (0.86 to
<0. X <0. <0.
Household quartile 4.62) 0.001 5.05) <0.001 4.48) 0.001 0.90) 0.001
income Second 1.69 (1.68 to 1.69 (1.67 to 2.11 (2.09 to 1.25(1.23 to
quartile 1.70) <0.001 1.70) <0.001 2.14) <0.001 1.27) <0.001
. . 1.01(1.01to 1.03 (1.02 to 1.17 (1.15to 1.13 (1.12 to
Third quartile 1.02) <0.001 1.04) <0.001 1.18) <0.001 1.15) <0.001
Yes 1.00 1.00 1.00
Economic (reference) (reference) (reference)
activity 2.05 (2.04 to 2.12(2.11to 1.88 (1.86 to 0.89 (0.88 to
No 2.06) <0.001 2.13) <0.001 1.90) <0.001 0.90) <0.001
Wage and 1.00 1.00 1.00
salary worker (reference) (reference) (reference)
Occupational Employeror 1.63 (1.62 to 1.72 (1.71to 1.45 (1.44 to 0.84 (0.83 to
categories owner 1.64) <0.001 1.74) <0.001 1.47) <0.001 0.86) <0.001
2.52 (2.51to 2.65 (2.64 to 2.19(2.16 to 0.83 (0.81 to
Unemployed 2.50) <0.001 2.67) <0.001 2.21) <0.001 0.8) <0.001
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Continued

Overall (2011-2022)

Before pandemic
(2011-2019)

Ratio of ORs (95% ClI),
during pandemic versus
before pandemic

During pandemic
(2020-2022)

Variables
(reference)
Weighted OR Weighted OR Weighted OR Weighted OR
(95% i) P-value (95% C) P-value (95% i) P-value (95% i) P-value
1.00 1.00 1.00
No
. (reference) (reference) (reference)
Marital status 1.09 (1.08 to 1.00 (0.99 to 1.46 (1.45 to 1.46 (1.44 to
Yes 1.09) <0.001 1.01) 0.247 1.48) <0.001 1.47) <0.001
1.00 1.00 1.00
No
. (reference) (reference) (reference)
Hypertension 3.45 (3.43 to 3.54(3.52to 3.12(3.09 to 0.88 (0.87 to
Yes 3.47) <0.001 3.57) <0.001 3.16) <0.001 0.89) <0.001
1.00 1.00 1.00
No
Diabetes (reference) (reference) (reference)
2.84 (2.81to 2.90 (2.88 to 2.54 (2.50 to 0.87 (0.86 to
<0. <0. <0. <0.
Yes 2.86) 0.001 2.93) 0.001 2.58) 0.001 0.89) 0.001
Unmet Insufficient 1.00 1.00 1.00
healthcare (reference) (reference) (reference)
. 1.24 (1.23 to 1.18 (1.17 to 1.18 (1.15 to 1.00 (0.98 to
needs Sufficient 1.25) <0.001 1.19) <0.001 1.20) <0.001 1.02) 0.886

Note. BMI, body mass index; Cl, confidence interval; KCHS, Korea Community Health Survey; OR, odds
ratio. The figures in bold represent significant variance (P < 0.05).

Region have reported that non-pharmaceutical
interventions (including border restrictions, quarantine
and isolation, social distancing, and changes in
population behavior) significantly reduced influenza
transmission during the COVID-19 pandemic[zs’m.
South Korea also saw a significant reduction in COVID-
19 transmission and influenza infections owing to
government interventions””. This may have led to
decreased people’s awareness of the risk of infection
and reduced vaccination rates.

There are studies from different nations on
influenza vaccination rates®?. The findings of an
analysis contrasting vaccination rates before and
during the pandemic for older adults (> 65 years) in
numerous countries are outlined as follows: an 8.5%
increase in the U.K., 13.0% in Spain, 5.4% in the U.S.,
and 9.0% in Australia”. Most nations exhibited a
rise in vaccination rates during the pandemic
compared with before. Conversely, South Korea
documented a reduction of 10.2% in vaccination
rates during the pandemic. This result could have
stemmed from our investigation encompassing all
individuals aged > 19 years.

This study has several limitations. First, to
investigate the global impact of COVID-19 on influenza
vaccine uptake, additional studies are needed with
data from South Korea and those pertaining to various
ethnic groups and countries. Nevertheless, this study
is meaningful because of the large nationally
representative sample (N = 2,426,139). Second,

because we used KCHS data, which included only
adults > 19 years, it was not possible to determine the
trend among minors. However, as the impact of
influenza vaccines is more severe in older adults, the
current study is also sufficiently valuable. Third, the
data were based on voluntary surveys of respondents,
which cannot describe causal relationships among
variables. Fourth, we were unable to account for the
incidence of influenza infection, preventing us from
assessing its influence on the trends in influenza
vaccination rates®”. This may raise concerns about
data reliability; however, this has already been verified
through several other studies”™ and should not affect
the present results. Fifth, this study was conducted
after the official declaration of the end of the
pandemic on May 11, 2023. It is necessary to
continuously monitor and analyze the trends in
influenza vaccine uptake while conducting further
studies in the future.

Despite these limitations, the present study has
several notable strengths. We used large-scale,
nationally representative population-based data to
examine influenza vaccine uptake in South Korean
adults. The trends of influenza vaccination according
to various factors such as age, sex, residential area,
educational level, income status, hypertension,
diabetes, and unmet healthcare needs were
identified. These factors were important in influenza
vaccination during the pandemicm].

Before the COVID-19 pandemic, the uptake of
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influenza vaccines in South Korea was already high
owing to factors such as the annual vaccination
recommendation and the expansion of the scope of
free vaccination"”. However, despite the expansion
of free vaccination programs during the pandemic,
influenza vaccination rates declined among older
adults and economically vulnerable groups. This
underscores the need for new and improved policies
to address this issue. Efforts should be made to
improve various policy proposals and awareness to
increase the vaccination rate again now that the
pandemic is over™. To mitigate similar challenges in
the future, it is necessary to not only improve the
production capacity of medical supplies, such as
vaccines and treatments but also to ensure the
availability of infrastructure that facilitates their
active administration. As this study highlights, active
policy proposals should be made for older adults and
high-risk individuals®?. As public health measures
have been eased, the overall population antibody
levels and virus mutations have decreased,
increasing the risk of influenza infection. We also
suggest the importance of public health measures
because the higher the chance of exposure to the
virus, the higher the infection rate®*>% 1t s
important to pay special attention to personal
quarantine and to follow personal hygiene advice,
such as washing hands frequently and not touching
the eyes, nose, and mouth with unwashed hands®”.
Additionally, a follow-up study on individuals who
have undergone vaccination for both influenza and
COVID-19 should be conducted to help develop a
vaccine for new infectious diseases in the future.

CONCLUSION

We investigated the impact of the COVID-19
pandemic on the tendency of influenza vaccine
uptake trends in South Korea. Influenza vaccination
rates increased steadily from 2011, before the
pandemic, to 2020, during the pandemic, but a
significant decrease was observed in 2022. Despite
implementing the national influenza vaccination
support initiative, the vaccination rate declined
among older adults and high-risk population groups.
It is suggested that the pandemic preparedness
measures and social environment influenced this
decline. Increased focus on research and continued
development of infectious disease control strategies
for high-risk populations is essential.
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