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Background: Understanding the dynamics of social contact patterns is crucial for modeling the spread of
infectious diseases. Although previous studies have examined them globally, how relevant they are to social
patterns in the endemic phase is still unclear. South Korea’s distinct cultural norms, aging population, and
declining fertility highlight the critical need for new, context-specific data. Here, we aim to conduct a
contact survey in South Korea, providing age and location-specific contact estimates and quantifying pat-
terns related to infectious disease transmission.
Methods: We conducted a cross-sectional survey in South Korea from July 6 to September 5, 2023.
Participants of all ages were recruited using quota sampling based on the 2023 census, with only one
individual per household included. Social contacts, both physical and non-physical, were recorded through
a 24-hour diary. The data were analyzed with a negative binomial regression model. Age-specific contact
matrices were constructed using census-based sampling weights, with uncertainty assessed through
bootstrapping.
Results: A total of 1493 participants (740 males and 753 females) reported 14,187 contacts, with an average
of 9.2 daily contacts (95 % confidence interval [CI]: 8.7-9.8). Contacts peaked at 17.8 (95% CI: 14.6-21.5)
among children aged 5-9 and were lowest at 3.5 (95 % CI: 2.6-4.5) for those aged 75 and above. Children
and teenagers had a higher rate of peer-group contact, with most contacts occurring in workplaces or
educational institutions. The level of family contact increased across all age groups.
Conclusion: We identified distinct social contact patterns in South Korea, such as high interactions within
peer groups, which suggest the need for school-based vaccination programs, family-centered strategies, and
workplace infection control measures. These findings provide critical baseline data to enhance disease
modeling and inform professional public health policy development in South Korea and other cultural
contexts.
© 2025 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
censes/by-nc-nd/4.0/).
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Introduction

As emerging infectious diseases—including respiratory patho-
gens like coronavirus disease 2019 (COVID-19) and influenza—con-
tinue challenging global health systems, understanding the human
contact patterns driving their spread is more critical than ever [1].
These trends offer crucial information about the transmission
pathways, the effectiveness of control measures, and strategies to

Abbreviations: CI, confidence interval; COVID-19, coronavirus disease 2019
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combat diseases like COVID-19 [2,3]. For directly transmitted re-
spiratory diseases, epidemiological models often rely on age-specific
social mixing patterns, assuming that transmission rates align with
social contact rates—a principle known as the “social contact hy-
pothesis” [4,5]. This hypothesis posits that the age distribution of
conversational contacts serves as a proxy for the spread of infectious
respiratory agents, as both require spatial proximity.

Public health policies, such as closing schools, protecting vul-
nerable populations, and enforcing social distancing, heavily depend
on understanding social contact patterns [6,7]. For instance, during
the COVID-19 vaccination rollout in England, epidemiological
models were used to project clinical demand, aiding the National
Health Service in operational planning [8]. Similarly, South Korea
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adopted actions such as transitioning to online schooling and re-
strictions on community facilities [9]. These interventions demon-
strate the critical role of real-time, context-specific data in informing
effective public health strategies.

The POLYMOD study pioneered research on social contact rates
through surveys across eight European countries, creating contact
matrices that have become foundational for epidemiological mod-
eling [1]. While subsequent studies have extended this research
globally, most were conducted either before the pandemic [10-37]
or during the pandemic [2,38-48], limiting their ability to account
for fundamental behavioral shifts—such as remote work and altered
social norms—that have emerged in the transition to the endemic
phase.

In South Korea, the absence of context-specific data has often
necessitated reliance on POLYMOD data, leading to uncertainties in
public health policy modeling [49-52]. These uncertainties are
compounded by South Korea’s unique cultural context, including
extended family caregiving, which influences transmission dynamics
[53]. Furthermore, South Korea’s rapidly declining fertility rate and
aging population reshape social contact patterns, amplifying the
need for updated data [54]. On a global scale, these demographic
shifts, including rising life expectancy, demand that epidemiological
models adapt to new social mixing paradigms [55].

This study aims to develop age-specific contact matrices that
reflect South Korea’s cultural norms and evolving demographic
landscape. Using a POLYMOD-based survey across diverse age
groups and social backgrounds, it characterizes the frequency, type,
and location of daily interactions. These findings can inform tailored
intervention strategies for the post-COVID-19 era and similar set-
tings undergoing rapid demographic changes, ultimately enhancing
epidemiological models for culturally diverse populations.

Methods
Survey design

This study was designed as a cross-sectional survey based on the
POLYMOD study, foundational in epidemiological modeling [1]. The
survey included a social contact diary and demographic information
covering gender, age, occupation, and household size. “Social con-
tact” was defined as (1) face-to-face, two-way communication in-
volving at least three words within two meters without physical
contact or (2) direct physical contact (e.g., handshake, hug, kiss,
contact sports). Participants recorded all contacts from 00:00-23:59
on the specified day, noting details such as age, gender, location,
duration, frequency, type (physical/non-physical), and mask status,
which could reduce the risk of respiratory infections. Each partici-
pant received a printable diary form and uploaded their completed
entries to an online platform (Appendix).

The survey was conducted online between July 6 and September
5, 2023, and participants, particularly students, were instructed not
to respond during the vacation, thereby more accurately capturing
their typical contact patterns during the school sessions.
Proportionate quota sampling based on age, gender, and region was
used to guarantee representativeness, aligned with 2023 South
Korean census data [56]. Individuals aged 18-64 were recruited
through survey agencies, while those aged 0-17 and 65 and above
were directly recruited due to the requirement for written consent
from a legal guardian. Guardians could complete the survey for
participants who could not do so independently. Only one person
per household was asked to participate in the survey. Instructions
were provided to encourage truthful reporting and lessen informa-
tion bias.

1493 of the original 1719 volunteers were analyzed. The survey
was conducted in Korean and validated through a pilot test.
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Age-specific contact pattern

We divided participants into 16 five-year age groups (0-4-75 +)
and analyzed contact patterns using a negative binomial regression
model adjusted for sampling weights to reflect census data. Age-
specific contact rates were estimated using social contact matrices,
including population size weights and reciprocal adjustments for
consistency [45]. Further details on methodology, including matrix
calculation and bootstrap sampling, are provided in the Supporting
Information S1.

Comparative analysis of contact matrices

We compared our contact matrices with those from the
POLYMOD study [1] and Prem et al. (2021) [57], which are widely
used as substitutes for country-specific data. Using the data provided
in these studies, we constructed contact matrices following the same
methodology applied in our study to ensure consistency and com-
parability. These matrices were then visually compared to our em-
pirical contact matrices. We calculated Pearson correlation
coefficients and generated scatterplots to assess the agreement be-
tween datasets. We also examined the proportion of reported con-
tacts by location (e.g., home, school or work, and other settings). We
analyzed the proportion of physical contacts reported in our study
and POLYMOD |[1], as Prem et al. (2021) [57] does not include phy-
sical contact data.

Statistical analysis

All statistical analyses, including negative binomial regression,
Pearson correlation, and data visualization (scatterplots, contact
matrices), were performed using R version 4.3.3 (R Foundation for
Statistical Computing, Vienna, Austria). Analysis scripts and survey
data are accessible on GitHub (https://github.com/KRcontact/2024).

Ethics statement

The study was approved by the Institutional Review Board of
Ewha Womans University (IRB ewha-202306-0003-02). Before
participation, all subjects or their legal guardians provided informed
consent after being informed about the purpose of the study and
how their data would be used. Relevant guidelines and regulations
conducted all procedures, and the study adhered to national ethical
standards to ensure participant anonymity.

Results
Study population

To recruit participants for the survey, 1719 individuals initially
consented via email and online postings. However, 59 did not con-
firm participation in the final survey, and 167 discontinued partici-
pation, resulting in 1493 participants in the final analysis. There was
no difference in gender distribution between our sample and the
2023 South Korea Census data (p = 0.65), but age distribution dif-
fered (p=0.02), particularly in the 75+age group (Fig. S1 and
Table S1).

Number of contacts

A total of 14,187 contacts were reported by 740 male and 753
female respondents. Five respondents reported no contacts and were
included in the overall analysis. The mean number of daily contacts
per person, adjusted for sampling weights, was 9.2 (95 % confidence
interval [CI] 8.7-9.8), with 51.8 % of respondents reporting five or
fewer contacts per day. The top 5% of respondents accounted for
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Relative degree of physical contacts (95 % CI)

REF
0.88 (0.81-0.96)

REF

Table 1
Relative frequency of all contacts and physical contacts by different characteristics of the participants.
N (%) Relative degree of all contacts (95 % CI)
Overall 1493 (100.0)
Gender
Male 740 (49.6) REF
Female 753 (50.4) 0.83 (0.76-0.91)"
Age group
0-4 42 (2.8) REF
5-9 59 (4.0) 2.17 (1.53-3.07)’
14-10 78 (5.2) 2.05 (1.47-2.86)
15-19 74 (5.0) 1.82 (1.30-2.55)"""
20-24 82 (5.5) 1.87 (1.34-2.61)""
25-29 98 (6.6) 1.58 (1.14-2.19)
30-34 106 (7.1) 1.19 (0.86-1.65)""
35-39 95 (6.4) 1.15 (0.83-1.60)
40-44 125 (8.4) 1.19 (0.87-1.63)
45-49 120 (8.0) 1.35 (0.98-1.85)
50-54 139 (9.3) 1.21 (0.89-1.66)
55-59 122 (8.2) 1.12 (0.82-1.54)
60-64 124 (8.3) 1.29 (0.94-1.77)
65-69 97 (6.5) 0.65 (0.46-0.92)"
70-74 68 (4.6) 0.72 (0.50-1.04)
75+ 64 (4.3) 0.60 (0.41-0.87)""
Household size
1 168 (11.3) REF
2 340 (22.8) 0.76 (0.63-0.90)""
3 477 (31.9) 0.87 (0.74-1.03)
4 384 (25.7) 0.98 (0.82-1.16)
5+ 124 (8.3) 1.08 (0.87-1.34)
Household income*
Low 347 (23.2) REF
Middle 883 (59.1) 1.22 (1.08-1.38)
High 263 (17.6) 1.39 (1.19-1.62)"*"
Day of week
Weekday 1170 (78.4) REF
Weekend 323 (21.6) 0.69 (0.62-0.78)""

1.88 (1.39-2.55)’
1.24 (0.93-1.67)
1.00 (0.74-1.35)
0.76 (0.56-1.02)
0.68 (0.51-0.92)
0.46 (0.34-0.62)""
0.48 (0.35-0.64)"*"
0.54 (0.40-0.71)
0.49 (0.36-0.65)
0.54 (0.41-0.71)"**
0.40 (0.30-0.53)
0.52 (0.39-0.69)"**
0.32 (0.23-0.44)"*
0.33 (0.23-0.47)"
0.31 (0.22-0.45)"*

REF
0.79 (0.66-0.94)"
0.99 (0.83-117)

1.37 (115-1.63)"**
1.39 (1.13-1.73)"

REF
119 (1.05-1.35)
1.37 (117-1.59)"

REF
0.93 (0.83-1.04)

CI = confidence interval

? Household income was defined as follows: less than $2200 per month as low, $2200 to $5800 per month as middle, and more than $5800 per month as high.

 p<0.05.
" p<001
" p < 0.001.

25.4% of all contacts, primarily students and employed individuals
with inherently higher contact rates (Fig. S2).

The average daily contacts varied by age, peaking at 17.8 (95 % CI
14.6-21.5) for ages 5-9 and lowest at 3.5 (95 % CI 2.6-4.5) for those
75 and above (Table S2). Participants from high-income households
reported a significant increase in physical and all contacts
(p < 0.001). Weekend contacts showed a significant decrease in total
contacts (p < 0.001), while no significant difference was observed in
physical contacts (Table 1).

We used a negative binomial multivariate regression model to
assess the relative frequency of all contacts and physical contacts
based on gender, age, household size, income, and day of the week
(Table 1). City and profession were included in the initial model but
were excluded as they did not demonstrate statistically significant
effects on contact patterns.

Overall, males reported slightly higher contact rates than females
across most age groups, with overlapping confidence intervals sug-
gesting no significant differences. A notable exception was the 35-39
age group, where males reported significantly higher contacts
compared to females (p < 0.001) (Fig. S3, Table S3).

Duration, frequency, and location of contacts

Most reported contacts occurred in educational institutions or
workplaces (Fig. S4). Younger age groups, particularly children and
adolescents, reported more frequent and prolonged contacts, pri-
marily within educational institutions, while older individuals (65
and above) had a higher proportion of leisure-based contacts. Most

contacts lasted over an hour at home, followed by workplaces and
educational institutions, accounting for the highest frequency of
daily interactions. Short contacts were more common with new
acquaintances (Fig. 1). Physical contact was a key indicator of contact
intensity, particularly in caregiving or household routines, where
prolonged and frequent interactions often involved physical contact
(Fig. 1, Fig. S5).

Comparison of weekday and weekend contacts

21.6% (323/1493) of respondents reported weekend contact,
showing significant differences in contact patterns between week-
days and weekends. Overall, contacts were higher on weekdays,
driven by interactions in educational institutions, particularly for
children and adolescents (Fig. S6A). On weekends, contacts for these
groups declined markedly due to reduced school-related activities
(Fig. S6B, C).

In contrast, individuals aged 25-59 and those 60 and over re-
ported similar or higher contact levels on weekends than on week-
days. This increase was primarily attributed to leisure activities,
including dining out, attending social gatherings, and outdoor ac-
tivities like hiking or visiting parks (Fig. S6B, C).

Social Contact Patterns
Participants reported more interactions with individuals of

similar ages, especially among school-aged children, with those
aged 5-9 showing a strong pattern due to kindergarten or early
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Fig. 1. Distribution of contact patterns. (A) Mean daily contacts by age and location; (B) proportion of contacts by locations and duration; (C) proportion of contacts by age and
duration; (D) proportion of contacts by frequency and locations; (E) proportion of contacts by age and frequency; (F) proportion of contacts by frequency and duration.

primary school contacts. This group’s expected number of sym-
metrized contacts was 14.19, assuming random mixing. Across all
ages, increased contact intensity was noted within family con-
tacts, seen as two parallel secondary diagonals starting at age
30-35 (Fig. 2, Fig. S7). For those aged 25-64, a high contact in-
tensity plateau was observed, driven by frequent workplace and
social contacts, reflecting their active economic and social roles.
Among children aged 0-4, the difference between total and phy-
sical contact was the smallest across all age groups. In contrast,
among those aged 15 and older, physical contacts accounted for
less than half of the total contacts (Fig. 2). The symmetrized
contact matrices are shown in Fig. 2. In contrast, the raw contact
matrices are displayed in Fig. S8. Detailed numerical data are
provided in Table S4.

Comparison with the synthetic matrix and POLYMOD

We compared the contact matrices derived from our empirical
contact survey with those from the synthetic matrix reported by
Prem et al. (2021) [57] and POLYMOD [1], observing high correla-
tions of 0.87 and 0.92, respectively (Fig. 3A, B). Overall, the number
of daily contacts was lower in the empirical contact survey than in
the synthetic matrix and POLYMOD. However, among individuals
under 30, our survey showed higher peer-group contact rates,
leading to notable differences from the synthetic matrix and
POLYMOD (Fig. 3C, D). A closer comparison of our data with
POLYMOD revealed higher average contact rates and physical con-
tact proportions in POLYMOD, except for Korean children aged 5-9,
who exhibited more frequent contact than reported in POLYMOD
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(Fig. S9). Regarding contact locations, the contact patterns at home
were relatively similar between our survey and those reported in
POLYMOD. However, our empirical data showed a higher proportion
of daily contact occurring at educational institutions or workplaces,
particularly among individuals under 20. Conversely, the proportion
of daily contacts at other locations—transport, leisure, religious fa-
cilities, medical facilities, and other locations—was generally lower
in our survey than POLYMOD (Fig. S10).

Mask wearing

While mask-wearing was not mandated, masks were worn
during 16.4% of contacts (95% CI 14.8-18.1 %). This proportion was
higher among teenagers and young adults in their early twenties and
lower among very young children aged 0-4 years and elderly in-
dividuals aged 75 and above (Fig. 4A). The predominant reason cited
for mask-wearing was infection prevention (90.1%; 95% CI
89.0-91.1 %). Cultural factors, such as the widespread acceptance of
mask-wearing during the pandemic, likely influenced this behavior,
even without government requirements (Fig. 4B).

Discussion

To the best of our knowledge, this study is among the first to
investigate social contact patterns following COVID-19’s transition to
an endemic phase, capturing post-pandemic behavioral changes.
Conducted after the World Health Organization declared the end of
the Public Health Emergency of International Concern, this study
focuses on South Korea, where sociocultural factors like a low birth
rate and emphasis on education significantly shape contact dy-
namics. Using methodologies similar to the POLYMOD study, we
quantified contact patterns across age groups, providing founda-
tional data for improving infectious disease modeling and informing
targeted interventions, such as school-based vaccination campaigns
and age-specific prevention strategies.

In our study, the mean number of contacts reported was 9.2 (95 %
Cl 8.7-9.8), including an average of 4.0 physical contacts (95% CI
3.7-4.2). These figures are somewhat lower than the average of 13.4
contacts reported in the POLYMOD study and below the contact
rates observed in most European countries, except Germany [1].
Compared to East Asian countries, our findings are generally lower
than those in Japan (15.3) [18], China (18.6-18.7) [2,19], and Hong
Kong (8.1-18.0) [4,29,30]. Prolonged non-pharmaceutical interven-
tions, such as mandatory mask-wearing and social distancing in
South Korea, likely heightened the perceived severity of COVID-19
and contributed to reduced contact rates [38,46]. Alternatively, the
observed differences could result from the complexity of social
contact survey methodologies across studies (Table S5). Given these

methodological disparities, focusing on age-specific contact pat-
terns—such as identifying which groups have relatively higher and
more sustained interactions—rather than directly comparing contact
rates may provide more meaningful insights for future research.

Our study observed several distinctive patterns in social contact
dynamics. One notable feature was the higher proportion of daily
contacts occurring within educational institutions or workplaces
compared to the POLYMOD study, as well as higher peer-group
contact rates, particularly among children and adolescents.
Compared to European countries, South Korea is known for having
longer workdays and school days [58,59], which probably leads to
more interpersonal interactions and the observed differences in
contact patterns. Meanwhile, high peer-group contact highlight the
unique demographic context of South Korea. With a fertility rate of
0.72 in 2023—two to three times lower than that of European
countries—South Korea has seen a decline in sibling interactions and
an increase in peer-group interactions among younger age groups
[60]. This concentrated social structure sustains high transmission
potential within peer groups, emphasizing the need for targeted
public health measures such as school-based vaccination programs
and age-specific infection prevention strategies. Expanding vacci-
nation efforts to include adolescents with high social contact rates
could significantly reduce disease transmission. Evidence from
Germany supports this approach, showing that adolescent vaccina-
tion notably decreased the incidence and mortality of invasive me-
ningococcal disease across all age groups [61]. For adults aged
25-64, a high contact intensity plateau was observed, primarily at-
tributed to frequent workplace and social interactions. This finding
highlights the need for workplace-focused public health initiatives,
such as enhanced ventilation, infection control measures, and
workplace vaccination programs, to reduce the risks of disease
transmission within this active population [62].

Additionally, there was an increase in the intensity of family
contact across all age groups. Notably, overall social contacts sig-
nificantly decreased among women aged 35-39, while contacts with
young children within the family were higher. This trend is con-
sistent with the remarkably low percentage of South Korean women
who remain employed after having children [63], leading to reduced
workplace and external social interactions. The findings emphasize
the importance of families in the spread of disease and the necessity
of family-centered vaccinations and support.

Our study has several limitations. First, for participants with
young children and elderly individuals, recruitment was conducted
separately to obtain legal guardian consent. Additionally, proxy re-
sponses were used when direct reporting was not feasible, which
may have introduced reporting bias. To mitigate this, we ensured a
proportional representation of these groups based on the 2023
census and employed symmetric contact matrices to reduce data
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variability. Second, the retrospective design may have introduced
recall bias, leading to underreporting of contacts. However, these
problems were mitigated by the short recall period and the provision
of printable diaries, along with participant instructions to record
contacts as soon as possible [64]. Third, selection bias may have
occurred due to voluntary participation, potentially under-
representing individuals less familiar with online environments or
overrepresenting those with higher social activity levels. Fourth, we
instructed participants not to respond during school holidays to
capture typical contact patterns. However, since school-aged chil-
dren primarily interact in school settings, their contact patterns may
differ significantly during vacations [65]. It may be related to the
higher contact rates observed in our study compared to previous
studies reporting school-aged children’s contact patterns. These
potential biases warrant further investigation in future studies.

In conclusion, this study is the first to quantify social contact
patterns after COVID-19 became endemic, offering essential baseline
data that improves our comprehension of infectious disease trans-
mission and shapes helpful public health strategies. While our
findings provide valuable insights, they should be interpreted cau-
tiously due to limitations, such as potential biases from self-reported
data and the exclusion of holiday periods for school-aged partici-
pants. Despite these limitations, the findings can guide South Korea
in improving pandemic preparedness, tailoring vaccination cam-
paigns to specific age groups, and optimizing social distancing
measures based on observed contact patterns. Globally, this study
offers a framework for similar research and policy development in
countries with comparable demographic and cultural contexts,
contributing to better management of future outbreaks.
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