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SIR=susceptible-infectious-recovered; SEIR=susceptible-exposed-infectious-recovered; V-SEIR=vaccinated-SEIR; LSTM=Long Short-Term

Memory; GBM=Gradient Boosting Machine; ARIMA=Autoregressive Integrated Moving Average Model; ARIMAX=Autoregressive Integrated

Moving Average with Exogenous Variables.
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ABSTRACT

Objectives: During the initial outbreak of coronavirus disease 2019 (COVID-19), numerous predictive studies were conducted amid
high uncertainty regarding the characteristics of the virus, and the study results were considered in the policymaking process.
Methods: This study systematically analyzed research papers that predicted the spread of COVID-19 in the Republic of Korea.
Focusing on 138 studies published between 2020 and October 15, 2024, it examined the data and methodologies employed and
explored ways to enhance the utility of predictive outcomes in managing infectious disease outbreaks.

Results: These methodologies included mathematical models, statistical models, and machine learning-based approaches to predict
COVID-19 spread patterns. Beyond forecasting future outbreak trends, these predictive models were also instrumental in evaluating
existing measures and proposing effective policies through scenario-based assumptions.

Conclusions: This study’s findings highlight the importance of multidisciplinary collaboration in developing predictive models to
effectively prepare for and respond to infectious diseases. By doing so, it aims to minimize the public health impacts of infectious

diseases.
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Introduction characteristics of the COVID-19 virus (severe acute respirato-

ry syndrome coronavirus 2 [SARS-CoV-2]), such as its routes

The coronavirus disease 2019 (COVID-19), which was
first detected in Wuhan, Hubei Province, China, in December
2019, rapidly spread across the globe, causing the World
Health Organization to officially declare it a global pandemic
on March 11, 2020. In the early stages of the outbreak, there

was a high level of uncertainty regarding the epidemiological
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of transmission and infectiousness. In response, studies using
predictive models were conducted to forecast the transmission
patterns and scale of COVID-19 and to evaluate the effective-
ness of the various interventions implemented. These studies
were instrumental in designing strategies to effectively control

and respond to the spread of infectious diseases.
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Key messages
(D What is known previously?

Predictive models for infectious diseases can be used to
analyze epidemic patterns, assess policy effectiveness,
and establish policy-based evidence.

(@ What new information is presented?

During the pandemic, numerous prediction studies were
conducted using methodologies from various fields such
as mathematics, engineering, and sociology. Domestic
coronavirus disease 2019 data were used to develop pre-
dictive models to forecast international epidemic trends.

® What are implications?

Multidisciplinary collaboration is essential for refining
predictive models to control the spread of infectious dis-
eases. These models can be used in future preparedness
and response plans for emerging infectious diseases.

Predictions can be broadly divided into short-term fore-
casting and long-term projection. Long-term projection is pri-
marily based on specific models or assumptions and aims to
show long-term trends under certain scenarios, such as vacci-
nation rates or behavioral changes. It is intended to elucidate
potential outcomes resulting from specific assumptions. In
contrast, short-term forecasting refers to attempts made to pre-
dict the future course of an infectious disease over a short time
frame, typically spanning a few weeks, by providing specific
and detailed estimates [1].

Short-term forecasting of infectious disease outbreaks is
useful for understanding the current epidemic situation and
preparing prompt responses. In contrast, scenario-based long-
term projections are valuable because they support long-term
decision-making and facilitate comparisons of outbreak trajec-

tories under various conditions. Infectious disease forecasting

www.phwr.org Vol 18, No 34, 2025

provides scientific evidence for establishing public health sys-
tems and can contribute to the development of effective pre-
vention policies as well as the preparation of proactive crisis re-
sponse systems through outbreak prediction simulations. Since
the proposal of the S (Susceptible)-I (Infected)-R (Recovered)
compartmental model by British mathematicians Kermack and
McKendrick in 1927 [2], extensive research has been conduct-
ed on infectious disease forecasting. In recent years, method-
ologies have expanded to include a variety of approaches from
fields such as machine learning, deep learning, and network
analysis. During the COVID-19 pandemic, major internation-
al organizations, such as the United States Centers for Disease
Control and Prevention (CDC) and the European Centre for
Disease Prevention and Control, also used predictive models
to mitigate the spread of the disease and establish effective re-
sponse strategies. The U.S. CDC, in particular, collaborated
with more than 100 academic and research institutions during
the pandemic to generate short-term forecasts of confirmed
cases, hospitalizations, and deaths. These forecasts were pub-
lished on CDC’s website and served as valuable insights for in-
forming policy decision-making.

It is important to improve the accuracy of outbreak scale
predictions to enable proactive preparation for future infec-
tious disease events [3]. To support this effort, the present
study conducted a literature review of domestic research papers
on COVID-19 forecasting, with the aim of securing the nec-
essary scientific evidence, understanding the current state of
research, identifying existing needs, and establishing research
priorities. Through this review, the study sought to explore ef-
fective strategies for managing infectious disease outbreaks and
aimed to propose ways for enhancing the practical utility of

forecasting results.
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Methods

To understand the current state of COVID-19 forecasting
research in the Republic of Korea (ROK), relevant literature
was collected using PubMed, the most widely used internation-
al academic database in the field of health and medicine. The
literature search was conducted until October 15, 2024, with
no restrictions on the start date of the search period. Keywords
used for the review were categorized into three main groups,
“Korea,” “COVID-19,” and “Prediction,” and combinations of
terms from these categories were used during the search. The
keywords and query formulas were finalized through a review
by the research team (Table 1).

The Preferred Reporting Items for Systematic reviews and
Meta-Analyses flow diagram was used to systematically de-

scribe the literature selection process, presenting each step of

the selection procedure. The literature included studies that
used domestic data to predict COVID-19 epidemiological in-
dicators in ROK and were published in English. All other pa-
pers were excluded. Out of the 929 retrieved articles, 181 that
matched the research topic were selected through title and ab-
stract screening based on the inclusion and exclusion criteria.
After a full-text review, a total of 138 research papers were in-
cluded in the final review (Figure 1, Supplementary Table 1;

available online).

Results

A review of domestic literature on COVID-19 forecasting
revealed that a total of 138 research studies were conducted
over the past 5 years, from 2020 to October 15, 2024. There

were a record number of publications immediately after the

Table 1. Search strategy for published papers on COVID-19 predictions in the Republic of Korea

Topic

Search strategy

Republic of Korea

COVID-19
19[Title/Abstract]

Prediction
Abstract]

Koreal[Title/Abstract] OR “South Korea”[Title/Abstract] OR “Republic of Korea”[Title/Abstract]
covid[Title/Abstract] OR corona[Title/Abstract] OR sars-cov-2[Title/Abstract] OR COVID-

predict*[Title/Abstract] OR forecast*[Title/Abstract] OR projecti*[Title/Abstract] OR model*[Title/

COVID-19=coronavirus disease 2019.

Records identified through database
searching (PubMed) (n=929)

Records excluded (n=2)
- Duplicates

Number of titles and abstracts screened

(n=927)

Full-text articles assessed for eligibility

Records excluded (n=746)
- Not a COVID-19 prediction study
targeting the Republic of Korea
- Full-text unavailable

(n=181)

Studies included in analysis

Records excluded (n=43)
l rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr » - Not a COVID-19 prediction study
targeting the Republic of Korea

Figure 1. Preferred Reporting
Items for Systematic reviews and

(n=138)

1270

Meta-Analyses flow chart
COVID-19=coronavirus disease 2019.
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COVID-19 outbreak, with 49 studies published in 2020 and
42 in 2021. This number has since decreased, with 18 papers
published in 2023 (Table 2). Furthermore, an analysis of the
selected literature, which aided in identifying trends in research
topics and methodologies of COVID-19 forecasting studies by
year, revealed that mathematical models, such as compartment
and agent-based models, were most frequently used, account-
ing for 70.3% (97 studies) of the papers. Statistical models,

machine learning-based predictive models, and hybrid models

Table 2. Number of published research papers by year
Year Published papers
2020 49
2021 42
2022 23
2023 18
2024 6
Total 138

that combine compartment models with machine learning ap-
proaches were also utilized (Table 3, Figure 2). A closer exami-
nation of the characteristics of the models used in domestic
COVID-19 forecasting research showed that factors, such as
research objectives, data availability, prediction accuracy, and
policy applicability, were comprehensively considered when
selecting models. Detailed descriptions, advantages and disad-
vantages, and key features of each model type are summarized
in Table 4.

Mathematical models typically categorize the total

Table 3. Number of published research papers by model

Model Published papers
Mathematical models 97
Statistical models 20
Machine learning and artificial 11

intelligence-based models
Mixed models 10

Mathematical model ‘

Compartment model
(SIR, SEIR, V-SEIR, etc)

|

Agent-based model ‘

Machine learning or
Al based model

’ Statistical model ‘

| LSTM |
| prism |
| GBM |

ARIMA

|
|
|

|
ARIMAX |
|

Exponential growth model

’ Data ‘ ’ Confirmed ‘ ’ Vaccine coverage ‘
’ Death ‘
’ Hospitalized ‘ ’ Stringency index ‘

Figure 2. Model and data

SIR=susceptible-infectious-recovered; SEIR=susceptible-exposed-infectious-recovered; V-SEIR=vaccinated-SEIR; LSTM=Long Short-Term
Memory; GBM=Gradient Boosting Machine; ARIMA=Autoregressive Integrated Moving Average Model; ARIMAX=Autoregressive Integrated

Moving Average with Exogenous Variables; Al=artificial intelligence.
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Table 4. Summary of prediction models

Model type Specific details Strengths Limitations
Mathematical Compartmental * Differential equation- * Intuitive reflection of * Assumes homogeneous
models models based models (e.g., SIR, biological mechanisms population, reducing
SEIR, SIRD) * Epidemiologically realism
* Population divided into S,  meaningful parameters * Uncertainty due to
E, I, R, D compartments ¢ Can simulate intervention simplified parameter
* Transition rates between scenarios estimation
compartments modeled as * Predictive with few * Difficult to reflect spatial
parameters parameters heterogeneity
* Sensitive to initial settings
Agent-based * Models individual * Captures individual-level ¢ High computational
models behaviors and interactions  heterogeneity complexity
* Defines agent attributes * Reflects spatial structures  * Difficult to validate due to
and behavioral rules and network effects many parameters
* Derives macro patterns * Analyzes micro-level * Subjectivity in rule setting
from micro interactions impacts of interventions ¢ Scalability issues in large
* Represents realistic simulations
population structures
Machine Long Short-Term ¢ Deep learning model * High predictive accuracy  * Lack of interpretability
learning Memory (LSTM)  specialized for sequential/ * Learns complex nonlinear  (black-box)
models time-series data patterns * Requires sufficient training
* Learns long-term * Capable of learning long- data
dependencies in recurrent  term dependencies * Complex hyperparameter
neural networks * Can handle multivariate tuning
* Selective memory through  time-series data * Limited generalizability
gate mechanisms * No need for strict to out-of-distribution
* Learns patterns from past statistical assumptions scenarios
infection data
Gradient Boosting  * Sequential combination * High predictive accuracy ~ * Complex hyperparameter
Machine (GBM) of weak learners (e.g., * Handles diverse data types  tuning
decision trees) * Provides variable * Limited parallelization due
* Builds the final predictive =~ importance metrics to sequential learning
model by gradually * Limited in capturing
reducing errors temporal dependencies
* Utilizes various feature
variables for prediction
Statistical ARIMA, ARIMAX < Models autoregressive, * Systematic approach based * Models only linear
models differencing, and moving on statistical theory relationships

average components

Predicts by normalizing
non-stationary time series
* Uses Box-Jenkins
methodology

Parameters are statistically
interpretable

Quantifies uncertainty via
confidence intervals

* Can model with small
datasets

Poor adaptability to
structural changes

Subjectivity in order
selection

* Reduced accuracy in
long-term predictions
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Table 4. Contiuned

Model type Specific details

Strengths Limitations

Statistical
models

Exponential growth ¢ Models exponential
models increase in case counts

* Estimates spread speed
using growth rate

parameters

Hybrid models * Combines advantages
of different modeling
approaches

* Integration of

compartmental models

* Multi-scale modeling
approach

with machine learning or
ensemble of statistical and
machine learning models

* Simplicity and * Limited in reflecting

interpretability complex spread patterns
* Rapid prediction in early ¢ May overestimate in long-
spread stages term predictions
* Efficient modeling with * Difficult to incorporate
few parameters intervention effects

* Intuitive understanding of ¢ Does not reflect saturation

growth rates effects

* Overcomes limitations of  * Increased model

single models complexity and
* Ensures predictive implementation difficulty
accuracy and * Higher computational cost
interpretability * Complexity in determining
* Integrates diverse data weights among models
sources * Challenges in validation
* Provides stable prediction and interpretation

performance

SIR=susceptible-infectious-recovered; SEIR=susceptible-exposed-infectious-recovered; SIRD=susceptible-infected-recovered-deceased;

ARIMA=Autoregressive Integrated Moving Average Model; ARIMAX=Autoregressive Integrated Moving Average with Exogenous Variables.

population into groups such as “Susceptible,” “Infected,” and
“Recovered,” the classic S-I-R model design. However, these
models have evolved to incorporate additional groups, such as
the “Hospitalized,” “Vaccinated,” and “Quarantined” popula-
tions, resulting in various advanced models such as SEIHR,
V-SEIR, SEIHQ, and SEIQRDV?3P [4-7]. In studies that used
machine learning and algorithmic models, epidemic trends
were primarily predicted using techniques such as the Long
Short-Term Memory and Gradient Boosting Machine mod-
els [8-11]. Among statistical models, time series models such
as the Autoregressive Integrated Moving Average Model
(ARIMA) and Autoregressive Integrated Moving Average
with Exogenous Variables (ARIMAX) were most commonly
used. Logistic growth models and various regression models
were additionally employed [12-15]. In recent times, there

has been a notable increase in the utilization of hybrid models

www.phwr.org Vol 18, No 34, 2025

that integrate methodologies from multiple disciplines for the
purpose of infectious disease forecasting. Models, such as m-
SIQRD and SIRVD-DL, which combine mathematical model-
ing with deep learning techniques, have been applied to pre-
dict the spread patterns of COVID-19 [10,16,17]. In the early
stages of the COVID-19 outbreak, research primarily focused
on short-term forecasting of confirmed case numbers by us-
ing data released by the Korea Disease Control and Prevention
Agency (KDCA). Over time, however, the scope of predictive
variables was expanded to include death counts, the number
of critically ill patients, and the effective reproduction number
(R,). Moreover, although several studies exclusively focused
on predicting the spread of COVID-19 within ROK, a consid-
erable number of comparative studies were also conducted to
include other countries such as Italy, Hong Kong, and India

[18-20]. In addition to studies that predicted epidemic trends
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using epidemiological indicators, many other studies evaluated
the effects of interventions such as vaccination, social distanc-
ing, school closures, mask-wearing, and changes in individual
behavior. Several also examined the influence of variations in
population mobility, modeled through different scenarios, on
the patterns of the outbreak [21-23]. Various types of mo-
bility-related data, such as mobile carrier data and consumer
behavior patterns, were used for forecasting. In addition, sev-
eral indices, including the stringency index and the Oxford
COVID-19 Government Response Tracker index, were incor-
porated to account for the intensity of social distancing mea-

sures [24].

Conclusion

The aim of the present study was to establish a founda-
tion for more effective management of future infectious dis-
ease outbreaks by identifying trends in COVID-19 forecast-
ing research conducted in ROK. As a result, it was found that
forecasting studies on the spread of COVID-19 used a diverse
range of data sources and methodologies. Approaches from
other fields, such as machine learning, and hybrid models were
also integrated and applied in addition to well-established
mathematical models. In addition, numerous studies extended
beyond simply forecasting trends in deaths, confirmed cases,
or hospitalizations to evaluate the effectiveness of implemented
policies in order to inform and support future decision-making
processes.

A retrospective review of the studies analyzed showed that
overall, medium- to long-term predictions (over a 1 month
period) often differed from the actual epidemic trends owing

to factors not considered at the time of prediction, such as the

1274

emergence of new variants, changes in public health policies,
and shifts in social behaviors. It was specifically observed that
the accuracy of the existing predictive models significantly de-
creased with each occurrence of virus mutation or alteration in
characteristics. This limitation of infectious disease forecasting
models highlights the importance of continuous model calibra-
tion and updates.

This study confirmed the impact of predictive models
on scientific decision-making and the potential for expand-
ing these models through multidisciplinary collaboration.
Continuous cooperation among experts and relevant govern-
ment agencies is essential for the ongoing advancement of in-
fectious disease forecasting research. Specifically, by expanding
the data and resources available for infectious disease forecast-
ing through multidisciplinary efforts, it is expected that uncer-
tainties in future outbreaks can be reduced, and more effective
response systems can be established. The limitations identified
in the study in regard to prediction accuracy also necessitate
the development of ensemble forecasting that utilizes multi-
ple methodologies instead of relying on a single model as well
as the establishment of real-time model calibration systems.
When using forecasting results, it is crucial to explicitly con-
sider prediction uncertainties and to support decision-making
with a range of scenarios. There is also a need to establish insti-
tutional frameworks to ensure effective utilization of research
findings. To ensure that forecasting results are practically re-
flected in infectious disease response policies, it is crucial to es-
tablish strong connections between insights derived from pre-
dictive models and the implementation of actual public health
policies. This mechanism facilitates health authorities to pro-
actively respond based on scientific evidence and contribute to

ensuring public safety.
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The KDCA is currently developing an integrated risk anal-
ysis system to monitor both domestic and international public
health threats, aiming to establish a comprehensive prevention
and medical response system for nationwide and large-scale
infectious disease pandemics. Standard operating procedures
that detail risk assessments according to crisis levels and spe-
cific situations have already been established. Moreover, the
KDCA has formulated mid- to long-term plans for the preven-
tion of novel infectious disease pandemics by refining outbreak
size predictions through methods, such as artificial intelligence
modeling, and by formulating comprehensive research plans
for implementation in various phases [3]. Future preparedness
for infectious diseases is expected to improve by the continu-
ous development of refined predictive models through mul-
tidisciplinary collaboration across fields such as mathematics,
statistics, artificial intelligence, public health, and medicine, ul-

timately contributing to reducing the impact on public health.
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Policy Note

Overview of Infectious Disease Information System and Big Data
Platform

Jonghyeon Park @), Seonyeong Ha (), Seongsun Kim*

Division of Epidemiological Data Analysis, Department of Data Science, Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Objectives: To present the system capabilities of the restructured Infectious Disease Information System and Big Data Platform,
aimed at improving the speed and efficiency of the response to infectious diseases.

Methods: Following the coronavirus disease 2019 pandemic, the limitations of existing systems were analyzed. In response, the core
values and strategic directions for the new system were established, along with detailed implementation plans.

Results: The Infectious Disease Information System, built on unique identification data, enhanced data accuracy and usability by
linking all phases of the infectious disease response to public information systems. Standardized reporting formats have unified
analytical frameworks for various diseases. In addition, statistical production and customized analysis are supported through the
Infectious Disease Big Data Platform and flexibility is secured by migrating to the National Information Resources Service to ensure
stable processing of large-scale information.

Conclusions: By standardizing and integrating disease surveillance and control data, the proposed system enables timely and
accurate responses to infectious diseases. It is expected to function as essential infrastructure for future pandemic preparedness and

enhanced infectious disease management.

Key words: Infectious Disease Information System; Big Data Platform; Integration and linkage of information; Standardization of

epidemiological investigations

*Corresponding author: Seongsun Kim, Tel: +82-43-719-7950, E-mail: sskim0719@korea.kr

Introduction

The Korea Disease Control and Prevention Agency
(KDCA) has historically operated the Infectious Disease
Management System (IDMS) for disease reporting and epi-
demiological investigations, and the Quarantine Information
System (QIS) for quarantine inspections of international ar-

rivals, vessels, and aircrafts. After the onset of the coronavirus

1284

disease 2019 (COVID-19) pandemic in 2020, the agency
developed the COVID-19 Information Management System
(CIMS) to rapidly support evolving public health measures
and manage the system load from a surge in confirmed cases.
However, these systems operated in silos without intercon-
nectivity, which resulted in duplicated functions, difficulty in
information sharing, and reduced efficiency in disease control

efforts.

www.phwr.org Vol 18, No 34, 2025
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Key messages
(D What is known previously?

We operated the Infectious Disease Management System,
the Quarantine Information System, and the COVID-19
Information Management System until 2023.

(@ What new information is presented?

The Infectious Disease Information System integrates
the entire process of infectious disease response and
links data across public institutions, thereby enhancing
data accuracy and usability. It supports rapid adaptation
through the standardization of epidemiological investi-
gation forms and enables automated statistical outputs
through the establishment of the Infectious Disease Big
Data Platform.

® What are implications?

By integrating the response process and ensuring data
consistency, the Infectious Disease Information System
can serve as a critical foundation for managing future
pandemics. Furthermore, the Infectious Disease Big
Data Platform will facilitate policy research and analyti-
cal studies related to infectious diseases.

To support swift and efficient disease control operations,
the KDCA launched the “Project to Establish the Infectious
Disease Information System and Big Data Platform” in
November 2022, which integrated the IDMS, QIS, and CIMS
and standardized key data from reports and epidemiological
investigations. The Infectious Disease Information System was
launched in January 2024, followed by the Infectious Disease
Big Data Platform in June 2024. The KDCA continues to im-
prove its infectious disease response by automatically gener-
ating incidence statistics and supporting customized analyses

based on data from the integrated system.

www.phwr.org Vol 18, No 34, 2025

Methods

1. Background

COVID-19 spread globally in a short period, establishing
itself as one of the most severe public health crises in human
history. In its initial response, the Republic of Korea (ROK)
faced numerous limitations not only in its infectious disease
management framework but also in its information system
operations. The previous record for total reported cases of all
legally mandated comprehensive surveillance diseases was ap-
proximately 160,000 annually (2018). In contrast, daily re-
ports exceeded 620,000 at the peak of the COVID-19 pan-
demic, rendering the existing systems effectively inoperable.
Furthermore, infectious disease data was fragmented across
IDMS, QIS, and CIMS. This lack of integration led to repeated
delays and errors in information sharing. In particular, critical
information for disease response, including reporting, patho-
gen identification, epidemiological investigation, and patient
management, was managed in a fragmented manner, frequent-
ly hindering effective decision-making in the field. This high-
lighted the urgent need for a new information framework to
integrally manage data across the entire disease response life-
cycle, enabling an effective response to public health crises and
informing policy. In response, the KDCA initiated the develop-
ment of the Infectious Disease Information System, redesign-
ing major public health systems into a single, unified platform
to standardize, rapidly process, and share infectious disease

information.
2. Analysis of International Cases

In ROK, insufficient system integration was a key issue,

disrupting the end-to-end data flow from disease occurrence to
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response and impeding rapid, field-oriented action. Cases from
the United States and Europe that addressed data fragmenta-
tion across systems were referenced during the development of
the integrated system. The U.S. faced challenges in mounting
a rapid, coordinated national response to outbreaks spanning
multiple states owing to its structural model of managing infec-
tious disease information at the state level. In response, the U.S.
Centers for Disease Control and Prevention (CDC) integrated
multiple surveillance systems, including the National Notifiable
Diseases Surveillance System, into the National Electronic
Disease Surveillance System in the early 2000s. By linking with
clinical information systems and automated laboratory report-
ing, the CDC established an integrated infrastructure that pro-
vided accurate, complete, and timely infectious disease data
[1,2].

Similarly, since 2003, Europe has progressively inte-
grated its national reporting frameworks, centrally collecting
and managing infectious disease data through The European
Surveillance System (TESSy), overseen by the European Centre
for Disease Prevention and Control. TESSy was introduced to
overcome non-standardization issues, such as disparate data
collection formats and duplicate reporting among member
states. By establishing a “one-stop surveillance system,” it has
become the foundation for a joint response to cross-border dis-
ease threats [3].

The U.S. addressed state-level fragmentation, Europe tack-
led national heterogeneity, and ROK focused on resolving pro-
cess disruptions. Despite these different core challenges, all
reached the same instructive conclusion: an integrated system
was necessary for data standardization, real-time sharing, and
interoperability. ROK thus aimed to substantially strength-

en its infectious disease response capabilities by building an
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integrated information system to connect and manage the en-

tire process from outbreak to response within a single platform.

Results

1. Status and Challenges of Previous System

Operations

Three main systems were previously in operation for in-
fectious disease information management and COVID-19 re-
sponse. First, the IDMS centralized infectious disease manage-
ment functions to overcome limitations experienced during
the 2015 Middle East Respiratory Syndrome outbreak, such as
poor situational awareness between central and local govern-
ments and challenges in transparent information disclosure. It
managed infectious disease reporting and situational awareness
(patient surveillance), testing and diagnosis (pathogen surveil-
lance), case investigations of confirmed patients (epidemiologi-
cal investigation), and national isolation bed capacity. Second,
the QIS was established to computerize health declarations
from international arrivals, reports of suspected cases, and
quarantine results for vessels and aircrafts. It supported the full
range of quarantine officer duties, including human quaran-
tine, vessel and aircraft inspection, pre-departure vaccinations
and certificate issuance, and disinfection record management.
Finally, the CIMS was developed specifically for an effective
COVID-19 response. Launched in December 2020, it retained
the basic framework of the IDMS but included added function-
alities exclusively for managing COVID-19-related tasks. Its
main functions included screening center operations (e.g., elec-
tronic health questionnaires), polymerase chain reaction test
cost settlements, self-administered epidemiological surveys,

and the issuance of electronic certificates, such as the “vaccine

www.phwr.org Vol 18, No 34, 2025
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pass,” by linking with vaccination data.

This siloed architecture hindered the systematic manage-
ment of individual case histories: information from different
stages was not integrated, and the lack of verification of the na-
tional identification number at the time of reporting led to dif-
ficulties in isolation and treatment management, reinfection
and duplicate reporting, and an inability to check past infection
records. Consequently, producing statistics and key indica-
tors demanded excessive manpower and time, and the separate
generation of statistics by various bodies—such as the Central
Disease Control Headquarters, the Central Disaster and Safety
Countermeasures Headquarters, and local governments—
impeded timely data provision. Moreover, the legacy IDMS
lacked uniformity and standardization in data entry. Adding
new data fields without ensuring consistent data accumulation

increased system complexity.

2. Core Values and Guiding Principles of the
Integrated System
The Infectious Disease Information System was developed
to address the limitations of previous systems, with three pri-

mary goals.

1) Operational efficiency

The system aimed to ensure data accuracy and integrity by
linking the entire disease response process (quarantine, report-
ing, pathogen identification, and epidemiological investiga-
tion) based on unique personal identifiers and connecting with
public information systems (e.g., Ministry of the Interior and
Safety and National Health Insurance Service). It improved
user convenience for data entry, minimized input errors, and

established a new big data platform in a secure public cloud

www.phwr.org Vol 18, No 34, 2025

environment. It also sought to improve public convenience
through collaboration with private platforms such as Kakao

and Naver.

2) Information usability
The goal was to improve information quality by system-
atically standardizing data from the point of collection and to
produce de-identified data as a source for research. By making
these data accessible, the system aims to leverage private-sector
expertise and establish an evidence-based foundation for infec-

tious disease response.

3) Information integrity and validity of collection
Mutual integrity was confirmed by analyzing relevant laws,
guidelines, and existing systems, while authorization and in-
formation access frameworks were refined. The validity of data
collection was also ensured through measures such as manda-
tory prior notification for epidemiological investigations and

clearly defined scopes for information linkage and access.

3. Detailed Implementation Strategy

1) Integration and linkage of information across the
entire response process

By breaking down informational silos, the system inte-
grated previously fragmented platforms by linking data across
all stages of the infectious disease response, from quarantine
to reporting, pathogen identification, epidemiological inves-
tigation, and patient management. Furthermore, it enhanced
the accuracy and reliability of collected data by strengthen-
ing linkage and verification with external public information
systems. Specifically, for Korean nationals, patient reports are

verified in real time against the Resident Registration System
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of Korea, operated by the Ministry of the Interior and Safety,
for name, national identification number, and address. For for-
eign nationals, name, nationality, date of birth, sex, and alien
registration number are verified using the Ministry of Justice’s
Personal information for foreigners. This process ensures data
accuracy at the reporting stage through real-time verification
and enables the automatic assignment of cases to the appro-
priate public health center based on address. Information on
symptomatic individuals and confirmed patients identified in
quarantine is now reported to the integrated system, making it
accessible to officials in local governments and the KDCA. The
system was redesigned to automatically link this information to
subsequent tasks such as pathogen testing and epidemiological
investigations. This has enabled the management of a compre-

hensive infectious disease history for each patient (Figure 1).

2) Standardization of epidemiological investigations

Data collection for epidemiological investigations of Class
1-3 comprehensive surveillance diseases was restructured
into 11 modular categories, designed so that components
within each category can be managed separately. Thus, modi-
fying a common item requires updating only a single module
for the change to be automatically reflected across all disease-
specific forms, enabling rapid revisions revisions (Figure 2).
Furthermore, data collection items were standardized: stan-
dard codes are used where available (e.g., Korean Standard
Classification of Occupations, ISO 3166 for countries, KCD
for underlying conditions), and for other items, uniform fields
are used across all diseases. For instance, in previous inves-
tigation forms, “cefazolin” was recorded inconsistently with
multiple spellings and abbreviations. This has now been stan-

dardized to “Cefazolin,” ensuring it is managed as a single data

Status of information system linkage
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Figure 1. Status of the Infectious Disease Information System linkage
KDCA=Korea Disease Control and Prevention Agency; HIV=human immunodeficiency virus; AIDS=acquired immunodeficiency syndrome.
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Level 1
(common
characteristics)
Vaccine-preventable diseases
Level 2
(characteristic
type)
Vaccine history, symptoms, etc.
Tetanus Pertussis
- Travel history - Laboratory
Level 3 testing
(characteristics - Underlying
specific) disease
- Administered
drug
- Contact
tracing

Cholera

- Travel history
- Vaccine
history

Name, date of birth, sex, address, nationality, etc. case information

Water- and food-borne A
infectious diseases

Symptoms, laboratory testing,
dietary history, etc.

Vibrio vulnificus
sepsis

- Travel history
- Clinical data

Figure 2. Strategy for implementing modular epidemiological data collection

“Modularization of epidemiological survey data collection considering Level 2 (type of infectious disease) - Level 3 (characteristics of individual

infectious diseases).

item. The structure was reformed to allow the public health
center managing the patient—based on actual residence or
presumed infection area, not just the registered address—to
conduct investigations, depending on transmission dynamics
or field conditions. For cluster cases spanning multiple regions,
a coordinating public health center can be designated to enable

information sharing and joint investigation.

3) Establishment of the Infectious Disease Big Data
Platform

While the regular generation of disease-specific statistics is
necessary, significant time was previously consumed by repeti-
tive tasks such as data cleaning and merging. Therefore, the
Infectious Disease Big Data Platform was established to sup-
port policy research and analysis by automatically generating
user-required statistics from the integrated system’s data, sup-
porting custom queries, and providing pseudonymized data to

researchers on demand. The platform enables the extraction

www.phwr.org Vol 18, No 34, 2025

of routine statistics, such as periodic disease incidence reports,
through a dedicated menu. It also supports customized analy-
ses, including data visualization based on diverse indicators
such as epidemiological analysis, pathogen test results, test-
ing methods, and healthcare utilization patterns. The platform
also provides a flexible analytical environment by allowing us-
ers to incorporate their own datasets for analysis alongside the
system’s predefined data. These capabilities have enabled the
use of collected data for direct policy support, as demonstrated
by analyses of a pertussis outbreak [4] and the status of water-
borne and foodborne disease outbreaks [5] by using informa-

tion from the integrated system (Figure 3).

4) Enhanced response communication and
infrastructure modernization
Public communication channels and certificate services
were established, such as issuing certificates of hospitaliza-

tion/isolation via the Government 24 portal and delivering
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‘ Data collection & integration '

Data management

Data collection

Epidemiological
investigation

Complete
case
reporting

Personal
information

Data integration

_a Case reporting

Common data

o Epidemiological
5 Q, investigation

Data standardization/ODS

Figure 3. Infectious Disease Big Data Platform architecture
ODS=operational data store.

hospitalization/isolation notices to mobile apps through
the National Secretary Service. Furthermore, to ensure sta-
ble processing of large-scale data, the system was built on a
cloud-based infrastructure within the National Information
Resources Service of the Ministry of the Interior and Safety, se-

curing operational flexibility for future pandemics.

Conclusion

The Infectious Disease Information System overcame the
limitations of legacy systems by unifying previously fragment-
ed platforms and creating a flexible, scalable architecture ca-
pable of handling large-scale outbreaks. It also resolved institu-
tional issues by realigning functions inconsistent with laws and
guidelines, establishing an individual-level information man-
agement framework, automating statistical production, cen-
tralizing data flow into the KDCA-led system, and standardiz-

ing data collection structures.
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Although prompted by the COVID-19 crisis, the inte-
grated system transcends its role as a short-term response tool,
marking a paradigm shift in long-term infectious disease man-
agement. Its standardized data, real-time integration, and au-
tomated analysis and reporting systems are prime examples of
the digital transformation of public health administration and
are expected to directly influence the formulation of various
public health policies.

The KDCA launched the Infectious Disease Information
System and the Infectious Disease Big Data Platform in 2024
and is currently operating them stably. Furthermore, post-
implementation research is underway to analyze the system’s
impact on disease response efficiency and its socioeconom-
ic effects, and to formulate future development strategies by
studying similar systems that utilize the latest technologies.
Continuous efforts are being made to improve the integrat-
ed system itself, in addition to enhancing user convenience.

Beyond ensuring technical stability, the KDCA will continue

www.phwr.org Vol 18, No 34, 2025
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to refine laws and institutions, solidify inter-agency coopera-
tion, and cultivate professional talent for system operation and

management.
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Seasonal Influenza Virus Activity during the 2024-2025 Season:
Based on the Republic of Korea's National Pathogen Surveillance Data

Nam-Joo Lee @, Jee Eun Rhee (), SangHee Woo (), Jaehee Lee @, Eun—Jin Kim*

Division of Emerging Infectious Diseases, Department of Laboratory Diagnosis and Analysis, Korea Disease Control and Prevention Agency,
Cheongiju, Korea

ABSTRACT

Objectives: This study aimed to analyze the epidemiological characteristics of influenza virus circulation during the 2024-2025
season in the Republic of Korea (ROK), with a focus on recent trends in detection rates and subtype distribution.

Methods: Weekly detection rates, subtype distribution, and age-specific patterns of influenza virus were analyzed using surveillance
data from week 36 of 2024 to week 17 of 2025 as reported by the Korea Respiratory Virus Integrated Surveillance System.

Results: ROK’s 2024-2025 influenza season exhibited two distinct epidemic waves. The first wave began in late 2024 and peaked
in week 1 of 2025, with a detection rate of 62.9%, representing a 20-30% increase compared to previous seasons. During this period,
a notable increase in detection was observed among individuals over age 50, with influenza A viruses predominating. The second
wave emerged in March 2025 and was driven by an increase in influenza B virus detection, which accounted for more than 50% of
all influenza cases. The circulation of B virus was particularly prominent among school-aged children (7-18 years) and lasted longer
than previous seasons.

Conclusions: The 2024-2025 influenza season was characterized by increased detection levels compared with prior seasons,
prolonged circulation of influenza B viruses, and a marked rise in infections among older adults. These findings suggest an ongoing
shift in population immunity following the coronavirus disease 2019 pandemic. To respond effectively to the evolving patterns of
respiratory virus circulation, the Korea Disease Control and Prevention Agency will continue to strengthen its timely detection and

response efforts through enhanced surveillance systems.

Key words: Influenza virus; National surveillance; Influenza subtype; Seasonality
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Introduction these seasonal characteristics, surveillance findings on the in-

fluenza virus, such as epidemic timing, detection status, and

Influenza is a major seasonal respiratory illness caused by predominant subtypes, provide the scientific basis for effec-
the influenza virus, typically peaking in incidence during the tive policies for infectious disease control, which includes vac-
winter and spreading widely within communities. Owing to cination strategies, public awareness campaigns for epidemic
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Key messages
(D What is known previously?

Influenza outbreaks primarily occur during the win-
ter months, with the highest detection rates observed in
school-aged (7-18-year-old) children.

(@ What new information is presented?

The 2024-2025 season was marked by an increase in in-
fluenza detection rates among people aged 50 and over,
and the circulation of B-type influenza viruses persisted
for an extended period.

(® What are implications?

The evolving patterns of influenza outbreaks indicate the
need for enhanced surveillance to inform future public
health strategies.

management, and patient care in clinical settings. Accordingly,
this report aims to share the domestic epidemic characteristics
of the influenza virus during the 2024-2025 season, as ob-

served through pathogen surveillance.

Main Text

According to the results of sentinel pathogen surveil-
lance conducted by the Korea Disease Control and Prevention
Agency (KDCA), the domestic epidemic patterns of influen-
za and other respiratory viruses in recent years have deviated
from their typical seasonality, showing different trends each
season [1-3]. Since 2022, the influenza virus has deviated from
its usual winter epidemic pattern, with circulation continuing
into the summer months, and has been observed to reach pro-
gressively higher peaks with each passing year. The coronavi-

rus disease 2019 (COVID-19) pandemic can be considered

www.phwr.org Vol 18, No 34, 2025

a reason for this shift. The pandemic, which began in early
2020, led to the implementation of high-intensity non-phar-
maceutical interventions such as social distancing and restric-
tions on gatherings. These measures effectively suppressed the
transmission of severe acute respiratory syndrome coronavirus
2 and simultaneously resulted in a reduction in the detection
of various respiratory viruses, including the influenza virus, to
unprecedentedly low levels compared to those in the past. In
fact, influenza was scarcely detected in the Republic of Korea
until July 2022. It began to be redetected in August 2022,
with epidemics resuming from the 2022-2023 season. In the
2022-2023 season, the A(H3N2) subtype was predominant,
marking the first full-scale influenza epidemic since the start of
the COVID-19 pandemic. In the 2023-2024 season, a rela-
tively high level of detection was observed from the beginning
of the season compared with the previous one. A(HIN1)pdm09
was the dominant strain initially; however, as the peak period
(weeks 48-50) approached, the detection of influenza B vi-
rus gradually increased, leading to a co-circulation of A and B
types. In the 2024-2025 season, the onset of a significant in-
crease in detections was somewhat delayed compared to that in
the previous season, with the peak occurring in the first week
of 2025. Thereafter, the detection rate surged, reaching a level
20-30% higher than the peak of the previous season (Figure 1).
Furthermore, a second wave was observed centered around the
school-aged population following the start of the new school
semester after the winter break, and an increase in influ-
enza B virus detection was confirmed, rather than that of
A(HIN1)pdmO09, which had been prevalent early in the sea-
son. Unlike the same period in the 2023-2024 season, when
detections of all subtypes decreased and were found in similar

proportions, the 2024-2025 season was characterized by a
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predominant increase in influenza B. This increase continued
for more than 6 weeks in a gradual manner, driving the second
wave and maintaining a high level of detection compared to
the same period of the previous season. This suggests that while
the seasonal pattern of influenza is gradually returning after
the pandemic, it is accompanied by persistence and variability
different from those in the past. In addition, unique character-
istics were identified in the age-specific detection patterns. In
the 2022-2023 and 2023-2024 seasons, the highest detec-
tion rates were observed in the school-aged population (7-18
years), suggesting this was primarily influenced by school-
centered transmission. However, in the 2024-2025 season,
epidemics were identified in age groups other than the school-
aged population. During the first wave, between week 50 of
2024 and week 6 of 2025, the detection rate among adults in
their 50s and the elderly aged 65 years and above increased

1298

relatively, reaching a level similar to that in the school-aged
population. The detection rate in the elderly during this period
increased by approximately 20% compared to that in the same
period in the previous year. During the second wave, when the
influenza B epidemic gained momentum, the school-aged pop-
ulation was once again emerged as the primary driver of the
epidemic (Figure 2). This epidemic among older adults is pre-
sumed to be an expanded effect of the immunity gap formed
by reduced opportunities for acquiring natural immunity dur-
ing the pandemic. This finding is consistent with reports sug-
gesting that vaccine-induced immunogenicity can also result
in diminished immune defense if natural exposure is limited,
thereby increasing susceptibility to infection [4,5]. Such epi-
demic patterns have also been reported in some other coun-
tries. In the 2023-2024 season, Japan, the United States, and

Australia observed influenza epidemic patterns that differed

www.phwr.org Vol 18, No 34, 2025
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from those seen before the pandemic. In Japan, following an
A(HIN1)pdm09 epidemic, the proportion of influenza B cases
surged from January 2024, exceeding 60% in March, and the
detection rate of influenza B among the elderly increased 1.5-
fold [6]. In the United States, types A and B co-circulated, with
influenza B persisting until March-May, and a notable increase
in infections was observed among the elderly and school-aged
children [7]. In Australia, influenza B also surged after April,
accounting for 35% of all influenza cases, with high detection
rates in adolescents and the elderly [8]. In all three countries,
influenza B drove the latter part of the season’s epidemic, and
an increase in detections among the elderly was a common
feature. This trend has been attributed to an altered immune

landscape resulting from the pandemic [9].

Conclusion

As discussed in the main body, the domestic influenza pat-
tern during the 2024-2025 season has shown multifaceted
changes, similar to the international situation, including de-
lays in epidemic timing, shifts in subtype distribution, and dif-
ferences in age-specific infection patterns. In particular, the
sustained circulation of influenza B virus and the increase in
infections among the elderly are the altered epidemic patterns
for this season. This underscores the need for future epidemic
forecasting and response to be based on effective strategies tai-
lored to evolving trends through close surveillance, rather than
relying on past seasonal patterns. Furthermore, it suggests that
pathogen surveillance has become even more critical in formu-
lating public health policies. In response, the KDCA is closely
monitoring pathogen and patient epidemic situations through

both pathogen and clinical surveillance and is strengthening

www.phwr.org Vol 18, No 34, 2025

the joint response system for influenza and other respiratory
infectious diseases by operating an inter-agency task force for
respiratory diseases when necessary. From a preventive per-
spective, the KDCA continues to provide free influenza vac-
cinations to high-risk populations as part of the National
Immunization Program and is actively promoting vaccination
campaigns to improve uptake. Going forward, the KDCA will
continue to identify community transmission patterns through
close surveillance of respiratory pathogens, including influenza,
which circulate throughout the year and will maintain inter-

agency cooperation for a swift response.
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