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Trends and Epidemiological Characteristics of Acute Hepatitis B
among Foreign Nationals in the Republic of Korea, 2014-2024
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ABSTRACT

Objectives: This report compares reporting patterns of acute hepatitis B between Koreans and foreign nationals, focusing on cases
reported to Korea Disease Control and Prevention Agency’s infectious disease surveillance system from 2014 to 2024. It also describes
the general and epidemiologic features of foreign nationals.

Methods: A total of 3,591 cases (3,287 Koreans and 304 foreign nationals) were analyzed using surveillance and epidemiologic
investigation data. Factors such as reporting trends, sex, age group, and geographic distribution were compared between Koreans and
foreign nationals. For foreign nationals, countries of origin and socio-demographic, clinical, and epidemiological characteristics were
also described.

Results: Reporting trends, sex, and geographic distribution were similar, whereas age group distribution differed. Koreans
were mainly in their 40s-50s (approximately 40%), while foreign nationals were mostly in their 20s-30s (approximately 57%).
Approximately 85% of foreign nationals were from Asia, especially China and Vietnam, where hepatitis B prevalence is high. Nearly
40% were unemployed or engaged in manual and low-skilled work. The main symptom was jaundice. Vaccination history was mostly
unknown, and language barriers were the major challenge during field investigations.

Conclusions: Foreign nationals with acute hepatitis B are an important group for public health management, given the increasing
number of foreign residents in Republic of Korea. Most are from high-prevalence countries, and limited access to healthcare may
lead to under-diagnosis or under-reporting. Moreover, their vaccination history was largely undeterminable, which could pose a
significant risk factor. Therefore, improving vaccination coverage for foreign nationals and developing tailored management strategies

are warranted.

Key words: Viral hepatitis; Acute hepatitis B; Foreign nationals; Epidemiology
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Key messages
(D What is known previously?

Hepatitis B is a major global burden. In the Republic of
Korea, prevalence among nationals has declined with
vaccination drives and rigorous policies. Yet, little analy-
sis exists on foreign nationals, whose numbers are rising

and who are often from high-prevalence countries.

(@ What new information is presented?

Korea Disease Control and Prevention Agency data
(2014-2024) showed similar trends year-on-year, sex,
and region between Koreans and foreign nationals, but
age group distribution differed (Koreans: 40s=50s; for-
eign nationals: 20s-30s). Most were from Asia, especial-
ly China and Vietnam. About 40% of the population was
unemployed or involved in unskilled work. Vaccination
history was mostly unknown, and communication barri-
ers were frequent during epidemic investigation.

® What are implications?

Tailored strategies including vaccination drives, diagnos-
tic access, and communication support are needed.

Introduction

Acute hepatitis B is a liver infection caused by the hepatitis
B virus (HBV). This bloodborne pathogen is primarily trans-
mitted through various routes, such as perinatal infection,
sexual contact, blood transfusion, and use of contaminated
needles, piercings, tattoos, or razors. Major symptoms include
jaundice, dark urine, loss of appetite, nausea, myalgia, extreme
fatigue, and tenderness in the right upper abdomen, although
approximately 50% of infected adults remain asymptomatic
[1]. Although most adult patients recover spontaneously with-
in 6 months of infection, approximately 95% of infants infect-

ed at birth develop chronic hepatitis, making vaccination at 0,
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1, and 6 months the most important and effective preventive
measure [2,3]. No specific isolation precautions have been es-
tablished for acute hepatitis B; however, as patients remain in-
fectious while the hepatitis B surface antigen (HBsAg) is pres-
ent in the blood, standard precautions should be taken to pre-
vent exposure to blood and bodily fluids [1].

Under the Republic of Korea (ROK)’s Infectious Disease
Control and Prevention Act of 2000, acute hepatitis B was
classified as a Group 2 infectious disease that can be controlled
through vaccination. Sentinel surveillance for acute, maternal,
and perinatal hepatitis B was initiated mainly in hospitals in
2001 [4,5]. However, limitations in assessing the national in-
cidence led to the transition to mandatory surveillance in 2010
[6]. Following the 2016 revision of the diagnostic criteria, only
acute hepatitis B has remained under surveillance [7].

According to the World Health Organization (WHO),
hepatitis B, along with hepatitis C, represents a major global
health burden. As of 2022, approximately 304 million people
worldwide were affected by viral hepatitis, with more than 80%
of them estimated to be infected with hepatitis B. Moreover,
approximately 3,500 people die from hepatitis B each day,
and the mortality rate exceeds 20 deaths per 100,000 popula-
tion in more than 60 countries. The disease burden is particu-
larly high in the Western Pacific and African regions [8]. As
of 2025, 129 countries have implemented prenatal screening
policies, and 147 countries have introduced birth-dose vac-
cination for infants, given that perinatal transmission is one of
the main routes of hepatitis B infection. However, the global
vaccination rate remains only 43%, with a particularly low rate
of 17% in the African region [9].

In contrast, in ROK, HBsAg positivity rate among Koreans

surveyed in 1982 was 8.6%, and particularly high among
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teenagers at 14.2% [2]. The HBsAg positivity rate indicates the
presence of HBV in the body and is generally used to denote
prevalence. Vaccination was officially approved following the
domestic development of the vaccine in 1983, and the “Five-
Year Plan to Eliminate Hepatitis” was established in 1984. In
1992, vaccination for infants born to mothers with hepatitis B
was recommended by the academic community, and in 1995,
the vaccine was incorporated into the National Immunization
Program (NIP) for infants and young children. Subsequently,
a government-led perinatal infection prevention program was
launched in 2002 [2].

Efforts by both the public and private sectors contributed
to a gradual decline in the prevalence rate, an achievement
that was recognized globally in 2008 when the WHO certi-
fied the nation’s hepatitis B management performance [10].
The HBsAg positivity rate in ROK was reported to be 2.4% as
of 2023, while that among children aged 4-6 years was 0.2%
as of 2007 [11,12]. As of 2024, the national vaccination rate
among children remains high at approximately 97% [13].

As of 2024, approximately 2.65 million foreigners resided
in ROK, accounting for 5.2% of the total population. This pro-
portion had decreased from 4.9% (approximately 2.52 million
people) in 2019, before the coronavirus disease 2019 pan-
demic, to 3.8% (approximately 1.96 million people) in 2021,
but subsequently increased to 4.9% (approximately 2.51 mil-
lion people) in 2023 and 5.2% in 2024. From 2018 to 2024,
the largest group by nationality was Chinese (36.2%), followed
by Vietnamese (11.5%), Thai (7.1%), American (6.4%), and
Uzbekistani (3.6%) [14]. Based on census data of registered
foreigners from 2014 to 2024, the sex ratio was approximately
6:4 (male to female), and individuals in their 20s and 30s com-
prised 56-58% of the total [15].
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Foreign nationals tend to have more limited access to
healthcare services compared with local citizens [16,17]. Those
from countries with a high prevalence of hepatitis B are known
to have a greater burden of liver disease, which may affect do-
mestic public health [2]. Although this situation calls for an
appropriate public health response, systematic information on
the issue are lacking. Therefore, this report aims to identify and
describe the status and epidemiological characteristics of acute
hepatitis B among foreigners reported to the national infec-

tious disease surveillance system from 2014 to 2024.

Methods

1. Reporting Criteria

According to Article 3-2 (“Hepatitis B”) of the reporting
criteria for infectious diseases, acute hepatitis B patients are
defined as individuals with no history of hepatitis B diagno-
sis within the past 6 months who tests positive for both the
specific antigen (HBsAg) and the specific antibody (IgM anti-
HBc), or for the specific antibody alone [14]. Medical institu-
tions are required to report such cases to the designated pub-
lic health center via fax or through the Integrated Infectious
Disease Surveillance System website (https://eid.kdca.go. kr/isc/
WebCube/setup.htm) within 24 hours of diagnosis [1].

Acute hepatitis B patients are generally defined as those
exhibiting clinical symptoms consistent with acute hepatitis
and confirmed infection with the pathogen specified in the di-
agnostic criteria [1]. However, as patients may also be asymp-
tomatic, cases with confirmed infection are also included re-

gardless of the presence or absence of clinical symptoms [18].
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2. Analysis Period and Study Population

The analysis period spanned from January 1, 2014 to
December 31, 2024. During this period, a total of 3,591 in-
dividuals who were reported to the Korea Disease Control
and Prevention Agency’s (KDCA) Integrated Disease Control
Information System met the diagnostic criteria for acute hepa-
titis B. Of these, Korean nationals accounted for 3,287 cases
(91.5%) and foreign nationals for 304 cases (8.5%).

The primary focus of this report was the 304 foreign na-
tional cases; however, the Korean national cases were also in-
cluded as a comparison group. Case report data and epidemio-
logical investigation reports registered in the Integrated Disease
Control Information System were used for analysis. The data-
set comprised all 304 (100%) case reports and 243 (79.9%)
epidemiological investigation reports (Supplementary Figure 1;

available online).

3. Analysis Method
The analysis was conducted in two stages. The first stage
involved a comparative analysis to assess differences in re-

porting trends between foreign and Korean nationals. Annual

[ Foreign nationals [ Korean nationals

reporting trends, as well as sex and age distributions, were ex-
amined for both groups. Pearson’s correlation analysis was
used to compare annual trends, with results presented as cor-
relation coefficients (r) and p-values. A p-value less than 0.05
was considered statistically significant. Differences in distribu-
tion by sex and age group were evaluated using the chi-square
test.

The second stage consisted of a descriptive analysis to de-
termine the characteristics of foreign national patients and the
distribution of patients by country of origin. Demographic data
were obtained from case reports, and clinical and epidemiolog-
ical information was derived from epidemiological investiga-
tion reports. Results are presented as frequencies (n) and per-
centages (%). All analyses were performed using SAS version

9.4 (SAS Institute Inc.) and ArcGIS Pro version 3.4.0 (Esri).
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Figure 1. Annual trend of reported acute hepatitis B cases among foreign nationals in the Republic of Korea, 2014-2024
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Results

1. Comparison of Acute Hepatitis B Reporting
Patterns between Korean and Foreign
Nationals, 2014-2024
Figure 1 shows the annual and nationality-specific num-

bers of reported acute hepatitis B cases from 2014 to 2024.
From 2014 to 2015, approximately 150170 cases were re-
ported each year, after which the number increased to over 300
cases per year, peaking at 453 cases in 2021, before gradually
declining to 250 cases in 2024. The proportion of foreign pa-
tients among all reported cases increased from approximately
five cases annually (approximately 3% of the total) from 2014
to 2015 to over 30 cases annually (7-9%) after 2016. The
number peaked at 45 cases (11.8%) in 2020 and subsequently
averaged 30 cases per year (8-10%) until 2024. Pearson’s cor-
relation analysis revealed a strong positive correlation (r=0.89,
p<0.01). In addition, analysis of the monthly number of re-
ported cases during the analysis period did not show any sig-
nificant seasonal variation, a finding consistent for both foreign
and Korean nationals.

The sex distribution was similar between Korean nationals

(1,940 male [63.1%], 1,214 female [36.9%]) and foreign na-
tionals (198 male [65.1%)], 106 female [34.9%]) (p=0.51).

The cumulative age group distribution of Korean and for-
eign nationals during the analysis period is presented in Figure
2. As Korean nationals accounted for over 90% of all cases,
the overall age distribution closely resembled that of Korean
nationals. Among Korean nationals, the proportion of cases
among Korean nationals aged 20-50 years was relatively even,
ranging between 15% and 20% across each age group. The
highest proportions were observed in individuals in their 40s
(689 cases [21.0%]) and 50s (710 cases [21.6%]), together
comprising more than 40% of total cases. In contrast, among
foreign nationals, the highest number of reported cases oc-
curred in individuals in their 20s (92 cases [30.3%)]), followed
by those in their 30s (82 cases [27.0%]). Taken together, these
two age groups accounted for approximately 57% of all foreign
cases. The number of reported cases declined with increas-
ing age, and this age distribution differed significantly between
Korean and foreign nationals (p<0.01).

Figure 3 presents the cumulative number of reported cases
by province for both Korean and foreign nationals. The highest

numbers of reported cases were observed in Gyeonggi, Seoul,
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Figure 2. Age group distribution of reported acute hepatitis B cases among Korean and foreign nationals in the Republic of

Korea, 2014-2024
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Figure 3. Geographic distribution of reported acute hepatitis B cases among the total population, Korean nationals, and foreign

nationals in the Republic of Korea, 2014-2024
HBV=(acute) hepatitis B virus.

Busan, Gyeongnam, and Incheon for both the total popula-
tion and Korean nationals, reflecting the geographic distribu-
tion of the population as of 2024 [15]. Among foreign nation-
als, the highest numbers were reported in Gyeonggi, Seoul,
Chungnam, Gyeongnam, and Incheon, which is consistent
with the 2024 census data [15]. In summary, both the Korean
and foreign cases were concentrated in geographics with larger

populations.

2. Characteristics of the Foreign Cases,
2014-2024

As observed in Results 1, the reporting patterns among

www.phwr.org Vol 18, No 44, 2025

foreign nationals were similar to those of Korean nationals in
terms of reporting trends, sex distribution, and geographic dis-
tribution, but differed in age group distribution. Therefore, a
descriptive analysis was performed to better understand the
characteristics of the foreign patients.

The distribution of foreign patients by continent of origin
is shown in Supplementary Figure 2 (available online). The
majority of cases were from Northeast Asia (116, 38.2%), of
whom 100 (32.9%) were Chinese nationals. Approximately
85% of the foreign patients were from Asia, with Vietnam (30,

11.8%), Thailand (34, 11.2%), Uzbekistan (23, 7.6%), and

Mongolia (13, 4.3%) being the most common nationalities
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Table 1. General characteristics of foreign nationals with
acute hepatitis B, Republic of Korea, 20142024 (based on
notification data)
Category n %
Total 304 100
Occupation
Production and unskilled labor 62 20.4
Agriculture, forestry, fisheries 7 2.3
Students 7 2.3
Service workers 6 2.0
Office workers 6 2.0
Homemakers 6 2.0
Professionals 2 0.7
Others 137 45.1
Unemployed 59 19.4
Unknown 12 3.9
Survival status at notification
Alive 303 99.7
Deceased 1 0.3
Type of notifying medical institution
General hospital or higher 249 81.9
Hospital 42 13.8
Clinic 12 3.9
Public health center 1 0.3
after China.

Demographic characteristics based on the case reports are pre-
sented in Table 1. In terms of occupation, “Other” accounted
for the largest proportion (137, 45.1%). Unemployed indi-
viduals (59, 19.4%) and production and unskilled labor (62,
20.4%) had similar proportions, together comprising about
40% of all cases. Most of the patients were alive at the time of
reporting (99.7%), and the majority of diagnoses and reports
were made through general hospitals or higher (81.9%).

Clinical and epidemiological characteristics based on
the epidemiological investigation data are shown in Table 2
(n=243,79.9% of all 304 foreign cases). Most foreign patients

exhibited clinical symptoms at the time of reporting, and 149
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(61.3%) were diagnosed and reported within one week of
symptom onset. Diagnoses were made primarily in response
to symptom onset and health concerns (214, 88.1%). Among
the reported symptoms (excluding “Other”), jaundice was the
most common (113, 46.5%), followed by fatigue (67, 27.6%),
nausea (506, 23.0%), anorexia (46, 18.9%), and myalgia (27,
11.1%).

Epidemiologically, 33 cases (13.6%) reported contact with
a confirmed case during the acute hepatitis B incubation pe-
riod (60-150 days). Meanwhile, fewer than 50 cases reported
risk factors for bloodborne transmission, even when duplicate
responses were considered. Furthermore, review of vaccination
records showed that only four patients (1.6%) had received at
least one dose of the hepatitis B vaccine; vaccination status was
undetermined for all others.

Epidemiological investigation officers have highlighted
challenges encountered during data collection. Although not
all reports contained such information, the most frequently
reported issue was communication barriers (44, 18.1%), fol-
lowed by inability to contact cases (19, 7.8%), and reliance on
workplaces/facilities affiliated with the case or medical institu-
tions for information, which hindered the investigation in 18

cases (7.4%).

Discussion

This report compared the reporting patterns of Korean and
foreign national patients with acute hepatitis B, extracted from
the KDCA’s Integrated Disease Control Information System
(2014-2024), and analyzed the epidemiological characteris-
tics of the foreign cases.

The sex distribution of foreign cases was similar to that of
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(based on epidemiological investigation data)

Table 2. Clinical and epidemiological characteristics of foreign nationals with acute hepatitis B, Republic of Korea, 2014-2024

Category n %
Total 243 100
Duration from symptom onset to notification
Within 1 week 149 61.3
Within 2 weeks 55 22.6
Within 3 weeks 19 7.8
Within 1 month 8 3.3
More than 1 month 6 2.5
Asymptomatic 6 2.5
Reason for seeking medical attention
Symptom onset 153 63.0
Evaluation due to elevated liver enzymes 28 11.5
Incidental finding during treatment for other condition 21 8.6
Health screening 12 4.9
Unknown 5 2.1
Not applicable (question not included) 24 9.9
Clinical symptoms (multiple responses allowed)
Jaundice 113 46.5
Fatigue 67 27.6
Nausea 56 23.0
Anorexia 46 18.9
Myalgia 27 11.1
Dark urine 19 7.8
Others 120 49.4
Exposure history: contact with a confirmed case
Yes 33 13.6
No 210 86.4
Exposure history: potential risk factors during the incubation period (multiple responses allowed)
Invasive medical procedures 30 12.3
Invasive non-medical procedures 8 3.3
Blood exposure-related risk factors 4 1.6
Other behaviors (e.g., alcohol consumption, drug use) 2 0.8
Hepatitis B vaccination status
Completed vaccination (3 doses) 1 0.4
Incomplete vaccination (<3 doses) 3 1.2
Unknown 239 98.4
Barriers to epidemiological investigation (multiple responses allowed)
Language or communication barrier 44 18.1
Unable to contact the individual 19 7.8
Restricted investigation environment (dependent on medical institution or affiliated facility) 18 7.4

www.phwr.org Vol 18, No 44, 2025
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Korean cases. However, a notable difference was observed in
age group distribution. Individuals in their 40s and 50s ac-
counted for over 40% of all Korean cases, whereas those in
their 20s and 30s comprised approximately 57% of all foreign
cases. This difference is likely influenced by variations in the
demographic structures of the two populations. In 2023, the
Korean national population was primarily composed of indi-
viduals in their 50s (16.9%), 40s (15.4%), and 60s (14.9%),
while in 2024, the foreign national population mainly con-
sisted of individuals in their 20s (30.5%), 30s (28.7%), and
40s (14.5%). These findings highlight the younger age profile
of the foreign national population and emphasize the need to
consider demographic differences, in addition to disease char-
acteristics, when comparing the two groups.

Approximately 85% of the foreign patients were from
Asian countries, namely China, Vietnam, Thailand, and
Uzbekistan. This distribution reflects the predominant nation-
alities among registered foreign nationals in ROK as of 2023,
likely owing to geographic proximity [14]. China and Vietnam
are known to have high hepatitis B prevalence rates of 5.0%
and 6.2%, respectively, and their large representation among
the foreign cases underscores the need for targeted hepatitis
B management strategies for individuals from these regions
[19]. Furthermore, although Mongolia ranks 11th in terms
of foreign national population, it was the fifth most frequently
reported country of origin [14]. The prevalence rate of hepati-
tis B in Mongolia (5.4%) is more than twice that of ROK, and
the prevalence of hepatitis D—which occurs only in the pres-
ence of hepatitis B—is also high, at approximately 10% [2,19].
Given that a considerable proportion of foreign nationals origi-
nate from countries with high hepatitis B endemicity, strength-

ened efforts are warranted to improve awareness, screening,
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treatment, and prevention of hepatitis B in this population.

The issue of viral hepatitis among foreign populations has
also garnered global attention. In Europe (European Union/
European Economic Area), chronic hepatitis B and C among
immigrants contribute substantially to the overall disease
burden, prompting targeted policy interventions [20]. In the
United States, health management guidelines for refugees and
immigrants recommend hepatitis B and C screening, vaccina-
tion, and the provision of culturally and linguistically appro-
priate services [21]. These examples highlight the importance
of developing strategic measures to prevent and manage acute
hepatitis B among foreigners in ROK.

Under the ROK’s current foreign resident policies, health
screening that include hepatitis B are mandatory for all for-
eigners upon visa issuance and registration [22]. Foreign na-
tionals residing in ROK for six months or longer are required
to enroll in the National Health Insurance Service, which
makes them eligible for the same national health screenings as
Korean citizens [23]. Those who are not enrolled can receive
free screening and counseling for infectious diseases such as
tuberculosis, human immunodeficiency virus (HIV), hepatitis
B and C, and syphilis through certain self-funded local gov-
ernment programs. Individuals such as foreign workers under
the Employment Permit System (E-9 visa) and marriage mi-
grants are the primary targets of these services. In addition, the
Ministry of Health and Welfare, together with various non-
governmental organizations (NGOs), has developed and im-
plemented medical support programs for foreign workers and
other vulnerable groups [24,25].

Approximately 40% of the foreign casess examined in
this report were either unemployed or employed as produc-

tion and unskilled labors. This finding implicitly suggests

www.phwr.org Vol 18, No 44, 2025
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that a significant number of foreigners may lack financial re-
sources and are at risk of not receiving continuous medical
care, including follow-up testing or treatment, after diagnosis.
Previous reports from free liver screening programs conduct-
ed by NGOs and academic societies targeting foreign workers
have noted that many patients sought treatment only after their
condition had progressed to cirrhosis or liver cancer, primar-
ily due to financial or time constraints that prevented regular
medical examinations [2].

Most foreign cases were diagnosed after visiting a medical
institution for symptoms or health concerns, with jaundice be-
ing the most common characteristic symptom. However, the
actual incidence of acute hepatitis B among foreign nationals
may be underestimated due to underdiagnosis and underre-
porting, given that approximately half of adults with the condi-
tion are asymptomatic and jaundice typically appears only af-
ter the disease has progressed to a certain extent [1]. Therefore,
it is essential to raise awareness about asymptomatic acute
hepatitis B and to encourage active participation in available
health screening and management programs among foreign
nationals.

As discussed earlier, the vaccination history for hepatitis B
could not be confirmed for most of the foreign patients. This
may be attributed to several factors, including missing records
despite prior vaccination in their home countries, differences
in national immunization rates and policies, and the absence
of a system requiring verification or administration of the vac-
cine upon entry into ROK. Currently, ROK offers the hepatitis
B vaccine to both Korean and foreign children only through
the perinatal infection prevention program and the NIP for
registered foreigners [20]. Therefore, it is essential to raise

awareness about the importance of hepatitis B vaccination and
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to proactively recommend immunization for adult foreign na-
tionals with incomplete or unverified vaccination history.

One of the major challenges encountered during the epi-
demiological investigations of foreign cases was the commu-
nication barrier. This is a common systemic issue that extends
beyond acute hepatitis B. Fortunately, with the rapid advance-
ment of artificial intelligence-based interpretation and trans-
lation technologies, the range of tools available to epidemio-
logical investigation officer is expanding. If these tools are ap-
propriately utilized in environments that ensure privacy and
security, communication barriers are expected to gradually
diminish.

This report’s analyses were based on data from case reports
and epidemiological investigations registered in the KDCA’s
Integrated Disease Control Information System. The possibil-
ity of data entry errors during the analysis process cannot be
excluded. Furthermore, due to the retrospective nature of the
epidemiological investigations, the accuracy of information re-
lated to clinical symptoms, diagnostic procedures, and risk fac-
tors may have been affected by recall bias. Although, in prin-
ciple, epidemiological investigations should be conducted and
registered for all reported cases, only about 80% were actually
registered, thereby limiting the data available for analysis.

Furthermore, cases reported as “acute hepatitis B” accord-
ing to the Integrated Disease Control Information System cri-
teria were analyzed; however, the current diagnostic report-
ing criteria have limitations in clearly distinguishing between
acute hepatitis B and acute exacerbation or reactivation of
chronic hepatitis B. Although the diagnostic criteria for re-
porting infectious diseases specify that there should be “no
history of diagnosis within the past six months,” it is often dif-

ficult to verify previous infection history or medical records
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for foreign nationals. As a result, some past infection histories
may have been omitted, and cases of reactivation in chronical-
ly infected individuals may have been reported as acute cases.
Additionally, the case reports and epidemiological investiga-
tion data do not include quantitative results of diagnostic indi-
cators such as anti-HBc IgM, HBeAg, and HBV DNA, which
limits the ability to differentiate or explain the course of infec-
tion. These limitations in diagnostic criteria and data should be
considered when interpreting the findings of this report.
Nevertheless, this report is noteworthy for leveraging na-
tional surveillance data to ensure representativeness and for
conducting analyses focused on foreign nationals—an area
that remains underexplored. The results highlight the need for
systematic and culturally tailored public health measures for
the prevention and management of acute hepatitis B, given the
growing number of foreigners residing in ROK. These mea-
sures should include promoting vaccination, encouraging par-
ticipation in existing health screening and management pro-
grams, and fostering an environment that supports effective
communication and continuous access to healthcare services.
Furthermore, considering that a large proportion of for-
eign nationals come from countries with a high prevalence of
hepatitis B, future efforts should go beyond acute infection pre-
vention and aim to build a comprehensive public healthcare
system that encompasses early detection of chronic infections,
health education, strengthened care coordination, and uninter-

rupted maternal care.
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Surveillance Report

Pathogen Surveillance in Wastewater from Airport and Port in the
Chungcheong Region, Republic of Korea, in 2024

Youngsil Yoon @, Soyeon Kim @, Dong Geun Lee @, Bo—Ram Kim @, Jun Ho Jeon*

Division of Laboratory Diagnosis and Analysis, Chungcheong Regional Center for Disease Control and Prevention, Korea Disease Control
and Prevention Agency, Daejeon, Korea

ABSTRACT

Objectives: This study aimed to analyze the correlation between pathogen detection through wastewater-based infectious disease
surveillance at airports and ports in the Chungcheong region and the incidence of corresponding infectious diseases in the local
population.

Methods: Between March and December 2024, 192 wastewater samples were collected from Gunsan Port, Pyeongtaek-Dangjin Port,
and Cheongju International Airport. Eight infectious disease pathogens were analyzed using TagMan Array Card-based multiplex
detection. Next-generation sequencing was also conducted on selected samples positive for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) to identify the Omicron sublineages.

Results: Of the 192 samples, SARS-CoV-2 was detected in 101 (52.6%) and influenza virus in 38 (19.8%). The detection rates were
higher at airports (SARS-CoV-2: 72.6%, influenza: 22.6%) than at ports (SARS-CoV-2: 37.0%, influenza: 17.6%). When comparing
the monthly detection rates of SARS-CoV-2 and influenza with regional case counts, the SARS-CoV-2 detection rates increased in
August and declined in September, showing a similar pattern to the trend in reported cases. In contrast, the influenza virus detection
rates in wastewater increased in November, approximately one month earlier than the increase in reported influenza cases observed
in December. Sequencing analysis of the SARS-CoV-2 samples identified variants KP.3, JN.1, and XEC, consistent with those reported
in domestic patients.

Conclusions: Wastewater-based surveillance at airports and ports can serve as an effective supplementary tool to symptom-based

quarantine systems, enabling the earlier detection and prevention of the domestic spread of imported infectious diseases.

Key words: Airports; Wastewater; SARS-CoV-2; Influenza viruses

*Corresponding author: Jun Ho Jeon, Tel: +82-42-257-9435, E-mail: jhjeon78@korea.kr

Introduction Following the global spread of coronavirus disease 2019

(COVID-19) and the associated severe socioeconomic con-

The increase in global mobility resulting from advances sequences, the establishment of pathogen surveillance sys-
in international air and maritime transport has heightened tems at points of entry—such as airports and seaports—has
the risk of cross-border transmission of infectious diseases. become critically important to prevent the introduction and
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Key messages
(D What is known previously?

In response to the coronavirus disease 2019 pandemic,
many countries have adopted wastewater-based surveil-
lance as a complementary tool to traditional clinical sur-
veillance. The Korea Disease Control and Prevention
Agency (KDCA) launched the Korea Wastewater
Surveillance Program, which encompasses all 17 metro-
politan cities and provinces.

@ What new information is presented?

The KDCA has extended wastewater-based surveillance
to international airports and ports to enhance existing
quarantine systems that primarily focus on symptomatic
individuals.

® What are implications?

Wastewater surveillance at airports and ports provides
a method for monitoring infectious disease trends using
environmental samples without infringing on individual

privacy.

community transmission of imported infectious diseases [1-
4]. As gateways for numerous international arrivals, airports
and seaports are key strategic locations where national quaran-
tine systems must proactively respond to potential infectious
disease threats originating from abroad. Since the COVID-19
pandemic, many countries, including the United States, have
implemented wastewater- and sewage-based pathogen sur-
veillance systems at these entry points. Since asymptomatic
individuals can shed viruses and other pathogens, wastewater
and sewage surveillance enables earlier detection compared to
symptom-based clinical screening, thereby facilitating rapid
public health responses [1]. Moreover, given that infectious
diseases circulating globally are often introduced through air-

ports and seaports, such surveillance systems can serve as early

1724

warning mechanisms for imported infections [3]. In addition,
wastewater surveillance supports the analysis of seasonal trends
and regional characteristics of infectious disease occurrence,
complementing patient-based surveillance systems and con-
tributing to the formulation of proactive public health policies
[5].

Conventional infectious disease surveillance relies on the
diagnosis of cases after symptom onset, which limits its ability
to promptly detect asymptomatic infections or diseases with
long incubation periods. Consequently, many countries, in-
cluding the United States and several European nations, have
implemented wastewater-based infectious disease surveillance
systems to monitor outbreak trends and enable early detection
of disease occurrences and emerging variants, thereby helping
to prevent their spread [5-7]. In the Republic of Korea (ROK),
the Korea Disease Control and Prevention Agency (KDCA)
has operated the “Korea Wastewater Surveillance system” since
2021, monitoring community-transmitted infectious diseas-
es such as severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and influenza viruses [8]. Moreover, to comple-
ment the traveler quarantine system—which primarily targets
symptomatic individuals at airports and seaports—a wastewa-
ter-based infectious disease surveillance project has been initi-
ated at these points of entry, managed by five Regional Centers
for Disease Control and Prevention and their affiliated quaran-
tine stations [9]. In the Chungcheong region, the Chungcheong
Regional Center for Disease Control and Prevention conducts
a wastewater- and sewage-based surveillance in collaboration
with the Gunsan and Pyeongtaek Quarantine Stations at the
Cheongju Airport Branch Office. This report presents the sur-
veillance outcomes for eight quarantinable infectious disease

pathogens—SARS-CoV-2, influenza virus, mpox virus, dengue
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virus, Zika virus, Chikungunya virus, yellow fever virus, and
Vibrio cholerae—as well as the SARS-CoV-2 variant analy-
sis results from the project conducted by the Chungcheong
Regional Center for Disease Control and Prevention between
March and December 2024. The findings aim to provide foun-
dational data to support the formulation of evidence-based na-

tional quarantine policies.

Methods

1. Sample Collection

Samples were collected from sites under the jurisdic-
tion of the Chungcheong Regional Center for Disease
Control and Prevention. These sites included the Gunsan
Quarantine Station (collecting wastewater from the Gunsan
Port International Passenger Terminal, which operates routes
between Shidao, Shandong Province, China, and Gunsan,
ROK, as well as sewage from inbound ships); the Pyeongtaek
Quarantine Station (collecting wastewater from the Pyeongtaek-
Dangjin Port International Passenger Terminal, which oper-

ates routes between Weihai, Rizhao, and Yantai in Shandong

Province, China, and Pyeongtaek, ROK); and the Cheongju
Airport Branch Office (collecting wastewater from Cheongju
Airport and sewage from inbound aircraft). From March to
December 2024, samples were collected weekly (with ship
sewage at Gunsan Port collected biweekly), resulting in a
total of 192 samples—127 wastewater samples from air-
ports and seaports and 65 sewage samples from aircraft and
ships. For wastewater collection, 1 L samples were obtained
weekly from the wastewater collection tanks at Gunsan Port,
Pyeongtaek Port, and Cheongju Airport using a sampling pole,
transferred into sterile collection bottles, and transported to
the Chungcheong Regional Center for Disease Control and
Prevention. For sewage, samples were collected from the dis-
charge outlets of ships arriving at Gunsan Port from Shidao
(north-central China) on a biweekly basis and from aircraft
arriving from Clark, Philippines—a designated quarantine
management area for cholera—on a weekly basis. A 1 L vol-
ume of sewage was collected using a manual pump, placed into
sterile collection bottles, and transported to the Chungcheong
Regional Center for Disease Control and Prevention for analy-

sis (Table 1).

Table 1. Surveillance sites and targets for wastewater monitoring at airports and seaports in the Chungcheong region, 2024
. . Sampling Sampling No. of samples
Surveillance sites Sample type T —— SEHEH (192) Route (Country)
Gunsan International Waste water Weekly Mar—Dec 2024 43 Shidao (China)+Gunsan
Passenger Terminal
Sewage Treatment Plant
Gunsan Seaport Ship Black water Biweekly Mar—Dec 2024 22 Shidao (China)«<>Gunsan
Pyeongtaek International ~Waste water Weekly Mar—Dec 2024 42 Weihai, Rizhao,
Passenger Terminal Yantai (China)«>Pyeongtaek
Sewage Treatment Plant
Cheongju Airport Sewage Waste water Weekly Mar—Dec 2024 42 Japan, Vietnam, China,
Treatment Plant Taiwan, Philippines,
Thailand etc.
Cheongju Airport Black water Weekly Mar—Dec 2024 43 Clark (Philippines)«>Cheongju
Aircraft
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2. Laboratory Methods

Samples were concentrated by adding 100 ul of Dynabeads
Intact Virus Enrichment (InvitrogenTM; Thermo Fisher
Scientific) to 40 ml of wastewater/sewage, followed by agita-
tion for 15 minutes and the addition of 400 pl of release buffer
[10]. Nucleic acids were then extracted from the concentrated
samples using the Patho Gene-spin DNA/RNA Extraction
Kit (iINtRON Biotechnology), according to the manufactur-
er’s instructions. Custom-designed Thermo Fisher Scientific
PreAmp Primer sets (Thermo Fisher Scientific) and TagMan
Array Cards (TAC) were used to perform genetic detection as-
says for eight pathogens: influenza virus, SARS-CoV-2, mpox
virus, Zika virus, dengue virus, Chikungunya virus, yellow fe-
ver virus, and Vibrio cholerae. Nucleic acids extracted from
the wastewater and sewage samples were pre-amplified for 14
cycles using the PreAmp Primers. Ten microliters of the ampli-
fied product were then mixed with 50 ul of TagManTM Fast
Advanced Master Mix, No UNG (Thermo Fisher Scientific)
and 40 pl of nuclease-free water, yielding a final volume of 100
ul, which was dispensed into the TAC. Amplification was per-
formed with an initial denaturation step at 95°C for 10 min-
utes, followed by 40 cycles of 95°C for 3 seconds and 60°C
for 30 seconds. The results were analyzed according to the
manufacturer’s guidelines. Additionally, SARS-CoV-2-posi-
tive samples collected from August to December were subject-
ed to next-generation sequencing by the Division of Emerging
Viruses at the KDCA. Raw sequencing data were quality-as-
sessed and trimmed using CLC Genomics Workbench (Qiagen
Digital Insights). The processed sequences were subsequently
evaluated for quality using Nextclade, and detailed lineages
were identified through Pangolin analysis [10]. For correlation

analysis between the monthly detection rates of influenza virus

1726

and SARS-CoV-2 in airport and seaport wastewater/sewage
samples and reported patient case counts, 2024 surveillance
data on COVID-19 and influenza cases from the Daejeon,
Sejong, Chungbuk, and Chungnam regions were obtained

from the Quarantine Integrated Information System.

Results

1. Genetic Detection Results from Wastewater
and Sewage Samples Collected at Points of
Entry in the Chungcheong Region
From March to December 2024, genetic detection tests us-

ing TAC were conducted on nucleic acids extracted from 192

wastewater and sewage samples collected at quarantine sta-

tions in the Chungcheong region to analyze the presence of the
eight target pathogens. Among these pathogens, Vibrio chol-
erae, mpox virus, and the mosquito-borne viruses (Zika virus,
dengue virus, and yellow fever virus) were not detected in any
of the 192 samples. In contrast, SARS-CoV-2 was detected in

101 of 192 samples, representing a detection rate of 52.6%,

while influenza virus was detected in 38 samples, correspond-

ing to a detection rate of 19.8% (Table 2). When analyzed by
point of entry, Cheongju Airport exhibited a SARS-CoV-2

detection rate of 72.6% (61/84 samples) and an influenza vi-

rus detection rate of 22.6% (19/84 samples). In contrast, the

seaports in the Chungcheong region (Pyeongtaek, Gunsan)
showed a SARS-CoV-2 detection rate of 37.0% (40/108 sam-

ples) and an influenza virus detection rate of 17.6% (19/108

samples), indicating higher detection rates for both viruses at

the airport than at the seaports. When comparing pathogen
detection rates by sample types, SARS-CoV-2 was detected in

52.3% (67/128 samples) of wastewater samples and 53.1%
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(34/64 samples) of sewage samples, while influenza virus was
detected in 20.3% (26/128 samples) of wastewater samples
and 18.8% (12/64 samples) of sewage samples, revealing no
significant difference between wastewater and sewage detec-
tion rates (Table 2).

The monthly influenza virus detection rate in airport and

seaport wastewater/sewage samples was compared with the

number of patients with influenza cases in the Chungcheong
region. In 2024, the detection rate of influenza virus in waste-
water/sewage samples was highest in December (41.2%, 7/17),
followed by November (36.8%, 7/19), March (33.3%, 6/18),
August (29.4%, 5/17), April at 21.7% (5/23), September
(14.3%, 3/21), and July (13.6%, 3/22) (Figure 1A). The trend

in patients with influenza cases in the Chungcheong region

Table 2. The detection rate of pathogens in waste water and blackwater samples from airports and ports in the Chungcheong
region (March—-December 2024)
No.Cgll‘lesgggles SARS-CoV-2 Influenza virus (A/B) Other pathogens®
Total 192 101 (52.6) 38(19.8) 0(0.0)
Site
Port 108 40 (37.0) 19 (17.6) 0(0.0
Airport 84 61 (72.6) 19 (22.6) 0(0.0)
Specimen type
Waste water 128 67 (52.3) 26 (20.3) 0(0.0)
Black water 64 34 (53.1) 12 (18.8) 0(0.0)
Values are presented as number (%). SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. “Mpox virus, Zika virus, dengue virus,
Chikungunya virus, yellow fever virus, and Vibrio cholerae.
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Figure 1. Monthly detection rate of influenza and SARS-CoV-2 viruses in wastewater samples from airports and ports in the
Chungcheong region (March-December 2024)

(A) Monthly detection rate of influenza virus in waste water samples from airports and ports (orange solid line) and number of reported
influenza virus cases in Chungcheong region (blue bar). (B) Monthly detection rate of SARS-CoV-2 in wastewater samples from airports and
ports (orange solid line) and number of reported SARS-CoV-2 cases in Chungcheong region (blue bar). SARS-CoV-2=severe acute respiratory

syndrome coronavirus 2; COVID-19=coronavirus disease 2019.
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generally mirrored the wastewater/sewage detection trend;
however, while the number of patient cases began increas-
ing in December, wastewater/sewage detection rates started to
rise in November, peaking in December. These findings sug-
gest that influenza detection in airport and seaport wastewa-
ter/sewage preceded the increase in patient cases by at least
1 month (Figure 1A). Similarly, the monthly SARS-CoV-2
detection rate in airport and seaport wastewater/sewage sam-
ples was compared with the number of patient cases in the
Chungcheong region. From March to December 2024, the
detection rate of SARS-CoV-2 was highest in March (100.0%,
18/18 samples), followed by a gradual decline in April (82.6%),
May (55.6%), and June (47.4%). The number of patients with
SARS-CoV-2 cases in the Chungcheong region showed a com-
parable trend. Furthermore, the detection rate decreased to
45.5% in July, then increased sharply to 70.6% in August—
mirroring a marked rise in sentinel surveillance case num-
bers—before declining again to 23.8% in September, in parallel

with a reduction in patient cases (Figure 1B).

2. SARS-CoV-2 Variant Analysis in Wastewater
and Sewage Samples Collected from Points of
Entry in the Chungcheong Region
From August to December 2024, SARS-CoV-2 variant

analysis was conducted on positive wastewater and sewage

samples collected from points of entry in the Chungcheong re-
gion. During this period, 92 samples were collected, of which

35 tested positive for SARS-CoV-2. Among these, 11 samples

were suitable for whole-genome sequencing, and all were iden-

tified as Omicron variants. Subvariants analysis revealed two
cases of KP.3 in August; one case each of KP.3 and JN.1 in

September; one case each of KP.3 and JN.1 in October; one

case each of JN.1 and XEC in November; and one case each

of KP.3, JN.1, and XEC in December (Table 3). Furthermore,
when compared with the Omicron subvariants identified in
community clinical samples in ROK during the study period

(August-December 2024), the KP.3 variant—recognized as

the predominant domestic lineage—was also found to be the

most frequently detected subvariant in airport and seaport

Table 3. Analysis of omicron subvariants of SARS-CoV-2 detected in airport and port wastewater samples and comparative
analysis with subvariants prevalent in Republic of Korea (August—December 2024)
Collection No. of No. of SARS-  No. of sequence Variants SARS-CoV-2 Omicron subvariants prevalent in
date (2024) sample CoV-2 detected analysis identified Republic of Korea
August 17 12/17 (70.6) 2/12 (16.7) KP.3 KP.3 (60.9), JN.1 (11.5), KP.2 (8.5), XEL (7.4),
LB.1 (4.9), N.1.16 (4.4). XEC (0.1), etc. (2.3)
September 21 5/21 (23.8) 2/5 (40.0) KP3  KP3TT (61.7), XEL (16.7), JN.1 (7.4), KP.2 (6.5),
JN.1 LB.1 (2.7), IN.1.16 (2.5), XEC (0.5), etc. (2.0)
October 18 5/18 (27.8) 2/5 (40.0) KP3  KP3(70.2), XEL (14.4), JN.1 (7.1), KP.2 (2.5),
JN.1 LB.1 (2.5), JN.1.16 (0.3), XEC (0.9), etc. (2.2)
November 19 6/19 (31.6) 2/6 (40.0) JN.I  KP3(55.5), XEL (18.7), JN.1 (7.7), KP.2 (1.9),
XEC LB.1 (1.3), JN.1.16 (12.9), XEC (9.7), etc. (3.3)
December 17 7/17 (41.2) 3/7 (42.9) KP.3 KP.3 (48.2), XEL (17.3), JN.1 (10.8), KP.2 (0.7),
JN.1 LB.1 (2.2), JN.1.16 (2.9), XEC (16.5), etc. (1.4)
XEC
Values are presented as number (%) or percentage. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. Reused from Korea
Disease Control and Prevention Agency (https://kdca.go.kr/contents.es?mid=a20107030000) [11].
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wastewater and sewage samples [11].

Discussion

Wastewater and sewage surveillance at national gateways
such as airports and seaports is an effective strategy for the
early detection of and proactive response to imported infec-
tious diseases [2]. Analysis of the 2024 surveillance data and
SARS-CoV-2 variant findings from points of entry in the
Chungcheong region confirmed that wastewater and sewage
surveillance can complement patient-based surveillance in the
quarantine process and serve as an effective tool for the early
detection of imported infectious diseases. Specifically, analysis
of eight pathogens in airport and seaport wastewater and sew-
age samples showed detection rates of 52.6% for SARS-CoV-2
and 19.8% for influenza virus, consistent with findings from
other wastewater-based surveillance studies [12-14].

Sampling sites were selected based on wastewater collect-
ed from major points of entry in the Chungcheong region—
Cheongju Airport, Gunsan Port, and Pyeongtaek Port—as
these facilities serve as primary entry points for all individu-
als entering the region from abroad, thereby ensuring repre-
sentativeness (accounting for 65% of total samples). Aircraft
were selected based on high-risk routes, in accordance with
the Quarantine Act, targeting flights originating from the
Philippines, a designated quarantine management area for
cholera, to enhance cholera surveillance. For ships, sewage
(35% of total samples) was collected from the passenger ferry
operating between Shidao, Shandong Province, China, and
Gunsan, to monitor potential introductions of infectious dis-
eases from China—a country with substantial travel and trade

exchange with ROK. However, since sewage samples were not

www.phwr.org Vol 18, No 44, 2025

collected from all incoming ships and aircraft, the representa-
tiveness of sewage surveillance results is limited with respect to
the total volume of international traffic.

Several wastewater surveillance studies have reported in-
stances in which influenza virus was detected in wastewater
prior to the first reported patient cases [15]. Similarly, our
point-of-entry surveillance analysis showed an increase in in-
fluenza virus detection rates beginning in November—ap-
proximately 1 month before the rise in sentinel surveillance
patient cases in the Chungcheong region. The elevated de-
tection of influenza virus in airport and seaport wastewater
and sewage during November and December is presumed to
be associated with the concurrent rise in influenza incidence
in Japan and China. According to international arrival data,
the largest proportions of travelers at Cheongju Airport were
from Japan (46.7%), Vietnam (22.6%), and China (7.0%); at
Gunsan Port, from China (81.0%) and Japan (5.0%); and at
Pyeongtaek Port, from China (78.5%) and Japan (4.0%) [16].
Furthermore, in November, patients with influenza accounted
for 79.9% and 5.3% of all individuals under respiratory infec-
tious disease surveillance in Japan and China, respectively. In
December, these proportions increased markedly to 91.4%
in Japan and 21.4% in China, indicating a significant month-
to-month rise in influenza activity [17]. Influenza seasonality
is known to vary across geographic regions, with distinct epi-
demic timing between low-latitude (Southeast Asia) and mid-
latitude (Northeast Asia) areas, and even within China, sea-
sonal peaks differ between southern and north-central regions
[18]. However, in this study, sample collection was limited to a
single ship departing from Shidao, China (arriving at Gunsan
Port) and one aircraft route departing from the Philippines—

a designated cholera quarantine area (arriving at Cheongju
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Airport). Consequently, the analysis of detection rate differenc-
es by region of origin was constrained. To enhance the reliabil-
ity and representativeness of future analyses, it will be essen-
tial to develop surveillance strategies encompassing a broader
range of target ships and aircraft from diverse regions, thereby
enabling more comprehensive evaluation of regional variations
in pathogen detection rates.

The SARS-CoV-2 detection rate in wastewater and sew-
age at points of entry in the Chungcheong region increased in
August and decreased in September, reflecting the trend ob-
served in patient case numbers. However, unlike influenza, this
increase did not precede the rise in cases. Although many stud-
ies on SARS-CoV-2 wastewater surveillance have reported that
detection rates in wastewater precede increases in clinical cases,
other studies have found no such leading relationship. Indeed,
while SARS-CoV-2 detection in wastewater served as a leading
indicator during the first wave of the COVID-19 pandemic,
this pattern was not consistently observed in later periods. For
instance, an analysis conducted in Arizona from December
2020 to January 2021 reported that wastewater detection
trends lagged behind clinical indicators [19, 20].

The observed increase in the SARS-CoV-2 detection rate in
wastewater and sewage at points of entry in the Chungcheong is
presumed to be associated with the COVID-19 epidemic trends in
China and Japan. According to the World Health Organization’s
country-specific COVID-19 data [21], case numbers in China
peaked in March 2024, declined through June, rose again in July
and August, and subsequently decreased. This trend closely mir-
rors the SARS-CoV-2 detection pattern observed in wastewater
and sewage samples from the Chungcheong.

Furthermore, whole-genome sequencing of SARS-CoV-2-

positive samples from the points of entry identified the KP.3
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variant in August; JN.1 and KP.3 in September and October;
and KP.3, JN.1, and XEC in November and December. These
findings suggest that the variants were likely introduced from
China and Japan. Indeed, as of early October 2024, over 90%
of COVID-19 cases in China were attributed to the JN.1 vari-
ant, whereas in Japan, over 90% were linked to the KP.3 vari-
ant [22]. However, since the number of samples subjected to
variant analysis was small and whole-genome sequencing was
feasible for only a subset, further research is warranted to more
accurately characterize the introduction routes of these vari-
ants into ROK.

This study aimed to evaluate the correlation between two
indicators by comparing and analyzing the results of waste-
water- and sewage-based pathogen surveillance at points of
entry in the Chungcheong region with infectious disease case
trends in the same area. Although mpox, dengue fever, Zika
virus, Chikungunya fever, cholera, and yellow fever were not
detected among the eight target pathogens, the similar trends
observed between the detection rates of influenza virus and
SARS-CoV-2 in wastewater/sewage and regional patient case
data confirmed the utility of the wastewater-based surveillance
system. Additionally, genomic variant analysis of SARS-CoV-2
in samples collected from August to December 2024 showed
that the predominant variants circulating in the Korean com-
munity were also the dominant lineages detected in wastewater
and sewage at the points of entry.

Wastewater- and sewage-based infectious disease surveil-
lance at airports and seaports represents a practical approach
that complements existing quarantine systems centered on
symptomatic individuals. This strategy has already been imple-
mented in several countries, including the United States. In

ROK, the KDCA has been operating a wastewater surveillance
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system following a pilot project initiated in July 2023. It is an-
ticipated that this wastewater- and sewage-based infectious
disease surveillance system at airports and seaports will con-
tinue to evolve and play an increasingly pivotal role within the
national infectious disease surveillance framework by support-
ing the early detection and prevention of the importation and
community transmission of emerging and variant infectious

diseases.
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Vitamin D Bose 548] 2019 v= A avobghal 12707t 37 et 15 B[Rl A hRpof A
(HEAR) e Ho] 1201 A, ZF 43] g7t serum 25-OH D level
of et PM, 52 1%
S s HEA Y
Ehe
Fish-oil Lin 5[49] 2019 &= ety 657 TS EY = 5Er B ARt AR,
Asto] fish-oil supplementation  coagulation,
A vs. STHAH endothelial function,
Atk A H,
neuroendocrine A3
5 M =
NSAIDs Wooding 5[50] 2019 H|= 1,078%89] Normative Aging Study ~ NSAIDs7} PM,; =&
A &AL cohort AR S O] &(HA  °o]F F4 TF7IA
(1995-2012 ‘3 X]Oﬂ A 842,280 HA= FEFE HIHA
| F4) = 1995978 ) A 5 AE5S AXE
3—5‘15_1 712 AAHA,
27 olqeky w2 A
i 5 PFT A&7t =
3,2203] HE A5 o]_Q.
(1,078%)
o B2 A] ‘NSAIDs S &
& SHIU7ZEY (@/otH Q)
W& 1,7, 14, 21, 289
A 7] F PM, 7t =5
Ha
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B5 A%
S L AR il PSE AT O AT =9 21t
Vitamin B Zhong 5[51] 2017 7Ryt 109 7748 Vitamin B 2A7F B9 A5 E(250
EEE 4R1E& di4 supplmentation ug/m’)9] PM, 9 =&
o=z Ay Single-blind placebo- =W HR 1, HRV |,
controlled crossover WBC t. o]&{3gt J&F
trial 2 vitamin B B3 A
437 BOF & PM,5 250 A&
ug/m’°f 2417k Q1914 2.
ErZE
Vitamin B Zhong 5(52] 2017 Ayt 10789] 7173k Vitamin B Epigenome-wide
EEE < 4 supplmentation methylation 4]

PM, ;= O] EEZE 2o}
controlled crossover 9] oY A thA} 24
trial of A FHA}

457 BoF 3 PM, 5 250
ug/m’of 2417k A¢H 2
ZeE

Single-blind placebo-

methylation< '35}
™, vitamin B+ ©]2{gt
ikeii=gdg

“(white blood cell).

SABA=T7] &-& "€} Z-&-A|(short-acting beta-agonist); PM="]A|HA](particulate matter); NSAIDs=H|AE| 20| =4 AHA|(non-steroidal anti-
inflammatory drugs); PFT=H4|7]5- FAF(pulmonary function test); HR=418r4=(heart rate); HRV=4"9#0] = (heart rate variability); WBC=3&

3. 0A3 Xy
A S AFe SHOE AR tREE 15-40
Uz, 1¢9-15 71 SAT d+-=0] BTk vAwEA

wZ AN D ATHTL SO mhAT JBTA

tlo

A, BAANE Y Aot &4 AR 5o vAE IF 5
4

Husklon # 491 ZH39-43].

4. o= - Ao| Sxi

obg - Ao 7| ATL oW, AT V7L % o b
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2H44-52].

5. i Fxi A+
A A A= 22€01eH v, I, TF, dE,

[, Audt, FAR 5 gt 7tlA AP, A+

rupted time series A 5°] & °|F3Uth.

o
o] A FHolu FA, AFIF B7t 5ol thFstaL Aolst

of 22g Ygj7] olgd o, 4R ATEME HEYe 7
A= FAEC] 7@ AF I FHHQA AIE
Heow 3 63 ZH53-74].
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e LR} el it THA Qi Fo Au
AHba 7 Pope [53] 1989 FEFFE B Hole AFEA T AR AFLTL 7HSEE A
A It ¥ deHY ¢ 7HE FA 7
A8 7k mlsf ofglo] 9
Y&o] 234 EU%E
2YY 717t % Friedman 5 2001 1-16A] of€lo] =99 471 179 71 =99 71k Bt A
Uy "AF  [54] 5 A7 A 4 Al 344 AE A
e FO A7) F 47 = 47 71;olA &
D& ot 2 7+ 41.6%, 44.1%,
t71d 9 ojdol A 11.1%, 19.1% &4
Alo] o gk Ak
S
AR FEHF  Hedley 5[55] 2002 &F AFRALE BAA o] ddAH =& A 2HE A AMYE
Ak oJg] o ok Agk 2.1%, 257 ASE
Aoz QR AFLE 3.9%, AET ATE
4 2.0% #24 a3, oA
o] 4% 204, 949
3% 41949 71d 419
A
07129 A% Burr 5[56] 2004 AR AG 1658, PIER AL F T PM,, PM,; 5EE T
L 2o ot S g2 A9 7] A RA A AYQA =5
Q3 E AN 2839 H| 3} Aabedo] 23]
T2 A4 3 /HAE
7] ulHtk9] Laden &[57] 2006 Harriman, 1974-19894 7| PM,; 10 ug/m3 g
71 B e Kingston, Portage, %t 52 7]7kQl 4 Al mhe AP
23 ZYET Pardeeville, St. 1990-19989 vl 27% 7iA
Louis, Steubenville,
Topeka, Watertown,
and Wyocena A
9] 8,096%
A4 75 Pope 5 (58] 2007 A o= FydE 2 AfA Y AR HA| 1}
A ASAAE 1960- 71T EUH EE Y
19759 ¥ AMLE QA AMLE 2.5% A
714 #4271 Pope 5[59] 2009 517] =A] A9 9 1970t 5k, PM,; 10 ug/m’ &4
Z(NAAQY) 21174 7H2H 1980 =4t 3 71t 0.6149
e g7l 55 19909} Y 2% 2
A7 18 200099 zxto)
b A HA] o] E],
21171 7H2E 9] 7]
1, ARl A A
A+BATHE Hlo]
B 4 & ond
2 75 4
=98 71t % Li5160] 2010 Beijing Chaoyang =99 A7 71t S HAo = Agt o B
AsHe Hospitalo] 555 AFAGAF L F  F A= A AR
490 AAgA AA &3 Ao Blsf 58% A

1,475%
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6. 4% 1
M EE AR A REES AT o AT oY =9 A
715 v]te] Lepeule & 2012 H= Watertown, 20019 °o]% tf7]2 PM,; 10 ug/m’ &7}
718 w2 = [6l] Kingston, A FEFAGET Al ZE G AN €
g3 2YE Harriman, St. o B &4 9 14% S7F AEH
Louis, Steubenville, 9 #f AFE 44
Portage, Wyocena, 26%, 37% 57t
Pardeeville, and
Topeka
=99 717t ¥ Rich 5162] 2012 S 12579 A3 Fd 20084 Hlold & As w71t ¢
s o7 AF A7l 7] Fae A%
A HiEd AT g F2 419 CRP
A AZITF =4 E A2
714 #e7]  Correia 5 2013 ml= SI7H Al Ao 7hEE A7t B PM,; 10 ug/m’ T4
Z(NAAQS)ll  [63] 54574 7h-2-E PM, s, 54570 7k & 7141 0.354
e g7l 5= Elo] thgt Hlolg Al F7F
A e E 33 3 39nd A4S o 2AH0
Feysto] mAHA] A RIFUETES
TE Faet7Ide FHeEAA o et
g RS 2k Awd A& UEY
=4
Aet AL Bl Dockery 5 2013 opdsi= ofdHE HEY AWl MebgA] FHo] Al FA AHQ| 257 A
275 7 [64] tEd A o2 187] A9 HoldAE HEH Y2 16.8% AL =
W AREEA Al S 1270 =AY dR2EY 2.3% 4
Z7Q 187 Aol of HlF] H & FAAE
MY A AT 25 EY
71 2 AEE g
R AGE HIL
=99 77t F Mu 5165] 2014 = 20179 Hold =91 Y A7) 715 A58 71 F A
s AFAL AP L 4 STREFES T
UA| &3 A3t Zof vlsf &2
FAE B
W& A Hasunuma 5 2014 ¥& 1997-20094714] HiEF A APA SAHAHY Aok
[66] 287 ZAAA 3A4] o 16709} BIAA] BE 1.1% 2B H
otE o 1271 A9 9] of A% Ao v =
ol ¢ 27 A% AP T 34 A9
FHE Bl 34 o5} ofdo] &
7] 4o] 17.4% %
4&3to] 22|49
3.5%° Hlsf & 2 2
AF B9
= S ot

=
=

o,

=

3R

o, o]
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Z6.4%2
ENRE N} H= I AT oA o5t i ZQ Ayt
SHY 717t F SuE(67] 2015 = =Rkt =9y A7 71 5 7P AEE A 24
R AFAS AN L 4 7 FHEH SHY 7
AA] 23 FEdHIed &
A 527t 3A T4
stlom, ZmAHEX]|
ARG WY STt
= CVD AHE9dS
8.8% &%, AT} =
A AA B F==z
235 YERY
79 W 3HA  Schilmann 5 2015  HA|FE ARG A 67 A HAF] AEE T9jo] HF AR AEALE
=AM [68] FUE F 6687k ool g7 v]  H|3] AEH AR
Z A 2F oldol A= IF ¥t AR 9 olE 587
338%, = 1F& °f o] AU
o] 3307
FAL A7 Yap¥} Garcia 2015  ©l= B dlojg JArsterAol ulAH 654 o] 4ol A Ad
A4 (69] A W& TS st Ag EY JYol &
FAL GZE A AR T o5
A A AT ¥y Tk, 654 ol &
A Bo|A] 4=
A WEFA  Yorifuji 5 2016 YEEZF ST AN GE IS A AP H(2000-
x4 A7 [70] A zH AP AT 20039)0 B A
APSE H I Al (20092012
W)of] RE AAAY
£ 6.0%, g4, AE
HAATAGE 11.0%
4, 584 434
3t ATE 10% A4,
HEHAS AFYE
6.2% T4, ©571A
B APTE 22% A,
Ht AFGE 4.9% Ha
4= t7]1#2 Han S[71] 2018 /= MEA, QA L o A d7|3hgde] FYAY Hofl vls) 3

7|2 A gof
e A

A7 A

A

2|
7| 2A g uhE o
7129 Ad7gH A

T AME Hl

87 AL 4w
9T AE 83% 7
&, MPBAY A
£ 9.8% 4, A
o MPUAR AYE
7.9% 2, @A
A ATE 6.1%
F7t
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6. 4% 3
SAH BimN} Bk i it &t Qi e = A
=2 F7F Lee 5[72] 2018 o= 65999 AR L6 AR AVILA X JA A INE VI F
7HE GHot =, A5 EXY PM,, &0 10 ug/m’
EEREE 5O 37} NO, 10 ppb
71 ¥} =4 A F7F Al Gote] ofE
FOHISAAC HEA  HYRY 9ol 77}
E 5o HARR 1.2194] 37t 4
=48 9] 200 m o
A HA F7} A| of
Euuad o g4
(OR, 0.996; 95% CI,
0.993-0.999)
A d7]1¥2] Kim 5(73] 2019 3= AZA], AAR S Y71 #y AA QAT 2 0-18A1°0
7|1 2A G w 7| EA g wE A Ao 2 Qlst
£ 9714 7129 A7 A4 HY HEE&o] FH
Az A AT HA0 2 It Al T 47} 11.3%,
B BE 15.5% &4
97} LAEA  Abrams 5 2019 == of Extel 1 7o &2 QIgt 19904 A7
ks [74] o ExtEt o eAEA A JRAACE AT 2
e a4 BA A2 o EWEL
W71 E A FR19] A dgh
o= Qg SFA
BEZ A2, &
57] A% 5.9% A
4] 16.5% @4
AEHE 2.3%
A, RPHRA
2.6% A
PM=m]A|HA](particulate matter); NAAQS==7} t7]¥7 7]¥(National Ambient Air Quality Standards); CRP=C-5-& T3 (C-reactive
protein); CVD=433 A% cardiovascular disease); ISAAC==A| o5 4] 9 &H27] A+ (International Study of Asthma and Allergies in
Childhood); OR=%4](odds ratio); CI=A1Z| 7 H confidence interval).

D718(1-25%) NAS Bl 3713878719 A%F
£ BAoke A1qnh 47 AFolie FARHATH Wkt
A BAS AlEshr | o, F7I7ke] A H5o
Zotd, giidto] Agtaolet= A7} Qlet.

oA T 24 AF B3 AFR(15-40%) Ao 2 T4

(12-1719) 7ide] & olF3ler, B % Aure HaA

ook
)
o
fo
i)

p

ohglov] AT AHE $E Aol

°Fz - Aol SA A= 54 oy XA
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2 39 Hopke MulA 52 7IE vAHA FA A=
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HoA TRt vAEA] FA A FASC] AFEHAL e
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B Aol

N

o

A= A=

o] Al Ee AuEE 53] 7Y d HrlE SHo= o
AFA G} S0l A= vAEA7E A
18k fish mAA S} iz HpASR] =
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b tEeto] oyt AdEs) At ARt o2 7] A
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ol 71& SEAFAILH ] gi7]d 41 Mu|AE 27

£ 5840 A, AR B3 2L A $29 vAHA

¢

Ao} A7 AT ARA AT AL S Apolo] 23S 5
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22 S0 nAEA) A7 dle] A HAAL £
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ABSTRACT

Objectives: Particulate matter (PM) is one of the most important air pollutants having harmful health effects. Recently, studies on
intervention for mitigating these impacts of PM have been conducted increasingly. This narrative review aims to describe the trends
in domestic and international interventions targeting the health effects of PM.

Methods: A narrative literature review was conducted. Articles published between 1989 and 2024 were retrieved from various
academic databases.

Results: Seventy interventional studies were included, and were categorized into five types: behavioral (n=12), air purifier (n=22),
mask (n=>5), pharmaceutical and dietary (n=9), and social policy-related (n=22) interventions. Behavioral, air purifier, and mask-
wearing interventions improved physiological and symptomatic indicators related to PM exposure. Pharmacological and dietary
interventions substantially reduced the effects of PM, although the study designs imposed limitations. Social-policy related
interventions reduced population-level health outcomes such as mortality and hospital admissions. Most of these studies were short-
term with small samples. These findings highlight the need for sustainable and comprehensive intervention strategies, especially
those linked to local public health services.

Conclusions: Interventions for mitigating the health effects of fine PM are effective in reducing adverse health outcomes. The
sustainability of such interventions must be ensured, and these strategies must be linked with policy measures for tangibly reducing

the health burden caused by air pollution among the general population.
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Key messages
(D What is known previously?

The health risks of particulate matter (PM) are well-es-
tablished, and various short-term intervention methods
have been studied.

(@ What new information is presented?

PM intervention studies were categorized into behavior-
al, air purifier, mask-wearing, and social policy-related
interventions with most studies being small-scale that as-
sessed short-term effects.

(® What are implications?

PM interventions must be translated from research and
focus on sustainable, integrated approaches at the com-
munity level that produce tangible and effective results.

Introduction

Particulate matter (PM), also known as ‘fine dust’, is a rep-
resentative air pollutant that adversely affects both human
health and the environment. It is classified by particle diameter,
primarily into PM;, (PM in an aerodynamic diameter less than
10 um) and PM, 5 (PM in an aerodynamic diameter less than
2.5 um). The World Health Organization has issued air quality
guidelines for PM since 1987, and in 2013, its International
Agency for Research on Cancer classified PM as a Group 1 car-
cinogen [1].

The health effects of PM can be divided into short-term
and long-term effects. Short-term effects (within 1-2 weeks)
include increased mortality as well as cardiovascular and respi-
ratory health impacts. Long-term effects resulting from pro-
longed exposure (several weeks to years) are associated with in-
creased mortality—particularly from cardiovascular diseases—

as well as the development of lung cancer, asthma, and chronic
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obstructive pulmonary disease. Adverse effects on reproduc-
tion and development, such as low birth weight and preterm
birth, have also been observed in pregnant women [2].

Major sources of PM include vehicle emissions, indus-
trial and thermal power generation, fugitive dust, and over-
seas inflow. Efforts have been made to control these sources to
minimize exposure. Public health studies have also evaluated
the use of protective masks and air purifiers as measures to re-
duce individual exposure, with several studies supporting their
effectiveness.

In this context, a range of studies and policy initiatives
have been implemented both domestically and internation-
ally to mitigate PM levels. In 2019, the city of Bucheon oper-
ated a living lab as part of its smart city initiative, the “Smart
Particulate Matter Clean Zone.” The project monitored PM
concentrations and reduction devices and provided residents
with real-time information, thereby laying the foundation for
behavioral interventions in areas such as school routes, in-
dustrial zones, and transit hubs [3]. In addition, the United
States Environmental Protection Agency has operated the
Community Action for a Renewed Environment (CARE) pro-
gram since 2005. This program was developed to strengthen
national regulatory strategies by addressing community-specif-
ic environmental issues. It helps communities identify sources
of pollution, prioritize key health concerns, improve environ-
mental quality, and reduce exposure to hazards to protect pub-
lic health [4].

The present study aimed to provide a comprehensive re-
view of domestic and international research trends on inter-
ventions designed to reduce the health effects of PM. It also
analyzes the limitations of existing research and offers future

directions for research and policy, with the ultimate goal of
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identifying effective PM response strategies and contributing

to the development of practical health protection measures.

Methods

A literature review was conducted using the PICO (patient/
population, intervention, comparison, and outcome) frame-
work to identify trends in intervention studies related to PM.
The population (P) was defined as human participants, and the
intervention (I) included various strategies aimed at mitigating
the health effects of PM. The comparison (C) group consisted
of individuals who were not exposed to these interventions.

The outcome (O) was assessed using tools that measured health

indicators such as surveys, clinical metrics, and healthcare uti-
lization statistics. Studies published between 1989 and 2024
were searched in databases including PubMed, MEDLINE,

Embase, the Cochrane Library, and Google Scholar using the

» « » «

keywords “air pollution,” “particulate matter,” “trial or(and)
intervention,” and “randomized.” Inclusion criteria were lim-
ited to accessible original journal articles published in English
that were relevant to the research question. Exclusion criteria
included review articles, conference presentations, abstracts,
reports, and studies on indoor air pollution caused by cooking
practices in developing countries. Two authors independently

conducted the literature review, and their findings were com-

pared for consistency. The final selection of studies, focusing

Table 1. Description of studies by year, country, and intervention method
Characteristics n=70 100 (%)
Year 1980-2000 1.4
2001-2010 7 10.0
2011-2015 9 12.9
2016-2020 41 58.6
2021-2024 12 17.1
Country China 25 35.7
United States 18 25.7
Republic of Korea 6 8.6
Canada 5 7.1
Iran 3 43
Hong Kong 2 29
Japan 2 2.9
United Kingdom 2 2.9
Taiwan 2 23
Ireland 1 1.4
Spain 1 1.4
Mongolia 1 1.4
Mexico 1 1.4
Multinational study 1 1.4
Intervention method Educational/behavioral intervention 12 17.1
Air purification intervention 22 31.4
Mask intervention 5 7.1
Dietary/pharmacological intervention 9 12.9
Policy intervention 22 31.4

www.phwr.org Vol 18, No 44, 2025
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Table 2. Educational and behavioral intervention studies

Intervention Researcher Year Location Participant Method Key outcome
Behavioral McCarron 2025  United 28 patients Randomized assignment with ~ The mean PM concentration
intervention etal. [5] Kingdom with asthma 1-week monitoring decreased by 4.7 pg/m® in the
(intervention, control group (range: —15.6 to
n=9; control, 0.4 pg/m?); the percentage of
n=8) time with the reported asthma
symptoms decreased by 4.6%
in the intervention group
compared to a 0.5% increase in
the control group
Educational Supervia 2024  Madrid, 43 patients with  Pilot study with in-person or  Increased awareness of air
intervention etal. [6] Spain CVD online education pollution; familiarity with
the AQI increased from 61%
to 81%; understanding of
PM, 5 improved from 28% to
58%; potential for improved
cardiovascular health
Behavioral Kang et al. 2023  Republic of 102 patients with  1:1 randomized behavioral Significant improvements in
intervention [7] Korea COPD intervention SGRQ-C and CAT scores
The intervention included the
following: 1) Checking and
regularly replacing indoor air
filters, 2) Regularly checking
air quality forecasts, 3)
Ensuring regular ventilation
by opening windows, 4)
Avoiding outdoor activities
on high-pollution days,
and 5) Adhering to inhaler
therapy
Information Rosser et al. 2023  Pittsburgh, 40 children with  Pilot study; all participants Incorporating the AQI into
provision (8] PA, USA asthma received education on an asthma action plans improved
and behavior asthma action plan and asthma control (as measured
modification the AQI. The intervention by the Asthma Control Test),
group received printed AQI but it was also associated with
information and guidance on  reduced outdoor activity
using the AirNow application
In-vehicle Kumar et al. 2021 10 cities For each setting, 310 drives ~ PM, 5 and PM,, concentrations:
ventilation [9] worldwide were conducted, with 3 air recirculation<mechanical

drives performed daily in
each city. The settings were
as follows: 1) Open-window
ventilation, 2) mechanical
ventilation (fresh air intake),

and 3) air recirculation

ventilation (fresh air
intake)<open-window

ventilation

1756
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Table 2. Continued 1

Intervention Researcher Year Location Participant Method Key outcome

Outdoor Liuetal. [I0] 2020  Toronto, ON, Patients with an  In 18 patients with an ICD, Air pollution was significantly
physical Canada ICD BP, pulse rate, and oxygen associated with increased BP,
activity saturation were measured increased pulse rate, and lower

after 30 minutes of indoor oxygen saturation
and outdoor walks on Reducing PM exposure may
days with predicted high decrease cardiovascular
PM levels; the results were adverse events in this patient
compared to a control group  population, while daily
light exercise may benefit
cardiovascular function

Education Guo et al. 2020  Taiwan 63 patients with ~ Comparison between an Improvement was observed in

[11] COPD educated group (n=25) and some symptoms
an uneducated group

Warning alerts  Hovell et al. 2020  San Diego, General 298 families, each with a Real-time alerts were effective

[12] CA, USA population smoker and a child aged < in reducing PM generated by
14 years, were randomly human activities, including
assigned to intervention or secondhand smoke
control groups to compare
particle events and indoor air
nicotine concentrations

Exercise Giles et al. 2019  Canada 18 adult male Testing was performed under ~ High-intensity exercise did not

intensity [13] individuals six conditions: rest, low- appear to increase adhesion
intensity (30% of VO, peak),  molecules or systemic
and high-intensity (60% of inflammatory markers
VO, peak) exercise, each with
exposure to either filtered air
or 300 pg/m’ of PM,

SMS Mehiriz and 2019  Canada Recruitment The participants were grouped APWS users spent more time
Gosselin of 1,328 according to their APWS indoors with windows closed
[14] Canadian adults  usage and surveyed by when a smog alert was issued

(intervention, telephone three times
n=268; control,
n=251)

Alert and Jasemzadeh et 2018  Iran 130 pregnant Random allocation The text message intervention
educational al. [15] women at (intervention, n=65; control, was effective in increasing
SMS 12-20 weeks of n=65) maternal awareness of the

gestational age An intervention consisting problem and promoting
of daily text messages for 2 behavioral change
months
Development of 36 text
messages using the extended
parallel process model

www.phwr.org
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Table 2. Continued 2

n=51)

Intervention Researcher  Year Location Participant Method Key outcome
Education Araban et 2017  Iran 104 pregnant ~ Randomized controlled Significant differences
(interviews,  al. [16] women trial featuring a one-hour  were observed between
booklets, (intervention,  motivational interview the intervention and
SMS) n=53; control, on preventive measures control groups in stages

for air pollution health
effects, daily SMS for 1
month, and provision of

of change, problem
awareness, self-efficacy,
perceived benefits of

an educational booklet change, and actual

on air pollution behavioral changes

PM=particulate matter; CVD=cardiovascular disease; AQI=air quality index; COPD=chronic obstructive pulmonary disease; SGRQ-C=St.
George's respiratory questionnaire for COPD; CAT=COPD assessment test; ICD=implanted cardioverter defibrillator; BP=blood pressure;
SMS=short message service; APWS=automated phone smog warning system.

on research addressing the health effects of PM, was verified by

an additional reviewer.

Results

A total of 70 studies were selected and classified into five
categories of interventions: behavioral (n=12), air purifiers
(n=22), masks (n=5), pharmacological and dietary (n=9), and
policy (n=22). Excluding one multicity consortium study con-
ducted across 10 different cities worldwide, China account-
ed for the largest number of studies (n=25), followed by the
United States (n=18), Republic of Korea (ROK) (n=6), Canada
(n=5), Iran (n=3), Taiwan (n=2), the United Kingdom (n=2),
Japan (n=2), Hong Kong (n=2), Mexico (n=1), Mongolia
(n=1), Spain (n=1), and Ireland (n=1) (Table 1).

1. Behavioral Interventions

This category includes 12 studies that either educated
participants on how to respond to the health effects of PM
or encouraged behavioral change through short message ser-

vice (SMS) alerts or other notification systems (Table 2). The

1758

majority of the studies involved between 100 and 500 partici-
pants, with interventions lasting 1 to 2 months, followed by an
evaluation of health outcomes. Some studies used SMS to pro-
vide information about PM levels and prevention guidelines,
assessing changes in awareness or symptom improvement
among individuals with pre-existing health conditions. Other
studies examined the relationship between physical activity
and pollution exposure by evaluating the effects of exercise un-
der high PM levels using biomarkers. Several studies also im-
plemented in-person educational programs to assess changes
in participants’ awareness, attitudes, and behaviors toward PM

after the intervention [5-16].

2. Air Purifier Intervention

A total of 22 studies investigated the use of air purifiers
to mitigate the health effects of PM (Table 3). Among these
studies, only one had a sample size of more than 200 partici-
pants, while the remaining studies included smaller sample
sizes ranging from 35 to 80 participants. In most studies, the
use of air purifiers significantly reduced indoor PM, 5 levels—

by approximately 30-60%—and also decreased black carbon
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Table 3. Air purifier intervention studies
Intervention  Researcher Year Location Participant Method Key outcome
Air purifier Xia et al. [17] 2024  Hong Kong 47 individuals aged > The participants were In the active purification
70 years (intervention, randomly assigned to group, PM, 5
n=23; control, n=24) an active or a sham air concentration decreased
purification group, with by 28% and remained at
measurement of PM a lower level for one year
concentrations After 12 months, the
active group showed a
significant decrease in
DBP, along with a non-
significant trend of
decreased SBP
Air purifier Liu et al. [18] 2023  China 80 patients with SCAD Single-blind, randomized  Concurrent use of air
crossover study analyzing  purifiers and medication
the association between had significant effects
PM, 5 reduction on reducing CRP and
via air purification increasing HDL-C in
and cardiovascular patients with SCAD,
outcomes. The study suggesting an effective
measured PM, 5 levels health protection
and cardiovascular strategy in high-PM, 5
markers (inflammation, environments
coagulation, plaque
stability, blood lipids)
and collected medication
data through surveys to
control for confounding
effects
Air purifier Wei et al. [19] 2022 China Patients with schizophrenia Investigation into the Suggests that air
association between purification to reduce PM
decreased total exposure may contribute
antioxidant capacity to a lower risk of relapse
(an oxidative stress and improved oxidative
marker) and the risk of stress markers in patients
schizophrenia relapse with schizophrenia
Air purifier Barkjohn et al. 2021 Shanghai, 43 children Two-week crossover PM, 5 levels reduced from
[20] China intervention applying 40 to 25 pg/m’
HEPA and sham filters
in a randomized order

concentrations. However, the health effects reported were in-
consistent across studies. The studies were conducted not only
among healthy adults but also among vulnerable populations
such as individuals with asthma and pregnant women. Most

interventions were implemented over a short duration of 1

www.phwr.org Vol 18, No 44, 2025

to 2 weeks, leaving the long-term effects uncertain. Several
studies reported positive outcomes related to cardiovascular
health, respiratory symptoms, and oxidative stress biomark-
ers. Nonetheless, variations in study populations, intervention

durations, and health indicators across the studies limit the
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Table 3. Continued 1

Intervention  Researcher Year Location Participant Method Key outcome
Anion Liu et al. [21] 2021 Shanghai, 56 university students One-week crossover The intervention effect was
generator China intervention applying not significant
active and sham devices A positive association
in a randomized order was observed between
the measured PM, s/
anion levels and urinary
malondialdehyde

PM, 5 levels reduced from
30 to 8 pg/ 'm’

Anion concentration
increased from 53 to
60,591/cm’

Air purifier Bard et al. [22] 2020  Michigan, 20 older adult patients Five-day crossover Personal PM, ; monitoring
USA with heart disease intervention applying A 43.8% reduction was
HEPA and sham filters observed during device
in a randomized order application
Air purifier Kim et al. [23] 2020 Incheon, 13 children with asthma  7-week crossover In children with asthma,
Republic of ~ and 13 controls intervention a 1 pg/m’ decrease
Korea in indoor PM, 5 was
associated with a 1.2%
point decrease in PEFR
43% reduction in PM, s
Air purifier Cui et al. [24] 2020  Shanghai, 43 pediatric patients with  Two-week crossover Improvement in airway
China asthma intervention applying mechanics as measured
HEPA and sham filters by impulse oscillometry
in a randomized order Indoor PM, ;5 levels were
reduced from 30 to 10
pg/m’
Air purifier Chen et al. [25] 2019  Shanghai, 45 young adults 9 days of purification vs.  Identified differences
China sham, followed by a in over 40 urinary

12-day washout period
(KJEA200E; 3M Filtrete)

Analysis of differences in
urinary metabolites using
LC-MS

metabolites related to
energy metabolism,
oxidative damage, and
inflammation

The finding suggests that
PM, 5 induces changes
in energy metabolism,
causing oxidative damage
and inflammation

Ambient PM, 5: 101.4 g/
m’; sham period: 46.5
pg/m?*; HEPA period:
11.1 pg/ m’
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Table 3. Continued 2

(without filter)

Intervention  Researcher Year Location Participant Method Key outcome
Anion Dong et al. 2019  Beijing, 44 children Five-week crossover The use of air purifiers
generator [26] China intervention applying confirmed a reduction
active and sham devices in PM concentration; a
in a randomized order statistically significant
increase in FEV1 and a
decrease in FeNO were
also observed
34% reduction in PM, 5,
50% reduction in BC
Anion concentration
increased from 12 to
12,997/cm’
Air purifier Gao et al. [27] 2019  Shanghai, 43 kindergarten children ~ Two-day crossover Increased salivary
China intervention applying lysozyme was observed
HEPA and sham filters during device application.
in two classrooms No significant difference
was found in the diversity
of nasal bacterial taxa
PM, 5 levels were reduced
from 85.7 to 29.1 pg/m’
Air purifier Barn et al. [28] 2018  Mongolia Pregnant women in An intervention group Birth weight was
Mongolian apartments with HEPA filter air reportedly 85 g lower in
(intervention, n=223; purifiers was compared the intervention group
control, n=240) to a control group with than in the control group
no device to observe
differences in birth
weight
Air purifier Morishita et al. 2018 Detroit, MI, 40 low-income older Unfiltered air versus air The use of air purifiers
[29] USA adults in an urban area purifier installation (low-  was associated with a
and high-efficiency) reduction in SBP (3.4
3-way crossover mmHg) and DBP (2.2
intervention study mmHg)
Morning BP measurements
for 3 consecutive days
Air purifier Liu et al. [30] 2018  Beijing, 35 adults in Beijing (20 2 weeks: active filtration ~ Associations of PM, 5 and
China households) 2 weeks: sham filtration BC with SBP and SDNN

were observed, but no
statistically significant
difference was found
based on air purifier use

Use of air purifiers reduced
indoor PM, 5 by 34.8%
and BC by 35.3%
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Table 3. Continued 3
Intervention Researcher Year Location Participant Method Key outcome
Air purifier Li et al. [31] 2018  Shanghai, 36 healthy adults 9 days each: active or sham Significant methylation
China filtration, followed by a differences were found in
12-day washout period 31 gene-related CpG loci
and then crossover (49 CpG sites) at a false
discovery rate of <0.01.
Air purifier Cohen et al. 2018 USA 23 low-income households Measurements at baseline, HEPA filtration was
[32] at filter type change (3 effective in reducing PNC
weeks), and at study end by 50-85% but showed
(6 weeks) no association with
hsCRP, IL-6, and TNFRII inflammatory markers
in blood samples
Air purifier Li et al. [33] 2017  Shanghai, 55 healthy university Measurement of serum Significant positive
China students metabolomics and other correlations were found
markers after a 3-day between PM and cortisol,
(Friday—Sunday) air cortisone, epinephrine,
purifier application and norepinephrine
Model: KJEA200E (3M  Additionally, air purifiers
Filtrete) significantly reduced
Crossover after a 12-day stress hormones
washout period
Improved- Noonan et al. 2017  USA 98 households with a child Randomization to a For children with asthma
performance [34] with asthma (n=115) sham filter, improved and long-term wood
stove and air using a wood-burning stove, or air purifier smoke exposure, air
purifier stove groups; observed during  purifiers did not affect
the winter before and their quality of life
one year after the
intervention
Air purifier Shao et al. [35] 2017  Beijing, 35 older adults in Beijing  Baseline measurement Among biomarkers,
China (20 households) performed including pulmonary
A 2-week period in the function, oxidative
active or sham mode damage markers, BP, and
with ambulatory BP HRV, only IL-8 showed
and HRV monitoring, a significant difference
followed by a hospital Air purifiers reduced major
visit components of PM, 5 by
Followed by another 42-63%
2-week observation
period after switching
modes

consistency and generalizability of the reported findings. The 3. Mask Interventions

effectiveness of negative ion generators was also generally low- Five studies examined the effects of wearing masks during
er than that of air purifiers, with limited supporting evidence PM exposure on cardiovascular indicators and oxidative stress

and inconsistent health outcomes [17-38]. biomarkers in the general population. Sample sizes ranged
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Table 3. Continued 4

Jhun et al. [37] 2017  USA

Air purifier

Intervention Researcher Year Location Participant Method Key outcome
Air purifier Chuang et al. 2017  Taipei, 200 homemakers The participants were Long-term PM, 5 exposure
[36] Taiwan instructed to keep was associated with

18 classrooms in 3
schools; 25 children with

asthma device or asthma symptoms
Air purifier Chenetal. [38] 2016  Shanghai, 35 university students 48 hours of purification  Increased PM, 5 was
China in Fudan University versus sham, followed by  associated with decreased

dormitories (10 rooms)

windows closed and use systemic inflammation

an air conditioner markers, with air
One-year follow-up, conditioner filters
followed by a crossover significantly modifying
between real and sham these health effects
filters. Six home visits per
year for blood sampling
and other measurements
Randomized trial of an air No significant association

purifier versus a sham was observed with FEV1

a 2-week washout period  methylation of candidate
(qualified air purifiers: genes.
model FAPO4

(3M Filtrete)

Conversely, air purification
increased DNA
methylation

Hypomethylation of the
CD40LG locus mediated
the association between
PM, 5 and sCD40L

number concentration; HRV=heart rate variability.

PM=particulate matter; DBP=diastolic blood pressure; SBP=systolic blood pressure; SCAD=stable coronary artery disease; CRP=C-reactive
protein; HDL-C=high-density lipoprotein cholesterol; PEFR=peak expiratory flow rate; LC-MS=liquid chromatography-mass spectrometry;
BC=black carbon; BP=blood pressure; SDNN=standard deviation of NN intervals (a measure of heart rate variability); PNC=particulate

from 15 to 40 participants, and interventions were implement-
ed for periods ranging from 1 day to approximately 1 week

(Table 4) [39-43].

4. Pharmacological and Dietary Interventions
Nine studies assessed pharmacological and dietary inter-
ventions, specifically the administration of antioxidants and
unsaturated fatty acids over several days, and observed changes
in oxidative stress markers in blood as well as epigenetic chang-
es. Some studies also analyzed the effects of adjusting medica-

tion regimens in patients with underlying health conditions

www.phwr.org Vol 18, No 44, 2025

who were exposed to PM for varying durations. Details are

presented in Table 5 [44-52].

5. Policy Interventions

Policy interventions were assessed in 22 studies conducted
across various countries, including the United States, China,
Australia, Japan, India, Canada, and Mexico. These studies em-
ployed randomized controlled trials, pre-post evaluations, and
interrupted time-series analyses. Although variability in meth-
odology, intervention type, and health outcome measures lim-

ited the ability to draw generalized conclusions, several studies

1763


http://www.phwr.org

I Public Health Weekly Repo: ’\

Table 4. Mask intervention studies

Intervention Researcher  Year Location Participant Method Key outcome
Mask Lim et al. 2020  Seoul, 21 older Week 1: control period; With mask-wearing,
(39] Republic of  adults Week 2: mask-wearing; the observed outcomes
Korea Week 3: control period included decreased SBP,
improved HRV indices,
and changes in 8-OHdG
Mask Zhang etal. 2019 Beijing, China 39 university Crossover trial Differences were observed
[40] students Urine collection after in 4 urinary metabolites
4-hour subway air in male and 7 in female
exposure with a mask, participants depending on
followed by a 2-week mask use
washout and then urine ~ Changes in HRV were
collection after 4-hour observed in relation
subway air exposure to urinary 8-OHdG
without a mask concentrations
Mask Guan et al. 2018 China 15 healthy Double-blind, randomized, Even after adjusting for
[41] adults controlled crossover study  multiple comparisons, a
A 2-hour outdoor walk significant difference was
with a reusable mask (with ~ observed between the
vs. without a filter), with mask and control groups
crossover at a 1-month in the increase of eNO,
interval IL-1la, IL-1B, and IL-6
concentrations in EBC
Mask Yang et al. 2018 China 40 healthy The experiment was The interventions were
[42] university conducted for 5 non- associated with an
students consecutive days per increase in the HRV high-
round, with a 2-week frequency parameter, a
washout period between decrease in ST-segment
the rounds elevation, and a reduction
@ No Intervention in HR
® Mask No association with BP was
© Noise-canceling observed
headphones
@ ®+©
Mask Shi et al. [43] 2017 Shanghai, 24 healthy Intervention group Short-term use of
China adults in Wore particulate-filtering respiratory protection
Shanghai respirators for 48 hours was found to be effective

Mandatory use outdoors,
recommended use indoors

Surveys on discomfort and
health symptoms were
conducted at 09:00 and
15:00

Crossover after a 3-week
washout period

in improving autonomic
nervous system function
and lowering BP

PEM=personal exposure monitoring; PM=particulate matter; SBP=systolic blood pressure; HRV=heart rate variability; EBC=exhaled breath

condensate; ST=skin temperature; HR=heart rate; BP=blood pressure.
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Table 5. Pharmacological and dietary intervention studies
Intervention Researcher  Year Location  Participant Method Key outcome
Budesonide/ Yang et al. [44] 2022 China Patients with Among patients with asthma The annual frequency of asthma
formoterol asthma using SABA or budesonide/ exacerbations was significantly
formoterol only as needed lower in the intervention group
(i.e., without maintenance than in the control group
therapy), the intervention (0.55 vs. 2.67, respectively);
group was instructed to add unscheduled outpatient
budesonide/formoterol on days  visits were also lower in the
when the AQI was in the “very RIS group (0.18 vs. 1.11,
unhealthy” range (=201) respectively)
Omega-3 Barkhordari et 2020 Iran 53 gas Random assignment to take A pre-post comparison between
al. [45] station omega-3 (n=29) or placebo the groups showed that
workers (n=24) for 60 days omega-3 intake was associated
with decreased IL-17 and
IFN-y, and increased IL-10
and TGF-f
Fish oil Lin et al. [46] 2021  Shanghai, 65 university Random assignment to receive ~ Improved skin inflammation
China students fish oil supplementation versus  markers as measured by
placebo for 5 months D-Squame® tape samples
Probiotics Wu et al. [47] 2020 Qingdao, 120 adults ~ Random assignment to receive ~ Nasal and gut 16S rRNA
China either a placebo or probiotics sequencing assay data
for 4 weeks
Vitamin D Bose et al. [48] 2019  Baltimore, 120 pediatric Four 1-week evaluations were In obese patients with asthma,
(observational MD, USA patients conducted every 3 months the effects of PM, 5 exposure
study) with over a 12-month period on symptoms varied by serum
asthma 25(0OH)D levels
Fish oil Lin et al. [49] 2019  Shanghai, 65 university Random assignment to receive ~ Observed improvements in blood
China students fish oil supplementation versus  markers of oxidative damage,
placebo for 5 months coagulation, endothelial
function, and neuroendocrine
function
NSAIDs Wooding et al. 2019 USA 1,078 Data from the Normative Aging The results suggested that
(501 veterans Study cohort, a longitudinal NSAIDs can modify the acute
(followed study of 2,280 veterans in respiratory effects of PM, 5
from 1995  the Boston area tracked since exposure
to 2012) 1995 with physical exams
and surveys every 3—5 years.
The analysis used 3,220 visit
records with PFT data from
1,078 participants
At each visit, the participants
were asked, ‘Do you take
NSAIDs?” (Yes/No)
The exposure variables were
ambient PM, ; levels 1, 7, 14,
21, and 28 days before each
visit

www.phwr.org Vol 18, No 44, 2025

1765



http://www.phwr.org

I Public Health Weekly Repo: ’\

Table 5. Continued 1
Intervention Researcher  Year Location  Participant Method Key outcome
Vitamin B Zhong et al. 2017  Toronto, ON, Study Vitamin B supplementation Exposure to a high concentration
[51] Canada conducted  Single-blind, placebo-controlled (250 pg/m?) of PM, ; for 2
in 10 crossover trial hours led to increased HR,
healthy A 2-hours controlled exposure decreased HRV, and increased
adults to 250 pg/m’ of PM, 5 after 4 ~ WBC count. These effects
weeks of supplementation were attenuated by Vitamin B
supplementation
Vitamin B Zhong et al. 2017  Toronto, ON, Study Vitamin B supplementation Epigenome-wide methylation
[52] Canada conducted  Single-blind, placebo-controlled  analysis
in 10 crossover trial PM, 5 induced methylation
healthy A 2-hours controlled exposure of genes involved in
adults to 250 pg/m’ of PM, 5 after 4 ~ mitochondrial energy
weeks of supplementation metabolism, and Vitamin B
attenuated these changes
SBP=systolic blood pressure; HRV=heart rate variability;: HR=heart rate; BP=blood pressure; SABA=short-acting beta-agonist; AQI=air
quality index; PM=particulate matter; PFT=pulmonary function test; NSAIDs=non-steroidal anti-inflammatory drugs; WBC=white blood
cell.

demonstrated that emission-reduction policies were associ-
ated with improved air quality and positive health outcomes, as

summarized in Table 6 [53-74].

Conclusion

This literature review examined intervention studies aimed
at reducing the health effects of PM.

Behavioral intervention studies primarily focused on the
delivery of information (e.g., SMS alerts, in-person education)
to influence awareness and individual behaviors. Studies em-
ploying these interventions demonstrated some positive ef-
fects among individuals with underlying health conditions.
However, evidence regarding long-term efficacy remains lim-
ited, as most studies were conducted over relatively short peri-
ods within 1-2 months.

Air purifier intervention studies showed reductions in in-

door air pollution; however, findings on health outcomes were

1766

inconsistent and lacked long-term follow-up. In addition, these
studies generally involved small sample sizes and short inter-
vention durations (1-2 weeks) and largely targeted vulnerable
populations such as patients with asthma. A few studies at-
tempted to assess epigenetic or metabolomic changes, but limi-
tations in participant diversity and study duration remain.

Mask intervention studies were few in number (n=5),
short-term in duration (ranging from 1 day to 1 month),
and conducted with small sample sizes (15-40 participants).
Physiological outcomes such as blood pressure and heart rate
variability were assessed; however, the results were inconsistent
and not always statistically significant.

Pharmacological and dietary intervention studies evaluated
the effects of antioxidants and unsaturated fatty acids on oxi-
dative stress and epigenetic markers. A few studies examined
how medication adjustments influenced disease management
in patients with chronic conditions; however, variations in tar-

get populations and study designs limited the ability to draw
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Table 6. Policy intervention studies

Olympic Games

Restriction of

sulfur content [55]
in fuel
Construction of ~ Burr et al.
a bypass for a [56]
heavily polluted
road
Air quality Laden et al.
management (571
efforts in non-
attainment
areas
Smelter Pope et al.
shutdown (58]
Efforts to reduce Pope et al.
air pollution (59]

concentrations
in accordance

with NAAQS

Hedley et al.

2002  Hong Kong

2004 North Wales,

UK
2006 USA
2007 UsA
2009 UsA

Census and Statistics

department data

165 individuals in
a congested area
and 283 in a non-
congested area
8,096 individuals
in the cities
of Harriman,
Kingston, Portage,
Pardeeville, St. Louis,
Steubenville, Topeka,
Watertown, and
Wyocena
Data source: U.S.
National Center for
Health Statistics
monthly mortality
rates, 1960-1975
211 counties in 51

metropolitan areas

during the 17-day Olympic
Games, compared with the
4-week periods before and
after

Analysis of mortality rates
following a policy that
restricted the sulfur content
of fuel for power plants and

road vehicles

Survey of respiratory diseases

after bypass construction

Comparison between the
period 1974-1989 and the
follow-up period 1990~
1998

Copper smelter strike

Estimation of life expectancy
using a regression model
based on PM data from the
late 1970s/early 1980s and
the late 1990s/early 2000s,
along with life expectancy
and socioeconomic data for

211 counties

Intervention Researcher Year  Location Participant Method Key outcome
Smelter Pope [53] 1989 Utah, USA  Utah hospital data Association between a steel Child hospital admission
shutdown mill shutdown and hospital rates were 2—3 times higher
admissions during the steel mill’s
operation than during the
shutdown period
Intensive traffic ~ Friedman 2001 Atlanta, GA, Children aged 1-16 Ecological study of air quality During the Olympic period,
management etal. [54] USA years and childhood asthma based ~ the number of acute asthma
during the on traffic volume changes care events decreased by

41.6%, 44.1%, 11.1%, and
19.1% at four respective

sites

A 2.1% reduction in all-
cause mortality, 3.9% in
respiratory mortality, and
2.0% in cardiovascular
mortality was observed,
along with an improvement
in life expectancy of 20 days
for women and 41 days for
men

Rhinitis and conjunctivitis
improved after bypass

construction

A 27% reduction in mortality
risk was associated with
each 10 pg/m’ decrease in
PM, 5

All-cause mortality decreased
by 2.5% during the period
of the complete copper

smelter strike

An estimated 0.61-year
increase in life expectancy
was associated with each 10

pg/m’ reduction in PM, 5
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Table 6. Continued 1

Intervention Researcher Year  Location Participant Method Key outcome
Intensive Li et al. [60] 2010  China 1,475 adult asthma Implementation of vehicle The number of outpatient
management patients registered restrictions and an visits for asthma decreased
during the at Beijing Chaoyang alternate-day driving policy ~ by 58% compared to the
Olympic Games Hospital during the Olympic Games pre-restriction period
Air quality Lepeule etal. 2012 USA Watertown, Kingston,  Analysis of the association A 10 pg/m? increase in PM, 5
management [61] Harriman, St. Louis, between post-2001 air was associated with a 14%
efforts in non- Steubenville, Portage, pollution concentrations and  increased risk of all-cause
attainment Wyocena, Pardeeville,  mortality mortality, a 26% increase
areas and Topeka in cardiovascular mortality,
and a 37% increase in lung
cancer mortality
Intensive Rich et al. 2012 China 125 healthy young Analysis of health effects in ~ Reduction in air pollution
management [62] adults healthy adults related to air ~ during the intensive
during the pollution emissions before, management period
Olympic Games during, and after the 2008 decreased CRP levels in
Beijing Olympics healthy young adults
Efforts to reduce Correia et al. 2013 USA 545 counties in 51 Estimation of the association A 0.35-year increase in life

air pollution
concentrations
in accordance

with NAAQS

Ban on the
production,
sale,
distribution,
and domestic

use of coal

Intensive
management

during the

Olympic Games

Emissions

reduction act

[63]

Dockery etal. 2013  Dublin,

[64] Ireland
Muetal. [65] 2014 China
Hasunuma 2014  Japan

et al. [66]

metropolitan areas

Citizens of Dublin,
Ireland and 18

control regions

201 Beijing residents

3-year-old children in
28 study areas from

1997 to 2009

between reductions in PM
concentration and changes
in life expectancy using
a regression model on a
dataset of annual county-
level mean PM, 5 for 545
counties

Comparison of pre- and
post-policy respiratory
and cardiovascular
hospitalizations and
mortality in 12 cities with a
coal ban (including Dublin)
and 18 control regions

Implementation of vehicle
restrictions and an
alternate-day driving policy
during the Olympic Games

Comparison of the prevalence
of allergic diseases in
children between 16
areas where the Emissions
Reduction Act was
implemented and 12 areas

where it was not

expectancy was associated
with each 10 pg/m3
reduction in PM, 5

The association was stronger
in more urban and densely

populated counties

Respiratory mortality in
the intervention regions
decreased by 16.8%, a
greater reduction than the
2.3% decrease in the control

regions

Peak expiratory flow levels
were higher during the
intensive management
period than before and after

The prevalence of childhood
asthma in the intervention
areas decreased by 1.1%;
post-policy, respiratory
symptoms in children aged
<3 years decreased by
17.4% in the intervention
areas, a greater reduction
than the 3.5% in control

areas
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Table 6. Continued 2

Intervention Researcher Year  Location Participant Method Key outcome
Intensive Su et al. [67] 2015  China Patients with CVD Implementation of vehicle Air pollutant concentrations

management restrictions and an decreased significantly

during the alternate-day driving policy ~ during the Olympic Games,

Olympic Games

during the Olympic Games

when the strongest reduction

measures were applied. An
interquartile range increase
in fine PM, 5 was associated
with an 8.8% higher risk
of CVD mortality, with
more pronounced effects in
women and older adults
668 households in

Household use of Schilmann 2015 Mexico

Assessment of respiratory The use of the Patsari stove

clean fuels etal. [68] 6 wood-burning effects on children due to was associated with fewer
communities the introduction of the upper and lower respiratory
(intervention group: Patsari stove infections compared to
338 children; control traditional wood-burning
group: 330 children) stoves
Policy banning ~ Yap and 2015 USA Hospital data Before-and-after comparison Following the policy
residential Garcia [69] of a policy banning implementation, CVD

wood burning residential wood burning, hospitalizations significantly

aimed at reducing carbon decreased among individuals

monoxide and PM emissions  aged >65; no association
was observed for those
under 65

Compared to the pre-policy
period (2000-2003), the
post-policy period (2009-
2012) saw the following
mortality reductions:
all-cause (6.0%), CVD
(11.0%), ischemic
heart disease (10%),

cerebrovascular disease

Enactment of a  Yorifuji et al.

[70]

2016  Tokyo, Japan Citizens of the 23

special wards of the

Comparison of mortality
diesel emission rates before and after the

control Tokyo Metropolis implementation of Tokyo’

ordinance s diesel emission control

ordinance

(6.2%), respiratory disease
(22%), and lung cancer
(4.9%)

consistent conclusions. and vehicles. Although emission-reduction measures demon-

Policy intervention studies employed diverse study de- strated positive effects on air quality and health, differences in
signs—including randomized controlled trials, pre-post evalu- intervention types and outcome measures made it difficult to
ations, and interrupted time-series analyses—and were con- generalize the findings. Most of these studies were conducted
ducted across various countries. These interventions targeted internationally.

multiple emission sources, including industries, households, Beyond these studies, several pilot projects have been
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Table 6. Continued 3

[74]

control policies

USA

Intervention Researcher Year  Location Participant Method Key outcome

Air pollution Han et al. 2018 Republic of  Citizens of Seoul, Comparison of mortality Compared to pre-policy,
reduction [71] Korea Incheon, and Daejeon  rates before and after the post-policy changes in
policy under air pollution reduction Seoul included an 8.3%
the Seoul policy under the Seoul decrease in CVD mortality
Metropolitan Metropolitan area air and a 9.8% decrease in
area air quality quality management plan cerebrovascular disease
management mortality. Incheon saw
plan a 7.9% decrease in

cerebrovascular disease
mortality but a 6.1%
increase in ischemic heart
disease mortality

Increase in green Lee etal. [72] 2018  South Korea 659 pregnant women  Utilization of data from the ~ During the first trimester, a
spaces and their 6-month- Ministry of Environment on 10 pg/m’ increase in PM,

old infants air pollution and land cover  or a 10 ppb increase in NO,

(for green space), combined ~ exposure was associated

with asthma data from the with a 1.219-fold increased

ISAAC questionnaire risk of atopic dermatitis in
infants. Increased green
space within 200 m of the
home address was associated
with a reduced risk (OR,
0.996; 95% CI, 0.993~
0.999)

Air pollution Kim et al. 2019  Republic of  Citizens of Seoul and ~ Hospital visits for asthma Post-policy, the asthma-
reduction [73] Korea Daejeon before and after the related hospital visit rate
policy under air pollution reduction decreased by 11.3% for the
the Seoul policy under the Seoul total population and 15.5%
Metropolitan Metropolitan area air for the 0—18 age group
area air quality quality management plan
management
plan

Nine pollution Abrams etal. 2019  Atlanta, GA, Atlanta residents Comparison of emergency Pollution control policies

department visit records
before and after the
implementation of nine
pollution control policies
resulting from the Clean Air

Act Amendments

from the 1990 Clean Air
Act Amendments reduced
emergency department
visits for cardiopulmonary
diseases among Atlanta
residents: respiratory
disease by 5.9%, asthma by
16.5%, CVD by 2.3%, and
congestive heart failure by

2.6%

PM-=particulate matter; NAAQS=National Ambient Air Quality Standards; CRP=C-reactive protein; CVD=cardiovascular disease;
ISAAC=International Study of Asthma and Allergies in Childhood; OR=o0dds ratio; CI=confidence interval.
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launched by government ministries to mitigate the health ef-
fects of PM, such as mobile care services for vulnerable popu-
lations. Bucheon’s “Smart Particulate Matter Clean Zone” and
mobile outreach programs based on existing home healthcare
services are prime examples that integrate intervention re-
search with community health efforts. Although such projects
are being implemented at both national and local government
levels, there remains a lack of interventions that are truly sus-
tainable and community-based.

International research—particularly studies conducted in
Europe, North America, and China—has aimed not only to
determine the health effects of PM on vulnerable populations
(such as individuals with respiratory or cardiovascular diseases,
the elderly, children, and occupationally exposed workers) but
also to explore interventions that reduce health risks. Initiatives
such as the CARE program in the United States, the integration
of air quality alerts into emergency response systems in New
York, and shelter provisions for homeless individuals during
severe PM exposure events (e.g., wildfires) represent commu-
nity-level PM interventions developed to bridge the gap be-
tween research and public health practice.

ROK is not significantly behind in PM research. However,
there remains a continued need to design and implement com-
prehensive service models that integrate local health centers,
government-supported agencies, and municipal welfare servic-
es. Much like translational research bridges the gap from bench
to bedside, PM intervention research must also be translated
from controlled research settings to community-level practices
through sustained efforts.

As environmental health issues vary by region due to geo-
graphical differences, environmental conditions, socioeconom-

ic status, and population demographics, the characteristics,

www.phwr.org Vol 18, No 44, 2025

emission patterns, and health effects of environmental hazards
are also region-dependent. Therefore, it is crucial that existing
regional management systems operate in an integrated and co-
hesive manner, as they are best positioned to understand and
address their regions’ specific dynamics.

Health sectors should lead programs aimed at protecting
the public from PM exposure, with collaboration from other
sectors and consideration of private resources. Furthermore,
new initiatives should be aligned with existing public health
programs to ensure sustainability. For example, the home vis-
iting healthcare program operates as part of ROK’s Integrated
Health Promotion Program, as the two initiatives share target
populations, personnel, and content.

Current policy trends and research findings on the health
effects of PM are often published exclusively on government
websites, limiting accessibility. This highlights the need to de-
velop connected and participatory interventions that foster
communication and collaboration among local residents, rel-
evant agencies, and experts. Establishing a robust framework
for such services will enable a more effective and inclusive re-

sponse to the health challenges posed by PM.
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QuickStats

Trends in the Prevalence Gap of Diabetes Diagnosis between Cities
or Provinces, during 2015-2024

In 2024, the age-standardized rate of diabetes diagnosis among individuals aged =30 years was the lowest in Jeju (7.6%)
and the highest in Sejong-si and Gangwon-do (10.2% respectively). The prevalence gap of diabetes diagnosis between the high-
est and lowest rates decreased from 3.4%p in 2023 to 2.7%p in 2024 (Figure 1).
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Figure 1. Trends in the prevalence gap of diabetes diagnosis between cities or provinces, 2015-2024
*Prevalence of diabetes diagnosis (aged >30 years): the percentage of individuals (aged >30 years) who have been diagnosed with diabetes by a

physician.
"Prevalence rates in Figure 1 were age-standardized using the 2005 projected population.

Source: Korea Community Health at a Glance 2024, Korea Community Health Survey (KCHS), https://chs.kdca.go.kr/

Reported by: Hyo-jeong Bae (9, Division of Chronic Disease Control, Department of Chronic Disease Prevention and Control, Korea
Disease Control and Prevention Agency
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