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H 2. wehejol 27| gAH
ot ot ot O| Al
wzia o1 Ak g R LhEALS
A& AT oltiAZE 9 4 (44.4) 5 (55.6) TAGEEA HY)
A& ST Meozd 2 1(50.0) 1(50.0) £33 FAEEAE WY
AH AT ﬁﬂ%‘tﬂ = 1 1 (100.0) 0(0.0) -
AA A+ g 2 1(50.0) 1(50.0) o 2E(GE A W)
471 %= wEA S A 2 0(0.0) 2(100.00  FA(EFH WD)
71= BHA HEAAESEL 2 1(50.0) 1 (50.0) FA40T) (SFA W
3715 A FA| A== 1 0(0.0) 1 (100.0) TG FA W) A7 A
FFHA A7t o]F EF+E A4 iRBC A&
A 19 8 (42.1) 11 (57.9)
iRBC=infected red blood cells; -=not available.
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Surveillance Report

Pilot Project for Early Diagnosis of Malaria Infection Using a
Hematology Analyzer

Hee-Eun Shin' @, Hyun-Il Shin? @, Myoung-Ro Lee' @, Jung-Won Ju' @, Hee-Il Lee™

'Division of Vectors and Parasitic Diseases, Department of Laboratory Diagnosis and analysis, Korea Disease Control and Prevention
Agency, Cheongiju, Korea, *Division of Zoonotic and Vector Borne Disease Control, Department of Infectious Disease Policy, Korea Disease
Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Objectives: Malaria is a mosquito-borne infectious disease that occurs mainly in areas near the demilitarized zone in the Republic
of Korea (ROK). The Korea Disease Control and Prevention Agency is implementing a second Malaria Re-elimination Action
Plan (2024-2028) to achieve malaria elimination by 2030. The active and early diagnosis of malaria is essential to achieve this goal.
Therefore, a pilot project using hematological analysis was planned and implemented to enable the early detection of malaria in
asymptomatic or unsuspected individuals.

Methods: A total of 47 medical institutions (including public health centers, hospitals, military hospitals, and commercial reference
laboratories) in malaria-risk areas participated in this pilot project. When infected red blood cells (iRBC) were identified through
hematological analysis, individuals were classified as suspected cases and referred for confirmatory malaria testing. Monthly data
were collected and analyzed to determine the number of iRBC detections, confirmatory tests for malaria, and malaria-positive cases.
Results: Between April and October 2024, among 7.27 million hematologic analyses, 1,359 cases of iRBC were detected. Among the
499 cases referred for confirmatory diagnosis, 239 were confirmed as malaria positive.

Conclusions: In terms of improving malaria control, it is important to confirm the possibility of an early malaria diagnosis using
the existing medical systems without additional budget and human resources. Proactive confirmatory testing for individuals with
iRBC, along with the appropriate funding support, can significantly enhance the early detection of infections and serve as an effective

strategy for achieving malaria elimination goals in ROK.

Key words: Malaria; Infected red blood cell; Hematology analyzer; Early diagnosis

*Corresponding author: Hee-ll Lee, Tel: +82-43-719-8560, E-mail: isak@korea.kr

Introduction (ROK), malaria is prevalent near the demilitarized zone, the
border area with North Korea [1].

Malaria is a parasitic infection transmitted by female mos- The severity of malaria varies depending on the Plasmodium
quitoes of the genus Anopheles and considered endemic in species. Plasmodium vivax is known to be the only endemic
tropical and subtropical regions. In the Republic of Korea species causing malaria in the ROK [1]. P. vivax is transmitted
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Key messages
(D What is known previously?

Recent studies have shown that hematology analyzers de-
tect infected red blood cells (RBC) with a malaria-posi-
tivity rate of over 80%, enabling an early diagnosis, even
in asymptomatic or non-suspected individuals.

@ What new information is presented?

This study confirmed the field applicability and feasibil-
ity of early malaria detection using hematology analyzers
to screen for potential infections.

(® What are implications?

The detection of iRBC using hematology analyzers is an
effective method for early malaria diagnosis. With in-
creased financial support, confirmatory tests for malaria
could be conducted for all iRBC-positive cases.

from infected mosquitoes to humans. It undergoes an incuba-
tion period during which it divides and multiplies in hepato-
cytes. The initial symptoms of malaria is similar to common
cold, making it difficult to immediately suspect a P. vivax infec-
tion [2]. This leads to a diagnostic delay (DD), where the time
from “symptom onset to medical institution visit and ultimate-
ly to diagnosis” is delayed. During this period, the number of
malaria gametocytes in the body rises, which in turn leads to an
increased probability of occurrence of infectious mosquitoes
and, consequently, an elevated risk of malaria transmission to
the community [3].

The Korea Disease Control and Prevention Agency
(KDCA) released “The Second Malaria Re-elimination Action
Plan (2024-2028)” in April 2024, with the goal of eliminat-
ing malaria by 2030. A total of 44 countries have been certi-
fied of malaria elimination to date (as of December, 2024), and

it is known that the eradication certification process requires
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thousands to hundreds of thousands of tests to find a positive
case [4]. In the ROK, passive surveillance of malaria detection
is the primary method, relying mainly on patient reporting and
symptom-based approaches. Achieving malaria elimination
necessitates the implementation of active surveillance strate-
gies, such as the establishment of large-scale screening systems.

A recent study has demonstrated that the detection of in-
fected red blood cells (iIRBCs) using hematology analyzers can
serve as an adjunct to malaria diagnosis. Huh et al. [5] reported
an iRBC sensitivity of 83.6% and specificity of 100.0% in 221
febrile patients (including 67 with P. vivax infection) in Ilsan,
Gyeonggi-do, ROK. Khodaiji et al. [6] found an iRBC sensitiv-
ity of 88.7% and specificity of 100.0% in 575 patients (includ-
ing 187 with P. vivax) in a multicenter collaborative study in
India. They further confirmed that the iRBC detection was not
affected by other conditions (anemia, reticulocytosis, thrombo-
cytopenia, eosinophilia, or dengue fever). In addition, a recent
meta-analysis of 15 studies evaluating the accuracy of diag-
nosing malaria using a hematology analyzer showed very high
diagnostic accuracy, with an overall sensitivity of 95.0% and
specificity of 99.0% [7].

These findings indicate the feasibility of expediting malaria
diagnosis by diminishing the medical diagnostic delay (MDD)
period between patient visits and malaria diagnosis. Complete
blood count testing is commonly performed in medical institu-
tions as a routine diagnostic procedure and enables large-scale
hematological test. Confirmatory diagnosis of iRBCs can be
used to promptly identify patients with malaria.

Therefore, the Division of Vectors and Parasitic Diseases at
the KDCA conducted a pilot program for early malaria diag-
nosis using hematology analyzers in cooperation with medical

institutions. This article aims to summarize the key outcomes
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and limitations of the pilot program, which can be used for fu-

ture early diagnosis projects to eliminate malaria.

Methods

1. Recruitment of Participating Organizations

In February 2024, a project plan was shared with 130 med-
ical institutions in malaria-risk areas, requesting their partici-
pation in the pilot project. This was carried out with the sup-
port of four cities and provinces (Gangwon, Gyeonggi, Seoul

and Incheon), and the Armed Forces Medical Command.

2. Operation System of the Program

The program commenced with business briefings and
public health center training in March. If iRBC were detected
in blood samples from visitors (including those undergoing
medical examinations), a microscopic examination was con-
ducted at medical institutions to confirm malaria. If a defini-
tive diagnosis could not be made, a genetic test was referred
to the KDCA or Institute of Health and Environment. The
test request and result notification were made through the in-
tegrated disease control information system (eid.kdca.go.kr).
The KDCA analyzed the results by aggregating the number of

blood cell analyses, abnormal blood cell detections, confirmed

malaria diagnoses, and positive malaria cases for each month

from April to October 2024 (Figure 1).

3. Detection of Infected Red Blood Cells

The detection of iRBCs was performed through the imple-
mentation of flow cytometry, utilizing sysmex hematology
analyzers (XN-550, 1000, 1500, 2000, 9000, and 9100). The
hematology analyzer measurement modalities include side flu-
orescence light, forward scattered light, and side scattered light.
Notably, the iRBCs are measured and classified through the
white cell nucleated channel (WNR) and white cell differential
channel (WDF). When specific abnormalities were identified
in the WNR and WDF scatterplot, iRBC flags were automati-
cally generated. It was determined as an iRBC if the number of

flags equaled or exceeded 100 [4,5].

4. Diagnosis of Malaria

Microscopic and genetic tests are used to confirm malaria.
Microscopic tests were performed by preparing tongue-shaped
thin smear slide, staining with Giemsa or a commercially avail-
able Hemacolor®™ Rapid Staining Kit (Merck Millipore), and
performing species identification at high magnification (x100).
Genetic tests were performed by extracting DNA from blood,

followed by nested polymerase chain reaction to determine

Notification of test results

<4— Request for genetic testing
< Submission of iRBC
detection status
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Figure 1. Malaria early diagnosis

Integrated Quarantine Information System (eid.kdca.go.kr)

pilot project system diagram
iRBC=infected red blood cells.
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positivity and negativity via an automated electrophoresis sys-

tem (QIAxcel; QIAGEN).

Results

The pilot program involved 47 medical institutions (6
health centers, 22 hospitals, 12 military hospitals, and 7 com-
mercial reference laboratories) out of 130 that have hematol-
ogy analyzers capable of detecting iRBCs in malaria-endemic
areas. The participating health centers and hospitals were dis-
tributed as follows: 46.4% (13) in Gyeonggi-do, 28.6% (8) in
Incheon, 17.9% (5) in Seoul, and 7.1% (2) in Gangwon-do,
while all 12 military hospitals participated nationwide. The
commercial referral laboratories were mostly located in the

Seoul metropolitan area (Figure 2).

N

A

0. 10 20 40 60 80
-

Kilometers

® Public health center (6)
® Hospitals (22)
© Military hospitals (12)

A total of 7.27 million hematology analyses were per-
formed during the pilot project, detecting 1,359 iRBCs. The
number of referrals for confirmatory diagnostic testing was
499, of which 239 were actually confirmed positive for ma-
laria. In the public health centers, all cases with iRBCs referred
for malaria confirmatory diagnostic testing. However, the hos-
pitals and commercial reference laboratories had low referral
rates of 65.9% (195/296 cases) and 24.6% (247/1,006 cases),
respectively (Table 1). A monthly hematology analysis revealed
an increase in the detection of iRBCs from June to September,
which corresponded to the peak malaria season. This find-
ing was similar to the 2024 malaria outbreak pattern in ROK
(Figure 3).

In addition, as a result of investigating the reason for the

visit with the cooperation of six public health centers for some

Figure 2. Participating institutions

in the malaria early diagnosis
Commercial reference laboratories (7) . .
program in the Republic of Korea

Table 1. Malaria test referral rate by institution

Instituti No. of blood cell No. of iRBC No. of confirmatory No. of malaria
nstitution . . .
analyses detections tests for malaria (%) positive cases
Public health centers 13,281 14 14 (100.0) 2
Hospitals 2,045,012 296 195 (65.9) 93
Commercial reference laboratories 5,126,021 1,006 247 (24.6) 101
Military hospitals 87,306 43 43 (100.0) 43
Total 7,271,620 1,359 499 (37.0) 239

iRBC=infected red blood cells.
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Table 2. Malaria early diagnosis cases
Malaria Sljrsgli\(r:;(aed sus Neocr;;d or
Public health center Hospital positive P . Reason for visit
cases symptoms asymptomatic
(%) (%)
Gangseo-gu, Seoul Ewha Womans University 9 4 (44.4) 5(55.6)  Fever (ED visit)
Medical Center
Jungnang-gu, Seoul Seoul Medical Center 2 1(50.0) 1(50.00  Shock (ED visit)
Seo-gu, Incheon Geomdan Top Hospital 1 1 (100.0) 0(0.0) -
Seo-gu, Incheon Onnuri Hospital 2 1 (50.0) 1 (50.0) Leg fracture (ED visit)
Paju, Gyeonggi-do Paju Hospital 2 0(0.0) 2(100.0)  Fever (ED visit)
Bucheon, Gyeonggi-do  Bucheon Sejong Hospital 2 1(50.0) 1(50.0) Fever 40T (ED visit)
Uijeongbu, Gyeonggi-do Gyeonggi Provincial 1 0(0.0) 1(100.0)  Fever (ED visit)
Medical Center Discharged with cold
Uijeongbu Hospital medication; iRBC later
dectected via hematology.
Total 19 8 (42.1) 11 (57.9)
ED=emergency department; iRBC=infected red blood cells; -=not available.
cases where malaria infection was confirmed through iRBCs, Discussion

11 out of 19 cases were asymptomatic or unsuspected cases
of malaria. Two cases were diagnosed in asymptomatic indi-
viduals, one with a leg fracture and another with shock. The
remaining nine cases exhibited fever as the primary symptom;
however, malaria was not suspected at the time of presentation.
These cases were confirmed to be malaria-positive through
confirmatory diagnosis following the detection of infected
iRBC in hematology analysis (Table 2). Those who tested posi-
tive for malaria were treated at the medical institution accord-

ing to the malaria control guideline [8].

www.phwr.org Vol 18, No 30, 2025

The symptoms associated with P. vivax infection are often
mild and can be confused with common cold. Consequently,
individuals infected with P. vivax frequently experience a de-
lay between the onset of symptoms and their voluntary vis-
it to a medical institution, referred to as patient delay (PD).
DDs cause delays treatment for malaria-infected individuals,
increasing the risk of spreading infection in the community
[3,9]. Early detection of infected individuals and the provi-

sion of appropriate treatment are critical to the elimination of
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malaria. Therefore, minimizing PD and MDD is considered a
key strategy for the effective management of malaria. Detection
of iRBCs using hematology analyzers effectively reduced the
turnaround time for MDD and contributed to identifying
malaria-infected individuals among patients visiting medical
institutions.

The pilot program detected 239 malaria-positive patients,
representing 36.3% of the 659 malaria cases reported nation-
wide in 2024 [8]. Although it is difficult to assume that all of
these cases were entirely unsuspected of malaria, the results of
the in-depth epidemiologic investigation of the 19 malaria-
positive cases suggest that the pilot program contributed to re-
ducing the time to diagnosis in a significant number of cases.
This pilot project demonstrated a new approach for the early
detection of malaria using hematology analyzers and con-
firmed its feasibility and field applicability by utilizing existing
medical systems without requiring additional budget and hu-
man resources.

However, there were some limitations, as it was conduct-
ed only with the cooperation of medical institutions. First,
the referral rate for confirmed malaria diagnoses was 37.0%
(499/1,359 cases), which was insufficient to ensure the effec-
tiveness of the early diagnosis system. The low referral rates
may be due to the cost burden of testing and a lack of aware-
ness among healthcare providers. In addition, it may have
been difficult to implement confirmatory diagnostic tests in
commercial reference laboratories as the detection of iRBC re-
quired patient consent through the referring hospital. Second,
the number of cases analyzed for reasons for visiting medical
institutions to identify associations with early diagnosis among
asymptomatic or unsuspected malaria patients was limited

to 19, which was insufficient to represent all malaria-positive

1134

cases. To address this, asymptomatic or unsuspected cases
should be distinguished from suspected malaria cases by accu-
rately recording “iRBC detection” in epidemiological reports.
In the future, the limitations of these pilot projects will be
improved, and confirmatory diagnosis of malaria will be con-
ducted for all cases of iRBC detection through budget support
such as malaria testing costs. The effect of early diagnosis will
be analyzed by ensuring accurate documentation of the rea-
son for the visit through the education of epidemiological in-
vestigators. This pilot project may contribute to achieving the
national goal of malaria eradication certification by conduct-
ing early diagnosis and treatment of malaria using hematology

analyzers.
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Surveillance Report

Analysis of the Occurrence of Pathogenic Vibrio spp. and
Their Correlation with Environmental Factors in the Marine
Ecosystem of the Chungcheong Region

Dong Geun Lee @, Youngsil Yoon @, 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: Pathogenic Vibrio spp. are causative agents for waterborne and foodborne diseases. Since 2021, the Division of
Laboratory Diagnosis Analysis of the Chungcheong Regional Center for Disease Control and Prevention has been conducting a
surveillance project in collaboration with regional quarantine offices in the Chungcheong area to analyze the correlation between
these pathogens and environmental factors in the marine ecosystem of the Chungcheong region.

Methods: A total of 126 seawater samples were collected from seven sites, and pathogenic Vibrio spp. were identified through
bacterial culture, molecular, and biochemical testing.

Results: Gene detection tests revealed Vibrio parahaemolyticus to be the highest (71.4%), followed by Vibrio vulnificus (32.5%) and
non-O1/non-0139 Vibrio cholerae (17.5%). Bacterial culture isolated V. vulnificus and non-O1/non-0139 V. cholerae at 7.9% and 4.8%
detection rates, respectively. Analysis of the correlation between marine environmental factors and the detection rate of pathogenic
Vibrio spp. revealed a positive correlation with seawater temperature showing a correlation coefficient of 0.751 and air temperature of
0.674, indicating a strong correlation with Vibrio detection rates.

Conclusions: Climatic change increases sea surface temperatures that facilitate the growth of Vibrio spp. in the marine ecosystem.
For public health concerns, growth of pathogenic Vibrio spp. should be continuously monitored in the marine ecosystem of the

Chungcheong region.

Key words: Vibrio cholerae; Vibrio vulnificus; Vibrio parahaemolyticus; Environmental monitoring

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

Introduction been identified, of which 12, including Vibrio cholerae, Vibrio

vulnificus, Vibrio parahaemolyticus, Vibrio mimicus, Vibrio

The Vibrio genus comprises Gram-negative, heterotrophic fluvialis, and Vibrio holisae, are recognized as pathogenic and
bacilli found in marine ecosystem, including both seawater capable of causing infections in humans. These infections typi-
and freshwater. To date, more than 100 Vibrio species have cally occur through the consumption of contaminated seafood
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Key messages
(D What is known previously?

Pathogenic Vibrio spp. are Gram-negative rod-shaped
bacteria belonging to the genus Vibrio, which are com-
monly found in freshwater and marine ecosystems. They
are major causative agents of infectious diseases and are
transmitted through contaminated seawater and seafood.

(@ What new information is presented?

Vibrio spp. in the Chungcheong region were primar-
ily detected from June to September, with particularly
high detection rates observed in September because of
the prolonged summer caused by abnormal climatic
conditions. In addition, the detection rates showed a
strong positive correlation with increasing water and air

temperatures.

® What are implications?

With recent rapid climate change leading to increased air
and sea temperatures, the distribution patterns of patho-
genic Vibrio spp. in marine ecosystems are expected to
shift. This may lead to a higher likelihood of Vibrio-
related infections, emphasizing the need for constant
surveillance.

or via wound exposure, with clinical symptoms such as fever,
chills, abdominal pain, diarrhea, and skin lesions [1,2]. In the
Republic of Korea (ROK), the main pathogenic Vibrio infec-
tions are cholera (Class 2 communicable disease), vibriosis
(Class 3), and V. parahaemolyticus infection (Class 4), caused
by V. cholerae, V. vulnificus, and V. parahaemolyticus, re-
spectively. Between 2020 and 2024, the average annual num-
ber of patients with pathogenic Vibrio infections in ROK was
45.7. Notably, no cholera cases have been reported since the
last outbreak in 2001. The average number of reported cases
per year during this period was 57.0 for vibriosis and 80.2 for

V. parahaemolyticus infection [3]. Cholera is a disease caused

1144

by V. cholerae. Although four toxigenic serogroups are known
(01, 027, 037, and 0139), only the O1 and 0139 strains,
associated with large-scale outbreaks, are currently screened
for toxin gene expression. The primary symptoms include
diarrhea and vomiting, with the diarrhea often described as
“rice-water stool.” Transmission mainly occurs through the
ingestion of contaminated water or food [4]. Vibriosis is an
infectious disease caused by V. vulnificus, typically transmit-
ted through the consumption of contaminated seafood or via
infection of skin wounds. Key symptoms include fever, chills,
abdominal pain, diarrhea, and skin lesions. Notably, the mor-
tality rate exceeds 50% in patients with underlying condi-
tions such as diabetes, chronic renal failure, and liver disease
[5]. Vibrio parahaemolyticus infection is caused by V. para-
haemolyticus, a species commonly found in seawater, with
cases reported particularly in countries such as ROK, Japan,
Thailand, and Laos. In ROK and Japan, V. parahaemolyticus is
frequently identified as a major cause of food poisoning, along-
side Salmonella and Staphylococcus aureus. Clinical symptoms
may include headache and fever in addition to acute abdomi-
nal pain, vomiting, diarrhea, and bloody stools. While the pri-
mary route of infection is through the consumption of contam-
inated seafood, transmission can also occur through wound
or ear infections [6]. Recent changes in the marine ecosystem,
such as rising sea surface temperatures around the Korean
Peninsula due to global warming, have increased the risk of
food poisoning and sepsis from pathogenic Vibrio species [7].
These developments underscore the need for ongoing surveil-
lance and detailed analysis of the relationship between Vibrio
infections and environmental factors. Accordingly, from
March to November 2024, the Division of Diagnostic Analysis

at the Chungcheong Regional Center for Disease Control and
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Response, in collaboration with regional National Quarantine
Stations, conducted surveillance of pathogenic Vibrio spe-
cies (V. cholerae, V. vulnificus, and V. parahaemolyticus) at
seven coastal quarantine sites, including Gunsan, Pyeongtaek,
and Daesan. This paper presents the distribution of pathogen-
ic Vibrio species and the results of a correlation analysis with
marine environmental factors, based on this surveillance proj-
ect carried out in the Chungcheong marine ecosystem during

March-November 2024.

Methods

1. Sample Collection

Seawater and sewage samples were collected from sev-
en sites within quarantine areas managed by the National
Quarantine Stations in the Chungcheong region (Gunsan,
Pyeongtaek, and the Daesan branch of the Pyeongtaek station).
One liter of seawater was collected from a depth of less than 1
meter using sterile bottles, and 1 L of sewage was collected from
areas near the confluence of seawater and sewage. Sampling
sites were selected based on key port locations, including tidal
observation stations, inner harbors with substantial freshwa-
ter inflow, and outer harbors influenced by ocean currents. A
total of seven sites were included: three under the jurisdiction
of the Gunsan National Quarantine Station, two under the
Pyeongtaek National Quarantine Station, and two under its
Daesan branch. Samples were collected bi-weekly from March
to November, yielding a total of 126 samples. At the time of
collection, environmental parameters such as air temperature,
water temperature, salinity, turbidity, and pH were measured

to enable correlation analysis with Vibrio distribution.

www.phwr.org Vol 18, No 30, 2025

2. Laboratory Methods

For seawater and sewage samples collected from the sev-
en sites, bacterial cells were concentrated using 0.45 pm fil-
ter paper. The filters were then inoculated into Alkaline
Peptone Water (pH 8.4; Oxoid) for enrichment. Enrichment
was carried out at 37C for 6-8 hours. DNA was extract-
ed by heating 1 ml of the enrichment broth at 100T for 10
minutes. The extracted DNA was then analyzed using real-
time polymerase chain reaction (real-time PCR) with the
PowerChek™ Vibrio 4-plex Real-time PCR kit (Kogene
Biotech Co.). PCR amplification was performed on a Fast
7500 Real-time PCR System (Applied Biosystems) to screen
for species-specific Vibrio genes (ctx and hlyA for V. cholerae;
vvhA for V. vulnificus; and tlh for V. parahaemolyticus). The
PCR cycling conditions followed the manufacturer’s instruc-
tions: an initial hold at 50T for 2 minutes, followed by 95C
for 10 minutes, and then 40 cycles of 95T for 15 seconds and
60T for 1 minute. If Vibrio genes were detected, the sample
was streaked onto Thiosulfate Citrate Bile Salts Sucrose agar
(BD Difco) to isolate V. cholerae and V. vulnificus, identified
by yellow and green colonies, respectively. Samples were also
streaked onto CHROMagar™" Vibrio (CHROMagar), and
bluish-green colonies presumed to be V. cholerae or V. vulni-
ficus were selected and cultured on 1% NaCl Tryptic Soy Agar
(BD Difco) at 37T for 18-24 hours. The isolated strains were
subcultured and definitively identified using biochemical tests
(VITEK® 2 Compact with VITEK® GN card; bioMérieux) and
molecular methods (real-time PCR). Additionally, V. cholerae
isolates were tested for agglutination using O1 and 0139 an-
tisera (Joongkyeom) to determine their classification as either

agglutinating or non-agglutinating V. cholerae.
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Results

1. Distribution of Pathogenic Vibrio Species in

the Chungcheong Marine Ecosystem

From March to November 2024, a total of 126 sam-
ples were collected from seven sites in the Chungcheong re-
gion and tested for pathogenic Vibrio species (V. cholerae, V.
vulnificus, and V. parahaemolyticus) using genetic screen-
ing. Pathogenic Vibrio species were detected in 94 samples
(74.6%). Among these positive samples, 43 (45.7%) con-
tained two or more Vibrio species simultaneously. Of the de-
tected pathogens, V. parahaemolyticus was the most preva-
lent, identified in 90 of the 126 samples (71.4%), followed by
V. vulnificus in 41 samples (32.5%) and non-agglutinating
V. cholerae in 22 samples (17.5%). The results of the genet-
ic screening were reported to the Honam Regional Center
for Disease Control and Response, the lead agency for the
“Pathogenic Vibrio in the Marine Ecosystem Surveillance
Program.” In accordance with program guidelines, samples
that tested positive for V. cholerae or V. vulnificus under-
went bacterial isolation and identification. The resulting iso-
lates were submitted to the lead agency for resource banking
and further analysis, including genomic sequencing. Through

culture-based isolation, V. cholerae was isolated from 6 of the

Table 1. Status of specific gene detection and isolation
of pathogenic Vibrio spp. in the marine environment of
Chungcheong region in 2024

o Colony

Vibrio spp. Mu'}ﬂ%; G isolation

(n=126)

Vibrio cholerae 22 (17.5) 6 (4.8)

Vibrio vulnificus 41 (32.5) 10 (7.9)
Vibrio parahaemolyticus 90 (71.4) -

Values are presented as number (%). PCR=polymerase chain

reaction; -=not available.

126 samples (4.8%), and V. vulnificus from 10 samples (7.9%)
(Table 1). By sampling site, the highest number of pathogenic
Vibrio isolates was obtained from Gyeongpocheon Stream,
with 6 isolates from 18 samples (33.3%), while the lowest was
from the Daesan Port Management Pier, where no pathogen-

ic Vibrio isolates were obtained from the 18 samples collected

(Table 2).

2. Monthly Distribution of Pathogenic Vibrio
Species in the Chungcheong Marine
Ecosystem
The monthly gene detection rate for pathogenic Vibrio spe-

cies was elevated between June and September, peaking in

September. By species, the detection rate for non-agglutinat-

ing V. cholerae was highest in September (50.0%), while V.

vulnificus peaked in July (64.3%). The detection rate for V.

parahaemolyticus reached 100.0% in both August and

Table 2. Status of pathogenic Vibrio spp. isolated by surveillance
site in the marine environment of the Chungcheong region in
2024
Colony
Institution Site isolation
(n=18)
National Gunsan Gyeongpocheon 6(33.3)
Quarantine Station
Pire 7, Gunsan Port 2 (11.1)
Gunsan Tide Gauge 2(11.D
Station
National Pyeongtaek East Side Management 1 (5.6)
Quarantine Station Wharf
Wonjeong-ri 2 (11.1)
Management Wharf
Daesan Branch, Samgilpo Port 1(5.0)
National Pyeongtaek
Quarantine Station
Daesan Port 0(0.0)
Management Wharf
Values are presented as number (%).
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September (Figure 1A). Consistent with gene detection re-
sults, the monthly culture-based isolation rates for V. choler-
ae and V. vulnificus were also high during the June-September
period. Notably, in September, V. cholerae and V. vulnificus
showed their highest isolation rates, 14.3% and 35.7%, respec-
tively. From October to November, neither V. cholerae nor V.
vulnificus was isolated (Figure 1B). In summary, non-agglu-
tinating V. cholerae and V. vulnificus exhibited high isolation
rates from June to September, coinciding with elevated air and
water temperatures, while their isolation rates declined sharply
or dropped to zero during the colder months of March-May

and October-November.

A
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o 85.7
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M

3. Correlation between Marine Environmental

Factors and Vibrio Gene Detection Rates

To assess the influence of marine environmental factors on
the distribution of pathogenic Vibrio species, measurements of
air temperature, water temperature, salinity, turbidity, and pH
were conducted at the time of sampling. Air and water temper-
atures were highest in August (27.4C and 28.4T, respective-
ly) and lowest in March (7.5C and 6.4TC, respectively). Salinity
peaked in August (28.8%o) and was lowest in July (19.5%o).
Turbidity was highest in November (20.41 FTU) and lowest
in August (3.55 FTU). pH values showed minimal monthly
variation (Figure 2). Correlation analysis between environ-
mental factors and the overall gene detection rate for patho-

genic Vibrio species revealed positive correlations with air

100.0
85.7 85.7
57. 57.
21.
14.
B
Sep Oct Nov
35.7
Figure 1. Monthly genetic detection
and isolation of pathogenic Vibrio
spp. in the marine environment of
the Chungcheong region in 2024
: : , (A) Genetic detection. (B) Colony
Oct Nov isolation.
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Figure 2. Monthly trends in the detection rates of pathogenic Vibrio spp. and associated marine environmental parameters in

2024

(A) Total pathgenic Vibrio spp. (B) Vibrio cholerae non-01/non-0139. (C) Vibrio vulnificus. (D) Vibrio parahaemolyticus.

temperature (r=0.674) and water temperature (r=0.751), and
negative correlations with salinity (r=-0.372), turbidity (r=—
0.330), and pH (r=-0.425). Species-specific correlation analy-
sis showed that air temperature was most strongly correlated
with V. vulnificus (r=0.760), followed by V. parahaemolyticus
(r=0.751), and non-agglutinating V. cholerae (r=0.504). For
water temperature, the strongest correlation was with V. para-
haemolyticus (r=0.933), followed by V. vulnificus (r=0.855),
and non-agglutinating V. cholerae (r=0.466) (Figure 3).
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Discussion

In this study, we analyzed the distribution of pathogen-
ic Vibrio species in the marine ecosystem of the Chungcheong
region and examined their correlation with environmen-
tal factors, based on surveillance conducted from March to
November 2024. The findings revealed high detection and
isolation rates of pathogenic Vibrio species between June
and September, with the highest isolation rate observed in
September. These results suggest that the distribution of

pathogenic Vibrio is closely linked to seasonal variations,
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Figure 3. Association between the detection rates of pathogenic
Vibrio spp. and marine environmental variables in the
Chungcheong region during 2024

particularly rising water temperatures. By species, both V.
cholerae and V. vulnificus exhibited increasing isolation
rates beginning in June, peaking in September, and declin-
ing thereafter. Notably, V. vulnificus reached its highest isola-
tion rate in September (35.7%), highlighting the significant
influence of air and water temperatures on Vibrio distribu-
tion. National Vibrio infection statistics similarly support this
trend, with an average of approximately 50 cases reported an-
nually over the past 3 years (2021-2023), the majority oc-
curring during the summer. Specifically, 52, 46, and 69 cases
of vibriosis were reported in 2021, 2022, and 2023, respec-
tively, with September showing the highest incidence. These
data reinforce the association between elevated temperatures
and the occurrence of pathogenic Vibrio in the marine ecosys-
tem [3]. Correlation analysis between environmental factors
and Vibrio distribution patterns revealed positive correlations
between isolation rates and both air and water temperatures,
while salinity, turbidity, and pH showed negative correlations.

These findings align with previous studies that have identified

www.phwr.org Vol 18, No 30, 2025

air and water temperature as key factors significantly affect-
ing the distribution of pathogenic Vibrio species [8]. In con-
trast, turbidity, salinity, and pH have been shown to have
weaker correlations with Vibrio isolation rates [9]. Although
the gene detection and isolation rates of pathogenic Vibrio in
the Chungcheong marine ecosystem were relatively low dur-
ing March-May and October-November 2024 compared to
the June-September period, this seasonal gap is expected to
narrow in the future due to rising air and sea temperatures as-
sociated with climate change. According to climate analysis
data from the Korea Meteorological Administration [10], the
average air temperatures in ROK for March and April 2024
were 6.9C and 14.9C, which were 0.8C and 2.8C higher,
respectively, than the 1991-2020 baseline averages of 6.1C
and 12.1TC. In November 2024, the average air temperature
was 9.7C, 2.1C higher than the baseline average of 7.6C for
that month. Similarly, the average sea surface temperatures in
Korean coastal waters for March, April, and November 2024
were 11.1C, 14.0C, and 19.6TC, respectively. These were
0.2C, 1.3C, and 2.3T higher than the recent 10-year averages
of 10.9C, 12.7C, and 17.3C. These findings suggest a shift in
the seasonal boundaries for the potential occurrence of patho-
genic Vibrio in ROK’s marine ecosystem.

As climate change continues to drive progressively high-
er air and water temperatures compared to historical lev-
els, the potential for the occurrence of pathogenic Vibrio in
the Chungcheong marine ecosystem is expected to increase.
Therefore, continuous and systematic efforts are required to
strengthen the surveillance system, such as extending surveil-
lance periods and expanding monitoring sites, enabling early
detection of pathogenic Vibrio in the marine ecosystem and

helping prevent related infections.
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QuickStats

Trends in the Prevalence of Current Drinking among Korean
Adolescents, 2015-2024

In 2024, the prevalence of adolescents who drank 1 glass or more of alcohol for the recent 30 days was 11.8% among

boys, showing a decrease of 1.2 percentage points from the previous year, and 7.5% among girls, a decrease of 1.5 percentage

points (Figure 1). The data indicated that high school students had a drinking rate approximately three times higher than mid-

dle school students (Figure 2).
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Figure 1. Trends in prevalence of current drinking by gender,
2015-2024

70 -
60
50 -
40
30

Percentage (%)

20 A
10 1

0

-o - Middle school students
—o— High school students

249

19.5
159 16.0 165 4456

74 65 76 85 76 g5, 55 70 59

O--—p-=--0--"C=--0-_ 4.9

~-0---0--"9%--0-_-_3g

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Survey years

Figure 2. Trends in prevalence of current drinking by school
levels, 2015-2024

*Prevalence of current drinking: proportion of people who drank 1 glass or more of alcohol for the recent 30 days.

Source: The 20th Korea Youth Risk Behavior Survey 2024 (KYRBS), https://www.kdca.go.kr/yhs/

Reported by: Hye Su Hong @, Division of Health and Nutrition Survey and Analysis, Department of Chronic Disease Prevention and

Control, Korea Disease Control and Prevention Agency
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