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Determining the annual proportion of individuals newly diagnosed with human immunodeficiency
virus (HIV) infection acquired within the preceding 130 days is essential to inform targeted prevention
strategies. We assessed populations at increased risk of HIV infection and identified those with delayed
diagnosis by analyzing the proportion of recent infections among newly diagnosed individuals.
HIV-antibody avidity assays were performed to distinguish recent from longstanding infections
among newly diagnosed cases during 2016-2023. Logistic regression analysis was used to assess risk
factors among demographic and behavioral data, including age, nationality, region, transmission
mode, marital status, HIV-testing purpose, and occupation. We investigated 7,545 individuals,
representing 85.0% of the 8,875 newly diagnosed HIV-positive cases. The average proportion of
recent HIV infections (RHIs) was 26.1%, which was higher among males (26.9%, P =0.034), individuals
aged <30 years (38.8%, P <0.001), and Korean nationals (27.3%, P <0.001). Among testing purposes,
blood donation screening yielded the highest proportion of RHIs (45.8%). Male sex, age <30 years,

and Korean nationality were identified as main risk factors for HIV infection. The RHI proportion serves
as a key indicator of HIV prevention effectiveness in Korea and can inform development of effective
prevention strategies.
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Despite significant advancements in prevention programs and treatments, human immunodeficiency virus (HIV)
infection remains a major global public health challenge. According to the Joint United Nations Programme on
HIV/acquired immunodeficiency syndrome (AIDS) (UNAIDS) estimations, in 2023, approximately 1.3 million
new HIV infections were reported worldwide, reflecting a 39% decline since 2010. Additionally, AIDS-related
deaths decreased by 51%, with 630,000 deaths recorded. Currently, approximately 39.9 million people are living
with HIV infection, of whom 86% are aware of their status and 77% are receiving antiretroviral therapy (ART)'.
In South Korea, from 2016 to 2023, the annual number of newly reported HIV infections consistently ranged
between 1,000 and 1,200 cases, demonstrating a sustained epidemic without a significant reduction in incidence.
The burden of infection was disproportionately concentrated among young and middle-aged males, with males
accounting for>90% of new diagnoses and individuals aged 20 to 39 years comprising 64.1% of cases in 2023.
Sexual transmission remained the principal mode of infection acquisition, with transmission through male-to-
male sexual contact constituting approximately 54.3% of reported infections in 2023. The detection pathways for
new cases include voluntary screening, routine medical examinations, and clinical assessments initiated in response
to illness. The proportion of cases identified among foreign nationals increased markedly during the study period,
rising from approximately 11.4% in 2016 to >25% by 2023, reflecting demographic shifts during the epidemic?.
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Achieving the UNAIDS 95-95-95 targets requires prioritization of early HIV detection, as timely diagnosis
facilitates prompt ART initiation, viral load suppression, and reduced transmission. However, the proportion
of early-stage diagnoses remains low, largely due to the asymptomatic nature of many recent infections, which
contributes to silent transmission. According to UNAIDS, globally, 14% of people living with HIV (5.4 million)
remain undiagnosed. In Korea, as of 2020, approximately 37.47% of people living with HIV were undiagnosed,
with a median infection-to-diagnosis time of 6.96 years®. Data from the Korea HIV/AIDS Cohort Study revealed
that from 2006 to 2023, 17.4% of participants had a CD4 + T-cell counts of < 200 cells/mm? at cohort enrollment.
The median CD4* count at ART initiation was 161 cells/mm? in 2001-2003 and 273 cells/mm? in 2013-2015%.
These findings highlight the urgent need for early diagnosis and timely treatment to improve health outcomes
and prevent further transmission.

In March 2024, as part of its commitment to global efforts to end AIDS by 2030, the Korea Disease Control
and Prevention Agency (KDCA) announced the implementation of a 5-year program, The 2nd National Action
Plan on HIV/AIDS Prevention and Control (2024-2028), aiming to halve the number of new HIV infections
in South Korea by 2030, relative to 2023 levels. This plan includes key measures, such as infection prevention,
active case identification, rapid and sustained treatment, and health rights assurance. Additionally, the plan
emphasizes strengthening the foundation for HIV prevention and management, aligning national efforts with
global objectives, while addressing local challenges.

Testing for recent HIV infections (RHIs) using recency assays plays a crucial role in HIV surveillance and
prevention, enabling targeted interventions and improving health outcomes. The World Health Organization
(WHO) and UNAIDS advocate for recent infection testing algorithms (RITAs) to estimate HIV incidence and
guide public health policies®’. By incorporating recency data, countries can identify transmission hotspots and
allocate resources more effectively. In the United States, programs such as the National HIV Surveillance System
use advanced technologies, such as the limiting antigen avidity assay, to distinguish recent from longstanding
infections. The Centers for Disease Control and Prevention (CDC) highlights their value in identifying high-
transmission networks and evaluating prevention strategies, including pre-exposure prophylaxis and community-
based testing®~10. Similarly, the United Kingdom has integrated recent infection assays into national surveillance,
focusing on key populations, such as men who have sex with men (MSM) and African communities. Molecular
epidemiology further supports efforts to track transmission patterns and inform HIV prevention strategies'!"12.

Since 2015, the KDCA has performed confirmatory testing for early HIV diagnosis by integrating HIV-
1 p24 antigen neutralization and HIV-1 RNA tests with the conventional antibody-based western blot assay.
This approach utilizes HIV RNA and the p24 antigen as diagnostic biomarkers, which appear before anti-HIV
antibodies fully develop. Consequently, the confirmed HIV positivity rate increased significantly from 10.3%
in 2014 to 33.3% in 2017, while the proportion of indeterminate test results declined sharply. The adoption of
HIV RNA testing allowed previously indeterminate cases, often diagnosed with western blot assays in cases in
the acute phase of infection due to immature antibody development, to be reported as positive. This initiative is
part of a broader testing enhancement policy aimed at identifying individuals in the early acute phase of HIV
infection and linking them to treatment programs'?.

In 2011, South Korea introduced the RITA system to implement nationwide RHI surveillance among newly
diagnosed individuals. The testing methods have been continuously refined. Initially, the AxSYM/ARCHITECT
HIV Ag/Ab Combo kit was used to perform avidity assays, and the BED HIV-1 Incidence Test was simultaneously
employed!. Since 2013, the HIV-1 LAg-Avidity Enzyme Immunoassay (EIA) has been utilized for recency
assays. To enhance the specificity of recent infection results, the RITA was applied considering CD4 count values
and additional clinical information as recommended in the UNAIDS/WHO guide. A recent study reported that
the average proportion of RHIs among individuals newly diagnosed as HIV-positive in 2008-2015 was 20.5%,
with particularly higher proportion among younger age groups'.

To inform targeted prevention programs, enhance the precision of intervention strategies, and provide
evidence to support the implementation of the 2nd National Action Plan, which includes identifying priority
groups for enhanced HIV testing efforts, we investigated the proportion and characteristics of RHIs among
individuals newly diagnosed during 2016-2023. Using advanced antibody avidity assays, we differentiated recent
infections from longstanding infections and analyzed the associated demographic and behavioral risk factors.

Methods

Study samples

This study utilized residual serum or plasma samples used in HIV confirmatory testing that were deemed suitable
for experimentation. The inclusion criteria was any specimen that tested positive with an HIV confirmatory
test; however, only the initial sample from each individual was included. Specimens from individuals previously
confirmed as HIV-positive, multiple samples from the same person, and anonymously tested specimens with
unverifiable duplication were excluded.

From 2016 to 2023, a total of 15,735 HIV-positive specimens in Korea, confirmed via HIV-1 p24 antigen
neutralization assay, HIV-1 RNA tests, and antibody-based western blot assay, were further analyzed using
the LAg-Avidity assay to determine RHI. After excluding 7,704 duplicates, previously confirmed cases, and
anonymous tests, 8,031 specimens were included for recency testing, representing 90.5% of the 8,875 newly
diagnosed HIV-positive cases reported during this period (Fig. 1).

HIV/AIDS is a legally notifiable disease in South Korea. The HIV/AIDS Supporting Network System is
a centralized database managed by the Division of HIV/AIDS Prevention and Control at the KDCA, which
maintains data on individuals confirmed to be HIV-positive. For this study, anonymized epidemiological data
were obtained from the Division of HIV/AIDS Prevention and Control. The dataset included information on the
following variables: date of diagnosis, age, mode of transmission, purpose of HIV testing, marital status, testing
institutions, occupation, CD4 + T cell count, and HIV RNA test results.
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8,875 newly diagnosed HIV cases reported to the Korea
Diseases Control and Prevention Agency in Korea (2016-2023)

15,735 HIV-positive samples collected
(2016-2023)

Excluded (N=7704)
xcude * Previously HIV positive person
v * Repeated HIV test of same person

8,031 samples were used for HIV antibody avidity assay

* Anonymous cases

(LAg Test)
(N = 80, recent infections)
5,956 (74.2%) persons classified 2,075 (25.8%) persons classified| pyojuded| © <200 CD4+ T cel/pL at diagnosis(n=67)
as longstanding infection as recent infection L5 | * Death caused by AIDS within one year after HIV diagnosis
by LAg Test (n=18)
Excluded (N =406, long term 379, recent infections 27)
* [Essential epidemiological information is missing
(sex, age, region, nationality, reason for HIV testing)
(N =17,545)
5,577 (73.9%) persons classified 1,968 (26.1%) persons classified
as longstanding infection as recent infection
by RITA by RITA

Fig. 1. Flowchart of sample inclusion and classification in the Recent human immunodeficiency virus (HIV)
infection study among newly diagnosed HIV cases in South Korea during 2016-2023. Of the 15,735 HIV-
positive specimens collected, 7704 were excluded due to duplication, prior HIV confirmation, or anonymous
testing, leaving 8031 specimens for recency testing. Among those classified as recent infections, 80 specimens
were removed based on the RITA to eliminate false recent results, and 406 specimens were excluded due

to missing epidemiological data. Consequently, the final analysis included 7545 specimens. AIDS Acquired
immune deficiency syndrome, RITA Recent infection testing algorithm.

Operational definitions

Newly identified HIV case

A case with a confirmed diagnosis of HIV infection that was not previously detected, as determined by a
standardized national HIV testing algorithm!>.

Recent HIV infection
An HIV infection estimated to have been acquired within approximately 118 to 142 days (mean duration:
130 days) prior to specimen collection, as determined by the Sedia HIV-1 LAg-Avidity EIA’S.

Longstanding HIV infection
An HIV infection estimated to have been acquired more than 142 days prior to the date of recency testing, as
determined by serological markers indicative of an established infection.

Military manpower administration (MMA) screening

In South Korea, males must complete military service at approximately 20 years of age. Since 2009, mandatory
HIV testing has been one of the pre-enlistment physical. The MMA conducts this test to identify individuals with
HIV and prevent transmission in military settings. Individuals with HIV are exempted from military service.

Geographical classification

Metropolitan

These are urban areas including Seoul Special City and seven metropolitan cities of South Korea, characterized
by high population density, administrative autonomy, and socioeconomic concentration. These cities are hubs for
governance, commerce, and culture.

Small city/rural area

These regions comprise the 10 provinces of South Korea and their subdivisions, including towns and rural areas,
characterized by lower population density, diverse administrative structures, and dispersed residential and
economic patterns.
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HIV antibody avidity assay

The Sedia HIV-1 LAg-Avidity EIA (Sedia Biosciences Corporation, Portland, OR, USA, Cat. No. 1002) was used
to identify recent HIV-1 infections among the study participants. This assay measures the avidity of HIV-1-
specific IgG antibodies in plasma or serum, differentiating recent infections from long-term infections, and was
performed according to the manufacturer’s instructions!®. Plasma or serum specimens were diluted and added
to wells coated with a limiting concentration of recombinant HIV-1 gp41 antigens. After incubation at 37 °C for
60 min, a dissociation buffer was added to elute low-avidity antibodies, while high-avidity antibodies remained
bound to the antigen. Horseradish peroxidase-conjugated anti-human IgG antibodies were then added to
the wells and incubated. After washing, 3,3',5,5'-tetramethylbenzidine substrate was added to detect bound
antibodies. Optical density (OD) values were measured at 450 nm using a microplate reader and normalized
with an internal calibrator to calculate the normalized OD (ODn). Samples with an ODn < 1.5 were classified as
recent infections, based on a mean duration of recent infection of 130 (95% confidence interval [CI]: 118-142)
days.

Statistical analysis

RHIs were determined using a multi-analysis algorithm integrating CD4* T-cell counts at HIV diagnosis and
AIDS-related mortality within 1 year after diagnosis. To enhance accuracy, RITA was applied to cases initially
classified as RHIs based on avidity assay results. RHI cases with a CD4 count of <200 cells/mm? or an AIDS-
related death within 1 year were excluded, without reclassification as longstanding infections, to minimize false
recent results (FRRs). Of the 2,075 RHIs, 80 cases (3.9%) were excluded through application of a RITA: 67 with
CD4"* counts 0of <200 cells/mm?, 18 AIDS-related deaths, and 5 with both criteria. Additionally, 406 specimens
were excluded due to missing socio-demographic data (e.g., sex, age, region, nationality, testing institute, or HIV
testing purpose), including 379 longstanding infections and 27 recent infections. Ultimately, 7545 specimens
were included in the final statistical analysis (Fig. 1).

The proportion of RHIs was calculated as the percentage of newly diagnosed HIV cases classified as recent
infections each year. We analyzed HIV-testing purposes and testing institutions, including public health
centers, hospitals/clinics, blood donation centers, military manpower administration, and correctional facilities.
Regional distribution was examined by classifying areas as metropolitan, small city, or rural area. HIV testing
purposes were categorized into the following 12 groups: outpatient clinic visits, antenatal testing, preoperative
testing, health checkups, voluntary testing (named/anonymous), blood donation screening, military manpower
administration screening, foreign resident screening, correctional facility admission screening, routine sexually
transmitted infection (STI) screening, and contact tracing for known HIV-positive individuals. For analysis,
some categories were combined.

Logistic regression analysis was used to examine the association between recent HIV infections and selected
categorical variables. To assess the model assumptions, multicollinearity among independent variables was
evaluated, and all variance inflation factor (VIF) values were below the commonly accepted threshold of 5. This
indicated low multicollinearity and confirmed the appropriateness of including these variables in the model.
Annual trends in the proportion of recent infections were assessed using the Mann-Kendall test for trends. Odds
ratios (ORs) for RHIs were estimated via univariable and multivariable logistic regression. Statistical analyses
were conducted using R version 4.4.0 software (R Core Team, R Foundation for Statistical Computing, Vienna,
Austria), with a significance level set at P <0.05.

Ethics approval

All experiments were reviewed and granted an exemption from ethical approval by the appropriate ethics
committee (KDCA Institutional Review Board Ethics Committee; approval number: KDCA-2025-01-02-PE-01).
Additionally, the requirement for obtaining informed consent from patients for this study was waived by the KDCA
Institutional Review Board.

Results

Characteristics of the study population

In our study, the study population was predominantly male (Table 1). Foreign nationals accounted for less than
20% of the sample. Almost one-third of the study population was aged 30-39 years. The purpose of HIV testing
was predominantly outpatient clinic visits. Notably, 70% (252/360) of those who tested HIV positive during
blood donation screening were aged under 30 years of age. Male-to-male sexual contact was the mode of HIV
transmission for more than one-third of the cases. Additionally, almost three-quarters of the individuals were
single or unmarried.

Proportion of RHIs during 2016-2023

Among 7,545 newly diagnosed HIV cases between 2016 and 2023, RHIs accounted for 26.1% (Table 1). The
proportion was higher in males than in females (P <0.034). Age-specific analysis showed that RHIs were most
prevalent in 16-19-year-olds compared to the other age groups. The proportion was significantly lower in
individuals aged > 40 years than in younger age groups (P <0.001). The proportion of RHIs among foreign nationals
was significantly lower than that among Korean nationals (P<0.001). Additionally, individuals diagnosed in
metropolitan areas had a higher proportion of RHIs than those diagnosed in small cities or rural areas. Regarding
transmission mode, MSM had the highest proportion of RHIs.

The proportion of RHIs varied depending on the purpose of testing. The highest proportions of RHIs were
identified during testing related to blood donation. In contrast, lower proportions were found during testing
related to contact tracing of known HIV-positive individuals, health checkups, preoperative testing, foreign
resident screening, correctional facility admission screening, and antenatal testing (Table 1).
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Recency assay results
Total Longstanding infection | Recent HIV infection
Study variables Category N (%) N (%) N (%) Distribution (%)*
Overall 7545 5577 (73.9) 1968 (26.1) | 100
Sex Male 6918 (91.7) | 5057 (73.1) 1861 (26.9) | 94.6
Female 627 (8.3) 520 (82.9) 107 (17.1) | 5.4
<20 (16-19) 53(0.7) 26 (49.1) 27(509) |14
20 s (20-29) 2332(30.9) | 1433 (61.4) 899 (38.6) | 45.7
305 (30-39) 2422 (32.1) | 1809 (74.7) 613 (25.3) | 31.1
Agel (years)
40 s (40-49) 1279 (17.0) | 1056 (82.6) 223(17.4) | 113
50 s (50-59) 896 (11.9) | 767 (85.6) 129 (14.4) | 6.6
>60 563 (7.5) 486 (86.3) 77 (13.7) 39
Korean nationals 6227 (82.5) | 4526 (72.7) 1701 (27.3) | 86.4
Nationality
Foreign nationals 1318 (17.5) | 1051 (79.7) 267 (20.3) | 13.6
Region (residency) Metropolitan 4228 (56.0) | 3085 (73.0) 1143 (27.0) | 58.1
Small city/rural area 3317 (44.0) | 2492 (75.1) 825(24.9) |41.9
MSM 2821 (37.4) | 1968 (69.8) 853 (30.2) |43.3
Heterosexual contact 2529 (33.5) | 1892 (74.8) 637 (25.2) | 324
Transmission mode Others 266 (3.5) 205 (77.1) 61 (22.9) 3.1
Not known 1779 (23.6) | 1406 (79.0) 373(21.0) | 19.0
No-response 150 (2.0) 106 (70.7) 44 (29.3) 2.2
Married/Cohabiting 1270 (16.8) | 1021 (80.4) 249 (19.6) | 12.7
Marital status Single/Not married 5585 (74.0) | 3996 (71.5) 1589 (28.5) | 80.7
Etc./Not recorded 690 (9.2) 560 (81.2) 130(18.8) | 6.6
Service worker 344 (4.5 245 (71.2) 99 (28.8) 5.0
Production worker 65 (0.9) 55 (84.6) 10 (15.4) 0.5
Occupation Student 72 (1.0) 35 (48.6) 37 (51.4) 1.9
Others 122 (1.6) 98 (80.3) 24 (19.7) 1.2
No response 6942 (92.0) | 5144 (74.1) 1798 (25.9) | 91.4
Hospital/clinic 5053 (67.0) | 3857 (76.3) 1196 (23.7) | 60.8
Blood donation center 395 (5.2) 218 (55.2) 177 (44.8) | 9.0
Testing institute Public health center 1952 (25.9) | 1399 (71.7) 553 (28.3) |28.1
Military Manpower Administration 122 (1.6) 86 (70.5) 36 (29.5) 1.8
Correctional facility 23(0.3) 17 (73.9) 6(26.1) 0.3
Outpatient clinic visits’ 3285 (43.5) | 2416 (73.5) 869 (26.5) | 44.2
Preoperative testing 1062 (14.1) | 873 (82.2) 189(17.8) [9.6
Health checkups 591 (7.8) 482 (81.6) 109 (18.4) |5.5
Testing purpose (combined) | Voluntary testing* 1644 (21.8) | 1154 (70.2) 490 (29.8) | 24.9
Blood donation screening 360 (4.8) 195 (54.2) 165 (45.8) | 8.4
Military manpower administration screening 147 (2.0) 105 (71.4) 42 (28.6) 2.1
Others® 456 (6.0) 352 (77.2) 104 (22.8) | 5.3
Outpatient clinic visits 3262 (43.2) | 2396 (73.5) 866 (26.6) | 44.0
Antenatal testing 23(0.3) 20 (87.0) 3(13.0) 0.2
Preoperative testing 1062 (14.1) | 873 (82.2) 189 (17.8) | 9.6
Health checkups 591 (7.8) 482 (81.6) 109 (18.4) | 5.5
Voluntary named testing 993 (13.2) | 688(69.3) 305 (30.7) | 15.5
Voluntary anonymous testing 651 (8.7) 466 (71.6) 185(28.4) |9.4
Blood donation screening 360 (4.9) 195 (54.2) 165 (45.8) | 8.4
Testing purpose (single)
Military Manpower Administration screening 147 (2.0) 105 (71.4) 42 (28.6) 2.1
Foreign resident screening 69 (0.9) 59 (85.5) 10 (14.5) 0.5
Correctional facility admission screening 60 (0.8) 52 (86.7) 8(13.3) 0.4
Routine STI screening 108 (1.5) 74 (68.5) 34 (31.5) 1.7
Contact tracing of known HIV-positive individuals | 49 (0.7) 39 (79.6) 10 (20.4) 0.5
Etc 93(1.2) 69 (74.2) 24 (25.8) 1.2
No response 77 (1.0) 59 (76.6) 18 (23.4) 0.9
Year of HIV diagnosis 2016 935 (12.4) | 669 (71.6) 266 (28.4) | 13.5
Continued
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Recency assay results
Total Longstanding infection | Recent HIV infection
Category N (%) N (%) N (%) Distribution (%)*
2017 1062 (14.1) | 781 (73.5) 281 (26.5) | 143
2018 1020 (13.5) | 808 (79.2) 212 (20.8) 10.7
2019 1059 (14.0) | 821 (77.5) 238 (22.5) 12.1
(sample collection) 2020 787 (10.4) | 563 (71.5) 224 (28.5) |11.4
2021 805 (10.7) | 611 (75.9) 194 (24.1) 9.9
2022 927 (12.3) | 651 (70.2) 276 (29.8) 14.0
2023 950 (12.6) | 673 (70.8) 277 (29.2) 14.1

Table 1. Socio-demographic characteristics of newly diagnosed human immunodeficiency virus (HIV)-
positive cases in Korea in 2016-2023 and included in the Recent HIV Infection Study. *Distribution: The
percentage occupied by a specific category within a single variable. *Outpatient visits include both outpatient
clinic visits and antenatal testing. * Voluntary testing includes both named and anonymous voluntary testing.
SOthers include military manpower administration screening, foreign resident screening, correctional facility
admission screening, routine STT screening, contact tracing of known HIV-positive individuals, and other
unspecified categories (N/A). | Median age of study participants: 34 (interquartile range: 28-46) years. HIV
Human immunodeficiency virus, MSM Men who have sex with men, STI Sexually transmitted infection.

Notably, blood donation consistently showed the highest proportion of RHIs each year. The proportion was
lower in tests where HIV infection was likely discovered incidentally, such as antenatal testing, correctional
facility admission screening, foreign resident screening, and preoperative testing.

The proportion of RHIs also varied by testing institution. Blood donation centers recorded the highest
proportion, followed by military manpower administration screening, public health centers, and hospitals.

Although the sample size was limited and the statistical significance was uncertain, the occupational analysis
showed that students had the highest proportion of RHIs relative to other occupational groups. Service workers
comprised the second highest proportion, while production workers comprised the lowest proportion among
the analyzed occupational categories.

Trends in RHIs among newly diagnosed cases during 2016-2023

A comparative analysis of RHIs from 2016 to 2023 revealed no statistically significant year-to-year changes
across any variable. In 2009, the proportion of RHIs was 16.3%, and the rate has remained above 25% since 2016.
Although the overall trend has been slightly upward, 2018 (20.8%) and 2019 (22.5%) showed deviations from this
pattern (Fig. 2a). RHIs were consistently approximately 10% higher in males than in females each year (Fig. 2b).
Additionally, each year, foreign nationals had significantly lower proportions of RHIs than Korean nationals
(Fig. 2¢). Age-specific analysis revealed an inverse relationship between age and RHIs, with lower proportions
observed in older age groups each year (Fig. 2d). According to testing purpose, testing related to blood donation
consistently revealed the highest RHI proportion, exceeding 40% annually, while voluntary testing and military
manpower administration screening also exhibited relatively high rates (Fig. 2e).

Factors associated with RHIs
The median age of individuals with RHIs was 30 (interquartile range [IQR]: 26-37) years, which was significantly
lesser than the age of those with longstanding infections (36, IQR: 29-48 years). Univariate logistic regression
identified several epidemiological factors that were significantly associated with RHIs, including sex, age,
nationality, region, transmission mode, marital status, testing institution, and testing purpose (Table 2).
Multivariable logistic regression revealed key risk factors for RHIs. The likelihood of recent infection was
higher in males than in females (adjusted OR: 1.29, 95% CI: 1.02-1.63). Younger individuals in the cohort,
particularly those aged 20-29 years and those aged 30-39 years had approximately four-fold and two-fold
increased odds, respectively, of having RHIs, than did those aged 60 years and older. Korean nationals were
significantly more likely to have RHIs than foreign nationals (P<0.001). Testing related to blood donation,
outpatient clinic visits, and voluntary testing also showed strong associations with RHIs. The primary risk factors
identified by multivariable analysis were male sex, a younger age (under 30 years), and Korean nationality,
emphasizing the need for targeted prevention strategies for these high-risk groups.

Characteristics of RHIs among younger age groups (age < 30 years)
The study population included 53 individuals aged 16-19 years and 2,332 individuals in their 20 s, collectively
accounting for 31.6% of all participants (Table 1). Due to the small sample size in the 16-19-year-old age group,
statistical analyses were limited, and in some cases, data from both the abovementioned groups were combined. The
8-year average proportion of RHIs was 50.9% among individuals aged 16-19 years and 38.6% among those in their
20 s; both these values exceeded the overall study average of 26.1%. Among individuals in their 20 s, annual RHI
proportions ranged from 31.5% in 2018 to 47.2% in 2020 (Fig. 2d), with no significant temporal trends observed.
Among individuals aged under 30 years, RHIs were more prevalent among males (39.4%) than among females
(26.7%) and were higher among Korean nationals (40.1%) than among foreign nationals (31.2%). The proportion
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Fig. 2. Annual proportion of recent human immunodeficiency virus (HIV) infections by (a) annual
proportion of recent HIV infections, (b) sex, (c) nationality, (d) age, and (e) HIV-testing purpose among newly
diagnosed HIV-positive individuals in Korea, 2016-2023. HIV Human immunodeficiency virus, RHIs Recent
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was 12.7% points higher in males than in females and 8.9% points higher in Korean nationals than in foreign
nationals (Fig. 3a). RHIs were most prevalent among individuals aged under 30 years who underwent testing
during routine STT screening (50.0%), blood donation (49.2%), outpatient clinic visits (42.4%), preoperative
testing (39.8%), contact tracing (37.5%), voluntary testing (35.5%), and military manpower administration
screening (28.9%). In contrast, significantly lower RHI proportions were observed among individuals undergoing
foreign resident screening (15.4%) and correctional facility admission screening (9.1%) (Fig. 3b).

Discussion

In this study, we analyzed the proportion of RHIs among 7,545 individuals newly diagnosed with HIV in South
Korea during 2016-2023, which represented 85% of the 8,875 cases reported to the KDCA during the study period.
Among this study population, the average proportion of RHIs was 26.1%, reflecting a 5.6% increase compared to
20.5% reported for the period 2008-2015. This trend appears to be associated with the rising number of newly
diagnosed HIV cases in South Korea annually, which increased from approximately 900 to 1,100-1,200 cases since
2013. Furthermore, our data suggest that HIV diagnostic testing has become more widely implemented within
certain high-risk populations. A logistic regression model was employed to identify independent demographic and
behavioral risk factors associated with RHIs. This revealed that male sex, younger age (under 30 years), Korean
nationals, and specific testing purposes such as blood donation and voluntary testing, were significantly associated
with RHIs.

The high proportion of RHIs in certain high-risk groups suggests ongoing transmission and frequent HIV
testing behaviors. For example, in Singapore, MSM are known to undergo testing more frequently due to
heightened awareness attributed to the effectiveness of government-led sexual health campaigns!’.

Findings from recent infection surveys serve as critical indicators for enhancing early HIV detection and
improving diagnostic strategies. In our study, the following groups had lower proportions of RHIs: females
(17.1%), foreign nationals (20.3%), and individuals aged 40 years or older (17.4%, 14.4%, and 13.7% among
individuals in their 40 s, 50 s, and 60 s or older, respectively). The lower proportion of RHIs among older age
groups may be attributable to decreased engagement in high-risk sexual behaviors or limited utilization of HIV
screening services. Conversely, younger individuals had a significantly higher probability of RHIs, with those
aged 16-19 years having a 5.5-fold higher odds and those aged 20-29 years having a 4.2-fold higher odds of
having RHIs compared to individuals aged 60 years and older. The highest RHI proportion according to the
HIV testing purpose was observed in the blood donation group (45.8%). This may be explained by the fact that
individuals under the age of 30 years accounted for 70% of the blood donation group in this study. Furthermore,
since blood donation centers perform HIV-1 RNA testing for all samples right from the initial stage of HIV
screening, they can diagnose HIV infection earlier than institutions that conduct only antigen/antibody testing.
The high RHI proportion in the routine STI screening group (31.5%) likely reflects regular annual HIV testing,
as this group is legally required to undergo periodic screening.
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Recent HIV infection | Univariable model Multivariable model
Category N (%) * cOR" (95% CI) | P-value | aOR* (95% CI) | P-value
Total 1968 (26.1)
Sex 0.031
Male 1861 (26.9) 1.79 (1.44-2.22) <0.001 |1.29(1.02-1.63) | 0.034
Female 107 (17.1) 1 1
Age (years) <0.001
<20 (16-19) 27 (50.9) 6.55(3.63-11.82) | <0.001 |5.49 (2.96-10.18) | <0.001
20 s (20-29) 899 (38.6) 3.96 (3.07-5.11) <0.001 |4.16 (3.15-5.48) <0.001
30 s (30-39) 613 (25.3) 2.14 (1.65-2.77) <0.001 |2.32(1.77-3.05) <0.001
40 s (40-49) 223 (17.4) 1.33 (1.01-1.76) 0.045 | 1.45 (1.19-1.94) 0.011
50 s (50-59) 129 (14.4) 1.06 (0.78-1.44) 0.700 | 1.10(0.81-1.50) | 0.538
>60 77 (13.7) 1 1
Nationality <0.001
Korean nationals 1701 (27.3) 1 1
Foreign nationals 267 (20.3) 0.68 (0.58-0.78) <0.001 |0.75(0.63-0.88) <0.001
Region (residency)
Metropolitan 1143 (27.0) 1 -
Small city/rural area 825 (24.9) 0.9 (0.81-0.99) 0.038 | -
Transmission mode
MSM 853 (30.2) 1 -
Heterosexual contact 637 (25.2) 0.78 (0.69-0.88) <0.001 |-
Others 61(22.9) 0.69(0.51-0.92) | 0.013 |-
Not known 373 (21.0) 0.61 (0.53-0.70) <0.001 |-
No-response 44 (29.3) 0.96 (0.67-1.37) 0.814 | -
Marital status 0.008
Single/Not married 1589 (28.5) 1.63 (1.41-1.89) <0.001 |0.81(0.68-0.97) | 0.022
Etc./Not recorded 130 (18.8) 0.95 (0.75-1.20) 0.682 | 0.68 (0.52-0.87) | 0.003
Married/Cohabiting 249 (19.6) 1 1
Testing institute
Hospital/clinic 1196 (23.7) 1
Blood donation center 177 (44.8) 2.62(2.13-3.23) <0.001 |-
Public health center 553 (28.3) 1.27 (1.13-1.43) | <0.001 | -
Military manpower 36 (29.5) 135(091-2.00) | 0.136 | -
administration
Correctional facility 6(26.1) 1.14 (0.45-2.89) 0.786 | -
Testing purpose (combined) <0.001
Health checkups 109 (18.4) 1 1
Voluntary testing 490 (29.8) 1.88 (1.49-2.37) | <0.001 | 1.49 (1.17-1.90) | 0.001
Outpatient visits 869 (26.5) 1.59 (1.27-1.99) <0.001 |1.65 (1.31-2.07) <0.001
Preoperative testing 189 (17.8) 0.96 (0.74-1.24) 0.743 | 1.06 (0.81-1.38) | 0.678
Blood donation 165 (45.8) 3.74 (2.79-5.02) <0.001 |2.33(1.72-3.16) <0.001
gﬁﬁazriztﬁiﬁ)ﬂoxféening 42 (28.6) 1.77 (1.17-2.68) 0.007 | 0.91 (0.60-1.39) | 0.666
Others 104 (22.8) 1.31 (0.97-1.77) 0.082 | 1.52(1.11-2.08) | 0.009
Occupation
No response 1798 (25.9) 1 1
Service worker 99 (28.8) 1.16 (0.91-1.47) 0.235 | 1.12(0.87-1.43) | 0.372
Production worker 10 (15.4) 0.52 (0.26-1.02) 0.058 | 0.56 (0.28-1.12) |0.103
Student 37 (51.4) 3.02 (1.9-4.82) <0.001 |1.63(1.01-2.63) | 0.046
Others 24 (19.7) 0.70 (0.45-1.10) 0.121 | 0.69 (0.43-1.11) |0.124

Table 2. Results of univariable and multivariable analyses to identify risk factors associated with recent human
immunodeficiency virus (HIV) infections in Korea in 2016-2023. *Proportion of recent HIV infections among
specimens tested with the recency assay. 'TcOR: Crude odds ratio. *aOR: Adjusted odds ratio (adjusted for sex,
age, nationality, marital status, HIV testing purpose, and occupation). *Median age (interquartile range, Q1-
Q3) of individuals with recent HIV infection: 30 (26-37) years. CI Confidence interval, MSM Men who have
sex with men.
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Fig. 3. Proportion of recent HIV infections by demographic and behavioral factors among newly diagnosed
individuals aged 16-29 years during 2016-2023. (a) Sex, nationality, testing institute. Foreigner, foreign
nationals; blood center, blood donation center; public center, public health center; military, manpower
administration; prison, correctional facility (b) Testing purpose. Voluntary testing includes both named and
anonymous voluntary testing. Outpatient visits include outpatient clinic visits and antenatal testing. Prisoner
screening, correctional facility admission screening; military screening, military manpower administration
screening; foreigner screening, foreign resident screening; HIV-positive partner, contact tracing of known
HIV-positive individuals. HIV Human immunodeficiency virus, RHIs Recent HIV infections

The lower proportion of RHIs among females may be explained by their relatively small representation
among newly diagnosed HIV cases in South Korea, where they account for less than 10% of all new diagnoses.
Overall, the risk factors identified in the recent infection analysis align with the epidemiological profile of HIV
incidence in Korea. Specifically, these findings were consistent with the 2023 HIV/AIDS notification surveillance
data, which indicated that 89.9% of newly diagnosed cases were males, while 64.1% of cases were reported
among individuals aged in their 20 s and 30 s.

Global efforts to monitor RHIs have revealed significant regional and population-based variability,
emphasizing the need for targeted interventions. In the United States, recent infections account for 10-20% of
newly diagnosed cases, with higher rates observed among MSM and younger individuals. Similarly, in the United
Kingdom, 20-25% of new diagnoses are classified as RHIs, particularly among MSM and African communities.
The notably low proportion of recent HIV infections among females in South Korea reflects a pattern seen in
countries where the majority of cases occur among males, especially MSM, including the UK, Germany, and
Singapore, and likely influenced by differences in transmission dynamics, gender composition, and sociocultural
factors. Additional studies from countries such as Ireland, Ethiopia, and Kenya further emphasize the importance
of recency testing in identifying transmission trends and informing public health strategies!s-2*.

Despite advancements in HIV surveillance, gaps in testing coverage remain, particularly among racial and
ethnic minorities in the United States, where late diagnoses continue to be a challenge. Recency testing has
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played a crucial role in facilitating earlier care and reducing community-level transmission risks. In the United
Kingdom, integrating new HIV diagnoses and late HIV diagnoses data into national surveillance systems has
optimized resource allocation in high-prevalence areas, supporting progress toward the UNAIDS 95-95-95
targets®.

Beyond surveillance, recent infection testing has significant clinical implications. Acute and early HIV
infections are associated with high viral loads and increased transmission risk. Individuals in the early stage
of infection are up to 26 times more likely to transmit HIV than those with chronic infection. Notably,
20-50% of total HIV transmissions occur during this early period®®. Early identification and treatment can
reduce transmission risk, slow disease progression, and prevent complications. The success of public health
interventions in the United States and United Kingdom demonstrates the potential for other countries to adopt
similar strategies to enhance HIV prevention and control.

The proportion of non-Korean individuals among all HIV cases in South Korea has steadily increased, from
19.5% in 2020 to 20.7% in 2021, 22.6% in 2022, and 25.5% in 2023. Despite this upward trend, the relatively low
proportion of recent infections among non-Korean individuals observed in this study suggests that this group
has limited access to HIV testing, potentially leading to a higher prevalence of undiagnosed cases. Addressing
these disparities requires targeted policies and programs that promote voluntary HIV testing among non-Korean
populations, to facilitate earlier diagnosis and reduce transmission risk.

This study had some limitations. First, to minimize the impact of FRRs when applying a RITA, we adhered to
WHO recommendations by incorporating CD4 + T-cell counts and data on individuals who died within 1 year of
diagnosis. However, CD4 + T-cell data were available for only 5,607 (74.5%) of the 7,545 samples included in the
study, indicating that CD4 test results were limited to these samples. Consequently, some false positives may not
have been fully excluded. Nonetheless, all samples analyzed in this study were the first specimens collected from
individuals newly diagnosed with HIV, ensuring that they were unaffected by antiretroviral therapy. Second, the
WHO/UNAIDS technical guidelines recommend calculating the “proportion recent” by dividing the number of
recent infections by the total number of individuals at risk for HIV, which includes both recent infections and
those testing HIV-negative, rather than using only the total number of newly diagnosed cases”?”. However, due
to the study design, which focused exclusively on confirmed positive samples, we were unable to incorporate data
on individuals who tested HIV-negative in South Korea. This limitation may affect the generalizability of our
findings to the broader population. Third, the insufficient epidemiological information associated with certain
variables posed challenges in interpreting the underlying causes and environmental changes related to the RHI
results. Notably, approximately 25% of cases were reported with unknown or non-response transmission modes,
limiting the comprehensiveness of the data and complicating accurate interpretation of transmission dynamics.
This limitation not only affects the reliability of our findings and the precision of epidemiological inferences
but also raises concerns about potential stigma-related reporting biases. Participants may have been reluctant
to disclose their transmission mode due to stigma or social sensitivity, particularly for categories such as MSM
or other high-risk exposures. Furthermore, potential sampling constraints, including representativeness of the
study population and associated biases, warrant careful consideration. To improve data quality and strengthen
the generalizability of the findings, it is essential to implement more systematic data collection strategies,
including enhanced training of personnel managing HIV epidemiological data and refinement of data collection
protocols. Despite these constraints, this study holds significant value as it was based on national data covering
7,545 (85%) of the 8,875 newly diagnosed HIV cases reported in South Korea during the study period. This
extensive coverage enhances the reliability of our findings and their applicability to understanding the HIV
epidemic in Korea.

Conclusion

Between 2016 and 2023, 26.1% of newly diagnosed HIV cases were detected within 130 days of HIV infection
acquisition (median: 118-142 days), indicating that many individuals remained unaware of their infection during
the early phase. Expanding education and outreach programs is essential to encourage regular HIV testing among
high-risk groups.

This study identified young Korean males aged less than 30 years as the most at-risk group for HIV infection,
while foreign nationals were more likely to experience delayed diagnosis. Improving access to HIV testing for
these populations is crucial to reducing transmission risks and strengthening prevention efforts. Under Korea’s
2nd National Action Plan on HIV/AIDS Prevention and Control (2024-2028), the KDCA is expanding HIV
testing initiatives for key populations, including MSM, people who inject drugs, partners of individuals with HIV,
and foreign nationals. These efforts include enhancing access to anonymous and rapid testing at public health
centers and conducting targeted education campaigns. Collaboration with non-governmental organizations
serving sexual and gender minorities has further expanded testing coverage. The plan emphasizes prevention,
case finding, early treatment, stigma reduction, and antibody avidity-based monitoring to assess intervention
outcomes. These efforts align with global goals and support the objective of ending AIDS by 2030. This study
underscores the value of recency assays in HIV epidemic control and provides evidence for their importance in
public health strategies.
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