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Background: Antiretroviral therapy (ART) has been shown to reduce the number of local HIV (Human Immunodeficiency Virus)
reported cases; however, there is insufficient research on the relationship between new HIV infections and ART. This study utilized
real-world data to evaluate the community-level effectiveness of ART in reducing new HIV infections.

Methods: Ecological study was designed to establish the relationship between ART quality and new HIV infections. New HIV
infections were identified through an expanded testing system in 2018-2023; ART quality was evaluated based on ART-treated clients
in 2016-2023, and non-probabilistic sampling was performed. Generalized linear models was employed to assess associations between
metrics of ART effectiveness and new HIV infections. Statistical significance was set at a = 0.05 with 95% confidence intervals.
Results: A total of 3836 new HIV infections were identified, yielding an overall incidence of 2.1%. Treatment coverage for the entire
population was 80.8%, and the proportion of clients with an increased CD4 count was 61.0% of the entire population. In the
generalized linear modeling, four key factors were associated with reduced new HIV infections: a greater number of clients undergoing
treatment, a higher proportion of clients demonstrated CD4 count improvement, higher level of CD4 in baseline, and a reduction in
reported cases (f = —0.04, —0.03, —0.01, 0.17 respectively).

Conclusion: This ecological study verified that expanding treatment coverage, optimizing the effectiveness of antiretroviral treatment
and elevating baseline CD4 counts could curb community-level new HIV infections. Early detection, prompt treatment, and effective
ART are crucial for curbing HIV transmission in regions mainly driven by sexual transmission and with high cumulative incidence rates.
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Introduction

The human immunodeficiency virus (HIV) pandemic continues to expand, posing a significant burden on global health.
According to the World Health Organization (WHO), approximately 39.9 million people were living with HIV, with
1.3 million people became newly infected with HIV in 2023." The United Nations Programme on HIV/AIDS (UNAIDS)
has further outlined an overarching vision to end AIDS as a public health threat by 2030, and set ambitious 95-95-95
targets to combat HIV and AIDS globally by 2025,? aiming for 95% of people living with HIV to know their status, 95%
of those diagnosed to receive antiretroviral therapy (ART), and 95% of those on treatment to achieve viral suppression.
Achieving the 95-95-95 targets by 2025 is scientifically projected to disrupt viral transmission chains, thereby creating
an essential foundation for the 2030 goals. A cornerstone of this strategy is Treatment as Prevention (TasP), which aims
to reduce HIV transmission by suppressing viral load through widespread and sustained ART, a global systematic review
confirms that individuals on ART with suppressed viral loads (pVL < 1000 copies/mL) have near-zero sexual transmis-
sion risk,® supporting the “Undetectable = Untransmittable” principle.*
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China reported 1,355,017 currently living HIV/AIDS cases, including 749,839 hIV carriers and 605,178 AIDS
patients® in the end of 2024. In China, the HIV/AIDS epidemic exhibits regional disparities, with sexual transmission
being the primary mode in many areas, followed by injection drug use and mother-to-child transmission. The Chinese
government has made significant strides in HIV/AIDS prevention and control, with the implementation of free ART
policies since 2003,° and the free ART cover all people living with HIV regardless of CD4 levels in 20167, covered over
80% of diagnosed clients and achieved a viral suppression rate of 91%° in 2017, demonstrating the country’s unwavering
commitment and robust execution in public health. Despite these efforts, challenges such as drug resistance,® adherence
to ART,’ treatment failure,'® diagnostic delays'' and increased risky sexual behavior persist'? as condomless sex,
multiple sexual partners, or commercial sex engagement, complicating the relationship between ART effectiveness and
reduced HIV incidence.

To address these issues, we conducted an ecological study to explore the effectiveness of ART in reducing new HIV
infections in a city in southwest China. Ecological studies, such as those applied to analyze HIV pre-exposure

prophylaxis administration and social determinants of health in Brazil,"’

which analyze data at the population level
rather than the individual level, have been used to investigate the broader impacts of public health interventions. This
approach allows for a more comprehensive understanding of the epidemic dynamics and helps identify gaps in current
HIV/AIDS prevention and control strategies.

In this study, we focus on new HIV infections, which provide a more realistic, timely, and actionable assessment of
epidemic dynamics compared to the traditional HIV/AIDS case reporting system. The latter has limitations, including an
inability to distinguish incident infections from prevalent cases and substantial data delays. In 2018, China’s reported
diagnoses fell far short of model-estimated infections, leaving 360,000 undiagnosed individuals.'* By examining new
infections, this study aimed to explore the association between ART and reducing new HIV infections at the community
level using real-world data from a city in southwest China where the primary mode of HIV transmission is sexual
behavior, providing empirical evidence for HIV epidemic control in Southwest China where sexual transmission
predominates. The findings offer direct guidance for optimizing local testing strategies and treatment management,
with significant practical implications for achieving UNAIDS 95-95-95 targets.

Methods
Study Design and Participants Procedure

This ecological study was conducted in a city located in southwest China, with a permanent population of 4.3 million by
the end of 2020 and consisting of seven regions. We used county-level data from two sources: (1) an expanded HIV
testing system covering 73.7% of residents (2018-2023), with 3836 incident HIV cases observed across counties, and (2)
antiretroviral therapy databases containing complete records of 12,981 treat individuals (2016-2023) managed by the city
CDC (Centers for Disease Control and Prevention), non-probabilistic sampling was performed.

First, new HIV infections were identified in an expanding HIV testing system that began in 2018 in the city. The
testing system was established at the medical institutions in the city. In this system, rapid HIV screening tests are offered
to all inpatients and outpatients from key departments (STD clinic, obstetrics, infection department, etc). Across all age
groups as well as to individuals undergoing a health examination during their medical visit or examination. Each
participant was assigned a unique identifier (ID). The same unique ID may have multiple test records, as individuals
accessing healthcare services repeatedly (eg, prenatal visits, STD follow-ups, or annual health checks) would be retested
during subsequent encounters, allowing longitudinal tracking of seroconversion events. Data were curated to form
a dynamic HIV cohort study. For this study, we used data from clients who had multiple HIV test records where the
first result was negative and then identified new HIV infections where clients had a positive test result during follow-up
tests between 2018 and 2023 (Figure 1). New HIV infections were defined as individuals with an initial negative HIV test
followed by a confirmed positive result during follow-up. Cumulative incidence was calculated as the number of new
infections divided by the total population with multiple tests (initial negative), expressed per 1000 persons.

The second data source was data related to HIV antiviral therapy in 2016-2023 collected by the city CDC. HIV
infections in the city underwent a CD4 test during their first medical visit and received CD4 tests annually in the
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The city has a resident population of
4.3 million at the end of 2020
3,170,431 individuals were enrolled in the HIV Excluding 1,299,260 individuals
expanded screening system in 2018-2023 with only a single record

There were 1,871,171 individuals with Excluding 7,369 individuals who tested
multiple entries in the HIV testing database positive for HIV on their first test

y

People who received repeat testing
with an initial negative test result
N=1,863,802

New HIV infections
N=3,836

Figure | The flowchart of study populations of new HIV infected.

following years. Six metrics reflecting the characteristics and results of treatment were examined: treatment coverage,
time from diagnosis to the start of treatment, CD4 level at the start of treatment, CD4 change from the start of treatment
to the last follow-up CD4 test, proportion of clients with increased CD4 in all treated clients, multiplicative value of
treatment coverage, and proportion of clients with increased CD4. The time from diagnosis to the start of treatment
reflects treatment timeliness, while CD4 change and proportion of clients with increased CD4 levels reflect treatment
effectiveness, and the multiplicative value of treatment coverage and proportion of clients with increased CD4 levels

reflect real treatment effectiveness.

Statistical Analysis

Frequencies and percentages of categorical variables are reported. Generalized linear modeling was used to assess the
association between antiviral treatment and number of new HIV infections. Bivariate and multivariable generalized linear
modeling were performed to determine the independent correlates of HIV and the effectiveness of ART quality. Statistical
significance was defined as o = 0.05 (two-tailed), with 95% confidence intervals (ClIs) reported for all effect estimates.
Variables showing bivariate associations at p < 0.05 advanced to multivariable modeling. All analyses were performed
using R, version 4.1.3. This analysis was conducted at the county level.

Results

Number of New HIV Infections in 2018-2023

From 2018 to 2023, the city’s HIV testing system screened 3,170,431 individuals, representing 73.7% of the resident
population. Among these, 1,863,802 (58.8%) underwent multiple tests with an initial negative result, from which 3836
new HIV infections were identified, yielding an overall incidence of 2.1% population. Pronounced gender disparities
emerged: males exhibited a 2.5-fold higher incidence (3.3%) compared to females (1.3%), with county-level male
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incidence ranging from 1.5% in County 7 to 5.0% in County 5. Female incidence remained consistently lower across all
counties (1.1-1.8%), and County 6 reported the highest female rate (1.8%) (Table 1).

The Characteristics and Results of Antiviral Therapy for HIV in the City
From 2016 to 2023, 12,981 clients received antiviral therapy, with a treatment coverage of 80.8% of the population.
There was little difference in treatment coverage across the counties. The average time between diagnosis and treatment
was 3.0 months in all cases.

The mean baseline CD4 was 303.8/uL. The proportion of clients with an increased CD4 count was 61.0% of the
entire population. The mean change in CD4 was 100.0/uL. The multiplicative value of treatment coverage and proportion
of clients with an increased CD4 count were 49.3% (Table 2).

Correlates between Antiviral Therapy Metrics and the Number of New HIV Infections
The correlation between the number of new HIV infections in year 2018-2023 and the metrics of antiviral therapy are
shown in Tables 3 and 4.

Table | Number and Incidence of New HIV/AIDS Infections in 2018-2023

County Number of Multiple Test People | Cumulative Incidence %
Male Female Male Female
County | 96,261 135,625 4.5 1.2
County 2 79,995 96,783 39 1.1
County 3 85,671 81,421 2.6 1.3
County 4 161,914 206,289 3.1 .1
County 5 123,672 150,241 5.0 1.7
County 6 105,975 131,935 3.0 1.8
County 7 116,508 135,473 1.5 1.2
Total 769,996 937,767 33 1.3

Table 2 Overview of Antiviral Therapy in 20162023 (N=12,981)

County Number of the Treatment Treatment Mean of Proportion of Mean of The Actual
Case Reporting Coverage Timeliness Baseline in CD4 Increase Change in Treatment
System (%) (month) CD4 (/pL) (%) CD4 (/pL) Effectiveness®
County | 1,832 8l.1 37 276.2 729 I51.5 59.1
County 2 1,427 794 34 321.1 57.0 67.5 45.3
County 3 1,196 84.8 29 298.7 62.1 88.9 527
County 4 2,428 80.6 2.6 257.1 61.5 85.3 49.5
County 5 3,353 80.8 29 294.2 58.7 131.8 47.4
County 6 1,797 827 24 3342 52.1 39.2 43.1
County 7 1,184 76.1 35 345.1 64.8 135.6 49.4
Total 13,217 80.8 3.0 303.8 61.0 100.0 49.3

Note: “Represents the calculation of the actual treatment effectiveness, which is determined by the formula: The actual treatment effectiveness = Treatment
coverage X Proportion of CD4 increase.

Table 3 Univariate Generalized Linear Modeling Between the Number of New
Cases and the Metrics of Antiviral Therapy

Variables [f(95% Cl) t P

Number of the case reporting system 0.13 (0.09,0.16) 7.472 | <0.001
Number of the people receiving treatment 0.14 (0.10,0.17) 7.251 <0.001
Proportion of patients with increased CD4 | —0.03 (—0.06,-0.01) | —2.847 | 0.005
Baseline CD4 count —0.02 (-0.03,-0.01) | —5.753 | <0.001
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Table 4 Multivariable Generalized Linear Modeling Between the Number of New Cases
and the Metrics of Antiviral Therapy

Variables B (95% CI) Beta t P

Number of the case reporting system 0.17 (—0.03, 0.36) 0.41 1.706 0.089
Number of the people receiving treatment —0.04 (-0.25, 0.17) —0.10 | —0.401 0.688
Proportion of patients with increased CD4 | —0.03 (-0.05, —0.01) | —0.11 | —2.482 0.013
Baseline CD4 count —0.0l (-0.02, —0.01) | —0.17 | —3.858 | <0.00I

The generalized linear model analysis revealed significant correlations between the number of new HIV infections in
2018-2023 and the metrics of antiviral therapy as well as all HIV infections in 2016-2023. Specifically, an increase in
reporting systems was positively correlated with new HIV infections (f = 0.17, p < 0.001), whereas higher baseline CD4
counts and a greater proportion of clients with CD4 counts were negatively correlated with new HIV infections (f =—0.03,
p=0.013; p=-0.01, p <0.001).

In bivariate analysis, an increase in the number of individuals under treatment was positively correlated with the
number of new HIV infections (» = 0.14, p < 0.001). Upon inclusion in multivariate analysis, the number of individuals
under treatment did not significantly affect the number of new HIV infections.

Discussion

Our results showed that effectiveness of ART is associated with a decrease in new HIV infections, provides three key
insights: First, achieving higher ART coverage creates a population-level prevention, consistent with WHO’s 95-95-95
target progression. Second, CD4 recovery modifies transmission risk. Third, baseline CD4 amplified treatment impact,
underscoring early detection’s role in China’s “Treat All” policy.

HIV prevention aims to achieve the “three 95s” targets and eliminate AIDS by 2030. In this study, the average
antiretroviral therapy coverage in the study area was 80.8%, although it did not reach the target, the coverage still represented
a relatively high level, which is close to and slightly higher than the national average level.®. The antiretroviral treatment
coverage varies greatly among countries. A global systematic review shows that ART coverage ranges widely, from 2.6% to
81.9%," indicating the challenges in reaching the target levels. It aligns with global goals and is achievable considering
resource differences among countries. It can serve as a starting point for resource-limited regions to gradually improve.
Moreover, with current resources and conditions, measures like improving testing accessibility, increasing drug investment,
and enhancing public education can help further expand the coverage rate, which is crucial for global HIV prevention. ART
reduces the likelihood of sexual transmission of HIV to uninfected partners via viral suppression.'®

Viral load data were unavailable due to regional resource constraints, but CD4 levels could serve as a partial proxy for
treatment efficacy, consistent with prior ecological studies in resource-limited settings.'” Our ecological models demon-
strate that scaling ART coverage with CD4 monitoring can reduce transmission in resource-constrained, sexually driven
epidemics. This approach does not replace VL (viral load)-driven TasP but offers interim guidance where VL testing is
inaccessible. A critical limitation is the lack of direct virologic data; future implementation research should integrate CD4
and VL metrics to refine thresholds. However, many factors such as psychosocial interventions'® can affect patient
adherence to treatment, and may result in treatment discontinuation or compromise the effectiveness of ART. Incomplete
adherence not only diminishes individual treatment outcomes but also undermines the population-level benefits of ART by
sustaining transmission risk.'® Structural barriers (eg, limited healthcare access)*° and psychosocial factors (eg, stigma,
mental health?") are key drivers of poor adherence, highlighting the need to integrate adherence support into HIV
prevention strategies. Treatment discontinuation results in lower CD4 count,*? increased drug resistance.” In this study,
we assessed two metrics: the proportion of clients with increased CD4 counts and the baseline CD4 counts. We found that
both of these factors were associated with a decrease in HIV cases. The significance of baseline CD4 levels underscores the
importance of early detection for HIV management. Notably, during the initial stages when CD4 counts remain elevated,
symptoms may be scarcely noticeable, rendering it essential to promote comprehensive HIV testing. By embracing this
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pivotal window of opportunity, early intervention and timely treatment can be facilitated, effectively curbing the incidence
of HIV.

This study revealed that from 2018 to 2023, the cumulative incidence rate of HIV infection in the target cities reached
2.3%, which was significantly higher than China’s overall HIV/AIDS incidence rate of 2.36/100,000 in 2017.%* This stark
contrast not only underscores the unique and formidable challenges faced by the target cities in prevention and control
but also highlights the regional disparities in HIV incidence nationwide. Notably, despite the higher HIV/AIDS
incidence, the target cities have excelled in ART, achieving a treatment coverage rate of 80.8% from 2016 to 2023.
This achievement underscores the immense efforts and remarkable successes made by target cities to enhance medical
service quality and ensure effective treatment for clients.

China’s free ART policy represents a cost-effective public health investment, with studies showing ART reduces
long-term healthcare costs by preventing opportunistic infections and treatment of adverse reactions.”> As key
practitioners of this policy, the significant increase in treatment coverage rates in target cities serves as a testament
to the effective implementation of national policies. However, behind these accomplishments, target cities must
confront multifaceted challenges, including sustaining momentum in prevention and control efforts, addressing drug
resistance, and preventing new HIV infections. Our findings align with global ART benefits, this study uniquely
addresses Southwest China’s high-incidence context, where sexual transmission dominates and treatment access faces
geographic barriers.

This study was based on etiological research, which cannot evaluate the effects on the transmission of HIV.
Individuals with unsuppressed viral loads (due to inconsistent adherence or drug resistance) and undiagnosed PLWH
with limited access to testing services remain key drivers of transmission. Future studies should consider constructing
a molecular network and HIV-related social-behavior network to accurately locate communication individuals and then
build the relationship between individual viral load, CD4 counts, and HIV transmission capability. In addition, the 6-year
data from to 20162023 were packaged into a whole to evaluate the impact of antiviral quality on new HIV infections at
the county level without observing the effect of the time dimension. With the extension of follow-up time, newly
acquired HIV incidence can be calculated every year to verify the correlation between the time change trend of antiviral
treatment quality and the time change trend of new HIV infections, and to evaluate whether the impact of antiviral quality
on new HIV infections has a time-delay effect.

Conclusion

This study explored the relationship between the effectiveness of antiviral treatments and new HIV infections in
the community. Our results suggest that comprehensively improving the number of clients receiving treatment and
the effectiveness of antiviral treatments could help curb the HIV pandemic at the community level. Furthermore,
a higher baseline CD4 count (which generally implies timely detection and treatment) at the start of treatment has
led to a reduction in new infections. Early detection, prompt treatment, and effective ART are crucial for curbing
HIV transmission in regions mainly driven by sexual transmission and with high cumulative incidence rates.

Ethical Approval

The use of anonymous clinical/demographic and sequence data was reviewed, and the study protocol was approved by
the Ethics Committee of the West China Fourth Hospital and West China School of Public Health, Sichuan University
(Gwl12022062). The study was conducted following the Helsinki Declaration of 1964.

Informed Consent for Publication
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