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Background: Sichuan Province is severely affected by the HIV epidemic in China. Little is known about the characteristics of recent
infections among new HIV diagnoses, which is critical to prevention strategies, evaluation of the HIV epidemic and health resource
allocation. Meanwhile, individuals at primary stages of infection are related to the hot-spot areas of ongoing transmission in new HIV
diagnoses, which is also rarely known.

Objective: This article aimed to report the proportion of recent infections among new HIV diagnoses, and to reveal demographic
characteristics associated with HIV recent infections, and finally, to indicate the hot-spot areas of ongoing transmission in Sichuan
province between 2018 and 2020.

Methods: Limiting Antigen (LAg)-Avidity assay was performed to detect recent infection within new HIV diagnoses reported in odd
months between 2018 and 2020. Results were reclassified according to the data on CD4 cell count, antiretroviral treatment and the
existence of an AIDS-defining illness. Logistic regression was used to determine characteristics associated with HIV recent infections.
The spatial analysis was conducted with ArcGIS 10.7 to figure hot-spot areas of HIV recent infections.

Results: 42,089 newly diagnosed HIV-1 cases were tested using the LAg-Avidity EIA. In total, 5848 (13.89%) of those were
classified as HIV recent infections. Female, age between 18-25 years and men who had sex with men were related to higher proportion
of HIV recent infections. Logistic regression revealed that MSM aged between 18-25 years were more likely to be classified as recent
infection. Spatial analysis demonstrated significant clustering in Chengdu, Yibin, Luzhou city between 2018 and 2020. Hot spots were
mainly clustered in the center of Sichuan in 2018, but gradually spread to southwest and northwest between 2019 and 2020.
Conclusion: Enhanced preventive measures among relevant risk groups and areas where the potential HIV-1 transmission is ongoing
is urgently needed to curb further spread.
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Background
In 2018, it was estimated that 1.25 million people were living with HIV in China.' In many regions, an unequal
distribution of the HIV epidemic is obvious, especially in certain areas and populations with high HIV prevalence.” The
number of people living with HIV-1 in Sichuan Province increased from 0.13 million at 2018 to 0.17 million at 2020,
ranked first in China [unpublished data]. The prevalence increased from 0.16% at 2018 and 0.20% at 2020 [unpublished
data]. The number of newly diagnoses HIV-1 cases attributable to heterosexual contact gradually increased, representing
70.44% of all cases at 2018 to 76.2% at 2020 [unpublished data]. In this context, we suspected that there was an upsurge
of HIV epidemic in newly diagnosed HIV-1 cases. And some study and targeted interventions should be taken, which has
been demonstrated to be effective at the lowest cost.’

It is complicated to evaluate the incidence of HIV infection among new HIV diagnoses per year, owing to the time
between infection and diagnosis varies widely among individuals.* So we chose the proportion and demographic
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characteristics of HIV recent infection among newly diagnosed to reflect the development of HIV-1 epidemic to a certain
extent.

Spatial analysis measures were used to identify hot-spot areas where HIV recent infections relatively increased,
relaying on the geographic data of HIV recent infections.

This article aimed to report the proportion of recent infections among new HIV diagnoses, and to reveal demographic
characteristics associated with HIV recent infections, and finally, to indicate the hot-spot areas of ongoing transmission in
Sichuan province between 2018 and 2020.

Methods

Sample Collection

The blood samples of newly diagnosed HIV-1 cases, which were the residual plasma/serum from HIV-1 diagnostic tests in odd
months between 2018 and 2020 were collected from 73 reporting laboratories in Sichuan. Based on the National Guideline on
Detection of HIV/AIDS,’ there are three steps for confirmation of HIV-1 antibody: first of all, blood samples are screened for
HIV-1 antibody by using Chemiluminescence immunoassay, Enzyme-linked immunosorbent-assay (ELISA), and rapid
testing. Secondly, positive samples in the screening tests were confirmed by Western blot (WB). At last, positive samples
in the confirmatory tests were considered as HIV-1 sero-positive. Information about age at diagnosis, gender, transmission
route, sample source and ethnicity were collected from the national database of HIV/AIDS cases.® Data quality was ensured by
multiple logic checks, which meant that all completed case report forms were dispatched to the National Center for AIDS/STD
Control and Prevention after ascertainment of new cases.” Local CDC staffs double-checked ID numbers, names, addresses
and other relevant information at the field-level for avoiding the likelihood of duplication of reported cases.” Age below 18
years, any documented AIDS defining illnesses, the mother—infant transmission, unknown information on gender or age, or
blood samples from double-notified HIV-1 cases were excluded from the analysis.

Ethics Statement

No patient informed consent was given, for the blood samples were residuals from routine HIV diagnostic tests. In
addition, due to the national database of HIV/AIDS cases is strictly anonymous, the blood samples cannot connect with
an individual. Moreover, the LAg-Avidity EIA is only licensed for research use only and not for clinical use or for use in
HIV infection diagnosis. Thus, no extra benefit can be obtained by informing persons about positive LAg-Avidity EIA
test results. The study was approved by the Ethics Committee of the Sichuan Center for Disease Control and Prevention
and conducted following the Helsinki Declaration of 1964.

Limiting Antigen Avidity Assay and HIV Recent Infection Algorithm

All blood samples in the survey were tested for evidence of recent infection by the Sichuan CDC laboratory using the LAg-
Avidity assay from the Maxim Biomedical, Inc, Rockville, USA.® The tests were performed completely following manu-
facturers’ instruction manuals. A normalized optical density (ODn) of <1.5 was considered to represent recent infection.

We applied a RITA to reduce misclassification of the LAg-Avidity assay. The criteria we used to reclassify recent
cases as long-term cases: a report of an AIDS defining illness, or viral load less than 1000 copies/mL,” CD4 cell counts
less than 200 cells/mm>.'>'* Because the blood samples were collected before the time of HIV diagnosis, all newly
diagnosed cases did not participate any antiretroviral therapy. Therefore, in the study the information about CD4 cell
counts was used to minimize false recent classification.

In brief, a recent infection case from new HIV diagnoses in our study was defined as: (1) the ODn of the specimen is
<1.5 in the LAg-Avidity assay (2) CD4 cell counts>200 cells/mm? (3) without any documented AIDS defining illnesses
and antiretroviral therapy. In contrast, a long-term infection case was defined as the ODn>1.5 in the LAg-Avidity assay or
CD4 cell counts<200 cells/mm’. By using above methods, the misclassification of recent cases can be identified and
corrected; however the misclassification of long-term cases was not corrected.
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Spatial Analysis for HIV Recent Infections
The spatial analysis was conducted with ArcGIS 10.7 (ESRI, Redlands, CA, USA) to visualize hot-spot areas and geographical
distribution where HIV recent infection occurred and to create map of distribution of participating laboratories in Sichuan.

Statistical Analysis

Data analysis was conducted in SPSS version 23.0 (IBM, Armonk, New York, USA). The chi2 test was used to analyze the
proportion of recent infections among new HIV diagnoses for bivariate comparison and the logistic regression was used to
assess the odds ratio for recent infections. The demographic and behavioral factors associated with recent infections classified
by RITA were examined by univariable and multivariable analysis using logistic regression. A Mann—Whitney (Wilcoxon)
rank sum test of medians was used to compare the age and the CD4 cell counts of the two groups.

Results
Characteristics of New HIV Diagnoses Between 2018 and 2020

Between 2018 and 2020, a total of 42,089 newly diagnosed HIV-1 cases were reported by 73 laboratories province wide
(Figure 1). Those cases consisted mostly of men (74.48%; n=3,1346/42,089). The major mode of HIV transmission was HET
(92.75%; n=3,9037/42,089), followed by MSM (5.82%; n=2448/42,089), an unknown mode of transmission (0.83%; n=349/
42,089) and IDU (0.61%; n=255/42,089).The median age of new HIV diagnoses was 56 years old. One half (53.29%; n=22,431/
42,089) was older than 55 years old and one third (23.31%; n=9812/42,089) was between 45 and 54 years old. Most cases were
Han (96.46%; n=40,601/42,089). Two half (61.05%; n=25,694/42,089) of the newly diagnosed HIV-1 cases were from medical
nstitution.

® participating laboratories

Figure | Distribution of participating laboratories (n=73) in Sichuan, 2018-2020.
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Data about CD4 cell count was available from 91.15% (n =38,364/42,089). Of those cases, 67.87% (n =26,038/
38,364) presented CD4 cell counts below 350 cells, the median of CD4 cell counts was 268 cells/mm?>.

The number of new HIV diagnoses were varied from 2018 to 2020, separately 1514, 1872 and 1463. The proportion
of HIV recent infections per year varied from 11.10% to 11.87%, No significant trend over time (chi® p =0.278).

Characteristics of Recent Infections Among New HIV Diagnoses Between 2018 and
2020

In total, 5848 (13.89%; n=5848/42,089) cases were classified as recent infections by the LAg-Avidity assay, of which 999
(17.08%; n=999/5848) were reclassified according to the CD4 cell counts below 200 cells. Finally, RITA determined
4849 new HIV diagnoses to be recent (11.52%, n=4849/42,089,).The proportion of HIV recent infections among men
was lower than that among women (10.96% vs.13.15%, chi® p<0.001). In different transmission routes, MSM produced
a highest proportion of recent infections (21.160%) (Table 1). The proportion of recent infections (21.63%) was highest
among young persons aged between 18 and 25 years (Table 1).

Table | Factors Associated with HIV Recent Infection Among New HIV Diagnoses in Sichuan, 2018-2020

Factor New HIV Diagnoses Univariate Logistic Multivariate Logistic
Regression Regression
Total Recent | The Proportion P OR 95% CI P OR 95% CI
Infection of Recent

Infections(%)

Gender Men 31,346 3436 10.96 / / / / / /
Women 10,743 1413 13.15 0.000 | 0.813 | 0.761-0.869 | 0.000 | 0.726 | 0.678-0.779
Transmission HET 39037 4256 10.90 / / / / / /
route
MSM 2448 518 21.16 0.000 | 2.193 1.981-2.429 | 0.000 | 1.820 1.603-2.065
IDU 255 23 9.02 0.337 | 0.810 | 0.527-1.245 | 0.400 | 0.811 0.498-1.321
Unknown 349 52 14.90 0.018 | 1.431 1.064-1.924 | 0.030 | 1.393 1.033-1.878
Sample source Medical 25,694 2953 11.49 / / / / / /
institution
Maternal and 724 67 9.25 0.063 | 0.785 | 0.609-1.013 | 0.009 | 0.706 | 0.543-0.917
child care

service center

HIV Voluntary 6974 973 13.95 0.000 | 1.249 | 1.155-1.350 | 0.003 | 1.130 | 1.043-1.224
Counseling and
Testing
High-risk 1784 179 10.03 0.061 | 0.859 | 0.773-1.007 | 0.010 | 0.808 | 0.687-0.949
groups
Blood Center 378 82 21.69 0.000 | 2.133 | 1.666-2.733 | 0.000 | 2.087 | 1.622-2.684
Regulatory 517 6l 11.80 0.829 | 1.030 | 0.786-1.349 | 0.281 | 1.183 | 0.872-1.605
agencies
Special survey 777 8l 10.42 0.357 | 0.896 | 0.710-1.132 | 0.346 | 0.893 | 0.706—1.130
Other 5241 453 8.64 0.000 | 0.729 | 0.657-0.808 | 0.000 | 0.746 | 0.672-0.828

(Continued)
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Table | (Continued).

Factor New HIV Diagnoses Univariate Logistic Multivariate Logistic
Regression Regression
Total Recent | The Proportion P OR 95% ClI P OR 95% ClI
Infection of Recent
Infections(%)
Ethnic Group Han 40,601 4708 11.60 / / / / / /
Yi 598 60 10.03 0.236 | 0.850 | 0.650-1.112 | 0.070 | 0.769 | 0.578-1.022
Zang 366 31 847 0.064 | 0.705 | 0.488-1.021 | 0.024 | 0.650 | 0.447-0.946
Others 524 50 9.54 0.145 | 0.804 | 0.600-1.078 | 0.064 | 0.756 | 0.563-1.016
Age Group 18-25 years 1618 350 21.63 / / / / / /
25-34 years 3912 557 14.24 0.000 | 0.601 | 0.518-0.698 | 0.000 | 0.700 | 0.601-0.816
3545 years 4316 411 9.52 0.000 | 0.381 | 0.326-0.446 | 0.000 | 0.483 | 0.409-0.571
45-55years 9812 1027 10.47 0.000 | 0.424 | 0.370-0.485 | 0.000 | 0.540 | 0.464-0.629
255 years 22,431 2504 .16 0.000 | 0.455 | 0.402-0.516 | 0.000 | 0.606 | 0.523-0.701

All recently infected individuals were slightly younger than those with a long-term infection (median age 55 vs.56
years; p < 0.001 Wilcoxon). MSM with HIV recent infection had a younger age than those with a long-term infection
(median age 26 vs 29 years; p < 0.001 Wilcoxon). There was no difference in age found among HET (median age 57 vs
57; p = 0.215 Wilcoxon) and IDU (median age 36 vs 38; p = 0.121 Wilcoxon). Han was more likely classified as recent
infection (11.60% chi2 p < 0.05). The median of CD4 cell counts among recent infections was significantly higher than
that among long-term infections (Median 382 vs 251 CD4 cells/mm?; p < 0.001 Wilcoxon).

Factors Associated with HIV Recent Infections

Several factors were associated with HIV recent infection through the univariate logistic regression, like gender,
transmission route, age, ethnic group and sample source, which are displayed in Table 1. It showed that MSM were
more likely to acquire a HIV recent infection, which was verified both by univariate logistic regression and multivariable
logistic regression (OR 2.19; 95% CI 1.98-2.43;0R 1.82; 95% CI 1.60-2.07). Individuals between 18 and 25 years old
had a higher chance of being classified as HIV recent infection (Table 1). Medical institution was the major place to catch
recent infection cases (Table 1).

Spatial Analysis

Local spatial correlation was applied to the year-wise distribution of hot spots at district levels throughout Sichuan
(Figure 2). Hot spots were generally clustered in center of Sichuan in 2018 (Figure 2A), but gradually spread to
southwest and northwest between 2019 (Figure 2B) and 2020 (Figure 2C) in Chengdu, Yibin, Luzhou, Zigong,
Neijiang, Mianyang, Deyang.

To show the relationship between recent infected cases and long-term infected cases in Chengdu, Luzhou, Yibin,
respectively, we marked 2267 (1264+453+550) recent infected cases and 17,056 (8043+3281+5732) long-term infected
cases by different colors and different sizes of purple circles, separately, thereby the relationship between two groups
could be visualized (Figure 3). Different colors indicated the differentiation in numbers of recent infected cases, and
different sizes of purple circles indicated the differentiation in numbers of long-term infected cases.

On a whole, the local spatial correlation showed noticeable geographic changes of numbers of recent infection
throughout Sichuan during 2018 and 2020.The number of new hot spots varied slightly over the years. These were
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Figure 2 2018-2020 Hot spots of HIV recent cases at city level by year.(A) Sichuan province, 2018. (B) Sichuan province, 2019. (C) Sichuan province, 2020.

mainly localized in Chengdu, Yibin, Luzhou. Later these hot spots shifted toward southwest. Significant cluster of recent
infected cases were identified in Chengdu (Figure 3A—C), Luzhou (Figure 3D-F), Yibin (Figure 3G-I) from 2018 and
2020, which was a strong signal of high HIV transmission in the recent past.

During 2018 and 2020, the number of recent infected cases and long-term cases were sustainably high in Jinjiang
district (Figure 3A—C), Jiangyang district (Figure 3D-F), Hejiang district (Figure 3D-F) and Cuiping (Figure 3G-I)
district, separately in Chengdu, Luzhou and Yibin, which suggested that the clustering of recent infected cases
accompanied with the high number of long-term cases in those area. Besides, in other areas where numbers of long-
term cases was stable, clusters of recent infected cases emerged, such as Longmatan district (Figure 3D-F), which
suggested a potential increase of recent infected cases and needs more attention. On the map, there are several areas
where long-term cases coupled with only a few recent infected cases, like Gaoxian and Gongxian in Ybin (Figure 3H),
which suggested that these areas might exist a certain degree of delay in finding individuals infected with HIV-1. The
local CDC should pay more attention to those areas, because the delay might trigger a hidden HIV-1 transmission and
need closer attention.

Discussion
To our knowledge, this is the first province-wide study to reveal the characteristics of recent infections among new HIV
diagnoses by using RITA, and to determine the hot spots at district levels in China three years in a row.

In our study, the overall proportion of HIV recent infection was 11.52%, which was lower compared with that in other
countries such as Sweden'? and England,'? but higher than Yunnan.'* The proportion of recent-infected cases was much
lower than that of long-term infections among new HIV diagnoses (11.52%.vs.88.48%). This is probably an alarm from
the perspective of prevention, for long-term infection individuals among new HIV diagnoses could lead to potent HIV-1
transmission due to the unawareness of their own HIV-1 infection statue.*'* Consequently, early detection and

784 https: Infection and Drug Resistance 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Yang et al

A 2018

Legend Legend ey :
Number RI Cases Number RI Cases -
.o o S 2
120 20 ~> d C 2N

21-40 121-40 s N §

41-60 141-60 S s
[ 61 - 80 [ 61 -80
. -5 & g . 50 y Jiayang %
Number LTI Cases | . Number LTI Cases ye e
s 12100 4 \ N . 1-100 AR S ’
® 101-200 ® 101-200 5
® 201-300 N ® 201-300
@ 301-400 : 30410-0400 '

>400 >
. 0 5 10 20 Miles.

[ )
[T

c 2020

Number LTI Cases
. 1-100
® 101-200
® 201-300
@ 301-400

@ >400

Figure 3 Continued.

intervention of HIV infection are crucial to the prevention.'*'® As a strategy for reducing infections, the accessibility and
scale of testing must be taken into consideration, and immediate sustainable treatment must be followed, regardless of the
immune status.'”'®

MSM was the group most vulnerable to HIV infection in our study, as well as in the Yunnan, England and
Germany.*'*!” MSM was also the group in the study with the highest proportion of HIV recent infection cases
among newly diagnosed cases. The national data®® and Sichuan’s data,”' respectively, revealed that HIV-1 incidence
among MSM was highest among all sub-population in the sentinel surveillance (5.0, 95% CI:4.1-5.8% and 5.16, 95% CI:

22.23 recommended

4.65-5.66%). High incidence consequentially lead to high proportion. On the other hand, some studies
MSM should increase the frequency of HIV testing, according to their risk manner. Furthermore, the knowledge,
awareness and individual risk behavior for HIV infection among MSM is high.?'**?> The sensitive health consciousness
and more concerns of their infection status might be another reason for the high proportion of HIV recent infection we
found in this group.

This study clearly indicated that young residents (aged 18-25) in Sichuan accounted for a substantial proportion of
recent infection cases during 2018 and 2020. There were several factors leading to the high proportion of recent infection
in this group. Behavioral patterns and societal shifts coupled with unique development changes were known to increase
vulnerability to HIV infection faced by young people.*® Inconsistent condom use and risk-taking behaviors were also
reported among young African-Americans in United States (aged 18-21), Uganda and China.”?’° Lack of compre-
hensive knowledge about HIV and low self-perceived risk might be the primary risk factors associated with this rising
burden of HIV among young people.®' * Thus, strategies must be tailored to the developmental needs of this age group.

Enhanced coverage of HIV testing, improved access to quality services provided by clinicians trained to work with this
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population and sustained prevention and support services specific for adolescents might bring positive effect with further
decrease in high-risk activities among this susceptible group.’**

Spatial analysis in our study demonstrated significant clustering in Chengdu, Yibin, Luzhou city with a stable
situation in number of recent infection cases over time (Figure 2). Many factors influencing the clustering of HIV recent
infections: local HIV burden, as shown in Figure 3, the number of long-term infection was sustainably high, which raised
the difficulty of HIV control. Density of population, the resident population (year-end, 2020) of Chengdu was almost
21 million, accounting for 25% of that in Sichuan province, and the density of population was 1461 (person/sq.km),
which was the highest in Sichuan province.*® That of Luzhou and Yibin was respectively 348 (person/sq.km) and 346
(person/sq.km), ranking tenth and eleventh.’® The high density of population provided the convenience for HIV spread.
Chengdu is the provincial capital of Sichuan, with two airports and four railway stations, connecting across the country.
Yibin and Luzhou also has one airport and two railway stations. Traffic convenience also provided the convenience for
HIV spread.

Though not confirmed, it was still reasonable to speculate that, as most of the universities are sited in those cities,
where a variety of students were enrolled each year. The college environment which offered great opportunity for HIV
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Figure 3 Geographical distribution of the total number of HIV recent cases at city level in the years 2018, 2019 and 2020. (A) Chengdu city, 2018. (B) Chengdu city, 2019.
(C) Chengdu city, 2020. (D) Luzhou city, 2018. (E) Luzhou city, 2019. (F) Luzhou city, 2020. (G) Yibin city, 2018. (H) Yibin city, 2019. (I) Yibin city, 2020.

high-risk behaviors, including unsafe sex and multiple partnerships, might be another contributing factor to the

appearance of hot spots areas.’?

Limitation

There were several limitations in our study. First, it was difficult to obtain the exact number of individuals tested over the
study period, so we could not immediately estimate the HIV incidence, which is essential to the estimation of HIV
epidemic. Second, data of Liangshan were absence, which made this study incomplete, but it has stimulated further
research. Finally, since a part of this study was a record-based study, the number of newly diagnosed cases might be
affected by accessibility and uptake of HIV-antibody testing as well as the possible impact of prevention efforts.

Conclusion

We demonstrate for the first time significant HIV-1 hot spots in Sichuan province, especially in central and southwestern
areas. There is an obvious sign of ongoing HIV transmission in those areas. To distinguish recent infections from new
HIV diagnoses and highlight their demographic characteristics and hot-spot areas is a necessary complement to routine
HIV-1 surveillance. All findings of this study should receive sufficient consideration, and enhanced preventive measures
among appropriate risk groups and areas where the HIV epidemic was concentrated.
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