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Abstract
Background HIV/AIDS has emerged as a nationwide epidemic and has taken the forefront position as the primary 
infectious killer of adults in China. The control and prevention of the disease have been hampered by a weak link in 
the form of heterosexual transmission. However, conventional intervention measures have demonstrated suboptimal 
efficacy in reducing the incidence of new HIV infections. In light of the current epidemiological characteristics, 
we have developed and executed an innovative intervention model known as the Joint Prevention and Control 
Mechanism of the ‘CDC-Public Security Bureau-NGO’. The purpose of this research is to assess the impact of this model 
on the AIDS awareness, HIV infection rates, sexual behavior, and associated factors among female sex workers and 
elderly clients. Through the provision of robust evidence of the efficacy of this innovative model, we seek to advocate 
for its implementation in future interventions.

Methods The research design of this study incorporates both a serial cross-sectional study and time-series analysis 
from 2014 to 2021, including a 4-year traditional intervention (2014–2017) and the 4-year ‘CDC-Public Security 
Bureau-NGO’ innovative intervention (2018–2021), was conducted to evaluate the effects of the new intervention. 
The GM(1, 1) model was performed to predict the proportion of HIV infection without implementing the innovative 
intervention in 2018–2021; P and C values were used to evaluate the performance of the model. Mann-Kendall test 
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Introduction
Acquired immune deficiency syndrome (AIDS) is a 
highly infectious disease caused by the human immu-
nodeficiency virus (HIV). According to the 2019 data, 
151,250 new cases of HIV infections were reported in 
China, with sexual transmission accounting for 97.1% 
of cases and heterosexual transmission accounting for 
73.8% of cases [1–3]. Unprotected sex is the main cause 
of HIV transmission. In addition, the age of acquiring 
new HIV infections has shown an uneven distribution 
trend and the number of infections among young stu-
dents and the elderly has increased significantly [4–6]. 
In 2019, the number of newly diagnosed HIV infections 
among elderly individuals in China rose to 28,763, which 
represents a 500% increase from 2010. This trend is more 
pronounced in Guangxi, which is the province with the 
third highest incidence rate of AIDS in China. Studies 
have found that the proportion of new HIV cases in the 
elderly population is closely linked to prostitution [7, 
8]. Despite some successes achieved through traditional 
interventions, such as condom promotion programmes 
and public education campaigns, interventions targeting 
heterosexual transmission of AIDS still mainly employ 
conventional methods. Nevertheless, the proportion of 
new infections among elderly individuals continues to 
rise [9, 10]. The reason is that HIV prevention is a multi-
faceted work and only the Centers for Disease Control 
and Prevention (CDC) is advancing unilaterally in tradi-
tional intervention, which is not ideal. Therefore, there is 
an urgent need to explore more effective strategies [11].

To decrease HIV transmission among female sex work-
ers and the older population, we have devised a novel 
tripartite joint intervention policy. For departmental col-
laboration, we have taken into consideration that pros-
titution and solicitation are illegal activities. Therefore, 
we have included the Public Security Bureau to leverage 
its law enforcement powers in order to crack down on 
prostitution. The Public Security Bureau and the CDC 
will jointly participate in the detection and interven-
tion of female sex workers and their clients in high-risk 
locations. For the general population, the CDC will col-
laborate with NGOs to increase the scope of HIV testing 

and conduct more targeted public education campaigns. 
Based on the principle of community-based interven-
tions, an innovative municipal-level intervention that 
focuses on the city level, known as the ‘CDC-Public Secu-
rity Bureau-NGO’ innovative intervention, was designed 
and implemented in Guigang city from July 2017.

Guigang is located in the southeast of Guangxi, with 
frequent personnel exchanges, complex terrain and many 
villages and towns, which makes Guigang city a hot spot 
for commercial sex trade and HIV transmission. The cur-
rent situation of the AIDS epidemic in Guangxi province 
is more representative in Guigang city [12, 13]. From the 
perspective of the composition of reported cases, the 
elderly population over 50 years old has increased rapidly 
since 2005, and by 2016 the percentage of middle-aged 
and elderly people with newly reported cases reached 
59.02%. In terms of transmission routes, 98.88% of cases 
were transmitted through sexual behaviour, among 
which heterosexual transmission accounted for 95.5%, 
ranking second in the region. In terms of comprehensive 
transmission routes combined with gender, among the 
newly reported cases males dominated the commercial 
sexual behaviours, accounting for 86.54%. According to 
the characteristics of the target population, we designed 
and implemented an innovative intervention that centred 
on the joint multisectoral intervention of the CDC, the 
Public Security Department and NGOs from July 2017: 
namely, the Joint Prevention and Control Mechanism of 
the ‘CDC-Public Security Bureau-NGO’.

Our study conducted an 8-year survey and monitoring 
of two high-risk groups of female sex workers and elderly 
clients. Focus was on understanding the knowledge, 
attitude and behavioural changes of female sex work-
ers (FSWs) and elderly clients in the high-risk groups, as 
well as changes in new HIV infection rates in Guigang 
city, and evaluating the effect of the innovative inter-
vention, aiming to evaluate whether innovative and tra-
ditional interventions have different effects on reducing 
AIDS awareness, HIV infection rate, sexual behaviour 
and other effects in the two populations and to provide 
a scientific basis for the promotion of this strategy in the 
future.

and descriptive methods were used to analyzed the trend of traditional and innovative interventions models on HIV 
positive detection rate in FSWs and elderly clients.

Results The condom usage rates during the last commercial sexual encounter for FSWs and elderly clients improved 
from 74.9% and 9.1%, respectively, to 96.9% and 28.1%. (P < 0.05), newly reported cases of HIV have decreased by 
15.56% yearly and the HIV positive detection rate among middle-aged and elderly people has dropped by 14.47%. 
The innovative intervention model has significantly reduced the HIV infection rates.

Conclusions The ‘CDC-Public Security Bureau-NGO’ innovative intervention has achieved beneficial effects on HIV/
AIDS prevention and control and provides a good reference for Guangxi, China.

Keywords HIV/AIDS, Female sex workers, Elderly clients, Multisectoral intervention, GM(1, 1)
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Methods
Study design
With the support of the Guigang Municipal People’s Gov-
ernment, we designed and implemented the ‘CDC-Public 
Security Bureau-NGO’ innovative intervention from July 
2017. The research design of this study incorporates both 
a serial cross-sectional study and time-series analysis 
from 2014 to 2021, population who received this inter-
vention from 2018 to 2021 was defined as the innovation 
intervention group. The population who received the 
traditional intervention from 2014 to 2017 was defined 
as the traditional intervention group. By comparing indi-
cators of awareness and high-risk behaviors, as well as 
comprehensively assessing the policy’s implementation 
effectiveness in terms of HIV positive detection rate.

The inclusion criteria for FSWs were: (1) a fixed geo-
graphical location in Guigang city; (2) complete demo-
graphic information available in the CDC database; and 
(3) engaged in sex trafficking services in Guigang city 
from 2014 to 2021, with at least one instance of com-
mercial sexual behaviour during the survey period. The 
inclusion criteria for elderly clients were: (1) a fixed geo-
graphical location in Guigang city; (2) complete demo-
graphic information available in the CDC database; (3) 
age ≥ 50 years; and (4) at least one instance of commercial 
sexual activity in the past month.

Traditional intervention and ‘CDC-Public Security Bureau-
NGO’ innovative intervention
In previous traditional intervention studies, the provin-
cial, municipal and county CDC have undertaken all 
AIDS prevention and control work in their jurisdictions 
[14] and the number of staff is limited, so they can only 
provide limited intervention for the target population in 
some places on a short-term and regular basis through 
traditional AIDS education, condom promotion, volun-
tary HIV counselling, etc.

In the innovative intervention, the CDC has changed 
from the executor of all HIV prevention and control work 
to become part of the prevention and control work, play-
ing the role of coordinating the overall situation, leading 
the way and supervising the prevention and control work 
(Fig.  1). In order to conduct full-coverage intervention 
testing for FSWs, it is necessary to screen out all poten-
tial sources of infection in the target population, with 
people in key high-risk places in Guigang city required to 
undergo HIV antibody testing every three months. The 
CDC will go to each high-risk site at least once a month 
to verify and test the key target groups. At the same time, 
the blood samples of HIV-positive FSWs and HIV-pos-
itive elderly clients in Guigang city were genotyped by 
means of molecular epidemiology; molecular network 
analysis was used to accurately locate the transmission 

Fig. 1 Diagram of the design of ‘CDC- Public security bureau- NGO’ Joint Prevention and Control Mechanism Allied AIDS Prevention and Control
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cluster centre, locating and identifying key super-spread-
ers, to provide key information for subsequent con-
trol of the source of infection and to cut off the route of 
transmission.

In the innovative intervention, the Public Security 
Bureau plays a key role in ensuring the implementation of 
the intervention. In the stage of cutting off the transmis-
sion route, FSWs who tested positive will be required not 
to continue to engage in sex work in the jurisdiction and 
to cooperate with standardized follow-up management 
and treatment. If they refuse to obey, the Public Secu-
rity Bureau will investigate and crack down. Through the 
method of finding and dealing with one case, the HIV-
positive FSWs are precisely targeted and effectively con-
trolled in order to cut off the spread of AIDS through the 
FSWs to the general population.

Social organizations play a role in ensuring interven-
tions for the entire target population [15]. In the stage 
of protecting vulnerable groups, social organizations 
carry out AIDS publicity and intervention activities that 
are more targeted and diverse than traditional models, 
strengthening AIDS health education for elderly people, 
especially rural elderly men over 50 years old, and at the 
same time increasing AIDS health education. The pro-
motion of voluntary counselling and testing has enabled 
the elderly in rural areas to conduct HIV testing in a 
timely manner, with early detection and early treatment, 
to prevent the spread between husband and wife and to 
prolong life.

Data collection
The questionnaire designed by the CDC of China 
included three parts: sociodemographic characteris-
tics, AIDS knowledge and sexual behaviour. Basic HIV/
AIDS knowledge and awareness is measured by correctly 
answering eight questions about HIV/AIDS: (1) ‘Is AIDS 
an incurable serious infectious disease?’; (2) ‘Is sexual 
transmission a main mode of transmission of AIDS in 
our country?’; (3) ‘Can one judge whether a person is 
infected with AIDS by the appearance of the genitals?’; 
(4) ‘Will infection with other sexually transmitted dis-
eases increase the risk of HIV infection’; (5) ‘Can insist-
ing on correct use of condoms reduce the risk of HIV 
infection and transmission?’; (7) ‘After high-risk behav-
iour (needle sharing, drug use/unsafe sex, etc.), should 
you actively seek HIV testing and counselling?’; and (8) 
‘Does the intentional transmission of AIDS require legal 
liability?’.

Our samples were collected from sentinel surveillance 
conducted by the Guigang Centers for Disease Control 
and Prevention. These sentinel surveillance sites are set 
up based on administrative regions, specifically target-
ing high-risk populations for sample collection. Accord-
ing to the Implementation Plan of China’s AIDS Sentinel 

Surveillance (2017), strict protocols were followed in 
high-risk service settings to ensure informed consent 
and anonymity. Professional staff conducted one-on-
one monitoring of all high-risk groups. A total of 10,308 
FSWs and elderly clients were included in this study, of 
which 3835 and 1220 received traditional interventions 
and 3467 and 1787 received innovative interventions, 
respectively. Among them, 98.6% of FSWs and 96.7% 
of elderly clients agreed to participate in this study and 
completed the questionnaire.

In addition, through the data system of the Guigang 
CDC, this project collected annual data on newly diag-
nosed HIV-positive cases among FSWs and elderly clients 
in Guigang city from 2014 to 2021 to assess the impact of 
comprehensive innovative intervention models.

Data analysis
Chi-square analysis or Fisher test, when appropriate, 
was used to assess whether the demographic variables, 
including age, ethnic group, household registry, educa-
tion level, commercial trading place, and marital status, 
HIV/AIDS knowledge and high-risk behaviors were dif-
ferent or significantly changed before and after the inno-
vative intervention implementation.

Due to the data imbalance between the traditional 
intervention and innovative intervention groups, we con-
ducted separate 1:1 propensity score matching (PSM) for 
FSWs and elderly clients under traditional and innova-
tive interventions. Subsequently, using the matched data, 
we carried out subsequent analyses to minimize bias 
introduced by demographic characteristics during dif-
ferent intervention periods as much as possible. Nearest 
neighbor matching was selected and matched controls 
were not replaced during matching. Using the propen-
sity scores, innovative intervention groups were ran-
domly matched to traditional intervention groups with 
1:1 matching method, with a caliper value of 0.02. The 
matching criteria included age, education level, commer-
cial trading place, and the presence of a regular sexual 
partner(s).

A GM(1, 1) prediction model was developed to predict 
the HIV positive detection rate using SPSSPRO software. 
Grey system theory was proposed by Deng and is often 
used for short-term forecasting of small datasets [16]. 
The principle is to build a dynamic model for a given 
time-series dataset, accumulate the original time series 
to generate a new cumulative series and then build a new 
model based on this. Finally, the results are simplified to 
generate new predicted values [17]. In this study, the HIV 
positive detection rate in 2018–2021 was predicted and 
the agreement with the actual value was assessed. Con-
struction of the GM(1, 1) model was as follows: accu-
mulate the original time-series data once, to weaken 
randomness and volatility and strengthen regularity, 
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and obtain the accumulated time series Y(t); generate 
the mean series; and then construct the GM(1, 1) model 
using the following one-order linear differential equation:

 
dY (t)

dt
+ aY (t) = b

where a is the development coefficient, which reflects 
the development trend of the original series, and b is the 
driving coefficient, which reflects the changes in the rela-
tionships between the system data.

The Mann-Kendall trend test was employed to evalu-
ate the increase or decrease in the number of HIV posi-
tive detection rate during the study period using R 4.1.3 
software. In the results, the Mann- Kendall-Tau (τ) < 0 
indicated a downward trend for the time series, while the 
Mann- Kendall-Tau (τ) > 0 indicated an upward trend for 
the time series.

Results
Demographic characteristics
A total of 10,308 FSWs and elderly clients were included 
in this study, of which 3835 and 1220 received traditional 
interventions and 3467 and 1787 received innovative 
interventions, respectively. Among them, 98.6% of FSWs 
and 96.7% of elderly clients agreed to participate in this 
study and completed the questionnaire. The age of FSWs 
who received traditional and innovative interventions 
was 30.8 ± 8.6 and 35.0 ± 8.5 years, respectively. Over 75% 
of FSWs were Han Chinese. Most of the FSWs (89.4% 
and 95.1% for traditional and innovative intervention, 
respectively) have education levels below junior high 
school. Difference analysis of the two intervention modes 
revealed significant differences in age, household regis-
tration, education level, workplace level and the presence 
or absence of a permanent sexual partner(s) (Table 1).

Table  1 showed the demographic characteristics of 
the elderly clients in Guigang city. The number of Han 
elderly clients is much higher than the total number 

Table 1 The demographic characteristics of FSWs and elderly clients in Guigang city
FSWs Variable Demographic 

characteristics
Traditional interven-
tion (n = 3785), n (%)

Innovative interven-
tion (n = 3417), n (%)

χ2 P

Age < 25 1066 (28.2) 415 (12.1) 361.050 < 0.001
25–40 1992 (52.6) 1884 (55.1)
40–50 660 (17.4) 969 (28.4)
> 50 67 (1.8) 149 (4.4)

Ethnic group Han 3024 (79.9) 2703 (79.1) 0.688 0.407
Others 761 (20.1) 714 (20.9)

Household registry Guangxi 2064 (54.5) 1763 (51.6) 6.217 0.013
Other provinces 1721 (45.5) 1654 (48.4)

Education level Junior middle school or lower 3385 (89.4) 3251 (95.1) 80.855 < 0.001
Senior high school or higher 400 (10.6) 166 (4.9)

Workplace Street-based places 2178 (57.5) 1723 (50.4) 36.655 < 0.001
Hotels and night clubs 1607 (42.5) 1694 (49.6)

Having a regular sexual part-
ner (s) (husband or boyfriend)

Yes 1393 (36.8) 764 (22.4) 178.587 < 0.001

No 2392 (63.2) 2653 (77.6)
Elderly 
clients

Variable Demographic characteristics Traditional intervention
(n = 1170), n (%)

Innovative intervention
(n = 1737), n (%)

χ2 P

Age 50–59 556 (47.5) 825 (47.5) 10.956 0.004
60–74 509 (43.5) 810 (46.6)
> 74 105 (9.0) 102 (5.9)

Ethnic group Han 1028 (87.9) 1533 (88.3) 0.103 0.749
Others 142 (12.1) 204 (11.7)

Household registry Guangxi 1141 (97.5) 1700 (97.9) 0.383 0.536
Other provinces 29 (2.5) 37 (2.1)

Education level Junior middle school or lower 1039 (88.8) 1705 (98.2) 115.580 < 0.001
Senior high school or higher 131 (11.2) 32 (1.8)

Commercial trading place Street-based places 1135 (97.0) 1727 (99.4) 26.770 < 0.001
Hotels and night clubs 35 (3.0) 10 (0.6)

Having a regular sexual 
partner(s) (wife or girlfriend)

Yes 919 (78.5) 1399 (80.5) 1.721 0.190

No 251 (21.5) 338 (19.5)
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among other ethnic groups. Most of the elderly clients 
(88.8% and 98.2% for traditional and innovative inter-
vention, respectively) have education levels below junior 
high school. During the implementation of innovative 
interventions from 2018 to 2021, the trend among elderly 
clients in their choice of commercial sexual transaction 
venues has gradually shifted from traditional high-end 
locations such as hotels and nightclubs towards lower-
tier establishments. In both the traditional and innova-
tive intervention groups, more than 75% of older clients 
had regular sexual partners. There were significant dif-
ferences between both groups in age, education level and 
commercial sex trading venue (P < 0.05) but no difference 
in terms of race, household registration and presence of a 
regular sexual partner.

1:1 propensity score matching
To reduce the effect of possible selective bias, we per-
formed a 1:1 propensity score matching(PSM) between 
the two groups of individuals under traditional and 

innovative intervention, After matching, there were no 
statistically significant differences in baseline character-
istics between the traditional intervention group and the 
innovative intervention group (Table 2).

Analysis of basic knowledge and awareness of HIV/
AIDS among FSWs and elderly clients during the two 
interventions periods after PSM
The elderly clients have a moderate awareness of HIV/
AIDS knowledge under the traditional and innovative 
intervention models. Using the HIV knowledge ques-
tionnaire (HIVKO) designed by the CDC of China, in the 
context of the traditional intervention, 87.9% of elderly 
clients and 65.9% of FSWs reached the correct level of 
awareness, compared with 95.8% and 95.2% under the 
comprehensive innovative intervention, respectively. The 
difference is statistically significant (P < 0.05).

Table 2 The demographic characteristics of FSWs and elderly clients in Guigang city after PSM
FSWs Variable Demographic characteristics Traditional interven-

tion (n = 2178), n (%)
Innovative interven-
tion (n = 2178), n (%)

χ2 P

Age < 25 404 (18.5) 385 (17.7) 0.646 0.886
25–40 1391 (63.9) 1409 (64.7)
40–50 356 (16.3) 355 (16.3)
> 50 27 (1.2) 29 (1.3)

Ethnic group Han 1726 (79.2) 1694 (77.8) 1.393 0.238
Others 452 (20.8) 484 (22.2)

Household registry Guangxi 1119 (51.4) 1170 (53.7) 2.395 0.122
Other provinces 1059 (48.6) 1008 (46.3)

Education level Junior middle school or lower 2015 (92.5) 2026 (93.0) 0.414 0.520
Senior high school or higher 163 (7.5) 152 (7.0)

Workplace Street-based places 1723 (79.1) 1723 (79.1) 0.000 1.000
Hotels and night clubs 455 (20.9) 455 (20.9)

Having a regular sexual partner 
(s) (husband or boyfriend)

Yes 599 (27.5) 624 (28.7) 0.711 0.399

No 1579 (72.5) 1554 (71.3)
Elderly 
clients

Variable Demographic characteristics Traditional intervention
(n = 527), n (%)

Innovative intervention
(n = 527), n (%)

χ2 P

Age 50–59 264 (50.1) 291 (55.2) 3.323 0.190
60–74 210 (39.8) 182 (34.5)
> 74 53 (10.1) 54 (10.2)

Ethnic group Han 455 (86.3) 441 (83.7) 1.459 0.227
Others 72 (13.7) 86 (16.3)

Household registry Guangxi 510 (96.8) 515 (97.7) 0.886 0.346
Other provinces 17 (3.2) 12 (2.3)

Education level Junior middle school or lower 493 (93.5) 507 (96.2) 3.826 0.05
Senior high school or higher 34 (6.5) 20 (3.8)

Commercial trading place Street-based places 509 (96.6) 518 (98.3) 3.079 0.079
Hotels and night clubs 18 (3.4) 9 (1.7)

Having a regular sexual 
partner(s) (wife or girlfriend)

Yes 349 (66.2) 349 (66.2) 0.000 1.000

No 178 (33.8) 178 (33.8)
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The changes of behavior of condom use and STD 
prevalence in FSWs between traditional and innovative 
interventions after PSM
As shown in Table 3, under traditional intervention, 8.2% 
of FSWs were afflicted with at least one sexually trans-
mitted disease (STD), with 74.9% using condoms dur-
ing their last commercial sexual encounter. During the 
innovative intervention period, there was an improve-
ment, with the STD prevalence among FSWs decreasing 
to 6.0%, and condom usage during the last commercial 
sexual encounter increasing to 96.9%. Statistical analysis 
revealed a significant difference between the traditional 
and innovative intervention groups (P < 0.05).

Effects of traditional and innovative interventions models 
on condom use in elderly clients after PSM
When comparing the innovative intervention to the tra-
ditional intervention, the condom usage rate during the 
last commercial sexual encounter increased from 12 to 
38.7%. The frequency of consistent condom use during 
monthly commercial sexual encounters rose from 2.3 to 
9.7% (Table 4). For other high-risk behaviors, compared 
to the traditional intervention mode, both the condom 
use in last sex with spouse or cohabiting partner and 
condom use for all sex in the last month with spouse or 
cohabiting partner saw a significant impact on condom 
usage rates under the innovative intervention mode 
(P < 0.05).

Evaluate the prevalence trends of HIV among FSWs and 
elderly clients under the innovative intervention model 
using GM(1, 1) and the exponential smoothing model after 
PSM
The GM(1, 1) model and the exponential smoothing 
model are often used for short-term prediction of time 
series, especially for datasets with a small sample size. 
This study used GM(1, 1) and the exponential smoothing 

model to fit the 2014–2017 HIV positive detection rate 
of FSWs and elderly clients to predict the epidemic trend 
of 2018–2021. Since the innovative intervention was 
implemented in 2018, the intervention effect of the inno-
vative mode can be found by comparing the predicted 
values of the model for 2018–2021 with the true posi-
tive detection rate of HIV. As shown in Supplementary 
Table 1, the RMSE values of the GM(1, 1) model in the 
FSWs and elderly client datasets were both 0.0042, which 
are lower than the exponential smoothing model, thus 
indicating better performance. Therefore, we used the 
GM(1, 1) model to predict the possible positive detec-
tion rate of HIV from 2018 to 2021 based on the data of 
the traditional intervention. The C values of the model 
in the FSWs and elderly client datasets were 0.0420 and 
0.0086, respectively, indicating that the model has good 
accuracy (Supplementary Table 1). The error probability 
P values were both 1.000, indicating that the model was 
qualified (Supplementary Table 3). From 2018 to 2021, 
the positive detection rates of HIV were 17.2%, 20.4%, 
24.2% and 28.8%, respectively, in FSWs and 39.1%, 45.9%, 
53.9% and 63.2% in elderly clients (Fig. 2). Subsequently, 
we employed Mann-Kendall trend analysis to assess the 
trends in HIV-positive detection rates among FSWs and 
elderly clients during the periods of traditional interven-
tion from 2014 to 2017 and innovative intervention from 
2018 to 2021. The results, based on GM(1,1) model pre-
dictions, indicate that during the period of traditional 
intervention from 2018 to 2021, the HIV-positive detec-
tion rates for FSWs (τ = 0.67) and elderly clients (τ = 1.00) 
continued to maintain an upward trend. However, in the 
practical implementation of the innovative intervention 
from 2018 to 2021, both FSWs (τ=-1.00) and elderly cli-
ents (τ=-1.00) experienced a reduction in HIV-positive 
detection rates, demonstrating a consistent declining 
trend.

Table 3 The changes of behavior of condom use and STD prevalence in FSWs between traditional and innovative interventions after 
PSM
Behaviors Traditional intervention (n = 2178) Innovative intervention (n = 2178) χ² P

Yes, n (%) No, n (%) Yes, n (%) No, n (%)
STD prevalence 179(8.2) 1999(91.8) 131(6.0) 2047(94.0) 8.002 0.005
Condom use in the last commercial sex 1631(74.9) 547(25.1) 2110(96.9) 68(3.1) 434.406 < 0.001

Table 4 Effects of traditional and innovative intervention on high-risk behaviors in elderly clients after PSM
High-risk behaviors Total 

(n)
Traditional 
intervention

Total 
(n)

Innovative intervention χ² P

Yes (%) No (%) Yes (%) No (%)
Condom use in last sex with spouse or cohabiting partner 349 45 (12.9) 304 (87.1) 349 135 (38.7) 214 (61.3) 60.637 < 0.001
Condom use for all sex in the last month with spouse or 
cohabiting partner

349 8 (2.3) 341 (97.7) 349 34 (9.7) 315 (90.3) 17.126 < 0.001

Condom use in last commercial sex 527 48 (9.1) 479 (90.9) 527 148 (28.1) 379 (71.9) 62.675 < 0.001
Condom use in each commercial sex in last month 527 9 (1.7) 518 (98.3) 527 36 (6.8) 491 (93.2) 16.922 < 0.001



Page 8 of 11Tao et al. BMC Public Health         (2024) 24:2416 

Discussion
In this study we designed an innovative intervention 
model, the ‘CDC-Public Security Bureau-NGO’. The 
implementation effect of this model was evaluated and 
shown to effectively reduce the positive detection rate of 
HIV/AIDS among elderly clients and FSWs, also reduce 
the risky behaviours of them.

There were significant differences in some demo-
graphic characteristics between traditional and inno-
vative interventions (Table  1). To reduce the effect of 
possible selective bias, we performed a 1:1 propensity 
score matching(PSM) between the two groups of indi-
viduals under traditional and innovative intervention, 
the matching criteria included age, education level, com-
mercial trading place, and the presence of a regular sex-
ual partner(s). After matching, there were no significant 
differences in demographic characteristics between the 
two intervention modes. Based on this matching, our 
analysis revealed that the innovative intervention still to 
ameliorate risky behaviors among both FSWs and elderly 
clients.

The results indicate that under the traditional inter-
vention mode, the HIV/AIDS knowledge awareness 
rate among elderly clients exceeds 85%, whereas among 
FSWs, it stands at only 65.9%. This suggests that the tra-
ditional intervention has a certain impact, but its effec-
tiveness in improving HIV/AIDS knowledge awareness 
among FSWs is suboptimal. The underlying reason for 
this may be the relative clandestine nature of the FSWs, 
which may result in limited access to HIV/AIDS educa-
tion. However, the rate of condom use during nearly one 
month of commercial sex by elderly clients remains low 
and most (95.1%) choose to abandon condom use with 
each other, indicating that ‘separation of knowledge and 
action’ is a serious issue in the elderly population; and the 
proportion of voluntary condom use is still low consid-
ering the high awareness rate. The above contradictions 

expose the limitations of traditional intervention models. 
While elderly clients exhibit a higher level of HIV/AIDS 
knowledge compared to the FSWs population, the utili-
zation of condoms during their last commercial sexual 
encounter is significantly lower than that of FSWs. This 
discrepancy underscores the potential divergence in sex-
ual education and information access pathways between 
FSWs and elderly clients. FSWs may have easier access 
to sexual health education information, which could 
lead to a preference for condom use even if their knowl-
edge of HIV/AIDS is relatively limited. Additionally, the 
hesitancy towards condom usage and the potential dif-
ficulty in obtaining condoms among elderly clients may 
contribute to their higher HIV/AIDS knowledge but 
poorer condom usage. Overall, although elderly clients 
have a high level of AIDS knowledge, they still abandon 
the use of condoms during commercial sex due to the 
influence of economy, concept and educational level, etc 
[18], which inevitably leads to the high positive detection 
rate of HIV/AIDS among the elderly clients. In addition, 
because the clients have been dominant in commercial 
sexual relationships, FSWs are likely to agree to give up 
condom use for material gain, which also increases the 
burden of HIV transmission. This situation is more seri-
ous among middle-aged and elderly clients. Some studies 
have shown that 6% of the middle-aged and elderly popu-
lation lack knowledge of condom use, do not know how 
to obtain condoms, do not believe condoms can prevent 
HIV and cannot afford condoms [11]. FSWs, on the other 
hand, have lower socioeconomic status and suffer from 
long-term social isolation and stigma. They are often 
reluctant to argue with clients when they ask not to use 
condoms during commercial sex [19]. An FSW usually 
receives many clients every day, and once infected HIV is 
likely to spread widely among clients [20].

The aforementioned analytical results indicate that tra-
ditional interventions have had some impact on HIV/

Fig. 2 Comparison of the real values and fitting forecast values by GM (1, 1) model for HIV positive detection rate in Elderly clients after PSM
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AIDS knowledge levels. The elderly clients in Guangxi 
have relatively high levels of HIV knowledge. However, 
due to the separation of knowledge and behavior, as well 
as the influence of economic, cultural, biological, and 
legal factors, they often adopt a passive position when it 
comes to decisions about condom use during commercial 
sex, and further contributing to HIV infections among 
FSWs (Fig.  2). However, in the innovative intervention, 
We expanded HIV testing among high-risk populations, 
incorporated law enforcement efforts from the Public 
Security Bureau, and conducted targeted awareness and 
educational campaigns, the separation of knowledge and 
action has been significantly improved. More elderly cli-
ents and FSWs have used condoms during commercial 
sex in the previous month and the positive detection rate 
of HIV has also been decreasing annually. Therefore, we 
establish this innovative HIV prevention and control sys-
tem is of importance to correct the behaviour pattern of 
clients and FSWs in order to limit the transmission of 
HIV.

The intervention of FSWs has always been a difficult 
issue for HIV/AIDS prevention and control work in 
Guangxi Zhuang Autonomous Region, mainly due to the 
mobility and concealment of FSWs. Elderly clients and 
FSWs have the same conditions of intervention because 
of their close interrelationships. In the analysis of elderly 
clients, we found that implementation of the innovative 
intervention model can effectively control the spread of 
HIV/AIDS by precisely targeting HIV-positive FSWs. In 
Guigang there is a high proportion of the elderly among 
clients of FSWs and the transmission of HIV is mainly 
through sexual contact. FSWs who know they are HIV 
positive usually migrate to other areas to continue their 
commercial sex work, which results in a much higher 
HIV-positive detection rate among elderly clients than 
that of the FSW population. Therefore, the innovative 
intervention mode for epidemic control is thorough 
because it fits the above characteristics of HIV in Gui-
gang city. Traditional intervention strategies mainly focus 
on behavioral intervention and education. Behavioral 
intervention includes providing free condoms and other 
protective equipment in high-risk areas, encouraging the 
use of condoms during commercial sex to reduce the risk 
of infection, and providing voluntary HIV testing and 
treatment services for FSWs at high-risk locations. Edu-
cation involves distributing pamphlets and conducting 
related activities such as lectures and distributing leaflets 
at high-risk locations to increase awareness and knowl-
edge of sexual health among elderly clients and FSWs. 
However, traditional intervention strategies have sig-
nificant limitations. Firstly, sex workers are often hidden 
and mobile, making them difficult to locate and inter-
vene, and they often provide services in concealed loca-
tions, making intervention work challenging. Secondly, 

although commercial sex is illegal, the CDC in China 
has no law enforcement powers or relevant supervision 
mechanisms, making it difficult to manage and regulate 
comprehensively. The essence of the innovative inter-
vention model is that the Public Security Bureau and 
the CDC conduct comprehensive screening for poten-
tial infection sources throughout Guigang city, enforce 
mandatory control of those who are screened as HIV 
positive and reduce high-risk behaviours by distribut-
ing condoms. Furthermore, joint public security depart-
ments, procuratorates, courts and social forces are used 
to detect and combat prostitution to protect vulnerable 
populations. These combined interventions can effec-
tively compensate for the shortcomings of traditional 
intervention strategies. In addition, joint interventions 
by the CDC, public security agencies, and social orga-
nizations have the following advantages over traditional 
intervention strategies. Firstly, it can integrate compre-
hensive resources. The CDC is responsible for provid-
ing HIV prevention knowledge, testing, and treatment 
services; public security agencies can regulate and crack 
down on illegal activities; and social organizations can 
undertake education and rehabilitation work, thus 
constructing an integrated intervention network. Sec-
ondly, it can efficiently provide intervention measures. 
Through institutional cooperation, relevant informa-
tion and data, including the activities, risk assessment, 
and control strategies of elderly clients and FSWs, can 
be shared. The involvement of public security agencies 
makes the information collection by the CDC and social 
organizations more efficient, which is critical for more 
comprehensive intervention of key populations. Finally, 
multi-agency interventions can consider the needs of 
prevention, testing, treatment, and rehabilitation, thus 
forming a comprehensive strategy for prevention and 
control to effectively control HIV transmission.

There are some limitations in this study. Firstly, the 
innovative intervention and the traditional intervention 
are not conducted in the same period, and there are cer-
tain differences in the demographic characteristics. We 
attempted to eliminate known confounding factors as 
much as possible through 1:1 propensity score matching, 
but we still cannot guarantee that all variables, apart from 
the intervention mode, remained consistent between the 
two intervention periods. While the matched results have 
shown satisfactory outcomes, however, we must acknowl-
edge that this still remains one of the limitations of our 
study. Due to the large time scale, the analysis of inter-
vention effects may be influenced by economic, social 
and cultural circumstances, which may lead to bias. Sec-
ondly, sexual transmission is the main route of HIV infec-
tion among FSWs and middle-aged and elderly clients. 
The innovative intervention model is highly targeted and 
may not be suitable for the control of all high-risk groups. 
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Thirdly, evaluating the effects of innovative interven-
tions requires long-term observations. Since the launch 
of the innovative intervention model at the end of 2017, 
the cognition and behaviour of FSWs and elderly clients 
have been significantly improved and the HIV positive 
detection rate has shown a downward yearly trend, but 
whether these effects can be maintained for a long time 
in the future remains to be further investigated.

Conclusion
In conclusion, this innovative tripartite intervention 
model (Joint Prevention and Control Mechanism of the 
‘CDC-Public Security Bureau-NGO’) can effectively 
reduce HIV/AIDS-related risk among FSWs and elderly 
clients. This innovative intervention model not only pro-
vides a favourable environment for reducing the positive 
detection rate of HIV/AIDS but also precisely combats 
the behaviour of intentional transmission of the virus. At 
the same time, the level of HIV/AIDS-related knowledge 
has been further improved among high-risk groups. This 
innovative intervention model can be extended to other 
regions where heterosexual transmission is the main 
mode, which provides a reference for the prevention and 
treatment of HIV/AIDS in China.
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