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An exploratory transmission mode 
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based on data from multiple 
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Xiwei Sun1, Caibi Feng2, Liao Feng3, Ticheng Xiao2, Xinran Zhao4, Hong Liu2, Zhiqiu Wang1, 
Chen Chen2, Shoulin Zhou2 & Dinglun Zhou1*

The HIV/AIDS cases and proportion in older people are continuously and rapidly increasing in China, 
especially in males. However, the transmission mechanism is not well understood. This study aims to 
explore the transmission mechanism of HIV/AIDS and potential ways to prevent or control HIV/AIDS 
transmission in a city in southwestern China. Data from multiple sources, including HIV/AIDS case 
reports in 2010–2020, a survey of HIV/AIDS cases in 2020, and sentinel surveillance data of female 
sex workers (FSWs) in 2016–2020 were analyzed. We explored the transmission mechanism of HIV/
AIDS cases aged 50 years and older. In this city, the number of newly reported HIV/AIDS cases aged 
50 years and older increased from 2010 to 2019, and decreased in 2020. The number of male and 
female cases aged 50 years and older both increased rapidly in 2017–2019, though the number of 
male cases was larger than that of female. The survey data showed that 84.7% of older male cases 
reported commercial sexual behavior, among whom 87.7% reported never using condom and 37.6% 
reported more than 10 times of commercial sexual behaviors in 1 year. In terms of price of sexual 
behavior, 68.3% of older male cases sought low-tier FSWs among whom the HIV/AIDS positive rate 
was 5.4% from the sentinel surveillance data. These results suggested HIV transmission between older 
men and low-tier FSWs through commercial sexual behavior. Among female cases aged 50 years and 
older, most reported non-marital and non-commercial heterosexual (60.5%) or regular sexual partner 
(31.4%) transmission, suggesting that they were infected by their spouse/regular sexual partner. Data 
of matched couples showed that most male cases had both marital sexual behavior and commercial 
sexual behavior, or acquired HIV through commercial sexual behavior, while most female cases had 
only marital sexual behavior. Based on these findings, we proposed a transmission mode of that local 
older male people and FSWs are transmitting bilaterally through commercial sexual behavior, and 
local older male people are spreading to local older female people through spouse or regular sexual 
partner route. By studying data from multiple sources, we explored the HIV transmission mode among 
older people. In the meantime, we found that marital status had a different impact on male and 
female old people in their sex behaviors.

The prevalence of AIDS is still a huge challenge to public health around the  world1. There were nearly 37,700,000 
people globally living with HIV, 680,000 AIDS-related deaths and 1,500,000 new HIV infections in  20202. In 
China, national estimates indicated that the number of estimated new HIV infections was around 80,000 by the 
end of 2018, and the number of people living with HIV (PLHIV) reached more than one million by the end of 
2020, and kept growing, causing much pressure for HIV/AIDS prevention and  control3.

In China, the United States and many other countries, HIV/AIDS was closely related to intravenous drug use 
(IDU) and the behavior of sharing needles in the early epidemic  stage4–6. However, IDU has declined over time 
and now represents a very small proportion of PLHIV in China. The major transmission route has shifted from 
IDU to sexual transmission in China, including homosexual and heterosexual  transmission7–10. The proportion 
of HIV/AIDS infected due to heterosexual transmission has increased from 33.1% in 2016 to 71.1% in  201811.
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In recent years, both at the national level and provincial level in China, the number of newly reported cases 
aged 50 years and older has been  increasing9,12–16. For example, the proportion of older people in reported HIV 
cases increased from less than 4% in 2000 to more than 40% in 2013 in Guangxi Province,  China17–19.

The UNAIDS has set 95–95–95 targets to combat HIV and AIDS globally, aiming that by year 2025, 95% of 
PLHIV would know their HIV status, 95% of those testing HIV positive would be on anti-retroviral treatment 
(ART), and 95% of those on ART would achieve viral load  suppression20. Also, UNAIDS calls for ending the AIDS 
epidemic as a public health threat by 2030. Due to the increasing number of newly reported HIV/AIDS older 
cases, it is important to understand the transmission mechanisms of HIV/AIDS among older adults, especially 
the causes of sexual transmission. However, there are few studies on the transmission mechanism among older 
adults. In this study, we used data from multiple sources, including case reports of new HIV/AIDS cases, survey 
data of HIV/AIDS cases focusing on sexual behaviors, and sentinel surveillance data targeting FSWs, to explore 
the transmission mechanism among older adults.

Methods
This study focused on the population in a city in southwestern China, which has a permanent population of 4.3 
million at the end of 2020. From 2010 to 2020, a total of 14,824 HIV/AIDS patients were registered in the city, 
and the HIV infection rate was 0.3%. About three quarters of those infected were between 40 and 70 years old, 
and the mortality rate of those infected with HIV was about 24%. We studied older people aged 50 years and 
older living with HIV/AIDS.

Data sources. Data from three sources were used, including cases reports of new HIV/AIDS cases, survey 
data of HIV/AIDS cases focusing on sexual behavior, and sentinel surveillance data of FSWs. All of these data 
were collected from one city in Sichuan Province, southwestern China.

Case reports of new HIV/AIDS cases. Data was obtained from the official website of the Chinese Center for Dis-
ease Control and Prevention (CDC). HIV infections and AIDS patients are diagnosed by the principles of HIV/
AIDS diagnostics and the Chinese national HIV/AIDS test technology regulation and criteria, respectively. All 
cases are recorded in a real-name registration system. To avoid duplication of reported cases, regular checks are 
carried out by the Chinese CDC to identify duplicates and retain a single record when duplicates are detected.

Survey data of HIV/AIDS cases. A survey focusing on sexual behavior was conducted in 2020 by the City 
CDC in a random sample of newly reported HIV/AIDS cases who reported HIV/AIDS acquisition from sexual 
behavior. The survey collected information on sexual behavior and condom use at an average of around 10 days 
after diagnosis.

Sentinel surveillance data on FSWs. Sentinel surveillance data were collected by the City CDC on FSWs from 
2016 to 2020. The data included 2000 FSWs with around 400 FSWs from each year. FSWs were classified into 
three tiers according to the price of sexual behavior, including high-tier defined as more than ¥ 100 RMB, mid-
dle-tier defined as ¥ 50–100 and low-tier defined as less than ¥ 50.

Women included in the Sentinel surveillance were those who self-reported sex for money within the previous 
3 months, and agreed to testing and counseling for HIV and syphilis. After providing informed consent, they 
were asked standardized questions about their demographics, potential HIV risk factors, cognitive status and 
health behaviors, as well as outreach services related to HIV.

All data were collected in accordance with relevant guidelines and regulations, and consent was obtained 
from all participants and their privacy was guaranteed throughout the study. This study was approved by the 
Ethics Committee of West China Fourth Hospital and West China School of Public Health, Sichuan University 
(Gwll2022062).

Statistical analysis. Data were entered into EpiData 3.1 and exported to Excel 2019 for data cleaning. 
Statistical analysis was performed using SPSS 18.0 with a significant level of 0.05 at two-sided. Frequencies and 
percentages for categorical variables were reported.

We firstly described the characteristics and transmission chain of HIV/AIDS, then studied 66 couples of 
HIV/AIDS cases identified through two data sources. Based on all results, we proposed a HIV/AIDS transmis-
sion model.

Results
Characteristics of the newly reported HIV/AIDS cases. There were 14,824 HIV/AIDS cases reported 
in the city from 2010 to 2020, with more male cases than females (male to female sex ratio: 2.8:1). The majority 
of them were aged 50 years and older (60.1%) and were peasants (66.4%). In terms of marital status, 46.1% of 
them were married and 35.0% were divorced/widowed.

The number of newly reported cases increased throughout the years reaching the highest in 2019 and slightly 
decreased in 2020 (Z = 4.0, P < 0.001). The growth trend of male cases aged 50 years and older appeared to be the 
fastest in 2017–2019 and had the largest number of cases in 2019 (Fig. 1a).

The reported routes of transmission were different between male and female ( χ2 = 3403.6, P < 0.001). For 
males, the major transmission route was commercial sexual behavior (72.6%), followed by non-marital and 
non-commercial sexual behavior (22.1%). For females, 60.5% of cases were infected through non-marital and 
non-commercial sexual behavior and 31.4% were infected by spouse/regular sexual partners (Fig. 1b).
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Characteristics of male cases aged 50 years and older. There were 1383 HIV/AIDS cases surveyed 
in 2020. After removing 90 cases with incomplete information, 1293 were retained in analysis. There were 984 
male cases and 309 female cases, and most of them were aged 50 years and older (71.2%). A majority of the cases 
were peasants (70.8%) married (55.6%), and having primary school education level (55.1%). Among those aged 
50 years and older (n = 921), 41.8% of male cases were 60–70 years old, 54.5% of female cases were 50–60 years 
old, and 61.3% were married or had regular sexual partners.

Among 686 male cases aged 50 years and older surveyed, most of them reported commercial heterosexual 
partner (84.7%) or regular heterosexual partner (64.5%) (Fig. 2a). A majority of those who had regular hetero-
sexual partner (91.7%) and those who had commercial heterosexual partner (87.7%) reported not using condom.

Figure 1.  Growth trend of newly reported HIV/AIDs cases and transmission route among cases aged 50 years 
and older in 2010–2020.

Figure 2.  Sexual behaviors in HIV/AIDs male cases aged 50 years and older and the details of their commercial 
sexual behaviors.
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In the sentinel surveillance of 2,000 FSWs in 2016–2020, 821 worked in low-tier category, 780 worked in 
middle-tier category and 399 females worked in high-tier category. In the low-tier category, most of FSWs were 
30–60 years old (88.1%), married (67.0%) or divorced/widowed (26.2%) and illiterate/having primary education 
(71.0%). In high-tier category, most FSWs were 30–40 years old (67.4%), married (74.7%) and having junior 
high school education (51.6%).

Among 587 male cases reporting commercial sexual behavior, 384 (68.3%) reported seeking low-tier FSWs 
and 216 (37.6%) reported commercial sexual behavior over 10 times in 1 year (Fig. 2b). Married status had no 
association with whether male cases had commercial sexual behavior ( χ2 = 1.4, P > 0.1), but married males had 
fewer times of commercial sexual behavior than divorced/widowed or single males ( χ2 = 154.1, P < 0.001).

Through the FSWs data, we found that the infection rate was 5.4% among low-tier FSWs, which is significantly 
higher than middle-tier (0.6%) and high-tier FSWs (0.5%) (Fig. 2c).

Characteristics of female cases aged 50 years and older. For female cases aged 50 years and older 
that were surveyed, most of them reported only one type of sexual behavior (74.9%). There were 84.7% of female 
surveyed cases reporting regular sexual partners and 84.9% reporting never use condom (Fig. 3a).

A majority (76.4%) of divorced/widow women cases aged 50 years and older and 50.3% of married ones were 
infected through non-marital and non-commercial heterosexual behavior. The proportion of women infected 
through spouse or regular sexual partner route was 43.2% in married women and 13.3% in divorced/widow 
women (Fig. 3b).

Additional findings of transmission chain based on linked data. There were 619 cases both of 
whom and their spouses were HIV/AIDS positive, including 513 cases whose spouses were also reported in the 
case reports in the CDC data. Among these cases, 70 couples have participated in the survey in 2020. We further 
identified 66 couples who reported sex behavior with their spouses recently for the analysis on transmission 
chain.

Among the 66 married female cases, 59 (89.4%) reported only having had sex behavior with their spouses. 
On the other hand, among the 66 husbands, 47 (71.2%) reported commercial sexual behavior while having sex 
with their spouses; 7 cases (10.6%) reported no commercial sexual behavior recently but were infected through 
commercial sexual behavior (Fig. 4).

These results showed that while married male cases who had sexual behavior with their spouses/partners also 
had commercial sexual behavior frequently, married female cases had sexual behavior almost exclusively with 
their spouses, suggesting that married female cases were mainly transmitted by their spouses.

A proposed mode of HIV/AIDS transmission based on data from multiple sources. With the 
above findings, we proposed an HIV/AIDS transmission mode of local HIV/AIDS epidemic (Fig. 5). As illus-
trated in the mode, due to the fact that males aged 50 years and older frequently had commercial sexual behavior 
and they tended not to use condoms, there was a mutual transmission route between men aged 50 years and 
older and FSWs.

Among male cases, there was a high rate of having non-marital and non-commercial partners, and the rate 
of having spouse/regular sexual partner was high; marital status was not associated with the status or frequency 

Figure 3.  Sexual behavior of female cases aged 50 years and older and the composition of transmission routes.
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of the incidence of commercial sexual behavior. On the other hand, the rate is also high for those who had non-
marital and non-commercial heterosexual behavior and spouse or regular sexual partner among females. These 
findings would explain the rapid increase of female HIV/AIDS cases aged 50 years and older.

Discussion
While there were many studies on the increase of AIDS among older people and the main transmission route of 
heterosexual  behavior9,21, the reasons that male cases rapidly increased and the transmission route are not well 
understood, especially in male cases aged 50 years and  older22.

In this study, we found that the proportion of HIV/AIDS among older people was increasing rapidly, and 
males accounted for the majority. Although the number of women was smaller, there was also an increasing 
trend in 2017–2019. The epidemic trend in this city seemed consistent with those found in many studies, both 
at national level and in regional  area19,22–24. As we all known, sexual transmission has already become the pre-
dominant route of HIV infection in  China25. In our study, local transmission was mainly through heterosexual 
sex behavior. Furthermore, we found differences in transmission routes between males and females based on 
data from multiple sources. Local older male people and FSWs are transmitting bilaterally through commercial 
sexual behavior, and local older male people are spreading to local older female people through spouse or regular 
sexual partner route.

Our study showed that the local prevalence of HIV/AIDS in low-tier FSWs was significantly higher than 
that in middle/high-tier FSWs, and also higher than those reported in other  studies26–29. In our study, the newly 
reported male cases were mainly having primary school education and peasants, and the price of commercial 
sex was low. Most of the low-tier FSWs are middle-aged married or divorced/widowed females and at primary 
school education. The characteristics of the two groups indicated that the commercial partners of elderly men are 
mainly low-level FSWs, which is consistent with findings in other  studies9,23,30–32. Other studies have also found 
that the male clients of FSWs were bridge population from FSWs to low-risk general  population32–37. In Guangxi, 
although the rate of infection among FSWs decreased significantly from 2010 to 2015, the rate of infection 

Figure 4.  Sexual behaviors of 66 couples who had sexual behavior with spouse (N = 66).

Figure 5.  A mode of transmission based on data from multiple sources.
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among older clients of FSWs was still  increasing19. In combination with the facts that many male cases reported 
10 times or more of commercial sex behaviors a year and seldom use of condoms, we hypothesized that older 
male people and low-tier FSWs are spreading each other and driving up the local HIV epidemic synchronously.

In the meantime, we found that although female cases are fewer than male cases, the increasing trend of them 
was rapid as well. Marital status seemed to be playing an important role. About half of married female cases have 
non-marital and non-commercial sexual behavior as well as regular sexual behavior, while in divorced/widowed 
female cases, only about one-third of them had non-marital and non-commercial sexual behavior and about one-
tenth of them had regular sexual behavior. The rate of never using a condom was very high in both regular and 
temporary heterosexual behaviors. At the same time, local male cases had a high rate of reporting non-marital 
and non-commercial partners, as well as a high rate of having spouse/regular sexual partner, which indicated 
that the older males also transmitted HIV to older females through regular sexual behavior and non-marital 
and non-commercial sexual behavior. These facts explain that the number of female older cases was fueled by a 
rapid increasing trend as  well26,38.

Additional result was found that the transmission route was different between men and women. In males, 
while marital status did not seem to affect the incidence of commercial sexual behavior, married males had fewer 
times of commercial sexual behavior than divorced/widowed or single males in the recent year (Fig. 2), which 
is consistent with findings from another  study22. However, marital status did not affect the source of infection 
in women in this study, which is different from the above  study22. In addition, marital status affects the gender 
constitution of the different categories of sexual behavior. Studies show that women are more serious in intimate 
relationships, but men tend to seek companionship from others to solve their own  loneliness22. In emotional 
relationships, women are more inclined to seek permanent partners, but may be impacted due to the other one 
being reluctant to use condoms; on the other hand, men tend to engage in commercial or temporary sex and 
use condoms irregularly. This supports the findings in this paper that women were more likely to be infected 
through regular sexual partner/non-marital and non-commercial sexual partner and men were more likely to 
be transmitted from commercial sexual partner. Other studies have shown similar results that the rate of men 
to women infection from men who engage in commercial sexual behavior is far higher than that from men with 
non-marital and non-commercial sexual  behavior22.

The current situation of heterosexual transmission among older people is different from transmission in other 
groups such as MSM, which is a pattern of transmission in the general population. Therefore, it is becoming more 
necessary to combine the local general population with the high-risk population for analysis. In the meantime, 
while most of the existing studies used a single source of data, this study used data from multiple sources to 
explore the transmission mechanism.

This study has a few limitations. Firstly, we focused on one city in southwest China and the results may not 
be generalizable to other regions or countries. However, given the rapid growth of older HIV/AIDs cases both 
in China and world-wide, our findings have public health importance for the precise prevention and control of 
AIDS. Secondly, while we analyzed the three data sources together, the individual analysis of each data is not 
particularly detailed. Lastly, our description and comparison were mostly at group level, and there were differ-
ences in the three databases in terms of time frames, populations, and sampling modes. Therefore, it is possible 
the results are not homologous at individual level. We have linked social networks to the social characteristics 
between older male people and low-tier FSWs, and speculated that older male people and low-tier FSWs were 
infecting each other and driving up the epidemic in older female people at the same time. However, if evidence 
can be found from molecular  network39, homology analysis or social-molecular cooperative network, it would 
be more beneficial to improve the evidence chain of this theory.

Conclusion
In this study, we found that HIV/AIDS in a local city in China was increasing rapidly in older people, mainly 
through sexual transmission, but there are some differences between males and females.

Older male cases were mainly infected through commercial sexual behavior. The likely main reasons are that 
older males tended to seek low-tier FSWs, and the infection rate of low-tier FSWs was high. As males sought 
FSWs frequently and seldom use condoms, these two groups spreaded HIV to each other.

Older female people were mainly transmitted through regular sexual partners or temporary sexual partners. 
The proportion of these two types of sexual behavior was high and use of condom was irregular, which may 
result in the transmission from older males to females.

Based on these findings from multiple data sources, we proposed a mode of transmission, in which older 
males were an important bridge population spreading HIV/AIDS from FSWs to local general population. We 
believe that prevention and management efforts should be strengthened for men aged 50 years and older, which 
is crucial for preventing the spread of HIV/AIDS to the general population and controlling the AIDS epidemic.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available due to the sensitivity 
of the data (we promised not to use individual patient information for analysis, but to do it at the population 
level), but are available from the corresponding author on reasonable request.
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