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Abstract

This study describes the current situation and projects dynamic trends for HIV prevalence in a

highly endemic area of China, Liangshan Prefecture, Sichuan Province. Epidemiological,

behavioral, and population census data from multiple sources were analyzed to extract input for an

Asian Epidemic Model (AEM). Fitting curves to historical trends in HIV prevalence were used as

a baseline, and future intervention scenarios were explored using the AEM. For 2007, modeled

data suggested ≈0.5% adult HIV prevalence in Liangshan, with an estimated 17,450 people living

with HIV/AIDS and 3,400 new infections. With current high risk behaviors, the model predicts

that adult prevalence will rise to 1.5% by 2020. Increased condom use and clean needle exchange

among injection drug users (IDUs) have slowed the epidemic. The source of new HIV infections

will change from a preponderance of IDU-related infections in 2007 (65.9%) to a mixed epidemic

in 2020 (general population heterosexuals 45.2%, IDU 38.6%, homosexual transmission between

men 12.7%, female sex workers and their clients 3.5%). We anticipate rising prevalence, stable

incidence, and higher representation of sexual transmission over time. Prevention investments

should target specific interventions toward sub-groups at highest risk, given that both IDUs and

men who have sex with men will likely represent a majority of cases and serve as a bridge

population.
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INTRODUCTION

The first large outbreak of HIV in China was identified in 1989 among injection drug users

(IDUs) in Dehong Prefecture, Yunnan Province, on the Myanmar (Burma) border in

southwest China [1-3]. The majority of reported HIV infections in China are among rural

people living in the southwest and among ethnic minorities. IDU and unhygienic plasma

collecting practices have been the two major transmission routes of HIV/AIDS in various

regions of China since 1989 [2, 4-6]. In recent years, however, the risk of sexual

transmission of HIV has grown, either through female sex workers (FSWs) and their clients

or men who have sex with men (MSM) [4]. Among the estimated 700,000 people living

with HIV/AIDS in China in 2007, IDU (38.1%) and unprotected heterosexual sex (40.6%)

were the most common transmission routes. Incidence estimates suggest that 11.0% of

estimated new HIV cases in 2007 occurred among MSM, a group that also has a rising rate

of syphilis infection [7].

Liangshan Yi Autonomous Prefecture in Sichuan Province, China, is located along one of

the major drug trafficking routes to northwest and central China from the “Golden

Triangle,” one of the world’s largest illicit heroin production and distribution centers [8-11].

The specific HIV subtypes first seen in Dehong spread to IDUs along drug trafficking

routes, including Liangshan [12-14]. Autonomous regions are a political administrative

designation for an entity that has a higher proportion of non-Han minority ethnic groups.

There are 5 autonomous regions in China that have more local authority in finance,

economic planning, arts, science, culture, organization of local police, and use of local

languages. Liangshan is the largest autonomous prefecture of Yi nationality in China, with

48% of non-Han minority ethnic groups (44.4% Yi ethnic group, 1.5% Tibetan, and 2.1%

other non-minority ethnic groups). Liangshan has 1 county-level city, 15 counties, and 1

autonomous county, with a population of 4.3 million persons living in an area of 60,423 km2

(23,329 square miles, about twice the size of Massachusetts and slightly larger than

Denmark or the Netherlands). Its people confront an HIV epidemic fueled by IDU and, more

recently, MSM [10, 11, 15].

The HIV epidemic in Liangshan has become one of the worst in southwest China, with

7,809 cumulative reported HIV/AIDS cases (including deceased persons) reported by the

end of 2007 [8, 9, 16]. An HIV sentinel surveillance, in place in Liangshan since late 1995,

has recorded a disturbing rise in HIV rates among both high-risk and general populations,

including IDUs, sexually transmitted disease (STD) clinic visitors (an indicator group for the

clients of FSWs), pregnant women attending antenatal clinics (ANCs), and hospital patients

[8, 9, 16, 17]. HIV behavioral and biological surveillance in Liangshan has been

incorporated into the existing system since 2002 [8, 15, 18]. Expanded screening for HIV

has been conducted in 17 of Liangshan’s counties or cities. IDUs, FSWs, male clients of

FSWs (as identified in STD clinic surveys), and MSM are the notable high-risk groups in
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Liangshan. Unsafe blood collection practices have not contributed substantially to HIV

transmission in this prefecture, unlike patterns seen in central or eastern China [15].

To date, several modeling methods are commonly employed to estimate the dynamic trends

of HIV/AIDS epidemics, such as the Asia Epidemic Model (AEM) [19, 20], the UNAIDS

Workbook [21, 22], the Estimation and Projection Package (EPP) [23-26], and others [1,

27]. In contrast to the UNAIDS Workbook and the EPP, the AEM is a full-process model

that mathematically replicates the key processes driving HIV transmission in Asia, and

therefore needs more epidemiological and behavioral inputs. AEM permits examination of

future scenarios in which prevention and care efforts induce behavior change [19]. The

AEM has been applied in India, Thailand and Cambodia, and the agreement between

modeled and observed HIV prevalence values suggests the potential validity of the AEM

[28-31]. We used the AEM with high quality data from a variety of sources to describe the

current situation and to project dynamic trends for subgroup-specific HIV prevalence in

Liangshan Prefecture, Sichuan Province.

METHODS

The AEM considers HIV transmission within a population aged ≥15 years. People enter the

population at age 15 and depart by either AIDS-related or non-AIDS-related death. Pediatric

dynamics are calculated after the fact based on fertility data and female infection levels. We

divided the Liangshan population into 8 modeling compartments: male IDUs, injection

female sex workers (ISWs), FSWs, male clients of FSWs, MSM, male sex workers

(MSWs), a general male group (without recognized risk), and a general female group

(without recognized risk). All female IDUs were considered to be ISWs. Infection occurs

either through unprotected sexual behavior or needle sharing with an infected partner. The

number of new infections is calculated based on the prevalence in the partner population, the

frequency of sex or injecting acts, and the probability of transmission of HIV. The model

considers both protective behaviors (e.g., levels of condom use and clean needle use) and

increased HIV transmission probability due to the presence of other STDs and lack of male

circumcision. Details of the AEM are described elsewhere [19, 32]. Three steps were taken

to complete the AEM.

First, multiple data sources were collected, including behavioral and biological surveillance,

community-based surveys, epidemiological and behavioral studies, and census data. A total

of 12 sentinel surveillance sites (including 3 for drug detoxification centers, 1 for

community-based IDUs, 1 for ANCs, 5 for FSWs, and 2 for MSM), 12 community-based

surveys, and 33 published or unpublished behavioral and epidemiological studies

contributed data to the estimation and projection [1, 8-11, 33-42]. Nine surveys and

epidemiological studies with poor methodology were excluded, e.g., unclear methods,

inadequate description of population, case report data without adjustments, and biased

samples within a given group. The population census data were obtained from the Liangshan

Prefecture Statistical Bureau.

Second, the collected data were evaluated and analyzed; those with better quality were used

to calculate the input parameters for the model. Bias elimination and adjustments were made
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to increase the representativeness of the data. Each input parameter for the model was

calculated using multiple data sources. (1) The sizes of key populations (male IDUs, ISWs,

FSWs, male clients of FSWs, MSM, MSWs, general male and general female groups) were

calculated using surveillance data, census data, and previous estimates from the Sichuan

Center for Disease Control and Prevention (unpublished data). (2) The input parameters of

sexual risk behaviors (e.g., frequency of sexual contacts between different partner types and

levels of condom use with different partners) were estimated using behavioral surveys and

epidemiological studies. For example, the prevalence of condom use among FSWs with

their clients was adjusted for socio-demographic variations in how prevention and care

efforts induce behavior change. The traditional sexual culture among Yi ethnic group may

contribute to HIV risk in Liangshan [8-11, 15, 18]. Casual sexual behavior among Yi males

is more frequent than among Han males. Casual sex is more frequent among unmarried Yi

females than among married Yi females. Thus, adjustments regarding the prevalent casual

sex were made when calculating the frequency of sexual contacts of males and females who

had casual sex in the last year. (3) The input parameters of injecting risk behaviors (e.g.,

frequency of injection and levels of needle sharing) were calculated using data from

behavioral surveillance. Data from both community-based and facility-based sentinel sites

(drug use detoxification centers and detention centers) were analyzed and used for these

estimates. (4) The rates of movement into or out of each subgroup and the average duration

in different key populations were calculated using the behavioral and epidemiological data

and population census data. (5) HIV prevalence rates among each subgroup were calculated

using data from the biological surveillance and epidemiological studies [19]. For example,

in more highly endemic counties, the prevalence rates for the general low-risk population

were estimated using data from biological and behavioral surveillance, community-based

surveys, and epidemiological studies. Downward adjustment of the estimates was made to

eliminate “double-counting” infections caused by high risk men and women. In the lower

prevalence areas, military conscript and ANC-based data were applied to estimate the

prevalence among the general low-risk male and female populations, respectively (Sichuan

CDC, unpublished data). The AEM software was used to fit parameters into the model

following the previously published procedures [8, 9, 15, 18].

Third, the model was used to generate prevalence curves for each subgroup. We expected

these prevalence curves to be consistent with the observed prevalence curves pre-2007,

which were estimated using multiple data sources. The fitted curves to historical trends in

HIV prevalence among each subgroup between the epidemic start year 1994 and 2007

served as a baseline projection. Future scenarios of the epidemic post-2007 were predicted

using the AEM under different rates of condom use, needle sharing, and casual sex as

appropriate for each subgroup. Baseline rates of condom use, needle sharing, and casual sex

were estimated based on unpublished and published data sources: 56.8% of condom use for

the FSWs and ISWs with non-IDU clients, 12.3% of condom use for FSWs and ISWs with

IDU clients, 5.0% of condom use during casual sex among the low-risk general population,

1.0% of condom use during sex among spouses and permanent sex partners, 52.3% of

needle sharing among IDUs, 9.0% of condom use between IDUs and their spouses or steady

sex partners, 37.5% of condom use among MSM and 33.3% among MSWs, and 26% of
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casual sex for male groups and 7% for female [8, 9, 16, 18]. Estimates are rounded to the

nearest 50.

RESULTS

Output fitting

The final curves of model outputs for HIV prevalence were fitted with the estimated

prevalence rates from data in all 8 populations in Liangshan. This served as the baseline

fitted model for projecting under varying assumptions.

HIV dynamic trends with baseline prevention efforts induced behavior change

The HIV epidemic in Liangshan is thought to have begun in the mid-1990s when the first

HIV cases in this prefecture were identified in 1995 among IDUs. The HIV prevalence of

adults living with HIV/AIDS (PLWHA) in Liangshan increased to 0.5% (0.8% for male and

0.2% for female) in 2007, such that an estimated 17,450 people were PLWHA. There were

an estimated 3,400 new infections, 1,050 cases of AIDS, and 900 deaths in that year. If

behaviors were to be maintained at current baseline levels, the prevalence of PLWHA will

rise to 1.1% in 2015 (1.6% for males and 0.7% for females) and to 1.5% in 2020 (2.0% for

males and 1.0% for females). There will be 54,500 projected PLWHA; 6,600 new

infections, 5,250 cases of AIDS, and 5,050 deaths in 2020 (Fig. 1). The cumulative number

of HIV/AIDS cases was estimated at 21,100 by the end of 2007; this number is projected to

rise to 94,500 in 2020 (Fig. 1).

HIV prevalence rates among IDUs started to increase significantly in 1998 and reached an

estimated 29.4% in 2007. With current prevention efforts, the prevalence is predicted to rise

to 38.3% in 2020; the model predicts that the number of IDUs with HIV/AIDS will rise from

9,400 in 2007 to 14,300 IDUs in 2020; the incidence rates among IDUs will be stable at

7.0% from 2007 to 2020. The epidemic trends among ISWs were similar to those among

IDUs until the prevalence reached 8.6% in 1998. HIV prevalence among ISWs gradually

dropped to 3.5% in 2007, and then leveled off.

The number of FSWs and clients with HIV/AIDS is projected to grow from 150 FSWs and

1,100 clients in 2007 to 300 FSWs and 1,250 clients in 2020. With current rates of condom

use, the prevalence rates for FSWs will rise from 2.6% in 2007 to 3.9% in 2020, but the

rates for clients will be similar: 1.7% in 2007 and 1.5% in 2020.

HIV cases were first found among MSM in 2005 in Liangshan. In 2007, the rates for HIV

infections were estimated at 2.1% for MSM and 2.0% for MSWs. With the current rate of

condom use, the rates of HIV infections are projected to rise rapidly to the impossibly high

level of 78.6% for MSM and 60.1% for MSWs in 2020, suggesting a failure of AEM to

accommodate biological asymptotes when limited data are available. Hence, we have

capped the HIV prevalence estimates for MSM and MSWs at 40% to provide the baseline

estimates for this study. We also conducted a sensitivity analysis for our prevalence estimate

using the capped and uncapped rates. Given an estimated 15,450 MSM in Liangshan (1.0%

of the male population), MSM/MSWs are predicted to emerge as a major transmission route

in Liangshan, accounting for 11% (capped) to 21.2% (uncapped) of PLWHA in 2020.
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IDU has been the predominant transmission route for HIV/AIDS, contributing two-thirds of

new HIV cases (65.9%) in 2007. The other major transmission routes are heterosexual

transmission among the low-risk general population (26.8%), homosexual transmission

between men (3.7%), and sexual transmission between FSWs and clients (3.6%). In 2020,

the major transmission route for the new infections is predicted to be heterosexual

transmission among the low-risk general population (45.2%), followed by IDU (38.6%),

homosexual transmission between men (12.7%), and female sex workers and their clients

(3.5%).

Future scenarios with increased prevention efforts (condom use and needle sharing)

With 60% of clean needle use (40% needle sharing), the model predicts that HIV prevalence

among IDUs will level off from 2007 to 2020 (Fig.2A). With ≥70% clean needle use, the

prevalence among IDUs will decline dramatically (Fig.2A).

Condom use alone can reduce the prevalence among FSWs (including ISWs). The condom

use rate among FSWs (including ISWs) with IDU clients and non-IDU clients must be

increased to 60% in order to maintain stable prevalence; increasing the rate of condom use

to ≥90% will have a further significant impact on the epidemic (Fig. 2B).

The model predicts a continuing rise of HIV prevalence for MSM/MSWs even with 60%

condom use rates. Condom use frequency must be increased to ≥90% for MSM/MSWs in

order to turn the tide substantially (Fig. 2C, 2D).

With 90% condom use rates in the low-risk general population, the epidemic will decline

(Fig. 2E). Reducing frequency of casual sex will also reduce the epidemic (Fig. 2F). With

both condom use and reduced frequency of casual sex acts, the model predicts a slowing

down in the rise of the epidemic but not enough to reverse the trend (data not shown).

With current baseline prevention efforts, new infections in the entire population (all 8

subgroups) will increase rapidly. However, 60% of the coverage of both condom use and

clean needle use would lead to a drop in the overall prevalence between 2008 and 2010;

afterward, the prevalence starts to rise again (Fig. 3). Only >90% coverage for both clean

needle use and condom use will result in a sustained decline in the overall prevalence.

If no MSM/MSW epidemic occurred, the epidemic now spreading through IDUs, FSWs,

and clients would still increase under current baseline prevention efforts (Fig. 4A). If no

IDU epidemic occurred, the epidemic now spreading through FSWs, clients, and MSM/

MSWs would remain at a low level, with the overall HIV prevalence among adults rising

slightly to 0.2% in 2020. Unprotected male-male sex among MSM/MSWs and unprotected

casual sex among low-risk populations would be the principal transmission routes in 2020, if

substantial progress were made to reduce IDU incidence (Fig. 4B).

DISCUSSION

The growing availability of high quality epidemiological and behavioral data from sentinel

surveillance and community-based surveys makes site projection of the HIV epidemic

feasible in many venues in China, such as Liangshan Prefecture [4]. Under baseline
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coverage rates of condom use and clean needle use, the model predicted that the HIV

epidemic among adults (15-64 years of age) would continue to rise from 0.5% in 2007 to

1.5% in 2020. Thus, we provide concrete projections to authorities as to the importance of

expanding prevention efforts now. Liangshan continues to be one of China’s most severely

affected locales and we think the epidemic will worsen [15, 43].

Application of the AEM to Liangshan accurately reproduced current trends in all key

populations. Epidemiological data indicate that the HIV epidemic started with IDUs in the

mid-1990s. A high prevalence of needle sharing and a low level of condom use fueled rapid

HIV spread among IDUs, subsequently infecting FSWs and clients through sexual contact.

The local health departments initiated intervention efforts for IDUs and FSWs, e.g., needle

exchange and condom promotion programs in the late 1990s. HIV spread among these two

groups may have slowed down under current prevention efforts, but causality cannot be

inferred. In contrast, sex among MSM/MSWs and casual sex transmission among low-risk

populations have gradually emerged as major HIV transmission routes.

Since HIV cases were first identified among MSM in Liangshan in 2005, prevalence rates

among MSM and MSWs have increased rapidly in the past 3 years [18]. With the current

rate of condom use (<40%) among local MSM [8, 9], the HIV prevalence is projected to rise

rapidly. The AEM projects levels of 78.6% among MSM and 60.10% among MSWs in

2020, both far higher than plausible. These predictions are incompatible with observed rates

among MSM even in the highest prevalence venues. Modeling takes year by year values for

many important parameters, including all years from epidemic starting year forward. Many

assumptions must be made for early years or for later years, different hypothetical scenarios

can be projected. The key inputs and sources for MSM/MSWs were based on the limited

data in the past 3-year data in Liangshan, so unstable projection is expected. Thus, we ran

our model with lower plausible MSM/MSW estimate to an overall range for 2020

population prevalence estimates. Our model suggests that the epidemic could level off if

90% condom use were achieved for both MSM and MSWs, an impossibly high level indeed.

The increased HIV spread among the “low risk” general population was driven by the higher

prevalence of unprotected casual heterosexual sex in the Yi ethnic group [9]. The frequency

of unprotected casual sex acts among Yi adolescents and adults, along with the frequency of

casual sex acts with low condom use among the Han ethnic group, make the low-risk

general populations more vulnerable in this part of China. Prevention intervention among

the low-risk general population faces huge challenges due to the low awareness of risk and

the unwillingness to seek an HIV test.

So far, IDU has remained the leading route for HIV transmission and HIV continues to

spread rapidly among IDUs in Liangshan; the rate of needle sharing has remained >50% in

this group [43]. Our model demonstrated the HIV incidence at the high level of 7.0% from

2007 to 2020 with current intervention effort among IDUs. The projected incidence rate in

2008 is similar to the BED-incidence of 8.3% (95%CI: 5.3-11.2%) estimated from a

community-based cross sectional survey of 1,098 IDUs (unpublished data, Sichuan Center

for Disease Control and Prevention). Our model indicated that the spread of HIV among

IDUs will not be reduced unless needle sharing is reduced to ≤30%. With current prevention
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efforts among FSWs, a substantial behavioral change has occurred; the rate of condom use

increased from 29.1% in 2003 to 56.8% in 2007 [18, 35]. Other studies suggested that

condom use alone can reduce the prevalence among FSWs, but high coverage is the key. If

Thailand had seen condom use drop from 85% to 60% in 1998, its epidemic would have

taken off again[32]. Crack-downs on illegal commercial sex activities launched by the local

Department of Public Security have forced FSWs from more visible places, e.g.,

entertainment establishments, to more underground venues, e.g., rented residence houses

[4]. This makes it harder to reach this group with prevention measures.

The dynamic trends of the HIV epidemic in Liangshan reflect the epidemic trends also seen

at a national level. China’s population faces a growing risk of contracting HIV through

sexual transmission, either heterosexual sex (through casual or commercial sex) or

homosexual sex (among MSM) [4, 44, 45]. Studies have found HIV prevalence among

MSM ranging from 1.5% to 10.5% in certain cities in China [4, 6, 15, 46]. The nation

recognizes the HIV/AIDS needs of more easily identifiable risk groups (e.g., IDUs, FSWs,

and former blood/plasma donors), but neglects the needs of the estimated 10-20 million

MSM [4]. The traditional Chinese culture does not openly endorse MSM behaviors[47].

Under social pressure, many MSM conceal their sexual orientation and do not inform their

female sex partners about their MSM behaviors; nearly one-third of MSM are married in

China, and an even higher proportion reported having had sex with women [7, 46, 48-50].

Therefore, MSM may play a critical bridging role in spreading HIV and other STDs from

their high-risk male sexual partners to low-risk female partners, such as their wives. Low

coverage of AIDS-related intervention programs (13.7%) and HIV testing was shown in the

present study, as reported elsewhere [22, 27]. Without action in a timely fashion, MSM

could become one of the major transmission routes for HIV infection in Liangshan.

China reported that in 2008, HIV/AIDS was the nation’s leading infectious disease killer

and the epidemic is still growing. Although the government has committed resources and

energy to tackling the epidemic, including its nationwide “Four Frees, One Care” program

(free HIV testing, counseling, antiretroviral treatment, and schooling [for HIV orphans and

vulnerable children], and care for AIDS [2, 51]), the low uptake of prevention, care and

treatment programs remain an immense challenge [2, 51-54]. The government has also

begun testing harm reduction strategies beyond needle exchange and condom promotion in

recent years to tackle the dual epidemics of drug use, especially heroin, and HIV/AIDS [55].

It is well known that use of methadone and buprenorphine decrease opioid use, decrease

transmission of HIV, and improve adherence to treatment in addition to needle exchange.

Studies have demonstrated the effectiveness of MMT for reducing risk of HIV infection,

illicit opiate use, illegal activities, morbidity and mortality, and improving overall

functioning [56-58]; however, the major challenges for MMT are the high relapse rate and

limited ability to reach the majority of heroin users due to various barriers [55]. Alternative

substitution therapies are also being tested in China. For example, more than 10 clinical

trials of buprenorphine have been conducted in China since 1990. Despite the demonstrated

efficacy of buprenorphine, it had a minimal influence on policy [59].

Although the AEM provides a dynamic and realistic picture of an epidemic, the above

intervention impacts of HIV prevalence have not been incorporated, the model has its
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limitations. (1) The AEM internal model may not be suitable to all settings. Users must fully

understand the local epidemic patterns and make sure that the key modes of transmission in

the study site are already included in the model. If not, modifications to the AEM may be

required before use; (2) The more complex set of inputs limits the use of the model. The

reliable estimation and projection fully relies on good quality data. The user must take great

caution in evaluating the quality and validity of epidemiological and behavioral inputs in

order to avoid a “garbage in – garbage out” situation; (3) The impacts of antiretroviral and

substitution therapy on HIV prevalence as well as the potential behavioral inhibition have

not been considered; (4) The model does not offer automatic input and output validity

checks along with review of the user selected parameters for fitting; (5) A sensitivity

analysis module is not available to better assess the impact of specific changes and to

determine what changes will have the greatest impact on the rates of HIV infections.

Estimation and projection of HIV prevalence play an increasingly important role in the

directing and evaluation of the prevention efforts. Few studies have applied these models to

examine the status and/or dynamic trends of HIV prevalence in different areas in China [8,

9]. There are no studies that have reported implementing the AEM to assess the dynamics of

HIV prevalence in China. Better estimation and projection of the dynamics of the HIV/

AIDS epidemic among different populations in Liangshan can help guide interventions and

may serve as a model for improving estimates elsewhere in China.

The HIV surveillance system that collects behavioral and epidemiologic data has improved

as the geographical and population coverage has increased in the past few years. The

number of sentinel surveillance sites increased to 14 in 2007 (up from 2 in 1998) and now

cover the highest risk populations more extensively. While sentinel surveillance provided

valuable information in terms of the trend in the epidemic, HIV prevalence measured in

population-based surveys, adjusted for non-response and other errors or biases, provided

improved data for estimation and projection.

Our modeled data emphasize the importance of accelerating prevention programs like needle

exchange and drug treatment to reduce needle sharing among IDUs and condom distribution

and promotion to reduce unprotected sex among FSWs and clients, MSM/MSWs, and the

general population. Our model suggests the magnitude of the care and treatment program

needed for the people living with HIV/AIDS in Liangshan Prefecture, Sichuan Province.

Finally, we present the value of a small area analysis for long-term planning and action

when data quality improves to permit a coherent modeling exercise.
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Figure 1.
The estimated and projected number of current, new and cumulative HIV/AIDS infections in

Liangshan Yi Autonomous Prefecture, Sichuan Province, China. — —, currently living with

HIV/AIDS; - - - -, new infections; ——, cumulative infections (included deaths).
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Figure 2.
Hypothetical scenarios for Liangshan.

A. HIV prevalence rates with different rates of needle sharing among injection drug users

(IDUs). ——, 52.3% needle sharing (baseline); — —, 40%; - - - -, 30%; — - –, 20%.

B. HIV prevalence rates among female sex workers (FSWs) and female injection sex

workers (ISWs), with different rates of condom use for FSWs and ISWs with non-IDU

clients and IDU clients. ——, 56.8% for non-IDU clients, 12.3% for IDU clients (baseline

rates of condom use); — —, 57%, 50%; - - - -, 60%, 60%; — - –, 70%, 70%; — - -, 80%,

80%; ----------, 90%, 90%.

C. HIV prevalence rates among men who have sex with men (MSM) with different rates of

condom use. ——, 37.5% condom use (baseline); — —, 60%; - - - -, 70%; — - –, 80%; — -

-, 90%. Baseline projection to 67.3% prevalence in 2020 (see note in results as to model

lower bound adjustment).

D. HIV prevalence rates among male sex workers (MSWs) with different rates of condom

use. ——, 33.3% condom use (baseline); — —, 60%; - - -, 70%; — - –, 80%; — - -, 90%.
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Baseline projection to 46.0% prevalence in 2020 (see note in results as to model lower

bound adjustment).

E. HIV prevalence rates among low-risk general male and female populations with different

rates of condom use. ——, 5% condom use for the people that ever engaged in casual sex,

1% for regular sex, baseline rates of condom use; — —, 60%; - - - -, 70%; — - –, 80%; — -

-, 90%.

F. HIV prevalence rates among low-risk general male and female populations with different

rates of casual sex. ——, 26% of males that ever engaged in casual sex, 7% of females that

ever engaged in casual sex, baseline rates of casual sex; — —, 20%, 6%; - - - -, 15%, 6%;

— - –, 10%, 5%; — - -, 5%, 4%.
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Figure 3.
Hypothetical scenarios for the new HIV infections with different rates of needle sharing and

condom use among highest risk groups, and low-risk general male and female populations in

Liangshan Yi Autonomous Prefecture, Sichuan Province, China. ——, baseline; — —,

60%; - - - -, 70%; — - –, 80%; — - -, 90%.
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Figure 4.
Hypothetical scenarios for the HIV prevalence.

A. If no epidemic occurred among men who have sex with men (MSM)/male sex workers

(MSWs), the epidemic now spreading through injection drug users (IDUs), female sex

workers (FSWs), and clients would still increase under current baseline prevention efforts.

——, All infections; — —, With no infections among MSM/MSW; - - - -, infection among

MSM/MSW.

B. If no IDU epidemic occurred, the epidemic now spreading through FSWs, clients, and

MSM/MSWs would remain at a low level with the overall HIV prevalence among adults

rising slightly to 0.2% in 2020. MSM/MSWs would be the predominant transmission route.

——, All infections; — —, infections among IDUs; - - - -, With no infection among IDUs.
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