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Abstract

Introduction: HIV incidence is an important measure for monitoring the development of the epidemic, but it is difficult to

ascertain. We combined serial HIV prevalence and mortality data to estimate HIV incidence among key affected populations

(KAPs) in China.

Methods: Serial cross-sectional surveys were conducted among KAPs from 2010 to 2014. Trends in HIV prevalence were

assessed by the Cochran-Armitage test, adjusted by risk group. HIV incidence was estimated from a mathematical model that

describes the relationship between changes in HIV incidence with HIV prevalence and mortality.

Results: The crude HIV prevalence for the survey samples remained stable at 1.1 to 1.2% from 2010 to 2014. Among drug users

(DUs), HIV prevalence declined from 4.48 to 3.29% (pB0.0001), and among men who have sex with men (MSM), HIV prevalence

increased from 5.73 to 7.75% (pB0.0001). Changes in HIV prevalence among female sex workers (FSWs) and male patients

of sexually transmitted disease clinics were more modest but remained statistically significant (all pB0.0001). The MSM

population had the highest incidence estimates at 0.74% in 2011, 0.59% in 2012, 0.57% in 2013 and 0.53% in 2014. Estimates of

the annual incidence for DUs and FSWs were very low and may not be reliable.

Conclusions: Serial cross-sectional prevalence data from representative samples may be another approach to construct

approximate estimates of national HIV incidence among key populations. We observed that the MSM population had the highest

incidence for HIV among high-risk groups in China, and we suggest that interventions targeting MSM are urgently needed to

curb the growing HIV epidemic.

Keywords: HIV; cross-sectional survey; incidence; prevalence; mortality; key affected populations.

Received 26 July 2015; Revised 13 November 2015; Accepted 5 February 2016; Published 16 March 2016

Copyright:– 2016 Cui Y et al; licensee International AIDS Society. This is an Open Access article distributed under the terms of the Creative Commons Attribution 3.0

Unported (CC BY 3.0) License (http://creativecommons.org/licenses/by/3.0/), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

Introduction
In 2012, there were approximately 35 (33.2 to 37.2) million

people living with HIV and 2.1 (1.9 to 2.4) million new

infections globally [1]. HIV incidence is a useful indicator for

monitoring the spread of the epidemic and the effectiveness

of HIV/AIDS prevention and treatment efforts. However, direct

calculation of HIV incidence from epidemiological surveys has

proven to be a difficult methodological issue.

Although considered the most traditional way to measure

HIV incidence, prospective cohort studies are expensive, time

consuming and not typically representative of nationwide

trends. Since the 1990s, laboratory-based incidence assays

have been developed and introduced into cross-sectional

surveys [2�5], and improvements in methods and algorithms

have yielded more reliable estimates of new HIV infections

[6,7]. However, conducting representative sampling and

complicated algorithmic approaches to estimate HIV incidence

at a national level is prohibitive for countries with highly

concentrated HIV epidemics, such as China [8,9]. UNAIDS has

also recommended mathematical models for estimating

national HIV incidence rates, such as the Estimation and

Projection Package (EPP) [10�12], Spectrum [13�15], Asian
Epidemic Model (AEM) [16] andModes of Transmission (MOT)

model [17]. However, the application of thesemodels is limited

by the difficulty of defining subpopulations and sub-epidemics

in countries with concentrated epidemics and a lack of valid

parameter estimates for many resource-limited subnational

areas.

In a relatively closed population, HIV prevalence is

affected by both incidence and case fatality. Because cross-

sectional surveys can be used to capture HIV prevalence and

HIV-related mortality, methods have been proposed for

estimating incidence based on these observed measures.

Previous research in sub-Saharan African countries has

shown that sufficiently accurate estimates of incidence can

be generated from cross-sectional prevalence data on general-

ized epidemics [18�21].
The HIV epidemic in China is primarily concentrated among

high-risk groups. Drug users (DUs) [22], female sex workers

(FSWs) [23,24] and men who have sex with men (MSM)

[25,26] are the three main subpopulations affected by HIV in

China. In order to monitor the HIV epidemic, China established
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the HIV Sentinel Surveillance System (HSSS) in 1995 to con-

duct cross-sectional surveys among eight targeted subpopula-

tions designated as key affected populations (KAPs) [22,27].

Following a rapid expansion of the HSSS in 2010 [28],

this system is now a nationwide surveillance network, which

provides a way to record changes in the annual HIV prevalence

among high-risk populations, including DUs, FSWs and MSM.

The aim of this paper is to describe trends in HIV prevalence

among high-risk populations in China and to estimate inci-

dence using a mathematical model.

Methods
HIV Sentinel Surveillance

The introduction and development of the HSSS has been

described in other papers [27�30]. The number of sentinel

sites has risen from 42 initial sites in 1995 to 101 sites in 2000

and to 600 sites in 2009. In 2010, the HSSS was further scaled

up by introducing new sentinel sites in areas where high-

risk groups were most concentrated. In total, 1888 sentinel

sites were established within 300 cities across 31 provinces.

The HSSS targets the following eight KAPs: DUs, MSMs, FSWs,

male patients of sexually transmitted disease (STD) clinics,

pregnant women, long-distance truck drivers, college stu-

dents and male migrant workers [28]. This study analysed

survey data collected from 2010 to 2014 (Figure 1) at sentinel

sites nationwide.

Cross-sectional surveys were conducted among the eight

KAPs from April to June each year. The sample size for each

surveillance site was 400 participants across the KAPs except

for college students. Separate sites were established at

colleges and had a target of reaching 800 students. Venue-

based sampling in the first year was used to randomly select

sites based on location and opening time, and participants

were recruited consecutively at venues. Surveys were con-

ducted at the same sentinel sites each year, and the annual

target sample size at each site was fixed. After providing

informed consent, participants completed an anonymous,

structured questionnaire which covered demographic infor-

mation, HIV-related behaviours and HIV testing history. HIV

testing was recommended for all participants. Testing was

done by two enzyme-linked immunosorbent assays (ELISA),

and participants were not informed of their result unless they

requested it by a self-defined encryption code [28].

Participants with two positive ELISA results in the surveil-

lance system were not reported to the national HIV case

reporting system until the participants were notified and

received western blot confirmatory testing [31]. Per national

policy, individuals with a confirmed HIV diagnosis are then

registered in the national case reporting system, assigned a

unique identification number, followed up for health consults

at least every six months and initiated on antiretroviral

therapy (ART) if eligible. Patient data, including CD4 count

[32], ART regimen [33], HIV/AIDS clinical stage and death, are

uploaded to the case reporting system by the follow-up

healthcare providers [33]. HIV case fatality was calculated

by the proportion of observed deaths in the following year

among HIV-positive individuals diagnosed through the cross-

sectional surveys and reported to the case reporting system.

The HIV prevalence and interquartile range (IQR) among

each target population was calculated at the site and national

levels for each year from 2010 to 2014. Chi-square tests were

performed to assess the differences among subgroups within

KAPs. Trends in HIV prevalence were assessed by the Cochran-

Armitage test using SAS software version 9.3 (SAS Institute

Inc., Cary, NC, USA).

Estimation of HIV incidence

To estimate HIV incidence, the DU HIV prevalence was

adjusted by the distribution of DU types: ‘‘traditional’’ DU,

club DU and user of both traditional and club drugs.Traditional

drugs are defined in sentinel surveillance guidelines as heroin,

Figure 1. Study period from 2010 to 2014. DUs �drug users, FSW � female sex workers, MSM �men who have sex with men,

STD �male patients of sexually transmitted disease clinics, PRG �pregnant women, DRV � long-distance truck drivers, YST �young

(college-age) students, MOP �male mobile population (migrant workers).
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opium, opiate analgesics, cocaine and marijuana. Heroin use

through injection accounts for the majority of drug use in

China. Club drugs include methamphetamine, ketamine, 3,4-

methylenedioxy-N-methylamphetamine (MDMA) and ‘‘Magu’’

pills, which are a mixture of methamphetamine and caffeine

[22]. The HIV prevalence among MSM and male STD patients

were adjusted by cities, and the FSW HIV prevalence was

adjusted by venue (low-fee or other).

We estimated incidence utilizing serial prevalence esti-

mates and HIV survival based on the method described by

Brookmeyer and Konikoff [34]. Generally, the method pro-

poses that changes in HIV prevalence can be related to

incidence and survival through a balancing equation. Suppose

two cross-sectional surveys for HIV prevalence were con-

ducted at times t1 and t2 in a key population. Let P1 indicate

the HIV prevalence at time t1 (i.e. the proportion of living

persons who are HIV-infected), and Q1�1-P1 the proportion

of living persons at time t1 that are not infected but at risk

of HIV infection. Similarly, P2 is the HIV prevalence at t2. The

relative survival (R) of the HIV-infected population (relative

to the whole targeted population) is the ratio of the survival

probability that HIV-infected persons survive the period d
(where d � t2�t1) divided by the corresponding probability

for the entire population. It is shown30 that incidence can be

estimated from the equation

I ¼ ðP2 � P1RÞ=Q1d (1)

If P2BP1R, then we set I to a low value, such as B0.001,

indicating a low estimate of new HIV infections. Because of

lowmortality among the general HIV-negative population over

1 year, we assumed that the survival of the entire population is

approximately 1; thus, relative survival R is equal to 1 minus

the case fatality.

Studies have found that average duration of engagement

as a FSW in China is approximately 3 to 5 years, which means

that one-fifth to one-third of FSWs will leave this population

each year (i.e. turnover) [35]. We assumed that turnover

occurs randomly irrespective of HIV status, new entering

FSWs are HIV-negative, and the total FSW population size is

constant over years. Thus, among FSWs, the relative survival

(R) is the combination parameter of turnover (Ti) and case

fatality (Fi). The relative survival (R) of HIV among FSWs can

be expressed as

R ¼ ð1� TiÞ � ð1� FiÞ (2)

Ethics

This study was reviewed and approved by the Institutional

Review Board of the National Centre for AIDS/STD Preven-

tion and Control, Chinese Centre for Disease Control and

Prevention. All participants providedwritten informed consent

before participating in the surveys. Study participants were

reimbursed 50 RMB (�8 USD) for the cost of transportation.

Results
HIV prevalence

Cross-sectional surveys were conducted annually from 2010

to 2014. The sample sizes of the surveys were 731,916 in

2010, 757,543 in 2011, 772,681 in 2012, 777,084 in 2013 and

749,116 in 2014. The crude HIV prevalence estimates for all

participants were 1.10% for 2010, 1.07% for 2011, 1.12% for

2012, 1.13% for 2013 and 1.17% for 2014 (Table 1).

The geographical distribution of HIV prevalence among

DUs, FSWs, MSM and male patients of STD clinics in 2014 is

presented in Figure 2. Among DU participants from 299

survey sites in 2014, 168 sites reported an HIV prevalence

B1%, 70 sites reported between 1 and 5%, 61 sites reported

between 5 and 10% and 39 sites reported �10%. Almost

all sites with DU HIV prevalence higher than 5% were in the

provinces of Guangxi, Sichuan, Yunnan and Xinjiang. Stratified

by drug types, DUs who used only traditional drugs had

higher HIV prevalence (4.86%; 3440/70,724) than club DUs

(0.47%; 168/35,811) and concurrent users of both traditional

and club drugs (2.43%; 3829/9099; pB0.0001).

In 2014, FSW were surveyed at 499 sites. The HIV

prevalence at 473 sites was less than 1%, and the remaining

26 sites had a prevalence between 1 and 5%. FSWs who

worked at low-fee venues had a higher HIV prevalence

(0.36%; 211/58,976) than other FSWs (0.08%; 98/126,046;

pB0.0001).

All sites that surveyed MSM, except for two, identified

HIV-infected individuals. MSM in large cities experienced a

higher HIV prevalence (10.73%; 1534/14,297) than MSM in

other cities (6.26%; 1793/28,654; pB0.0001).

Among male patients of STD clinics at 368 sites, 274 sites

reported B1% HIV prevalence, 84 sites reported between 1

and 5%, and 10 sites reported higher than 5%. Participants

from large cities had a higher prevalence (1.92%; 368/19,187)

than other cities (0.56%; 694/124,719; pB0.0001).

Trends in HIV prevalence and case fatality

From 2010 to 2014, HIV prevalence among DUs decreased

from 4.50 to 3.31% while the prevalence among MSM

increased from 5.73 to 7.75%. HIV prevalence among

FSWs remained low with slight fluctuations between 0.17

and 0.24%. Among male patients of STD clinics, the preva-

lence increased from 0.43 to 0.74% (Table 1). The Cochran-

Armitage test for trend showed that the changes in HIV

prevalence among DUs (pB0.0001), FSWs (pB0.0001), MSM

(pB0.0001) andmale patients of STD clinics (pB0.0001)were

significant.

From 2011 to 2013, the respective annual case fatality

(Table 2) among the surveyed DUs was 1.6% (N�3161),

1.7% (N�3321) and 2.4% (N�2996); and among FSWs,

the annual case fatality was 0.9% (N�212), 0.5% (N�384)

and 0.3% (N�293). Among MSM, the case fatality was 1.4%

(N�1025), 0.9% (N�1610) and 1.3% (N�1502); and

among male patients of STD clinics, the case fatality was

5.3% (N�243), 2.5% (N�398) and 2.1% (N�375).

HIV incidence

Based on Equations (1 and 2), we estimated the HIV incidence

from 2011 to 2014 among DUs, FSWs, MSM and male patients

of STD clinics (Figure 3). An adjusted HIV prevalence (P’) was

used during HIV incidence estimation. We calculated that the

DU HIV incidence estimates were B0.001% in 2011, 0.09%

in 2012, 0.10% in 2013 and B0.001% in 2014. FSWs had

an estimated incidence of 0.03% in 2011, 0.06% in 2012,

B0.001% in 2013 and 0.01% in 2014. Among MSM, the
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incidence estimates were 0.74% in 2011, 0.59% in 2012,

0.57% in 2013 and 0.53% in 2014. Among male patients of

STD clinics, the incidence was 0.04% in 2011, 0.08% in 2012,

0.04% in 2013 and 0.19% in 2014. Our data showed that the

HIV incidence was notably high among MSM in large cities

at about 0.95% in 2011, 1.25% in 2012, 0.98% in 2013 and

0.91% in 2014. In comparison, the incidence among MSM in

smaller cities was 0.31% in 2011, 0.28% in 2012, 0.39% in

2013 and 0.36% in 2014.

Discussion
Measuring incidence is a valuable method for describing and

monitoring changes in the HIV epidemic. Using data from a

series of annual cross-sectional surveys in China from 2010 to

2014, we examined changes in HIV prevalence across key

high-risk groups. We produced estimates of HIV incidence in

the context of a centralized epidemic based on the relation-

ship among prevalence, case fatality and incidence [34].

In 2010, the Chinese national HSSS was widely scaled

up across the country to better characterize and monitor the

HIV epidemic [28]. All sentinel sites conduct annual HIV

prevalence surveys, targeting key populations at high risk for

HIVacquisition.We found that theMSM population, especially

MSM living in large cities, experienced the highest HIV

prevalence and incidence from 2010 to 2014 among all

KAPs. MSM in China are at exceptionally high risk for HIV

with the prevalence rising from 5.73% in 2010 to 7.75%

in 2014. These estimates are an unsurprising increase from

the findings reported in our previous study of MSM in 61 cities

conducted from February 2008 to September 2009 [25], which

found a prevalence of 4.9% (95% confidence interval: 4.7

to 5.1%).

During the same time period, HIV prevalence among DUs

followed a decreasing trend. Injection of opioids has histori-

cally been the main driver of the HIV epidemic in China,

but over the last decade, sexual transmission of HIV has

become the most common route of transmission. In our 2014

surveillance survey, ‘‘traditional’’ DUs had a nearly 10-fold

higher HIV prevalence (4.86%) than club DUs (0.47%). Drug

use trends are shifting from predominantly opioid use to

increasingly common use of club drugs such as methamphe-

tamine, MDMA (‘‘ecstasy’’) and ketamine. A previous study

of surveillance survey data reported a rapid increase in club

drug use from 1.3% of DUs in 2004 to 24.4% in 2011 [22]. Data

from the government have shown that 45% of registered

DUs used club drugs in China in 2014 [36]. The change in drug

use patterns presents a serious challenge for public health

programmes and has unclear implications for HIV control.

We found a low and decreasing HIV prevalence for FSWs

in China from 2010 to 2014. The decreasing trend among

FSWs may be because of the ongoing condom use campaign

in place since 2003 [37] and the turnover effect in this

population, which is approximately one-fifth to one-third of

FSWs [23].

For male patients of STD clinics, HIV prevalence increased

between 2010 and 2014. We believe there are several

possible mechanisms behind this trend. Increased engage-

ment in the Chinese sex industry, which has expanded rapidly

over the past three decades, is thought to be linked to aTa
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recent sharp rise in syphilis and other STDs [38]. The increase

in HIV prevalence among STD patients might also be attri-

butable to increased rates of diagnosis and case-reporting

practices of STDs [39] or changes in healthcare-seeking

behaviour among MSM and clients of FSWs. We also found

that STD patients in larger cities were more likely to be HIV-

positive, but it is unknown whether this reflects a true rise in

disease or better access to healthcare in larger cities.

In comparison to prevalence, incidence is a more direct

and sensitive indicator of epidemic dynamics. We estimated

that the MSM population had the highest overall incidence

during our study period among all high-risk groups, but

encouragingly, our incidence estimates show a decline from

0.74% in 2011 to 0.53% in 2014. When stratified by size of

cities, the HIV incidence among MSM living in large cities is

much higher than among MSM in smaller cities but has been

declining since 2012. In contrast, the incidence in smaller

cities is lower overall but has increased from 0.28% in 2012

to 0.39% in 2013 and to 0.36% in 2014. According to

a national report characterizing the HIV epidemic in China,

Figure 2. Geographical distribution of HIV prevalence among drug users (DU), female sex workers (FSW), men who have sex with men

(MSM) and male patients of sexually transmitted disease clinics (STD) in 2014.

Table 2. Case fatality among HIV positive KAPs detected during cross-sectional surveys from 2011 to 2013

2011a 2012a 2013a

KAP WB confirmed One year fatality rate* (%) WB confirmed One year fatality rate (%) WB confirmed One year fatality rate (%)

DUs 3161 1.6 3321 1.7 2996 2.4

FSW 212 0.9 384 0.5 293 0.3

MSM 1025 1.4 1610 0.9 1502 1.3

STD 243 5.3 398 2.5 375 2.1

aYears of cross-sectional survey; KAP �key affected population; WB �western blot; DUs �drug users; FSW � female sex workers;

MSM �men who have sex with men.
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HIV-positive MSM often choose to live in larger cities [40]. To

address the HIV epidemic among MSM, the Chinese govern-

ment has been expanding targeted campaigns to encourage

HIV testing and to increase engagement in care for urban

MSM populations since 2012. Our findings also highlight the

urgent need for a comprehensive response against the HIV

epidemic among MSM in smaller cities.

Our estimates of MSM HIV incidence are much lower than

previously published incidence rates measured through BED

(HIV-1 subtypes B, E, and D) capture enzyme immunoassay

(BED-CEIA) testing and prospective cohort studies in many

metropolitan areas, including Beijing, Chengdu and Shenyang

[41,42], but similar to an systematic review estimate of HIV

incidence among MSM of 0.98/100 person-years (95% con-

fidence interval: 0.70 to 1.25/100 person-years), as calculated

by Spectrum/EPP software [43]. BED-CEIA methods tend to

overestimate incidence when using cross-sectional survey

data compared with cohort study data [44,45] and are subject

to the sampling bias in a single cross-sectional survey.

Spectrum/EPP methods and our methods are based on similar

cross-sectional surveys, which may also be biased because of

disproportionate sampling of subgroups within populations.

We attempted to limit the impact of selection bias, allowing us

to produce reasonable estimates of HIV incidence, by using

survey data from multiple years across many sites and

adjusting for subgroups within the key populations.

Our HIV incidence estimates suggest that there has been

substantial progress in controlling the spread of HIV among

DUs. The incidence among DUs was less than 0.1% from 2011

to 2014. Nationwide harm reduction programmes in place

since 2006 [46] and the recent shift to increased club drug use

[22] might contribute to the low HIV incidence among DUs.

It is notable that, among those who use both traditional

and club drugs, HIV incidence increased from B0.001 in 2012

to 0.06% in 2013 and 0.35% in 2014. Club drug use has an

unclear relationship with HIV risk in China. Several studies

have suggested that a rise in club drug use led to a subsequent

increase in HIV prevalence through high-risk sexual behaviour

[47,48]. Additional research studies and public health initia-

tives are needed to understand and combat the HIV risk

associated with club drug use.

The low HIV incidence among FSWs and male patients

of STD clinics are not surprising. However, because of the

total population size of FSWs and their clients in China, even

a very low HIV incidence among FSWs can generate a large

number of new HIV infections. The latest surveillance data

showed that among the 103,501 newly-diagnosed HIV/AIDS

patients in 2014, about two-thirds (66.4%) self-reported as

having been infected through heterosexual contact [49].

Most past studies that estimated HIV incidence from cross-

sectional survey data have been conducted in generalized

epidemic settings in sub-Saharan Africa, where surveys were

Figure 3. HIV incidence among key populations from 2011 to 2014. DUs �drug users, FSW � female sex workers, MSM �men who have

sex with men, STD �male patients of sexually transmitted disease clinics.
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household-based [21]. Because of the extremely low HIV

prevalence among the general population in China (esti-

mated to be less than 0.06% in 2011) [40], representative

household-based surveys are not generally feasible in China.

Compared to other studies in sub-Saharan Africa, our study

had several limitations. First, valid estimation of incidence

assumes that the cross-sectional surveys are representative of

the target population and not subject to significant selection

bias. Although we adjusted the HIV prevalence (Pi) estimates

by target population subgroups (e.g. low-fee venue-based

FSWs compared with FSWs who work in other settings),

during incidence calculations, we are not able to account for

all selection bias. Another potential source of bias is loss

to follow-up of participants who screen HIV-positive but fail

to obtain confirmation testing. These individuals are not

counted among the HIV-infected population in our analysis,

but we do not believe that loss to follow-up varied across

years and would have a minimal impact on our findings.

Second, because of the very low HIV prevalence among FSWs

and male STD patients, we found extremely low incidence

over our study period, which may be unreliable. Of note,

we assumed that HIV-infected and HIV-uninfected FSW leave

the FSW population at similar rates, as we could not find

published research on this topic. Third, the migration of KAPs

may be a source of bias in the HIV prevalence trends. In this

study, we attempted to reduce the impact of migration on

HIV incidence estimates by presenting HIV prevalence at the

national level based on data collected annually at same

sentinel sites; target sample sizes per survey site remained

consistent across study years.

Conclusions
In the context of concentrated epidemics, valid HIV incidence

estimates can be difficult to ascertain. From serial HIV

prevalence and case fatality data collected across China, we

used a mathematical model to estimate HIV incidence among

key high-risk populations, focussing on DUs, FSW, MSM and

male STD patients. We found large differences in prevalence

and incidence among the target populations, which has

implications for prioritizing and designing future HIV/AIDS

prevention efforts. In particular, our results highlight the high

HIV risk experienced by theMSM population. Future estimates

of HIV incidence can be improved by increasing the repre-

sentativeness of the surveillance surveys.

Authors’ affiliations
1Division of Epidemiology, National Center for AIDS/STD Control and

Prevention, Chinese Center for Disease Control and Prevention, Beijing,

China; 2Division of Prevention and Intervention, National Center for AIDS/

STD Control and Prevention, Chinese Center for Disease Control and

Prevention, Beijing, China; 3Department of Biostatistics, UCLA Fielding School

of Public Health, Los Angeles, CA, USA; 4Department of Epidemiology, UCLA

Fielding School of Public Health, Los Angeles, CA, USA; 5National Center for

AIDS/STD Control and Prevention, Chinese Center for Disease Control and

Prevention, Beijing, China

Competing interests

The authors declare no competing interests.

Authors’ contributions

YC,WG and ZW participated in the design and planning of the study. DL and LW

collected the data. YC, WG, ZW, RB, RD and CXS conducted the data analysis,

interpreted the results and prepared the report for publication. All authors

contributed to revisions of the manuscripts and approved the final version for

publication.

Acknowledgements

The authors thank all local public health officers in the 31 provinces who

conducted sentinel surveillance surveys.

Funding

This study was supported by the China National AIDS Program, and the China

national technical support and operational research for HIV/AIDS prevention,

treatment, and care project (131-11-0001-0501). The funding organizations

had no role in the development of study design, collection, analysis and

interpretation of data, or the final decision to submit the manuscript for

publication.

Disclaimer: The opinions expressed herein reflect the collective views of

the co-authors and do not necessarily represent the official position of the

National Centre for AIDS/STD Control and Prevention, Chinese Centre for

Diseases Control and Prevention.

References

1. Joint United Nations Programme on HIV/AIDS. The Gap Report. Geneva:

UNAIDS; 2014.

2. Brookmeyer R, Quinn TC. Estimation of current human immunodeficiency

virus incidence rates from a cross-sectional survey using early diagnostic tests.

Am J Epidemiol. 1995;141:166�72.
3. Brookmeyer R, Quinn T, Shepherd M, Mehendale S, Rodrigues J, Bollinger R.

The AIDS epidemic in India: a new method for estimating current human

immunodeficiency virus (HIV) incidence rates. Am J Epidemiol. 1995;142:

709�13.
4. Hu DJ, Vanichseni S, Mock PA, Young NL, Dobbs T, Byers RH Jr., et al. HIV

type 1 incidence estimates by detection of recent infection from a cross-

sectional sampling of injection drug users in Bangkok: use of the IgG capture

BED enzyme immunoassay. AIDS Res Hum Retroviruses. 2003;19:727�30.
5. McDougal JS, Pilcher CD, Parekh BS, Gershy-Damet G, Branson BM, Marsh K,

et al. Surveillance for HIV-1 incidence using tests for recent infection in

resource-constrained countries. AIDS. 2005;19(Suppl 2):S25�30.
6. Brookmeyer R, Laeyendecker O, Donnell D, Eshleman SH. Cross-sectional

HIV incidence estimation in HIV prevention research. J Acquir Immune Defic

Syndr. 2013;63(Suppl 2):S233�9.
7. Brookmeyer R, Konikoff J, Laeyendecker O, Eshleman SH. Estimation of HIV

incidence using multiple biomarkers. Am J Epidemiol. 2013;177:264�72.
8. Karita E, Price M, Hunter E, Chomba E, Allen S, Fei L, et al. Investigating the

utility of the HIV-1 BED capture enzyme immunoassay using cross-sectional

and longitudinal seroconverter specimens from Africa. AIDS. 2007;21:403�8.
9. Kassanjee R, Pilcher CD, Keating SM, Facente SN, McKinney E, Price MA,

et al. Independent assessment of candidate HIV incidence assays on specimens

in the CEPHIA repository. AIDS. 2014;28:2439�49.
10. Ghys PD, Brown T, Grassly NC, Garnett G, Stanecki KA, Stover J, et al. The

UNAIDS Estimation and Projection package: a software package to estimate

and project national HIV epidemics. Sex Transm Infect. 2004;80(Suppl 1):i5�9.
11. Brown T, Grassly NC, Garnett G, Stanecki K. Improving projections at the

country level: the UNAIDS Estimation and Projection package 2005. Sex Transm

Infect. 2006;82(Suppl 3):34�40.
12. Brown T, Bao L, Eaton JW, Hogan DR, Mahy M, Marsh K, et al.

Improvements in prevalence trend fitting and incidence estimation in EPP

2013. AIDS. 2014;28(Suppl 4):S415�25.
13. Stover J. Projecting the demographic consequences of adult HIV

prevalence trends: the spectrum projection package. Sex Transm Infect. 2004;

80(Suppl 1):i14�8.
14. Stover J, Johnson P, Zaba B, Zwahlen M, Dabis F, Ekpini RE. The spectrum

projection package: improvements in estimating mortality, ART needs, PMTCT

impact and uncertainty bounds. Sex Transm Infect. 2008;84(Suppl 1):i24� i30.
15. Stover J, McKinnon R, Winfrey B. Spectrum: a model platform for linking

maternal and child survival interventions with AIDS, family planning and

demographic projections. Int J Epidemiol. 2010;39(Suppl 1):i7�10.
16. Brown T, Peerapatanapokin W. The Asian epidemic model: a process model

for exploring HIV policy and programme alternatives in Asia. Sex Transm Infect.

2004;80(Suppl 1):i19�24.
17. Gouws E, White PJ, Stover J, Brown T. Short term estimates of adult

HIV incidence by mode of transmission: Kenya and Thailand as examples.

Sex Transm Infect. 2006;82(Suppl 3):iii51�5.

Cui Y et al. Journal of the International AIDS Society 2016, 19:20609

http://www.jiasociety.org/index.php/jias/article/view/20609 | http://dx.doi.org/10.7448/IAS.19.1.20609

7

http://www.jiasociety.org/index.php/jias/article/view/20609
http://dx.doi.org/10.7448/IAS.19.1.20609


18. Gregson S, Machekano R, Donnelly CA, Mbizvo MT, Anderson RM,

Katzenstein DA. Estimating HIV incidence from age-specific prevalence data:

comparison with concurrent cohort estimates in a study of male factory

workers, Harare, Zimbabwe. AIDS. 1998;12:2049�58.
19. Hallett TB, Zaba B, Todd J, Lopman B, Mwita W, Biraro S, et al. Estimating

incidence from prevalence in generalised HIV epidemics: methods and

validation. PLoS Med. 2008;5:e80.

20. Hallett TB, Stover J, Mishra V, Ghys PD, Gregson S, Boerma T. Estimates

of HIV incidence from household-based prevalence surveys. AIDS. 2010;24:

147�52.
21. Rehle TM, Hallett TB, Shisana O, Pillay-van Wyk V, Zuma K, Carrara H, et al.

A decline in new HIV infections in South Africa: estimating HIV incidence from

three national HIV surveys in 2002, 2005 and 2008. PLoS One. 2010;5:e11094.

22. Wang L, Guo W, Li D, Ding Z, McGoogan JM, Wang N, et al. HIV epidemic

among drug users in China: 1995�2011. Addiction. 2015;110(Suppl 1):20�8.
23. Wang L, Tang W, Wang L, Qian S, Li YG, Xing J, et al. The HIV, syphilis,

and HCV epidemics among female sex workers in China: results from a serial

cross-sectional study between 2008 and 2012. Clin Infect Dis. 2014;59:e1�9.
24. Zhou C, Rou K, Dong WM, Wang Y, Dong W, Zhou Y, et al. High prevalence

of HIV and syphilis and associated factors among low-fee female sex workers

in mainland China: a cross-sectional study. BMC Infect Dis. 2014;14:225.

25. Wu Z, Xu J, Liu E, Mao Y, Xiao Y, Sun X, et al. HIV and syphilis prevalence

among men who have sex with men: a cross-sectional survey of 61 cities in

China. Clin Infect Dis. 2013;57:298�309.
26. Chow EP, Lau JT, Zhuang X, Zhang X, Wang Y, Zhang L. HIV prevalence

trends, risky behaviours, and governmental and community responses to the

epidemic among men who have sex with men in China. Biomed Res Int. 2014;

2014:607261.

27. Sun X,Wang N, Li D, Zheng X, Qu S,Wang L, et al. The development of HIV/

AIDS surveillance in China. AIDS. 2007;21(Suppl 8):S33�8.
28. Lin W, Chen S, Seguy N, Chen Z, Sabin K, Calleja JG, et al. Is the HIV sentinel

surveillance system adequate in China? Findings from an evaluation of the

national HIV sentinel surveillance system. Western Pac Surveill Response J.

2012;3:76�85.
29. Wang L, Wang L, Norris JL, Li DM, Guo W, Ding ZW, et al. HIV prevalence

and influencing factors analysis of sentinel surveillance among men who have

sex with men in China, 2003�2011. Chin Med J (Engl). 2012;125:1857�61.
30. Jia Y, Lu F, Sun X, Vermund SH. Sources of data for improved surveillance

of HIV/AIDS in China. Southeast Asian J Trop Med Public Health. 2007;38:

1041�52.
31. Mao Y, Wu Z, Poundstone K, Wang C, Qin Q, Ma Y, et al. Development of a

unified web-based national HIV/AIDS information system in China. Int J

Epidemiol. 2010;39(Suppl 2):79�89.
32. Tang H, Mao Y, Shi CX, Han J,Wang L, Xu J, et al. Baseline CD4 cell counts of

newly diagnosed HIV cases in China: 2006�2012. PLoS One. 2014;9:e96098.

33. He N, Duan S, Ding Y, Rou K, McGoogan JM, Jia M, et al. Antiretroviral

therapy reduces HIV transmission in discordant couples in rural Yunnan, China.

PLoS One. 2013;8:e77981.

34. Brookmeyer R, Konikoff J. Statistical considerations in determining HIV

incidence from changes in HIV prevalence. Stat Commun Infect Dis. 2011;3:1.

35. Brown T, Bao L, Raftery AE, Salomon JA, Baggaley RF, Stover J, et al.

Modelling HIV epidemics in the antiretroviral era: the UNAIDS Estimation and

Projection package 2009. Sex Transm Infect. 2010;86(Suppl 2):ii3�10.
36. Wang C. China Women‘s News: young people account for 70% of synthetic

drugs abusers [in Chinese]. Beijing: Ministry of Public Security of the People’s

Republic of China; 2014.

37. Rou K, Sullivan SG, Liu P, Wu Z. Scaling up prevention programmes

to reduce the sexual transmission of HIV in China. Int J Epidemiol. 2010;

39(Suppl 2):ii38�46.
38. Tucker JD, Chen XS, Peeling RW. Syphilis and social upheaval in China.

N Engl J Med. 2010;362:1658�61.
39. Wu Z, Zhou P. Syphilis and social upheaval in China. N Engl J Med.

2010;363:1088; Author reply 1089.

40. Ministry of Health, Joint United Nations Programme on HIV/AIDS, World

Health Organization. 2011. Estimates for the HIV/AIDS Epidemic in China.

Geneva: World Health Organization; 2011.

41. Mao H, Ma W, Lu H, Wang L, Zheng H, Zhu Y, et al. High incidence of HIV

and syphilis among migrant men who have sex with men in Beijing, China: a

prospective cohort study. BMJ Open. 2014;4:e005351.

42. Li X, Lu H, Cox C, Zhao Y, Xia D, Sun Y, et al. Changing the landscape of the

HIV epidemic among MSM in China: results from three consecutive

respondent-driven sampling surveys from 2009 to 2011. Biomed Res Int. 2014;

2014:563517.

43. Zhang L, Chow EP, Jing J, Zhuang X, Li X, He M, et al. HIV prevalence in

China: integration of surveillance data and a systematic review. Lancet Infect

Dis. 2013;13:955�63.
44. Kim AA, McDougal JS, Hargrove J, Rehle T, Pillay-Van Wyk V, Puren A, et al.

Evaluating the BED capture enzyme immunoassay to estimate HIV incidence

among adults in three countries in sub-Saharan Africa. AIDS Res Hum

Retroviruses. 2010;26:1051�61.
45. McNicholl JM, McDougal JS, Wasinrapee P, Branson BM, Martin M,

Tappero JW, et al. Assessment of BED HIV-1 incidence assay in seroconverter

cohorts: effect of individuals with long-term infection and importance of stable

incidence. PLoS One. 2011;6:e14748.

46. Luo W, Wu Z, Poundstone K, McGoogan JM, Dong W, Pang L, et al. Needle

and syringe exchange programmes and prevalence of HIV infection among

intravenous drug users in China. Addiction. 2015;110(Suppl 1):61�7.
47. Ding Y, He N, Zhu W, Detels R. Sexual risk behaviors among club drug users

in Shanghai, China: prevalence and correlates. AIDS Behav. 2013;17:2439�49.
48. Bao YP, Liu ZM, Li JH, Zhang RM, Hao W, Zhao M, et al. Club drug use and

associated high-risk sexual behaviour in six provinces in China. Addiction.

2015;110(Suppl 1):11�9.
49. National Center for AIDS/STD Control and Prevention. National epidemic

situation and response to HIV and STI epidemic by 2014. Chin J AIDS STD.

2015;21:1.

Cui Y et al. Journal of the International AIDS Society 2016, 19:20609

http://www.jiasociety.org/index.php/jias/article/view/20609 | http://dx.doi.org/10.7448/IAS.19.1.20609

8

http://www.jiasociety.org/index.php/jias/article/view/20609
http://dx.doi.org/10.7448/IAS.19.1.20609

