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Background. Syphilis has made a rapid resurgence in China, especially among high-risk groups including
female sex workers (FSWs).

Methods. Two cities in each of 3 provinces in South China were chosen and allocated to intervention or
control arms. The intervention consisted of enhancing community-based syphilis screening outreach intervention
with comprehensive sexually transmitted infection services at designated clinics while the control maintained
routine intervention activities. Generalized linear modeling was used to examine effect of the intervention on
incident syphilis infection.

Results. A total of 8275 women were eligible, and 3597 women enrolled (n = 2011 in control arm, n = 1586 in
intervention arm) in the study. The median follow-up duration was 375 days (interquartile range, 267–475). Syph-
ilis incidence density in the intervention group was reduced by 70% (95% confidence interval, 53%–81%) com-
pared with the incidence in the control arm. The syphilis prevention intervention benefits were robust among
FSWs at low-tier venues, individuals with less than high school education, migrants, and women who did not
report condom use during the last episode of sex.

Conclusions. Integrated sexually transmitted infection and human immunodeficiency virus prevention strate-
gies substantially reduce syphilis incidence among FSWs, especially among those at low-tier venues. This interven-
tion suggests the need for scaling up comprehensive FSW programs in China.

Unsafe commercial sex is a major public health problem
in China, driving a resurgent syphilis epidemic [1] and
expanding the sexual transmission of human immuno-
deficiency virus (HIV) infection [2]. Several studies
among female sex workers (FSWs) in South China show
high prevalence and incidence of syphilis and other sex-
ually transmitted infections (STIs) [3–6]. Based on

conservative estimates, China has >6 000 000 FSWs, [7]
so the expansion of STI/HIV among FSWs has impor-
tant public health consequences. Furthermore, there are
great variations in sexual risk among FSWs from differ-
ent types of venues in China, and FSWs at low-tier
venues (defined as those who solicited clients on the
street or public outdoor places) in China have a higher
syphilis burden [3, 5]. The higher sexual risk associated
with FSWs at low-tier venues may be related to greater
numbers of clients per day, [3] less condom self-efficacy
with clients that can pay extra for unsafe sex, or more
migration [8, 9]. Although this group of FSWs is thought
to have higher sexual risks, they are under-represented in
both epidemiological studies and interventions.

Designing effective STI/HIV interventions for FSWs
in China has been challenging because of FSW
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migration, mistrust of clinics, and limited health outreach pro-
grams [10, 11]. The compelling need for high-quality sexual
health services and promising pilot STI/HIV programs in
South China [12] have renewed interest in structural FSW
programs. This study examined the effect of an integrated
comprehensive structural STI/HIV intervention on incident
syphilis and HIV infection in 6 cities of South China.

MATERIALS AND METHODS

Study Design and Participants
Reported primary and secondary syphilis cases have increased
over the past 5 years in many parts of South China [13–15]. The
study took place from June 2009 to March 2011 in 6 southern
cities: Jiangmen and Maoming in Guangdong Province, Wuzhou
and Hezhou in Guangxi Province, and Qionghai and Sanya in
Hainan Province (Figure 1). These 6 cities were chosen because
of their capacity to conduct research, supportive local health
bureaus, spatial mapping of sex venues and sex worker estimates,
and high prevalence of syphilis. The 2 study sites in each study
province were allocated to an intervention arm or control arm. A
convenience sampling strategy was used to recruit potential par-
ticipants, with quotas for each tier of FSWs based on estimated
total numbers of FSWs in each city. Ethics approval was obtained
from the Chinese Academy of Medical Sciences Institute of Der-
matology Medical Ethics Committee associated with the National
STD Control Center in Nanjing, China.

All women aged≥ 15 years who reported exchanging
money or gifts for vaginal, oral, or anal sex with a man in the
past year were eligible to participate. Women at entertainment
centers and women who provided hand jobs or massages were
not included unless they reported selling sex as defined above.
The following were exclusion criteria for participation: unwill-
ingness to provide informed consent; positive test for HIV by
enzyme-linked immunosorbent assay (ELISA) (for the HIV
incidence cohort only); and positive test for Treponema pallid-
um by ELISA (for the syphilis incidence cohort only). Eligible
individuals were assessed by the local investigators for study
eligibility at sex venues and interviewed by the same investiga-
tors for collecting sociodemographic and behavioral data. Sex
worker typologies were defined based on a modification of
earlier anthropological analyses of Chinese sex workers [16].
In this study, FSWs were categorized into 3 tiers according to
the venues where they solicited clients. The high-tier was
defined as those who solicited clients in karaoke bars or
hotels; the middle-tier was defined as those who solicited
clients in hair salons or barber shops, massage parlors, foot
bathing shops, roadside shops, guesthouses, or roadside res-
taurants; the low-tier was defined as those who solicited
clients on the street or at public outdoor places.

Comparability of Intervention and Control Study Arms
The 6 cities were all urban areas in South China with at least
150 000 people. Each of these cities is a destination for

Figure 1. Geographic locations of the 6 study sites in 3 provinces.
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rural-to-urban migrants and geographically separated by at
least 250 km from other cities. All cities had existing public
STI clinical services that provide standardized diagnosis and
treatment according to national guidelines as well as conven-
tional health outreach program targeting FSWs. Prior FSW in-
terventions [3] at the intervention arm were comparable with
the control arm of the study that focused on syphilis/HIV
testing, condom use, and harm reduction.

Syphilis and HIV Testing
All women who agreed to participate in this study had whole
blood drawn either in the clinic or onsite at a sex venue every
3 months. Blood specimens were stored temporarily before de-
livering to the local qualified STI and HIV laboratories for
testing. Specimens were screened using a T. pallidum ELISA
(Wantai) and HIV ELISA (Wantai). Positive T. pallidum tests
were confirmed with a nontreponemal TRUST test (Rong-
sheng) to determine those positive for both treponemal and
nontreponemal tests, and syphilis seroconversion was defined
as changing from negative ELISA to positive ELISA and posi-
tive TRUST. Positive HIV tests were confirmed with a
Western blot, and HIV seroconversion was defined as chang-
ing from negative ELISA to positive ELISA and positive
Western blot. All syphilis and HIV infections were managed
according to national guidelines.

Intervention and Control Conditions
Women in the control group received routine health outreach
programs (ie, provision of condoms and health education ma-
terials), whereas the intervention group additionally received a
comprehensive structural prevention package that included
the following: health promotion though television and news-
paper to increase awareness and health-seeking behaviors;
regular syphilis screening for those who did not get any
screening in the previous 3 months through monthly outreach
services at the settings to include FSWs outside of the cohort;
and strengthened connection between outreach and clinical
STI services through enhanced referral services (Table 1).

Baseline and Follow-Up Survey
The baseline survey questionnaire consisted of 17 items that
have been used before among South Chinese FSWs [17] and
included questions about sociodemographics, sexual behav-
iors, and other STI/HIV risk behaviors. Women who were fol-
lowed for at least 2 visits and filled out a survey at each visit
were included in the final analysis.

Follow-Up and Endpoints
Women were followed in the clinic or community, receiving
phone calls monthly and syphilis/HIV testing every 3 months.
In our sample, 98.4% of all women had a cell phone number.
Given the high rates of migration among FSW in China, we
used several methods to increase follow-up: monthly calls by

health outreach workers including $8 worth of call time for
each connection; free health tests such as hepatitis B virus
testing and gynecological examination; subsidies to cover the
cost of transportation to clinics; and free cosmetic products
and skin lotions. Women who changed their phone numbers
were encouraged to provide their new phone numbers to the
project. Women who did not have cell phones either shared
cell phones or provided a landline phone number for contact.

Statistical Analysis
The sample size was calculated to give 0.9 power to detect a
risk reduction of 5% between the intervention and control
arms in incidence of syphilis at 1 year, assuming a lost-
to-follow-up rate of approximately 30% at 6 months. Total
numbers of FSWs in each city were estimated prior to study
launch based on mapping exercises. Because FSWs at low-tier
venues are known to have higher sexual risk, this group was
oversampled compared with those at middle and high-tier
venues.

The primary outcome in the analysis was incident syphilis.
Only 1 syphilis infection per patient was counted in the esti-
mation of the syphilis outcome. Syphilis incidence was esti-
mated by using the number of seroconversions within the
follow-up period as the numerator and the cohort’s total
number of person-year exposure to the risk of syphilis

Table 1. Activities Conducted as Intervention Measures in the
Intervention Arm

Intervention
Item Contents

Health
promotion

In addition to routine practice of providing HIV and
STI information during special events such as
World AIDS Day, regular deliveries of the news
about this study project through local television
programs and newspapers, emphasizing
provision of free syphilis testing and treatment

Deliveries of STI-specific health education materials
in sex venues through regular outreach services

Syphilis
screening

On-site screening of syphilis with point-of-care
tests

Provision of screening results
Referral
services

Provision of free gynecologic exams and
reproductive services

Referral of FSWs with positive screening results to
the designated STI clinics

Referral of FSWs with any STI symptoms to the
designated STI clinics

STI services Provision of free diagnosis and treatment of syphilis
to FSWs referred from sex venues at the
designated STI clinics

Provision of free diagnosis and treatment of syphilis
to all other patients attending the designated STI
clinics, including male clients of FSWs

Abbreviations: FSW, female sex worker; HIV, human immunodeficiency
virus; STI, sexually transmitted infection.
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transmission as the denominator. For those with seroconver-
sion, half of the follow-up duration (between the 2 visits) was
used as their contribution to the total risk exposure. The 95%
confidence interval (CI) of the incidence was estimated using
the Poisson method. Risk factors for syphilis seroconversion
were identified by generalized linear modeling. Adjusted rela-
tive risk (RR) with 95% CIs was estimated. A P value≤ 5%

was considered statistically significant. Kaplan-Meier analysis
was used to compare cumulative proportion of syphilis-free
over time between the intervention and control groups. All
analyses were done with SPSS 18.0.

RESULTS

A total of 8275 FSWs were approached to participate in the
syphilis cohort (Figure 2). The study overenrolled FSWs at
low-tier venues, who represented 23.4% of all FSWs at base-
line. A total of 3597 syphilis-negative women were enrolled in
the syphilis cohort (n = 2011 in control cities, n = 1586 in

Figure 2. Flow chart of the female sex worker (FSW) intervention
with a focus on the syphilis incidence cohort. TP ELISA + , positive Trepo-
nema pallidum enzyme-linked immunosorbent assay.

Figure 3. Kaplan–Meier curves for the intervention and control arms.

Table 2. Baseline Sociodemographic, Sexual Behavior, and
HIV Prevalence Among Female Sex Workers (FSWs) in the Syph-
ilis Cohort (n = 3597)a

Variables

Control
Group

(n = 2011)

Intervention
Group

(n = 1586)
P

Value

Age in years, mean ± SD 26.2 27.3

Ethnicity

Han 1703 (84.7) 1316 (83.0) .18
Non-Han 308 (15.3) 270 (17.0)

Education

Primary school 354 (17.6) 328 (20.7) .06
Middle school 1404 (69.8) 1059 (66.8)

≥High school 253 (12.6) 199 (12.5)

Marital status
Married 1350 (67.1) 906 (57.1) <.01

Unmarried 661 (32.9) 680 (42.9)

Resident status
Migrantb 1398 (69.5) 1197 (75.5) <.01

Nonmigrant 613 (30.5) 389 (24.5)

Self-reported condom use
with client at last sex

Yes 1548 (77.0) 1009 (63.6) <.01

No 368 (18.3) 480 (30.3)
Drug use

Yes 109 (5.4) 73 (4.6) .30

No 1902 (94.6) 1513 (95.4)
FSW typologyc

Low-tier 623 (31.0) 466 (29.4) .32

Middle- or high-tier 1388 (69.0) 1120 (70.6)
HIV infectiond

Positive 2 (0.1) 5 (0.3) .28

Negative 2009 (99.9) 1581 (99.7)

Data are no. (%) unless otherwise indicated.

Abbreviations: HIV, human immunodeficiency virus; SD, standard deviation.
a Missing data accounted for <5% of each variable with the exception of
condom use at last sex (224, 5.6%) and condom use frequency (247, 6.1%).
b Migrant defined as not having a local city registration permit.
c FSW typology defined by sex venue as described in the text.
d HIV infection defined by positive enzyme-linked immunosorbent assay and
positive Western blot.
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intervention cities). Among those who were eligible, 52.7%
(2244 of 4255) of those in the control arm and 60.5% (2434 of
4020) of those in the intervention arm did not participate in
the study. Reasons for not participating in the syphilis cohort
included refusal (3700, 79.1%), syphilis infection at baseline
(965, 20.6%), and no blood sample (13, 0.3%). In the control
arm, 76.6% of participants completed the 6-month follow-up,
and 68.8% of the participants in the intervention arm com-
pleted the 6-month follow-up. The overall retention rate was
50.2% at 12 months, and the median follow-up period among
all FSWs was 375 days (interquartile range, 267-475 days).

The baseline prevalence rates of syphilis were found to be
2.8% (95% CI, 1.9%–3.7%), 4.5% (95% CI, 3.6%–5.4%), and
12.4% (95% CI, 10.4%–14.4%) among FSWs at high-, middle-,
and low-tier venues, respectively. The baseline sociodemo-
graphic characteristics, behaviors, and biomarkers of the inter-
vention and control groups for the syphilis cohort are reported
in Table 1. Women in the intervention group reported less-fre-
quent condom use and less married status than control group
women, and the group contained more migrants at baseline
than the control group (Table 1). Age, ethnicity, and other soci-
odemographic variables were comparable between the interven-
tion and control groups. Within the syphilis cohort (n = 3597),
2 of 2011 women in the control group had HIV infection at
baseline compared with 5 of 1586 women in the intervention
group (P = .28). The distribution of FSWs at low- and middle-
or high-tier venues in this trial were comparable in the control
and intervention groups (Tables 2 and 3).

Among the FSWs in the intervention cities, 90.9%–91.8%
(90.0%–90.4% of FSWs at high-tier, 90.7%–94.1% of middle-
tier, and 93.0%–95.5% of low-tier venues) were covered by the
comprehensive structural prevention provided by the outreach
team. Of them, 75.4%–87.8% (72.8%–86.0% of FSWs at high-
tier, 84.5%–88.9% of middle-tier, and 71.4%–86.0% of low-tier
venues) were screened for syphilis, and 79.5%–100.0% of infect-
ed cases (60.7%–100.0% of FSWs at high-tier, 87.1%–100.0% of
middle-tier, and 91.7%–100.0% of low-tier venues) were treated
for syphilis.

A total of 132 incident syphilis infections were detected over
the course of the study, with 109 in the control group and 23 in
the intervention group, giving syphilis incidence densities of
1.85 per 100 person-years (95% CI, 1.79–1.94 per 100 person-
years) in the intervention group and 6.14 per 100 person-years
(95% CI, 6.09–6.19 per 100 person-years) in the control group.
The highest incidence density of 8.87 per 100 person-years (95%
CI, 8.76–8.98 per 100 person-years) was found among FSWs
at low-tier venues in the control group. Syphilis incidence in
the intervention group was reduced by 70% compared with
the control group (adjusted RR, 0.30; 95% CI, .19–.47). The
result of Kaplan-Meier analysis on cumulative proportions of
syphilis-free FSWs between the intervention and control
groups are shown in Figure 3. Correlates of incident syphilis
are shown in Table 4. The effect of the intervention was unrelat-
ed to the cities (P < .05 for all city pairs). A significant syphilis
incidence reduction in the intervention group compared with
the control group was noted among those aged ≤45 years, all
education levels, married and unmarried individuals, FSWs at
low- and middle-tier venues, migrants, Han and non-Han eth-
nicities, and those who reported different levels of condom use.
A significant syphilis incidence reduction could not be detected
among individuals aged ≥46 years, drug users, FSWs at high-
tier venues, and nonmigrants, although there were only 38
women aged ≥46 years old and 173 drug users.

This study also analyzed incident HIV infection, finding no
significant difference when comparing the control and interven-
tion groups, although the incidence in the intervention group
was slightly less than that in the control group (adjusted RR,
0.35; 95% CI, .03–3.13; P = .35). A total of 5 incident HIV infec-
tions were detected, with 4 in the control group (out of 2219
HIV-negative individuals) and 1 in the intervention group (out
of 1801 individuals). The majority (4 of 5) of the incident HIV
cases were found among FSWs at low-tier venues, 1 in the inter-
vention group and 3 in the control group.

An analysis of loss to follow-up found no significant diffe-
rence in syphilis infection between women who were present
and those lost to follow-up at 6 months (P = .94).

Table 3. Baseline Syphilis Prevalence by Female Sex Worker Type in Control and Intervention Groups

Variable Intervention Arm, No. (%) Control Arm, No. (%) P Value

City City

Wuzhou 40/852 (4.7) Hezhou 100/826 (12.1) .001
Jiangmen 17/534 (3.2) Maoming 42/825 (5.1) .09

Qionghai 32/630 (5.1) Sanya 27/809 (3.3) .10

Tiera Tier
High-tier 19/591 (3.2) High tier 21/824 (2.6) .46

Middle-tier 24/928 (2.6) Middle-tier 67/1108 (6.1) .001

Low-tier 46/497 (9.3) Low-tier 81/528 (15.3) .003

a Tier defined by sex venue as described in the text.
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DISCUSSION

This is one of the largest FSW interventions and the first in
China to have sufficient follow-up to measure syphilis and
HIV incidence. This study represents a marked departure
from earlier FSW interventions in China by virtue of its
higher recruitment rate, improved retention, measurement of
syphilis and HIV incidence, and oversampling of FSWs from

low-tier sex venues [3, 18–20]. One study reported approach-
ing 13 785 FSWs but enrolling only 977 (7.1%), [18] making
our enrollment rate of 49.3% (3597 of 7297) a substantial im-
provement. Despite the importance of better understanding
FSW STI and HIV needs and testing interventions, this is, to
our knowledge, only the second Chinese FSW cohort de-
scribed in the English literature [21]. This study is also impor-
tant because it provides a more robust understanding of the

Table 4. Factors Associated With Incident Syphilis From a Generalized Linear Model

Control Arm Intervention Arm

Person-Years

Rate per 100
Person-Years
(95% CI) Person-Years

Rate per 100
Person-Years
(95% CI)

Relative Risk
Reduction
(95% CI) P Value

Overall 1775 6.14 (6.09–6.19) 1241 1.85 (1.79–1.91) 70 (53–81) <.001

Age, years

15–30 1397 5.37 (5.31–5.43) 914 1.86 (1.79–1.93) 65 (41–79) <.001
31–45 352 8.81 (8.69–8.93) 316 1.58 (1.45–1.71) 82 (54–93) <.001

≥46 26 11.54 (11.15–11.93) 11 9.09 (8.40–9.78) 22 (0–92) .83

Education
≤Primary 287 9.41 (9.28–9.54) 265 1.51 (1.38–1.64) 84 (51–94) .001

Middle 1257 5.65 (5.59–5.71) 835 1.68 (1.60–1.76) 70 (47–83) <.001

≥High School 231 4.76 (4.63–4.89) 141 3.55 (3.35–3.75) 25 ( 0–74) <.001
Marital status

Married 562 8.90 (8.81–8.99) 542 2.40 (2.31–2.49) 73 (50–85) <.001

Unmarried 1213 4.86 (4.80–4.92) 699 1.43 (1.35–1.51) 71 (42–85) <.001
FSW tiera

Low 462 8.87 (8.76–8.98) 382 3.40 (3.29–3.51) 62 (28–79) .003

Middle 886 7.34 (7.27–7.41) 707 1.27 (1.19–1.35) 83 (65–91) <.001
High 427 0.70 (.61–.79) 152 0.66 (.46–.86) 6 (0–90) .96

Resident status

Migrantb 1282 6.55 (6.49–6.61) 924 1.52 (1.45–1.59) 77 (59–87) <.001
Nonmigrant 493 5.07 (4.97–5.17) 317 2.84 (2.72–2.96) 44 (0–74) .14

Ethnicity

Han 1514 5.75 (5.70–5.80) 1013 1.88 (1.81–1.95) 67 (46–80) <.001
Non-Han 261 8.43 (8.30–8.56) 228 1.75 (1.61–1.89) 79 (39–93) .004

Last condom usec

Yes 1388 6.12 (6.06–6.18) 761 1.97 (1.89–2.05) 68 (44–81) <.001
No 307 5.86 (5.74–5.98) 403 1.74 (1.63–1.85) 70 (29–88) .006

Refuse to answer 80 7.50 (7.26–7.74) 77 1.30 (1.05–1.55) 83 (0–98) .11

Condom use frequencyd

100% 1131 4.95 (4.89–5.01) 325 1.54 (1.41–1.67) 69 (22–87) .01

Not 100% 553 8.14 (8.05–8.23) 831 2.05 (1.98–2.12) 75 (56–86) <.001

Refuse to answer 92 8.70 (8.48–8.92) 85 1.18 (.94–1.42) 87 (0–98) .06
Drug usee

Yes 83 9.64 (9.39–9.89) 50 2.00 (1.67–2.33) 79 (0–98) .14

No 1692 5.97 (5.92–6.02) 1191 1.85 (1.79–1.91) 69 (51–80) <.001

Abbreviations: CI, confidence interval; FSW, female sex worker.
a Tier defined by sex venue and fee per client as described in the text.
b Migrant defined as not having a local city registration permit.
c During the last episode of sexual intercourse, used a condom.
d Defined as women reporting 100% condom use or not in the past 12 months.
e Used any form of drugs in the past 12 months.
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sexual risk and social composition of FSWs at low-tier sex
venues, a group that has been difficult to accurately study in
China [11] and that is less well represented in current surveil-
lance and intervention programs in China.

There are several aspects of the community intervention
that may have contributed to its effectiveness. First, whereas
most traditional FSW interventions have focused on condom
use and increasing individual HIV knowledge, [20] this com-
munity structural intervention focused on creating mutual
trust and sustainable connections between sex venues and STI
clinics. Especially in local contexts where private clinics may
not have standardized STI services or licensed doctors, [22]
re-establishing trust and relationships with local standardized
STI clinics may have been a powerful force in preventing
syphilis. The referral systems established at intervention sites
may have facilitated this trust. Second, although sexual health
was the focus of our measured outcomes, these components
were only a portion of a broader comprehensive package of
health and well-being services that included free gynecological
exams and reproductive services at sex venues. Third, imple-
menting concomitant programs for male STI patients in each
of the cities may have provided greater leverage for FSWs to
mandate condom use with clients.

This study further demonstrates a higher sexual risk of
syphilis infection and probably HIV infection as well among
FSWs at low-tier venues, which has implications for surveil-
lance and intervention programs in FSWs. This trend has
been observed in several other studies [3, 5], but previous
studies have been limited by their small sample sizes and
cross-sectional designs.

The overall follow-up rates in our study (73.1% of FSWs at
6 months and 50.2% of FSWs at 12 months) are far better
than those for the other FSW cohort in China, which was able
to follow 53% at approximately 6 months [21]. Higher FSW
retention rates in our study may be partly attributed to the
gains from mobile phone use, such as text message appoint-
ment reminders and health behavior promotion. Mobile
phones have been used among STI and HIV risk groups in
other contexts to promote retention and behavior change [23].
Although other research has suggested that online methods
could be used for STI and HIV prevention in China, [24] our
experience found higher levels of mobile phone use among
FSWs, especially FSWs at low-tier venues.

This study has several limitations. First, the study was only
implemented in 6 urban regions located in South China, and
care must be taken when generalizing the findings to other
areas. At the same time, other research has suggested that
China’s primary and secondary syphilis cases are substantially
greater in urban regions than in rural areas [13, 15] Second,
although every effort was made to make the intervention and
control groups as comparable as possible, they were not iden-
tical. The intervention group had a higher syphilis prevalence

than the control group at baseline. Third, we cannot know
with certainty which aspects of the structural intervention
were essential drivers of behavior change and syphilis preven-
tion. Although no measures of FSW condom negotiation were
measured, FSW condom use increased over time. Further-
more, there was some flexibility provided to the 3 intervention
sites to allow the program to adapt to local circumstances and
needs.

This research study demonstrates the efficacy and potential
public health benefits in prevention and control of syphilis
through providing expanded comprehensive structural inter-
ventions for FSWs in South China. However, there are still
many unanswered questions, such as feasibility in scaling up
of the structural interventions and the cost-effectiveness of
these strategies, in this field that require further investigation
in order to translate the evidence from this multicity study to
national or local policies and to bring the findings of the study
to the millions of FSWs across China. The new National Syph-
ilis Control Plan [25] in China holds great promise for realiz-
ing these goals.
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