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ABSTRACT
Objective Syphilis rates among women in the USA
more than doubled between 2014 and 2018. We sought
to identify correlates of syphilis among women enrolled
in the Women’s Interagency HIV Study (WIHS) to inform
targeted interventions.
Methods The retrospective cross-sectional analysis
of secondary data included women with HIV or
at-risk of HIV who enrolled in the multisite US WIHS
cohort between 1994 and 2015. Syphilis screening
was performed at baseline. Infection was defined
serologically by a positive rapid plasma reagin test with
confirmatory treponemal antibodies. Sociodemographic
and behavioural characteristics stratified by baseline
syphilis status were compared for women enrolled
during early (1994–2002) and recent (2011–2015)
years. Multivariable binomial modelling with backward
selection (p>0.2 for removal) was used to model
correlates of syphilis.
Results The study included 3692 women in the early
cohort and 1182 women in the recent cohort. Syphilis
prevalence at enrolment was 7.5% and 3.7% in each
cohort, respectively (p<0.01). In adjusted models for the
early cohort, factors associated with syphilis included
age, black race, low income, hepatitis C seropositivity,
drug use, HIV infection and >100 lifetime sex partners
(all p<0.05). In the recent cohort, age (adjusted
prevalence OR (aPOR) 0.2, 95% CI 0.1 to 0.6 for 30–39
years; aPOR 0.5, 95% CI 0.2 to 1.0 for 40–49 years vs
≥50 years), hepatitis C seropositivity (aPOR 2.1, 95% CI
1.0 to 4.1) and problem alcohol use (aPOR 2.2, 95% CI
1.1 to 4.4) were associated with infection.
Conclusions Syphilis screening is critical for women
with HIV and at-risk of HIV. Targeted prevention efforts
should focus on women with hepatitis C and problem
alcohol use.

INTRODUCTION
Syphilis is an easily detectable and treatable STI;
however, rates of syphilis continue to increase
among select populations in high-income countries
and remains pervasive in low-income and middle-
income countries.1 In 2016, the WHO released a new

strategy to combat STIs with goals focused on the
elimination of congenital syphilis by implementing
comprehensive syphilis screening and treatment
among pregnant women and a target of 90% reduction in syphilis incidence globally by 2030.2 Syphilis screening recommendations for non-pregnant
women in the USA are based largely on determination of risk.3 4 Acquisition risk is variably defined
as a history of syphilis, reporting a sex partner with
syphilis, living with HIV or having multiple (>3)
sex partners in the past year.5 6 Emerging evidence
suggests that risk factors for syphilis in the current
epidemic may vary for women (drug use) and men
(sex with men)7 8; and these factors vary by race
as well since there is still an enduring high level
of racial disparity between syphilis rates among
blacks and whites in the USA.9 10 Current guidelines
recommend more frequent syphilis testing (every
3–6 months) for men who have sex with men with
persistent risk behaviours and does not address
specific needs for women.3 4
More than 35 000 cases of primary and
secondary syphilis were reported to the US Centers
for Disease Control and Prevention (CDC) in
2018.11 Early syphilis rates in women increased
170% from 2014 at 1873 (1.3 cases per 100 000
population) to 5047 (3 cases per 100 000 population) in 2018.11 The estimated prevalence of early
syphilis among US women living with HIV in 2018
was 4%.11 Syphilis increases the likelihood of HIV
acquisition and transmission, and co-
infection is
common.12
STI surveillance reports stratify syphilis rates
according to the basic demographic information available (age, sex, race and region).11 13 The
Women’s Interagency HIV Study (WIHS) is a
prospective, multicentre, longitudinal cohort study
that has enrolled nearly 5000 women living with
HIV and at-risk of HIV infection in the USA since
1994. Additional data collected in research studies
such as the WIHS provide information about sensitive behaviours such as drug use and sexual practices using validated questionnaires. These details
can offer critical insights about factors associated
with syphilis infection.
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METHODS
Study design

This is a retrospective cross-sectional analysis of data collected as
part of the prospective WIHS cohort study. It focuses on information collected at enrolment.

Study population

WIHS recruitment and protocol procedures have been published
previously.14 15 Briefly, enrolment in WIHS occurred during four
waves 1994–1995 (2054 HIV+; 569 HIV−), 2001–2002 (737
HIV+, 406 HIV−), 2011–2012 (276 HIV+; 95 HIV−) and
2013–2015 (610 HIV+; 235 HIV−). Women were enrolled
by trained staff at 11 sites (Atlanta, Georgia; Birmingham,
Alabama; Bronx, New York; Brooklyn, New York; Chapel Hill,
North Carolina; Chicago, Illinois; Jackson, Mississippi; Los
Angeles, California; Miami, Florida; San Francisco, California;
and Washington, DC). HIV-positive or HIV-negative women at
risk of HIV acquisition (based on STI history and/or sociobehavioural characteristics) were recruited from facilities, clinics
and community venues to include women irrespective of engagement in care. Positive HIV status required a positive ELISA
test and a confirmatory western blot. Standardised interviews
with structured questionnaires and physical examinations were
conducted by study staff at the baseline visit to obtain detailed
information from women about demographic, socioeconomic,
behavioural and clinical characteristics. Routine syphilis testing
was only performed at baseline per study protocol. Women identified as positive for syphilis were either treated by the respective
study site or referred for treatment. Clinical staging of syphilis
and treatment history was not available for most women in the
parent study. For this study, the cohort was divided into two
time periods: early enrolment (1994–2002) and recent enrolment (2011–2015).14 Participants provided written informed
consent for screening and enrolment with protocols approved
by institutional review boards at each site.14 16

Inclusion and exclusion criteria

Among WIHS participants, the age and racial/ethnic distributions of HIV-negative women are similar to those of HIV-
positive women in the cohort (black 72%, white 11%, Hispanic
14% and other 3%), which are generally representative of
women living with HIV in the USA. Of both HIV-positive and
HIV-negative women in WIHS, most were poor (more than half
reported an annual household income of US$≤18 000) and over
one-third have attained less than a high school education. Self-
reported HIV exposure risk at study entry was similar in both
HIV-positive and HIV-negative women, including IDU, heterosexual contact and transfusion risk.14 15 All cisgender women
who enrolled in WIHS between 1994 and 2015 with syphilis
screening performed at enrolment were included in this analysis.
Syphilis infection was defined as a positive rapid plasma reagin
(RPR) test at enrolment with a positive confirmatory treponemal
antibody test.

of WIHS enrolment (early (1994–1995 and 2001–2002) versus
recent (2011–2012 and 2013–2015)), low income (defined as an
annual income US$<12000), marital status (defined as married/
living with partner vs single/widowed/divorced/separated/other)
and hepatitis C (HCV) infection (defined as a HCV antibody
positivity). Self-
reported information was collected for the
following variables: number of lifetime sex partners, transactional sex (defined as ever having sex in exchange for drugs,
money or shelter), problem alcohol use (defined as consumption
of >7 drinks per week per the National Institute on Alcohol
Abuse and Alcoholism,17 non-injection drug use (IDU) (active or
prior use of cocaine/crack, heroin, methamphetamines or other
drugs) and IDU (active or prior use of injectable drugs).

Statistical analysis

Baseline characteristics according to syphilis serostatus were
compared for early and recent cohort enrollees with HIV
infection as an independent variable in the primary analysis,
while baseline characteristics according to syphilis serostatus
were compared for women living with and without HIV in
the secondary analysis. χ2 testing was used for comparisons of
categorical variables and analysis of variance or the Kruskal-
Wallis test was used for continuous variables. Data were missing
for <5% for all of the independent variables in this analysis.
Some independent variables were correlated: (1) IDU and HCV
in primary and secondary analyses, (2) transactional sex and
number of lifetime sex partners in the primary analysis and
(3) enrolment site and cohort wave in the secondary analysis.
We selected HCV and number of lifetime sex partners for the
adjusted models in both sets of analyses since these variables
had fewer missing data, with the addition of cohort wave in the
secondary analyses. In the secondary analysis, correlates of syphilis were analysed according to HIV status.
Univariate logistic regression was performed to identify risk
factors for syphilis. HIV status was included in all models due
to the cohort characteristics and its relationship with syphilis.
Crude prevalence odds ratios (PORs), 95% CIs and p values
were calculated. Variables of interest and univariate variables
with p<0.2 in early and recent cohorts were also included in
the full multivariable log-binomial regression. Backward selection was used to develop a model with all independent variables
statistically significantly associated with the outcome at a p value
less than or equal to 0.20. One variable, with the highest p value,
was removed from the multivariable model at a time until all
remaining variables were significantly associated (p<0.2) with
syphilis.18 Adjusted POR (aPOR), 95% CI and p values were
calculated.

RESULTS

Independent variables included: age (categorised as 16–29,
30–39, 40–49 and ≥50 years), race (black vs white/other), year

A total of 4982 women age 16–73 years old were enrolled in
the multicentre WIHS cohort between 1994 and 2015. Nearly
all (98%) were tested for syphilis. There were 3692 women
enrolled between 1994 and 2002 (the early cohort) and 1182
women enrolled between 2011 and 2015 (the recent cohort)
(figure 1). Treponemal confirmatory testing varied by site and
included fluorescent treponemal antibody absorption test
(55%), microhaemagglutination assay for Treponema pallidum
antibodies (32%), Treponema pallidum particle agglutination
(7%), Treponema pallidum haemagglutination (1%) and enzyme
immunoassay (5%). The seroprevalence of syphilis at enrolment
was 7.5% in the early cohort and 3.7% in the recent cohort
(p<0.001) (figure 1). Of women with syphilis with an RPR
titre available, RPR titres were >1:8 in 64/274 women (23%)
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A nuanced understanding of the risk of syphilis acquisition
can be used to define populations of women who are disproportionally impacted by infection. In this analysis, we sought to
identify specific risks for syphilis in the early and recent cohorts
of WIHS.
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in the early cohort and 6/40 women (15%) in the recent cohort
(figure 1). The seroprevalence of syphilis at enrolment was
7.4% and 4.4% among women with and without HIV infection,
respectively (p<0.001) (online supplemental figure 1).
Baseline characteristics for women enrolled in the early
cohorts are shown in table 1. Women with syphilis in the early
cohort were more likely to be black (73% vs 56%), HIV-positive
(84% vs 73%) and low income (77% vs 59%) compared with
women without syphilis (all p<0.05). Unadjusted and adjusted
models for syphilis in the early cohort are shown in table 1. In
the crude model for the early cohort, syphilis was associated
with age category, black race, low income, self-reported history
of syphilis, HIV infection, HCV antibody positivity, drug use,
problem alcohol use, >10 lifetime sex partners and transactional
sex (all p<0.05). Ethnicity and current pregnancy were not associated with syphilis seroprevalence in the crude model for the
early cohort. In the adjusted model (n=3562), black race (aPOR
2.0, 95% CI 1.5 to 2.6), low income (aPOR 2.0, 95% CI 1.5 to
2.7), HCV Ab+ (aPOR 1.5, 95% CI 1.1 to 2.0), HIV (aPOR 1.8,

95% CI 1.3 to 2.6), drug use (aPOR 3.3, 95% CI 1.9 to 5.4) and
>100 lifetime sex partners (aPOR 2.9, 95% CI 2.0 to 4.2) were
associated with an increased risk of prevalent syphilis. Factors
not associated with syphilis seroprevalence include age category
16–29 years (aPOR 1.2, 95% CI 0.6 to 2.6), 30–39 years (aPOR
1.3, 95% CI 0.7 to 2.6) and 40–49 years (aPOR 0.6, 95% CI 0.3
to 1.3) when compared with women 50 years of age or older and
having 11–100 lifetime sexual partners (aPOR 1.2, 95% CI 0.9
to 1.6) compared with ≤10 lifetime sexual partners (table 1).
Baseline characteristics for women enrolled in the recent
cohort are shown in table 2. Among women in the recent
cohort, women with syphilis were older and more likely to be
low income, have HCV antibody, to report problem alcohol use,
drug use and transactional sex compared with those without
syphilis (all p<0.05) (table 2). In the crude model for the recent
cohort, syphilis was associated with age, low income, self-
reported history of syphilis, HCV antibody positivity, problem
alcohol use, drug use and transactional sex history (all p<0.05)
(table 2). Ethnicity and current pregnancy were not associated
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Figure 1 Flow chart for study participants according to baseline syphilis testing and cohort. RPR, rapid plasma reagin; WIHS, Women’s Interagency
HIV Study.
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Association between participant characteristics and syphilis status in women in the early cohort (n=3692)

Variable

Syphilis negative
n=3414 (92.5%)

Syphilis positive
n=278 (7.5%)

Syphilis seroprevalence
crude POR
(95% CI)

P value

Syphilis seroprevalence
adjusted POR
(95% CI)
P value

Demographics
 Age category (years)

0.007

0.001

  
16–29

962 (28.2)

64 (23.0)

0.90 (0.45 to 1.80)

0.776

1.22 (0.59 to 2.56)

0.591

  
30–39

1521 (44.6)

154 (55.4)

1.38 (0.71 to 2.67)

0.344

1.31 (0.66 to 2.62)

0.443

  
40–49

795 (23.3)

50 (18.0)

0.86 (0.42 to 1.73)

0.663

0.64 (0.31 to 1.32)

0.228

  
≥50

136 (4.0)

10 (3.6)

Ref

Ref

Ref

Ref

1925 (56.4)

203 (73.0)

2.09 (1.59 to 2.75)

<0.001

1.95 (1.46 to 2.60)

<0.001

914 (26.8)

61 (21.9)

0.77 (0.57 to 1.03)

0.080

 Single relationship status

2155 (63.2)

183 (66.1)

1.13 (0.87 to 1.47)

0.347

 Low Income (<$12 000/year)

1934 (58.5)

202 (76.8)

2.35 (1.75 to 3.15)

<0.001

2.01 (1.48 to 2.73)

<0.001

 Self-reported history of syphilis

29 (0.85)

48 (17.3)

24.6 (15.2 to 39.7)

<0.001

 Currently pregnant

69 (2.0)

10 (3.6)

1.82 (0.93 to 3.58)

0.082

 HIV infection

2501 (73.3)

232 (83.5)

1.84 (1.33 to 2.55)

<0.001

1.84 (1.30 to 2.60)

<0.001

 Hepatitis C (antibody positive)

1072 (31.4)

131 (47.3)

1.96 (1.53 to 2.51)

<0.001

1.46 (1.08 to 1.96)

0.013

384 (11.3)

50 (18.0)

1.69 (1.22 to 2.34)

0.001

 Active or prior drug use

2548 (74.8)

259 (93.2)

4.60 (2.87 to 7.38)

<0.001

3.25 (1.94 to 5.44)

<0.001

 Active or prior IDU

1021 (29.9)

109 (39.2)

1.51 (1.18 to 1.94)

0.001

 >100

215 (6.3)

50 (18.0)

3.71 (2.62 to 5.27)

<0.001

2.88 (1.98 to 4.19)

 11–100

866 (25.4)

82 (29.5)

1.51 (1.14 to 2.00)

0.004

1.18 (0.87 to 1.60)

0.296

 0–10

2332 (68.3)

146 (52.5)

Ref

Ref

Ref

Ref

 Transactional sex (ever)

1065 (31.3)

179 (64.6)

4.00 (3.10 to 5.18)

<0.001

 Black race
 Hispanic ethnicity

Medical comorbidities

Drug and alcohol use
 Problem alcohol use
 (>7 drinks/week)

Sexual history
 Number of lifetime sex partners

<0.001

<0.001
<0.001

Values expressed as n (% of non-missing results); reference levels for variables: age (≥50 years old), race (white, Asian, Native American, Pacific Islander and other), ethnicity
(non-Hispanic), relationship status (married/living with a partner), income (US$≥12 000), self-reported history of syphilis (no self-reported history of syphilis), currently pregnant
(not pregnant), HIV status (HIV negative); hepatitis C (negative), problem alcohol use (≤7 drinks a week), active or historical use of cocaine/crack, heroin, methamphetamines or
other non-IDU drugs (no active or historical drug use); number of lifetime sex partners (0–10 lifetime partners) and history of transactional sex (reporting never having sex for
drugs, money or shelter); missing data: income (n=123, 3.3%), self-reported history of syphilis (n=3, 0.1%), currently pregnant (n=32, 0.9%), marital status (n=7, 0.2%), HCV
antibody (n=3, 0.1%), alcohol use (n=83, 2.3%), transactional sex (n=16, 0.4%), active or historical use of cocaine/crack, heroin, methamphetamines or other non-IDU drugs
(n=6, 0.2%) and number of lifetime sex partners (n=1, <0.1%). In the multivariable model for women enrolled in the early WIHS cohorts (1994–2002), there were 3692 women
of which data for 3562 were used. Backward selection with an alpha level of removal of 0.2 was used, and problem alcohol use was removed from the model.
IDU, injection drug use; POR, prevalence OR; WIHS, Women’s Interagency HIV Study.

with syphilis seroprevalence in the crude model for the recent
cohort. In the adjusted model (n=1134), age categories of 30–39
years (aPOR 0.2, 95% CI 0.1 to 0.6) and 40–49 years (aPOR
0.5, 95% CI 0.2 to 1.0) were associated with reduced risk of
syphilis versus the ≥50-year-old referent category, while hepatitis C antibody positivity (aPOR 2.1, 95% CI 1.0 to 4.1) and
problem alcohol use (aPOR 2.2, 95% CI 1.1 to 4.4) were associated with syphilis (table 2). Factors not associated with syphilis
seroprevalence include age category 16–29 years compared with
≥50 years of age (aPOR 0.2, 95% CI 0.03 to 1.6), low income
(aPOR 2.1, 95% CI 0.97 to 4.5) and HIV infection (aPOR 1.4,
95% CI 0.7 to 2.9).
A secondary analyses of syphilis prevalence stratified by HIV
status was performed (online supplemental tables 1, 2). There
were 3592 women (74%) with HIV and 1282 women (26%)
without HIV infection. Multivariable models adjusted for age,
race, income, cohort, HCV infection, alcohol use, drug use
and lifetime sex partners. Among women with HIV (n=3405),
women age 40–49 years had a lower risk of syphilis (aPOR 0.4,
95% CI 0.3 to 0.7) compared with women≥50 years old. Also,
among women with HIV, those in the recent cohort (aPOR 0.5,
95% CI 0.3 to 0.7) had a lower risk of syphilis compared with
Aaron KJ, et al. Sex Transm Infect 2022;98:4–10. doi:10.1136/sextrans-2020-054674

women in the early cohort. Black race (aPOR 1.6, 95% CI 1.2
to 2.2), low income (aPOR 2.0, 95% CI 1.4 to 2.7), HCV antibody (aPOR 1.6, 95% CI 1.2 to 2.2), active or prior drug use
(aPOR 3.7, 95% CI 2.2 to 6.3) and >100 sexual partners versus
0–10 partners (aPOR 2.6, 95% CI 1.8 to 3.8) were associated
with syphilis seroprevalence among women with HIV (online
supplemental table 1). Among women without HIV (n=1213),
women in the younger age category of 16–29 years (aPOR 0.1,
95% CI 0.04 to 0.5) compared with age ≥50 and those in the
recent cohort (aPOR 0.3, 95% CI 0.1 to 0.7) had a reduced risk
of syphilis, while black race (aPOR 3.8, 95% CI 1.7 to 8.7) and
lower income (aPOR 2.1, 95% CI 1.1 to 4.1) were associated
with infection (online supplemental table 2).

DISCUSSION
In this analysis of 4874 women enrolled in a multisite US cohort
study between 1994 and 2015, the prevalence of syphilis at
enrolment was 6.6%. This is ninefold higher than population-
level estimates of 0.7% among US women according to the
National Health and Nutrition Examination Surveys from 2001
to 2004.19 Our study findings support CDC guidelines for
7
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Association between participant characteristics and syphilis status in women in the recent cohort (n=1182)

Variable

Syphilis negative,
n=1138 (96.3%)

Syphilis positive,
n=44 (3.7%)

Syphilis seroprevalence
crude POR
(95% CI)

P value

Syphilis seroprevalence
adjusted POR
(95% CI)

P value

Demographics
 Age category (years)

<0.001

0.011

  
16–29

84 (7.4)

1 (2.3)

0.14 (0.02 to 1.08)

0.059

0.21 (0.03 to 1.63)

  
30–39

325 (28.6)

3 (6.8)

0.11 (0.03 to 0.37)

<0.001

0.16 (0.05 to 0.56)

0.004

  
40–49

414 (36.4)

14 (31.8)

0.41 (0.21 to 0.80)

0.009

0.48 (0.24 to 0.97)

0.042

  
≥50

315 (27.7)

26 (59.1)

Ref

Ref

Ref

 Black race

935 (82.2)

40 (90.9)

2.17 (0.77 to 6.14)

2.09 (0.97 to 4.49)

0.059

 Hispanic ethnicity

Ref
0.144

96 (8.4)

1 (2.3)

0.25 (0.03 to 1.85)

0.176

 Single relationship status

778 (69.2)

30 (68.2)

0.96 (0.50 to 1.83)

0.891

 Low income (<$12 000/year)

631 (57.6)

33 (78.6)

2.70 (1.28 to 5.69)

0.009

2 (4.6)

10.8 (2.03 to 57.2)

0.005

 Self-reported history of syphilis
 Currently pregnant

5 (0.4)
11 (1.0)

0 (0)

*

0.136

*

Medical comorbidities
 HIV infection

825 (72.5)

34 (77.3)

1.29 (0.63 to 2.64)

0.487

1.39 (0.66 to 2.93)

0.390

 Hepatitis C (antibody positive)

146 (12.9)

17 (38.6)

4.27 (2.27 to 8.03)

<0.001

2.05 (1.01 to 4.14)

0.046

203 (17.8)

16 (36.4)

2.63 (1.40 to 4.95)

0.003

2.21 (1.12 to 4.37)

0.023

 Active or prior drug use

786 (69.1)

38 (86.4)

2.84 (1.19 to 6.77)

0.019

 Active or prior injection drug use

105 (9.2)

6 (13.6)

1.55 (0.64 to 3.76)

0.329

83 (7.3)

2 (4.6)

0.65 (0.15 to 2.84)

0.569

Drug and alcohol use
 Problem alcohol use (>7 drinks/
week)

Sexual history
 Number of lifetime sex partners
  
>100

0.687

  
11–100

483 (42.6)

21 (47.7)

1.18 (0.64 to 2.18)

  
0–10

569 (50.1)

21 (47.7)

Ref

  Transactional sex (ever)

410 (36.0)

24 (54.6)

2.13 (1.16 to 3.90)

0.603
Ref
0.014

Values expressed as n (% of non-missing results); reference levels for variables: age (≥50 years old), race (white, Asian, Native American, Pacific Islander and other), ethnicity
(non-Hispanic), relationship status (married/living with a partner), income (US$≥12 000), self-reported history of syphilis (no self-reported history of syphilis), currently pregnant
(not pregnant), relationship status (married/living with a partner), income (US$≥12 000); HIV status (HIV negative); hepatitis C (negative), problem alcohol use (≤7 drinks a
week); active or historical use of cocaine/crack, heroin, methamphetamines or other non-IDU drugs (no active or historical drug use); number of lifetime sex partners (0–10
lifetime partners); and history of transactional sex (reporting never having sex for drugs, money or shelter); missing data: income (n=45, 3.8%), self-reported history of syphilis
(n=1, 0.1%), marital status (n=13, 1.1%), HCV antibody (n=2, 0.2%), alcohol use (n=1, 0.1%) and number of lifetime sex partners (n=3, 0.3%). In the multivariable model for
women in the recent WIHS cohorts (2011–2015), there were 1182 women of which data for 1134 were used. Backward selection with an alpha level of removal of 0.2 was used;
and the following variables were removed from the model: race, active or historical use of cocaine/crack, heroin, methamphetamines or other non-IDU drugs and lifetime number
of sex partners.
*No outcomes for crude model.
IDU, injection drug use; POR, prevalence OR; WIHS, Women’s Interagency HIV Study.

universal syphilis screening among women living with HIV and
at-risk for HIV infection due to their elevated risk.20 21 Risks
for syphilis acquisition in women during the 1990s epidemic
included black race, drug use, transactional sex and barriers to
care.7 22 23 In this study, we found that age, hepatitis C infection
and problem alcohol use were associated with prevalent syphilis
in women in the recent cohort.
Younger age in the early cohort and older age in the recent
cohorts were relevant, but the significance of specific age categories in this cross-sectional analysis is imprecise since age at
acquisition is unspecified. Elevated RPR titres (>1:8) were more
common in the early WIHS cohort compared with the recent
cohort. Specifically, there is evidence of fewer early syphilis
infections among the recent cohort as there were five (1.6%)
women with titers ≥1:32, while, there were 43 (13.4%) women
with titres ≥1:32 in the early cohort. Without additional information about staging, both the age association and RPR titre
categories are suggestive of a potential cohort effect. Our interpretation is that some women in the recent cohort (mean age
43 years) may have had persistently reactive low-titre RPR and

treponemal antibodies due to prior infection24; however, data
regarding prior treatment is not available for individual women
in our analysis. Thus, we cannot assume that there was a proportion of serological non-responders or serofast patients, although
it is a common outcome of syphilis infection. In a systematic
review, the proportion of adults with serological non-response
(<4-fold decline in RPR 12 months after syphilis treatment)
averaged 11% and the proportion with serofast (persistent low-
titre RPR) ranged from 35% to 44%.24
Problem alcohol use17 was more commonly reported among
women with syphilis, and it was more commonly reported in
the recent cohort than in the early cohort (36% vs 18%). This is
consistent with other studies suggesting a link between alcohol
use, risk behaviours and STI/HIV acquisition risk in women.25 26
In one study, women who consumed alcohol in the past 30 days
were more likely to have multiple sexual partners, higher risk
sex partners and STI positivity.25 Among 1857 US women with
HIV, problem drinking (>7 drinks/week) was associated with
having more sex partners.26
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Key messages
► Syphilis prevalence was elevated among women living with

HIV and at-risk of HIV in a multisite US cohort study.

► Hepatitis C seropositivity was consistently associated with

infection in women in both early and recent cohorts.

► Among women with and without HIV, black race and low

income were associated with increased risk of syphilis.
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Consistent with other studies, the presence of HCV antibody
was associated with syphilis in the early and recent cohort of
WIHS.7 A retrospective analysis of incident syphilis among
women enrolled in the US Centers for AIDS Research Network
of Integrated Clinical Systems cohort found that independent
predictors of incident syphilis included hepatitis C infection,
IDU, black race and more recent entry to care.
Low income and a high number of sexual partners were also
associated with syphilis in the early cohort, as seen in previous
studies.27 28 Marked racial inequities were noted among women
in the early cohort but not the recent cohort. Differential STI
prevalence by region, structural racism and sexual networks may
explain some of the disproportionate impact of syphilis on black
women.29 30 We were unable to comment on geographic region of
residence or regional syphilis rates among partners in this study
due to collinearity with enrolment timing. The intersectionality
between gender-based inequity, racism and low income likely
results in an increased vulnerability to STIs among women.31
These are critical data to collect to inform future studies.
Syphilis screening rates in HIV clinics are often insufficient:
only 49% of sexually active women living with HIV were
tested at least once for syphilis in the past 12 months.32 In a
study of women living with HIV in California, 51% of Medicare
enrollees and 68% of Medicaid enrollees were tested for syphilis
in 2010.33 Our study findings imply that all women living with
HIV and at-risk for HIV may need syphilis screening since: (1)
infection is often asymptomatic with a painless primary lesion at
the site of exposure and (2) rates among women and infants in
the USA continue to rise.32
The current study has important limitations. Since routine
syphilis testing for WIHS participants was only performed at
baseline, we were not able to determine incident infection or
recent acquisition of syphilis among participants. Also, WIHS
participants may not be representative of younger women living
with HIV or at-risk for HIV infection. Syphilis seropositivity at
enrolment cannot distinguish between active infection, recently
treated infection or the serofast state (ie, persistent reactivity) in
the absence of follow-up serologic testing. However, enrolment
of US participants over multiple waves during the >20 year span
of the study is useful.14 The diversity of WIHS cohort enrollees
from women who were engaged and not engaged in medical care
mirrors the HIV epidemic. We were unable to analyse geographic
differences since the southern sites were only added to the WIHS
cohort in 2013.14
In conclusion, this study provides useful estimates of syphilis
seropositivity and correlates of infection in women living with
HIV and at-risk for HIV infection in the USA. Factors associated with syphilis in the current era were similar among women
regardless of HIV status. In the midst of a worsening epidemic
in the USA, new interventions to increase syphilis screening and
treatment in women of all ages are needed. Women with hepatitis C antibody positivity and problem alcohol use may benefit
from novel interventions designed to improve syphilis screening
and prevention.
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Supplemental Table 1. Association between participant characteristics and syphilis status among women living with HIV
(n=3,592)
Variable

Syphilis Negative
n=3,326 (92.6%)

Syphilis Positive
n=266 (7.4%)

Crude POR
(95% CI)

p-value

Adjusted POR
(95% CI)

p-value

640 (19.2%)
1,428 (42.9%)

59 (22.2%)
127 (47.7%)

1.10 (0.69-1.75)
1.06 (0.69-1.62)

0.036
0.701
0.796

1.07 (0.59-1.92)
0.80 (0.48-1.34)

<0.001
0.822
0.393

925 (27.8%)
333 (10.0%)
2,087 (62.8%)
724 (21.8%)

52 (19.6%)
28 (10.5%)
194 (72.9%)
56 (21.1%)

0.67 (0.42-1.08)
Ref
1.60 (1.21-2.12)

0.097
Ref
<0.001

0.43 (0.25-0.73)
Ref
1.64 (1.21-2.21)

0.002
Ref
0.001

2,128 (64.3%)

183 (68.8%)

0.96 (0.71-1.30)
1.22 (0.94-1.60)

0.785
0.141

1,897 (58.8%)
30 (0.9%)

194 (77.0%)
42 (15.8%)

2.34 (1.73-3.16)
20.6 (12.6-33.5)

<0.001

1.97 (1.44-2.69)

<0.001

56 (1.7%)

7 (2.7%)

0.254
<0.001

0.47 (0.30-0.74)

0.001

Demographics
Age category
16-29 years
30-39 years
40-49 years
≥50 years
Black Race
Hispanic Ethnicity
Single Relationship status
Low Income <12,000 USD/yr
Self-reported history of syphilis
Currently pregnant
Recent cohort

<0.001

825 (24.8%)

34 (12.8%)

1.59 (0.72-3.52)
0.44 (0.31-0.64)

Southern enrollment sites
Medical Comorbidities

567 (17.1%)

24 (9.0%)

0.48 (0.31-0.74)

<0.001

Hepatitis C Antibody Positive
Drug and Alcohol Use

987 (29.7%)

133 (50.0%)

2.37 (1.84-3.04)

<0.001

1.60 (1.18-2.18)

0.003

Problem alcohol (>7 drinks/wk)
Active or prior drug use

374 (11.5%)
2,354 (70.9%)

49 (18.5%)
247 (92.9%)

1.75 (1.26-2.43)
5.35 (3.33-8.58)

<0.001
<0.001

1.28 (0.90-1.83)
3.69 (2.17-6.28)

0.168
<0.001

Active or prior injection drug use
Sexual History

866 (26.0%)

105 (39.5%)

1.85 (1.43-2.40)

<0.001

212 (6.4%)
897 (27.0%)
2,213 (66.6%)
1,051 (31.7%)

47 (17.7%)
82 (30.8%)
137 (51.5%)
170 (64.2%)

3.58 (2.50-5.13)
1.48 (1.11-1.96)
Ref
3.86 (2.97-5.01)

<0.001
<0.001
0.007
Ref
<0.001

2.59 (1.75-3.82)
1.21 (0.89-1.65)
Ref

<0.001
<0.001
0.225
Ref

Number of lifetime sex partners
>100 partners
11-100 partners
0-10 partners
History of transactional sex
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Note: Values expressed as N (% of non-missing results); POR=prevalence odds ratio; 95% CI=95% confidence interval; Reference levels for variables: age (≥50
years old), race (white, Asian, Native American, Pacific Islander, and other), ethnicity (non-Hispanic), relationship status (married/living with a partner), income
(≥12,000 USD), self-reported history of syphilis (no self-reported history of syphilis), currently pregnant (not pregnant), relationship status (married/living with a
partner), income (≥12,000 USD); enrollment cohort (1994-1995 and 2001-2002); enrollment sites (non-Southern sites: Bronx, NY, Brooklyn, NY, Washington,
D.C., Los Angeles, CA, San Francisco, CA, and Chicago, IL); Hepatitis C (negative), problem alcohol use (≤7 drinks a week); active or historical use of
cocaine/crack, heroin, methamphetamines, or other non-IDU drugs (no active or historical drug use); number of lifetime sex partners (0-10 lifetime partners); and
history of transactional sex (reporting never having sex for drugs, money, or shelter); Missing data: Income (N=116, 3.2%), self-reported history of syphilis (N=2,
0.1%), currently pregnant (N=19, 0.5%), marital status (N=17, 0.5%), HCV antibody (N=4, 0.1%), alcohol use (N=67, 1.9%), transactional sex (N=12, 0.3%), active
or historical use of cocaine/crack, heroin, methamphetamines, or other non-IDU drugs (N=4, 0.1%), number of lifetime sex partners (N=4, 0.1%). In the
multivariable model for women with HIV, there were 3,592 women of which data for 3,405 were used.
Backward selection with an alpha level of removal of 0.2 was used.
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Supplemental Table 2. Association between participant characteristics and syphilis status among women at-risk for HIV
(n=1,282)
Syphilis Negative
n=1,226 (95.6%)

Syphilis Positive
n=56 (4.37%)

Crude OR
(95% CI)

p-value

Adjusted OR
(95% CI)

p-value

Age category
16-29 years
30-39 years

406 (33.1%)
418 (34.1%)

6 (10.7%)
30 (53.6%)

0.22 (0.07-0.64)
1.06 (0.47-2.37)

0.004
0.006
0.890

0.14 (0.04-0.47)
0.58 (0.22-1.52)

0.005
0.002
0.264

40-49 years
≥50 years
Black Race
Hispanic Ethnicity
Single Relationship status
Low Income <12,000 USD/yr

284 (23.2%)
118 (9.6%)
773 (63.1%)
286 (23.3%)
805 (65.8%)
668 (56.8%)

12 (21.4%)
8 (14.3%)
49 (87.5%)
6 (10.7%)
30 (54.6%)
41 (77.4%)

0.62 (0.25-1.56)
Ref
4.10 (1.84-9.13)
0.39 (0.17-0.93)
0.62 (0.36-1.08)
2.60 (1.35-5.00)

0.314
Ref
<0.001
0.033
0.090
0.004

0.37 (0.13-1.02)
Ref
3.82 (1.68-8.68)

0.055
Ref
0.001

2.08 (1.06-4.05)

0.032

Self-reported history of syphilis
Currently pregnant
Recent cohort
Southern enrollment sites
Medical Comorbidities

4 (0.3%)
24 (2.0%)
313 (25.5%)
229 (18.7%)

8 (14.3%)
3 (5.4%)
10 (17.9%)
5 (8.9%)

53.1 (15.4-182.8)
2.86 (0.83-9.81)
0.63 (0.32-1.27)
0.43 (0.17-1.08)

<0.001
0.094
0.199
0.073

0.31 (0.13-0.71)

0.006

Hepatitis C Antibody Positive
Drug and Alcohol Use

231 (18.8%)

15 (27.3%)

1.62 (0.88-2.97)

0.124

Problem alcohol use (>7 drinks/wk)
Active or prior drug use
Active or prior injection drug use
Sexual History

213 (17.6%)
980 (80.1%)
260 (21.2%)

17 (30.4%)
50 (89.3%)
10 (17.9%)

2.04 (1.13-3.67)
2.08 (0.88-4.90)
0.81 (0.40-1.62)

0.018
0.10
0.549

1.78 (0.95-3.34)

0.073

86 (7.0%)
452 (36.9%)
688 (56.1%)
424 (34.7%)

5 (8.9%)
21 (37.5%)
30 (53.6%)
33 (58.9%)

1.33 (0.50-3.53)
1.07 (0.60-1.88)
Ref
2.70 (1.57-4.66)

Variable
Demographics

Number of lifetime sex partners
>100 partners
11-100 partners
0-10 partners
History of transactional sex

0.842
0.562
0.827
Ref
<0.001
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Note: Values expressed as N (% of non-missing results); POR=prevalence odds ratio; 95% CI=95% confidence interval; Reference levels for variables: age (≥ 50
years old), race (white, Asian, Native American, Pacific Islander, and other), ethnicity (non-Hispanic), relationship status (married/living with a partner), income
(≥12,000 USD), self-reported history of syphilis (no self-reported history of syphilis), currently pregnant (not pregnant), enrollment cohort (1994-1995 and 20012002); enrollment sites (non-Southern sites: Bronx, NY, Brooklyn, NY, Washington, D.C., Los Angeles, CA, San Francisco, CA, and Chicago, IL); Hepatitis C
(negative), problem alcohol use (≤7 drinks a week); active or historical use of cocaine/crack, heroin, methamphetamines, or other non-IDU drugs (no active or
historical drug use); number of lifetime sex partners (0-10 lifetime partners); and history of transactional sex (reporting never having sex for drugs, money, or
shelter); Missing data: Income (N=52, 4.1%), self-reported history of syphilis (N=2, 0.2%), currently pregnant (N=13, 1.0%),marital status (N=3, 0.2%), HCV
antibody (N=1, 0.1%), alcohol use (N=17, 1.3%), transactional sex (N=4, 0.3%), active or historical use of cocaine/crack, heroin, methamphetamines, or other nonIDU drugs (N=2, 0.2%); In the multivariable model for women without HIV, there were 1,282 women of which data for 1,213 were used. Backward selection with
an alpha level of removal of 0.2 was used; and, the following variables were removed from the model: active or historical use of cocaine/crack, heroin,
methamphetamines, or other non-IDU drugs; Hepatitis C, and lifetime number of sex partners.
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