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Abstract
Sexually transmitted infections (STIs) remain a public health concern because of their interaction(s) with HIV. In the HPTN
052 study, STIs were evaluated in both HIV-positive index cases and their HIV-negative partners at enrollment and at yearly
follow-up visits. Our definition for STI was based on any infection with Chlamydia trachomatis, Neisseria gonorrhoeae, syphilis,
or Trichomonas vaginalis. We used log-binomial regression models to identify factors associated with prevalent STIs.
Generalized estimating equation models with the Poisson distribution were used to compare STI incidence between HIV-
positive index cases and HIV-negative partners. 8.1% of the participants had STIs at enrollment. The prevalence of STIs (8.9
vs. 7.2) was higher in HIV-positive index cases than HIV-negative partners. Being female (prevalence ratio (PR) = 1.61; 95%
CI: 1.20–2.16) or unmarried (PR = 1.92; 95% CI: 1.17–3.14) was associated with prevalent STIs. Compared to HIV-negative
male partners, HIV-positive female index cases had a higher risk of STI acquisition (incidence rate ratio (IRR) = 2.25; 95%CI:
1.70–2.97). While we are implementing HIV prevention interventions for HIV-negative people, we should also intensify
targeted STI prevention interventions, especially among HIV-positive women.

Keywords
Antiretroviral therapy, heterosexual, syphilis (Treponema pallidum), gonorrhea (Neisseria gonorrhoeae), chlamydia
(Chlamydia trachomatis)

Date received: 26 February 2021; accepted: 14 June 2021

Introduction

Sexually transmitted infections (STIs) are widespread
worldwide and remain a public health concern. In 2016,
new infections of chlamydia, gonorrhea, syphilis, and
trichomoniasis accounted for an estimated 376.4 million
new STIs among sexually active men and women aged 15–
49 years globally (WHO).1 Besides the immediate clinical
syndrome, STIs can lead to devastating consequences in
sexual and reproductive health. STIs during pregnancy can
lead to adverse birth outcomes including fetal loss through
miscarriage or stillbirth, low birth weight, prematurity,
congenital infections, and neonatal deaths.2–4 Some STIs,
like gonorrhea and chlamydia, can lead to infertility among
women.5

Sexually transmitted infections increase both HIV
transmission and acquisition.6 Depending on the infection,
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STIs can disrupt the integrity of the genital mucosa, induce
genital inflammation, or cause genital ulceration.7 Infection
with STIs among HIV-positive persons reduces CD4+

level and increases HIV RNA in blood plasma and genital
fluids,8,9 thus increasing the potential of transmitting HIV
to their sexual partners. In HIV-negative individuals, STIs
increase genital inflammation that recruits HIV target cells,
enhancing HIV acquisition during sex.7 Because of this,
STIs may undermine efforts to prevent both HIV trans-
mission and acquisition.

Since STI incidence is a marker of unsafe or risky sexual
behavior10 and STIs have the potential to facilitate HIV
transmission, it is important to understand the prevalence
and incidence of STIs among couples. In this analysis, we
estimate the prevalence and assess demographic and sexual
behavior factors associated with prevalent STIs at enroll-
ment among serodiscordant couples who were enrolled in
the HPTN 052 study. We also estimate and compare the rate
of STI acquisition between HIV-positive index cases and
their HIV-negative sexual partners.

Materials and methods

Study setting and population

We used data from HIV Prevention Trial Network (HPTN)
052 study, a Phase III, two-arm, randomized, controlled,
multi-center trial among 1763 HIV serodiscordant couples;
1763 HIV-positive index cases and 1793 HIV-negative
partners.11,12 The HPTN 052 study evaluated the effect
of early versus delayed combination antiretroviral therapy
on the prevention of HIV-1 transmission to uninfected
partners for patients with HIV-1 infection who had CD4
counts between 350 and 550 cells/mm3 and who were in
a stable sexual relationship with a partner who was not
infected. More HIV-negative partners were enrolled than
HIV-positive index cases because additional partners were
allowed to be added throughout the study to replace partners
who discontinued their participation in the study before
reaching a primary study end-point. The study was con-
ducted in Rio de Janeiro, Brazil; Gaborone, Botswana; Pune
and Chennai, India; Kisumu, Kenya; Blantyre and Lilongwe,
Malawi; Johannesburg and Soweto, South Africa; Chiang
Mai, Thailand; Boston, USA; and Harare, Zimbabwe.
Participants were enrolled from June 2007 through May
2010, followed up until May 2015.

Ethical consideration

The parent study was approved by the institutional review
board or ethics committee at each study site and by the
institutional review board at the US Centers for Disease
Control and Prevention (CDC) for the CDC-affiliated site in
Kenya.

STI diagnosis

Both HIV-positive index cases and HIV-negative partners
were tested for STIs at enrollment and during yearly follow-
up visits. If the HIV-negative partner seroconverted, both
the HIV-positive index case and their partner were exam-
ined for genital ulcer diseases. As part of clinical care,
clinicians would also diagnose and treat STIs at any time
during the study as clinically indicated. The infections that
were evaluated in both HIV-positive index cases and HIV-
negative partners included Chlamydia trachomatis, Neis-
seria gonorrhoeae, Treponema pallidum (syphilis), and
Trichomonas vaginalis. Whenever a genital ulcer was found
during examination, the clinician took a genital swab.

Rapid plasma reagin test (BD Macro-Vue� RPR by
Becton Dickinson) was used as the screening test for T.
pallidum followed by a confirmatory test using T. pallidum
particle agglutination (TP-PA) test. Urine was collected for
Neisseria gonorrhea and Chlamydia trachomatis testing
using BD ProbeTecTM analyzer with Probe Tech CT/NG
Amplified DNA Assay reagents manufactured by Becton
Dickinson. Vaginal swabs were collected to prepare saline
wet mount slides for T. vaginalis detection. The swabs for
genital ulcers collected at the sites were shipped to HPTN
Central Laboratory for etiology determination using mul-
tiplex PCR, which has been described in detail else-
where.13–16 All STIs diagnosed at enrollment and during the
study were treated adequately as per country and WHO
guidelines.

In this secondary analysis, our definition for STI was
therefore based on any infection with Chlamydia tracho-
matis, N. gonorrhoeae, T. pallidum, or T. vaginalis.

Variable definitions and classification

The two outcomes of interest were STI prevalence at en-
rollment and STI incidence during follow-up. We defined
STI prevalence as a positive diagnosis of any of the STIs at
enrollment. STI incidence was defined as a new positive
diagnosis of any of the STIs (except syphilis) during the
follow-up period. We estimated prevalence and incidence in
an individual (HIV-positive index case or HIV-negative
partner), and within a couple (any STI in either HIV-
positive index case or HIV-negative partner). We ex-
cluded syphilis test results in our estimation of incidence
because of the difficulty in differentiating new infections
from prevalent or past infections without frequent titers.

The following baseline demographic and sexual be-
havior factors were considered for assessment as risk factors
for prevalent STIs: gender (female and male), age in years
(18–25, 26–40, and >40), marital status (married or living
with a partner and unmarried), level of education (never
attended school, primary school, secondary school, and
post-secondary school), circumcision status for men (cir-
cumcised and not circumcised), number of sexual acts in the
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past week (0, 1–2, 3–4, and >4), and number of condoms
used in the past week (0, 1–2, 3–4, and >4).

Statistical analyses

All statistical analyses were performed using SAS software,
version 9.4 (SAS Institute Inc., Cary, NC). We summarized
baseline demographic and sexual behavior characteristics
using medians and interquartile ranges (continuous varia-
bles) and frequencies or percentages (categorical variables).
STI prevalence and the corresponding 95% confidence
interval (CI) were based on the proportion of persons with
any STI at enrollment. We estimated STI prevalence for
individual infections as well as for all infections (overall
prevalence), as defined above. Log-binomial regression was
used to identify factors associated with prevalent STIs in
both unadjusted and adjusted models. In the multivariable
log-binomial regression model, we included only those
predictors that yielded a p-value ≤0.20 in univariable
analyses.

We also used log-binomial regression models to examine
the association between: (1) prevalent STIs and partic-
ipants’ HIV status (HIV-positive index cases vs. HIV-
negative partners); (2) prevalent STIs at enrollment
among HIV-positive index cases and HIV transmission; (3)
prevalent STIs at enrollment among HIV-negative partners
and HIV acquisition; and (4) diagnosis of any new STI
during study follow-up within couples (any STI in either
HIV-positive index case or HIV-negative partner) and HIV
acquisition among HIV-negative partners.

Sexually transmitted infection incidence was calculated
as the number of new infections per 100 person-years. We
used generalized estimating equations (GEEs) with an
exchangeable correlation matrix and Poisson distribution
with log link function to compare the rate of STI acquisition
between HIV-positive index cases and their HIV-negative
partners. In the adjusted GEEmodel, we included predictors
that yielded a score statistic with p-value ≤0.20 when in-
cluded in a model with only participant index status
stratified by gender as the main exposure.

As a priori, we stratified our comparisons of prevalence
and incidence between HIV-positive index cases and HIV-
negative partners by gender because of the inherent dif-
ferences in risk of STI acquisition between men and women
and potential differences in the clinical presentation that
might influence STI diagnosis.17

Results

Of the 3526 participants enrolled in the study, 3448 (97.8%)
had information on STI test results at baseline. Two hundred
and seventy-eight participants were diagnosed with at least
one STI at enrollment (266 with 1 STI, 10 with 2 STIs, and 2
with 3 STIs), and the overall STI prevalence was 8.1%; 95%
CI: 7.2–9.0. The prevalence was higher in HIV-positive

index cases (8.9%) than HIV-negative partners (7.2%),
although the results were not statistically significant (PR =
1.24; 95% CI: 0.99–1.55, p = 0.067). A similar trend in
prevalence difference between HIV-positive index cases
and HIV-negative partners was also observed for each in-
fection (Figure 1).

At least one member in 237 couples of the 1763 couples
enrolled in the study was diagnosed with an STI at en-
rollment, couple STI prevalence = 13.4%; 95% CI: 11.8–
15.0. Both members in 41 couples of the 237 couples were
diagnosed with at least one STI infection (Figure 2). The
common STIs diagnosed within couples were T. pallidum
(5.9% [104/1763]) and T. vaginalis (4.7% [77/1640])
(Figure 3).

Among both HIV-positive index cases and HIV-negative
partners, the prevalence of STI was higher in unmarried
persons than married persons (aPR = 1.92; 95% CI: 1.17–
3.14) (Table 1). There was also a significant increase in STI
prevalence among women compared to men (aPR = 1.61;

Figure 1. Sexually transmitted infection prevalence among
individuals at enrollment and corresponding 95% confidence limits.

Figure 2. Distribution of Sexually transmitted infections
among couples at enrollment.
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95% CI: 1.20–2.16). Condom use in the past week was in-
dicatively associated with reduced STI prevalence compared
to no condom use in the past week; aPR = 0.54; 95%CI: 0.33–
0.89 for 1–2 condoms, aPR = 0.49; 95%CI: 0.28–0.84 for 3–4
condoms, and aPR=0.77; 95% CI: 0.42–1.43 for >4 condoms.
We did not find a clear trend in the prevalence of STIs with
participants’ highest level of education.

Sexually transmitted infections prevalence was relatively
higher in both HIV-positive female index cases and HIV-
negative female partners than their male counterparts, 8.1%
vs. 6.4% and 11.9% vs. 6.0%, respectively (Table 2). After
adjusting for age, marital status, education, and condom use,
sexually transmitted infections prevalence among HIV-
positive female index cases was 2.15 times (95% CI:
1.43–3.22) the prevalence among HIV-negative male
partners. Compared to HIV-negative male partners, the STI
prevalence was slightly higher among HIV-negative female
partners (aPR = 1.49; 95% CI: 0.95–2.33) and HIV-positive
male index cases (aPR = 1.31; 95% CI: 0.83–2.06).

During the study follow-up, there were 556 new STI
diagnoses. The rate of new STI infections was higher in
HIV-positive index cases (346 new infections among 1699
HIV-positive index cases over 9532.15 person-years)
than HIV-negative partners (210 new infections among
1650 HIV-negative partners over 8166.79 person-years),
incidence rate ratio (IRR) = 1.40; 95% CI: 1.16–1.68. When
stratified by gender, the STI incidence rate among HIV-
positive female index cases was 2.3 times (95% CI: 1.70–
2.97) the incidence rate among HIV-negative male partners,
adjusted for age and education (Table 3). The rate of ac-
quiring STI was lower among HIV-positive male index cases
(adjusted IRR = 0.50; 95% CI: 0.33–0.75) compared to the
rate of acquisition among HIV-negative male partners. There
was no difference in rates of STI acquisition between HIV-
negative female partners and HIV-negative male partners.

At least one member in 382 couples of the 1715 couples
was diagnosed with an STI over 9543.25 couple-years of

follow-up corresponding to an overall STI incidence of 4.0
infections per 100 couple-years. Both members in 48
couples had at least one STI infection during follow-up
(Figure 4). The incidence for each STI within couples
ranged from 1.66 infections per 100 couple-years to 2.53
infections per 100 couple-years (Table 4).

Seventy-eight HIV infections were observed among
partners during the study follow-up. Nine (11.5%) of the
partners who acquired HIV and 115 (6.8%) of the partners
who did not acquire HIV were diagnosed with at least one
STI at enrollment. Among HIV-positive index cases, 11
(14.1%) of the partners to individuals who acquired HIVand
143 (8.5%) of the partners to individuals who did not ac-
quire HIV were diagnosed with at least one STI during
enrollment. Partners who acquired HIV were more likely to
have been diagnosed with an STI during enrollment
compared to partners who did not acquire HIV; PR = 1.69;
95% CI: 0.89–3.20, though results were not statistically
significant. Similarly, HIV-positive index cases to partners
who acquired HIV during the study were more likely to
have been diagnosed with an STI during enrollment than
HIV-positive index cases to partners who did not acquire
HIV; PR = 1.65; 95% CI: 0.93–2.91. Of the 78 partners who
were diagnosed with HIV, 32 partners (41.0%) were from
couples that experienced at least one episode of STI during
follow-up. HIV-negative partners among couples that ex-
perienced at least one episode of STI during follow-up had
2.4 times (95% CI: 1.56–3.73) the risk of acquiring HIV
compared to their counterparts among couples that never
experienced an STI during follow-up.

Discussion

STIs were prevalent among HIV serodiscordant couples
enrolled in the HPTN 052 study. The prevalence among
unmarried participants was almost twice that of participants
who were married or living with partner. During study
follow-up, new STI diagnoses were common in both HIV-
positive index cases and HIV-negative partners. However,
the rate of acquiring new STIs was highest in HIV-positive
female index cases. The presence of STIs among HIV
serodiscordant couples highlights the importance of con-
tinued STI screening and counseling among HIV sero-
discordant couples and individuals seeking HIV testing
services.

In this era of ART, there have been concerns that STI and
HIV–STI coinfection could undermine the effect of ART in
HIV prevention. ART greatly minimizes the level of viral
load in blood, semen, or vaginal fluids resulting in reduced
HIV transmission during sexual intercourse.18,19 In case of
HIV–STI coinfection, STI can induce local genital in-
flammation resulting in increased HIV shedding and sub-
sequent increased infectious.7–9 When this happens, the
effect of ART in reducing HIV/RNA shedding in the genital
tract is compromised. However, blood viral suppression

Figure 3. Couple sexually transmitted infection prevalence at
enrollment and corresponding 95% confidence limits.
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persists in the presence of an STI infection. Among gay men
on ART in Thailand, ART effectively suppressed HIV RNA
at months 12 and 24 after initiating ART although the rates
of STIs remained high during the study.20 STIs do not
increase infectiousness of HIV-positive index cases, as
demonstrated in HPTN 052 and more recently in studies of
MSM.21,22 Given the potency and effectiveness of ART in
reducing viral load and preventing HIV transmission, any
relative contribution of STIs to HIV acquisition appears
difficult to quantify for those on ART.

Our results that new sexually transmitted infections were
common among HIV-positive index cases are consistent with
findings from other studies, and this can persist in the era of
ARTalbeit, at a slightly lower rate. In South Africa, the rate of
treatment-seeking for new STIs was estimated to be 9.57 per
100 person-years in the period prior to initiating ARTand 5.5

per 100 person-years in the period once on ART.23 Among
patients who had been on ART for over 4 years and followed
up to 3.5 years in Uganda, the incidence of STIs was ap-
proximately three per 1000 person-years.24

The reduced prevalence of STIs among people who
reported using condoms in the past week is not surprising.
Condoms have long been known to reduce transmission and
acquisition of STIs, including HIV. When used consistently
and correctly, condoms can reduce HIV transmission among
HIV serodiscordant couples and the risk of acquiring
STIs.25–27 In a mathematical modeling study of trends in
HIV incidence in South Africa, a 39% decline in HIV in-
cidence was attributed to condom use.28

Most of the STIs we have included in this analysis have
distinct etiologies. Therefore, risk factors including age,
gender, and education can vary substantially among these

Table 1. Association between demographic and sexual behavior factors and sexually transmitted infection prevalence at enrollment.

STI

Unadjusted PR (95% CI) Adjusted PR (95% CI)Yes (N=278), N (%) No (N=3170), N (%)

Demographics
Gender
Male 110 (6.2) 1670 (93.8) 1.0 1.0
Female 168 (10.1) 1500 (89.9) 1.63 (1.29–2.05) 1.61 (1.20–2.16)

Age
18–25 66 (10.8) 547 (89.2) 1.0 1.0
26–40 160 (7.6) 1946 (92.4) 0.71 (0.54–0.93) 0.78 (0.57–1.08)
>40 52 (7.1) 677 (92.9) 0.66 (0.47–0.94) 0.62 (0.39–0.99)

Marital status
Married/living with partner 253 (7.8) 2999 (92.2) 1.0 1.0
Unmarried 25 (12.8) 171 (87.2) 1.64 (1.12–2.41) 1.92 (1.17–3.14)

Education
No schooling 30 (8.7) 317 (91.3) 1.0 1.0
Primary school 13 (10.3) 1203 (89.7) 1.19 (0.82–1.73) 1.67 (0.97–2.86)
Secondary school 91 (6.4) 1342 (93.6) 0.73 (0.49–1.09) 1.01 (0.57–1.77)
Post-secondary school 19 (5.8) 308 (94.2) 0.67 (0.39–1.17) 0.78 (0.35–1.74)

Sexual behavior
Circumcised
No 92 (6.2) 1396 (93.8) 1.0 —

Yes 12 (5.1) 225 (94.9) 0.82 (0.46–1.47) —

Total sex acts in the past week
No sex 3 (37.5) 5 (62.5) 5.02 (2.02–12.47) —

1–2 125 (7.5) 1547 (92.5) 1.0 —

3–4 39 (6.2) 587 (93.8) 0.83 (0.59–1.18) —

>4 24 (11.4) 187 (88.6) 1.52 (1.01–2.30) —

Total condom use in the past week
No condoms1 16 (13.6) 102 (86.4) 1.0 1.0
1–2 118 (7.2) 152 (92.8) 0.53 (0.33–0.87) 0.54 (0.33–0.89)
3–4 38 (6.5) 543 (93.5) 0.48 (0.28–0.84) 0.49 (0.28–0.84)
>4 19 (10.6) 161 (89.4) 0.78 (0.42–1.45) 0.77 (0.42–1.43)

1Among male participants.
STI: Chlamydia trachomatis, Neisseria gonorrhoeae, Treponema pallidum, or Trichomonas vaginalis. 77 participants missing STI diagnosis at enrollment, sexual
behavior details missing for 931 participants.
Note: STI: Sexually transmitted infections.
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STIs. However, due to the low prevalence of some in-
fections in this study, we could not look at the prevalence of
each infection separately. While our decision to lump
several STIs together may be reasonable for examining
overall prevalence or incidence, this is less informative for
assessing potential risk factors for infections. Bundling all
STIs together may have obscured some associations which
we would have observed had we looked at each STI
separately.

Under this clinical trial setting, several factors may have
resulted in either underestimation or overestimation of both
STI prevalence and incidence. For example, couples in this
study received high degrees of counseling and condom
promotion that may have reduced their risk of acquiring
STIs, compared to the general population. Herpes simplex

virus type 2 (HSV-2) was not evaluated during this study.
Herpes simplex virus type 2 is highly prevalent in sub-
Saharan Africa, with disproportionally high infections
among women aged over 25 years.29 Since HSV-2 asso-
ciated genital ulcers are common in Africa,30,31 HSV-2 is
highly associated with increased risk of HIV acquisi-
tion.32,33 We also excluded syphilis in our incidence esti-
mations due to difficulties in differentiating new infections
from prevalent or past infections without frequent titers.
Much as these three scenarios above may have under-
estimated our estimates for prevalence or incidence, we do
not expect this to be differential to affect our estimates for
prevalence ratio and incidence rate ratios. All participants
received the same degree of counseling and condom pro-
motion, none received HSV-2 evaluation, and all syphilis
results during follow-up were excluded during incidence
analyses.

Except for a few infections in participants who presented
with symptoms indicative of STI outside the scheduled
study visits, most of the infections included in our esti-
mation of STI incidence were diagnosed during scheduled
annual visits. Some STIs are asymptomatic, and many
persist for less than a year even if untreated. For example,
some Chlamydia trachomatis infections resolve spontane-
ously within a year.34 As a result, the STI incidence we have
observed in this study may be an underestimate of the true
STI incidence in this population. However, we do not expect
this underestimation to be differential between index cases

Figure 4. Distribution of sexually transmitted infection
incidence among couples during study follow-up.

Table 2. Comparison of STI prevalence between HIV-positive index cases and HIV-negative partners.

STI

Gender Yes, N (%) No, N (%) Unadjusted PR (95% CI) Adjusted PR1 (95% CI)

Partner Male 57 (6.4) 840 (93.6) 1.0 1.0
Female 67 (8.1) 756 (91.9) 1.28 (0.91–1.80) 1.49 (0.95–2.33)

Index Male 53 (6.0) 830 (94.0) 0.94 (0.66–1.36) 1.31 (0.83–2.06)
Female 101 (11.9) 744 (88.1) 1.88 (1.38–2.57) 2.15 (1.43–3.22)

STI: Chlamydia trachomatis, Neisseria gonorrhoeae, Treponema pallidum, or Trichomonas vaginalis.
Note: STI: Sexually transmitted infections.
1Adjusted for age, marital status, education, and condom use.

Table 3. Comparison of STI incidence between HIV-positive index cases and HIV-negative partners.

Gender
No. of
infections

Follow-up
time

Incidence rate/100
person-years

Unadjusted IRR
(95% CI)

Adjusted IRR1

(95% CI)

Partner Male 89 3977.07 2.24 1.0 1.0
Female 121 4189.72 2.88 1.27 (0.91–1.76) 1.11 (0.79–1.57)

Index Male 54 4831.17 1.12 0.49 (0.34–0.73) 0.50 (0.33–0.75)
Female 292 4700.98 6.21 2.69 (2.08–3.49) 2.25 (1.70–2.97)

STI, Chlamydia trachomatis, Neisseria gonorrhoeae, or Trichomonas vaginalis.
Note: STI: Sexually transmitted infections.
1Adjusted for age and education.
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and their HIV-negative partners or between men and
women.

Our analysis has shown that incident STIs were rela-
tively common in HIV discordant couples despite high
degrees of counseling and condom promotion in a clinical
trial setting. This finding signals the burden of STIs both
in HIV serodiscordant and seroconcordant couples. While
ART eliminates the contribution of STIs to HIV trans-
mission,21,22 they have major adverse health consequences.
While the data used for this analysis are more than
five years old, in the interim the incidence and prevalence
of STIs has increased worldwide.1,35 It is possible that
improvements in prevention and treatment of HIV have
increased sexual risk-taking behavior.36 The results of this
study emphasize the degree of difficulty in controlling the
spread of STIs, even under conditions of careful mea-
surement and ongoing counseling.

Conclusions

STIs are common among HIV serodiscordant couples. HIV-
positive female index cases are more likely to acquire STIs
from their HIV-negative partners or other partners. While
we are implementing HIV prevention interventions for HIV-
negative people, we should also intensify targeted STI
prevention interventions, especially among HIV-positive
women.
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