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1. PROJECT SUMMARY
Sexually transmitted infections (STIs) are strongly associated with HIV risk. However,
population based studies to manage STIs as a way of reducing HIV risk have had limited
success. Recent studies show that elevated genital tract inflammatory cytokines are strongly
associated with an increased risk of HIV acquisition, and STIs are one of the commonest
causes of elevated genital tract cytokines [1-4]. This interest in the role of cytokines in HIV
acquisition has reinvigorated interest in STIs and whether better management strategies can
have a role to play in HIV risk reduction.
HIV and STIs are extremely common in the South African province of KwaZulu-Natal,
where there are many challenges with STI diagnosis and treatment, including the reliance on
syndromic management, an approach based on the recognition of STI syndromes (vaginal
discharge, urethral discharge and genital ulceration), followed by treatment targeting the
common causes of the syndrome. This syndromic management approach has a low
sensitivity and specificity for detecting the most common curable STIs, such as chlamydia,
gonorrhoea, trichomoniasis and syphilis. Studies have shown that only 13% of symptomatic
STI infections are cured with the STI treatment services currently offered in KwaZulu-Natal.
This low cure rate for symptomatic STIs is compounded by the fact that up to 80% of STIs
are asymptomatic, which results in a majority of STIs remaining undiagnosed and untreated
[5-7]. Other challenges with current STI management include limited partner notification and
treatment, resulting in high levels of reinfection. At a population level, the result is that most
STIs remain untreated and the burden of STIs within the community remains unchecked.
Our goal is to determine if an innovative, enhanced programme of STI management
will result in a higher cure rate and a lower recurrence rate, with a subsequent reduction in
genital inflammatory cytokines and hence HIV risk. This proof-of-concept study will identify
individuals with STIs using an innovative, point-of-care diagnostic test, an automated,
cartridge-based nucleic amplification assay (GeneXpert) for the simultaneous detection of
Neisseria gonorrhoeae (NG) and Chlamydia trachomatis (CT), and Trichomonas Vaginalis
(TV). This technology has recently been introduced on a large scale across South Africa to
detect tuberculosis (TB) and TB drug resistance, thereby accelerating diagnosis, treatment
and enhancing public health initiatives to control TB. Genital tract cytokines will be measured
using Bio-Plex Pro Human Cytokine kits and a Bio-Plex MagPix Array Reader. Following
point-of-care diagnosis, participants will be treated immediately with appropriate therapy
under direct supervision, giving the participants the same treatment to take home for their
sexual partners (expedited partner therapy) and asking them to return after six weeks and
three months for a test of cure and additional cytokine assessments, to determine if these
have decreased.
Overall, our innovative enhanced management package for targeted STI care, offers
the best opportunity to reduce STIs, by ensuring that the individual is cured and by reducing
the risk of reinfection using expedited partner therapy. This will allow us to determine
whether genital inflammation can be reduced after effective targeted STI treatment, and
ultimately reduce the risk of HIV acquisition in South Africa.
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2. BACKGROUND
2.1 Significance
STIs are strongly associated with HIV risk [8-12]. However, population based studies to
manage STIs as a way of reducing HIV risk, have had limited success [13-21]. More recent
evidence shows that elevated genital tract inflammatory cytokines are strongly associated
with an increased risk of HIV acquisition [1, 2]. This interest in the role of cytokines in HIV
acquisition has reinvigorated interest in STIs as a potential cause of inflammation, and
whether novel management strategies can play a role in HIV risk reduction.
The current evidence linking cytokines to STIs and HIV risk is derived from a handful
of studies. A recent study has demonstrated that in patients with CT infection the levels of
granulocyte colony stimulating factor (G-CSF), interleukin (IL)-1α, and regulated upon
activation normal T cell expressed and presumably secreted (RANTES) were significantly
higher in pre-treatment than in post-treatment endocervical secretions, whereas the
endocervical levels of IL-10, IL-6, IL-1β, and interferon gamma-induced protein (IP)-10 were
also elevated during chlamydial infection, but did not decrease after treatment [22]. Work
from our own group has demonstrated that levels of chemokines and other pro-inflammatory
cytokines are markedly elevated in women with STIs, whether they are symptomatic or
asymptomatic [2]. In addition, several inflammatory cytokines were associated with greater
risk of HIV infection. However, a recent study in commercial sex workers in Mombasa,
Kenya, failed to confirm this association [23].
The convergent heterosexual epidemics of HIV and STIs are particularly evident in
the South African province of KwaZulu-Natal (KZN), which is at the epicentre of the HIV
epidemic. In KZN, nearly half of all new HIV infections occur in 15-24 year old women [24,
25], who are up to six times more likely to be infected than their male peers [24, 26, 27].
Although accurate and recent, population-based data are lacking, studies in KZN suggest
that STIs are common. A study of 277 women attending either family planning or antenatal
clinics in 2002, showed that 23% had TV, 9% CT, 6% NG and 58% bacterial vaginosis (BV)
[26].
Throughout South Africa, there are many challenges with STI diagnosis and
treatment, including the reliance on syndromic management [28, 29], which has a low
sensitivity and specificity for detecting infection [30], particularly for women with vaginal
discharge [2]. Syndromic management is an approach based on the recognition of STI
associated syndromes (vaginal discharge, urethral discharge and genital ulceration),
followed by treatment targeting the common causes of the syndrome [31]. The major
problem with this model of care is that 80-85% of individuals with STIs are asymptomatic [2,
32, 33] and as a result, remain undiagnosed and untreated. Other challenges with current
STI management include limited partner notification and treatment, and because specific
diagnoses are not made, treated individuals do not have a test of cure. At a population level,
the result is that most STIs remain untreated and the burden of STIs within the community
remains unchecked.
In line with World Health Organization recommendations, syndromic management
remains the model of care in resource-limited settings [33]. Reasons for South Africa not
moving to a diagnostic treatment model include a lack of skills and expertise, limited
diagnostic and treatment facilities, and cost. The failure of STI intervention programmes for
HIV prevention may be because, as stated in an editorial commentary in The Journal of
Infectious Diseases, “The failure of this approach…is not because STDs are not critically
important. Rather we are simply unable to treat the right infections, with the right drugs at the
right time” [34]. This study aims to address this challenge of managing STIs, thereby
reducing inflammatory cytokines and hence HIV risk.
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2.2 Innovation
This proof-of-concept study will determine whether a reduction in inflammatory cytokines can
be achieved by adopting a strategy of enhanced STI management in a group of women at
high risk of HIV infection in Durban, South Africa. The proposed STI management will
include a package of innovative interventions, which if successfully implemented, could lead
the way for South Africa to transition to a more effective, diagnostic care model for STIs and
a possible reduction in HIV incidence (Figure 1).
Figure 1. Expected cytokine reduction and reduction in HIV risk associated with enhanced STI
management, compared with standard of care

Firstly, we propose to use a new and validated, point-of-care diagnostic platform to
determine which infections are present. This will involve an automated, cartridge-based
nucleic amplification assay, Xpert® CT/NG and Xpert® TV (Cepheid, Sunnyvale, USA), for
the simultaneous detection of CT, NG, and of TV. This technology has recently been
introduced on a large scale across South Africa to detect tuberculosis (TB) and TB drug
resistance, thereby accelerating diagnosis, treatment and enhancing public health initiatives
to control TB. Using the same GeneXpert infrastructure to improve STI care could have a
similar impact on public health. As pointed out in a recent review in the New England Journal
of Medicine: “Point-of-care testing can have a transformative effect on health care” and “…is
expected to expand access to medical services, improve health outcomes, and facilitate the
sustainability of disease control programs in low and middle income countries” [35].
Secondly, we will use evidence-based, single dose regimen to treat the detected STIs and
provide directly observed therapy to ensure adherence by the index case. This approach is
successfully used in many countries. Thirdly, a key aspect of STI control is to ensure that
sexual partners are contacted, tested for STIs and treated. Reliance is usually placed on the
patient to inform their sexual partner(s) of an STI diagnosis and refer them to a clinic for
treatment. However, this approach has limited success. A variation on this traditional partner
notification method is known as expedited partner therapy (EPT), where the index case is
provided with a prescription or appropriate medications for their partner(s) [36, 37]. EPT was
described as a novel method of partner treatment for STIs as early as 1991, and several
randomized trials have demonstrated the superiority of EPT as a partner treatment method
when compared with standard partner referral methods [27, 38-42]. The EPT approach has
been used in the successful management of both CT and NG, and has been shown to result
in fewer reinfections than other methods of partner notification [43]. This method has also
been found to be highly acceptable among various study groups, with many patients, in
particular adolescents, indicating they prefer EPT to traditional partner notification [44]. Since
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the burden of STIs is particularly high among adolescents and young women in KZN, EPT is
an important intervention to test within this population. Finally, we propose to introduce a test
of cure since we are now able to quickly and accurately assess if a person remains infected
using the GeneXpert technology.
Overall, this innovative enhanced management package for STI care, offers the best
opportunity to reduce STIs, by ensuring that the individual is cured and by reducing the risk
of reinfection using expedited partner therapy. This will allow us to investigate whether
genital inflammation can be reduced after effective STI treatment, and ultimately reduce the
risk of HIV acquisition in South Africa and other high burden settings.
2.3 Preliminary results
Our study will build on previous STI and cytokine studies conducted at CAPRISA and on the
point-of-care test experience from the Johns Hopkins University Point of Care Information
Technology Center. CAPRISA has a strong track record of STI research including the
epidemiology of STIs, associations with HIV and herpes simplex virus type-2 (HSV-2) and
syndromic management [2, 10, 26, 45-47]. A recent study, conducted in 160 women who
acquired HIV during CAPRISA prevention studies, using nucleic acid amplification assays
collected from genital fluid at the acute HIV infection visit, showed that 15.4% had CT, 8.3%
NG, and 10.9% TV. More than 70% of these STIs were asymptomatic (Table 1).
Table 1. STIs in 160 women at HIV acquisition
C. trachomatis
N. gonorrhoeae
T. vaginalis
Bacterial vaginosis

% with STI

% asymptomatic

15.4
8.3
10.9
62.6

79.2
76.9
88.2
78.4

Furthermore, the CAPRISA team has conducted several studies to improve the
understanding of the relationship between genital inflammation and HIV infection [48, 49].
We demonstrated that levels of chemokines and other pro-inflammatory cytokines are
markedly elevated in women with STIs compared to women without STIs irrespective of
symptoms (Figure 2) [2].
Figure 2. Cytokine profiles of women without STIs and women who had asymptomatic or
symptomatic infections. Cytokines were grouped into single components using principal
component analysis.
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In addition, several inflammatory cytokines, IL-1β, IL-6, IL-8, and soluble CD40 ligand
(sCD40L) were associated with greater risk of HIV infection. A study of cervico-vaginal
lavage (CVL) samples collected during the CAPRISA 004 microbicide trial [50] showed that
58 women who became HIV-1 infected during the trial had significantly elevated genital tract
inflammatory markers prior to HIV infection compared to 58 control women who remained
HIV uninfected [1]. This was evidenced by increased concentrations of macrophage
inflammatory protein (MIP)-1α, MIP-1β, IL-1α, IL-1β, IL-6, IL-8, IP-10, monocyte chemotactic
protein (MCP)-1, GM-CSF and IL-10 and determined by logistic regression and principle
component analyses. These associations were independent of study arm, age and other
measured HIV risk factors. Genital tract inflammation, defined here as being in the highest
quartile for any combination of ≥5 out of 9 inflammatory cytokines (MIP-1α, MIP-1β, IP-10,
IL-8, MCP-1, IL-1α, IL-1β, IL-6, and tumour necrosis factor [TNF]-α) was associated with
a 3.2-fold increase in the odds of HIV acquisition (Table 2).
Table 2. Association between genital inflammation prior to HIV
infection and HIV acquisition in women from the CAPRISA 004 trial
Level of Inflammation
Genital inflammation present
Genital inflammation absent
Total N
Pair-Matched Odds Ratio (95% CI)
P-value

HIV positive
HIV negative
19
6
39
52
58
58
3.2 (1.3 – 7.9)
0.014

The CAPRISA Mucosal Immunology Laboratory is currently addressing the contribution of
STIs to the degree of cytokine elevation associated with HIV risk by investigating genital
inflammation in more than 400 historical CAPRISA 004 specimens (Liebenberg et al., in
preparation).
3. AIM


To determine if a new model of enhanced STI management can reduce genital tract
inflammation, and thereby reduce the risk of HIV acquisition.

4. OBJECTIVES
4.1 Primary Objective
 To determine the changes in genital inflammation in women diagnosed with STIs
after a diagnostic care intervention
4.2 Secondary Objectives


To determine the prevalence of laboratory-diagnosed STIs in women presenting to
the Prince Cyril Zulu (PCZ) Communicable Diseases Clinic (CDC)



To validate GeneXpert technology for STI testing against laboratory-based STI
assays



To assess the feasibility and acceptability of GeneXpert implementation for STI
management



To explore the feasibility and acceptability among patients, if possible their partners,
and staff of expedited partner therapy interventions, including index case delivered
partner therapy
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To determine the direct and indirect costs and potential savings of a diagnostic care
model based on GeneXpert STI testing in the PCZ CDC

4.3 Exploratory Objectives


To characterize the vaginal microbiome of women with and without STIs and with low
or high levels of genital inflammation



To characterize the proteome of women with and without STIs and with low or high
levels of genital inflammation

5. STUDY DESIGN
5.1 Study population
Participants will be recruited from the PCZ CDC, a public, open and free access HIV, TB and
STI clinic in the Durban Municipality. Women, aged 18 - 40 years, who have a negative
point-of-care HIV test on presentation to the STI clinic will be offered participation in the
study. Some women, identified during screening, will be excluded from the study.
5.2 Inclusion Criteria
 Age 18 – 40 years
 Female gender
 HIV negative antibody test at enrollment
5.3 Exclusion Criteria
 HIV positive women, because HIV could act as an important confounder to genital
inflammation, and because this study focuses on HIV prevention
 Pregnant women, because the effects of pregnancy on genital tract inflammation
have not been fully elucidated.
 Women who have had antibiotic treatment within the last 7 days, because
baseline genital inflammation measurements could have been affected by treatment.
 Women who disclose any form of sex work, because they may be at risk of
repeated exposure to STIs and possible ongoing genital tract inflammation during the
study period, and may have multiple untraceable sexual contacts.
5.4 Stage 1: Screening and initial participant assessment
Information about the study will be provided by the nurses to Prince Cyril Zulu STI Clinic
attendees. Potentially eligible participants identified in the clinic will be provided with
additional verbal and written information about the study, and will receive safer sex
counselling and condoms. Once consent is obtained, the participants will first have a vaginal
swab taken for GeneXpert STI analysis which will take approximately 90 minutes to process.
While awaiting the results, a menstrual cup (SoftCup®, EuroFemPro, Netherlands) will be
placed to collect genital secretions for future cytokine analysis. While the menstrual cup is in
situ and the GeneXpert results are being processed, the participant will be asked to
complete a study interviewer administered questionnaire about their sexual behaviour,
general and reproductive health. The menstrual cup will then be removed after
approximately 1 hour, which will be followed by a genital examination with a Cusco
speculum to assess for any signs of STIs, as is currently standard of care in the clinic. In
addition, participants will have genital swabs taken for microbiological investigations and to
allow assessment of the vaginal proteome and microbiome, as well as a cytobrush to
evaluate immune activation markers. . Participants will have a genital swab analysed for CT/
NG and TV making use of the GeneXpert assay and the OSOM® Rapid Trichomonas Test
which have already been installed in the clinic laboratory in the same building, and a back-up
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machine in the adjacent CAPRISA clinic. While awaiting the GeneXpert result, Gram stain
and wet film microscopy will be performed to diagnose BV, Candida and TV. Vaginal
candidiasis and BV are important potential confounders when assessing cytokines in the
genital tract. Women who test positive for CT, NG, TV or BV will move to the second stage
of the study. Women diagnosed with Candida alone will be offered treatment on the day of
the visit, but together with women without STIs, will exit the study after the initial
assessment. However, collected specimen including Softcup specimen will be stored for
future analysis.
5.5 Stage 2: Proof-of-concept study
Women who test positive for CT, NG, TV or BV, will receive enhanced management for the
STI(s) or BV and will be followed up in the study for three months. Enhanced management is
defined here as the entire novel package of STI interventions which include validated point
of care diagnosis, single dose treatment regimen of index case with directly observed
therapy, expedited partner therapy and test of cure. This enhanced management method
stands in comparison to the current standard of care for STIs in South Africa, which is
syndromic management based on diagnosis algorithms followed by treatment to target the
symptoms exhibited by the patient.
5.5.1 Interventions
a) Point-of-Care STI testing
The large scale implementation of the Xpert® MTB/RIF, a qualitative real-time PCR
test for automated detection of TB in KZN has paved the way to use this technology for the
detection of CT, NG and TV. The combined Xpert® CT/NG assay has been evaluated in
clinical studies in the USA and Australia, and shows very high sensitivity and specificity for
both organisms [51-53]. This assay will be used, and the results will be available within 90
minutes. We will use vaginal swab specimen taken during the clinical examination. The
Xpert® TV test has recently been released in the US, and may also be used in this study, or
if not available by the time of study start, will be replaced by an alternative rapid
Trichomonas test, as well as microscopy. The wet film microscopy method for TV is less
sensitive than DNA detection [54-60], but will allow some degree of evaluation of the Xpert®
TV assay (or alternative assay). In addition to GeneXpert testing, a vaginal swab will be
used for Gram staining for the diagnosis of BV using Nugent’s criteria and for the diagnosis
of Candida [61]. The swab will be stained in the clinic and results will be available
immediately.
b) Immediate index case therapy
Participants will be treated with single dose therapy, which will be administered under
health care worker supervision and, as much as possible, will be in line with South African
STI treatment guidelines (Table 3) [62]. Participants diagnosed with NG will be treated with a
single 250 mg dose of intramuscular Ceftriaxone as well as Azithromycin 1 gram orally.
Resistance to the third generation extended spectrum cephalosporins has been reported
from Europe, Asia, North America and South Africa [63-65]. Consequently, participants with
NG will have an additional genital swab sample sent for culture and sensitivity taken once
the result is available. However, this will not delay treatment. If resistance is noted, the
participant will be recalled and treated in line with antibiotic sensitivity testing. Participants
with CT will be treated with Azithromycin 1 gram orally in line with the most recent South
African STI treatment guidelines [62]. Azithromycin offers single dose treatment and has a
similar efficacy to Doxycycline. It is also the first-line treatment in the USA, the United
Kingdom and Australia [66, 67]. Participants with TV and BV will be treated with
Metronidazole 2 gram orally, in line with South African STI treatment guidelines [62].
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Table 3: Proposed Antibiotic therapy for immediate therapy consistent with South African
treatment guidelines
Drug

Dosage

Duration

Diagnosis

250mg
1g

Route of
Administration
intramuscular
oral

Ceftriaxone
Azithromycin

stat
stat

2g

oral

stat

N. Gonorrhoeae
N. Gonorrhoeae and C.
trachomatis
T. vaginalis and bacterial
vaginosis

Metronidazole

c) Expedited partner therapy
A key aspect of STI control is to ensure that sexual partners are contacted, tested for
STIs and treated appropriately. Many patients are reinfected with an STI if their partner does
not receive adequate treatment, which contributes to the high STI prevalence rate. Reliance
is usually placed on the patient to inform their sexual partner(s) about the diagnosis of an
STI and to refer them for proper treatment and testing. However, this standard approach of
partner referral has limited success, so new methods must be developed and implemented
to successfully reduce the burden of STIs. One such method is EPT, or patient delivered
partner treatment, where the index case is provided with a prescription or appropriate
medications for their partner(s) [43]. This approach has been used in the management of CT
and NG, and has been shown to result in fewer reinfections than other methods of partner
notification [36, 68]. EPT has also been shown to result in a larger proportion of partners
being treated as compared to other partner referral methods [38, 39]. High levels of
acceptance and adherence to this treatment strategy have been reported in the literature
[42, 69]. Before implementation of this intervention the study team will invite women who
would meet the eligibility criteria to contribute to focus group discussions on the feasibility
and acceptability of this intervention. Depending on findings from these discussions, this
intervention could be adapted to include a helpline, or counselor delivered partner
notification, if this is found to be more acceptable. All women will be counseled about the
importance of ensuring that sexual partner(s) are treated.
Participants diagnosed with NG, CT, and TV during stage 1 or 2 of the study will be
provided with a pre-prepared pack for their partner(s), which will include information about
safer sex and the STIs, condoms and the appropriate treatment, similar to that of the index
case. Contacts of participants diagnosed with NG will be offered Cefixime 400mg orally as a
once off dose instead of Ceftriaxone 250mg intramuscularly as well as Azithromycin 1 gram,
or have the option to attend in person to the clinic for care. There will be a phone number
which will enable the partner to talk directly to a health care provider about treatment and
health or relationship concerns they may have. BV is not a STI, although it is associated with
sexual activity. Partner notification has not been shown to be important in this condition and
will not be undertaken.
d) Follow-up with Test of Cure
All participants will be contacted after one week, to check for any adverse effects
from the treatment and to establish if sexual partners were contacted and took the treatment.
Participants will be offered the opportunity to talk to a counsellor or nurse if required.
Participants will be asked to reattend for a test of cure and a repeat cytokine test after six
weeks. The GeneXpert detects the organism’s DNA, which may persist for several weeks
after treatment. If the participant is cured and not reinfected, then the test should be negative
at six weeks [70]. Participants will all be asked to report to the clinic at three months for
cytokine tests and repeat STI and HIV screen. If a participant tests positive for an STI they
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will be retreated after checking results on the visits and NG resistance from the previous
visit. In the event of a positive HIV result, participants will be assessed and managed
according to the South African Adult HIV management guidelines [71], but will be
encouraged to complete follow-up in the study.
5.5.2 Primary study outcome
Inflammatory cytokine profiles as indicator of HIV risk in the female genital tract
The concentrations of 48 cytokines including pro-inflammatory cytokines, will be measured in
specimen collected from the genital tract using the Softcup device. This device has already
been successfully implemented in the CAPRISA 002 Acute Infection study, and has shown
to be a reliable method with high acceptability among participants [72]. Cytokines will be
measured at baseline, at six weeks and at three months. Based on our previous work and
studies published by others on CT, the cytokines of greatest interest are G-CSF, IFN-γ, IL10, IL-6, IL-8, IL-1α, IL-1β, IP-10, IL-12p70, MCP-1, MIP-1β, MIP-1α, RANTES, TNF-α, TNFβ and vascular endothelial growth factor (VEGF) [1, 2, 22]. Cytokine concentrations will be
measured before and after treatment using Bio-Plex Pro Human Cytokine kits and a Bio-Plex
MagPix Array Reader (Bio-Rad Laboratories). The sensitivity of these kits range between 0.2
and 45.2pg/ml for each of the 48 cytokines. While the cytokine panel included are not
exhaustive, the kits strategically represent the pleiotropic and redundant nature of cytokines
by including multiple cytokines involved in cellular recruitment, growth, adaptive responses,
regulation, the proinflammatory response or combinations of these (Figure 3), and extends
the panels of cytokines previously used to characterise biomarkers of genital inflammation
that impact HIV risk [1, 2, 22].
Figure 3. Key functions of cytokines in the Bio-Plex Pro Human Cytokine kits

We will use Softcups to collect specimens for the detection of genital tract cytokines as
previously described by the study team [72]. A Softcup is a disposable menstrual cup,
composed of a sac and a firmer ring from a polymeric material, similar in shape to a
diaphragm. The advantages of the Softcup include no sample dilution and no need for a
speculum insertion. Softcup specimens will be transported on ice to the CAPRISA laboratory
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within 2 hours, where samples will be centrifuged and the pellet and supernatant fractions
will be separated and stored at -85˚C for future use.
5.5.3

Secondary study outcomes

Prevalence of laboratory-diagnosed STIs in women presenting to the PCZ CDC
GeneXpert and diagnostic testing of specimen from women attending the PCZ CDC will
enable the study team to determine the prevalence of CT, NG and TV in the clinic
population. In addition, this information will assist in evaluating the current syndromic
management approach in the clinic.
Accuracy of GeneXpert STI testing when compared to laboratory-based PCR assays
The sensitivity and specificity of the GeneXpert STI assay will be compared to a validated
laboratory-based PCR assay, the multiplex PCR assay for CT/NG/TV and Mycoplasma
genitalium, which was developed in-house by the National Institute for Communicable
Diseases in Johannesburg, which is being used in other ongoing CAPRISA studies. New STI
assays may also be evaluated as part of this project, if they become available.
Feasibility and acceptability of GeneXpert implementation for STI management
The feasibility of GeneXpert implementation will be assessed throughout study
implementation and study conduct. Staff will be asked to provide feedback in the form of a
questionnaire, which will be developed prior to the beginning of the study and then altered
accordingly once potential advantages and challenges have been identified. Acceptability
will be assessed by measuring GeneXpert processing and participant waiting times.
Participants and staff will be asked to complete feedback questionnaires to assess the
acceptability of diagnostic point-of-care testing in the clinic.
Feasibility and acceptability among patients, their partners and staff of EPT
intervention
Cure rate at six weeks and 3 months will be compared between those women who
participate in and deliver EPT in the study, and those who do not. In addition, qualitative
research will include focus group discussions before and after the EPT intervention. Initial
group discussions will focus on potential barriers of patient delivered partner therapy and
strategies women think may work to navigate around these barriers. After implementation
the focus groups discussions will focus on participants’ experiences of partner notification,
whether it increased any experience of risk (e.g. violence or abandonment) and what women
would want if they were to do this again. Every effort will be made to invite partners of the
index cases, either to attend to the clinic, or to be contacted by phone to discuss their
experiences of this intervention. Finally, staff will also have the opportunity to share their
experiences.
Direct and indirect costs, and potential savings of a diagnostic care model based on
GeneXpert STI testing
While a full cost-effectiveness model is beyond the scope of this pilot study, it will generate
financial data, which could form the basis of future cost-effectiveness models. For example,
the study will determine staffing requirements to run the GeneXpert assays and assay costs.
Any additional hidden costs (e.g. servicing of equipment) and potential cost-savings (e.g.
due to improvements to the clinic flow or reductions in repeat attenders) will also be
captured. A simple cost-effectiveness model will be presented.
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5.5.3 Schedule of evaluation

Locator info
STI and safe sex counselling
HIV POC antibody test
Pregnancy test
Behavioural risk assessment
questionnaire
Clinical assessment
(x)= only if symptomatic
Vaginal swab for GeneXpert
CT/NG and TV
Swabs for microscopy and
storage
Softcup and one cytobrush for
cytokine assessment
Index case therapy
Expedited partner therapy
Phone follow up
Test of Cure

Screening and
Cohort enrollment
(Study entry)
x
x
x
x
x

1 week

6 week

3 month
(Study exit)

x
x

x
x
x
x
x

x
x
x
x
x

x

(x)

(x)

x

x

x

x

x

x

x

x

x

x
x

x
x

x
x

x

x

x

5.5.4 Staff training
Prior to the onset of the study, all staff will be trained about the study procedures, processes
and documentation. In addition, all staff will be updated regarding the epidemiology, clinical
features, diagnosis and treatment of STIs. Particular attention will be paid to the partner
notification procedures and the importance of expedited partner therapy.

6. SAFETY
This study will enroll female participants, many of whom are at high risk of acquisition of HIV
and STIs. They form a vulnerable group that is heavily affected by HIV and other health
issues. Their vulnerability is also compounded by broader social determinants of health and
therefore these represent important ethical concerns for participants. However, research in
this population over the past two decades has been conducted with relatively little
interference from the authorities. This is based largely on a model of community
engagement, risk reduction, and reduction of stigma. Epidemiologic data from this province
(over 50% STIs and 26% HIV prevalence) indicates that the at-risk population is large, with
significant health care needs that include comprehensive HIV prevention and care services,
dependable contraception and protection from sexual violence. The programme aspects of
this study will address STIs in this community and how enhanced STI management may
reduce HIV risk.
6.1 Potential risks and adequate protection against risks
Although the proposed activities pose minimal risks to participants, confidentiality will
continue to be a priority and will be protected. This includes, storing all data forms in secure
lockers after entry into an encrypted database with controlled access, stored data will be
password protected, and program staff will be trained on research ethics. In addition, all
participant interviews, focus group discussion, and surveys will take place in privacy and in
appropriate locations. A unique identification system will be used to protect participant
information, and at no time will the participant identifiers be shared with non-program staff.
Participants who become pregnant will be referred to appropriate ante-natal care
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programmes. Most importantly, any individual who wishes not to participate in research will
still be able to access all of the program services without any issue.
All data generated by this project will be shared via peer-reviewed publications in a
timely fashion. To protect individual patients, no identifying information will be used and
reports and publication will include only summary statistics.
6.2 Potential benefits of the proposed research
The participants will benefit from the study in several ways. Firstly, potential participants will
be screened for STIs using point-of-care tests (the standard of care is syndromic
management) and will be provided with appropriate antimicrobial treatment for themselves
and their sexual contacts free of charge. Treatment may reduce the risk of pelvic
inflammatory disease, chronic pelvic pain, infertility and ectopic pregnancies. In addition, all
potential participants will be tested for HIV and those who are positive will be immediately
referred for appropriate clinical care. Those who are HIV negative will benefit from receipt of
HIV prevention services. However, the broader relevance of these data will hopefully inform
policy and improve biomedical HIV prevention efforts, which represents a potential indirect
benefit to society at large, even though this is a complex long-term research goal. Even if the
hypotheses of the proposed research are found to be incorrect, the knowledge gained from
negative data will still be important in moving the HIV field forward.
7. PARTICIPANT REIMBURSEMENT
Study participants will be reimbursed as per CAPRISA Policy on Study Participant
Compensation guidance considering time of visits, inconvenience of study procedures, and
transport expenses. It is anticipated that the reimbursement per screening or follow-up visit
will be approximately ZAR 150.
8. ANALYSIS
Demographic and baseline behavioral characteristics will be described. Cytokine
concentrations will be log transformed to ensure normality. Paired t-tests will be performed
comparing cytokine concentrations before and after STI treatment, i.e. baseline compared to
6 weeks. Additional analysis will be performed comparing the 12 week follow-up time point to
the baseline and 6 week measurements. Paired t-tests will be performed for each STI and
BV and any STI, comparing baseline cytokine measurements with that measured at 6 and
12 weeks, and general linear models will be used to adjust for other STIs the participants
may have. The false discovery rate method will be used to correct for multiple comparisons.
In addition, longitudinal multivariate modelling approaches, which accommodate the
correlation between cytokine concentrations, will be used to assess the changes in cytokine
concentrations over time [73]. Data will be analyzed using SAS version 9.3 (SAS Institute
Inc., Cary) and R.
The accuracy of GeneXpert STI testing will be assessed using sensitivity and specificity
measures compared to the standard multiplex PCR assay for CT/NG/TV and Mycoplasma
genitalium that is being used in other CAPRISA studies.
The feasibility and acceptability of GeneXpert will be determined through the administration
of questionnaires to staff and participants. The quantitative variables measured in the
questionnaire will be summarized and mean outcomes will be compared using t-tests, while
medians will be compared using the Wilcoxon rank sum test. Categorical variables will be
compared using Fisher’s exact test.
When determining cure rates, the date of cure will be estimated as the midpoint between the
last positive STI test date and the first negative STI test date. The focus group discussions
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will be analysed for emerging themes in order to determine the feasibility and acceptability of
expedited partner therapy interventions.
Sample size calculations
The sample size is based on previous work on cytokine production associated with CT, as
this is one of the commonest STIs and the cytokine patterns associated with this STI have
been well quantified. The sample size was calculated to determine the minimum sample size
required for a 50% reduction in mean cytokine levels after the intervention. We assume a
power of 80%, alpha = 0.05 and a conservative estimate of the standard deviation as equal
to the mean cytokine level in women prior to the intervention. Two scenarios were chosen for
the correlation between the paired observations: moderate (ρ=0.6) and strong (ρ=0.8). Given
that these would be in CT positive participants only, this will need to be adjusted for the
proportion of women we expect to test positive for STIs to determine the number of women
who will be screened. A loss to follow up rate of 10% was included (Table 4).
Table 4. Sample Size Calculations

Correlation
between paired
data

Number of
pairs

Number to be screened, given
the proportion of STIs in the
population

Number of
pairs
(including loss
to follow up)

7.5%

10.0%

12.5%

Moderate
(ρ=0.60)

28

32

427

320

256

Strong (ρ=0.80)

15

17

227

170

136

Based on these calculations we will screen a maximum of 427 participants. This will provide
us with an estimated 32 CT positive participants. As our recruitment will be based in a STI
clinic, frequented by clients at high risk for STIs, we expect that the prevalence of CT will be
well over 7.5%. In order to minimize screening we will stop recruitment when we have
reached 32. We expect the prevalence of NG to be ≥7.5%, TV >20% and BV > 50%, so we
will recruit all participants with NG, but only a sub-sample of participants with TV and BV. A
prevalence study is about to be conducted in the PCZ CDC, which will provide us with
accurate prevalence data to refine our sample size calculations before commencement. The
clinic sees up to 40,000 patients with new syndromic STD per year, and we therefore do not
anticipate challenges with reaching these participant numbers.
9. QUALITY CONTROL AND QUALITY ASSURANCE
CAPRISA has a long track record of conducting quality research. This study will be
monitored by the CAPRISA Quality Assurance Team, which will include 6-monthly reports on
study conduct findings. Particular attention will be placed on consent forms, adherence to
the protocol, completion of source documents and CRFs, and appropriate and timely
communication with the ethics committee, especially in the case of any protocol deviation. In
addition, the study team will have weekly meetings to monitor study progress. CAPRISA
routinely measure QC and retention rates on all studies.
10. ETHICAL CONSIDERATIONS
Collection and analyses of socio-demographic information, reproductive history, sexual risk
taking behaviors, and biological samples taken for clinical purposes will be covered by ethics
approval. No investigational products will be utilized in this study and hence there is no
requirement for regulatory approval from the South African Medicines Control Council. IRB
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approval will be sought from the University of KwaZulu-Natal (UKZN) Biomedical Research
Ethics Committee (BREC) (FWA00000678). Informed consent will be obtained from potential
participants to participate in the study and to store genital and blood samples to test for STIs
and genital tract cytokines collected at screening and follow-up visits. These biological
specimens will be handled by trained staff and labeled with a unique identifier for each
participant. The results will be transmitted to the clinics in an electronic format but only
accessed by authorized and trained clinic staff. Only key members of the data team will have
access to the electronic data, which will be password protected. Once enrolled into the study
participants will be able to withdraw at any point. This will not have a detrimental impact on
their care by the study team at the PCZ CDC and CAPRISA clinics.
11. EXPECTED RESULTS AND ALTERNATIVE APPROACHES
We expect to find an overall decline in cytokine levels after treatment in the participants. In
addition, we expect to recruit sufficient participants to study the effect of enhanced STI
treatment with each of the STIs. Even if we are unable to demonstrate a reduction in
cytokine levels, the data generated for the study will provide valuable information about
cytokines and STIs and this will be useful in generating hypotheses for new studies. In
addition, we will have information that will allow us to evaluate the use of GeneXpert for STI
detection and expedited partner therapy in a high prevalence, low resource setting.
12. POTENTIAL ROADBLOCKS
A potential challenge could be the implementation of expedited partner therapy. Participant
concerns may include compromising confidentiality, difficulties broaching the subject with
sexual partners, and concerns that this could provoke partner violence or the partner may
leave. In order to address these concerns and develop culturally appropriate processes, we
will conduct a series of focus groups with potential recruits and staff members coordinated
by a skilled facilitator. Follow-up focus groups with participants will assess whether our
approach has increased any potential risks for these women.
Other potential challenges include: 1) Loss to follow-up: In order to improve participant
compliance and follow up, all participants will be counselled by the research nurse and will
have mobile phone access to the clinic staff. In addition, we have accounted for this in our
sample size calculations. 2) Anxiety about the use of the Softcup: This will be minimised
through counselling and advice about Softcup insertion. We have evaluated the Softcup for
specimen collection and it was preferred by 100% of participants compared to the speculum
examination. 3) Allergies to therapy: We will be using widely used medications that have a
low allergenic potential and are recommended by the most recent South African STI
Management Guidelines. 4) Pregnancy during follow up: Participants will be counselled
about safer sex and the use of contraception and, if found to be pregnant, will be referred to
antenatal care.
13. FEASIBILITY
Participants will be recruited from the STI clinic situated at the PCZ Communicable Disease
Centre, which is located in central Durban in the transport hub for public commuters by rail,
bus or minibus taxis. Annually, approximately 40 000 cases of STIs are diagnosed
syndromically and treated at this clinic. The clinic has the added advantage of housing a
laboratory which facilitates rapid sample processing, and on site microscopy. The CAPRISA
eThekwini research facility is adjacent to the clinic. CAPRISA has a vast experience in
recruiting and retaining participants for clinical studies with a highly trained staff of doctors,
nurses, counsellors and pharmacists. Investigation of genital cytokines by Luminex multiplex
assays have long been conducted as part of a collaboration between CAPRISA and the
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University of Cape Town (UCT) [1, 2, 48, 49]. The CAPRISA Mucosal Immunology
Laboratory now conducts genital cytokine assessments in-house, as it is equipped with both
a Bio-Plex 200 and a Mag-Pix array reader, and several post-doctoral researchers and
technicians trained by UCT and international collaborators to conduct reliable and
reproducible assessments of cytokine concentrations. The group at John Hopkins has over
30 years of experience evaluating and implementing new STI diagnostic methods and are
currently involved in a project to determine ideal characteristics of STI point-of-care tests.
Finally, Dr Andrew Gibbs from Health Economics and HIV and AIDS Research Division
(HEARD) at the University of KwaZulu-Natal is one of the leading international experts in
qualitative research on gender-based violence in South Africa, and will be supervising the
focus group work on EPT.
14. RELEVANCE
This proof of concept study will determine whether a reduction in inflammatory cytokines can
be achieved by adopting a novel strategy of enhanced STI management in a group of
women at high risk of HIV. This is particularly relevant in KZN which is at the epicentre of the
HIV epidemic. The proposed STI management will include a package of highly innovative
interventions, which, if successfully implemented, could lead the way for South Africa to
transition to a more effective, diagnostic care model for STIs leading to a reduction in HIV
incidence.
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