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Abstract

Hormonal contraception is central in the prevention of unintended pregnancy; however there are
concerns that certain methods may increase the risk of HIV acquisition and transmission.
Hormonal contraceptives may modify the genital mucosa in several ways, however the
mechanisms are incompletely understood. Few studies have examined genital HIV shedding
prospectively before and after initiation of hormonal contraception. The effects of hormonal
contraception on genital HIV shedding in the setting of antiretroviral therapy (ART) are also
unknown. We designed a pilot clinical trial in which HIV-infected and uninfected women were
randomized to either depot medroxyprogesterone acetate (DMPA) injectable or levonorgestrel
(LNG) implant in Lilongwe, Malawi. The objectives were to: 1) assess the effect and compare the
impact of type of progestin contraception (injectable versus implant) on HIV genital shedding
among HIV-infected women, 2) assess the effect and compare the impact of type of progestin
contraception on inflammatory/immune markers in the genital tract of both HIV-infected and
uninfected women, and 3) assess the interaction of progestin contraception and ART by examining
contraceptive efficacy and ART efficacy. An additional study aim was to determine the feasibility
and need for a larger study of determinants of HIV transmissibility and acquisition.

As injectable contraception is widely used in many parts of the world with high HIV prevalence,
this study will provide important information in determining the need for and feasibility of a larger
study to address these questions that can impact the lives of millions of women living with or at
risk for HIV.
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1. Introduction

Globally, over 35 million people are living with HIV, including 16 million women [1]. Like
most women, HIV-infected women are in need of safe and effective contraceptive methods.
There are many benefits to preventing unintended pregnancy among women. Unintended
pregnancy is associated with increased morbidity and mortality, and in HIV-infected women
it can prevent the birth of children at risk for HIV transmission. Globally, the most common
forms of modern contraception used are progestin-containing hormonal contraceptive
methods, either alone or in combination with estrogen, with over 150 million users around
the world [2].

Despite its contraceptive benefits, there are concerns that certain types of hormonal
contraception may increase the risk of HIV acquisition and transmission. Recent systematic
reviews on the role of contraceptives in HIV acquisition [3] and female-to-male transmission
[4] concluded that the preponderance of data suggest that oral contraceptives do not increase
risk and that, while studies are limited, there is also no evidence of an increased risk with
contraceptive implants. In contrast, the results are less consistent with injectable
contraceptives. Of the nine studies on injectable contraception and HIV acquisition
considered of adequate quality [3], four reported a significant increase in risk of HIV
acquisition with injectables [5-8]. Among HIV-infected women, the only study of adequate
quality [4] that assessed the risk of female-to-male transmission with injectable
contraception found an increased risk [5]. Furthermore, of the three studies evaluating the
role of injectables on genital shedding of HIV-1 DNA and RNA, all found increased cervical
shedding with injectables [5,9,10]. Although these findings have potentially serious public
health and policy implications, the inconsistency among studies and methodologic
weaknesses limit interpretation [11]. A World Health Organization (WHO) consultation
concluded that there was as yet insufficient evidence to support a change in the current
guidelines of no restriction on the use of progestin-only injectable contraceptives among
women at high risk for HIV acquisition or among HIV-infected women [12]. However, the
WHO states that women at high risk of HIV acquisition considering progestin-only
injectables should be informed about the uncertainty of whether or not injectables increase
acquisition risk and be provided access to HIV preventive measures, including male and
female condoms.

Since access to ART is increasing worldwide, there is also a need to evaluate the impact of
hormonal contraception on HIV transmissibility among HIV-infected women on ART, an
area with a paucity of data. Pharmacokinetic data suggest potential drug interactions
between some antiretrovirals and hormonal contraceptives. Currently, the WHO only
restricts contraceptive pill, ring and implant use with specific antiretroviral regimens [13].
DMPA is listed as category 1 (no restrictions to use) with the three major classes of
antiretrovirals: nucleoside reverse transcriptase inhibitors (NRTI), non-nucleoside reverse
transcriptase inhibitors (NNRTI), and protease inhibitors (PI). However, LNG is listed as
category 2 (benefits of use outweigh the theoretical or proven risks) when NNRTI or
ritonavir-boosted PI are used [13].
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2. Rationale for the study

The knowledge/understanding of the mechanism by which hormonal contraception may
modify sexually transmitted infection (STI) and HIV risk is incomplete. Hormonal
contraception may work systemically or locally within the genital tract to alter HIV
susceptibility and transmissibility [14-32]. The physiology, cell composition, and
immunology of the genital tract, a critical portal for HIV entry and source of transmission to
partners and to newborns during childbirth, can be altered by changes in endogenous
hormones and hormonal contraception. Changes in gonadal hormonal levels may alter
vaginal wall thickness or barrier function [33], vaginal pH, vaginal microbiome [34],
cervical cell ectopy [35], cervical mucus [36], and susceptibility to STIs [37-41].

DMPA leads to high levels of systemic progestin concentrations with profound suppression
of endogenous estrogen. This high-progestin, low-estrogen state may affect HIV
susceptibility. Estradiol and progesterone regulate multiple functions in the genital tract,
including homing of immune cells, chemokines and cytokines, [42] mucosal cellular
composition, [43-45] and epithelial cell receptor expression [46]. Progesterone and its
derivatives can increase infiltration of antigen-presenting cells in the vaginal epithelium, as
well as CD4 + CCR5+ lymphocytes and CD8+ T-lymphocytes in genital tract tissues
[44,47-54]. Estrogen, on the other hand, has been shown to decrease recruitment of
activated T-cells and macrophages [55]. Thus, it appears that progesterone might increase,
while estrogen may decrease, the frequency of HIV-1 target cells in the female genital tract.

Another potential pathway by which hormonal contraception may affect HIV infectivity is
by increasing the prevalence of other genital infections. DMPA use has been associated with
decreased H,0,-positive Lactobacillus and increased acquisition of cervical chlamydial and
gonococcal infections, herpes simplex 2 infection, and candidiasis in women
[31,35,45,56,57]. Presence of other genital tract infections has been associated with
increased genital tract HIV shedding and HIV transmission [58-60]. While some studies
have suggested that DMPA does not alter the prevalence of bacterial vaginosis or vaginal
candidiasis, the impact on the vaginal microbiome utilizing more sensitive genetic
sequencing techniques is not well characterized [56,61-66].

There are several different injectable hormonal contraceptives, but DMPA via the IM
formulation (150 mg IM) is by far the most commonly used globally. A factor limiting
contraceptive effectiveness is poor adherence to the repeated injections (every 3 months).
Efforts have been made to promote longer-term contraceptive options, such as contraceptive
implants. There have been several contraceptive implants utilized globally, including Jadelle,
Implanon, Nexplanon, Norplant and Sino-implant. Jadelle, a 2 rod-implant, with each rod
containing 75 mg of levonorgestrel (LNG), is the most commonly used in Africa with an
efficacy for up to 5, and possibly 7, years [67] following insertion. Given the increasing
acceptance of LNG implant use in regions with high HIV prevalence [68], its high efficacy
in preventing unintended pregnancy, and its longer duration of action, we chose to use the
Jadelle LNG implant as the comparison method in this study.

Contemp Clin Trials. Author manuscript; available in PMC 2017 June 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kourtis et al.

Page 4

Different progestins could have different effects on the immune system and the genital tract
due to variations in dose, methods of absorption, metabolism, pharmacokinetics,
bioavailability, and/or binding of serum proteins and enzymes. Different progestin-only
methods will also differ with regards to peak serum progestin concentrations, as well as
varying degrees of hypothalamic-pituitary-ovarian axis modulation with resultant
suppression of estrogen. Currently available progestins include a wide range of
progestogenic molecules with variable degrees of estrogenic, androgenic, anti-androgenic,
glucocorticoid and anti-mineralocorticoid activity [69]. Medroxyprogesterone (MPA), for
example, has potent glucocorticoid activity, higher than any other progestin or endogenous
progesterone, and this could theoretically enhance susceptibility to HIV. The effects of
different progestins on the genital tract and relative impact on HIV viral shedding may thus
be different, but have yet to be explored [70]. Among progestin-only methods, DMPA
concentrations will quickly increase after intramuscular injection, with the highest levels
occurring within the first month followed by a plateau of serum concentrations at 1.0-1.5
ng/mL for about 3 months, after which blood levels decline slowly. Endogenous estradiol
levels and progesterone levels are suppressed for several months after DMPA injection
corresponding to suppression of ovulation [71]. Study findings suggest an antiprogestogenic
effect on the vaginal mucosa with MPA that may not be shared by other contraceptives [70].

For the levonorgestrel implant, release of levonorgestrel is sufficient to prevent pregnancy
within 24 h of insertion, reaching a maximum level 2 days after placement, with release of
100 pg/day of levonorgestrel during the first month, declining to about 40 pg/day at 12
months and stabilizing at 30 pg/day at 24 months and thereafter. Serum concentrations may
vary by metabolic clearance rate, body weight and other factors, but they are not necessarily
predictive of pregnancy risk. Serum estrogen concentrations are significantly lower with
DMPA compared to LNG implant users [70]. Tissue-specific and systemic effects of the
LNG implant are poorly characterized.

Although the mechanisms of action, kinetics of hormone release, and impact on endogenous
hormonal concentrations differ between different forms of progestin-releasing
contraceptives, studies examining the effects of these methods on HIV transmission are
limited. To our knowledge, there is only one study that examined HIVV RNA shedding among
5 women using Norplant [10] and no studies that have evaluated Jadelle or Sino-implant.
This was another knowledge gap we sought to fill with this study.

In 2012, the Centers for Disease Control and Prevention (CDC) and the University of North
Carolina at Chapel Hill (UNC) began designing a randomized controlled trial to fill in these
knowledge gaps by evaluating the effect of two different progestin contraceptive methods on
HIV genital shedding among HIV-infected women and on the inflammatory/immune/
microbial changes in the genital tract of HIV-infected and uninfected women. This paper
describes the process of designing the study protocol, as well as the evolution of this
protocol to reflect changes that were implemented in light of new emerging knowledge
leading to evolving research priorities in a rapidly moving field.
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3. Methods
3.1. Study objectives

To address the study aims we specified the following objectives: 1. To assess the effect and
compare the impact of type of progestin contraception (injectable versus implant) on HIV
viral shedding in the genital tract of HIVV-infected women; 2. To assess the effect and
compare the impact of type of progestin contraception (injectable versus implant) on
inflammatory/immune markers in the genital tract of both HIV-infected and HIV-uninfected
women; 3. To assess the interaction of progestin hormonal contraception and ART by
examining: i. contraceptive efficacy (measured by systemic hormone levels and pregnancy
rate during follow-up) and ii. ART efficacy (by drug concentrations in blood and genital
tract and HIV viral load response in the plasma in women on ART).

3.2. Study design

This study was a randomized trial of the effect of progestin contraception on HIV shedding
and mucosal immune activation in the genital tract. HIV shedding and other study outcomes
were evaluated by: 1) a within-subject assessment comparing the time periods before and
after randomization to a progestin contraceptive, 2) an across-study arms comparison of the
difference between the study interventions (DMPA and LNG implant), and 3) an across-
study arm comparison of immune genital tract changes between HIV-infected and HIV-
uninfected women using progestin contraception. Antiretroviral use was evaluated for an
independent effect on HIV shedding and also to determine if it modified the effects of
menstrual cycle or progestin contraception on HIV shedding. To analyze the effects of
progestin contraception on genital inflammatory/immune markers, HIV-infected and
uninfected women on progestin contraception were compared separately and combined, with
HIV status treated as a potential effect modifier, within each study arm (before and after
initiation of contraception), as well as between the two contraceptive arms.

The study aimed for potential subjects to be screened for entry until 100 HIV-infected and
30 HIV-uninfected women were recruited and randomized to receive either DMPA injections
(n=50 HIV-positive, 15 HIV-negative) or the LNG implant (=50 HIV-positive, 15 HIV-
negative). HIV-infected women may or may not have been on ART to treat their HIV
infection. Evaluation was conducted in two stages: the pre-intervention stage to assess
baseline status by stage of menstrual cycle; and the intervention stage where the variables of
interest were measured while on the contraceptive intervention.

3.3. Study population, location and personnel

The study took place at Bwaila Maternity Hospital in Lilongwe, Malawi. With a population
of approximately 16.3 million people, Malawi has a per capita income of $750 and per
capita total expenditure on health of $91 ($ amounts are Purchasing Power estimates by
WHO at the international $ rate) [59]. The estimated HIV prevalence among adults ages 15—
49y is 10.8% [1]. Forty-two percent of all married women use contraception, and there is a
26% unmet need for family planning [72].
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Since 1990, UNC has been working in Malawi with local partners conducting research with
activities centered in Lilongwe. Bwaila Maternity Hospital was also the site of the CDC-
sponsored Breastfeeding, Antiretrovirals, and Nutrition (BAN) clinical trial [73].The CDC
institutional review board (IRB), the UNC IRB, the Malawi National Health Sciences
Research Committee, and the Malawi Pharmacy, Medicines & Poisons Board approved the
initial protocol and all amendments prior to implementation.

The participants for this study were recruited from clinic patients at Bwaila Maternity
Hospital (Bwaila) Family Health Unit and from other clinics based at the Bwaila Maternity
Hospital and in the surrounding area. Public radio announcements about the study were also
broadcast during the first two weeks of study enrollment.

Women who desired to start hormonal contraception were informed of the study and
counseled on the progestin contraceptives available within the study. Eligible women who
provided informed consent and agreed to randomization to either DMPA or the LNG implant
were enrolled. To address the primary outcomes of HIV shedding and mucosal immune
activation, we quantified genital tract HIV DNA/RNA and inflammatory/immune markers
(cytokines/chemokines, activation markers) at two time points before and several time points
after randomization of the HIV-infected and HIV-uninfected women to DMPA or LNG
implant. The two time points prior to randomization were chosen within the prior menstrual
cycle, with one visit in the follicular phase and the other visit in the luteal phase of the cycle.
Assessments after initiation of contraception occurred on days 3, 30, 90, 6 months, and
every 3 months thereafter until a follow-up time of up to approximately 2 years and 9
months was completed. Antiretroviral concentrations in the blood and genital tract were also
assessed at these time points.

3.4. Sample size

HIV-infected women were enrolled to address the primary objective of comparing genital
tract HIV shedding using DMPA injections or LNG implants. The sample size of 100 was
primarily chosen for this pilot trial because of logistical considerations, in part to evaluate
the feasibility of randomization to two different contraceptive methods, and in part to
determine whether a larger trial would be feasible and/or necessary. Based on our statistical
methods described below, a sample size of 100 women is sufficient to detect a 0.5 logqg
difference in viral shedding before and after initiation of progestin contraception, a
difference that is clinically meaningful, as each logq increase in HIV genital shedding has
been estimated to lead to an approximate two-fold increase in transmission risk [95]. Based
on previous studies [74,75], we also determined that a sample size of 30 HIV-uninfected
women would be sufficient to explore differences in distributions of several different
immunologic markers in women randomized to DMPA and LNG implant.

3.5. Statistical considerations

For the first primary study objective, we hypothesized that there will be an increase in the
magnitude of genital HIV shedding following initiation of progestin contraception. There
was no information on the direct comparability of genital HIV shedding with DMPA and
LNG implant and if the shedding would be more or less notable for HIV RNA or DNA.
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The difference in HIV shedding before and after starting progestin contraception in this trial
depends on the magnitude of genital HIV detection before starting progestin contraception,
the assumed correlation coefficient between a participant’s repeated measurements at
follow-up visits, the Type | error rate, and the power to detect a statistically significant
effect. Data from studies of HIV RNA cervical shedding of women not on ART [76-78], as
well as women on ART [10,79-81], formed the basis for estimating this detectable
difference in genital HIV shedding in this study given our sample size of 100 HIV-infected
women. We estimated that approximately one third of our HIV-infected (/7= 33) study
population would not be on ART yet due to their CD4+ T cell count (following criteria for
treatment initiation at the time), while two thirds (7= 67) would be on ART. Assuming a
mean 2.0 logg cervical HIV RNA level prior to initiation of contraception in our study [10,
78], we would be able to detect a 0.51 log,q difference after initiation of progestin-based
contraception with a power of 80%, alpha = 0.05, a 10% loss-to-follow-up rate, and a
within-subject correlation coefficient of 0.20. We would also be able to detect a 0.50 log1g
difference in viral shedding between the LNG-implant arm and the DMPA arm after
initiation of contraception.

3.6. Recruitment, screening, and enrollment

The study recruited women who expressed an interest after hearing a brief overview of the
study and its eligibility criteria. Interested women received comprehensive family planning
education from a Study Nurse using the Malawi Ministry of Health’s family planning
counseling flipbook, known as “Kulera” that reviews all available family planning methods
in Malawi and includes information on both DMPA and the implant.

Women who after completion of this education session were still interested in the study and
who provided informed consent for screening procedures were screened to determine
eligibility. The inclusion criteria were: 1) females aged 18-45 years; 2) known HIV status,
as documented by at least two concordant rapid tests; 3) at least two regular, monthly cycles
(~21-35 days) in the three months preceding study enrollment; 4) off hormonal or
intrauterine contraception for at least 6 months (if previously using DMPA, last injection
must have been =6 months ago); 5) at least 6 months postpartum; 6) interested in initiating a
family planning method, specifically DMPA or the LNG implant; 7) willing to be
randomized to receive either DMPA or the LNG implant; 8) willing to wait 4-6 weeks after
enrollment to receive the method and to use non-hormonal and non-intrauterine methods
(such as abstinence or condoms) consistently during this period.

Exclusion criteria were: 1) pregnancy (by clinical history or a positive urine test at
screening); 2) current use of any hormonal contraception method; 3) desire to become
pregnant within the next 12 months; 4) untreated visible genital ulcers or lesions on initial
pelvic examination; 5) known or suspected genital tract cancer (by clinical history or noted
during initial pelvic examination); 6) any contraindications to DMPA or LNG implant per
the WHO medical eligibility criteria [82] or judgment of clinician (contraindications include
lactation within first 6 weeks postpartum, acute deep venous thrombosis or pulmonary
embolism, lupus, migraine with aura, unexplained vaginal bleeding, current or history of
breast cancer, severe cirrhosis, liver tumors, history of stroke, current or history of ischemic
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heart disease); 7) acute HIV infection (as documented by a known negative HIV test 6
months or less prior to screening).

Women who met all eligibility criteria and were good candidates for study participation
based on the assessment of the site investigator or designee were enrolled into the study after
providing informed consent for enrollment.

4. Schedule of study visits

Enrolled women were followed for two study visits during the month preceding
randomization; after randomization, women were followed for up to two and a half years.
The schedule of the visits was designed to collect samples from both the follicular and luteal
phases in the menstrual cycle prior to contraceptive intervention and to coincide with key
times in the progestin concentration pharmacokinetic curve for those on DMPA (peak,
decreasing, trough), as well as the time of repeat injections (every 3 months) (Tables 1 and
2). For comparability, participants on the implant arm were followed at the same time points.
Both history and hormonal assessment were used to confirm phase of menstrual cycle. If a
participant was experiencing menstrual bleeding during a follow-up visit, pelvic evaluations
were deferred until after menses were complete.

At the enrollment visit, a detailed assessment including questions about demographic,
medical, gynecologic and sexual history was conducted. At each follow-up visit an interval
history assessment and physical exam were conducted. Specimen collection included blood
and genital samples (Tables 1 and 2). Condoms were provided to all participants at each visit
as well as contraceptive and HIV/STI risk-reduction counseling.

Specimens collected at follow-up visits were tested for rapid plasma reagin (RPR) (with
confirmatory Treponema Pallidum Hemagglutination Assay testing if positive), Herpes
Simplex Virus-type 2 (HSV-2), Chlamydia trachomatis, Neisseria gonorrhoeae, and
Trichomonas vaginalis. Testing was conducted because sexually transmitted infections could
cause inflammatory genital tract changes, which are potential confounders for the HIV viral
shedding and inflammatory/immune markers outcomes and will be accounted for in
analyses.

In HIV-infected women, Tear-Flo strips were used to collect cervicovaginal fluid for HIV-1
RNA quantitation and Weck-Cel sponges were used to collect cervicovaginal secretions for
ART drug level testing (if the woman was on ART). Concentrations of the antiretroviral
agents were measured in the plasma and the upper layer of packed cells (ULPC) [83].

For both HIV-infected and HIV-uninfected women, a cervicovaginal lavage (CVVL) sample
was collected. The fluid portion was used for testing of immune markers, and centrifuged
cell pellets were tested for HIV proviral DNA in HIV-infected women.

The genital tract HIV-1 DNA and RNA levels obtained from CVL were compared to the
HIV-1 RNA levels obtained by cervical Tear-Flo strips. There are advantages and
disadvantages to assessing HIV concentrations with each specimen type (CVL vs. Tear-Flo).
The use of progestin is expected to induce changes in the thickness and other characteristics
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of cervical mucus, which has the theoretical potential to affect viral concentrations. On the
other hand, the effect of dilution of mixed cervicovaginal secretions by the method of
obtaining CVL may also affect ability to detect virus in the genital tract more so than direct
collection. For these reasons a direct comparison of CVL vs. Tear-Flo was performed, thus
advancing the field methodologically. In addition, both HIV RNA and proviral DNA were
evaluated in this study, given lack of consensus about the relative contribution of cell-free vs.
cell-associated virus in transmission risk [84].

For HIV-negative women only, a cervical cytobrush specimen for cellular immune activation
testing was collected after the CVL collection. In addition, for HIVV-negative women, blood
was also collected to evaluate for cellular activation of the same markers in whole blood.

For all women, blood was collected for hormonal assessment (estradiol, progesterone,
medroxyprogesterone, or LNG were also assessed as appropriate). In HIV-infected subjects,
blood was obtained to test for CD4+ T cell count, HIV RNA viral levels, HIV resistance
mutations and antiretroviral concentrations.

5. Provisions for protecting privacy and confidentiality

Participants’ privacy and the confidentiality were protected through formal training of
interviewers and other study staff in good clinical practices, study ethics, human subjects
research and protocol procedures. All interviews and physical examinations were conducted
in private, and all study materials were stored in a locked room. Only a coded study
participant identification number (PID) was used on study documents containing participant
data. Participants’ names were stored separately from documents containing participant data
in a locked file in a locked office. Linkages between PIDs and participants’ identifying
information were maintained on a paper log kept locked and only accessible to limited on-
site study staff.

6. Protocol amendments

Since study initiation, some new information became available, as some studies suggested
there might be an interaction of ART and progestin implants resulting in reduced
contraceptive effectiveness: A literature review [85] noted a few case reports of women on
ART regimens who conceived pregnancies while on Implanon® (etonorgestrel implant) after
24 months of use. A retrospective chart review suggested that efavirenz (EFV) may decrease
the efficacy of LNG implants [86]. The mean time between implant insertion and pregnancy
was 16.4 months for the women who became pregnant in that study [86]. Results from a
pharmacokinetic study suggested that LNG levels in 20 women receiving EFV were lower
compared with women not on EFV [87]. Updated results from this small prospective cohort
study showed that 3 women on EFV became pregnant between 36 and 48 weeks after LNG
implant insertion, compared to none in the control group [88]. Two of the pregnant women
had LNG levels >180 pg/mL at their prior visit, which had previously been thought to be the
minimum drug concentration needed to prevent pregnancy. While additional prospective
studies are needed to assess the clinical significance (actual increase in pregnancies due to
decreased hormonal levels) among HIV-infected women taking EFV [89], these findings
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raised concern about use of LNG implants in women taking EFV. In 2014, USAID provided
guidance for counseling women who are on ART and progestin implants, taking into
account the limited information available [89].

Given this new concern, a protocol amendment was implemented in December 2014 to
provide additional counseling regarding the possible decreased effectiveness of implants in
preventing pregnancies for women on EFV. Prior to screening, all potential participants were
provided with this additional counseling in conjunction with the standard family planning
counseling. For those women already enrolled into the study, counseling was provided to all
HIV-infected participants not yet randomized to a contraceptive method and to all HIV-
infected participants randomized to the LNG implant arm. Two subsequent amendments
were implemented to increase the amount of follow-up time from 6 months post-
contraceptive initiation to up to about 2 years and 9 months post-contraceptive initiation, in
order to evaluate the frequency of occurrence of breakthrough pregnancies; and to obtain
qualitative data on women’s understanding of the counseling messages and reasons for
continuing or discontinuing their contraceptive methods longer-term. The testing schedule
was simplified after the initial 6 month period to only cervical swabs for HIV RNA to
evaluate genital shedding and no further cytobrush specimens in the HIV-uninfected women.

7. Current status

Recruitment and retention in the study has been robust and randomization to a contraceptive
method was acceptable and feasible. Of the 97 women randomized to a contraceptive
method, 96 have already completed 6 months of follow-up and extended follow-up is
ongoing.

8. Discussion

The study seeks to address several knowledge gaps that affect HI\-infected and HIV-
uninfected women in resource-limited and resource-rich settings: the safety of hormonal
contraception with regard to HIV acquisition and transmission, as well as the effectiveness
of certain forms of progestin contraception when given in conjunction with some ART
agents. Progestin contraception is particularly important to study for several reasons. First,
due to the lack of pharmacokinetic interactions with ART, DMPA is widely used among
HIV-infected women on ART in many settings, including resource-limited settings with high
HIV prevalence. Second, these forms of contraception do not require daily administration
(e.g. pills) or per-coital act (e.g., condoms) adherence, and are thus more effective in
preventing pregnancy. Promotion of longer-acting reversible contraceptive (LARC) methods,
such as the implant, is particularly desirable, due to their high effectiveness and less reliance
on the woman’s memory and adherence. This study will be able to examine the effects of
these forms of contraception on genital HIV shedding (both RNA and DNA) and on immune
markers, compare genital HIV shedding and immune markers before and after initiating
contraception among HIV-infected and uninfected women, and also compare the two forms
of contraception in a randomized design.
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Plasma viral load has been shown to be a very strong predictor of heterosexual transmission
[79,80], and ART effectively decreases viral load in the blood and in the genital tract [90].
However, several reports have documented that HIV-1 may remain present in the
cervicovaginal fluid of patients on ART even if the individual has undetectable plasma viral
load [13,80,91-93]. Furthermore, although transmission is markedly reduced by ART, it
does not appear to be completely eliminated [84,94-97], as low-level viral replication may
persist within the genital tract, even with undetectable plasma viral load. Studies of women
on ART have found cervical HIV RNA detectable in 3% to 33% of women studied
[10,79,80,98], depending on whether the woman has undetectable plasma viral load (VL) or
not [10]. Median genital viral load has been estimated to decrease by about 2 log by 6
months after initiation of ART (from 4.0 to 1.7 log) [10]. It is thus important to address
potential modulating factors that can alter genital viral loads in the setting of ART [99,100].

From studies among ART-naive populations, genital tract HIV RNA load correlates
significantly but imperfectly with plasma viral load level (r=0.56) [77,101-103]. Genital
HIV RNA has been shown to be an independent risk factor for heterosexual HIV
transmission, even after adjustment for plasma viral load, with each 1 log increase in
cervical HIV RNA levels associated with a 2.2-fold increased risk of transmission to the
male partner (adjusted hazard ratio of 1.67 after adjustment for plasma viral load) [101].
Genital tract HIV shedding can be intermittent and may be upregulated by pregnancy, HSV
reactivation, alterations in vaginal flora, time in the menstrual cycle, and even nutritional
deficiencies [104-106]. Thus, measurement of genital HIV quantity is a strong surrogate
marker of HIV transmission risk, suggesting that the potential impact of new interventions
aimed at reducing HIV transmission can be assessed through studies of genital HIV RNA
[101].

As mentioned, prior studies have evaluated the impact of hormonal contraception on HIV
genital tract shedding, but results are contradictory about DNA or RNA shedding; studies
have also used different genital specimens, resulting in difficulty of interpreting or
generalizing the information. Our study offers the methodologic advantage of using outcome
measures of both HIV RNA and DNA from two genital specimen types (cervicovaginal
lavage and cervical swab), obtained at the same time from each woman, at several time
points before and after initiation contraception, at times to coincide with different phases of
the menstrual cycle, as well as critical points to construct pharmacokinetic curves of
progestin concentrations. Also, this is the first study to compare different progestins in a
randomized fashion, thus circumventing the potential problem of confounding associated
with self-selection of contraceptive method, as well as recall bias when based on self-
reported contraceptive use.

The results of our study will add to the evidence base regarding the comparative safety of
two different progestin contraceptives for women with and at-risk for HIV and the
effectiveness of progestin implants with concomitant use of EFV. This study will add to the
understanding of immunologic and genital tract changes that occur with progestin-only
contraception and how these changes may relate to risk of HIV acquisition among HIV-
uninfected women. In addition, prospective information on risk of contraceptive failure of
LNG implants with concurrent use of EFV that can aid in formulating evidence-based
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recommendations for hormonal contraceptive use among women on ART. Finally, this study
will help increase local state-of-the art clinical research and laboratory capacity at the study
site. Based on the findings of this study and the size of the effects observed, the need for a
larger study to obtain a more definitive answer to these questions will be determined.

References
1.

10

11.

12.

13.

UNAIDS. [Accessed 2 May 2016] Global Report: UNAIDS Report on the Global AIDS Epidemic.
2013. http://www.unaids.org/sites/default/files/en/media/unaids/contentassets/documents/
epidemiology/2013/gr2013/UNAIDS_Global_Report_2013_en.pdf

. Population Reference Bureau. Family Planning Worldwide. Population Reference Bureau;

Washington, DC: 2008. 2008 Data Sheet

. Polis CB, Phillips SJ, Curtis KM, Westreich DJ, Steyn PS, Raymond E, et al. Hormonal

contraceptive methods and risk of HIV acquisition in women: a systematic review of
epidemiological evidence. Contraception. 2014; 90:360-390. [PubMed: 25183264]

. Polis CB, Phillips SJ, Curtis KM. Hormonal contraceptive use and female-to-male HIV

transmission: a systematic review of the epidemiologic evidence. AIDS. 2013; 27:493-505.
[PubMed: 23079808]

. Heffron R, Donnell D, Rees H, Celum C, Mugo N, Were E, et al. Use of hormonal contraceptives

and risk of HIV-1 transmission: a prospective cohort study. Lancet Infect Dis. 2012; 12:19-26.
[PubMed: 21975269]

. Wand H, Ramjee G. The effects of injectable hormonal contraceptives on HIV se-roconversion and

on sexually transmitted infections. AIDS. 2012; 26:375-380. [PubMed: 22156970]

. Baeten JM, Benki S, Chohan V, Lavreys L, McClelland RS, Mandaliya K, et al. Hormonal

contraceptive use, herpes simplex virus infection, and risk of HIV-1 acquisition among Kenyan
women. AIDS. 2007; 21:1771-1777. [PubMed: 17690576]

. Morrison CS, Chen PL, Kwok C, Richardson BA, Chipato T, Mugerwa R, et al. Hormonal

contraception and HIV acquisition: reanalysis using marginal structural modeling. AIDS. 2010;
24:1778-1781. [PubMed: 20588106]

. Mostad SB, Overbaugh J, DeVange DM, Welch MJ, Chohan B, Mandaliya K, et al. Hormonal

contraception, vitamin A deficiency, and other risk factors for shedding of HIV-1 infected cells from
the cervix and vagina. Lancet. 1997; 350:922-927. [PubMed: 9314871]

. Graham SM, Masese L, Gitau R, Jalalian-Lechak Z, Richardson BA, Peshu N, et al. Antiretroviral
adherence and development of drug resistance are the strongest predictors of genital HIV-1
shedding among women initiating treatment. J Infect Dis. 2010; 202:1538-1542. [PubMed:
20923373]

Blish CA, Baeten JM. Hormonal contraception and HIV-1 transmission. Am J Reprod Immunol.
2011; 65:302-307. [PubMed: 21087338]

World Health Organization. Hormonal Contraceptive Methods for Women at High Risk of HIV and
Living With HIV: 2014 Guidance Statement. 2014.

Rasheed S. Infectivity and dynamics of HIV type 1 replication in the blood and reproductive tract
of HIV type 1-infected women. AIDS Res Hum Retrovir. 1998; 14(Suppl 1):S105-S118.
[PubMed: 9581894]

14. Sonnex C. Influence of ovarian hormones on urogenital infection. Sex Transm Infect. 1998; 74:11-

15.

16.

19. [PubMed: 9634294]

Trunova N, Tsai L, Tung S, Schneider E, Harouse J, Gettie A, et al. Progestin-based contraceptive
suppresses cellular immune responses in SHIV-infected rhesus macaques. Virology. 2006;
352:169-177. [PubMed: 16730772]

Hel Z, Stringer E, Mestecky J. Sex steroid hormones, hormonal contraception, and the
immunobiology of human immunodeficiency virus-1 infection. Endocr Rev. 2010; 31:79-97.
[PubMed: 19903932]

Contemp Clin Trials. Author manuscript; available in PMC 2017 June 05.


http://www.unaids.org/sites/default/files/en/media/unaids/contentassets/documents/epidemiology/2013/gr2013/UNAIDS_Global_Report_2013_en.pdf
http://www.unaids.org/sites/default/files/en/media/unaids/contentassets/documents/epidemiology/2013/gr2013/UNAIDS_Global_Report_2013_en.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kourtis et al.

Page 13

17. Patton DL, Thwin SS, Meier A, Hooton TM, Stapleton AE, Eschenbach DA. Epithelial cell layer
thickness and immune cell populations in the normal human vagina at different stages of the
menstrual cycle. Am J Obstet Gynecol. 2000; 183:967-973. [PubMed: 11035348]

18. Kutteh WH, Prince SJ, Hammond KR, Kutteh CC, Mestecky J. Variations in immunoglobulins and
IgA subclasses of human uterine cervical secretions around the time of ovulation. Clin Exp
Immunol. 1996; 104:538-542. [PubMed: 9099941]

19. Lu FX, Abel K, Ma Z, Rourke T, Lu D, Torten J, et al. The strength of B cell immunity in female
rhesus macaques is controlled by CD8+ T cells under the influence of ovarian steroid hormones.
Clin Exp Immunol. 2002; 128:10-20. [PubMed: 11982585]

20. Lu FX, Ma Z, Moser S, Evans TG, Miller CJ. Effects of ovarian steroids on immunoglobulin-
secreting cell function in healthy women. Clin Diagn Lab Immunol. 2003; 10:944-949. [PubMed:
12965931]

21. Lu FX, Ma Z, Rourke T, Srinivasan S, McChesney M, Miller CJ. Immunoglobulin concentrations
and antigen-specific antibody levels in cervicovaginal lavages of rhesus macaques are influenced
by the stage of the menstrual cycle. Infect Immun. 1999; 67:6321-6328. [PubMed: 10569744]

22. Paavonen T, Andersson LC, Adlercreutz H. Sex hormone regulation of in vitro immune response.
Estradiol enhances human B cell maturation via inhibition of suppressor T cells in pokeweed
mitogen-stimulated cultures. J Exp Med. 1981; 154:1935-1945. [PubMed: 6459399]

23. Shrier LA, Bowman FP, Lin M, Crowley-Nowick PA. Mucosal immunity of the adolescent female
genital tract. J Adolesc Health. 2003; 32:183-186. [PubMed: 12606111]

24. Sthoeger ZM, Chiorazzi N, Lahita RG. Regulation of the immune response by sex hormones. I. In
vitro effects of estradiol and testosterone on pokeweed mitogen-induced human B cell
differentiation. J Immunol. 1988; 141:91-98. [PubMed: 3288699]

25. Franklin RD, Kutteh WH. Characterization of immunoglobulins and cytokines in human cervical
mucus: influence of exogenous and endogenous hormones. J Reprod Immunol. 1999; 42:93-106.
[PubMed: 10221733]

26. Nardelli-Haefliger D, Wirthner D, Schiller JT, Lowy DR, Hildesheim A, Ponci F, et al. Specific
antibody levels at the cervix during the menstrual cycle of women vaccinated with human
papillomavirus 16 virus-like particles. J Natl Cancer Inst. 2003; 95:1128-1137. [PubMed:
12902442]

27. Fish EN. The X-files in immunity: sex-based differences predispose immune responses. Nat Rev
Immunol. 2008; 8:737-744. [PubMed: 18728636]

28. White HD, Crassi KM, Givan AL, Stern JE, Gonzalez JL, Memoli VA, et al. CD3+ CD8+ CTL
activity within the human female reproductive tract: Influence of stage of the menstrual cycle and
menopause. J Immunol. 1997; 158:3017-3027. [PubMed: 9058841]

29. Hao S, Zhao J, Zhou J, Zhao S, Hu Y, Hou Y. Modulation of 17beta-estradiol on the number and
cytotoxicity of NK cells in vivo related to MCM and activating receptors. Int Immunopharmacol.
2007; 7:1765-1775. [PubMed: 17996687]

30. Gillgrass AE, Ashkar AA, Rosenthal KL, Kaushic C. Prolonged exposure to progesterone prevents
induction of protective mucosal responses following intravaginal immunization with attenuated
herpes simplex virus type 2. J Virol. 2003; 77:9845-9851. [PubMed: 12941893]

31. Kaushic C, Ashkar AA, Reid LA, Rosenthal KL. Progesterone increases susceptibility and
decreases immune responses to genital herpes infection. J Virol. 2003; 77:4558-4565. [PubMed:
12663762]

32. Kaushic C, Murdin AD, Underdown BJ, Wira CR. Chlamydia trachomatis infection in the female
reproductive tract of the rat: influence of progesterone on infectivity and immune response. Infect
Immun. 1998; 66:893-898. [PubMed: 9488372]

33. Quispe Calla NE, Vicetti Miguel RD, Boyaka PN, Hall-Stoodley L, Kaur B, Trout W, et al.
Medroxyprogesterone acetate and levonorgestrel increase genital mucosal permeability and
enhance susceptibility to genital herpes simplex virus type 2 infection. Mucosal Immunol. 2016

34. Roxby AC, Fredricks DN, Odem-Davis K, Asbjornsdottir K, Masese L, Fiedler TL, et al. Changes
in vaginal microbiota and immune mediators in HIV-1-seronegative Kenyan women initiating
Depot Medroxyprogesterone Acetate. J Acquir Immune Defic Syndr. 2016; 71:359-366.
[PubMed: 26914908]

Contemp Clin Trials. Author manuscript; available in PMC 2017 June 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kourtis et al.

Page 14

35. Morrison CS, Bright P, Wong EL, Kwok C, Yacobson I, Gaydos CA, et al. Hormonal contraceptive
use, cervical ectopy, and the acquisition of cervical infections. Sex Transm Dis. 2004; 31:561-567.
[PubMed: 15480119]

36. Critchlow C, Wélner-Hanssen P, Eschenbach D, Kiviat N, Koutsky L, Stevens C, et al.
Determinants of cervical ectopia and of cervicitis: age, oral contraception, specific cervical
infection, smoking, and douching. Am J Obstet Gynecol. 1995; 173:534-543. [PubMed: 7645632]

37. Pedraza MA, del Romero J, Roldan F, Garcia S, Ayerbe MC, Noriega AR, et al. Heterosexual
transmission of HIV-1 is associated with high plasma viral load levels and a positive viral isolation
in the infected partner. J Acquir Immune Defic Syndr. 1999; 21:120-125. [PubMed: 10360803]

38. Baeten JM, McClelland RS, Corey L, Overbaugh J, Lavreys L, Richardson BA, et al. Vitamin A
supplementation and genital shedding of herpes simplex virus among HIV-1-infected women: a
randomized clinical trial. J Infect Dis. 2004; 189:1466—1471. [PubMed: 15073684]

39. McClelland RS, Wang CC, Mandaliya K, Overbaugh J, Reiner MT, Panteleeff DD, et al. Treatment
of cervicitis is associated with decreased cervical shedding of HIV-1. AIDS. 2001; 15:105-110.
[PubMed: 11192850]

40. Avonts D, Sercu M, Heyerick P, Vandermeeren I, Meheus A, Piot P. Incidence of uncomplicated
genital infections in women using oral contraception or an intra-uterine device: a prospective
study. Sex Transm Dis. 1990; 17:23-29. [PubMed: 2305333]

41. Louv WC, Austin H, Perlman J, Alexander WJ. Oral contraceptive use and the risk of chlamydial
and gonococcal infections. Am J Obstet Gynecol. 1989; 160:396—402. [PubMed: 2916625]

42. Wira CR, Fahey JV, Sentman CL, Pioli PA, Shen L. Innate and adaptive immunity in female genital
tract: cellular responses and interactions. Immunol Rev. 2005; 206:306-335. [PubMed: 16048557]

43. Hunt JS, Miller L, Platt JS. Hormonal regulation of uterine macrophages. Dev Immunol. 1998;
6:105-110. [PubMed: 9716911]

44. Zang YC, Halder JB, Hong J, Rivera VM, Zhang JZ. Regulatory effects of estriol on T cell
migration and cytokine profile: inhibition of transcription factor NF-kappa B. J Neuroimmunol.
2002; 124:106-114. [PubMed: 11958828]

45. Miller L, Patton DL, Meier A, Thwin SS, Hooton TM, Eschenbach DA.
Depomedroxyprogesterone-induced hypoestrogenism and changes in vaginal flora and epithelium.
Obstet Gynecol. 2000; 96:431-439. [PubMed: 10960638]

46. Prakash M, Kapembwa M, Gotch F, Patterson S. Oral contraceptive use induces upregulation of the
CCR5 chemokine receptor on CD4(+) T cells in the cervical epithelium of healthy women. J
Reprod Immunol. 2002; 54:117-131. [PubMed: 11839399]

47. Arici A, Senturk LM, Seli E, Bahtiyar MO, Kim G. Regulation of monocyte chemotactic protein-1
expression in human endometrial stromal cells by estrogen and progesterone. Biol Reprod. 1999;
61:85-90. [PubMed: 10377035]

48. Sonoda Y, Mukaida N, Wang JB, Shimada-Hiratsuka M, Naito M, Kasahara T, et al. Physiologic
regulation of postovulatory neutrophil migration into vagina in mice by a C-X-C chemokine(s). J
Immunol. 1998; 160:6159-6165. [PubMed: 9637534]

49. Laskarin G, Tokmadzic VS, Strbo N, Bogovic T, Szekeres-Bartho J, Randic L, et al. Progesterone
induced blocking factor (PIBF) mediates progesterone induced suppression of decidual
lymphocyte cytotoxicity. Am J Reprod Immunol. 2002; 48:201-209. [PubMed: 12516630]

50. Whitelaw PF, Croy BA. Granulated lymphocytes of pregnancy. Placenta. 1996; 17:533-543.
[PubMed: 8916201]

51. Wieser F, Hosmann J, Tschugguel W, Czerwenka K, Sedivy R, Huber JC. Progesterone increases
the number of Langerhans cells in human vaginal epithelium. Fertil Steril. 2001; 75:1234-1235.
[PubMed: 11384659]

52. Kutteh, CC., Mestecky, J., Wira, CR. Mucosal immunity in the human female reproductive tract.
In: Mestecky, J.Lamm, ME.Strober, W.Bienenstock, J.McGhee, JR., Mayer, L., editors. Mucosal
Immunity. Elsevier Academic Press; New York: 2005. p. 1631-1646.

53. De M, Wood GW. Influence of oestrogen and progesterone on macrophage distribution in the
mouse uterus. J Endocrinol. 1990; 126:417-424. [PubMed: 2212933]

54. Byrne EH, Anahtar MN, Cohen KE, Moodley A, Padavattan N, Ismail N, et al. Association
between injectable progestin-only contraceptives and HIV acquisition and HIV target cell

Contemp Clin Trials. Author manuscript; available in PMC 2017 June 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kourtis et al.

Page 15

frequency in the female genital tract in South African women: a prospective cohort study. Lancet
Infect Dis. 2016; 16:441-448. [PubMed: 26723758]

55. Straub RH. The complex role of estrogens in inflammation. Endocr Rev. 2007; 28:521-574.
[PubMed: 17640948]

56. Baeten JM, Nyange PM, Richardson BA, Lavreys L, Chohan B, Martin HL Jr, et al. Hormonal
contraception and risk of sexually transmitted disease acquisition: results from a prospective study.
Am J Obstet Gynecol. 2001; 185:380-385. [PubMed: 11518896]

57. Lavreys L, Chohan V, Overbaugh J, Hassan W, McClelland RS, Kreiss J, et al. Hormonal
contraception and risk of cervical infections among HIV-1-seropositive Kenyan women. AIDS.
2004; 18:2179-2184. [PubMed: 15577651]

58. Rotchford K, Strum AW, Wilkinson D. Effect of coinfection with STDs and of STD treatment on
HIV shedding in genital-tract secretions: systematic review and data synthesis. Sex Transm Dis.
2000; 27:243-248. [PubMed: 10821594]

59. Wasserheit JN. Epidemiological synergy. Interrelationships between human immunodeficiency
virus infection and other sexually transmitted diseases. Sex Transm Dis. 1992; 19:61-77.
[PubMed: 1595015]

60. Cohen MS. Classical sexually transmitted diseases drive the spread of HIV-1: back to the future. J
Infect Dis. 2012; 206:1-2. [PubMed: 22517911]

61. Bradshaw CS, Vodstrcil LA, Hocking JS, Law M, Pirotta M, Garland SM, et al. Recurrence of
bacterial vaginosis is significantly associated with posttreatment sexual activities and hormonal
contraceptive use. Clin Infect Dis. 2013; 56:777-786. [PubMed: 23243173]

62. Calzolari E, Masciangelo R, Milite V, Verteramo R. Bacterial vaginosis and contraceptive methods.
Int J Gynaecol Obstet. 2000; 70:341-346. [PubMed: 10967168]

63. Holzman C, Leventhal JM, Qiu H, Jones NM, Wang J, Group BVS. Factors linked to bacterial
vaginosis in nonpregnant women. Am J Public Health. 2001; 91:1664-1670. [PubMed: 11574333]

64. Mitchell CM, McLemore L, Westerberg K, Astronomo R, Smythe K, Gardella C, et al. Long-term
effect of depot medroxyprogesterone acetate on vaginal microbiota, epithelial thickness and HIV
target cells. J Infect Dis. 2014; 210:651-655. [PubMed: 24652495]

65. Rifkin SB, Smith MR, Brotman RM, Gindi RM, Erbelding EJ. Hormonal contraception and risk of
bacterial vaginosis diagnosis in an observational study of women attending STD clinics in
Baltimore, MD. Contraception. 2009; 80:63-67. [PubMed: 19501217]

66. Riggs M, Klebanoff M, Nansel T, Zhang J, Schwebke J, Andrews W. Longitudinal association
between hormonal contraceptives and bacterial vaginosis in women of reproductive age. Sex
Transm Dis. 2007; 34:954-959. [PubMed: 18077845]

67. Sivin I, Wan L, Ranta S, Alvarez F, Brache V, Mishell DR Jr, et al. Levonorgestrel concentrations
during 7 years of continuous use of Jadelle contraceptive implants. Contraception. 2001; 64:43-49.
[PubMed: 11535213]

68. Hubacher D, Kimani J, Steiner MJ, Solomon M, Ndugga MB. Contraceptive implants in Kenya:
current status and future prospects. Contraception. 2007; 75:468-473. [PubMed: 17519154]

69. Africander D, Verhoog N, Hapgood JP. Molecular mechanisms of steroid receptor-mediated
actions by synthetic progestins used in HRT and contraception. Steroids. 2011; 76:636—652.
[PubMed: 21414337]

70. lldgruben A, Sjoberg I, Hammarstrom ML, Backstrom T. Steroid receptor expression in vaginal
epithelium of healthy fertile women and influences of hormonal contraceptive usage.
Contraception. 2005; 72:383-392. [PubMed: 16246667]

71. Mishell DR Jr. Pharmacokinetics of depot medroxyprogesterone acetate contraception. J Reprod
Med. 1996; 41:381-390. [PubMed: 8725700]

72. WHO. [Accessed 2 May 2016] World Health Statistics. 2015. http://www.who.int/gho/
publications/world_health_statistics/2015/en/

73. Chasela CS, Hudgens MG, Jamieson DJ, Kayira D, Hosseinipour MC, Kourtis AP, et al. Maternal
or infant antiretroviral drugs to reduce HIV-1 transmission. N Engl J Med. 2010; 362:2271-2281.
[PubMed: 20554982]

74. Sha BE, D’Amico RD, Landay AL, Spear GT, Massad LS, Rydman RJ, et al. Evaluation of
immunologic markers in cervicovaginal fluid of HIV-infected and uninfected women: implications

Contemp Clin Trials. Author manuscript; available in PMC 2017 June 05.


http://www.who.int/gho/publications/world_health_statistics/2015/en/
http://www.who.int/gho/publications/world_health_statistics/2015/en/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kourtis et al.

Page 16

for the immunologic response to HIV in the female genital tract. J Acquir Immune Defic Syndr
Hum Retrovirol. 1997; 16:161-168. [PubMed: 9390567]

75. Ahmed SM, Al-Doujaily H, Johnson MA, Kitchen V, Reid WM, Poulter LW. Immunity in the
female lower genital tract and the impact of HIV infection. Scand J Immunol. 2001; 54:225-238.
[PubMed: 11439171]

76. Heffron R, Donnell D, Rees H, Celum C, Mugo N, Were E, et al. Use of hormonal contraceptives
and risk of HIV-1 transmission: a prospective cohort study. Lancet Infect Dis. 2011

77. Mostad SB, Jackson S, Overbaugh J, Reilly M, Chohan B, Mandaliya K, et al. Cervical and vaginal
shedding of human immunodeficiency virus type 1-infected cells throughout the menstrual cycle. J
Infect Dis. 1998; 178:983-991. [PubMed: 9806025]

78. Wang C, Mcclelland R, Overbaugh J, Reilly M, Panteleeff D, Mandaliya K, et al. The effect of
hormonal contraception on genital tract shedding of HIV-1. AIDS. 2004; 18:205-209. [PubMed:
15075537]

79. Cu-Uvin S, Caliendo AM, Reinert S, Chang A, Juliano-Remollino C, Flanigan TP, et al. Effect of
highly active antiretroviral therapy on cervicovaginal HIV-1 RNA. AIDS. 2000; 14:415-421.
[PubMed: 10770544]

80. Kovacs A, Wasserman SS, Burns D, Wright DJ, Cohn J, Landay A, et al. Determinants of HIV-1
shedding in the genital tract of women. Lancet. 2001; 358:1593-1601. [PubMed: 11716886]

81. Fiscus SA, Cu-Uvin S, Eshete AT, Hughes MD, Bao Y, Hosseinipour M, et al. Changes in HIV-1
subtypes B and C genital tract RNA in women and men after initiation of antiretroviral therapy.
Clin Infect Dis. 2013; 57:290-297. [PubMed: 23532477]

82. World Health Organization (WHO). Medical Eligibility Criteria for Contraceptive Use. 2008.

83. Adams JL, Sykes C, Menezes P, Prince HM, Patterson KB, Fransen K, et al. Tenofovir diphosphate
and emtricitabine triphosphate concentrations in blood cells compared with isolated peripheral

blood mononuclear cells: a new measure of antiretroviral adherence? J Acquir Immune Defic
Syndr. 2013; 62:260-266. [PubMed: 23111578]

84. Andreoletti L, Chomont N, Gresenguet G, Matta M, de Dieu LJ, Carreno MP, et al. Independent
levels of cell-free and cell-associated human immunodeficiency virus-1 in genital-tract secretions
of clinically asymptomatic, treatment-naive African women. J Infect Dis. 2003; 188:549-554.
[PubMed: 12898442]

85. Robinson JA, Jamshidi R, Burke AE. Contraception for the HIV-positive woman: a review of
interactions between hormonal contraception and antiretroviral therapy. Infect Dis Obstet Gynecol.
2012; 2012:890160. [PubMed: 22927715]

86. Perry SH, Swamy P, Preidis GA, Mwanyumba A, Motsa N, Sarero HN. Implementing the Jadelle
implant for women living with HIV in a resource-limited setting: concerns for drug interactions
leading to unintended pregnancies. AIDS. 2014; 28:791-793. [PubMed: 24401645]

87. Scarsi K, Lamorde M, Darin K, Penchala SD, Else L, Nakalema S, et al. Efavirenz—but not
nevirapine-based antiretroviral therapy decreases exposure to the levonorgestrel released from a
sub-dermal contraceptive implant. J Int AIDS Soc. 2014; 17:19484. [PubMed: 25393993]

88. Scarsi KK, Darin KM, Nakalema S, Back DJ, Byakika-Kibwika P, Else LJ, et al. Unintended
pregnancies observed with combined use of the Levonorgestrel contraceptive implant and
efavirenz-based antiretroviral therapy: A three-arm pharmacokinetic evaluation over 48 weeks.
Clin Infect Dis. 2016; 62:675-682. [PubMed: 26646680]

89. Drug Interactions Between Hormonal Contraceptive Methods and Anti-retroviral Medications
Used to Treat HIV. United States Agency for International Development; 2014. Technical Issue
Brief.

90. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumarasamy N, et al.
Prevention of HIV-1 infection with early antiretroviral therapy. N Engl J Med. 2011; 365:493-505.
[PubMed: 21767103]

91. Clark RA, Theall KP, Amedee AM, Dumestre J, Wenthold L, Kissinger PJ. Lack of association
between genital tract HIV-1 RNA shedding and hormonal contraceptive use in a cohort of
Louisiana women. Sex Transm Dis. 2007; 34:870-872. [PubMed: 17565332]

Contemp Clin Trials. Author manuscript; available in PMC 2017 June 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kourtis et al.

92.

93.

94.

95.

96.

97.

98.

99.

Page 17

Debiaggi M, Zara F, Spinillo A, De Santolo A, Maserati R, Bruno R, et al. Viral excretion in
cervicovaginal secretions of HIV-1-infected women receiving antiretroviral therapy. Eur J Clin
Microbiol Infect Dis. 2001; 20:91-96. [PubMed: 11305478]

Roccio M, Gardella B, Maserati R, Zara F, lacobone D, Spinillo A. Low-dose combined oral
contraceptive and cervicovaginal shedding of human immunodeficiency virus. Contraception.
2011, 83:564-570. [PubMed: 21570555]

Del Romero J, Castilla J, Hernando V, Rodriguez C, Garcia S. Combined antiretroviral treatment
and heterosexual transmission of HIV-1: cross sectional and prospective cohort study. BMJ. 2010;
340:¢2205. [PubMed: 20472675]

Donnell D, Baeten JM, Kiarie J, Thomas KK, Stevens W, Cohen CR, et al. Heterosexual HIV-1
transmission after initiation of antiretroviral therapy: a prospective cohort analysis. Lancet. 2010;
375:2092-2098. [PubMed: 20537376]

Fiore JR, Suligoi B, Saracino A, Di Stefano M, Bugarini R, Lepera A, et al. Correlates of HIV-1
shedding in cervicovaginal secretions and effects of antiretroviral therapies. AIDS. 2003; 17:2169—
2176. [PubMed: 14523273]

Neely MN, Benning L, Xu J, Strickler HD, Greenblatt RM, Minkoff H, et al. Cervical shedding of
HIV-1 RNA among women with low levels of viremia while receiving highly active antiretroviral
therapy. J Acquir Immune Defic Syndr. 2007; 44:38-42. [PubMed: 17106279]

Ofotokun I, Sheth AN, Sanford SE, Easley KA, Shenvi N, White K, et al. A switch in therapy to a
reverse transcriptase inhibitor sparing combination of lopinavir/ritonavir and raltegravir in
virologically suppressed HIV-infected patients: a pilot randomized trial to assess efficacy and
safety profile: the KITE study. AIDS Res Hum Retrovir. 2012; 28:1196-1206. [PubMed:
22364141]

Anton P, Herold BC. HIV transmission: time for translational studies to bridge the gap. Sci Transl
Med. 2011; 3:77ps11.

100. Burns DN, Dieffenbach CW, Vermund SH. Rethinking prevention of HIV type 1 infection. Clin

Infect Dis. 2010; 51:725-731. [PubMed: 20707698]

101. Baeten JM, Kahle E, Lingappa JR, Coombs RW, Delany-Moretlwe S, Nakku-Joloba E, et al.

Genital HIV-1 RNA predicts risk of heterosexual HIV-1 transmission. Sci Transl Med. 2011;
3:77ra29.

102. Cu-Uvin S, Snyder B, Harwell JI, Hogan J, Chibwesha C, Hanley D, et al. Association between

paired plasma and cervicovaginal lavage fluid HIV-1 RNA levels during 36 months. J Acquir
Immune Defic Syndr. 2006; 42:584-587. [PubMed: 16837866]

103. Goulston C, Stevens E, Gallo D, Mullins JI, Hanson CV, Katzenstein D. Human

immunodeficiency virus in plasma and genital secretions during the menstrual cycle. J Infect Dis.
1996; 174:858-861. [PubMed: 8843230]

104. Blish CA, McClelland RS, Richardson BA, Jaoko W, Mandaliya K, Baeten JM, et al. Genital

inflammation predicts HIV-1 shedding independent of plasma viral load and systemic
inflammation. J Acquir Immune Defic Syndr. 2012; 61:436-440. [PubMed: 22878424]

105. Cohen CR, Lingappa JR, Baeten JM, Ngayo MO, Spiegel CA, Hong T, et al. Bacterial vaginosis

associated with increased risk of female-to-male HIV-1 transmission: a prospective cohort
analysis among African couples. PLoS Med. 2012; 9:e1001251. [PubMed: 22745608]

106. Hughes JP, Baeten JM, Lingappa JR, Magaret AS, Wald A, de Bruyn G, et al. Determinants of

per-coital-act HIV-1 infectivity among African HIV-1-serodiscordant couples. J Infect Dis. 2012;
205:358-365. [PubMed: 22241800]

Contemp Clin Trials. Author manuscript; available in PMC 2017 June 05.



Page 18

Kourtis et al.

"€-AgH ‘2-QgH ‘1d7TS ‘a-49L ‘0T-711 ‘UNd9|8s-dS ‘UNdsIes-3s '€9TADS ‘YTADS 221D BE-dIN BT-dIN ‘T-dOIN ‘0T-dI ‘B-dNL ‘B-N4I ‘8- ‘T-T11 *9-711 8pnjoul siaxrew oc:EE_+

Author Manuscript

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 X
X X X X
X X X X
X X X X
X X
X
X X X X X
9z €T v ¢heq 0

X

X

X X X X

q

X

X X X X X

X X X X X

X

13

UsnigoiAd [eIAISI pUB POO|] Ul SIa3JeW UOIeAIoR Je[n||a
1831 AIH dn-mojjoy 10} yonsiabui4
:Ajuo uawom anirebau-A|H 104
Bunsay souesisal AIH
VNA/VYNY AIH TTAD pue [e3IARD
S[aA3] 1HV TIAD pue poojg
VNY AlH 10§ poojg
¥Qd 10} poolg
:Ajuo uawom aanisod-A|H Jo4

4+ SI{Iew sunwiwi 10j TTAD

VSd ‘awoliqooiw [eulfea ‘Junow 18m 1oy sqems [eulep
uoneuiwexs d1Ajad wnnaads

S|ana] auowloy wnias 1oy poojg

ASH/ddY 10} poolg

X Buruaaias AIH 404 xonsiabuly
winienual W ‘siyeurben -/ ‘sISelwosolsiyds 1oy aulin

12/09 Joy 8ulin

X 158] Aoueubaid Joj sulin
SWwexa pue s1sa) ge]

(a1qreatdde y1) uondalur vdina dn-mojjo4

uolreniul aAndadesuod pue UoneZIWopUey

1UBWISSasse A101sIy [entau|

X JUBWISSASSE [eJ1U]I pajIe1sg
X JUBSU0D PaWLIoU|

uoneniul aA1daoeIIU0d WOy SHBBAN

LISIA 9ISIA GISIA  pISIA oEISIA @ IBIA - el IBIA

ISIN3S Sa11IA10e ApniS

T alqeL

Author Manuscript

"(Apms fenur) susiA Apnis Jo 8nNpayos

Author Manuscript Author Manuscript

Contemp Clin Trials. Author manuscript; available in PMC 2017 June 05.



Page 19

Kourtis et al.

“USIA BUIUBBIS By} BUIMO||0f SBSUBL PUZ U} 4O 18SUO BU) JO SABP / UIYIIM INd20 PINOYS € HSIA,

"aseyd [ea1n] 8y} Ul ‘T JSIA Jale S}99M g SN0 Z u_m_>Q
“aseyd Jejnaijjo ayy Bulnp ‘UsIA Bulusaids syl Buimoljoy sasuswl 1ST 8y} Jo uona|dwod Jaye SAep € UIYIIM SINdJ0 T H_m_>m
‘proe

219]9NUOqUAX08p — WYNQ ‘Adeiay) [ein-0118111Ue — | HV ‘PIde 18]9nuoqLl — WYNY ‘abeae] [eu1BeAodInIad — TTAD ‘(ainsodxa uawias 1uadal Jo Jaxsew e) uabue o1310ads-are1sold — Sd ‘Snuia xajdwis
sadiay — ASH ‘uibe-al ewse|d pides — Hdy ‘sirewoydesy eipAweyd — 10 ‘aeaoyliouoh eLassisN — D9 ‘81e18y auoJalsaboidAxoipain 10dag — WdING ‘uswijolug/Buiusaids — 3/S :SUoleinaIqqy

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Contemp Clin Trials. Author manuscript; available in PMC 2017 June 05.



Page 20

Kourtis et al.

‘pareaipul Ajjeaiul]d i syuedionued anebau pue aanisod

AIH 410q Joy pawloyiad ag Aew Bunsa) [eUORIPPY JUBWISSaSSY AJ0ISIH [eAla)u] 0} sasuodsal uo paseq pajedipul Ajjeatul]d i sjuedionsed aanebau-AH Jo) pawdoyiad ag Aew uoneuiwexs o1Ajad Ez_sumo_m.Q

*3W1} 18U 1 PaUIeIqO q |[IM JUSSUOD

pauwLIojul pue ‘g USIA Jale awod Aew aseyd uoisuslxa ay) Burnp JSIA 1114 a3 ‘O1Ulfd 3y 0} 1odal 01 3|qe I Juedidnied e UsYM pue Q' UOISISA Juswipuswy Joj sjeaosdde gy| Jo Buiwn uo Buipuadag

q

'suonesado

10 [enuel Apnis ay3 ul papinoid souepinb Buisn syuedionued asay) Joy uoneasIuIWPe WYdIAQ JO 8|NPayds pajealpul A[[ea1ul]d JUa1INd 8yl Yl ap1aulod 0} SHSIA Apnis UoISUsIXa ay 4o Burwiy fewndo
3} BUIWIAIAP []IM Jels ApniS "S)SIA Apnis UoISUaIXa ayp uiiag Aayy awi ayy pue / JISIA paia|dwod Aayy awil ay) woiy siapiAoid apisIino Wwouy suonaaful panisdal aney Aew wie diNd ay} uo mccg_o_tmn_m

Author Manuscript

‘Adelay) [edIA0IBINUE — | MY ‘PIO8 J18[ONUOGL -NY ‘818180 auoialsafoldAxolpain 10d8Q — VdINQ SUONRIABIGQY

"panoidde Si 0'G UOISIDA JUBLIPUSWIY |090)0.d JaMe JISIA Aue e paurelqo aq Aew (9T—4T) SHSIA UOISUSIX3 APNIS 10 JUSSUOD PaWLIOsU|_
7

X X X X X X X X X 159} AIH dn-moj o} Jo} Monsiabuly
:Ajuo uswom anirebau-A|H 104

X X X X X X VNY AlH 10} 0[4-1e8] [e01AI8D
X X X X X X S|ana] 1V 10} abuods [9D-X98/N [euIBeA/0IAIRD
X X X X X X ouoneUIWEX® dIA[3d WNIN23dS
X X X X X X S[199 1 +¥dD 10} pooig
X X X X X X (LYW uo 41) sjans] LYV 10} poojg
X X X X X X VNY AlH Joj poojg
:AJuo uswom annisod-A|H o4

X X X X X X S|ana] auowloy wnias 1oy poojg
X X X X X X X X X 159] Aoueubaid 1oy aulin
,SWEXa pue s)sa) e

X X X X X X X X X (ajgearjdde 41) uonoalul wdinNg dn-mojjo4
X X X X X X X X X JuBWissasse A10IsIy [entaiu|
X gX 1UBSUOD paLIoU|

evT 0T PAns 0T 6 8L 59 zs 6 pUONENIUI 5ANDRIB.IUOD WO SYS
9T ISIN ST ISIA PTISIA  ETISIAN  CTISIA TTISIA OTISIA 61SIA 8ISIA sa11AI0e Apnis

¢ 9lqeL

Author Manuscript

Author Manuscript

‘(uoisuaixa Apnis) susIA Apnis Jo a|npayds

Author Manuscript

Contemp Clin Trials. Author manuscript; available in PMC 2017 June 05.



	Abstract
	1. Introduction
	2. Rationale for the study
	3. Methods
	3.1. Study objectives
	3.2. Study design
	3.3. Study population, location and personnel
	3.4. Sample size
	3.5. Statistical considerations
	3.6. Recruitment, screening, and enrollment

	4. Schedule of study visits
	5. Provisions for protecting privacy and confidentiality
	6. Protocol amendments
	7. Current status
	8. Discussion
	References
	Table 1
	Table 2

