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Abstract

Background—Intravaginal rings (IVR) for HIV prevention will likely be used by women on 

depot medroxy progesterone acetate (DMPA) hormonal contraception. We used pigtailed 

macaques to evaluate the effects of DMPA on tenofovir disoproxil fumarate (TDF) IVR 

pharmacokinetics and viral shedding.

Methods—Mucosal tenofovir (TFV) levels were compared in SHIVSF162p3-negative DMPA-

treated (n=4) and normally cycling (n=4) macaques receiving TDF IVRs. Plasma viremia and 

vaginal shedding were determined in groups of SHIVSF162p3-positive DMPA-treated (n=6) and 

normally cycling (n=5) macaques.

Results—Similar median vaginal fluid TFV concentrations were observed in the DMPA-treated 

and cycling macaques over 4 weeks (1.2 x 105 and 1.1. x 105 ng/mL respectively). Median plasma 

viremia and vaginal shedding AUC of the DMPA-treated (2.73 x 107 and 8.15 x 104 copies/mL 

respectively) and cycling macaques (3.98 x 107 and 1.47 x 103 copies/mL respectively) were 

statistically similar.

Conclusions—DMPA does not affect TDF IVR pharmacokinetics or SHIV shedding.
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Introduction

Globally, 52% of those living with HIV are women. In areas of high HIV incidence, such as 

sub-Saharan Africa, women account for 57% of persons infected with HIV [1]. With no 

effective vaccine foreseeable in the near future, antiretroviral (ARV) therapy and 

preexposure prophylaxis (PrEP) play a pivotal role in controlling the epidemic [2]. The lack 

of efficacy due to poor adherence in the recent clinical trials with oral ARVs (VOICE, FEM-

PrEP) and moderate to suboptimal efficacy with topical gels (CAPRISA, FACTS-001 and 

VOICE) in women demonstrate a need for providing PrEP delivery options for women to 

improve adherence [3–6]. As shown with contraceptive preferences, women may choose 

HIV-prevention strategies based on their individual choices and their socioeconomic 

conditions [6–8]. Availability of multiple dosage forms may help improve adherence and 

thereby increase protection [9, 10]. Different topical PrEP delivery modalities such as 

intravaginal rings (IVRs), vaginal films, inserts and soft-gel capsules are being developed 

and tested [11–16]. The recent successes obtained in two clinical trials with IVRs delivering 

the potent non-nucleoside reverse transcriptase inhibitor, dapivirine, of greater than 65% 

reduction in HIV acquisition among women with high adherence (ASPIRE) and a 37% risk 

reduction among women over 21 (The Ring Study) highlight the potential of IVRs to 

increase adherence [9, 17, 18]. These successes have helped accelerate the development of 

other IVR/drug combinations.

Along with PrEP for HIV, a safe and effective long-acting contraceptive is vital to all 

women, and in particular to at-risk and HIV infected women to reduce the accompanying 

risk of unwanted pregnancy, maternal deaths and vertical transmission. A study comparing 

the cost-effectiveness of contraception use to nevirapine administration to HIV-positive 

mothers estimates that 28.6% more HIV positive births could be averted with contraception 

[19]. Depot medroxy progesterone acetate (DMPA), or Depo-Provera, administered as a 

three- month 150 mg intramuscular injection is a highly effective contraceptive with a 0.2% 

failure rate when used as recommended and represents 43% of the modern contraceptive 

method used in sub-Saharan Africa, the epicenter of HIV-1 infections [20–22].

We evaluated the efficacy of PrEP IVRs delivering tenofovir disoproxil fumarate (TDF, 

prodrug of tenofovir, TFV) in a non-human primate pigtailed macaque model in the 

presence or absence of DMPA [11, 12, 23]. In DMPA-naïve macaques, the IVR maintained 

levels of 1.8 x 105 ng/ml of TFV in vaginal fluid and tissues (approximately 80 times greater 

than the in vitro IC50), which are fully protective against repeat low-dose challenge with 

SHIVSF162p3 [23]. More recently, we showed that the TDF IVR can also significantly 

protect pigtailed macaques that received high-dose DMPA treatment every 6 weeks against 

12 weekly vaginal SHIVSF162p3 exposures [11]. The dose of DMPA was 30 mg per 

macaque, a slightly higher dose in mg/kg than the human dose of 150 mg. All control 

animals receiving a placebo ring became SHIV infected, whereas 5 of 6 animals receiving 

the TDF IVR were protected [11]. Since women at risk for HIV frequently use hormonal 

contraception (HC), it is important to study the biological effects of HC on mucosal drug 

pharmacokinetics (PK) and determine if such contraceptives modify PrEP PK [24, 25]. 

Moreover, as some women using DMPA and using an IVR delivering drugs for PrEP may 
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become HIV-infected, if IVR use is suboptimal, it is important to know if DMPA use would 

increase HIV shedding in such women.

In the current study we characterize, in depth, the impact of DMPA on the PK of the TDF 

IVR in SHIV naïve macaques. Data were compared to that obtained among cycling 

macaques that received the same TDF IVR [26]. In addition we evaluate safety of the IVR in 

such animals, using a panel of cytokine assays. To model the possibility of breakthrough 

infections in women using DMPA who may have suboptimal IVR use, we evaluated if 

macaques that received DMPA and became SHIV infected had higher plasma viral loads and 

increased viral shedding than normally cycling SHIV positive pigtailed macaques from a 

previous study [23].

Methods

Humane Care Guidelines

All macaques were housed at the Centers for Disease Control and Prevention, an AAALAC 

accredited facility, according to the Guide for the Care and Use of Laboratory Animals 

(National Research Council of the National Academies, 2010) under biosafety level-2 

containment conditions and the study was approved by the CDC Institutional Animal Care 

and Use Committee (IACUC).

DMPA and TDF IVR safety and PK

Four SHIV-negative DMPA-treated (30 mg intramuscularly, every 6 weeks) pigtailed 

macaques were enrolled in a two-arm crossover PK (TDF IVR and placebo IVR) study. 

Plasma progesterone levels were monitored (weeks 0 to 4.5) to determine if repeated DMPA 

administration suppressed endogenous progesterone production (data not shown) [11]. These 

macaques served as their own controls and completed both arms of the study with a five-

week washout period in between the crossovers. The rings were inserted on day zero (one 

week after DMPA administration) and left in place for 28 days. Vaginal secretions were 

collected with eight Ultracell surgical sponges (3.5 x 4 mm, Beaver-Visitec, Waltham, MA) 

on weeks −1, 0, 1, 2, 3, 4, 4.5 for drug content and cytokine analysis. TDF and TFV were 

quantitated by liquid chromatography-mass spectrometry in vaginal secretions [27]. The 

data were compared to that obtained among cycling macaques that received the same TDF 

IVR and was published previously [26]. We monitored for mucosal inflammation by the 

measurement of cytokines using a Milliplex™MAP (Millipore, Billerica, MA, USA) 

fluorescent multiplexed bead-based assay as previously described [28, 29].

DMPA and SHIV viral kinetics

We previously evaluated the effectiveness of the TDF IVR in a rigorous challenge model 

combining repeated DMPA administration of 30 mg every six weeks and twelve weekly 

vaginal exposures to SHIVSF162p3 [11]. In the six DMPA placebo IVR control animals, all 

became SHIV-infected and cervicovaginal lavages (CVL) for measurement of mucosal viral 

shedding were collected beginning after two consecutive positive plasma viral load 

measurements. The plasma viremia and mucosal shedding among the DMPA-treated 

pigtailed macaques was compared to that obtained from five SHIV-infected, HC-naïve 

Srinivasan et al. Page 3

J Med Primatol. Author manuscript; available in PMC 2020 April 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cycling control macaques from a previous study [23]. The plasma viral load and the viral 

shedding values for all macaques were determined by RT-PCR with a lower limit of 50 

copies/mL [30].

Data Analysis

PK—Wilcoxon matched-pairs signed-rank test was used to compare the proximal and distal 

vaginal fluid TFV levels obtained at weeks 1–4 among the DMPA-treated macaques. One-

way analysis of variance with Bonferroni adjustment for multiple comparisons was 

employed to compare TFV levels in vaginal secretions between the DMPA and cycling 

macaques [26]. The changes in cytokines and chemokines of the TDF and the placebo IVR 

macaques were monitored by Friedman test of the log-transformed values. These were 

followed by Wilcoxon signed-rank test with false discovery rate (FDR) adjusted p-values for 

post-hoc pairwise comparisons between each of 5 time points (weeks 1, 2, 3, 4, 4.5) and −1 

and 0.

Viral kinetics—Samples tested using the viral load assay that were below the limit of 

detection were given the value of 50 copies/mL. The cumulative plasma viral load and the 

cumulative viral shedding in CVL of the DMPA controls were compared to that of 

SHIVSF162p3 positive normally cycling macaques [11, 23]. The cumulative viremia and viral 

shedding was estimated as the area under the curve (AUC) [31]. The viremia and viral 

shedding AUC were included as a continuous variable and the two groups compared with 

Wilcoxon rank sum test [32].

Results

DMPA and TDF IVR safety and PK

Vaginal fluid was obtained from the DMPA-treated macaques at weeks 0, 1, 2, 3 and 4 to 

quantitate the mucosal TFV levels and these were compared to the median values for a 

similar time frame reported among cycling macaques (n=6) that received the same TDF IVR 

from a previous study [26]. Median vaginal fluid TFV concentration over 4 weeks among 

the DMPA-treated macaques (40 samples) was 1.2 x 105 (range, 7.5x 100 – 7.8 x 105) 

ng/mL, similar to that seen in the cycling macaques (96 samples), 1.1 x 105 (2.9 x 103 – 1.2x 

106) ng/mL from a previous study (Fig 1) [26]. As shown in figure 1 the distribution of TFV 

proximal to the IVR (median, 1.67 x 105 ng/mL, range 4.51 x 104 to 4.51 x 105 ng/mL) 

among the DMPA-treated macaques were higher than the distal vaginal fluid samples 

(median, 3.65 x 104 ng/mL, range 7.5 x 100 to 7.8 x 105 ng/mL) though the weekly proximal 

vs. distal difference was not statistically significant (Wilcoxon matched-pairs signed-rank 

test, p=0.1250).

We monitored mucosal cytokines to determine what effect, if any, the TDF and placebo 

IVRs had on proinflammatory cytokine production. Vaginal fluid was obtained at weeks −1, 

0, 1, 2, 3, 4, and 4.5 for the analysis. Friedman tests found differences over time in IL-8 and 

GCSF (TDF IVR) and IL-1β, IL-8, IL-15, MIP-1β, and GM-CSF (placebo IVR). FDR 

adjusted p-values for post-hoc pairwise comparisons between each of the 5 time points 

(weeks 1–4.5) and weeks −1 and 0, suggest changes in these cytokines were due to 
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differences among time points (weeks 1–4.5) signifying that the effects are not due to ring 

placement (Tables 1 and 2) [26].

DMPA and SHIV viral kinetics

The median plasma viremia AUC during the first 17 weeks of infection of the six DMPA-

treated macaques [2.73 x 107 (2.79 x 105– 4.47 x 108 copies/mL)] was similar (Wilcoxon 

rank sum test, p= 0.9307) to the median for the five macaques that were infected during the 

regular menstrual cycle [3.98 x 107(1.42 x 106 – 4.75 x 107copies/mL)], though a trend for a 

higher set point is seen among the DMPA-treated macaques (Fig 2a). Mucosal viral 

shedding AUC of the DMPA-treated macaques [8.15 x 104 (4.45 x 102– 1.13 x 106copies/

mL)] were higher than those of the regularly cycling pigtailed macaques [1.47 x 103(2.6 x 

102– 1 x 104 copies/mL)] though it did not reach statistical significance (Wilcoxon rank sum 

test, p= 0.1255) (Fig 2b).

Discussion

We demonstrate using the well-established pigtailed macaque model that repeated DMPA 

administration to macaques at a mg/kg dose that is greater than the dose used for humans 

does not affect TDF IVR PK in SHIV-negative macaques. Furthermore, we observed that the 

IVR does not induce inflammatory cytokines in the presence of DMPA. We also show that 

repeated DMPA does not affect SHIV plasma viremia and vaginal shedding.

With greater acceptance to PrEP delivered via IVR in areas where DMPA and other 

hormonal contraceptives are widely used, it is imperative to study potential interactions 

between drug PK and HC and determine if such contraceptives modify IVR PrEP PK and 

vice versa [24, 25]. While effects of DMPA on some other PrEP modalities have been 

conducted, no studies published thus far have evaluated the effects of DMPA on IVR PK. A 

sub-study analysis among female participants on DMPA and males (whose female partners 

were HIV-positive and on DMPA) on oral PrEP, either receiving daily TDF or TDF/

emtricitabine, found that the risk reduction rates were similar as compared to those receiving 

the ARV but not on DMPA [33]. This is consistent with a previous finding in pigtailed 

macaques where DMPA did not diminish oral TDF/emtricitabine efficacy [34]. However, 

these studies cannot address the impact of DMPA on long-acting topical PrEP. In our study, 

the repeated administration of DMPA at 30 mg every 6 weeks to pigtailed macaques did not 

alter mucosal TFV levels delivered via IVRs. TFV vaginal fluid levels were found to be 

equivalent in cycling macaques receiving the TDF IVR, with a similar distribution of 

proximal being greater than distal, regardless of whether DMPA-treated or not. The levels 

were comparable to those shown to be effective in protecting macaques against low-dose 

challenges with SHIVSF162p3 in the presence and absence of DMPA [11, 23]. These data 

taken together suggest that TDF IVR will be highly effective in women using DMPA.

We did not address in this study whether the TDF IVR affected HC PK. This is an important 

issue, as contraceptives are metabolized by cytochrome P450 enzymes which are known to 

be modulated by many ARVs [35, 36]. In women, the efficacy of contraceptives such as 

DMPA were found to be relatively stable with oral ARV usage [35]. Similarly, PrEP with 

dapivirine IVR was found not to inhibit HC effectiveness among women who received 
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injectable or implant HC [37]. Since plasma TFV is not detected in animals receiving TDF 

IVR in the presence or absence of DMPA, we would similarly not expect any negative 

impact of the TDF IVR on HC PK.

A number of studies have demonstrated a strong association between DMPA use and altered 

genital inflammatory status and increased recruitment of HIV target cells at mucosal entry 

sites [38, 39]. Mucosal cytokines were monitored throughout the study to determine what 

effect, if any, the TDF and placebo IVRs had on proinflammatory cytokine production. 

Mucosal cytokine changes were noted at some time points. However, FDR adjusted p-values 

for post-hoc pairwise comparisons suggested changes in these cytokines were due to 

differences among time points (weeks 1–4.5), signifying that the effects were not due to ring 

placement.

All prevention modalities from oral to topical PrEP will potentially have breakthrough 

infections owing to suboptimal use and lack of adherence [2, 3, 9, 17]. The macaque model 

provides an unique opportunity to help address concerns regarding suboptimal or 

intermittent PrEP dosing and thus inform human studies of the needs to improve delivery to 

achieve safe and efficacious ARV concentrations to prevent HIV infections [27, 40]. To 

mimic the possibility of breakthrough infections among women who use DMPA and who 

may use the IVR suboptimally, we evaluated if DMPA-treated macaques that became 

SHIVSF162p3 infected had higher plasma viral loads and vaginal shedding than normally 

cycling SHIVSF162p3 positive pigtailed macaques, using data from a previous study [23]. 

These studies are hard to conduct in clinical trials, as women who may become HIV positive 

would be referred to begin treatment with ARV. Studies of HIV shedding are important as an 

increase of HIV-1 RNA in genital secretions was shown to increase sexual transmission of 

HIV, and use of injectable contraceptives was shown to increase HIV-1 RNA levels in the 

genital tract [41]. A recent study analyzing plasma viral suppression and genital HIV 

shedding among 1,079 HIV positive women commencing HIV treatment from three clinical 

trials in South Africa demonstrated that HC does not delay the time to viral suppression in 

plasma and does not increase genital shedding [42].

Repeated high-dose DMPA administration to pigtailed macaques did not cause a significant 

increase in plasma viremia in the limited sample size studied. The median plasma viremia 

AUC was similar to that reported among SHIVSF162p3 positive normally cycling macaques, 

though a trend for a higher set point is seen among the DMPA-treated macaques. Similarly, a 

study of a lower dose of DMPA in pigtailed macaques did not cause an increase in plasma 

viremia in SHIVSF162p3 positive macaques [43]. In the present study, an insignificant 

increase in vaginal shedding was observed among the DMPA-treated macaques, when 

compared the normally cycling SHIV-positive macaques. Similarly, a low DMPA dose did 

not cause an increase in mucosal shedding in SHIVSF162p3 positive macaques [43].

Unlike human cross-sectional data where the effects of DMPA on plasma viremia and 

shedding may not be accurately estimated owing to the long gap between sample collections, 

the repeat low-dose pigtailed macaque challenge model allows for longitudinal and repeated 

sampling. The absence of a statistically significant increase in plasma viremia and shedding 

in this rigorous model (combining a high dose of DMPA with repeated SHIVSF162p3 
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administration) during the first 17 weeks of infection suggests that DMPA may not enhance 

the risk of HIV transmission to others during acute infection.

There are some key limitations to our study such as small sample size, and lack of true 

DMPA controls without an IVR. The effects of the placebo ring, if any, on the plasma 

viremia and vaginal shedding in DMPA-treated macaques cannot be separated. However, the 

absence of IVR related increases in mucosal cytokines would suggest that the IVR may have 

minimal effects on shedding. Additionally, we do not report on concentrations of vaginal 

tissue TFV or the intracellular active form of TFV, tenofovir diphosphate levels.

In summary our results demonstrate that repeated DMPA administration does not have 

undesirable effects on HIV kinetics and TDF IVR PK in our model. These findings further 

support the clinical evaluation of the TDF IVR even among DMPA-treated women. The 

model presented here could be useful for defining interactions between the PK of other 

potential drugs for topical PrEP and other types of HC in a rigorous setting, and assess the 

effects if any of the contraceptive on ARV efficacy to prevent HIV infection.
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Fig 1. 
Tenofovir levels are undistinguishable between DMPA-treated and cycling macaques: TFV 

levels were measured from vaginal secretions obtained proximal (gray circle) and distal 

(gray triangle) to the IVR throughout the study (weeks 1, 2, 3, 4). Each symbol (gray circle 

and gray triangle) represents a single animal receiving DMPA and the median values are 

indicated by bars. Red symbols (red circle-proximal and red triangle- distal) indicate median 

TFV values obtained in vaginal fluids from six cycling macaques from a previous study 

[26]. The individual TFV vaginal fluid levels in cycling macaques are not shown here and 

have been published previously [26]. One-way ANOVA with Bonferroni adjustment for 

multiple comparisons was employed to compare TFV levels in vaginal secretions between 

DMPA and cycling macaques. The mucosal TFV concentration among the DMPA-treated 

macaques were similar to that seen in the cycling macaques.
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Fig 2. 
Viral RNA kinetics (mean with SEM) in SHIV positive DMPA-treated and regular cycling 

pigtailed macaques: Plasma viremia (a), and mucosal viral shedding (b) were determined by 

RT-PCR. Samples that were below the limit of detection were given the value of 50 

copies/mL. The cumulative viremia and viral shedding were estimated as the area under the 

curve (AUC). The viremia and viral shedding AUC were included as a continuous variable 

and the two groups compared with Wilcoxon rank sum test. Although there is a trend of 

higher plasma viral load and vaginal shedding with the DMPA group, the differences were 

not found to be statistically significant.
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