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Background. A 25-mg dapivirine vaginal ring has been demonstrated to reduce risk of human immunodeficiency virus
(HIV) acquisition in nonpregnant adult women. In this secondary analysis of studies conducted in US adolescent, lactating, and
postmenopausal females, vaginal microbiota was assessed prior to and after ring use, and between dapivirine and placebo ring users.

Methods.
quantitative culture, and quantitative polymerase chain reaction.

Results.
imal shifts in microbiota. Adolescents in both arms demonstrated an increased prevalence of Lactobacillus crispatus and a decrease

Vaginal fluid swabs were collected before and after product use for the evaluation of microbiota using Nugent criteria,
Vaginal ring use did not impact bacterial vaginosis prevalence among the 3 populations and was associated with min-

in quantity of Megasphaera lornae. Postmenopausal active and placebo ring users demonstrated an increased prevalence of lacto-
bacilli and non-albicans yeast, while dapivirine ring users demonstrated an increased prevalence of Candida albicans and increased
quantity of group B Streptococcus and non-albicans yeasts. Prevotella species were increased in lactating women, whereas Prevotella
timonensis increased in prevalence and concentration among adolescent and postmenopausal females and Prevotella bivia increased

in prevalence among adolescent dapivirine ring users.
Conclusions.

ically significant.
Keywords.

Dapivirine vaginal ring use was associated with minimal changes in the vaginal microbiota that are likely not clin-

dapivirine; vaginal ring; preexposure prophylaxis; microbiota.

Globally, women are disproportionately burdened by the
human immunodeficiency virus (HIV) epidemic, as they con-
stitute more than half of all individuals living with HIV [1-3].
Socioeconomic structure, gender inequality, and constraints
on reproductive rights restrict women from negotiating safe
sexual practices. Developing safe and efficacious products that
can be used discreetly by women are paramount for preventing
the transmission and acquisition of HIV [4, 5]. Vaginal drug
delivery systems are being developed as an alternative route
for the administration of preexposure prophylaxis (PrEP)
[6-8]. Vaginal rings containing the antiretroviral compound
dapivirine (DPV) are currently being evaluated in African
adolescents  (ClinicalTrials.gov NCT03593655), pregnant
African women (NCT03965923), and breastfeeding women
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(NCT04140266). Two completed phase 3 studies evaluating its
efficacy in nonpregnant, reproductive-aged women suggests
that the DPV vaginal ring is an acceptable and well-tolerated
option for the prevention of HIV infection [9, 10]. The DPV
ring received a positive scientific opinion from the European
Medicines Agency and has been recommended for use by the
World Health Organization.

The vaginal microbiome is a complex environment and its
contribution to genital tract health and disease is well docu-
mented [11-18]. Studies assessing the impact of DPV drug re-
lease on vaginal microbiome stability are sparse [19-22]. Given
that bacterial vaginosis (BV) is associated with an increased
risk of acquiring HIV, drugs that are delivered locally ideally
should not impact or alter the innate protection provided by a
Lactobacillus-dominated vaginal microbiome. While Baeten et
al noted that the protection afforded by the DPV vaginal ring
did not differ by BV status [23], the impact among women in
a hypoestrogenic state, including lactating and postmenopausal
women where lactobacilli may be naturally depleted, is unknown.
Understanding the impact of topical antiretroviral compounds
on the vaginal microbiome in all women across the lifespan is
an important measure of the safety profile and should be con-
sidered when developing and testing microbicide products [24].
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The objective of this study was to perform an exploratory
analysis comparing the prevalence and concentration of specific
microbiota before and after DPV ring use in 3 trials conducted
in adolescent, lactating, and postmenopausal women.

METHODS

We performed a longitudinal analysis on 208 women enrolled
across 3 clinical trials conducted within the United States (US)
to assess the impact of DPV ring (25 mg) or placebo ring use on
specific vaginal microbiota compared to baseline. MTN-023/
IPM 030 (NCT02028338) was a multisite, phase 2a, random-
ized, double-blind, placebo-controlled trial evaluating the safety
and pharmacokinetics of DPV rings in sexually active cisgender
women aged 15-17 years. DPV or placebo rings were inserted
monthly for 6 months. Ninety-six participants were enrolled
across 6 sites [25]. MTN-024/IPM 031 (NCT02010593) was
also a phase 2a, multisite, randomized, double-blind, placebo-
controlled trial evaluating the safety and pharmacokinetics of
the DPV ring in postmenopausal women aged 45-65 years.
DPV or placebo rings were inserted monthly for 3 months.
Ninety-six participants were enrolled across 3 US sites [26].
MTN-029/IPM 039 (NCT02808949) was a 2-site, phase 1,
open-label trial evaluating the pharmacokinetic profile of the
DPV ring over 14 consecutive days of use in 16 healthy adult
cisgender women who were at least 6 weeks postpartum and
lactating (retaining the ability to express breast milk) but who
were willing to abstain from breastfeeding their infant during
study duration [27]. Premenopausal cisgender women were re-
quired to use a consistent and effective method of contraception
prior to and throughout the study. All participants with urogen-
ital complaints were excluded from enrollment. Protocols for
each study were approved by local institutional review boards,
and appropriate written consent and assent from adolescents
were obtained prior to participation in study activities.

Vaginal fluid was collected using polyester-tipped Dacron
swabs (Fisher Scientific, Pittsburgh, Pennsylvania) for the sepa-
rate evaluation of microbiota using Nugent criteria, quantitative
vaginal cultures, and quantitative polymerase chain reaction
(qPCR) prior to ring insertion and at 4 and 12 weeks during
ring use for each participant enrolled in both the MTN-023/
IPM 031 and MTN-024/IPM 031 studies. Additional swabs
were collected for each participant enrolled in MTN-023/IPM
031 at 24 weeks of ring use. Participants enrolled in MTN-029/
IPM 039 had vaginal fluid swabs collected prior to ring inser-
tion, on days 1, 7, and 14 during ring use, and 48 hours fol-
lowing ring removal.

Vaginal swabs collected for Nugent evaluation were im-
mediately rolled onto glass slides, which were air-dried and
shipped to a central laboratory at Magee-Womens Research
Institute (Pittsburgh, Pennsylvania) for processing and testing.
A Nugent score of 0-3 was considered optimal (Lactobacillus-
dominant), 4-6 was considered intermediate (presence of

lactobacilli and other bacterial morphotypes), and 7-10 was in-
dicative of BV (predominance of other bacterial morphotypes
and absence of lactobacilli) [28]. Vaginal swabs collected for
quantitative cultures were placed in a commercially prepared
transport collection system and shipped on ice packs to the
laboratory. Quantitative cultures were performed as previ-
ously described [29]. All distinct colonies present in culture at
their highest quantity were isolated, subcultured for purity, and
identified using characteristic colony, Gram stain morphology,
and appropriate biochemical testing. Yeast, Enterococcus
faecalis, Escherichia coli, group B Streptococcus (GBS), and
Staphylococcus aureus were selected for identification because
of their associations with yeast vulvovaginitis, urinary tract
infections, and/or toxic shock syndrome. Bacterial concentra-
tions derived by culture were reported as log, colony-forming
units/mL.

Vaginal swabs collected for qPCR were immediately placed
in a cryotube containing 400 pL of phosphate-buffered saline
and frozen at -70°C and shipped to the testing laboratory on
dry ice. Quantitative PCR was performed as previously de-
scribed [30]. In brief, bacterial DNA was extracted using
the QIAamp DNA mini kit (Qiagen, Valencia, California)
with additional modifications to maximize bacterial yield.
Previously developed primer sets targeting species-specific 16S
ribosomal RNA genes were utilized for qPCR assays and in-
cluded Lactobacillus crispatus, Lactobacillus iners, Lactobacillus
jensenii, Lactobacillus gasseri, Limosilactobacillus vaginalis (pre-
viously classified as Lactobacillus vaginalis) [31], Gardnerella
vaginalis, Atopobium vaginae, and Megasphaera lornae. Three
additional primer sets for the detection of Prevotella bivia,
Prevotella amnii, and Prevotella timonensis were referenced
from published sequences [32, 33] and adapted and valid-
ated for our qPCR platform as previously described [30].
Lactobacillus crispatus, L. jensenii, and L. gasseri were chosen
because of their association with low-diversity community
state types, whereas L. iners was selected because of its high
prevalence in women and because it represents the dominant
microorganism in one vaginal community state [34, 35]. Little
is known about the prevalence of Limosilactobacillus vaginalis
colonization in adolescent, postmenopausal, and lactating
women. The remaining targets were chosen because of their as-
sociation with BV. Additionally, P. bivia and P. timonensis were
chosen because of their association with increased genital tract
inflammation [36, 37]. Furthermore, P. bivia was associated
with an increased risk of HIV acquisition and poor outcomes
observed in previous studies evaluating topical PrEP [36, 38,
39]. Standard curves ranging from 10° to 10’ gene copies for
absolute quantification were constructed from linearized plas-
mids. Vaginal swab samples, standards, and all controls were
run in triplicate and detected and reported using a SYBR green
platform. Bacterial concentrations were reported as log,  gene
copies per swab.
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Statistical Methods

One-way analysis of variance and Fisher exact tests were used to
assess differences in demographic characteristics between the 3
cohorts. Prevalence and concentration of vaginal microbiota at
enrollment were compared between the placebo and DPV arms
and between the 3 study cohorts using Fisher exact test and the
Mann-Whitney U test, respectively. Mixed-effects linear re-
gression models were used to evaluate mean change in Nugent
score and concentration of vaginal microbiota prior to and
during placebo and DPV ring use. Modified Poisson regres-
sion models were used to compare the marginal prevalence of
microbiota prior to and during placebo and DPV ring use. All
swabs were analyzed for all participants. The median number
of swabs collected per participant was 4, 3, and 3 for the MTN-
023/IPM 031, MTN-024/IPM 031, MTN-029/IPM 031 studies,
respectively. Change in prevalence was expressed as relative risk
(with 95% confidence interval [CI] with values <1.0 [decrease]
and values >1.0 [increase]). Change in concentration was ex-
pressed as the mean value (with 95% CI). The qPCR concentra-
tion was reported as zero if detection was outside the range of
standard curves.

RESULTS

The mean age of participants in MTN-023 (adolescents),
MTN-024 (postmenopausal), and MTN-029 (lactating) was
16.2, 56.8, and 29.9 years, respectively (P < .001). Mean body
mass index (BMI) also differed with respect to participants.

Adolescents (BMI, 25.0 kg/mz) and lactating women (BMI,
26.8 kg/m’) had significantly lower BMIs than postmenopausal
women (BMI, 29.9 kg/mz) (P <.001). Adolescent females
were more likely to self-identify as black (47.3%) or Hispanic
(21.5%) compared with postmenopausal and lactating women
who identified predominately as white (62.8% and 62.5%,
respectively).

Figure 1 depicts the proportion of women stratified by ring
group and number of swabs evaluated for Nugent score, cul-
ture, and qPCR at each visit as not all women initially en-
rolled into the study completed all visits. At baseline, women
in each cohort differed with respect to Nugent score and vag-
inal microbiota (Table 1). Adolescent females (54.8%) were
more likely to have a Lactobacillus-dominant Nugent score
compared to postmenopausal (26.7%) and lactating women
(37.5%). Postmenopausal women (51.2%) were more likely to
have an intermediate Nugent score when compared to adoles-
cent females (16.1%) or lactating women (25.0%), and BV was
most prevalent in lactating women (37.5%) compared to ado-
lescent females (29.0%) and postmenopausal women (22.1%).
Compared with postmenopausal and lactating women, ado-
lescent females were more likely to have L. iners (P <.001), L.
jensenii (P = .025), Limosilactobacillus vaginalis (P = .018), M.
lornae (P = .039), and Candida albicans (P < .001) at baseline.

At baseline, there were no statistically significant differences
observed in Nugent scores and vaginal microbiota when com-
paring adolescent females in the DPV or placebo ring groups
(datanotshown). As shown in Table 2, few changes were observed

Total women enrolled across all studies
N =208
[

Total women with matched Nugent score, culture and qPCR results N = 195

MTN-023 MTN-024 MTN-029
(Adolescent) (Postmenopausal) (Lactating)
n =93 n =86 n=16
I | | | |
DPV PL DPV PL DPV
n=70 n=23 n =64 n=22 n=16

Study visits over 24 weeks

| | Study visits over 12 weeks |

Study visits over 2 weeks*

Participants with swabs Participants with swabs Participants with swabs
evaluated at each visit evaluated at each visit evaluated at each visit
Baseline: n=93 Baseline: n =386 Baseline: n=16
Week 4: n=90 Week 4: n =285 Week 4: n=14
Week 12: n =83 Week 12: n =381 Day 16: n=16
Week 24: n=74
Figure 1. Total swabs evaluated for Nugent score, quantitative culture, and quantitative polymerase chain reaction, stratified by study and visit. *Includes visit at day 16

(2 days post—ring removal). Abbreviations: DPV, dapivirine vaginal ring; MTN-023, adolescent females; MTN-024, postmenopausal women; MTN-029, postpartum, lactating

women; PL, placebo ring; gPCR, quantitative polymerase chain reaction.
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Table 1.

Comparison of Nugent Score and Vaginal Microbiota Across All Populations of Women at Baseline

Adolescent Females

Postmenopausal Women Lactating WWomen

Characteristic (n=93) (n =86) (n=16) PValue

Nugent score <.001
Normal 51 (54.8) 23 (26.7) 6 (37.5)
Intermediate 15 (16.1) 44 (51.2) 4 (25.0)
Bacterial vaginosis 27 (29.0) 19 (22.1) 6 (375)

Organism prevalence
Lactobacillus crispatus 33 (35.5) 22 (25.6) 2 (12.5) 12
Lactobacillus iners 74 (79.6) 37 (43.0) 7 (43.8) <.001
Lactobacillus jensenii 37 (39.8) 19 (22.1) 3(18.8) .025
Lactobacillus gasseri 31 (33.3) 21 (24.4) 5(31.3) .435
Limosilactobacillus vaginalis 32 (34.4) 15 (17.7) 2 (12.5) .018
Gardnerella vaginalis 68 (73.1) 49 (57.0) 11 (68.8) .072
Atopobium vaginae 44 (47.3) 27 (31.4) 6 (375) .089
Megasphaera lornae 23 (24.7) 10 (11.6) 1(6.3) .039
Prevotella bivia 36 (38.7) 21 (24.4) 3(18.8) .077
Prevotella amnii 17 (18.3) 6 (7.0) 1(6.3) .056
Prevotella timonensis 56 (60.2) 38 (44.2) 6 (37.5) .051
Enterococcus faecalis 25 (26.9) 18 (20.9) 2 (12.5) 434
Group B Streptococcus 17 (18.3) 7 (8.1) 1(6.3) .106
Staphylococcus aureus 7 (7.5) 1(1.2) 0 .097
Escherichia coli 19 (20.4) 19 (22.1) 1(6.3) .357
Candida albicans 23 (24.7) 2(2.3) 2 (12.5) <.001
Non-albicans yeast 0 3(3.5) 0 207

Data are presented as No. (%) unless otherwise indicated. Bold values indicate significant differences between populations at baseline.

in Nugent scores and prevalence or concentration of vaginal mi-
crobiota between adolescent females following 6 months of DPV
or placebo ring use. Although there was no increase in the prev-
alence of BV throughout ring use in either group, adolescent fe-
males using placebo rings had a marginal decrease in Nugent
score while using the ring (P = .03). Adolescent females in both
ring groups had an increase in prevalence of L. crispatus (DPV,
P = .03; placebo, P = .03) and a decrease in the concentration of
M. lornae (DPV, P = .002; placebo, P = .01), whereas adolescent
females in the placebo ring group had a decreased prevalence
of M. lornae (P = .03). Prevotella timonensis and P. bivia were
the only bacteria that differed between study arms. Prevotella
timonensis increased in prevalence and concentration among
adolescents using the DPV ring from baseline through study du-
ration (P =.01 and P = .02, respectively), and when compared
to placebo ring users (P =.02) in whom there were slight de-
creases in P, timonensis during ring use (P > .23). The differences
in P, bivia prevalence and concentration between the DPV and
placebo ring users (P < .05) were due to the slight increase in P
bivia among DPV ring users (P > .24) and the slight decrease in
placebo ring users (P > .23).

At baseline, postmenopausal women randomized to the
placebo group had a higher prevalence of P. amnii (P = .04),
whereas women randomized to DPV ring group had a higher
concentration of P. amnii (P = .02). No other differences were
observed in Nugent score or organism prevalence and/or con-
centration among postmenopausal women at baseline (data not

shown). As shown in Table 3, no changes were observed in prev-
alence of BV or Nugent scores among postmenopausal women
in either arm over 3 months of use. Minimal changes in vaginal
microbiota were observed among women in their respective
ring group during the study. Postmenopausal women using pla-
cebo rings had an increased prevalence of L. iners (P = .02) and
non-albicans yeast (P =.03). DPV ring users had an increase
in prevalence of L. gasseri (P = .02), increased concentration of
GBS (P =.009), and an increase in both prevalence and con-
centration for C. albicans (P = .02 for both, respectively) and
non-albicans yeasts (P =.03 and P =.02, respectively). Over
the study duration, the prevalence of yeast was lower than
reproductive-aged women. Escherichia coli concentration dif-
fered between study arms (P =.047) since placebo ring users
experienced a nonsignificant decrease and DPV ring users ex-
perienced a nonsignificant increase. Similar to adolescent fe-
males, detection of P. timonensis differed significantly over study
duration and between study arms with an increased prevalence
(P =.003) and concentration (P = .001) among DPV users only.

For lactating women, changes in prevalence and concentra-
tion of vaginal microbiota and Nugent score were evaluated
from baseline through 2 days post-ring removal after 2 weeks of
DPV ring use (Table 4). The concentration of P. bivia increased
marginally over DPV ring use (P =.005); however, no other
microbiota had statistically significant shifts in prevalence or
concentration over the study duration. Nugent scores remained
stable and no increases in BV prevalence were observed.
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Table 2. Change in Vaginal Microbiota Prevalence and Concentration Following Ring Use in Adolescent Females®

Dapivirine Vaginal Ring-004 PValue Placebo Ring PValue PValue

Organism (n=70) DPV vs Baseline (n=23) PL vs Baseline PL vs DPV
BV prevalence® 0.94 (.66-1.24) .73 0.63 (.36-1.11) N 21
Nugent score® -0.12 (-~.77 to .53) 72 —-0.79 (-1.49 to -.09) .03 A2
Lactobacillus crispatus

Prevalence® 1.27 (1.02-1.58) .03 1.37 (1.04-1.81) .03 .63

Quantity® 0.43 (-.05 to .91) .08 0.69 (-.06 to 1.44) .07 .56
Lactobacillus iners

Prevalence® 1.04 (0.96-1.12) .37 1.04 (.94-1.14) 44 .96

Quantity® -0.11 (-.66 to .34) .63 -0.12 (-.67 to .43) .67 .97
Lactobacillus jensenii

Prevalence® 0.98 (.83-1.15) .82 0.89 (.62-1.26) .50 .60

Quantity® —0.07 (-.47 to .33) 72 —0.15 (-.84 to .54) .68 .85
Lactobacillus gasseri

Prevalence” 1.22 (1.00-1.50) .051 1.27 (1.00-1.63) .055 .78

Quantity® 0.36 (-.02 to .73) .06 0.46 (-.03 to .96) .07 72
Limosilactobacillus vaginalis

Prevalence® 1.11 (.88-1.40) .36 1.35 (.97-1.88) .07 27

Quantity® 0.25 (.24 to .74) .32 0.59 (-.26 to 1.44) 7 46
Gardnerella vaginalis

Prevalence” 1.02 (91-1.13) .78 1.02 (.83-1.26) .86 .97

Quantity® -0.30 (-.82 t0 .23) .27 -0.29 (-1.13 to .55) .50 .99
Atopobium vaginae

Prevalence® 0.84 (.67-1.06) 14 0.85 (.68-1.23) .39 .98

Quantity® —0.58 (-1.19 to .03) .06 —-0.69 (-1.62 to .24) 15 .84
Megasphaera lornae

Prevalence® 0.74 (.55-1.00) .063 0.52 (.29-.93) .03 .28

Quantity® —0.53 (-.88 to -.19) .002 -0.70 (-1.25 to -.14) .01 .55
Prevotella bivia

Prevalence® 1.16 (.90-1.51) .25 0.82 (.66-1.19) .29 .050

Quantity® 0.23 (-.15 to .60) 24 -0.27 (-.70 to .16) .23 .02
Prevotella amnii

Prevalence” 0.88 (.58-1.33) .53 0.95 (.51-1.76) .87 .83

Quantity® -0.33 (-.83t0 .17) .20 -0.17 (-.96 to .61) .67 .70
Prevotella timonensis

Prevalence® 1.20 (1.04-1.38) .01 0.87 (.66-1.15) .32 .02

Quantity® 0.52 (.07-.97) .02 -0.38 (-1.13 to .36) .32 .02
Enterococcus

Prevalence” 0.99 (.73-1.34) .96 0.90 (.564-1.50) .69 .70

Quantity® -0.10 (-.52 t0 .32) .63 -0.28 (-.87 t0 .31) .35 .53
Group B Streptococcus

Prevalence® 1.16 (.74-1.84) .52 0.72 (.30-1.72) 46 .26

Quantity® 0.12 (-.33 t0 .57) .60 -0.44 (-1.12 to .24) .20 .10
Staphylococcus aureus

Prevalence” 0.85 (.39-1.88) 69 0.61 (.16-2.24) 45 64

Quantity® -0.01 (.27 to .26) .96 -0.04 (-.41 to0 .32) .82 .86
Escherichia coli

Prevalence® 1.15 (.70-1.88) .58 0.97 (.63-1.79) .93 .62

Quantity® -0.29 (-.84 to .26) .30 -0.43 (-1.00 to .14) 14 .61
Candida albicans

Prevalence® 1.05 (.80-1.39) 71 1.12 (.72-1.76) .62 .80

Quantity® 0.18 (-.12 to .48) 24 0.20 (-.36 to .75) 48 .96
Other yeasts

Prevalence® d d

Quantity® 0.17 (0-.38) .051 0.21 (-.02-to .43) .07 79

Sample sizes are 70 and 23 for DPV and placebo rings for gPCR samples, respectively. Bold values indicate statistical significance in either prevalence and/or quantity from baseline through

ring use.

Abbreviations: BV, bacterial vaginosis; DPV, dapivirine vaginal ring-004; PL, placebo ring.

“Microbiota prevalence and concentration evaluated at baseline and at 4, 12, and 24 weeks following ring use.

PChange in prevalence expressed as relative risk (95% confidence interval [Cl]); values <1.0 reflect a decrease, whereas values >1.0 reflect an increase; P value from modified Poisson re-

gression model.

Change in Nugent score and log,, quantity expressed as mean (95% Cl); values <O reflect a decrease, whereas values >0 reflect an increase; P value from mixed-effects linear regression

model.

9Unable to provide estimates as model did not achieve convergence; 3 participants in each group were colonized by other yeasts at one follow-up visit and one participant in the DPV group
was colonized by other yeasts at 2 follow-up visits.
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Table 3. Change in Vaginal Microbiota Prevalence and Concentration Following Ring Use in Postmenopausal Women®

Dapivirine Vaginal Ring-004 PValue Placebo Ring PValue PValue

Organism (n=64) DPV vs Baseline (n=22) PL vs Baseline PL vs DPV
BV prevalence® 1.11 (.73-1.67) .64 1.01 (.68-1.50) .95 74
Nugent score® -0.23 (-.80 to .34) 42 -0.48 (-1.18 t0 .23) .18 .58
Lactobacillus crispatus

Prevalence” 1.19 (.94-1.49) 15 1.02 (.70-1.49) .92 49

Quantity® 0.15 (-.19 to .48) .38 0.02 (-.37 to .40) .93 .61
Lactobacillus iners

Prevalence® 1.10 (.96-1.26) 18 1.22 (1.03-1.45) .02 .29

Quantity® 0.10 (-.21 to .42) .51 0.39 (-.16 to .93) .16 .36
Lactobacillus jensenii

Prevalence® 1.19 (.96-1.47) 12 0.80 (.48-1.32) .38 15

Quantity® 0.20 (-.14 to .65) 25 —0.02 (-.42 to .38) 92 42
Lactobacillus gasseri

Prevalence® 1.39 (1.06-1.82) .02 1.1 (.92-1.35) 28 .16

Quantity® 0.34 (-.04 to .73) .08 0.18 (-.11 to .48) .23 .51
Limosilactobacillus vaginalis

Prevalence® 1.03 (.72-1.48) .87 1.40 (.91-2.15) 12 .25

Quantity® 0.02 (-.32 to .37) .89 0.36 (-.18 to .90) 19 .30
Gardnerella vaginalis

Prevalence” 1.11 (.92-1.34) 27 1.01 (.78-1.30) .96 .50

Quantity® 0.13 (.36 to .63) .59 -0.35 (-1.15 to .45) .39 .28
Atopobium vaginae

Prevalence® 1.02 (.82-1.27) .88 1.03 (.60-1.78) .92 .97

Quantity® -0.01 (-39 t0 .37) .95 —-0.08 (-1.08 to .91) .87 .90
Megasphaera lornae

Prevalence” 1.20 (.90-1.60) 21 0.83 (.66-1.22) .34 A3

Quantity® 0.12 (-.07 to .30) 22 -0.16 (-.39 t0 .08) 19 .06
Prevotella bivia

Prevalence® 0.99 (.70-1.40) .96 0.43 (.14-1.38) .16 .16

Quantity® 0.02 (-.38 t0 .43) .90 —0.55 (-1.23 to0 .14) 12 Rl
Prevotella amnii

Prevalence® 1.15 (.64-2.07) .64 0.72 (.17-2.99) .65 155

Quantity® 0.06 (-.22 to .35) .67 -0.26 (-.73 to0 .21) 29 18
Prevotella timonensis

Prevalence® 1.42 (1.13-1.79) .003 0.91 (.61-1.35) .64 .03

Quantity® 0.94 (.38-1.50) .001 -0.39 (-1.04 to .27) .25 .001
Enterococcus

Prevalence® 1.01 (.68-1.50) ROB) 1.19 (.76-1.87) .45 .bb

Quantity® 0 (-.381t0 .37) .99 0.01 (.40 to .42) .96 .96
Group B Streptococcus

Prevalence® 1.72 (.94-3.18) .08 1.05 (.63-2.10) .88 24

Quantity® 0.47 (.12-.82) .009 0.14 (.21 to .50) 44 22
Staphylococcus aureus

Prevalence” 2.09 (.22-20.20) .52 4.05 (.37-44.33) .25 46

Quantity® 0.06 (-.09 to .20) 44 0.20 (-.16 to .55) .28 45
Escherichia coli

Prevalence® 1.23 (.82-1.83) 31 0.81 (.44-1.50) .51 .26

Quantity® 0.34 (-.16 to .83) 18 -0.28 (-.72 to .15) .21 .05
Candida albicans

Prevalence® 4.41 (1.26-15.44) .02 1.34 (.22-8.01) 75 14

Quantity® 0.33 (.06-.60) .02 0.09 (.22 to .41) .56 .26
Other yeasts

Prevalence® 2.06 (1.09-6.22) .03 3.88 (1.14-13.22) .03 A3

Quantity® 0.39 (.07-.70) .02 0.59 (-.04 to 1.21) .07 .69

Sample sizes are 64 and 22 for DPV and placebo rings for gPCR samples, respectively. Bold values indicate statistical significance in either prevalence and/or quantity from baseline through
ring use.

Abbreviations: BV, bacterial vaginosis; DPV, dapivirine vaginal ring-004; PL, placebo ring.

“Microbiota prevalence and concentration evaluated at baseline and at 4 and 12 weeks following ring use.

PChange in prevalence expressed as relative risk (95% confidence interval [Cl]); values <1.0 reflect a decrease, whereas values >1.0 reflect an increase; P value from modified Poisson re-
gression model.

“Change in Nugent score and log,, quantity expressed as mean (95% Cl); values <O reflect a decrease, whereas values >0 reflect an increase; P value from mixed-effects linear regression
model.
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Table 4. Change in Vaginal Microbiota Prevalence and Concentration Following Ring Use in Lactating Women®

Dapivirine Vaginal Ring-004 PValue

Organism (n=16) DPV vs Baseline
BV prevalence® 0.55 (.22-1.41) 22
Nugent score® 0.03 (-1.07 to 1.13) .95
Lactobacillus crispatus

Prevalence® d

Quantity® 0 (0-.01) 31
Lactobacillus iners

Prevalence® 1.07 (.92-1.24) .36

Quantity® 0.08 (-.20 to .35) .59
Lactobacillus jensenii

Prevalence” 1.52 (.79-2.91) 21

Quantity® 0.64 (-.43 to 1.70) 24
Lactobacillus gasseri

Prevalence” 0.80 (.50-1.28) 35

Quantity® -0.18 (-.62 to .26) 43
Limosilactobacillus vaginalis

Prevalence® 1.01 (.23-4.40) 98

Quantity® 0.18 (-.80 to 1.16) 72
Gardnerella vaginalis

Prevalence® g

Quantity® 0.11 (-.39 to .62) .66
Atopobium vaginae

Prevalence® 1.02 (.52-2.00) .94

Quantity® -0.10 (~1.55 to 1.35) .89
Megasphaera lornae

Prevalence® g

Quantity® 0.01 (-.01 to -.04) 32
Prevotella bivia

Prevalence” 2.27 (.98-5.27) .06

Quantity® 0.85 (.26-1.44) .005
Prevotella amnii

Prevalence® d

Quantity® 0 (0-.01) .32
Prevotella timonensis

Prevalence” 1.26 (.60-2.66) 54

Quantity® 0.63 (-.66 to 1.92) .34
Enterococcus

Prevalence® 1.82 (.47-7.06) .39

Quantity® 0.35 (.32 to 1.02) .31
Group B Streptococcus

Prevalence® 1.52 (.57-4.03) 40

Quantity® 0.26 (-.10 to .62) .16
Staphylococcus aureus

Prevalence® G

Quantity® ©
Escherichia coli

Prevalence” 0.52 (.03-9.24) 66

Quantity® -0.03 (-.36 to .30) .87
Candida albicans

Prevalence® 1.79 (.54-5.92) 34

Quantity® 0.55 (-.29 to 1.38) .20
Other yeasts

Prevalence® e

Quantity® ©

Abbreviations: BV, bacterial vaginosis, DPV, dapivirine vaginal ring-004. Bold values indicate statistical significance in either prevalence and/or quantity from baseline through ring use.

“Microbiota prevalence and concentration evaluated at baseline and 14 and 16 days of use.

bChange in prevalence expressed as relative risk (95% confidence interval [Cl]); values <1.0 reflect a decrease, whereas values >1.0 reflect an increase; P value from modified Poisson re-

gression model.

Change in Nugent score and log,, quantity expressed as mean (95% Cl); values <0 reflect a decrease, whereas values >0 reflect an increase; P value from mixed-effects linear regression

model.

9Unable to provide estimates as model did not achieve convergence; 2 participants remained colonized by L. crispatus at each follow-up visit; 11 participants remained colonized by G.
vaginalis at each follow-up visit; 1 participant remained colonized by M. lornae and 1 by P amnii.

©S. aureus and other yeasts were not detected at any visit in this cohort.
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DISCUSSION

Adolescent, postmenopausal, and lactating females using the
DPV ring for 6 months, 3 months, and 2 weeks, respectively,
experienced minimal perturbations in their vaginal microbiota.
BV incidence did not increase following ring use for any of the 3
cohorts. Although postmenopausal women randomized to the
DPV ring arm experienced increases in the concentrations of
GBS and prevalence and concentration of all yeasts, levels of
incident vaginitis remained low in this cohort with only 1.4%
of women in the DPV ring group and 2.8% of women in the
placebo ring groups having vulvovaginitis over the 3-month
product use period [26]. The incidence of Candida is gen-
erally low in postmenopausal women (~6%) [40]. Given the
lower incidence of vaginitis observed in this study compared to
the general population, it seems unlikely that significantly in-
creased incidences of vulvovaginitis from baseline would have
been observed in this cohort with >3 months of ring use.

In adolescent females and postmenopausal women, there
was an increased prevalence and concentration of P. timonensis
among DPV ring users only. Adolescent females and lactating
women using DPV rings also experienced minimal increases
in P, bivia prevalence and concentration, respectively, following
use. However, no increase in BV prevalence was observed in
either cohort. Previous phase 1 studies assessing changes in
genital tract microbiota with DPV ring use over time have also
reported increases in anaerobic gram-negative rods without
changes in Nugent scores [20, 41]. The clinical significance of
these findings is still unknown. In their study assessing the im-
pact of the vaginal microbiome on PrEP, Cheu et al poignantly
concluded that diagnosis of BV through species delineation
may be a better predictor than Nugent score for shifts in vag-
inal microbiota and may better explain variable host response
to topical PrEP [42].

Prevotella bivia and P. timonensis were found to be associated
with increased genital tract inflammation, a known factor for
increased risk of HIV acquisition [36-39]. Lipopolysaccharide
is posited to be how gram-negative rods may modulate inflam-
mation in the genital tract [12]. Increases in the prevalence
and concentration of P. timonensis could modify susceptibility
to infection similarly observed with P. bivia and warrants fur-
ther study. Recently, Cheu et al revealed that organisms in
cervicovaginal lavages collected from women with BV can me-
tabolize dapivirine and alter HIV infection in cells in vitro [42].
To our knowledge, the effects of dapivirine metabolism on bac-
terial growth have not yet been studied in vitro and it is unclear
if dapivirine or other antiretroviral drugs increase prevalence or
concentration of BV-associated organisms.

Adolescents in both arms experienced an increased preva-
lence of L. crispatus. Farr Zuend et al [19], in an independent
parallel study on a subset of samples from the adolescent co-
hort, used proteomics to identify shifts in the microbiota, and

also found a statistically significant increase in L. crispatus fol-
lowing ring use. It is possible that the enhanced access to care
and testing and treatment of sexually transmitted infections
during the study could have accounted for the shift toward an
L. crispatus—-dominant microbiome during ring use since this
was not observed among postmenopausal or lactating women.
While postmenopausal women randomized to the placebo arm
had an increased prevalence of L. iners and those randomized
to the DPV arm had an increased prevalence of L. gasseri over
3 months of use, the relevance, if any, of this finding is un-
known since these species are not considered to be as benefi-
cial as L. crispatus [43, 44]. The prevalence and concentration of
Limosilactobacillus vaginalis, previously known as Lactobacillus
vaginalis and recently emended, was evaluated among 685
healthy, asymptomatic, nonpregnant, sexually active women
aged 18-45 years across 5 US studies. It was detected in approx-
imately half of women (49.5%) with Lactobacillus-dominant
microbiota (Nugent score 0-3) but in lower concentration (in-
terquartile range, 0-5.4) [31, 45]. In the present study this mi-
croorganism was detected in 34% of US adolescents, 18% of
lactating women, and 13% of postmenopausal women at base-
line, but there were no changes in the prevalence or concentra-
tion of this organism during ring use. The role of this lactic acid
bacteria in the health of the vaginal microbiome remains to be
determined.

This study has several strengths and important limitations.
The study of adolescents included females 15-17 years of age
with >6 months of use and thus provides robust data on stability
of microbiota during ring use in younger adolescents. This study
is also strengthened by the inclusion of both lactating women
and adolescents, who are routinely overlooked when new HIV
prevention products are being evaluated. A strength of the
present study was that it included cultivation-based methods
for traditional pathogens, which are generally present at low
quantities and as minority members of the vaginal microbiome
and not detected using 16S sequencing methods. A limitation of
this study is the use of targeted qPCR for detection of selected
species associated with vaginal dysbiosis and health rather than
sequencing of the vaginal microbiome to identify community
states. However, the combination of evaluation of vaginal fluid
using Nugent criteria, which is well correlated with community
states in women of reproductive age, and the qPCR targets
should minimize the risk of missing major community shifts.
A second limitation of the present study is that these cohorts
of women were followed for variable lengths of time. Lactating
women were followed for only 2 weeks, which is a limitation re-
lated to this cohort’s participation in a short-term study prima-
rily focusing on measurement of drug transfer into breast milk.
The present study was dependent on samples collected in the
primary trials; however, it was reassuring that minimal changes
were observed in the vaginal microbiota across all 3 groups of
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women. This was an exploratory analysis and not powered to
make adjustments for multiple comparisons. We acknowledge
the possibility of false-positive findings; thus, significant find-
ings should be interpreted with caution and used to inform
larger future studies.

Vaginal microbiota and BV prevalence differed between
these cohorts at baseline. Except for P. timonensis and P.
bivia, any minimal changes in microbiota observed fol-
lowing ring use were also not consistent between cohorts,
highlighting the importance of studying how topical PrEP
impacts the vaginal milieu across the lifespan. Most studies
completed to date have focused on adult, reproductive-age
cisgender women and these findings are not generalizable to
adolescent, pregnant, postpartum, and postmenopausal gen-
ital tract physiology. Moreover, data establishing the safety
in transgender women are lacking. Life phases are charac-
terized by fluctuations in estrogen. Decreased estrogen can
result in modulation of the genital tract microbiome and
immune function and contribute to increased susceptibility
to HIV [46-50]. This exploratory analysis assessing vaginal
microbiota before and after ring use demonstrated that use
of the rings did not cause concerning increases in pathogens
associated with urinary tract infections, toxic shock, or vag-
initis. The rings had favorable safety profiles and excellent
tolerability in adolescents, lactating, and postmenopausal
women [25-27], and the present study extends those studies
to provide reassuring data on the impact of these rings on the
vaginal microbiome.
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