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Problem: Contraceptive hormones are systemically active, potent, and likely to in-
voke biological responses other than known fertility regulation impacts. We hypoth-
esized that initiation of depot medroxyprogesterone acetate (DMPA) would increase
genital HIV-target-cells and soluble immune mediators compared with baseline and
initiation of other contraceptive methods.

Method of Study: We collected cervical cytobrushes and cervicovaginal fluid from
healthy Zimbabwean women aged 18-34 to assess immune cell populations, cy-
tokines, and innate anti-HIV activity at baseline and after 30, 90, and 180 days use
of DMPA (n = 38), norethisterone enanthate (n = 41), medroxyprogesterone acetate/
estradiol cypionate (n = 36), levonorgestrel implant (n = 43), etonogestrel implant
(n=47), or copper intrauterine device (Cu-lUD) (n = 45). Cells were quantified by flow
cytometry, cytokines were detected by multiplex assays, and innate anti-HIV activity
was assessed by in vitro HIV challenge.

Results: Compared to baseline, the number of cervical HIV target cells (#CD4 cells
P < .04 and #CD11c cells P < .04), the concentration of the inflammatory cytokine
IL-1B (P < .01), and the innate in vitro anti-HIV activity (P < .001) significantly de-
creased following DMPA initiation. In Cu-lUD users, genital HIV target cells in-
creased (#CD4 cells P < .001, #CD4CCR5 cells P = .02, #CD4CD69 cells P < .001,
#CD8CD69 P = .01, and #CD11c cells P = .003) at day 30 and resolved by day 180.
IFN-y (P < .001), IL-1p (P < .001), IL-6 (P < .001), IL-8 (P < .001), IL-10 (P < .01), and
RANTES (P < .001) were also significantly increased at day 30. Minimal alterations
were observed following initiation of subdermal implantable contraceptives.
Conclusions: This head-to-head study compared six contraceptives and found in-
creased HIV target cells and cervical inflammation temporally associated with Cu-
IUD initiation. Use of hormonal contraception, including DMPA, did not increase
cervical HIV target cells or inflammation.

Clinical Trial Number: NCT02038335
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1 | INTRODUCTION

Globally, approximately 60% of all reproductive-aged women use
modern contraception, including ~256 million intrauterine device
users and ~93 million injectable contraceptive users.> Observational
studies evaluating HIV acquisition risk associated with contraceptive
use suggest that use of depot medroxyprogesterone acetate (DMPA)
may be associated with increased risk,% however, no substantial dif-
ference in HIV risk among DMPA, copper intrauterine device (Cu-
IUD), and levonorgestrel implant (LNG-1) users was demonstrated in
a recent randomized trial.*

Increased susceptibility to HIV has been reported in women
having vaginal dysbiosis®? and increased genital inflammation.'*?
Since immune cells are primary targets for HIV transmission, there
is biologic plausibility for increased HIV acquisition risk associated
with increased local inflammation, target cell density, dysbiosis, and
decreased innate anti-HIV activity, any of which may be impacted by
contraceptive use.

Contraceptives vary by composition (hormonal or non-hor-
monal and types of hormones), route of delivery (oral, transder-
mal, subdermal, injectable, vaginal, and intrauterine), and resultant
drug pharmacokinetics and pharmacodynamics. This heterogene-
ity, compounded by the phenomenon of frequent contraceptive
switching, has challenged careful study of biological changes in
women.

We aimed to evaluate the impact of contraceptive initiation and
use on genital tract immune cells, soluble mediators of inflammation,
and innate anti-HIV activity, all of which could alter HIV susceptibil-
ity. We evaluated CD4 and CD8 T-cells, CD11c" antigen-presenting
cells (APCs), as well as cellular expression of CCR5 (HIV co-receptor)
and CD69 (activation marker), all implicated as necessary or import-
ant for acquisition of HIV in women. 1% We hypothesized that initi-
ation and use of DMPA would increase genital tract HIV target cells
and soluble immune mediators compared with baseline and to use of

non-injectable contraceptive methods.

2 | METHODS

We performed a parallel longitudinal cohort study (ClinicalTrials.gov
number: NCT02038335) of healthy Zimbabwean women initiating
contraception with an injectable (DMPA, Net-En, MPA/EC), an im-
plant (LNG-I or ENG-I), or a Cu-l1UD (copper T380A 1UD). The study
was designed to assess genital tract changes in HIV target cells, im-
munoregulatory cytokines, and innate anti-HIV activity compared
to baseline with each woman serving as her own control after 30,
90, and 180 days of contraceptive use relative to quantified serum
progestogen concentrations. The primary objective was change

from baseline in lower genital tract HIV target cells after 90-days

of continuous contraceptive use. At each visit, we quantified serum
progesterone, levonorgestrel (LNG), etonogestrel (ENG), norethin-
drone (NET), and medroxyprogesterone acetate (MPA) concentra-
tions, covering the spectrum of regionally available progestins as
previously described.?® Participants having confirmed non-study
hormone use at enrollment or follow-up were not included in this
analysis.

We calculated a sample size of 35 women in each group would
provide 80% power to detect a 20% change in HIV target cell popula-
tions, based on a paired samples t test and a mean CD3*CD4"CCR5*
cell recovery from cervical cytobrush at enrollment observed in a
prior study.'® To account for the use of non-parametric statistical
methods and loss to follow-up, we planned to enroll 50 women per
contraceptive group.

All participants were enrolled at Spilhaus Family Planning
Centre in Harare, Zimbabwe and signed informed consent before
study participation. The protocol was approved by the University
of Pittsburgh Institutional Review Board and The Medical Research
Council of Zimbabwe.

2.1 | Study population

Eligible women were healthy, aged 18-34 years, HIV negative, non-
pregnant and reported regular menstrual cycles. Women were ex-
cluded if within 30 days of enrollment they: (a) self-reported any
hormonal or intrauterine contraceptive use; (b) underwent any geni-
tal tract procedure including biopsy; (c) were diagnosed with any
urogenital tract infection; (d) used any oral or vaginal antibiotics, oral
or vaginal steroids, or any vaginal product or device except tampons
and condoms. Women were also excluded if they used DMPA within
10 months of enrollment, were pregnant or breastfeeding within
60 days of enrollment, had a new sexual partner within 90 days of
enrollment, or had a prior hysterectomy or malignancy.

Screening included urine pregnancy testing, 2 rapid HIV screen-
ing tests, and collection of cervicovaginal fluid by swab to biolog-
ically confirm absence of genital tract infections as previously
described.*¢%° Eligible participants then presented for enrollment
during the follicular phase of menses (self-reported day 1-14). At
enrollment and every follow-up visit, participants were free of vagi-
nal bleeding and had refrained from vaginal and anal intercourse for
>48 hours (self-report). Contraceptives were administered immedi-
ately following sample collection by a study clinician per standard
practice at enrollment and as clinically indicated at follow-up visits,
with strict adherence to the varied dosing schedules of three inject-
able contraceptives: every 30, 60 and 90 days for MPA/EC, Net-En,
and DMPA, respectively. Laboratory personnel in Zimbabwe and the
United States was masked to participant clinical status, including the

contraceptive group.
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2.2 | Sample collection and processing

Peripheral blood mononuclear cells (PBMCs), endocervical cyto-
brush, neat vaginal fluid, and cervicovaginal lavage samples were
collected at enrollment and at 30, 90, and 180 days, placed on
ice and received by the Zimbabwean laboratory within 2 hours of
collection. Blood and genital tract samples for hormonal and flow
cytometric analyses were processed as previously described.}¢”
Peripheral blood mononuclear cells (PBMCs) were obtained by veni-
puncture using Vacutainer® CPT tubes (BD Biosciences). Tubes were
centrifuged at 1300 g for 30 minutes with the brake off. The cell
layer was removed, washed twice with DPBS (Corning) by centrifu-
gation at 400 g, resuspended in 2 mL of DPBS, and viable cells were
counted using Trypan blue (Sigma-Aldrich) exclusion.?! Endocervical
specimens were obtained by inserting a cytobrush (Cooper Surgical,
Trumbull, CT) into the cervical os, rotating 360°, and placing in
4 mL RPMI-1640 medium supplemented with 25 mmol/L HEPES,
L-glutamine, and 10% fetal bovine serum (tRPMI). In the laboratory,
mucus and cells were recovered by scraping the cytobrush on a poly-
propylene conical tube while rinsing with tRPMI until no visible ma-
terial remained. The suspension was filtered through a 70 um mesh
filter (BD Biosciences) using a rubber-tipped plunger from a 5cc sy-
ringe while rinsing with tRPMI to push all material through the filter.
We centrifuged the sample at 400 g for 10 minutes, decanted the su-
pernatant, resuspended the pellet in 1 mL DPBS, and counted viable
cells by Trypan blue exclusion. Neat vaginal fluid was collected from
the posterior fornix with four Dacron swabs, one was used for bac-
terial vaginosis assessment according to Nugent criteria,?? and the
others were immediately placed in sterile cryovials. Cervicovaginal
lavage (CVL) was collected from the posterior fornix after rinsing the
vagina and cervix with 10 mL sterile PBS for 2 minutes. Swabs and
CVL were transported to the laboratory on ice and stored at -80°C.

2.3 | Flow cytometry

Cell suspensions were adjusted to 1 x 10° cells/mL with DPBS and
stained per manufacturer's instructions using LIVE/DEAD® Fixable
Near IR (Thermo Fisher Scientific). Cells were washed with 1 mL flow
cytometry staining buffer (FACS) (Thermo Fisher), centrifuged (400 g
for 5 minutes) and stained with titrated fluorochrome-conjugated
antibodies (BD Biosciences) specific for: CD3(PerCP), CD8(AmCyan),
CDA4(FITC), CD195(CCR5)(PE-Cy"7), CD196(CCRé)(AlexaFlour®647),
CD69(PE), and CD11¢(V450). Samples were volume adjusted (100 plL
with FACS), incubated (25 minutes, room temperature, protected from
light), washed (1 mL FACS), centrifuged (400 g for 5 minutes), washed
(2 mL cold RBC Lysis Buffer (ThermoFisher) for 2 minutes), diluted
(2 mL of cold DPBS), centrifuged (400 g for 5 minutes), decanted, and
resuspended (200 uL of FACS). The stained fresh samples were tem-
porarily stored at 4°C until flow cytometric analysis was conducted. No
samples were frozen prior to flow cytometric analysis.

Cell populations were analyzed using a FACS Canto-Il flow cy-

tometer (BD Biosciences) and FlowJo software v.10.0.5 (TreeStar).
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Single color compensation was applied specific for each fluoro-
chrome-conjugate. T-cell populations were identified using forward
and side scatter. Fluorescent-minus-one (FMO) controls were utilized
to define gate positions. Application settings were held constant for
the entirety of the study and used to control for fluctuations in flow
cytometer performance and lot variations in control beads. Two ad-
vanced flow cytometrists (KAS and MAB) masked to contraceptive
group, independently reviewed and agreed upon gating parameters

for each sample.

2.4 | Soluble mediators

We quantified interferon-gamma (IFNg), interleukin 1 beta (IL-1b),
interleukin 6 (IL6), interleukin 8 (IL8), interleukin 10 (IL10), and
RANTES in vaginal fluid by adding 1 mL PBS to each thawed vaginal
swab and agitating at low speed and room temperature for 2 hours.
We filtered the sample using Costar® Spin-X Centrifuge Tube Filter
(Corning), tested the eluent in duplicate for cytokines using magnetic
bead kits (EMD Millipore) according to manufacturer instructions,
and analyzed with MAGPIX and xPONENT® 4.2 software (Luminex).

2.5 | Innate in vitro anti-HIV activity in vaginal fluid

We treated TZM-bl cells with CVL fluid or control buffer prior to
challenge with HIV-1;,, as previously described?® to assess innate
anti-HIV-1 activity in vitro. Results are reported as percent HIV sup-

pression associated with CVL relative to the buffer-only control.

2.6 | Statistical analysis

Statistical analysis was performed using SPSS® Statistical software
version 23.0 (IBM Corporation), and statistical tests were evalu-
ated at the 2-sided .05 significance level. Cell quantities were re-
ported as “cells per cytobrush.” For each participant, we assessed
change at follow-up compared to the baseline visit (untreated con-
trol). Differences in enrollment characteristics between the groups
were assessed using one-way analysis of variance, Kruskal-Wallis,
and Fisher's exact tests, where appropriate. Differences in levels of
expression from baseline to follow-up were evaluated using paired
Wilcoxon signed-rank tests. Given that we previously demonstrated
an increase in BV after initiation of Cu-IUD in this cohort,?° to un-
derstand if BV was driving any observed changes, we additionally
analyzed women who initiated Cu-lUD limited to those who were
negative for BV at all visits. Non-parametric tests were used to eval-
uate expression of immune cells, soluble mediators, and innate in
vitro anti-HIV activity as graphical displays of the data indicated that
they did not follow a gaussian distribution. Within each contracep-
tive method (DMPA, Net-En, MPA/EC, LNG-I, ENG-I, Cu-lUD), com-
partment (local vs systemic) and follow-up visit (30-, 90-, 180-day),

seven hypotheses were tested for immune cell changes (number of
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cells and percent parent population of CD3*CD4*, CD3*CD4"CCR5",
CD3*CD4'CD69*, CD3"CD8*, CD3"CD8*CCR5", CD3*CD8"CD69,
CD3*CD11c") and seven hypotheses were tested for changes in sol-
uble mediators (IFNg, IL-1b, IL6, IL8, IL10, RANTES, innate in vitro
anti-HIV activity). To control the type | error for the analyses of mul-
tiple endpoints, the Holm-Bonferroni sequential correction®* was
used to adjust the P values presented in the tables. Outcome data
are reported as medians with corresponding interquartile ranges and

percent change from baseline.

3 | RESULTS

3.1 | Participant enrollment and demographic
characteristics

Figure 1 is a flow diagram of all screened participants. Based on
ultra-high-performance liquid chromatography tandem mass spec-
trometry (UPLC/MS/MS), 327 (73%) enrolled women were free of
exogenous progestins at enrollment and of these, 276 (84%) were in
the follicular phase of menses (progesterone <1000 pg/mL) and 51
(16%) were not (progesterone 21000 pg/mL), with median proges-
terone values of 41 (IQR 12.5, 64.8) and 4758 (IQR 2430, 8245) pg/
mL, respectively. As previously reported, phase of the menstrual
cycle (follicular vs non-follicular) did not significantly impact BV

| Assessed for Eligibility (n = 971) |

prevalence (P > .09).2° Of the enrolled participants, 250 (55%) were
evaluable (Figure 1) and initiated contraception with: DMPA (n = 38),
norethisterone enanthate (Net-En) (n = 41), medroxyprogester-
one acetate/estradiol cypionate (MPA/EC) (n = 36), LNG-I (n = 43),
etonogestrel implant (ENG-I) (n = 47), and Cu-IUD (n = 45). Follow-up
visits were conducted at day 30 (median day 29, interquartile range
[IQR] 28-32), day 90 (median day 87.5, IQR 86-91), and day 180 (me-
dian day 177, IQR 175-182) after initiation and continuous contra-
ceptive use.

Evaluable participants were less likely than non-evaluable partic-
ipants to select DMPA (15% vs 25%) and more likely to select ENG-I
(19% vs 9%) and Cu-1UD (18% vs 11%) (P = .001). Evaluable partici-
pants were older (27 + 4 vs 26 + 4 years, P = .02) and otherwise did
not differ in demographic or sexual behavioral features compared
with non-evaluable participants.

Among evaluable participants in self-selected contraceptive
groups, women opting for DMPA had lower BMI, whereas women
opting for Cu-lUD had less frequent intercourse and were less
likely married/living with a partner (Table 1). Of evaluable partici-
pants, 245/250 (98%) reported sexual partners at enrollment, with
no difference by group. Frequency of sexual intercourse was sim-
ilar between the groups throughout the study with the exception
of increased sexual frequency at the 180-day visit among injectable
contraceptive users compared to women using implants or Cu-lUD

(P = .04). Five of the 451 total enrolled women seroconverted to

Participants in screening at
study completion (n = 344)

‘ Enrolled (n =451) ‘

Excluded (n=176)

HIV+ (1=105)

Pregnant (n=38)

Syphilis (n=6)

Irregular menstrual cycles (n=5)
Self-reported contraceptive use (n=3)
Antibiotic use (n=1)

New sex partner (n=1)

Declined to participate (n=17)

Discontinued post-enrollment (n=196)
Disqualified for non-disclosed hormonal contraceptive use at enrollment (n=120)
Luteal phase pregnancy at enrollment (n=3)
Positive chlamydia at enrollment (n=1)
Non-study contraceptive use at follow-up:
Day 30 (n=14), Day 90 (n=15), Day 180 (n=11)
Participant withdrawn before Day 90 follow-up (n=20)
(4 refused further participation; 16 unable to adhere to protocol schedule)
Participant withdrawn after Day 90 follow-up (n=12)
(6 refused further participation; 6 unable to adhere to protocol schedule)

Removed from analysis (n=5)
Missing data at Day 30 (n=1) or 90 (n=1)
Lost to follow-up (n=2)
Death (unrelated to study) (n=1)

Y

Evaluable (n=250)

V

Depot medroxyprogesterone acetate (DMPA, n=38)

Norethisterone enanthate (Net-En, n=41)

Medroxyprogesterone acetate and estradiol cypionate (MPA/EC, n=36)
Levonorgestrel implant (LNG-1, n=43)

Etonogestrel implant (ENG-I, n=47)

Copper intrauterine device (Cu-IUD, n=45)

FIGURE 1 Diagram of participant
flow from eligibility assessment to final
categorization
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TABLE 1 Demographic characteristics of evaluable participants by self-selected contraceptive group

Evaluable participants

DMPA Net-En MPA/EC LNG-I ENG-I P-
(n=238) (n=41) (n=36) (n=43) (n=47) Cu-1UD (n = 45) valuet
Age,y 264+43 264 +3.8 284+44 26.6+4.1 27.5+3.7 27.8+4.4 4%
Gravidity (median, IQR) 2(1.75,3) 2(1,2) 2(2,3) 2(1,3) 2(1,3) 2(1,3) 138
Parity (median, IQR) 2(1.75,3) 2(1,2) 2(2,2.75) 2(1,2) 2(1,3) 2(1,2.5)
Body mass index (kg/m?) 23.2+3.3 244+ 4.4 26.9+5.8 26.4+4.2 25.3+4.5 26.6+5.2 .002*
Ethnicity
Shona 36 (94.7%) 40 (97.6%) 34 (94.4%) 39 (90.7%) 44 (93.6%) 41 (91.1%) .83
Other 2 (5.3%) 1(2.4%) 2 (5.6%) 4(9.3%) 3(6.4%) 4(8.9%)
Marital status
Married 33(86.8%) 36 (87.8%) 34 (94.4%) 39 (90.7%) 40 (85.1%) 30 (66.7%) .017
Not married 5(13.2%) 5(12.2%) 2 (5.6%) 4(9.3%) 7 (14.9%) 15 (23.3%)
Partner status
Lives with partner 33 (86.8%) 36 (87.8%) 33(91.7%) 38(88.4%) 41 (87.2%) 29 (64.4%) .019
Does not live with partner 5(13.2%) 5(12.2%) 3(8.3%) 5(11.6%) 6(12.8%) 16 (35.6%)
Education
Primary or less 8(21.1%) 1(2.4%) 3(8.3%) 3(7.0%) 8 (17.0%) 5(11.1%) .09
Secondary or more 30 (78.9%) 40 (97.6%) 33 (91.7%) 40 (93.0%) 39 (83.0%) 40 (88.9%)
No condom use in last 10 22 (57.9%) 33(80.5%) 28 (77.8%) 32 (74.4%) 32 (68.1%) 29 (64.4%) .23
sexual encounters
Typical frequency of 13.3+£6.8 16.1+6.5 13.9+6.3 14.0+ 6.5 15.3+8.4 10.3+£7.2 .004*
intercourse (per mo)
Sexually transmitted infections at screening
Chlamydia trachomatis 5(13.2%) 0 2 (5.6%) 4(9.3%) 1(2.1%) 3(6.7%) 11
Neisseria gonorrhoeae 1(2.6%) 1(2.4%) 1(2.8%) 3(7.0%) 0 0 27
Trichomonas vaginalis 4 (10.5%) 1(2.4%) 5(13.9%) 3(7.0%) 3(6.7%) .07
Using hormonal contraception 27 (71.1%) 29 (70.7%) 29 (80.6%) 30 (69.8%) 30 (63.8%) 25 (55.6%) .27

at screening visit (not
enrollment)

Note: Data presented as mean = SD or n (%) unless otherwise noted.

Abbreviations: Cu-IUD, copper intrauterine device; DMPA, depot medroxyprogesterone acetate; ENG-I, etonogestrel implant; IQR, interquartile
range; LNG-I, levonorgestrel implant; MPA/EC, medroxyprogesterone acetate and estradiol cypionate; Net-En, norethisterone enanthate.

P-value from Fisher's exact test unless otherwise noted.
*p-value from one-way analysis of variance.
Sp-value from Kruskal-Wallis test.

HIV+ over 199 women-years of follow-up (2.5% seroconversion/y)
and were using the following contraceptives: ENG-1 (2), MPA/EC (1),
DMPA (1), and Cu-IUD (1). Of the 250 evaluable participants, two
seroconverted while using ENG-I (1) and DMPA (1).

3.2 | Serum progestin concentrations with
contraceptive use

Figure 2 shows serum progestin concentrations for evaluable par-
ticipants at day 30, 90, and 180 following hormonal contracep-

tive initiation. Given the varied clinical dosing schedules for the

three injectable contraceptives, nadir serum concentrations (oc-
curring immediately prior to re-dosing) occur at day 90 and 180
in DMPA users (mean MPA = 343.8 and 311.7 pg/mL respectively
vs 1428.2 pg/mL 30 days after dosing), day 180 in Net-En users
(mean NET = 960.8 pg/mL vs 1230.2 and 1562.6 pg/mL, respec-
tively, at days 30 and 90, each 30 days after dosing), and every
visit in MPA/EC users (mean MPA = 204.6, 238.1 and 320.1 pg/
mL, respectively, at days 30, 90, and 180). Contraceptive im-
plant users had relatively consistent serum progestin concen-
trations (mean LNG = 560.3, 505.8, and 578.8 pg/mL and mean
ENG = 376.3, 311.1, and 290.9 pg/mL at days 30, 90, and 180 in
LNG-1 and ENG-I users, respectively).
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DMPA: 150mg Intramuscular Injection

NET-En: 200mg Intramuscular Injection

MPA/Estradiol Cypionate: 25/5Smg Intramuscular Injection

(A) Delivered Every 90-days (B) Delivered Every 60-days (©) Delivered Every 30-days
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FIGURE 2 Systemic progestin concentrations after initiation and use of injectable and implantable contraceptives. Serum progestin
concentrations for all evaluable participants at day 30, 90, and 180 following initiation and continuous use of (A) DMPA, (B) Net-En, (C)
MPA /estradiol cypionate, (D) levonorgestrel implant, and (E) etonogestrel implant. Mean serum concentrations with SD are indicated
with red bars and black brackets, respectively. DMPA, depot medroxyprogesterone acetate; Net-En, norethisterone enanthate; MPA,
medroxyprogesterone acetate; LNG, levonorgestrel; ENG, etonogestrel

3.3 | Flow cytometry gating and baseline HIV target
cell populations

Live single CD3" T cells were identified from the lymphocyte popula-
tion based on forward and side scatter. The flow cytometric gating
strategy for CD3*CD4*CCR5"* and CD3*CD4*CD69" cellular popu-
lations in cytobrush and PBMC samples as well as the percent and
number of CD3CD4CCR5* and CD3CD4CD69" cells in PBMC and
cytobrush samples at enrollment prior to contraceptive initiation for
all evaluable participants are shown in Figure 3. Live single CD11c*
cells were identified from the neutrophil, macrophage, dendritic cell
populations based on forward and side scatter. Quantified median
cell viabilities for PBMCs and endocervical cells were 99% and 72%,

respectively.

3.4 | Impact of injectable contraceptives

After initiating DMPA, most HIV target cells evaluated did not
change in number (#) or proportion (%) compared with base-
line. There were fewer %$CD3CD4" cells 30 days after and fewer
#CD3CD4" cells 180 days in the cervix after DMPA initiation
(P < .001 and P = .04 respectively). The #CD11c" APCs also de-
creased 180 days following DMPA initiation (P = .04) (Figure 4A
and Table 2). In cervicovaginal fluid, IL-1p decreased (P = .005 and
P =.003) and there was a non-significant trend toward decreased
IL-8 (P =.054 and P = .051) at 30 and 180 days after DMPA initia-
tion. IL-10 increased at day 30 (P = .03) and returned to baseline at

day 180. There were no changes in IFN-y, IL-6, or RANTES. Innate
in vitro cervicovaginal anti-HIV activity significantly decreased at
day 30 (P < .001) (Figure 4B).

Compared to baseline, women using Net-En had no changes in
any cervical immune cell populations evaluated after 30 days, had
increased %CD4CCR5" (P = .01) after 90 days, and after 180 days
had decreased #CD3CD4" (P = .02) and #CD11c" (P = .03) cells
and increased %CD4CCR5" and %CD4CD69* cells (P = .001 and
P = .008, respectively) (Figure 4C and Table 2). In cervicovaginal
fluid, IL-1B, IL-6, and IL-8 decreased with Net-En use (P = .04, P = .02,
P = .03, respectively) at day 30 and returned to baseline by day 180
(Figure 4D). There were no changes in IFN-y, IL-10, or RANTES con-
centrations. Innate in vitro cervicovaginal anti-HIV activity signifi-
cantly decreased at day 30 (P = .02) and day 180 (P = .001) after
Net-En initiation.

After initiating MPA/EC, women had no changes in any cellular
populations evaluated at any time point (Figure 4E and Table 2). IL-6
decreased at day 180 (P = .01) and there were no other changes in
any of the soluble immune mediators evaluated (Figure 4F). Innate in
vitro cervicovaginal anti-HIV activity decreased transiently at day 30
(P = .04) after MPA/EC initiation.

3.5 | Impact of contraceptive implants
After initiating LNG-I, there were no changes in cervical or systemic

HIV target cell populations, cytokines and soluble mediators, or in-
nate in vitro anti-HIV activity (Figure 5A,B and Table 2).
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Compared to baseline, there were no changes in any immune cell
populations after 30 or 90 days of ENG-I use, and decreased CD11c
cells (P =.002 and P = .004 for # and %, respectively) after 180 days
use (Figure 5C and Table 2). There were no changes in any of the
soluble mediators evaluated or the innate in vitro cervicovaginal an-
ti-HIV activity through 180 days of use (Figure 5D).

3.6 | Impact of copper intrauterine device

Thirty days after initiating Cu-1UD, we observed significant increases
in most of the cervical HIV target cells evaluated, including #CD4"*
(P<.001), #CD4CCR5" (P =.02), #CD4CD69" (P < .001), and #CD11c"
(P =.003), (Figure 6A and Table 2). The %CD4CCR5" were decreased
at 30 days (P = .01). By 180 days following Cu-1UD insertion, all cell

populations had returned to baseline. All soluble mediators were sig-
nificantly increased 30 days after Cu-1UD initiation (IFN-y P < .001,
IL-1p P <.001, IL-6 P <.001, IL-8 P <.001, IL-10 P =.002, and RANTES
P < .001), and resolved by day 180 except for sustained elevation in
IL-1p (P = .004) (Figure 6B). Innate in vitro cervicovaginal anti-HIV ac-
tivity did not significantly change with Cu-1UD use. The results were
similar when analyses were restricted to women who initiated Cu-
IUD and who were negative for BV at all visits (n = 21).

3.7 | Impact of contraceptive use on cervical CD8
cells and PBMCs

There were no changes in cervical CD8 cell populations with ini-
tiation and use of MPA/EC, LNG-I, or ENG-I (Table S1). Compared
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to baseline, women using DMPA had increased %CD3*CD8" cells
in the cervix after 30 and 180 days (P = .008 and P = .04 respec-
tively). Net-En users had decreased #CD3CD8" cells (P = .04) after
180 days, increased %CD8CCR5" after 90 and 180 days (P = .003
and P < .001, respectively), and increased %CD8CDé49" (P = .009)
after 180 days. Cu-lUD users had transiently increased #CD8*
and #CD8CDé69" (P = .04 and P = .01, respectively) and decreased
%CD8CCR5" (P =.02) 30 days after insertion.

PBMC populations did not change in women using DMPA, MPA/
EC, LNG-I, or Cu-lUD over 180 days and we observed isolated in-
creases in systemic #CD8CCR5" cells in Net-En users at 90 days and
#CD8CD69" cells in ENG-I users at 180 days (P = .009 and P = .025
respectively) (Table S2).

4 | DISCUSSION

Given concerns that use of DMPA may increase HIV acquisition
risk, we quantified biological changes within the reproductive tract

associated with contraceptive initiation that could plausibly relate

to HIV susceptibility. We focused on genital tract HIV target cell
changes, soluble inflammatory mediators, and innate in vitro anti-
HIV activity following contraceptive initiation as have several other
recent investigations.zf“30 We found that use of DMPA and other
injectables were linked with modest changes after 6 months of use,
predominantly decreasing HIV target cells and inflammatory me-
diators. We found minimal changes in cervical HIV target cells and
inflammatory markers associated with use of hormonal contracep-
tive implants. In contrast, although the Cu-1UD has often been used
as a non-hormonal comparator, our results show that the Cu-IUD
is not immunologically inert. We found that Cu-lUD initiation was
associated with biological changes that could, at least temporarily,
alter HIV susceptibility, including marked increases in HIV target
cells, marked increases in proinflammatory cytokines, and increased
BV (previously reported),20 although the physiological relevance of
these changes remains uncertain. In these analyses, BV is unlikely
driving the observed cellular and cytokine changes.

Most of the changes, we observed with DMPA use would not be
predicted to increase HIV acquisition. We did find that DMPA users

had a measured transient decrease in innate in vitro anti-HIV activity
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FIGURE 5 Impact of implantable (A) LNG-I Cervical inmune cells (B) LNG-I: Cytokines and anti-HIV activity
contraceptives on genital immune cells
and soluble mediators. Cervical immune CD4+ TFNg -
cells (A and C) collected by endocervical CD4CCRS IL1b 1
cytobrush and quantified by flow ChAcDe 164
cytometry are expressed as % change D8 el
. X CDSCCRS5 A 1L10 4
in cell number from baseline to follow- CDSCDES RANTES -
up at days 30 and 180 after initiation of CD1lc anti-HIV activity -
contraception with levonorgestrel implant 4 . 4 4 4 T 4 !
(LNG-1) or etonogestrel implant (ENG-I) as '\QQ ® S ol P \“QQ
indicated. Soluble mediators and innate o Change from baseline % Change from baseline
anti-HIV activity (B and D) measured in ©) (D)
cervicovaginal lavage expressed as the ENG-I: Cervical immune cells ENG-I: Cytokines and anti-HIV activity
% change from baseline to follow-up CD4 4 IFNg
at days 30 and 180 after implantable CD4CCR5 4 IL1b -
contraceptive initiation. P-values from CD4CD6Y 1.6 4
Wilcoxon signed-rank test comparing CDS 4 1S
baseline (prior to contraceptive initiation) CDSCCRS + 1L10 4
to follow-up 180 d after initiation and CDSCDEY RANTES +
continuous use of contraceptive as CD1lc +« anti-HIVactiviy) §
indicated; P-values adjusted using the ,\QQ S @“ ,\9“ ng“ S ,\‘QQ S & S
Holm-Bonferroni multiple test procedure % Change from bascline % Change from bascline
*p<.001
B Day30 *]:'p<.01
Il Day 180 #p<.03
(A) Cu-1UD: Cervical immune cells (B) Cu-IUD: Cytokines and anti-HIV activity
CD4 - IFNgH
CD4CCRS5 IL1b 4
CD4CD69 TLG6 4
CDS o IL8 4
CDSCCRS - 1L10 4
CDS8CD69 - RANTES 4
CDl11c o anti-HIV activity
S SEERIREERE
% Change from baseline % Change from baseline
*p<.001
Bl Day 30 *Ep<.01
Bl Day 180 #p<.05

FIGURE 6 Impact of copper intrauterine device on genital immune cells and soluble mediators. Cervical immune cells (A) collected by
endocervical cytobrush and quantified by flow cytometry are expressed as % change in cell number from baseline to follow-up at days

30 and 180 after initiation of contraception with copper intrauterine device (Cu-1UD). Soluble mediators and innate anti-HIV activity (B)
measured in cervicovaginal lavage expressed as the % change from baseline to follow-up at days 30 and 180 after intrauterine contraceptive
initiation. P-values from Wilcoxon signed-rank test comparing baseline (prior to contraceptive initiation) to follow-up 180 d after initiation
and continuous use of contraceptive as indicated; P-values adjusted using the Holm-Bonferroni multiple test procedure

in cervicovaginal fluid at day 30 although the clinical significance of
this finding is uncertain.®* We similarly observed this effect in users
of Net-En and MPA/EC. Hormonal effects may depend on the type
and concentration of progestin administered.?% It remains possible
that peak serum DMPA concentrations may have associated immu-
nologic alterations that could transiently increase HIV susceptibility,
which may deserve further study.

Our results differ somewhat from other recently published

18,2528 i1y which investigators have reported

data, including our own,
changes in genital HIV target cells based solely on proportional

changes. Notably, proportional data for cellular populations must

be interpreted within the context of the actual number of cells.
For instance, prior to conducting the multiple comparison adjust-
ment, in women initiating DMPA our unadjusted data suggested a
non-significant decrease in the number of CD4 cells coupled with a
non-significant increase in CD4CCRS5 cells at 30 days, which math-
ematically created a significant increase in %CD4 cells expressing
CCR5. Further, since CD4CCR5" cells are also quantified in the
broader CD4 cell group, if there is a decrease in the parent group
and the number of CD4CCR5" cells remains the same, this re-
sults in a greater proportion of CD4CCR5" cells, and not a greater

number or density of HIV targets for infection. Furthermore, flow



ACHILLES ET AL.

12 of 13 WI LEY—‘AJRI ]

cytometry data become less stable with small numbers of cells,
thus reporting numbers of recovered cells are particularly import-
ant for non-blood samples where numbers may be low. Here, we
have demonstrated robust numbers of cells collected by cervical
cytobrush sampling, which is a strength of these data.

Given the historically low use of Cu-lUD among women in
high HIV prevalence areas, there are insufficient clinical data to
assess if Cu-1UD use alters risk of HIV acquisition. Cu-lUD was in-
cluded as a comparator arm in the recently published ECHO trial
(NCT02550067),* designed to compare HIV acquisition risk in
women randomized to DMPA, LNG-implant, and Cu-lUD. In this
trial, women randomized to Cu-IUD and to DMPA had very similar
HIV acquisition, whereas women randomized to LNG-implant had a
non-significant trend toward lower HIV acquisition. Unlike ECHO,
which was designed to assess HIV acquisition, our study was de-
signed to assess biological changes associated with contraceptive
initiation and use that may relate to HIV susceptibility. Like ECHO,
our data support that contraceptive implants would unlikely alter
HIV susceptibility given they appear inert with respect to HIV target
cell populations and inflammation.

Our head-to-head study compared six contraceptive methods
and included measurement of contraceptive progestin concentra-
tions to ensure the biological exposure and to rule out exposure to
other methods. Both contraceptives and biological mechanisms are
complex to study in women and a major strength of this study is
the rigorous measurement of hormonal milieu. Contraceptives vary
with respect to progestin-type, route of administration, and resul-
tant serum drug concentrations. Further complicating contraceptive
research is common reliance on self-report, frequent contraceptive
switching and intraindividual variability in progestin metabolism,
thus confirming hormonal exposure is critical to data interpretation.
We found that analyzing data at time points of relatively high and
low (nadir) progestin concentrations were more informative than
time since initiation.

Our study has some limitations, including self-selection of con-
traception and limited evaluation of estrogen-containing contracep-
tives, with the sole combined hormonal method (MPA/EC) having
unfortunate timing of dosing such that study samples were only col-
lected at nadir hormone concentrations. Similarly, we were unable
to characterize immune changes during true peak serum hormone
concentrations as no samples were collected earlier than 30 days
following contraceptive initiation. Finally, since there are no known
reliable biomarkers for HIV risk, we selected HIV target cells and
soluble mediators of interest based on hypothesized biologic mech-
anisms. We acknowledge that only a small subset of cellular and
soluble mediators was studied and there are many other potential
biologic mechanisms that were not investigated here.

Provision of effective contraception to all women seeking to
avoid pregnancy remains a global health priority. DMPA initiation
and use do not markedly alter HIV target cell populations and sol-
uble immune mediators in the genital tract and Net-En initiation
appears immunologically similar to DMPA. The copper IUD is not

inert with respect to genital tract inflammation as measured by

marked increases in cellular and functional immune activity and
this may be mainly associated with insertion given our findings of
resolution of most effects by 90 days. Contraceptive implant use
appears inert given low and stable serum progestin concentration
and minimally altered genital tract HIV target cells and immune

mediators.
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IMPLICATIONS

Although the copper IUD has often been used as a non-hormonal
comparator, we show that it is not immunologically inert, particu-
larly in the first 30 days following insertion, which is an important
framework for data interpretation. Future work focused on inves-
tigating biological mechanisms underlying the observed contracep-
tive-induced immune alterations may benefit future contraceptive

and multipurpose product development.
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