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Abstract

Hormonal contraception (HC), particularly injectable depot-medroxyprogesterone acetate (DMPA), has been
associated with increased HIV acquisition and higher levels of cervical regulated upon activation, normal T-cell
expressed, and secreted (RANTES), also associated with HIV seroconversion. Longitudinal changes in cervical
immunity associated with DMPA and combined oral contraceptives (COCs) have not been studied. Cervical
samples from 216 HIV seroconverters in Uganda and Zimbabwe with matched samples from 727 HIV-uninfected
controls were collected at two quarterly visits before (t - 2, t - 1), at (t0), and two visits following (t + 1, t + 2) HIV
seroconversion and corresponding visits for HIV-negative controls. We measured 10 biomarkers of inflammation
and immunity and used generalized linear models to estimate and compare biomarker levels across HIV status,
contraceptive, and pregnancy groups. Biomarkers remained relatively stable across visits for controls, while in
HIV-infected women cervical immunity started to change before seroconversion with RANTES and BD-2 in-
creased and secretory leukocyte protease inhibitor (SLPI) decreased at t - 1 and continued to change at t0 with
ICAM-1 up and IL-8 down and with more biomarkers after seroconversion (IL-1b, IL-6, MIP-3a, VEGF, and IL-
1RA down and IL-1RA:IL-1b ratio up). In multivariable analyses, seroconverters had higher BD-2 at t - 1, higher
RANTES and lower SLPI from t - 1 through t + 2, and lower IL-8 and IL-1RA at and/or after seroconversion
compared to nonseroconverters. Compared to non-HC users, DMPA users had higher RANTES at all visits and
lower BD-2 at t - 2 through t0, while COC users and pregnant women had higher IL-8 and SLPI at all visits; COC
users also had lower BD-2 preseroconversion; pregnant women had lower RANTES at t0 - t + 2. Longitudinal
patterns of cervical immunity differ between HIV seroconverters and HIV-negative women; seroconverters
demonstrate increased RANTES and decreased SLPI starting before and continuing postseroconversion. Fur-
thermore, these patterns are differentially regulated by DMPA, COC, and pregnancy.
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Introduction

Over 150 million women worldwide use hormonal
contraception. The most commonly used contraceptives in

Sub-Saharan African countries are depot-medroxyprogesterone
acetate (DMPA), a 3-monthly progestin injectable, and com-
bined oral contraceptives (COCs). DMPA and COCs, and

pregnancy have been associated with increased HIV acquisi-
tion and other sexually transmitted infections (STIs) in some
studies,1–8 but not others.9–11 One prospective study suggests
that hormonal contraception might also contribute to a higher
risk of HIV transmission to the male partner.5

In February 2017, the World Health Organization
(WHO) issued a guidance statement regarding hormonal
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contraceptive eligibility for women at high risk of HIV. The
WHO changed the guidance for women at high risk of HIV
using injectable progestins from a medical eligibility criteria
(MEC) rating of 1 (the method can be used without restric-
tion) to a MEC rating of 2 (the advantages of using the
method generally outweigh the theoretical or proven risks).12

The guidance stated ‘‘There continues to be evidence of
possible increased risk of acquiring HIV among progestogen-
only injectable users. Uncertainty exists about whether this
is due to methodological issues with the evidence or a real
biological effect.’’12

To further explore the biological mechanisms that might
increase HIV susceptibility, we used specimens and data from
the hormonal contraception (HC)-HIV Study—a prospective
study of 4,500 women in Uganda and Zimbabwe specifically
designed to examine the association between hormonal con-
traception and HIV acquisition.1 The study found that women
who used DMPA, but not COCs, were at significantly in-
creased risk of HIV acquisition compared to women not using
hormonal contraception.1 Data and stored samples from this
study were available for more in-depth evaluation and were
used in the analysis reported in this study.

Biomarkers of cervical inflammation and immunity are
influenced by menstrual cycle associated hormonal
changes13–17; however, limited data exist on the impact of
HC and pregnancy on these biomarkers. Stored HC-HIV
study samples provided a rare opportunity to assess the
impact of hormonal contraceptives and pregnancy on bio-
markers of innate immunity.

We previously found in cross-sectional analyses that HC
use, pregnancy, and young age altered biomarkers of cervical
immunity in ways associated with increased risk of HIV
acquisition (through increased levels of pro-inflammatory
cytokines, including regulated upon activation, normal T-cell
expressed, and secreted [RANTES], and decreased levels
of secretory leukocyte protease inhibitor [SLPI]).18 In sub-
sequent analyses we also found that alteration of cervical
immunity by hormonal contraceptives is modified by the
presence of genital tract infections19 and that higher levels
of RANTES and lower SLPI and MIP-3a are associated
with increased HIV shedding among HIV-infected women.20

We now present the results of a longitudinal analysis, in-
cluding data from two preseroconversion (t - 2, t - 1), the
seroconversion (t0), and two postseroconversion (t + 1, t + 2)
visits, and matched visits for women remaining seronegative.
The objectives of this study were to: (1) evaluate intra-
women variation in biomarkers of cervical immunity over
time in HIV-uninfected and HIV-infected women and (2)
determine whether biomarker levels over time are influenced
by use of hormonal contraception and pregnancy. A better
understanding of how hormonal contraception and pregnancy
modify the genital mucosal environment to influence HIV
infection risk is critical to informing contraceptive guidelines
in regions of high HIV prevalence, as well as the develop-
ment of improved contraceptive methods.

Materials and Methods

Study population and variables

The study design and methods have been previously de-
scribed.7,11,19 Briefly, data and samples were from a longi-
tudinal study of hormonal contraception and HIV acquisition

(HC-HIV Study) and a follow-on study of women with pri-
mary HIV infection (Hormonal Contraception and HIV
Genital Shedding and Disease Progression Study). Women
used DMPA (150 mg, every 3 months, administered by study
staff), COCs (30 lg ethinylestradiol and 150 lg levonorges-
trel provided by study staff as a 3-month supply), or no
hormonal contraception. We enrolled 4,531 HIV-uninfected
women ages 18–35 years from family planning clinics in
Uganda and Zimbabwe.11 Time-varying contraceptive group
was assigned based on the primary contraceptive method
women used during the time between the previous and cur-
rent study visit. Women in the nonhormonal (NH) group used
only condoms or no contraception. Participants were seen
every 12 weeks for up to 24 months while HIV negative and
at 4, 8, and 12 weeks after HIV seroconversion and quar-
terly thereafter for HIV-positive women.

We identified 216 women with incident HIV infection as
cases (62 Ugandan and 154 Zimbabwean) and matched 727
HIV-uninfected controls (up to four controls per case) on
study site, age, a composite STI/reproductive tract infection
(RTI) variable (presence of Chlamydia trachomatis [CT],
Neisseria gonorrhoeae [NG], Trichomonas vaginalis [TV],
and/or bacterial vaginosis [BV] either at the seroconversion
visit or the visit before), and time in study.21 Samples were
taken from the HIV seroconversion visit and the two visits
before and after the seroconversion visit and corresponding
matched visits for HIV-uninfected controls.

The study protocol received a nonhuman subject deter-
mination (use of deidentified data) from the Office of Inter-
national Research Ethics at FHI 360 and the Institutional
Review Board at Brigham and Women’s Hospital.

Sample collection and processing

We used endocervical swab specimens collected in Uganda
and Zimbabwe and stored these as frozen after STI analyses
were completed.22 Sample collection, processing, STI diag-
nostics, and testing have been previously described.18–20 Swab
collection followed the Roche Diagnostics (Amplicor CT/NG)
protocol established for detection of STI pathogens. In brief,
following removal of mucus and loose cellular material from
the ectocervix, a swab was inserted into the endocervical canal,
gently rotated 3–5 s, withdrawn, and placed in 1 mL Amplicor
lysis medium, and after agitation discarded. Each sample was
mixed with 1 mL diluent (Roche Diagnostics) and processed
for STI diagnosis as per manufacturer’s instruction.

Residual of the Amplicor-extracted solutions was shipped
on ice to Johns Hopkins Bloomberg School of Public Health
(Baltimore, MD) and stored at -80�C until shipped to the
Laboratory of Genital Tract Biology, Brigham and Women’s
Hospital, where it was aliquoted and stored at -80�C in air-
tight coded micronic tubes (USA Scientific) until analyzed.
Laboratory diagnosis of STI/RTIs included PCR (Roche
Amplicor) for CT and NG, antibody enzyme-linked immu-
nosorbent assay (ELISA) for herpes simplex virus-2 (HSV-
2), wet mount for TV and candida, and Nugent scoring for
BV. HIV status was ascertained by ELISA and PCR.

Measurement of biomarkers

The rationale for the measurement of these specific bio-
markers has been presented previously.19 The Laboratory of
Genital Tract Biology at Brigham and Women’s Hospital
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measured protein levels of immune biomarkers under rigor-
ous quality control procedures and accreditation by the
College of American Pathologists. A Meso Scale Discovery
electrochemiluminescence multiplex assay was used to
measure IL-1b, IL-1RA, IL-6, IL-8, RANTES, MIP-3a,
VEGF, and soluble ICAM-1, and ELISA was used to mea-
sure SLPI (R&D Systems, Minneapolis, MN) and BD-2
(Phoenix Pharmaceuticals, Burlingame, CA) followed by
normalization to total protein as previously described.18–20

All samples were run on plates of the same assay batch.
Interplate reproducibility was ascertained by applying a
quality control pool run in duplicate on each plate which
showed good intra- and interplate comparability (typically
less than 15% coefficient of variation which is standard for
immune-enzyme assays).

Statistical analyses

We compared demographic characteristics among HC
exposure groups using Cochran–Mantel–Haenszel and Fish-
er’s exact tests. Descriptive statistics, including medians and
interquartile ranges, was used to summarize nontransformed
biomarker levels; between-group differences were evaluated
using the Wilcoxon–Mann–Whitney test. We explored the
patterns of biomarkers among HC exposure groups and HIV
status over time by a weighted local regression smoothing
approach (LOESS procedure).23 We used Box–Cox power
transformation19 to normalize biomarker data used in multi-
variable mixed-effect models. Covariates evaluated as po-
tential confounders included age, country, breastfeeding,
number of sexual partners, number of unprotected sexual acts,

current STIs/RTIs (BV, candidiasis, CT, NG, HSV-2, and
TV), STI signs and symptoms, and vaginal practices. We note
that all analyses in the study were considered hypothesis
generating (i.e., exploratory) and were not necessarily pow-
ered to detect clinically meaningful effect sizes. p-Values less
than 0.05 were considered statistically significant and were
not adjusted for multiple comparisons. Thus, results should
thus be interpreted with caution. Statistical analyses were
performed using SAS 9.2 (SAS Institute, Cary, NC).

Results

Participant characteristics

This analysis included 943 women composed of 216 HIV
seroconverters and 727 women remaining HIV negative who
contributed 3,721 specimens at five study visits. At the sero-
conversion (t0) visit, there were twice as many Zimbabwean
(68%) as Ugandan women (32%) and roughly equal numbers of
women using COCs, DMPA, and not using HC (36%, 33%, and
31%, respectively) (Table 1). While there were no statistically
significant differences in HC use, pregnancy, or numbers of sex
partners between HIV seroconverters and the HIV-negative
controls, HIV seroconverters reported somewhat fewer unpro-
tected sex acts but higher levels of HSV-2 and any STIs/RTIs
(CT, NG, TV, HSV-2, BV, and candida).

Mean levels and biomarker trends across time by HIV
status (t - 2 to t + 2 visits)

We first evaluated biomarker trends over all visits by
comparing mean levels across time by HIV status (Table 2).

Table 1. Participant Characteristics by HIV Status at the HIV Seroconversion Visit (t0)

Characteristic

Remaining, HIV
negative (n = 727)

Becoming, HIV
positive (n = 216) Total (n = 943)

p-Valuean (%) n (%) n (%)

Site
Uganda 240 (33.01) 62 (28.7) 302 (32.03)
Zimbabwe 487 (66.99) 154 (71.3) 641 (67.97) .234

Age at screening
18–24 411 (56.53) 120 (55.56) 531 (56.31)
25+ 316 (43.47) 96 (44.44) 412 (43.69) .799

HC group (last 3 months)
COC 273 (37.66) 66 (30.56) 339 (36.03)
DMPA 233 (32.14) 76 (35.19) 309 (32.84)
NH 219 (30.21) 74 (34.26) 293 (31.14) .159

Currently pregnant 53 (7.35) 10 (4.63) 63 (6.72) .162
Currently breastfeeding 101 (13.91) 30 (13.89) 131 (13.91) .993
2+ sexual partners (last 3 months) 17 (2.34) 6 (2.78) 23 (2.44) .801

No. of unprotected acts (typical month)
15+ 154 (21.21) 38 (17.59) 192 (20.38)
8–14 196 (27) 49 (22.69) 245 (26.01)
1–7 184 (25.34) 61 (28.24) 245 (26.01)
0 or no sex act 192 (26.45) 68 (31.48) 260 (27.6) .050

HSV-2 infected 393 (54.51) 182 (85.45) 575 (61.56) <.001
Any RTI/STIb 523 (75.14) 202 (95.28) 725 (79.85) <.001

aChi-square or Fisher’s exact or Cochran–Mantel–Haenszel test for categorical variables.
bAny RTI/STI includes chlamydia, gonorrhea, trichomoniasis, HSV-2, BV, and candida.
BV, bacterial vaginosis; HC, hormonal contraception; COC, combined oral contraceptive; DMPA, depot-medroxyprogesterone acetate;

HSV-2, herpes simplex virus-2; NH, nonhormonal; RTI, reproductive tract infection; STI, sexually transmitted infection.
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Among HIV seroconverters, IL-1b, IL-6, IL-8, MIP-3a,
VEGF, IL-1RA, SLPI, and BD-2 all declined significantly
across time (test of trend: p < .0001), while RANTES and the
IL-1RA:IL-1b ratio ( p < .0001) and ICAM-1 ( p < .01) in-
creased across visits. Among women remaining HIV negative,
only IL-6, VEGF, and BD-2 decreased across time (test of
trend: p < .001), while other biomarkers remained relatively
stable. All biomarker values were positively correlated across
visits with the intraclass correlation coefficient (ICC) being
somewhat higher for women remaining HIV negative than for
HIV seroconverters (e.g., for IL-6, ICC = 0.31 and 0.20 for
HIV negative and HIV seroconverters, respectively). Among
HIV-negative women, biomarker values were more strongly
correlated among DMPA users than the NH group with COC
users falling in between (e.g., for SLPI, ICC = 0.42, 0.26, and
0.36 for DMPA, NH, and COC users, respectively).

Multiple biomarkers differed between the HIV-uninfected
and HIV-seroconverter groups (Table 2) with differences
starting before seroconversion for some and postseroconver-
sion for others. For example, HIV seroconverters had signifi-

cantly lower IL-1b, IL-6, IL-8, MIP-3a, VEGF, IL-1RA, and
SLPI and significantly higher RANTES, ICAM-1, and
1RA:IL-1b ratio at some or all postseroconversion visits (t0,
t + 1, t + 2) compared with HIV-negative controls. Among
seroconverters, increases in RANTES and decreases in SLPI
started before and continued postseroconversion.

Biomarker changes associated with seroconversion
(t - 1 vs. t0 visits)

When we analyzed the changes in biomarker levels between
the t - 1 and t0 visits, we identified IL-8, RANTES, IL-1RA,
SLPI, and BD-2 to be most strongly associated with HIV sero-
conversion (Table 3). Among HIV-negative controls IL-8,
IL-1RA, and SLPI decreased (Table 3), while among HIV
seroconverters RANTES increased and IL-8, IL-1RA, SLPI,
and BD-2 all decreased. There were few statistically signifi-
cant changes by HC use among women remaining HIV neg-
ative from t - 1 to t0. However, among HIV seroconverters, all
contraceptive groups had increased RANTES and decreased

Table 3. Change in Biomarker Level Between Immediate Pre- and Post-HIV Acquisition Visits (T - 1 vs. T0)

Characteristic IL-8 (p-value) RANTES (p-value) IL-1RA (p-value) SLPI (p-value) BD-2 (p-value)

Remaining HIV negative
Overall -131.51 (.002) -0.29 (.883) -76.29 (.001) -28695.30 (.008) -64.64 (.595)
Site

Uganda (n = 211) -95.47 (.241) 1.64 (.461) -117.43 (.004) -39735.74 (<.001) 469.94 (.267)
Zimbabwe (n = 481) -143.50 (.005) -1.34 (.630) -63.44 (.020) -17267.97 (.286) -157.67 (.165)

Age
18–24 (n = 389) -112.12 (.043) 1.63 (.530) -70.61 (.028) -25551.05 (.063) -47.20 (.774)
25+ (n = 303) -154.94 (.023) -2.64 (.380) -84.42 (.011) -32649.86 (.063) -88.32 (.627)

Contraception
COC (n = 245) -239.56 (.005) 1.78 (.563) -90.50 (.024) -17652.97 (.531) -58.16 (.735)
DMPA (n = 227) -64.23 (.329) 2.47 (.624) -15.19 (.702) -22146.46 (.087) -27.79 (.882)
NH (n = 174) -97.57 (.252) 0.77 (.770) -104.38 (.031) -35228.92 (.055) -434.99 (.296)

Current pregnancy
Yes (n = 29) -426.48 (.305) 11.07 (.112) -297.11 (.002) -10144.56 (.879) -1426.21 (.198)
No (n = 632) -142.21 (.001) -0.20 (.927) -64.26 (.007) 31701.69 (.004) -48.70 (.698)

Current breastfeeding
Yes (n = 87) -101.29 (.340) 3.60 (.601) -43.22 (.552) 5693.59 (.761) -354.07 (.416)
No (n = 567) -144.22 (.003) -0.18 (.933) -83.36 (.001) -33688.06 (.011) -49.24 (.717)

Becoming HIV positive
Overall -269.14 (<.001) 39.66 (<.001) -117.20 (.001) -30678.34 (.018) -620.75 (.033)
Site

Uganda (n = 59) -163.85 (.142) 28.28 (.007) -151.59 (.069) -58433.35 (.011) 446.58 (.547)
Zimbabwe (n = 154) -314.10 (<.001) 44.13 (<.001) -106.71 (.008) -19225.39 (.220) -796.10 (.009)

Age
18–24 (n = 118) -300.66 (<.001) 32.77 (<.001) -172.83 (<.001) -22035.86 (.229) -855.15 (.039)
25+ (n = 95) -228.60 (.006) 47.28 (<0.001) -48.56 (.388) -43272.31 (.015) -325.02 (.407)

Contraception
COC (n = 62) -316.93 (.021) 23.32 (.003) -81.07 (.248) -63032.17 (.062) 112.39 (.823)
DMPA (n = 71) -342.74 (<.001) 64.94 (<.001) -173.73 (.002) -36816.86 (.087) -534.71 (.084)
NH (n = 62) -211.80 (.048) 34.78 (.003) -19.50 (.807) -29399.63 (.087) -1149.93 (.268)

Current pregnancy
Yes (n = 5) N/A N/A N/A N/A N/A
No (n = 203) -284.71 (<.001) 42.02 (<.001) -113.43 (.002) -30906.95 (.016) -656.60 (.023)

Current breastfeeding
Yes (n = 26) -291.47 (.025) 35.35 (.073) -125.38 (.169) 10539.37 (.655) -403.75 (.534)
No (n = 173) -271.39 (<.001) 41.35 (<.001) -103.88 (.011) -45352.15 (.005) -695.41 (.040)

Change in biomarker concentration levels between t - 1 and t0 visits standardized by total protein: IL-8, RANTES, IL-1RA, SLPI, BD-2.
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FIG. 1. Overall trends in biomarkers by HIV status and contraceptive use (COC users, DMPA users, and women not using
hormonal contraception [NH]) groups across five study visits (time 0 equals the seroconversion visit for HIV ser-
oconverters) using a weighted local regression smoothing approach (LOESS procedure). (1a–5a) For women remaining
HIV-negative—levels of IL-8, RANTES, IL1-RA, SLPI, and BD-2, respectively. (1b–5b) For women seroconverting at
t0—levels of IL-8, RANTES, IL1-RA, SLPI, and BD-2, respectively. BD, beta-defensin; COC, combined oral contra-
ceptive; DMPA, depot-medroxyprogesterone acetate; IL-8, interleukin-8; IL1-RA, IL1-receptor antagonist; RANTES,
regulated upon activation, normal T-cell expressed, and secreted; SLPI, secretory leukocyte protease inhibitor.

(continued)
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IL-8, while DMPA users alone had decreased IL-1RA during
the seroconversion period (Table 3).

Variability of biomarkers associated with HIV
seroconversion across visits by contraceptive
use (t - 2 to t + 2 visits)

To visually assess overall trends in the five biomarkers before
and after HIV seroconversion and by HC use, we first plotted
Box–Cox transformed levels of biomarkers using the LOESS
procedure (Fig. 1). For HIV-negative women the levels of most
biomarkers appeared relatively stable across the five visits. In
contrast, immune biomarkers appeared to vary considerably
across time for HIV-seroconverting women, with changes oc-
curring most notably from the t - 1 to the t0 (seroconversion)
visit.

We next conducted separate multivariable analyses for
each of the five (t - 2 through t + 2) study visits (Table 4). We
found that HIV seroconverters (compared to HIV-negative
controls) continued to have significantly higher RANTES and
lower SLPI levels starting before seroconversion (t - 1) and
continuing throughout the postseroconversion visits control-
ling for age, site, contraceptive use, pregnancy, and breast-
feeding status. In addition, HIV seroconverters had lower

IL-8 and IL-1RA postseroconversion than HIV-negative
controls. DMPA users (compared with the NH group) had
higher RANTES at all visits and lower BD-2 from t - 2
through t0. Conversely, COC users (compared to the NH
group) and pregnant (compared to nonpregnant) women had
higher IL-8 and SLPI at all visits and higher IL-1RA at some
visits. COC users had lower BD-2 at t - 2 and t - 1, while
pregnant women had lower RANTES at t0 through t + 2
compared to nonpregnant women.

Breastfeeding women had lower SLPI at all visits and
higher RANTES and lower BD-2 levels at the t + 1 and t + 2
visits compared to nonbreastfeeding women. There were also
important differences by site; Zimbabwean women had
higher IL-8, RANTES, and SLPI than Ugandan women at all
visits. They also had lower IL-1RA and BD-2 at some visits.
Younger women (18–24 years) had lower IL-8 at t - 1 and t0
than older women. When we adjusted additionally for STIs/
RTIs (chlamydia, gonorrhea, trichomonas, HSV-2, and BV
infection), there was little change to these results.

Discussion

We measured 10 biomarkers of inflammation and immu-
nity in 943 HIV seroconverters and HIV-negative women

FIG. 1. (Continued).
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from Zimbabwe and Uganda at five visits, including two
before and three after HIV seroconversion and analogous
visits by the HIV-negative controls.

Among the HIV-negative women we found that while some
biomarkers changed modestly over time (IL-6, IL-8, VEGF,
IL-1RA, and BD-2), most biomarkers remained relatively
stable across the five study visits (Table 2). In contrast, all 10
markers changed significantly across the five visits among HIV
seroconverters (test of trend p < .01). Most mediators, includ-
ing IL-1b, IL-6, IL-8, MIP-3a, VEGF, IL-1RA, SLPI, and
BD-2, decreased significantly starting at (t0) or before HIV se-
roconversion (t - 1), while several others, including RANTES,
ICAM-1, and the 1RA:IL-1b, increased significantly across
time—also starting at the seroconversion visit (Table 2). In
addition, levels of most biomarkers were lower at analogous
visits among HIV seroconverters than among HIV-negative
women except for RANTES, ICAM, and the 1RA:IL-1b ratio,
which were higher postseroconversion compared with values
for women remaining HIV negative. RANTES was also higher
and SLPI lower in HIV seroconverters compared to HIV-
negative controls at the t - 1 visit (Tables 2 and 4). Levels of

biomarkers at the t - 2 visit did not differ between participants
remaining HIV negative and those that later seroconverted
suggesting that immune mediator changes underlying in-
creased HIV susceptibility occur in temporal proximity to
primary HIV infection.

Decreased levels of innate immunity mediators in those
who became HIV positive may be explained with the overall
immunosuppressive syndrome following HIV infection es-
pecially in the absence of antiretroviral therapy. The t + 1
time interval where we saw the most suppressed cytokine
levels corresponds chronologically to the early chronic phase
of infection. During this phase a significant depletion of
mucosal CD4+ T cells has already occurred, the initial im-
mune activation and cytokine storm that distinguish the acute
phase of infection have already passed, and the immuno-
suppressive effects of immune-cell derived apoptotic bodies
may dominate the cervical mucosal environment.24

We previously found that elevated RANTES was associ-
ated with increased risk of subsequent HIV acquisition.18,25

In addition, our group and others have found that higher
RANTES both before and after HIV infection was associated

Table 4. Multivariable Models for Selected Biomarkers by Visit (from T - 2 to T + 2)

Mediators
and visits

Becoming
HIV+c (nd = 825)

DMPAc

(nd = 824)
COCc

(nd = 824)

Current
pregnantc

(nd = 825)

Current
breastfeedingc

(nd = 825)
Zimbabwec

(nd = 825)
Age: 18–24c

(nd = 825)

IL-8ab

t - 2 [ [ [
t - 1 [ [ [ Y
t0 Y [ [ [ Y
t+1 Y [ [ [
t+2 Y [ [ [ Y [

RANTESab

t - 2 [ [
t - 1 [ [ [
t0 [ [ Y [
t+1 [ [ Y [ [
t+2 [ [ Y [ [

IL-1RAab

t - 2 Y
t - 1 [ Y
t0 Y
t+1 Y [ [
t+2 Y [

SLPIab

t - 2 [ [ Y [
t - 1 Y [ [ Y [
t0 Y [ [ Y [
t+1 Y [ [ Y [
t+2 Y [ [ Y [

BD-2ab

t - 2 Y Y
t - 1 [ Y Y Y
t0 Y Y
t+1 Y Y
t+2 Y

[ Indicates statistically significant increase and Y indicates statistically significant decrease in levels of these mediators ( p < .05).
aMultivariable model adjusting for HIV status, contraceptive use, current pregnancy, current breastfeeding, site, and age.
bBased on Box–Cox transformation.
cReference groups are, in order left to right, remaining HIV negative; not using hormonal contraception at the visit, not pregnant at the

visit, not breastfeeding at the visit, Uganda site, age ‡25 years.
dNumber of maximum visits used among all visits.
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with increased genital shedding of HIV.20,26 It is plausible
that RANTES might be associated with HIV acquisition risk
as it is both a chemoattractant for HIV target cells and can pro-
mote inflammatory pathways associated with HIV replication.27

In addition, it is consistent that RANTES levels were increased
at all HIV-positive visits among seroconverters as RANTES is
one of the major viral stress response genes upregulated upon
HIV infection as demonstrated by in vitro studies.28

We also found that women who seroconverted (compared
HIV-negative women) had significantly lower SLPI starting
at the visit before seroconversion (t - 1) and continuing
throughout postseroconversion after controlling for other
variables. In addition, HIV seroconverters had lower IL-8 and
IL-1RA postseroconversion than women remaining HIV
negative. Our finding of lower SLPI among HIV ser-
oconverters just before HIV acquisition agrees with prior
research suggesting that SLPI is an antiviral protein protec-
tive against HIV acquisition.29 Nevertheless, other studies
have reported no association between SLPI levels and HIV
acquisition.30,31 The finding that lower SLPI also continues
postseroconversion compared to women remaining HIV
negative has not been shown previously.

DMPA users had higher levels of RANTES at all five visits
and lower levels of BD-2 from the t - 2 through t0 visits than
the NH group. Increased RANTES among DMPA users has
also been reported in a cross-sectional analysis by Deese25

and a cohort study by Francis.32 These epidemiologic data are
further supported by two in vitro studies that reported upre-
gulation of RANTES by DMPA in genital epithelial
cells.33,34 Our finding of decreased levels of the antiviral
peptide BD-2 at some visits has not been reported by other
smaller epidemiologic studies.32,35 While our finding of no
association between SLPI and DMPA use agrees with pre-
vious epidemiologic research,25,32,35,36 we did not find the
increases in other pro-inflammatory markers such as IL-6, IL-
8, and IL-1b among DMPA users reported in some stud-
ies25,32,37 but not in others.15,38–41 The reasons for these
differences are unclear but may be due to differences in study
design, study population, or specimen collection timing and
methods. Nevertheless, the increased RANTES and de-
creased BD-2 results suggest that DMPA may create an im-
mune environment conducive to HIV target cell recruitment
and inhibitory for antiviral activity.31

Conversely, we found that COC users experienced higher
IL-8 and SLPI at all five visits and higher IL-1RA but lower
BD-2 at some (t - 2, t - 1) visits than the NH group. Similarly,
pregnant women had higher IL-8 and SLPI at all visits and
higher IL-1RA at some visits. However, in contrast to COC
users they had lower RANTES at some visits and no differ-
ences in BD-2 levels (compared to nonpregnant women). The
increase of both pro- and anti-inflammatory immune bio-
markers in both COC users and pregnant women is consistent
with an established condition of inflammation. Both pro-
(e.g., cytokines and chemokines) and anti-inflammatory
mediators (e.g., SLPI and IL-1RA) are upregulated by in-
flammatory signaling pathways (e.g., NF-kB) in an attempt to
render protection from infection. The fact that IL-8, a
downstream marker of inflammation associated with in-
flammatory cell influx and activation, is increased despite the
higher levels of IL-1RA suggests that the anti-inflammatory
response, although present, was insufficient to counterbal-
ance the stronger pro-inflammatory responses.

We identified important differences in immune biomarkers
between Zimbabwean and Ugandan women: Zimbabwean
women had higher levels of IL-8, RANTES, and SLPI than
Ugandan women at all visits and lower levels of IL-1RA and
BD-2 at some pre- and postseroconversion visits. Differences
in female genital tract immune biomarkers by location have
been recorded by others, for example, among Kenyan and
Zimbabwean women compared to U.S. women,42,43 and
since standardized collection procedures were used and all
biomarkers were assessed in one central laboratory, we have
no reasons to believe that the differences are an artifact of
laboratory procedures. However, it is important to emphasize
that the observed geographic differences may not be neces-
sarily attributable to ethnicity and genetic background. They
may be due to differences in STI/HIV prevalence and path-
ogen subtypes or to behavioral differences between Zim-
babwean and Ugandan women. For example, a recent study
showed that both vaginal douching and vaginal drying
practices influence cervicovaginal immunity, including some
of the biomarkers measured in this study (RANTES, IL-8,
and SLPI) in both women at risk of HIV and among HIV-
positive women.44,45 Different HIV subtypes prevalent in
these two countries may also contribute to the immune dif-
ferences we observed and should be further investigated.46

Our study has multiple strengths. First, we followed large
number of women longitudinally over 5 visits (3,700 visits in
total) with large numbers of HIV seroconverters included
both before and after seroconversion. This is a unique dataset
that allows comparisons in the same women before and after
seroconversion. Second, women were roughly evenly di-
vided between contraceptive groups with large numbers of
DMPA, COC, and NH users allowing us to study contra-
ceptive effects with some precision. The study provided
women with their contraceptive method so we have confi-
dence in the measurements of contraceptive exposure, par-
ticularly for DMPA which was administered on site. In
addition, data from multiple sites ensured a more represen-
tative sample of East and Southern African women. Finally,
all biomarkers were measured at the same accredited labo-
ratory with methods previously validated for technical ac-
curacy and clinical content.19,20,47,48

Our study also had some important limitations. First, the
study was observational, and biases may have been intro-
duced by women’s original contraceptive choices. However,
this is an issue with all published in vivo studies of the effects
of contraception on immunological biomarkers in the female
genital tract (FGT). Second, although our analyses were ad-
justed for a composite STI variable through matching, they
were not adjusted by individual STI, and thus, matching on
STI status was imperfect. A separate analysis and article are
underway to address the effect of each individual STI on the
immunological biomarkers. Third, our study did not measure
hormone levels and, thus, was not able to correlate cervical
immunity with hormone levels nor assess the accuracy of
self-reported OC use. However, the large sample size and
longitudinal character with random variation of menstrual
cycle within the non-HC group help minimize confounding
by menstrual cycle phase and endogenous hormones. Paired
serum samples were obtained and are currently being ana-
lyzed. Subsequent publications will compare systemic and
cervical immunity and will correlate these measures with
hormonal levels. Finally, our study did not use biological
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markers of semen exposure, and semen is known to influence
FGT immunity in vitro.49,50 We believe that this weakness
does not significantly detract from the merits of our study,
given that none of the biological markers currently available
is able to precisely measure the timing of sexual intercourse
and semen exposure. Moreover, sexual intercourse may have
an impact on FGT immunity even when condoms are used
due to sexual trauma. The large sample size should help to
minimize the effect of confounders randomly across the long
follow-up period of up to 300 weeks.

In summary, we found that markers of immunological risk
(increased RANTES and decreased SLPI) occurred both
before and after HIV infection in a large cohort of Zimbab-
wean and Ugandan women. Changes preceding HIV seroc-
onversion appear to occur close to the time of infection. The
longitudinal patterns of cervical immunity differed between
HIV seroconverters, assessed both before and after HIV ac-
quisition, and nonseroconverters, and DMPA, COC use, and
pregnancy differentially affected the cervical immunoin-
flammatory mediators associated with HIV risk.
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