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a b s t r a c t

Objective: The objective of this study was to assess alterations in vaginal microbiota and immune markers 
over the first 3 months following initiation of copper intrauterine device (copper IUD), levonorgestrel (LNG) 
implant, and intramuscular depot medroxyprogestone acetate (DMPA-IM).
Study design: We included 162 participants from the Evidence for Contraceptive Options and HIV Outcomes 
(ECHO) trial, which enrolled healthy, HIV-negative women seeking contraception and randomized them to a 
copper IUD, LNG implant, or DMPA-IM. Microbiome and immune profiles in vaginal swab samples collected 
at enrollment, 1 month and 3 months were analyzed. We categorized microbiome profiles as ‘‘optimal’’, 
‘‘intermediate’’, or ‘‘non-optimal’’ based on established criteria [1]. We compared microbiome and immune 
markers across contraceptive groups and evaluated changes to 1 and 3 months.
Results: Copper IUD users had a more diverse vaginal microbiome and generally increased inflammatory cytokines 
and antimicrobial peptides over the 3-month follow-up, compared to LNG-implant and DMPA-IM users [2]. LNG- 
implant users had less complex vaginal microbiomes with reduced inflammation, while DMPA-IM showed little 
change in either microbiome composition or inflammatory markers. Copper IUD users exhibited lower microbiome 
stability and a higher likelihood of transitioning to less optimal profiles. In contrast, LNG-implant users showed 
greater stability and a higher probability of transition to optimal microbiome and immune marker profiles.
Conclusions: Contraceptive methods affect the vaginal microbiome differently. Copper IUD use may lead to less 
favorable profiles and increased levels of some immune markers, indicating potential adverse health effects. 
Conversely, LNG-implant usage promotes a more favorable microbiome and immune marker balance.
Implications: Our findings suggest that copper IUDs are associated with decreased prevalence of Lactobacillus- 
dominated microbiomes, higher transition rates towards less optimal microbiome and increased inflammatory 
profiles, which may lead to negative implications for gynecologic and reproductive health, the LNG-implant may 
offer positive health benefits with increased prevalence of L. crispatus-dominated microbiomes.
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1. Introduction 

Of nearly 2 billion reproductive aged women worldwide, almost 
half use contraception [3]. However, its impact on the vaginal mi
crobiome remains unclear. In recent years, consensus is that Lacto
bacillus species (L. crispatus, L. gasseri and L. jensenii) are considered 
protective against bacterial vaginosis (BV) and sexually transmitted 
infections (STIs) including HIV [4]. Conversely, Gardnerella vaginalis, 
Ca. Lachnocurva vaginae (BVAB1), Atopobium vaginae. and other 
anaerobes are linked to BV, cervicovaginal inflammation, reduced 
epithelial barrier integrity, and increased risk of adverse gynecolo
gical and obstetric outcomes [5–8]. Lastly, Lactobacillus iners is often 
considered intermediate impact because of its association with 
greater microbial diversity and a higher probability of transition to a 
less protective vaginal microbiome [9,10]. 

Recent studies suggest that estrogen-containing contraceptives 
have a positive effect on the vaginal microbiome, favoring 
Lactobacillus-dominant profiles [11–14], whereas copper intrauterine 
devices (IUDs) are linked to increased microbial diversity and BV  
[15,16]. The impact of progestin-only contraceptives, including in
tramuscular depot medroxyprogesterone acetate (DMPA-IM) - used 
by nearly 23 million women and the most used contraceptive among 
African women [3] - has yielded inconsistent findings [11]. 

We previously reported that users of copper IUDs and LNG im
plants in this cohort South African women had higher levels of pro- 
inflammatory and chemotactic markers at month 3 compared to 
baseline [2]. In the present study, we evaluated the same cohort, 
randomized to contraceptive methods including the copper IUD, the 
levonorgestrel implant (LNG-implant), and DMPA-IM. We assessed 
vaginal microbiome profiles alongside cytokine and antimicrobial 
peptide levels to test the hypothesis that these contraceptive 
methods may exert distinct effects on the vaginal microbiome and 
host immune responses. 

2. Materials and methods 

The following is a summary of Methods; full details are provided 
in Appendix A: Supplemental Materials. 

2.1. Participants and samples 

We selected participants from the Evidence for Contraceptive 
Options and HIV Outcomes (ECHO) Trial, in which individuals were 
randomized to receive either copper IUD, LNG-implant, or DMPA-IM. 
The trial was conducted across four African countries between 
December 14, 2015, and September 12, 2017 [17]. We collected lateral 
vaginal wall swabs at baseline, 1 month, and 3 months post-contra
ceptive initiation from participants at the Setshaba Research Centre 
(SRC) in Tshwane (n = 53) and the MatCH Research Unit (MRU) in the 
eThekwini District, South Africa (n = 109). We obtained all baseline 
samples immediately before contraceptive initiation. All participants 
were HIV-seronegative at baseline, and none had been using HIV pre
exposure prophylaxis (PrEP). We stored samples dry at −80 oC. 

2.2. 16S rRNA taxonomic surveys 

We performed 16S rRNA gene surveys as previously described  
[18] and deposited sequences in the Sequence Read Archive under 
BioProject SUB12094402. We assigned vagitypes as described pre
viously, categorizing vaginal 16S rRNA profiles into community state 
types (CSTs) according to the taxon with the highest proportion of 
reads (≥30%). We classified samples with no single dominant taxon 
(< 30% of reads) as “No Type” [18]. Alternatively, we designated va
gitypes dominated by L. crispatus, L. gasseri or L. jensenii as “optimal”, 
those dominated by L. iners as “intermediate” and those lacking 
Lactobacillus species as “non-optimal” [1]. 

2.3. Diversity analysis 

We assessed alpha diversity using the Shannon and Inverse 
Simpson indices. To evaluate beta diversity, we used Non-Metric Multi- 
Dimensional Scaling and Bray-Curtis distances via the vegan package in 
R [19]. We also analyzed beta diversity using centered log ratio (clr) 
transformation and visualized it with t-distributed stochastic neighbor 
embedding (t-SNE) using Rtsne package [20,21]. We tested statistical 
differences using the Wilcoxon and Adonis tests [19]. 

2.4. Longitudinal analysis 

We applied Poisson regression models to assess associations 
between vaginal microbiome composition and contraceptive 
method over time. We modeled vaginal microbiome counts (op
timal, intermediate, non-optimal) as a function of contraceptive 
method, time point, and vaginal microbiome class. To compare 
homogeneous and non-homogeneous association models, we used 
an analysis of deviance Chi-square test in R [19]. 

2.5. Transition analysis 

We used a continuous-time Markov chain model to analyze vagitype 
transitions, employing the msm and markovchain packages in R [22]. We 
estimated transition probabilities among the three vaginal microbiome 
states (optimal, intermediate, or non-optimal) and calculated 95% con
fidence intervals to assess statistical differences between groups. 

2.6. Mixed effects modeling of cytokine and vaginal microbiome 
associations 

We previously measured cytokines and immune markers - in
cluding MIP-1α (CCL3), MIP-1β (CCL4), MIP-3α (CCL20), IP-10, 
CXCL10, RANTES, CCL5, IL-6, IL-8, IL-1β, TNF-α, IFN-α, and SLPI using 
customized Human Magnetic Luminex Screening Assays (R&D 
Systems, Minneapolis, USA) as previously described [2]. HBD-1 and 
HBD-2 were quantified using ELISA kits (Novus Biologicals, Colorado, 
USA). In the current study, we conducted a new analysis combining 
these previously reported cytokine and antimicrobial peptide pro
files with vaginal microbiome profiles using mixed effect models. 
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3. Results 

3.1. Baseline vaginal microbiome similarity across study sites 

We recruited participants for this ECHO sub-study from women’s 
health clinics and the general community in Tshwane and 
eThekwini, South Africa, and randomized into copper IUD group 
(n = 51), DMPA-IM group (n = 53) and LNG implant group (n = 58). 
Baseline characteristics were comparable across sites and contra
ceptive groups, closely resembled the full ECHO cohort, except that 
99% of the individuals in this sub-cohort had never been married, 
compared to 80% in the ECHO cohort. 

The majority of participants exhibited low-diversity vaginal mi
crobiomes dominated by a single species with L. iners being the most 
common (around 49% of samples), followed by L. crispatus (around 
12%), BVAB1 (around 11%), G. vaginalis (around 6%), and A. vaginae 
(around 4%) (Supplemental Fig. 1A). Only around 9% of samples were 
classified as ‘‘no type’’ (Supplemental Figs. 1A−C). No significant 
differences in baseline vaginal microbiome diversity or composition 
were observed between sites or contraceptive groups (Supplemental 
Figs. 2A−D). 

3.2. Copper IUD use associated with less protective vaginal microbiome 

Our taxonomic analysis using 16S rRNA profiles showed that 
copper IUD use was associated with a trend toward a less protective 
vaginal microbiome with decreased prevalence of L. crispatus and 
increased prevalence of G. vaginalis, BVAB1, A. vaginae and other 
anaerobes, although these changes did not remain significant after 
adjustment for multiple comparisons (Supplemental Figs. 3A−D). 
Profiles of copper IUD users showed increased Shannon index 
(within sample) taxonomic alpha diversity (p = 0.01), evenness (taxa 
become more similar in relative abundance, (p = 0.01) and decreased 
beta diversity (between sample taxonomic diversity, p = 0.28) by M3 
(Figs. 1A−C, and Supplemental Fig. 3E). In contrast, among women 
using the LNG-implant, there was an increase in the proportion with 
optimal L. crispatus-dominated vaginal microbiomes and a reduction 
in G. vaginalis and other non-optimal vagitypes, with diversity 
trending toward optimal states. Taxonomic profiles of DMPA-IM 
users were largely unaltered. 

To reduce the complexity of the data, we grouped vaginal micro
biome profiles into (1) optimal (dominated by L. crispatus, L. gasseri and 
L. jensenii); (2) intermediate (dominated by L. iners); and (3) non- 

Fig. 1. Transitions over time of vagitypes in response to different contraceptive methods (Tshwane and in the eThekwini District, South Africa, 2015–2017). (A) Alpha diversity was 
quantified by calculating the Shannon index. (B) Evenness of taxa distribution. (C) The number of observed taxa. * Indicates p = 0.05 and ** p = 0.01 after adjusting for multiple 
comparisons. (D) Longitudinal changes in Optimal, Intermediate and Non-optimal vaginal microbiome. (E) Vaginal microbiome counts across time with respect to contraceptive method. 
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optimal (all other vagitypes). The numbers of women in each category 
or visit for each contraceptive group in the study are indicated in Figure 
1D. This analysis revealed a significant association (p = 0.029) between 
visit and vaginal microbiome among LNG-implant users; i.e., a shift 
toward increased optimal and decreased non-optimal vagitypes 
(Fig. 1D). However, copper IUD users shifted toward increased non- 
optimal and decreased optimal vagitypes over time, although the 

association was not statistically significant (p = 0.29). Poisson regres
sion analysis comparing transitions between the three vagitype groups 
in copper IUD and LNG-implant users showed a significant (p = 0.015) 
non-homogenous association between the longitudinal vagitypes 
across the two groups (Fig. 1E). In contrast, we observed no non- 
homogenous association in pairwise analyses of the DMPA-IM group 
compared to the copper IUD or LNG-implant groups. 

Fig. 2. Vaginal microbiome transitions in women using different contraceptive methods (Tshwane and in the eThekwini District, South Africa, 2015–2017). We assessed the 
probability of transition of the vaginal microbiomes in each contraceptive group longitudinally across the three month period using a simplified Markov model. (A) Alluvial 
diagram illustrating the transitions among vaginal microbiome profiles among women using different contraceptive methods. The numbers of women in each transitional group 
are indicated. (B) Transition frequencies among women using different contraceptive methods. 

Table 1 
Relevant baseline characteristics of the ECHO cohorta and sub-study cohort from Setshaba Research Centre (Tshwane) and MatCH Research Unit (eThekwini District), South Africa, 
2015–2017          

Copper IUD 
n (%) 

DMPA-IM 
n (%) 

LNG implant 
n (%)   

ECHOa Sub-study ECHOa Sub-study ECHOa Sub-study  
2609 51 2607 53 2613 58 

Age (y)       
16−17 26 (1) 0 (0) 17 (1) 0 (0) 21 (1) 0 (0) 
18−20 684 (26) 11 (21.5) 695 (27) 8 (15) 683 (26) 12 (21) 
21−24 913 (35) 23 (45) 953 (37) 26 (49) 956 (37) 22 (38) 
25−30 752 (29) 11 (21.5) 719 (28) 11 (21) 735 (28) 20 (34) 
31−35 232 (9) 6 (12) 225 (9) 8 (15) 218 (8) 4 (7) 
Marital status       
Never married 2090 (80) 51 (100) 2087 (80) 53 (100) 2085 (80) 57 (98) 
Marriedb 517 (20) 0 (0) 522 (20) 0 (0) 528 (20) 1 (2) 
BMI ≤ 30 1946 (75) 29 (57) 1958 (75) 39 (74) 1913 (73) 41 (71) 
BMI  >  30 663 (25) 22 (43) 649 (25) 14 (36%) 700 (27) 17 (29) 
STI statusc       

C. trachomatis 486 (19) 7 (14) 454 (17) 8 (15) 480 (18) 16 (28) 
N. gonorrhoeae 124 (5) 2 (4) 117 (4) 2 (4) 127 (5) 3 (5) 
HSV−2-serology 1020 (39) 14 (27) 1001 (38) 21 (40) 967 (37) 18 (31) 

BMI, body mass index; C. trachomatis, Chlamydia trachomatis; DMPA-IM, intramuscular depot medroxyprogesterone acetate; ECHO, Evidence for Contraceptive Options and HIV 
Outcomes; HSV-2, herpes simplex virus type 2; IUD, intrauterine device; LNG, levonorgestrel; N. gonorrhoeae, Neisseria gonorrhoeae; STI, sexually transmitted infection.  

a Samples from the ECHO cohort were collected across 12 research sites in eSwatini, Kenya, South Africa, and Zambia, 2015-2017 [17].  
b Includes married and previously married participants.  
c STI results from the sub-study cohort were previously reported by Radzey et al. [2].  
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3.3. Transition probabilities explain differences between contraceptive 
groups 

A Markov chain model analysis was utilized to probabilistically 
quantify the frequency of vagitype transitions. Stratifying the vaginal 
microbiomes into optimal, intermediate and non-optimal groups, we 
found that transitions in copper IUD users were more frequently 
toward non-optimal profiles than transitions in the other two groups 
(Figs. 2A and B, and Table 1). Vaginal microbiome profiles of copper 
IUD users tended to frequently transition away from the optimal 
group (57%; i.e., 36% to intermediate and 21% to non-optimal), and 
only rarely (around 5%) transitioned toward an optimal profile. 
Conversely, optimal vaginal microbiomes of women using LNG-im
plant were more stable, transitioning away from the optimal profile 
at a lower rate (around 30% to intermediate vaginal microbiomes). 
Transitions to the optimal state from other states in the LNG users 
were not uncommon (i.e., 9% from non-optimal and 16% from in
termediate) and observed in a higher rate compared to copper IUD 
and LNG-implant users, 5% and 9%, respectively. Transition rates 
among women using DMPA-IM were intermediate in frequency 
compared to the copper IUD and LNG-implant groups. 

3.4. Cytokine and antimicrobial peptide expression is correlated with 
vaginal microbiome composition and contraceptive method 

When we evaluated the vaginal microbiome profiles alongside 
cytokine and antimicrobial peptide profiles using mixed-effect 
models - which incorporated covariates such as contraceptive 
method, visit (M1 and M3), BMI, active STI status, and a random 
subject effect - with found that levels of IL-6, IL-1β, MIP-1α, MIP-3α, 
IP-10 and HBD-1 & -2 were significantly higher in copper IUD users 

compared to the those using LNG-implant and DMPA-IM. IL-8 and 
IFN-α showed a similar, though statistically non-significant increase 
in copper IUD users. In contrast, TNF-α and SLPI levels were similar 
in all three contraceptive groups in this model (Fig. 3A and  
Supplemental Table 1). 

The mixed effect model showed that IL-1β and IL-6 (pro-in
flammatory), IL-8 (chemokine), and HBD-1 & -2, were elevated in 
women with non-optimal or intermediate vaginal microbiomes, 
with statistically significant differences observed for IL-1β and HBD- 
2 (Fig. 3B and Supplemental Table 2). Chemokines IP-10, MIP-1α and 
MIP-3α, as well as the antimicrobial protein, SLPI, were elevated in 
women with optimal vaginal microbiomes; all associations except 
for MIP-3α were statistically significant. In addition, elevated levels 
of the pro-inflammatory cytokine TNF-α were observed among 
women with optimal vaginal microbiomes. 

Additionally, vaginal microbiome profiles were grouped into 
non-optimal, intermediate, and optimal. Pairwise comparisons of 
immune factor levels across contraceptive methods at baseline, M1, 
and M3 showed consistently significantly higher TNF-α, IP-10, and 
SLPI levels at M1 and M3 in LNG-implant users, with SLPI also ele
vated in DMPA-IM users (Supplemental Table 3). Women with non- 
optimal and transitional vaginal microbiomes at baseline generally 
had higher IL-1β levels, except copper IUD users at M1 and M3, 
suggesting that IL-1β may be expressed at higher levels in response 
to this contraceptive device. 

Finally, we analyzed longitudinal fold changes in immune markers 
associated with microbiome transitions (Fig. 4). IL-6, IL-1β, IL-8 and 
HBD-2 significantly decreased with transitions to more optimal vaginal 
microbiomes but increased with shifts to a less protective state. Con
versely, SLPI and IP-10 decreased in women whose vaginal micro
biomes transitioned to a less optimal state and increased in women 

Fig. 3. Effect of contraceptive method on cytokine and antimicrobial peptide expression levels (Tshwane and in the eThekwini District, South Africa, 2015–2017). A mixed effect 
model was fit using JMP version 16 to each cytokine and antimicrobial peptide including a random subject effect and covariates for (A) Contraceptive method (copper IUD, DMPA- 
IM, LNG-implant), visit (baseline, M1 or M3), BMI, active STI, and (B) Vaginal microbiome profile (Optimal, Intermediate, Nonoptimal). BMI = body mass index; DMPA- 
IM = intramuscular depot medroxyprogesterone acetate; IUD = intrauterine device; LNG = levonorgestrel; STI = sexually transmitted infection. 
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whose vaginal microbiomes transitioned to a more optimal state. Si
milarly, non-optimal vaginal microbiomes were generally associated 
with increased levels of proinflammatory cytokines (e.g., IL-1β, IL-6), 
chemokines (e.g., IL-8) and antimicrobial peptides (HBD-1 & -2). Pro- 
inflammatory cytokine TNF-α was elevated among women with op
timal vaginal microbiomes, which were also associated with IP-10, 
MIP-1α and MIP-3α, and SLPI, as well as use of LNG-implants. 

4. Discussion 

This study suggests that copper IUD use alters the vaginal mi
crobiome in a way that may be less protective, whereas LNG-implant 
use supports a more protective state. Copper IUD users exhibited 
greater alpha diversity but reduced beta diversity, often transi
tioning from L. crispatus-dominated profiles to intermediate or non- 
optimal profiles. High alpha diversity and low Lactobacillus dom
inance, categorized as non-optimal profiles generally dominated by 
G. vaginalis, Ca. Lachnocurva vaginae (BVAB1), A. vaginae and other 
anaerobes [1], are often associated with dysbiosis and linked to BV, 
increased STI risk (including HIV), and adverse pregnancy outcomes 
such as preterm birth [1,7,12,18]. In contrast, LNG-implant users 
maintained stable diversity, trending toward L. crispatus-dominant 
profiles, while DMPA-IM had minimal effects on vaginal microbiome 
profiles. Categorizing vaginal microbiomes into optimal, inter
mediate, and non-optimal profiles improved statistical power. 
Transition patterns varied by contraceptive method: copper IUD 
users frequently shifted towards less protective compositions, 
whereas LNG-implant users moved toward optimal profiles. 

Cytokines analyses support our previous finding that copper IUD 
users had elevated immune markers compared to LNG-implant and 
DMPA-IM users [2]. As previously shown, both SLPI and IP-10 [23,24] 
are generally associated with optimal vaginal microbiomes. In con
trast to previous reports [7,24] but consistent with our observations, 
TNF-α showed a similar trend as SLPI and IP-10 (i.e., increasing levels 
in women transitioning to an optimal state). 

Variations in TNFα levels across contraception methods and 
vaginal microbiomes suggest distinct regulatory mechanisms 
compared to other pro-inflammatory cytokines. TNFα production, 
influenced by immune and epithelial cells, varies with the local 
vaginal microbiome environment and systemic contraceptive ef
fects [5,25]. The copper IUD may induce unique immune re
sponses, distinct from hormonal contraceptives. vaginal 
microbiome-immune interactions further modulate TNFα, as cer
tain bacterial communities can stimulate or suppress its produc
tion [24]. Additionally, TNFA-308A carriers exhibit elevated TNFα 
only with BV-like vaginal microbiome, indicating a gene-en
vironment interaction [26]. 

Progestin-only contraceptives, like DMPA-IM, have shown in
consistent effects on the vaginal microbiome, likely influenced by 
individual metabolic and immune factors. For instance, DMPA-IM 
may increase inflammatory responses only in women with low 
baseline levels of inflammation. In contrast, the inflammatory po
tential of LNG implants is largely unknown. LNG implants provide 
steady progestin release, maintaining lower systemic levels than 
DMPA injections. This stability may provide a more stable environ
ment in the vaginal microbiota, promoting the growth of protective 
bacteria. Conversely, the higher systemic concentrations of DMPA 

Fig. 4. Changes in cytokine, chemokine and antimicrobial peptide levels (Tshwane and in the eThekwini District, South Africa, 2015–2017). Transitions among Optimal (O), 
Intermediate (I) and Nonoptimal (N) vaginal microbiome profiles at month 1 (A) and month 3 (B). 

M.G. Serrano, D. Edwards, K. Ahmed et al. Contraception 148 (2025) 110936 

6 



could exert a more pronounced, variable effect on the microbiome 
and immune system, contributing to inconsistent outcomes. 

Our findings align with previous reports that copper IUD users 
showed increased levels of proinflammatory factors, associated with 
higher abundance of less protective taxa, suggesting that copper IUD 
use negatively affects vaginal microbiome composition  
[15,24,25,27–29]. This effect is potentially due to its antimicrobial 
properties and induction of inflammatory cytokines. Biofilms formed 
by non-optimal taxa could be more resistant than lactobacilli to 
these antimicrobial effects [30,31], leading to sustained inflamma
tion. Elevated levels of antimicrobial peptides HBD-1 & -2 in women 
with non-optimal vaginal microbiomes suggest compensatory host 
defense mechanisms. 

LNG-implants favor a L. crispatus- dominated vaginal micro
biome, consistent with reports showing a positive or neutral effect of 
levonorgestrel-containing contraceptives on the vaginal microbiome  
[11,13,29,32]. TNF-α, SLPI, IP-10, MIP-1α and MIP-3α were associated 
with more optimal taxa, supporting a positive effect of this contra
ceptive method. Our finding that DMPA-IM contraception has 
minimal impact on the vaginal microbiome and immune marker 
expression aligns with recent studies indicating that this method 
does not significantly increase the risk of HIV acquisition [33] when 
compared to copper IUDs and LNG implants. 

Although our findings suggest copper IUDs may transiently dis
rupt the vaginal microbiota, epidemiologic evidence links long-term 
use to reduced cervical cancer risk, possibly through enhanced im
mune surveillance or HPV clearance [34,35]. This underscores a 
complex relationship between short-term inflammation and longer- 
term protective effects, warranting further investigation. 

Study strengths include the prospective assessment of rando
mized contraceptive effects on the vaginal microbiome and immune 
response, with high adherence and follow-up rates. Limitations in
clude small sample size, short contraceptive duration, and single 
samples per visit. Further studies are needed to confirm immune 
and microbiome changes with copper IUDs and LNG-implants, as
sess the durability of these changes, and determine whether they 
translate into a higher risk of STIs and reproductive health im
plications. Future research should explore whether copper IUD ef
fects stem from its physical presence and/or copper release [30]. 

This study finds that LNG-implant use promotes a vaginal mi
crobiome profile dominated by L. crispatus in the short term, 
whereas copper IUD use shifts the vaginal microbiome to a less 
protective state with increased alpha diversity and non-optimal taxa 
like G. vaginalis, BVAB1, and A. vaginae. These profiles, linked to in
creased inflammatory markers, may potentially lead to elevated risk 
of BV and STIs, including HIV. These observations may impact the 
individualized choice of contraceptive methods, considering factors 
such as efficacy, ease of use, safety, side-effects, and cost. 

Although the ECHO study found no increased HIV incidence over 
18 months, there were some important limitations such as the lack 
of a control group and the fact that the trial was only powered to 
detect a 50% difference in HIV incidence by contraceptive group. A 
longer follow-up period could potentially reveal an increased in
cidence of STIs, including HIV, in the copper IUD group. In contrast, 
DMPA-IM had minimal impact on vaginal microbiome or immune 
markers. Further research is essential to ensure contraceptives safety 
and guide future development. 

CRediT authorship contribution statement 

Serrano Myrna G.: Writing – review & editing, Writing – original 
draft, Visualization, Supervision, Project administration, 
Investigation, Formal analysis, Data curation. Edwards David: 
Writing – original draft, Visualization, Formal analysis, Data cura
tion, Writing – review & editing. Ahmed Khatija: Writing – review & 
editing, Supervision, Resources, Project administration, 

Investigation. Bailey Veronique C.: Writing – review & editing, 
Supervision, Project administration, Investigation. Beksinska Mags: 
Writing – review & editing, Supervision, Project administration, 
Investigation. Edupuganti Laahirie: Formal analysis, Data curation, 
Writing – review & editing. Harryparsad Rushil: Writing – review & 
editing, Investigation, Data curation. Conceptualization. 
D'Hellencourt Florence L.: Writing – review & editing, Supervision, 
Project administration. Meyer Bahiah: Writing – review & editing, 
Investigation, Data curation. Mehou-Loko Celia: Data curation, 
Investigation, Writing – review & editing. Radzey Nina: Writing – 
review & editing, Investigation, Data curation. Taku Ongeziwe: 
Writing – review & editing, Investigation, Data curation. Williamson 
Anna-Lise: Writing – review & editing, Resources, Methodology. 
Smit Jennifer: Writing – review & editing, Supervision, Resources, 
Project administration, Investigation. Spaine Katherine: 
Investigation, Writing – review & editing. Zhu Bin: Visualization, 
Formal analysis, Data curation, Writing – review & editing. Jefferson 
Kimberly K.: Writing – review & editing, Funding acquisition, 
Conceptualization. Nanda Kavita: Writing – review & editing, 
Project administration, Funding acquisition, Conceptualization. 
Strauss III Jerome F.: Writing – review & editing, Funding acquisi
tion, Conceptualization. Morrison Charles S.: Writing – review & 
editing, Resources, Project administration, Funding acquisition, 
Conceptualization. Deese Jennifer: Writing – review & editing, 
Supervision, Resources, Project administration, Methodology, 
Investigation, Funding acquisition. Masson Lindi: Writing – review 
& editing, Supervision, Resources, Project administration, 
Methodology, Investigation, Funding acquisition, Conceptualization. 
Buck Gregory A.: Writing – review & editing, Writing – original 
draft, Supervision, Resources, Project administration, Methodology, 
Investigation, Funding acquisition, Conceptualization. 

Acknowledgments 

The authors are deeply grateful to the women who took part in 
this study for their commitment and perseverance, as well as to the 
communities that made this work possible. The authors would also 
like to acknowledge the study teams for their efforts in collecting, 
processing, storing, and shipping the samples.The sequencing data 
included in this study were generated at the Genomics Core Facility 
at Virginia Commonwealth University. 

Appendix A. Supporting material 

Supplementary data associated with this article can be found in 
the online version at doi:10.1016/j.contraception.2025.110936. 

References 

[1] McKinnon LR, Achilles SL, Bradshaw CS, Burgener A, Crucitti T, Fredricks DN, et al. 
The evolving facets of bacterial vaginosis: implications for HIV transmission. AIDS 
Res Hum Retroviruses 2019;35(3):219–28. https://doi.org/10.1089/aid.2018.0304 

[2] Radzey N, Harryparsad R, Meyer B, Chen PL, Gao X, Morrison C, et al. Genital 
inflammatory status and the innate immune response to contraceptive initia
tion. Am J Reprod Immunol 2022;88(2):e13542. https://doi.org/10.1111/aji.13542 

[3] United Nations. Department of Economic and Social Affairs, Population Division. 
In contraceptive use by method 2019: Data Booklet United Nations: New York, 
NY, USA, 2019; ISBN 978–92-1–148329-1. 〈https://digitallibrary.un.org/record/ 
3849735〉. 

[4] Borgdorff H, Tsivtsivadze E, Verhelst R, Marzorati M, Jurriaans S, Ndayisaba GF, 
et al. Lactobacillus-dominated cervicovaginal microbiota associated with re
duced HIV/STI prevalence and genital HIV viral load in African women. ISME J 
2014;8(9):1781–93. https://doi.org/10.1038/ismej.2014.26 

[5] Anahtar MN, Byrne EH, Doherty KE, Bowman BA, Yamamoto HS, Soumillon M, 
et al. Cervicovaginal bacteria are a major modulator of host inflammatory re
sponses in the female genital tract. Immunity 2015;42(5):965–76. https://doi. 
org/10.1016/j.immuni.2015.04.019 

[6] Gosmann C, Anahtar MN, Handley SA, Farcasanu M, Abu-Ali G, Bowman BA, et al. 
Lactobacillus-deficient cervicovaginal bacterial communities are associated with 
increased HIV acquisition in young South African women. Immunity 
2017;46(1):29–37. https://doi.org/10.1016/j.immuni.2016.12.013 

M.G. Serrano, D. Edwards, K. Ahmed et al. Contraception 148 (2025) 110936 

7 

https://doi.org/10.1016/j.contraception.2025.110936
https://doi.org/10.1089/aid.2018.0304
https://doi.org/10.1111/aji.13542
https://digitallibrary.un.org/record/3849735
https://digitallibrary.un.org/record/3849735
https://doi.org/10.1038/ismej.2014.26
https://doi.org/10.1016/j.immuni.2015.04.019
https://doi.org/10.1016/j.immuni.2015.04.019
https://doi.org/10.1016/j.immuni.2016.12.013


[7] Lennard K, Dabee S, Barnabas SL, Havyarimana E, Blakney A, Jaumdally SZ, et al. 
Microbial composition predicts genital tract inflammation and persistent bac
terial vaginosis in South African adolescent females. Infect Immun 
2018;86(1):e00410-17. https://doi.org/10.1128/IAI.00410-17 

[8] Torcia MG. Interplay among vaginal microbiome, immune response and sexually 
transmitted viral infections. Int J Mol Sci 2019;20(2):266. https://doi.org/10. 
3390/ijms20020266 

[9] Jakobsson T, Forsum U. Lactobacillus iners: a marker of changes in the vaginal 
flora? J Clin Microbiol 2007;45(9):3145. https://doi.org/10.1128/JCM.00558-07 

[10] Munoz A, Hayward MR, Bloom SM, Rocafort M, Ngcapu S, Mafunda NA, et al. 
Modeling the temporal dynamics of cervicovaginal microbiota identifies targets 
that may promote reproductive health. Microbiome 2021;9(1):163. https://doi. 
org/10.1186/s40168-021-01096-9 

[11] Ratten LK, Plummer EL, Bradshaw CS, Fairley CK, Murray GL, Garland SM, et al. 
The effect of exogenous sex steroids on the vaginal microbiota: a systematic 
review. Front Cell Infect Microbiol 2021;11:732423. https://doi.org/10.3389/ 
fcimb.2021.732423 

[12] Gautam R, Borgdorff H, Jespers V, Francis SC, Verhelst R, Mwaura M, et al. 
Correlates of the molecular vaginal microbiota composition of African women. 
BMC Infect Dis 2015;15(1):86. https://doi.org/10.1186/s12879-015-0831-1 

[13] Brooks JP, Edwards DJ, Blithe DL, Fettweis JM, Serrano MG, Sheth NU, et al. Effects of 
combined oral contraceptives, depot medroxyprogesterone acetate and the levo
norgestrel-releasing intrauterine system on the vaginal microbiome. Contraception 
2017;95(4):405–13. https://doi.org/10.1016/j.contraception.2016.11.006 

[14] Balle C, Konstantinus IN, Jaumdally SZ, Havyarimana E, Lennard K, Esra R, et al. 
Hormonal contraception alters vaginal microbiota and cytokines in South 
African adolescents in a randomized trial. Nat Commun 2020;11(1):5578. 
https://doi.org/10.1038/s41467-020-19382-9 

[15] Achilles SL, Austin MN, Meyn LA, Mhlanga F, Chirenje ZM, Hillier SL. Impact of 
contraceptive initiation on vaginal microbiota. Am J Obstet Gynecol 
2018;218(6):622.e1–622.e10. https://doi.org/10.1016/j.ajog.2018.02.017 

[16] Madden T, Grentzer JM, Secura GM, Allsworth JE, Peipert JF. Risk of bacterial 
vaginosis in users of the intrauterine device: a longitudinal study. Sex Transm 
Dis 2012;39(3):217–22. https://doi.org/10.1097/OLQ.0b013e31823e68fe 

[17] Evidence for Contraceptive Options and HIV Outcomes (ECHO) Trial Consortium. 
HIV incidence among women using intramuscular depot medroxyprogesterone 
acetate, a copper intrauterine device, or a levonorgestrel implant for contra
ception: a randomised, multicentre, open-label trial. Lancet Lond Engl 
2019;394(10195):303–13. https://doi.org/10.1016/S0140-6736(19)31288-7 

[18] Fettweis JM, Serrano MG, Brooks JP, Edwards DJ, Girerd PH, Parikh HI, et al. The 
vaginal microbiome and preterm birth. Nat Med 2019;25(6):1012–21. https:// 
doi.org/10.1038/s41591-019-0450-2 

[19] Oksanen J, Simpson GL, Blanchet FG, Kindt R, Legendre P, Minchin PR, et al. Vegan: 
community ecology package. R package version 2.6–4 [Internet]. 2022. Available 
from: 〈https://github.com/vegandevs/vegan〉 10.1111/j.1654–1103.2003.tb02228.x. 

[20] Maaten L, van der, Hinton G. Visualizing data using t-SNE. J Mach Learn Res 
2008;9(86):2579–605. https://doi.org/10.1162/jmlr.2008.9.86.2579 

[21] Krijthe JH. Rtsne: T-Distributed Stochastic Neighbor Embedding using Barnes- 
Hut Implementation [Internet]. 2015. Available from: 〈https://github.com/ 
jkrijthe/Rtsne〉. https://doi.org/10.32614/CRAN.package.Rtsne. 

[22] Spedicato GA. Discrete time Markov chains with R. R J 2017;9(2):84–104. https:// 
doi.org/10.32614/RJ-2017-036 

[23] Jespers V, Kyongo J, Joseph S, Hardy L, Cools P, Crucitti T, et al. A longitudinal 
analysis of the vaginal microbiota and vaginal immune mediators in women 
from sub-Saharan Africa. Sci Rep 2017;7:11974. https://doi.org/10.1038/s41598- 
017-12198-6 

[24] Mtshali A, San JE, Osman F, Garrett N, Balle C, Giandhari J, et al. Temporal 
changes in vaginal microbiota and genital tract cytokines among South African 
women treated for bacterial vaginosis. Front Immunol 2021;12:730986. https:// 
doi.org/10.3389/fimmu.2021.730986 

[25] Masson L, Mlisana K, Little F, Werner L, Mkhize NN, Ronacher K, et al. Defining 
genital tract cytokine signatures of sexually transmitted infections and bacterial 
vaginosis in women at high risk of HIV infection: a cross-sectional study. Sex 
Transm Infect 2014;90(8):580–7. https://doi.org/10.1136/sextrans-2014-051601 

[26] Genç MR, Vardhana S, Delaney ML, Witkin SS, Onderdonk AB. TNFA-308G > A 
polymorphism influences the TNF-α response to altered vaginal flora. Eur J 
Obstet Gynecol Reprod Biol 2007;134(2):188–91. https://doi.org/10.1016/j. 
ejogrb.2006.10.018 

[27] Kyongo JK, Crucitti T, Menten J, Hardy L, Cools P, Michiels J, et al. Cross-sectional 
analysis of selected genital tract immunological markers and molecular vaginal 
microbiota in sub-Saharan African women, with relevance to HIV risk and pre
vention. Clin Vaccine Immunol CVI 2015;22(5):526–38. https://doi.org/10.1128/ 
CVI.00762-14 

[28] Eleuterio J, Giraldo PC, Silveira Gonçalves AK, Nunes Eleuterio RM. Liquid-based 
cervical cytology and microbiological analyses in women using cooper in
trauterine device and levonorgestrel-releasing intrauterine system. Eur J Obstet 
Gynecol Reprod Biol 2020;255:20–4. https://doi.org/10.1016/j.ejogrb.2020.09. 
051 

[29] Bassis CM, Allsworth JE, Wahl HN, Sack DE, Young VB, Bell JD. Effects of in
trauterine contraception on the vaginal microbiota. Contraception 
2017;96(3):189–95. https://doi.org/10.1016/j.contraception.2017.05.017 

[30] Arendsen LP, Thakar R, Sultan AH. The use of copper as an antimicrobial agent in 
health care, including obstetrics and gynecology. Clin Microbiol Rev 
2019;32(4):e00125-18. https://doi.org/10.1128/CMR.00125-18 

[31] Sousa LGV, Pereira SA, Cerca N. Fighting polymicrobial biofilms in bacterial va
ginosis. Microb Biotechnol 2023;16(7):1423–37. https://doi.org/10.1111/1751- 
7915.14261 

[32] Thurman AR, Schwartz JL, Ravel J, Gajer P, Marzinke MA, Yousefieh N, et al. 
Vaginal microbiota and mucosal pharmacokinetics of tenofovir in healthy 
women using tenofovir and tenofovir/levonorgestrel vaginal rings. PLOS ONE 
2019;14(5):e0217229. https://doi.org/10.1371/journal.pone.0217229 

[33] Hapgood JP. Is the injectable contraceptive depo-medroxyprogesterone acetate 
(DMPA-IM) associated with an increased risk for HIV acquisition? The jury is still 
out. AIDS Res Hum Retroviruses 2020;36(5):357–66. https://doi.org/10.1089/ 
AID.2019.0228 

[34] Averbach S, Silverberg MJ, Leyden W, Smith-McCune K, Raine-Bennett T, Sawaya 
GF. Recent intrauterine device use and the risk of precancerous cervical lesions 
and cervical cancer. Contraception 2018;98(2):130–4. https://doi.org/10.1016/j. 
contraception.2018.04.008 

[35] Lekovich JP, Amrane S, Pangasa M, Pereira N, Frey MK, Varrey A, et al. 
Comparison of human papillomavirus infection and cervical cytology in 
women using copper-containing and levonorgestrel-containing intrauterine 
devices. Obstet Gynecol 2015;125(5):1101–5. https://doi.org/10.1097/AOG. 
0000000000000760  

M.G. Serrano, D. Edwards, K. Ahmed et al. Contraception 148 (2025) 110936 

8 

https://doi.org/10.1128/IAI.00410-17
https://doi.org/10.3390/ijms20020266
https://doi.org/10.3390/ijms20020266
https://doi.org/10.1128/JCM.00558-07
https://doi.org/10.1186/s40168-021-01096-9
https://doi.org/10.1186/s40168-021-01096-9
https://doi.org/10.3389/fcimb.2021.732423
https://doi.org/10.3389/fcimb.2021.732423
https://doi.org/10.1186/s12879-015-0831-1
https://doi.org/10.1016/j.contraception.2016.11.006
https://doi.org/10.1038/s41467-020-19382-9
https://doi.org/10.1016/j.ajog.2018.02.017
https://doi.org/10.1097/OLQ.0b013e31823e68fe
https://doi.org/10.1016/S0140-6736(19)31288-7
https://doi.org/10.1038/s41591-019-0450-2
https://doi.org/10.1038/s41591-019-0450-2
https://github.com/vegandevs/vegan
https://doi.org/10.1111/j.1654-1103.2003.tb02228.x
https://doi.org/10.1162/jmlr.2008.9.86.2579
https://github.com/jkrijthe/Rtsne
https://github.com/jkrijthe/Rtsne
https://doi.org/10.32614/CRAN.package.Rtsne
https://doi.org/10.32614/RJ-2017-036
https://doi.org/10.32614/RJ-2017-036
https://doi.org/10.1038/s41598-017-12198-6
https://doi.org/10.1038/s41598-017-12198-6
https://doi.org/10.3389/fimmu.2021.730986
https://doi.org/10.3389/fimmu.2021.730986
https://doi.org/10.1136/sextrans-2014-051601
https://doi.org/10.1016/j.ejogrb.2006.10.018
https://doi.org/10.1016/j.ejogrb.2006.10.018
https://doi.org/10.1128/CVI.00762-14
https://doi.org/10.1128/CVI.00762-14
https://doi.org/10.1016/j.ejogrb.2020.09.051
https://doi.org/10.1016/j.ejogrb.2020.09.051
https://doi.org/10.1016/j.contraception.2017.05.017
https://doi.org/10.1128/CMR.00125-18
https://doi.org/10.1111/1751-7915.14261
https://doi.org/10.1111/1751-7915.14261
https://doi.org/10.1371/journal.pone.0217229
https://doi.org/10.1089/AID.2019.0228
https://doi.org/10.1089/AID.2019.0228
https://doi.org/10.1016/j.contraception.2018.04.008
https://doi.org/10.1016/j.contraception.2018.04.008
https://doi.org/10.1097/AOG.0000000000000760
https://doi.org/10.1097/AOG.0000000000000760

	Effect of contraceptive methods on the vaginal microbiome and host immune factors
	1. Introduction
	2. Materials and methods
	2.1. Participants and samples
	2.2. 16S rRNA taxonomic surveys
	2.3. Diversity analysis
	2.4. Longitudinal analysis
	2.5. Transition analysis
	2.6. Mixed effects modeling of cytokine and vaginal microbiome associations

	3. Results
	3.1. Baseline vaginal microbiome similarity across study sites
	3.2. Copper IUD use associated with less protective vaginal microbiome
	3.3. Transition probabilities explain differences between contraceptive groups
	3.4. Cytokine and antimicrobial peptide expression is correlated with vaginal microbiome composition and contraceptive method

	4. Discussion
	CRediT authorship contribution statement
	Acknowledgments
	Appendix A. Supporting material
	References




