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Abstract

Until recently, most data regarding the effects of non-barrier contraceptives on the mucosal
microbiome have derived from observational studies, which are potentially biased due to
behavioral confounders that may mask their true biological effects. Overall, good quality data
describe that initiation of long-acting progestin-only contraceptives, including levonorgestrel
(LNG)-implant and the injectables depot-medroxyprogesterone acetate (DMPA-IM) and
norethisterone enanthate (NET-EN) do not alter the mucosal microbial environment. Likewise, no
strong evidence exists that the use of oral contraceptive pills (OCPs) is associated with alterations
of the vaginal microbiome or increased risk of bacterial sexually transmitted infections (STIs).
While there are limited data on the effect of intravaginal rings (IVRs) on the mucosal environment,
those that exist show conflicting effects on the vaginal microbiota. Copper intrauterine device
(Cu-1UD) initiation has been associated with bacterial vaginosis (BV) acquisition, including in a
large, randomized trial. LNG-1UDs may have similar affects but need to be evaluated further.
Different synthetic hormones have divergent effects on the microbiome and therefore novel
hormonal methods need to be rigorously evaluated. Furthermore, the addition of antiretrovirals
into multipurpose technologies may alter the effects of the hormonal component. There is thus

a critical need to improve our understanding of the biological effects of contraceptive hormones
and delivery methods with different pharmacokinetic and chemical properties on the mucosal
microbiome in rigorous trials, to inform the development of novel contraceptives and improve
individual family planning guidance.
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INTRODUCTION

One of the most important successes in reproductive health has been the development

of cost-effective and reversible family planning methods and the expansion of their use

in low- and middle-income countries (1). Non-barrier contraceptives, including hormonal
contraceptives (HCs), have become an important tool in preventing unintended pregnancies
and associated sequelae. However, despite their contraceptive benefits, concerns regarding
the potential effects of non-barrier contraceptives on the female genital tract (FGT) mucosal
environment and risk of vaginal infections have been raised. Until recently, most of the
data linking non-barrier contraceptive use to changes in the mucosal environment have
derived from observational studies (Table 1), which are potentially biased due behavioral
confounders that may mask the true biological effects of non-barrier contraceptives (2, 3).
Furthermore, much research has combined different contraceptive methods into groups (e.g.,
injectables, any HC) and compared these to no non-barrier contraceptive use, rather than

to alternative non-barrier contraceptives methods in women seeking effective contraception.
Identifying safe contraceptive options is an important public health priority, particularly in
adolescent and young women in sub-Saharan Africa, as they are at high risk of both vaginal
infections and unintended pregnancies (4, 5). There is thus an urgent need to evaluate a
broad range of available contraceptive options, both individually and compared to each
other, to understand their impact on the genital mucosa. Here, we have reviewed the current
data, particularly those from randomized clinical trials (RCT), on the effect of reversible
non-barrier contraceptives on the mucosal microbiota and their association with vaginal
health. Although weight should be placed on randomized data, it is important to note that
although randomized trials remove selection bias, it does not overcome bias introduced by
potential behavioral changes following assignment to a specific contraceptive modality in
these largely open-label trials.

IMPACT OF CONTRACEPTIVES ON THE VAGINAL MICROBIAL COMMUNITY

Bacterial Microbiome

Observational data (Table 2)—The composition of the vaginal bacteriome plays a

key role in women’s sexual and reproductive health. While certain vaginal bacterial

species have been associated with an optimal mucosal environment and protection against
sexually transmitted infections (STIs), others have been associated with inflammation,

poor reproductive health outcomes and susceptibility to bacterial and viral cervicovaginal
infections (6-9). In general, risk of certain cervicovaginal infections has been associated
with highly diverse communities comprised of bacterial vaginosis (BV)-associated bacteria,
including Garadnerella vaginosis, Prevotella, Fannyhessea vaginae (previously Atopobium
vaginae) and Sneathia (6, 8). In contrast, low-diversity communities dominated by
lactobacilli, particularly non-iners Lactobacillus spp. such as L. crispatus, have been
associated with vaginal health and lower risk of infections (6, 8, 10). To date, the majority of
studies investigating the effect of non-barrier contraceptives on the vaginal microbiota have
primarily been based on either clinical signs of BV, such as Amsel criteria, or the Nugent
score (based on Gram staining), or on levels of limited members of the bacterial community

Am J Reprod Immunol. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Balle et al.

Page 3

as measured by quantitative polymerase chain reaction (qQPCR) or culture-based methods
(reviewed by (11, 12)).

Depot-medroxyprogesterone acetate—Several observational studies have described

a lower BV prevalence in women using the trimonthly intramuscular injectable depot-
medroxyprogesterone acetate (DMPA-IM) compared to non-contracepting women in both
high- and lower-middle income countries (11-16). Accordingly, increases of Lactobacillus
species or reductions in BV-associated bacteria have been reported in women initiating
DMPA-IM (17-20). In one observational study, in which the bimonthly injectable
norethisterone enanthate (NET-EN) was evaluated separately to DMPA-1M, a reduction in
BV prevalence was also found with NET-EN use (21). In the Zim CHIC study, a longitudinal
observational study among Zimbabwean women choosing to initiate either DMPA-IM, NET-
EN, or medroxyprogesterone acetate/ethinyl cypionate (MPA-EC) injectables, levonorgestrel
(LNG) or etonogestrel (ETG) subdermal implants, or a copper T intrauterine device (Cu-
IUD), Achilles et al. found no change in the genital concentrations of BV-associated species
G. vaginalisand F. vaginae as measured by gPCR in women using DMPA-IM, despite a
significant decrease in Nugent score among the DMPA-IM users (22).

With the development of next-generation sequencing (NGS) methods, a deeper insight into
the impact of non-barrier contraceptives on the vaginal bacteriome has been gained. In a
retrospective 16S rRNA gene sequencing survey of vaginal samples from a subset of the
Vaginal Human Microbiome Project that included participants who reported using either
condoms, oral contraceptive pills (OCP), DMPA-IM, or LNG intrauterine system (1US) as
their contraceptive method, women reporting DMPA-IM use were less likely to have vaginal
microbiota dominated by BV-associated bacteria relative to women who reported condom
use (23). However, DMPA-IM use was not associated with a concurrent increased relative
abundance of beneficial Lactobacillus species (23). In a cross-sectional study of Kenyan
women, DMPA-IM usage was not associated with changes in bacterial community profiles
or diversity as inferred from bacterial proteins (24), in contrast to another cross-sectional
cohort of Kenyan sex workers, in which DMPA-IM correlated with increased diversity of the
vaginal microbiota as assessed by 16S rRNA gene sequencing (25). The latter agrees with
longitudinal studies reporting decreasing concentrations of Lactobacillus species in women
initiating DMPA-IM (26-28). However, many of the reported outcomes of these studies
could be a result of behavioral differences between women choosing DMPA-IM over other
hormonal or non-hormonal non-barrier contraceptives (2) or methodological differences
such as relative or absolute abundance measurements.

IUD/IUS—In the aforementioned Zimbabwean cohort, Achilles ef a/. observed an increase
in the genital concentration of G. vaginalisand F. vaginae in women choosing to initiate
Cu-1UD (22). Any IUD use has been previously described as an independent predictor of
BV (29, 30) and the prevalence of BV and the amount of BV-associated bacteria in women
using 1UDs were found to be higher than in women using estrogen-containing HC methods
(23, 31) or condoms (32). Yet, the US-based CHOICE study found no difference in vaginal
microbiota stability or BV rates between Cu-lUD and LNG-IUS users (31, 33), and one
study comparing BV prevalence in Thai women did not find any differences between women
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using Cu-1UD and those not using Cu-1UD (34). One study suggested that an initial increase
in BV after LNG-1US insertion may be reversed with long-term use (35), but this was not
found to be true after 18 months of Cu-1UD use in African women (36), suggesting that
there may be differences between hormonal and non-hormonal 1UDs.

OCP—Data on the influence of OCPs on the vaginal bacteriome have mainly reported
increased Lactobacillus levels and a reduction of BV-associated taxa (20, 23) corresponding
to a decrease in BV incidence (11, 12, 37, 38) and recurrence (13, 39). A small number

of longitudinal studies have reported that the vaginal microbiota was unchanged following
OCP initiation, albeit the duration of OCP use may have been too short to identify any
potential shifts in the bacterial community (40-43). Furthermore, OCPs are varied in their
hormonal constituents and dosage, which might explain the differences found in studies.

Vaginal rings—In two studies comparing use of contraceptive intravaginal rings (IVR)
containing diethylstilbesterol (DES)/EE and ETG/EE, respectively, to OCP use, no
significant differences in incident BV were observed within or between groups (31, 44).

In a study assessing the long-term impact of a cyclic nestorone (NES)/EE IVVR use on

the vaginal microbiota, a non-significant increase in H,O,-positive Lactobacillus-dominated
vaginal microbiota at cycle thirteen was observed, yet the Nugent scores did not differ over
time (45).

Randomized data—In a substudy of the recently completed randomized open-label
Evidence for Contraceptive Options and HIV Outcomes (ECHOQ) Trial, the effect of DMPA-
IM, Cu-1UD and LNG-implant on the FGT bacteriome was analyzed using 16S rRNA

gene sequencing (46). Participants randomized to Cu-1UD had significantly elevated vaginal
bacterial diversity, Nugent score and abundance of multiple BV-associated taxa after one
and six months of use relative to baseline, and by six months of use participants assigned
Cu-1UD had significantly higher bacterial alpha diversity compared to those assigned to
DMPA-IM or LNG-implant (46). Women randomized to DMPA-IM regularly transitioned
froma L. inersto a L. crispatus dominated community during the first six months of use.
Total 16S rRNA gene copies increased significantly for both DMPA-IM and Cu-1UD users,
but whereas this increase was predominately due to an increased in Lactobacillus bacterial
load in DMPA-IM users, women randomized to Cu-1UD had significant increases in G.
vaginalis, Prevotellaand Sneathia species, among other BV-associated bacteria. Similarly,
in an RCT in which the impact of the NET-EN, OCPs and ETG/EE IVR on the vaginal
microbiota of South African adolescent females was evaluated, NET-EN injectable users
displayed a tendency to shift from an L. /ners-dominated community towards either a

L. crispatus-dominated or a more diverse community after 16 weeks of HC use (47). In

this study, adolescents assigned to OCP had more lactobacilli, particularly L. /iners, and
lower bacterial alpha diversity after 16 weeks of HC use compared to those assigned to
either NET-EN or ETG/EE IVR (47). Furthermore, the use of OCP was associated with a
non-significant decrease in BV by Nugent scoring (47). However, among Australian women
randomized to OCP versus no OCP use following antibiotic treatment for BV, OCP exposure
did not improve BV cure, although the authors note that their results may be limited by
sample size and attrition (39).
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There have been multiple small, randomized trials of contraceptive IVRs which measured
their effects on the vaginal microbiota with contrasting results. In a recently conducted

RCT, the impact of cyclic versus continuous use of ETG/EE IVR on BV incidence and
concentrations of key vaginal bacteria was investigated in a population of Rwandan women
with a high BV prevalence (48). In both study groups, a decrease in mean Nugent score

was observed after 12 weeks of contraceptive IVR use and while the concentration of
Lactobacillus species increased significantly, the concentration of G. vaginalis and the
presence of £ vaginae decreased, suggesting that the contraceptive IVR favored optimal
vaginal microbe colonization over BV-associated anaerobes (48). In the CONRAD A15-138
study, a placebo-controlled RCT, US and Dominican women were randomized to an IVR
delivering either the antiretroviral drug tenofovir (TFV) alone, or together with LNG, or

a placebo IVR. The vaginal microbiota of the TFV/LNG IVR users did not differ from

that of the placebo I'VR users in terms of diversity, bioburden and community composition
after two weeks of use, but the sample size was small (49). Similar results were found in
Kenyan women after 90 days of use, although the women in the TFV/LNG IVR arm either
maintained stable microbiota or shifted to a Lactobacillus-dominant state (50). In Kenyan
women treated for BV there was a non-significant increase in BV incidence/recurrence two
months post-initiation among women randomized to either continuous or intermittent use

of ETG/EE IVR, and BV prevalence returned to a level compared to baseline after three

to six months of use (51). In US women randomly assigned to either ETG/EE IVRs or
norelgestromin/EE patches for four months, there was also no significant change in Nugent
score among contraceptive IVR users (52). Similar results have previously been reported

in another North American RCT comparing ETG/EE and OCP use, in which no change in
positive Lactobacillus-culture results or BV prevalence was found within or between HC
groups (53). In contrast, in the South African UChoose study, the relative abundance of BV-
associated species implicated in HIV risk (such as Prevotella, Mycoplasmaand Parvimonas)
was significantly higher in adolescents randomized to the ETG/EE IVVR compared to those
assigned to OCP use (47). Yet, the BV prevalence did not significantly increase (54).

This may be due to the shift from L. inersdominance to L. crispatus dominance in some
IVR users. Studies have shown the formation of biomass on used contraceptive IVRs

with a composition mirroring the vaginal bacteriome, suggesting that the composition

of the starting vaginal bacterial community could influence the formation of biofilm on
contraceptive 1\VVRs and/or vice versa (48, 55), and explain the different microbiota outcomes
in IVR and possibly IUD studies. (56, 57). A high proportion of participants in the UChoose
study had high diversity, BV-associated vaginal microbiota at baseline, whereas women in
Rwanda and Kenyan studies were older with more optimal baseline vaginal microbiota.
Larger RCTs are needed to confirm the effect of contraceptive 1VRs on vaginal microbiota
in diverse populations.

Bacterial STIs and Trichomoniasis

Observational Studies—GIlobally, the most prevalent bacterial STIs include Chlamydia
trachomatis, Neisseria gonorrhoeae, and Mycoplasma genitalium. Bacterial STIs can

result in serious complications including pelvic inflammatory disease, ectopic pregnancy,
infertility (58) and increased risk of HIV acquisition (59, 60). Trichomonas vaginalis is

a protozoan STI that is fairly prevalent worldwide. HCs may alter susceptibility to STI
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acquisition or clearance due to alterations in mucosal immunity, or via changes in the
microbiota. On the other hand, contraceptives such as IVR or IUD may alter susceptibility
due to changes in mucosal integrity or the presence of a biofilm. Observational data suggest
that the use of non-barrier contraceptives may influence women’s susceptibility to certain
bacterial STIs, including C. trachomatis (61-63). In recent systematic reviews in which
these collective observational data were thoroughly described (61, 62), no association

was found between use of OCP and risk of N. gonorrhoeae or T. vaginalis acquisition
although data on C. trachomatis acquisition risk in OCP users was conflicting. A more
recent systematic review and metanalysis found long-acting reversible contraception users
had two-fold increased odds of trichomoniasis compared with OCP users, possibly due to
decreased condom use (63), with no association between non-barrier contraceptives and .
gonorrhoeae or C. trachomatis. While no evidence of an association between DMPA-IM
use and N. gonorrhoeae was found in any of these analyses, the evidence regarding risk of
7. vaginalis and C. trachomatis overall suggested a reduced incidence with DMPA-IM use
(60-64). A recent analysis of the VOICE trial comparing South African women choosing
DMPA-IM versus NET-EN found no differences in C. trachomatis, N. gonorrhoeae or T.
vaginalis incidence between the two groups (65). Very few studies have evaluated implant,
contraceptive IVR and 1UD use on bacterial STI risk and generally, no association has been
found (58, 59). However, in two recent longitudinal studies evaluating STI incidence in users
of difference contraceptive methods in sub-Saharan African women and US adolescents,
respectively, Cu-1UD use was a significant risk factor for trichomoniasis (64, 66, 67).

Randomized data—Few randomized data exist on bacterial STI incidence risk and
contraception. In a secondary analysis of the ECHO Trial, the prevalence of C. trachomatis
did not differ between the DMPA-IM and Cu-1UD arms or between the Cu-1UD and
LNG-implant arms after 18 months of contraceptive use (68). However, DMPA-IM use
was associated with a 20% lower risk of C. trachomatis detection compared with LNG-
implant use and a 30% lower risk of N. gonorrhoeae detection compared to the Cu-1UD.

N. gonorrhoeae prevalence was also lower in the DMPA-IM arm compared to the LNG-
implant arm, albeit not significantly so (68). Additionally, 7. vaginalis was significantly
more prevalent among Cu-1UD users than DMPA-IM or LNG-implant users at 18 months,
although the baseline prevalence across the arms is unknown (69). This may be due to the
evidence of less condomless sex in the DMPA-IM arm (70). In the UChoose cohort, lower
N. gonorrhoea incidence but a higher incidence of M. genitalium was found in adolescents
after 16 weeks of NET-EN use compared to adolescents randomly assigned to the ETG/EE
IVR and OCP arms (54). Furthermore, the incidence of any bacterial STI was found to be
higher in adolescents using ETG/EE IVR compared to those using NET-EN or OCP (54).
Given the possible relationship between STI susceptibility and the vaginal microbiota, these
findings require further investigation.

Vaginal Candidiasis

Observational data—Vulvovaginal candidiasis (VVC) is a symptomatic fungal infection
due to any species in the genus Candida, most commonly C. albicans. \Women using
estrogen-containing HC methods may be more prone to vaginal Candidainfections
compared to progestin-only users as elevated estrogen levels promote a glycogen-rich
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environment in which Candiada thrives (71-73). Accordingly, some observational studies
have observed increased prevalence and incidence of VVVC among OCP users compared

to non-HC users (12, 38, 74), yet other studies including one evaluating women before

and after initiation of OCP have found no significant increase in vaginal candidiasis with
OCP use (14, 41). While one cross-sectional study found DMPA-IM to be a risk factor for
vaginal candidiasis (75), another found DMPA-IM use to be protective against candidiasis
(14). Further, a reduction in Candjda colony forming units/ mL six months after initiation of
DMPA-IM and decrease in symptomatic candidiasis has been observed (76). Several studies
have reported an association between non-hormonal and hormonal 1UD use and vaginal
Candida colonization as measured by microscopy, gPCR or culture (40, 77-80) and some
have shown that C. albicans can adhere to contraceptive IUD devices (81, 82).

Randomized data—The impact of contraceptive use on VVC has mainly been assessed
in RCTs evaluating contraceptive IVRs. In a RCT of intermittent versus continuous use of
the ETG/EE IVR in Rwandan women, there was a high incidence of vaginal yeast with
22% in the intermittent contraceptive IVR group and 27% in the continuous contraceptive
IVR group (83). In agreement with this, the incidence of Candida colonization in women
using ETG/EE IVR in the South African UChoose study, was 1.8-fold and 1.5-fold higher
compared to those randomized to NET-EN and OCP, respectively, albeit these differences
were not statistically significant (84). As for IUDs, /n vitro data have shown that Candida
is capable of adhering to the contraceptive IVR (85, 86). Any association of candidiasis
with IUD or contraceptive IVR use may thus be related to the physical presence of an inert
surface for Candidato grow on.

Vaginal Virome

Viral STlIs

In addition to bacteria and fungi, the vaginal ecosystem also contains a diverse community
consisting of eukaryotic RNA and DNA viruses and bacteriophages, collectively referred to
as the ‘virome’. The vaginal virome remains poorly characterized. This is partly because

no marker gene exists to deeply sequence viruses, and therefore shotgun metagenomics of
purified viral particles has to be performed. Furthermore, there is a discrepancy between the
diversity of viruses and the number of viral genomes available in public databases (reviewed
in 87). In the few studies of the vaginal virome published to date, only DNA viruses have
been identified (possibly due to methodology) and include many bacteriophages, as well as
eukaryote-infecting viruses such as papillomaviruses and anelloviruses (88). Using shotgun
metagenomics on bacterial DNA, no relationship between contraceptive arm and prophage
numbers was found amongst a subset of the randomized UChoose participants but the
sample size was small (89). Since prophages can be induced into lytic cycle by stress or
antibiotic use, the potential association between HC use and the total vaginal virome should
be assessed.

Although Human Immunodeficiency Virus is often a sexually transmitted, the recently
completed ECHO Trial (90) found no significant difference in HIV risk among women
randomized to DMPA-IM, Cu-1UDs, or LNG-implants. Since then, multiple recent
metanalyses and reviews (63, 91, 92) have sufficiently covered this topic, and thus will not
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be discussed herein. Other viral STIs include Herpes Simplex Virus, Human Papillomavirus
and likely some as yet undescribed viruses of the vaginal virome.

Observational data

Herpes Simplex Virus: Recent systematic reviews examining the data on HC use and

risk of genital herpes simplex virus type 2 (HSV-2) acquisition found some observational
evidence suggesting that progestin-only injectable use, specifically DMPA-IM, increases
risk of HSV-2 acquisition while no study has specifically looked at the association between
HSV-2 risk and NET-EN (61, 62). No association between OCP use and HSV-2 acquisition
risk has been described, and no studies have investigated the impact of IUDs or implant
use (61, 62). Only one study, conducted in a cohort of US adolescents, has looked at
contraceptive IVR use and HSV-2 acquisition risk. Here, contraceptive VR use was found
to be a risk factor for genital herpes (66). Given the possibility that sex hormones may alter
T cell immunity (93), observational studies have explored the association between HCs and
HSV shedding with conflicting results (94-96).

Human Papillomavirus: Increased risk for human papillomavirus (HPV) acquisition or
decreased HPV clearance with contraceptive use could have important implications, such
as increased potential to develop cancer. The bulk of the research conducted on the
influence of HC on HPV acquisition and clearance has focused on OCP use, partly due

to the association of long-term use with cervical cancer (98). Recent systematic reviews
examining the observational data on HC use and HPV acquisition risk, persistence and
clearance highlighted inconsistent results regarding OCPs, which may be due to differences
in the duration and timing of OCP use, reference groups, duration of follow-up and/or
HPV subtype evaluated (61, 62). One recent study, conducted in US adolescents, found
contraceptive IVR use to be a significant risk factor for HPV acquisition (66). The available
observational evidence does not support an association between DMPA-IM use and HPV
acquisition risk and clearance, although injectable contraceptive users may have increased
risk of persistent HPV infection (61, 62). Data on HPV acquisition, persistence and/or
clearance among implant and 1UD users are sparse (61, 62) and the results mixed (97-99).
Likely, given the large number of different HPV types, there may also be a difference
between high and low risk HPV types.

Randomized data—In contrast to observational studies, the ECHO Trial found that
DMPA-IM users had a significantly lower incidence of HSV-2 compared to Cu-1UD users
but not LNG-implant users, but the difference was very small (101). Subgroup analysis
revealed that this relationship was stronger among younger women (<25 years) (101). To our
knowledge, no randomized data exists on HPV risk and contraception, but given the high
prevalence and relationship with sexual activity, the relationship between HPV acquisition,
clearance and progression to dysplasia would be important to evaluate.

CONCLUSIONS

Overall, good quality data describe that initiation of long-acting progestin-only
contraceptives, including LNG-implant and the injectables DMPA-IM and NET-EN, do
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not have a major impact on the mucosal microbial environment. While there are generally
very limited data on the effect of contraceptive IVRs on the mucosal environment, many
different IVRs, including multi-purpose rings containing microbicides against HIV and
hormones for pregnancy prevention, are currently in clinical trials and show promising
results with few contraindications. Yet, the potential for increased risk of bacterial STIs and
candidiasis should be taken into consideration when evaluating these. Additionally, Cu-lUD
use has been shown in multiple studies, including a large RCT, to be associated with higher
prevalence of BV. Whether LNG-IUS has similar affects needs to be evaluated further.
Contraceptives containing different hormones have divergent effects on the FGT ecosystem,
leading to differential impact on vaginal health. The high variability in the effect on mucosal
immune factors of specific contraceptive methods may be attributed to sub-group effects,
whereby different women respond differently to contraceptive initiation due to differences in
populations, demographics, age, presence of STIs or bacterial community. These differences
may also partly be due to the timing of sampling, duration of contraceptive use, dosage,
delivery methods, data analysis methods, and/or to methods used for specimen collection,
processing, and analysis. There is thus still a critical need to improve our understanding

on the biological effects of contraceptive methods with different pharmacokinetic properties
and delivery systems on the mucosal environment, aiding in the development of novel
contraceptives and improving individual family planning guidance and recommendations for
women.

Acknowledgments:

Funded in part by R01 HD089831.

References

1. Cleland J, Bernstein S, Ezeh A, Faundes A, Glasier A, Innis J. 2006. Family planning: the
unfinished agenda. Lancet 368:1810-27. [PubMed: 17113431]

2. Baeten JM, Heffron R. 2015. Contraception and sexually transmitted infections: risks and benefits,
hypotheses and evidence. The Lancet Global health 3:e430-e431. [PubMed: 26094163]

3. Smith JA, Heffron R, Butler AR, Celum C, Baeten JM, Hallett TB. 2017. Could misreporting of
condom use explain the observed association between injectable hormonal contraceptives and HIV
acquisition risk? Contraception 95:424-430. [PubMed: 28038949]

4, Sedgh G, Bearak J, Singh S, Bankole A, Popinchalk A, Ganatra B, Rossier C, Gerdts C, Tungalp O,
Johnson BR Jr., Johnston HB, Alkema L. 2016. Abortion incidence between 1990 and 2014: global,
regional, and subregional levels and trends. Lancet 388:258-67. [PubMed: 27179755]

5. Shah IH, Ahman E. 2012. Unsafe abortion differentials in 2008 by age and developing country
region: high burden among young women. Reprod Health Matters 20:169-73. [PubMed: 22789095]

6. Gosmann C, Anahtar MN, Handley SA, Farcasanu M, Abu-Ali G, Bowman BA, Padavattan N,
Desai C, Droit L, Moodley A, Dong M, Chen Y, Ismail N, Ndung’u T, Ghebremichael MS,
Wesemann DR, Mitchell C, Dong KL, Huttenhower C, Walker BD, Virgin HW, Kwon DS. 2017.
Lactobacillus-Deficient Cervicovaginal Bacterial Communities Are Associated with Increased HIV
Acquisition in Young South African Women. Immunity 46:29-37. [PubMed: 28087240]

7. Lennard K, Dabee S, Barnabas SL, Havyarimana E, Blakney A, Jaumdally SZ, Botha G, Mkhize
NN, Bekker LG, Lewis DA, Gray G, Mulder N, Passmore JAS, Jaspan HB. 2018. Microbial
composition predicts genital tract inflammation and persistent bacterial vaginosis in South African
adolescent females. Infection and Immunity 86.

8. McClelland RS, Lingappa JR, Srinivasan S, Kinuthia J, John-Stewart GC, Jaoko W, Richardson BA,
Yuhas K, Fiedler TL, Mandaliya KN, Munch MM, Mugo NR, Cohen CR, Baeten JM, Celum C,

Am J Reprod Immunol. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Balle et al.

Page 10

Overbaugh J, Fredricks DN. 2018. Evaluation of the association between the concentrations of key
vaginal bacteria and the increased risk of HIV acquisition in African women from five cohorts: a
nested case-control study. Lancet Infect Dis 18:554-564. [PubMed: 29396006]

9. Myer L, Denny L, Telerant R, Souza M, Wright TC Jr., Kuhn L. 2005. Bacterial vaginosis and
susceptibility to HIV infection in South African women: a nested case-control study. J Infect Dis
192:1372-80. [PubMed: 16170754]

10. Borgdorff H, Tsivtsivadze E, Verhelst R, Marzorati M, Jurriaans S, Ndayisaba GF, Schuren FH,

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

van de Wijgert JH. 2014. Lactobacillus-dominated cervicovaginal microbiota associated with
reduced HIV/STI prevalence and genital HIV viral load in African women. Isme j 8:1781-93.
[PubMed: 24599071]

Vodstrcil LA, Hocking JS, Law M, Walker S, Tabrizi SN, Fairley CK, Bradshaw CS. 2013.
Hormonal contraception is associated with a reduced risk of bacterial vaginosis: a systematic
review and meta-analysis. PloS one 8:€73055.

van de Wijgert JHHM, Verwijs MC, Turner AN, Morrison CS. 2013. Hormonal contraception
decreases bacterial vaginosis but oral contraception may increase candidiasis: implications for HIV
transmission. AIDS (London, England) 27:2141-2153. [PubMed: 23660575]

Bradshaw CS, Vodstrcil LA, Hocking JS, Law M, Pirotta M, Garland SM, De Guingand D,
Morton AN, Fairley CK. 2013. Recurrence of bacterial vaginosis is significantly associated with
posttreatment sexual activities and hormonal contraceptive use. Clinical infectious diseases : an
official publication of the Infectious Diseases Society of America 56:777-786.

Haddad LB, Wall KM, Tote K, Kilembe W, Vwailika B, Sharkey T, Brill I, Chomba E, Tichacek
A, Allen S. 2019. Hormonal Contraception and Vaginal Infections Among Couples Who Are
Human Immunodeficiency Virus Serodiscordant in Lusaka, Zambia. Obstetrics and gynecology
134:573-580. [PubMed: 31403592]

Jespers V, Crucitti T, Menten J, Verhelst R, Mwaura M, Mandaliya K, Ndayisaba GF, Delany-
Moretlwe S, Verstraelen H, Hardy L, Buvé A, Van De Wijgert J, Dierick L, Jaoko W, Irungu E,
Katingima C, Maina M, Mazera JW, Gichuru J, Onuki GA, Kiambi M, Thiong’o M, Wanjiku S,
Nduku P, Njeru C, Mbogho B, Wambua S, Baya RS, Onduko EM, Kombo PK, Masha SC, John
MN, Odeyo K, Ngala D, Odero C, Edward VA, Reddy K, Von Knorring N, Mahabeer I, Mashilo
JN, Mnyandu N, Mokoatle K, Nani S, Tshabalala G, Mngwevu TH, Mtabane N, Masalesa PM,
Kumase Z, Mohale SD, Madi MM, et al. 2014. Prevalence and correlates of bacterial vaginosis in
different sub-populations of women in sub-Saharan Africa: A cross-sectional study. PLoS ONE 9.
Thurman A, Chandra N, Schwartz JL, Brache V, Chen BA, Asin S, Rollenhagen C, Herold BC,
Fichorova RN, Hillier SL, Weiner DH, Mauck C, Doncel GF. 2019. The Effect of Hormonal
Contraception on Cervicovaginal Mucosal End Points Associated with HIV Acquisition. AIDS
Research and Human Retroviruses 35:853-864. [PubMed: 30997816]

Kazi YF, Saleem S, Kazi N. 2012. Investigation of vaginal microbiota in sexually active women
using hormonal contraceptives in Pakistan. BMC urology 12:22. [PubMed: 22901000]

Roxby AC, Fredricks DN, Odem-Davis K, Asbjornsdottir K, Masese L, Fiedler TL, De Rosa S,
Jaoko W, Kiarie JN, Overbaugh J, McClelland RS. 2016. Changes in Vaginal Microbiota and
Immune Mediators in HIV-1-Seronegative Kenyan Women Initiating Depot Medroxyprogesterone
Acetate. Journal of acquired immune deficiency syndromes (1999) 71:359-366.

Whitney BM, Guthrie BL, Srinivasan S, Tapia K, Muriuki EM, Chohan BH, Wallis JM, Liu

C, McClelland RS, Fredricks DN, Roxby AC. 2020. Changes in key vaginal bacteria among
postpartum African women initiating intramuscular depot-medroxyprogesterone acetate. PloS one
15:20229586.

Borgdorff H, Verwijs MC, Wit FWNM, Tsivtsivadze E, Ndayisaba GF, Verhelst R, Schuren

FH, van de Wijgert JHHM. 2015. The impact of hormonal contraception and pregnancy on
sexually transmitted infections and on cervicovaginal microbiota in african sex workers. Sexually
transmitted diseases 42:143-152. [PubMed: 25668647]

Pettifor A, Delany S, Kleinschmidt I, Miller WC, Atashili J, Rees H. 2009. Use of injectable
progestin contraception and risk of STI among South African women. Contraception 80:555-60.
[PubMed: 19913149]

Am J Reprod Immunol. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Balle et al.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 11

Achilles SL, Austin MN, Meyn LA, Mhlanga F, Chirenje ZM, Hillier SL. 2018. Impact of
contraceptive initiation on vaginal microbiota. American journal of obstetrics and gynecology
doi:10.1016/j.ajog.2018.02.017.

Brooks JP, Edwards DJ, Blithe DL, Fettweis JM, Serrano MG, Sheth NU, Strauss JFr, Buck GA,
Jefferson KK. 2017. Effects of combined oral contraceptives, depot medroxyprogesterone acetate
and the levonorgestrel-releasing intrauterine system on the vaginal microbiome. Contraception
95:405-413. [PubMed: 27913230]

Birse KD, Romas LM, Guthrie BL, Nilsson P, Bosire R, Kiarie J, Farquhar C, Broliden K,
Burgener AD. 2017. Genital Injury Signatures and Microbiome Alterations Associated With Depot
Medroxyprogesterone Acetate Usage and Intravaginal Drying Practices. The Journal of infectious
diseases 215:590-598. [PubMed: 28011908]

Wessels JM, Lajoie J, Cooper MIJH, Omollo K, Felker AM, Vitali D, Dupont HA, Nguyen

PV, Mueller K, Vahedi F, Kimani J, Oyugi J, Cheruiyot J, Mungai JN, Deshiere A,

Tremblay MJ, Mazzulli T, Stearns JC, Ashkar AA, Fowke KR, Surette MG, Kaushic C. 2019.
Medroxyprogesterone acetate alters the vaginal microbiota and microenvironment in women and
increases susceptibility to HIV-1 in humanized mice. Disease models & mechanisms 12.

Jespers V, Kyongo J, Joseph S, Hardy L, Cools P, Crucitti T, Mwaura M, Ndayisaba G, Delany-
Moretlwe S, Buyze J, Vanham G, van de Wijgert J. 2017. A longitudinal analysis of the vaginal
microbiota and vaginal immune mediators in women from sub-Saharan Africa. Sci Rep 7:11974.
[PubMed: 28931859]

Mitchell CM, McLemore L, Westerberg K, Astronomo R, Smythe K, Gardella C, Mack M,
Magaret A, Patton D, Agnew K, McElrath MJ, Hladik F, Eschenbach D. 2014. Long-term effect
of depot medroxyprogesterone acetate on vaginal microbiota, epithelial thickness and HIV target
cells. The Journal of infectious diseases 210:651-655. [PubMed: 24652495]

Song SD, Acharya KD, Zhu JE, Deveney CM, Walther-Antonio MRS, Tetel MJ, Chia N. 2020.
Daily Vaginal Microbiota Fluctuations Associated with Natural Hormonal Cycle, Contraceptives,
Diet, and Exercise. mSphere 5.

Abdul-Aziz M, Mahdy MAK, Abdul-Ghani R, Alhilali NA, Al-Mujahed LKA, Alabsi SA, Al-
Shawish FAM, Alsarari NJM, Bamashmos W, Abdulwali SJH, Al Karawani M, Almikhlafy AA.
2019. Bacterial vaginosis, vulvovaginal candidiasis and trichomonal vaginitis among reproductive-
aged women seeking primary healthcare in Sana’a city, Yemen. BMC infectious diseases 19:879.
[PubMed: 31640583]

Joesoef MR, Karundeng A, Runtupalit C, Moran JS, Lewis JS, Ryan CA. 2001. High rate of
bacterial vaginosis among women with intrauterine devices in Manado, Indonesia. Contraception
64:169-172. [PubMed: 11704096]

Madden T, Grentzer JM, Secura GM, Allsworth JE, Peipert JF. 2012. Risk of bacterial vaginosis
in users of the intrauterine device: a longitudinal study. Sexually transmitted diseases 39:217-222.
[PubMed: 22337109]

MalL, Lv Z, SuJ, Wang J, Yan D, Wei J, Pei S. 2013. Consistent condom use increases the
colonization of Lactobacillus crispatus in the vagina. PloS one 8:€70716. [PubMed: 23894682]
Bassis CM, Allsworth JE, Wahl HN, Sack DE, Young VB, Bell JD. 2017. Effects of intrauterine
contraception on the vaginal microbiota. Contraception 96:189-195. [PubMed: 28624570]
Kancheva Landolt N, Chaithongwongwatthana S, Nilgate S, Teeratakulpisarn N, Ubolyam S,
Apornpong T, Ananworanich J, Phanuphak N. 2018. Use of copper intrauterine device is not
associated with higher bacterial vaginosis prevalence in Thai HIV-positive women. AIDS care
doi:10.1080/09540121.2018.1450479:1-5.

Donders GGG, Bellen G, Ruban K, Van Bulck B. 2018. Short- and long-term influence of

the levonorgestrel-releasing intrauterine system (Mirena(R)) on vaginal microbiota and Candida.
Journal of medical microbiology 67:308-313. [PubMed: 29458551]

Peebles K, Kiweewa FM, Palanee-Phillips T, Chappell C, Singh D, Bunge KE, Naidoo L,
Makanani B, Jeenarain N, Reynolds D, Hillier SL, Brown ER, Baeten JM, Balkus JE. 2021.
Elevated Risk of Bacterial Vaginosis Among Users of the Copper Intrauterine Device: A
Prospective Longitudinal Cohort Study. Clin Infect Dis 73:513-520. [PubMed: 32505132]
Bradshaw CS, Walker J, Fairley CK, Chen MY, Tabrizi SN, Donovan B, Kaldor JM, McNamee
K, Urban E, Walker S, Currie M, Birden H, Bowden F, Garland S, Pirotta M, Gurrin L, Hocking

Am J Reprod Immunol. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Balle et al.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 12

JS. 2013. Prevalent and incident bacterial vaginosis are associated with sexual and contraceptive
behaviours in young Australian women. PloS one 8:e57688.

Fosch SE, Ficoseco CA, Marchesi A, Cocucci S, Nader-Macias MEF, Perazzi BE. 2018.
Contraception: Influence on Vaginal Microbiota and Identification of Vaginal Lactobacilli Using
MALDI-TOF MS and 16S rDNA Sequencing. The open microbiology journal 12:218-229.
[PubMed: 30069261]

Vodstreil LA, Plummer ME, Fairley CK, Tachedjian G, Law MG, Hocking JS, Worthington
MK, Grant MM, Okoko N, Bradshaw CS. 2019. Combined oral contraceptive pill-exposure alone
does not reduce the risk of bacterial vaginosis recurrence in a pilot randomised controlled trial.
Scientific reports 9:3555. [PubMed: 30837554]

Donders G, Bellen G, Janssens D, Van Bulck B, Hinoul P, Verguts J. 2017. Influence of
contraceptive choice on vaginal bacterial and fungal microflora. European journal of clinical
microbiology & infectious diseases : official publication of the European Society of Clinical
Microbiology 36:43-48. [PubMed: 27638008]

Eschenbach DA, Patton DL, Meier A, Thwin SS, Aura J, Stapleton A, Hooton TM. 2000. Effects
of oral contraceptive pill use on vaginal flora and vaginal epithelium. Contraception 62:107-112.
[PubMed: 11124356]

Gupta K, Hillier SL, Hooton TM, Roberts PL, Stamm WE. 2000. Effects of contraceptive

method on the vaginal microbial flora: a prospective evaluation. The Journal of infectious diseases
181:595-601. [PubMed: 10669343]

Thurman AR, Yousefieh N, Chandra N, Kimble T, Asin S, Rollenhagen C, Anderson SM,

Herold BC, Freiermuth JL, Starkman BS, Mesquita PMM, Richardson-Harman N, Cunningham
T, Hillier S, Rabe L, Schwartz JL, Doncel GF. 2017. Comparison of Mucosal Markers of

Human Immunodeficiency Virus Susceptibility in Healthy Premenopausal Versus Postmenopausal
Women. AIDS Res Hum Retroviruses 33:807-819. [PubMed: 28398069]

De Seta F, Restaino S, De Santo D, Stabile G, Banco R, Busetti M, Barbati G, Guaschino S. 2012.
Effects of hormonal contraception on vaginal flora. Contraception 86:526-9. [PubMed: 22520642]
Huang Y, Merkatz RB, Hillier SL, Roberts K, Blithe DL, Sitruk-Ware R, Creinin MD. 2015.
Effects of a One Year Reusable Contraceptive Vaginal Ring on Vaginal Microflora and the Risk of
Vaginal Infection: An Open-Label Prospective Evaluation. PloS one 10:e0134460.

Brown BP, Tanko RF, Jaumdally SZ, Bunjun R, Dabee S, Happel A, Onono M, Nair G, Palanee-
Phillips T, Scoville CW, Heller K, Nyangahu DD, Baeten JM, Bosinger SE, Burgener A, Passmore
JS, Heffron R, Jaspan HB. Copper intrauterine device use induces durable shifts in the female
genital tract microbiota in a randomized trial. Nature Comms. 2023 Jan 30;14(1):499.

Balle C, Konstantinus IN, Jaumdally SZ, Havyarimana E, Lennard K, Esra R, Barnabas SL,
Happel A-U, Moodie Z, Gill K, Pidwell T, Karaoz U, Brodie E, Maseko V, Gamieldien H,
Bosinger SE, Myer L, Bekker L-G, Passmore J-AS, Jaspan HB. 2020. Hormonal contraception
alters vaginal microbiota and cytokines in South African adolescents in a randomized trial. Nature
communications 11:5578.

Crucitti T, Hardy L, van de Wijgert J, Agaba S, Buyze J, Kestelyn E, Delvaux T, Mwambarangwe
L, De Baetselier I, Jespers V. 2018. Contraceptive rings promote vaginal lactobacilli in a

high bacterial vaginosis prevalence population: A randomised, open-label longitudinal study in
Rwandan women. PloS one 13:e0201003.

Thurman AR, Schwartz JL, Ravel J, Gajer P, Marzinke MA, Yousefieh N, Anderson SM, Doncel
GF. 2019. Vaginal microbiota and mucosal pharmacokinetics of tenofovir in healthy women using
tenofovir and tenofovir/levonorgestrel vaginal rings. PloS one 14:e0217229.

Dabee S, Mugo N, Mudhune V, McLellan-Lemal E, Peacock S, O’Connor S, Njoroge B, Nyagol
B, Thurman AR, Ouma E, Ridzon R, Wiener J, Haugen HS, Gasper M, Feng C, Allen SA, Doncel
GF, Jaspan HB, Heffron R, Mugo NR, Mudhune V, McLellan-Lemal E, O’Connor S, Doncel GF,
Thurman AR, Njoroge B, Nyagol B, Ouma E, Ndivo R, Oguta M, Opon H, Awili D, Mithika

A, Chavangi E, Oruko J, Okanda J, Ogendo A, Ayuo E, Odipo E, Sewe V, Kerubo B, Mbeda

C, Awuonda E, Odero I, Anyango E, Mimba E, Oloo F, Odipo R, Opollo V, et al. 2022. Genital
microbiota of women using a 90 day tenofovir or tenofovir and levonorgestrel intravaginal ring

in a placebo controlled randomized safety trial in Kenya. Scientific Reports 12:12040. [PubMed:
35835755]

Am J Reprod Immunol. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Balle et al.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Page 13

Marrazzo J, Wang L, Mugo N, Thomas K, Ngure K, Heller K, Krows M, Irungu E. 2019. P369
Incidence of vaginal infections in kenyan women randomized to continuous or cyclic contraceptive
ring (CVR). Sexually Transmitted Infections 95:A186 LP - A187.

Creinin MD, Meyn LA, Borgatta L, Barnhart K, Jensen J, Burke AE, Westhoff C, Gilliam M,
Dutton C, Ballagh SA. 2008. Multicenter comparison of the contraceptive ring and patch: a
randomized controlled trial. Obstet Gynecol 111:267-77. [PubMed: 18238962]

Veres S, Miller L, Burington B. 2004. A comparison between the vaginal ring and oral
contraceptives. Obstet Gynecol 104:555-63. [PubMed: 15339769]

Balle C, Gill K, Konstantinus IN, Jaumdally SZ, Lennard K, Esra R, Happel AU, Barnabas SL,
Gamieldien H, Pidwell T, Maseko V, Lesosky M, Myer L, Passmore JS, Bekker LG, Jaspan

HB. 2021. Hormonal contraception and risk of STIs and bacterial vaginosis in South African
adolescents: secondary analysis of a randomised trial. Sex Transm Infect 97:112-117. [PubMed:
32989170]

Hardy L, Cerca N, Jespers V, Vaneechoutte M, Crucitti T. 2017. Bacterial biofilms in the vagina.
Research in microbiology 168:865-874. [PubMed: 28232119]

Adém A, Pal Z, Terhes G, Szlics M, Gabay ID, Urban E. 2018. Culture- and PCR-based detection
of BV associated microbiological profile of the removed IUDs and correlation with the time period
of IUD in place and the presence of the symptoms of genital tract infection. Annals of clinical
microbiology and antimicrobials 17:40. [PubMed: 30466466]

Auler ME, Morreira D, Rodrigues FFO, Abr Ao MS, Margarido PFR, Matsumoto FE, Silva EG,
Silva BCM, Schneider RP, Paula CR. 2010. Biofilm formation on intrauterine devices in patients
with recurrent vulvovaginal candidiasis. Medical mycology 48:211-216. [PubMed: 20055746]
Hoenderboom BM, van Benthem BHB, van Bergen J, Dukers-Muijrers N, G6tz HM, Hoebe C,
Hogewoning AA, Land JA, van der Sande MAB, Morré SA, van den Broek IVF. 2019. Relation
between Chlamydia trachomatis infection and pelvic inflammatory disease, ectopic pregnancy and
tubal factor infertility in a Dutch cohort of women previously tested for chlamydia in a chlamydia
screening trial. Sex Transm Infect 95:300-306. [PubMed: 30606817]

Galvin SR, Cohen MS. 2004. The role of sexually transmitted diseases in HIV transmission. Nat
Rev Microbiol 2:33-42. [PubMed: 15035007]

McClelland RS, Lavreys L, Katingima C, Overbaugh J, Chohan V, Mandaliya K, Ndinya-Achola J,
Baeten JM. 2005. Contribution of HIV-1 infection to acquisition of sexually transmitted disease: a
10-year prospective study. J Infect Dis 191:333-8. [PubMed: 15633091]

Deese J, Pradhan S, Goetz H, Morrison C. 2018. Contraceptive use and the risk of sexually
transmitted infection: systematic review and current perspectives. Open Access J Contracept 9:91—
112. [PubMed: 30519127]

McCarthy KJ, Gollub EL, Ralph L, van de Wijgert J, Jones HE. 2019. Hormonal Contraceptives
and the Acquisition of Sexually Transmitted Infections: An Updated Systematic Review. Sex
Transm Dis 46:290-296. [PubMed: 30628946]

Steiner RJ, Pampati S, Kortsmit KM, Liddon N, Swartzendruber A, Pazol K. 2021. Long-Acting
Reversible Contraception, Condom Use, and Sexually Transmitted Infections: A Systematic
Review and Meta-analysis. Am J Prev Med 61:750-760.61. [PubMed: 34686301]

Mishra A, Blizkova P, Balkus JE, Brown ER. 2020. Accounting for informative sampling in
estimation of associations between sexually transmitted infections and hormonal contraceptive
methods. Statistical Communications in Infectious Diseases 12:20190010.

Noguchi LM, Marrazzo JM, Richardson B, Hillier SL, Balkus JE, Palanee-Phillips T, Nair G,
Panchia R, Piper J, Gomez K, Ramjee G, Chirenje ZM. 2021. Prevalence and Incidence of
Sexually Transmitted Infection in Injectable Progestin Contraception Users in South Africa. Front
Reprod Health 3.

Derefinko KJ, Ashby S, Hayes T, Kaplan C, Bursac Z, Garcia FIS, Madjlesi A, Tonkin L,

Bowden M, Popescu F, Waters T. 2020. Sexually Transmitted Infections and Contraceptive Use in
Adolescents. American journal of preventive medicine 58:536-546. [PubMed: 32081571]
Kiweewa FM, Brown E, Mishra A, Nair G, Palanee-Phillips T, Mgodi N, Nakabiito C, Chakhtoura
N, Hillier SL, Baeten JM. 2019. Acquisition of Sexually Transmitted Infections among Women

Am J Reprod Immunol. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Balle et al.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Page 14

Using a Variety of Contraceptive Options: A prospective Study among High-risk African Women.
Journal of the International AIDS Society 22.

Deese J, Philip N, Lind M, Ahmed K, Batting J, Beksinska M, Edward VA, Louw CE, Onono

M, Palanee-Phillips T, Smit JA, Baeten JM, Donnell D, Mastro TD, Mugo NR, Nanda K,

Rees H, Morrison C. 2020. Sexually transmitted infections among women randomised to depot
medroxyprogesterone acetate, a copper intrauterine device or a levonorgestrel implant. Sexually
Transmitted Infections doi:10.1136/sextrans-2020-054590:sextrans-2020-054590.

Deese J, Chen PL , Gao X. , Heffron R. , Hobbs M. , Jaspan H. , Miller A. , Nair G,

Onono M., Palanee-Phillips T. , Reddy K., Steiner M. . Prevalence Of Trichomonas vaginalis
And Mycoplasma genitalium Among Women randomized to DMPA-IM, Copper IUD And
Levonorgestrel Implant in the Echo Trial, IAS 2021

Deese J, Chen PL, Gao X, et al. Post-randomization differences in condomless vaginal sex
among women randomized to intramuscular depomedroxyprogesterone acetate injections, copper
Intrauterine device, and a levonorgesterol implant. AIDS Behav 2023;27(3):978-983. [PubMed:
36357806]

Dennerstein GJ, Ellis DH. 2001. Oestrogen, glycogen and vaginal candidiasis. Aust N Z J Obstet
Gynaecol 41:326-8. [PubMed: 11592551]

Sobel JD. 1988. Pathogenesis and epidemiology of vulvovaginal candidiasis. Ann N'Y Acad Sci
544:547-57. [PubMed: 3063184]

Fidel PL Jr., Cutright J, Steele C. 2000. Effects of reproductive hormones on experimental vaginal
candidiasis. Infect Immun 68:651-7. [PubMed: 10639429]

Cetin M, Ocak S, Gungoren A, Hakverdi AU. 2007. Distribution of Candida species in women
with vulvovaginal symptoms and their association with different ages and contraceptive methods.
Scandinavian Journal of Infectious Diseases 39:584-588. [PubMed: 17577822]

Beigi RH, Meyn LA, Moore DM, Krohn MA, Hillier SL. 2004. Vaginal yeast colonization in
nonpregnant women: a longitudinal study. Obstetrics and gynecology 104:926-930. [PubMed:
15516380]

Miller L, Patton DL, Meier A, Thwin SS, Hooton TM, Eschenbach DA. 2000.
Depomedroxyprogesterone-induced Hypoestrogenism and Changes in Vaginal Flora and
Epithelium. Obstetrics and Gynecology 96:431-439. [PubMed: 10960638]

Demirezen S, Dirlik OO, Beksa¢ MS. 2005. The association of Candida infection with intrauterine
contraceptive device. Central European journal of public health 13:32-34. [PubMed: 15859178]
Erol O, Simavli S, Derbent AU, Ayrim A, Kafali H. 2014. The impact of copper-

containing and levonorgestrel-releasing intrauterine contraceptives on cervicovaginal cytology and
microbiological flora: a prospective study. The European journal of contraception & reproductive
health care : the official journal of the European Society of Contraception 19:187-193. [PubMed:
24738915]

Lessard T, Simdes JA, Discacciati MG, Hidalgo M, Bahamondes L. 2008. Cytological evaluation
and investigation of the vaginal flora of long-term users of the levonorgestrel-releasing intrauterine
system (LNG-1US). Contraception 77:30-33. [PubMed: 18082663]

Moradi R, Shariat M, Moghaddam-Banaem L. 2019. Effect of intrauterine device insertion on
Candida species in cervicovaginal specimen identified by polymerase chain reaction technic: A
longitudinal study on Iranian women. The journal of obstetrics and gynaecology research 45:438—
442. [PubMed: 30426620]

Borges KRA, Pimentel 1V, Lucena LCLDS, Silva MACNd, Monteiro SG, Monteiro CA,
Nascimento MdDSB, Bezerra GFdB. 2018. Adhesion and biofilm formation of Candida
parapsilosis isolated from vaginal secretions to copper intrauterine devices. Revista do Instituto
de Medicina Tropical de Sao Paulo 60:e59. [PubMed: 30365642]

Chassot F, Negri MFN, Svidzinski AE, Donatti L, Peralta RM, Svidzinski TIE, Consolaro MEL.
2008. Can intrauterine contraceptive devices be a Candida albicans reservoir? Contraception
77:355-359. [PubMed: 18402852]

Kestelyn E, Agaba S, Van Nuil JI, Uwineza M, Umulisa MM, Mwambarangwe L, Ndagijimana JC,
De Baetselier I, Buyze J, Delvaux T, Crucitti T, Jespers V, van de Wijgert J. 2018. A randomised

Am J Reprod Immunol. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Balle et al.

84.

85.

86.

87.

88.

89.

90.

9L

92.

93.

94.

95.

96.

97.

98.

99.

Page 15

trial of a contraceptive vaginal ring in women at risk of HIV infection in Rwanda: Safety of
intermittent and continuous use. PLoS One 13:e0197572.

Happel AU, Gasper M, Balle C, Konstantinus I, Gamieldien H, Dabee S, Gill K, Bekker

LG, Passmore JS, Jaspan HB. 2022. Persistent, Asymptomatic Colonization with Candida is
Associated with Elevated Frequencies of Highly Activated Cervical Th17-Like Cells and Related
Cytokines in the Reproductive Tract of South African Adolescents. Microbiol Spectr 10:e0162621.

Camacho DP, Consolaro MEL, Patussi EV, Donatti L, Gasparetto A, Svidzinski TIE. 2007. Vaginal
yeast adherence to the combined contraceptive vaginal ring (CCVR). Contraception 76:439-443.
[PubMed: 18061701]

Chassot F, Camacho DP, Patussi EV, Donatti L, Svidzinski TIE, Consolaro MEL. 2010. Can
Lactobacillus acidophilus influence the adhesion capacity of Candida albicans on the combined
contraceptive vaginal ring? Contraception 81:331-335. [PubMed: 20227551]

Shkoporov A, Hill C. Bactgeriophages of the Human Gut: The “known” of the “unknown”. Cell
Host Microb 2019 Feb 13;25(2):195-209.

Happel A-U, Varsani A, Balle C, Passmore J-A, Jaspan H. 2020. The Vaginal Virome—Balancing
Female Genital Tract Bacteriome, Mucosal Immunity, and Sexual and Reproductive Health
Outcomes? Viruses 12.

Happel A-U, Balle C, Maust BS, Konstantinus IN, Gill K, Bekker L-G, Froissart R, Passmore
J-A, Karaoz U, Varsani A, Jaspan H. 2021. Presence and Persistence of Putative Lytic and
Temperate Bacteriophages in Vaginal Metagenomes from South African Adolescents. Viruses
13:2341. [PubMed: 34960611]

HIV incidence among women using intramuscular deopt medroxyprogesterone acetate, Copper
intrauterine device, or a levonorgesterol impant for contracpetion; a randomised multicentre, open-
label trial. Evidence for Contraceptive Options and HIVV Outcomes (ECHO) Trial Consortium.
Lancet. 2019 Jul 27;394(10195):303-313 [PubMed: 31204114]

Curtis KM, Hannaford PC, Rodriguez MI, Chipato T, Steyn PS, Kiarie JN. 2020. Hormonal
contraception and HIV acquisition among women: an updated systematic review. BMJ sexual &
reproductive health 46:8-16. [PubMed: 31919239]

Hannaford PC, Ti A, Chipato T, Curtis KM. 2020. Copper intrauterine device use and HIV
acquisition in women: A systematic review. BMJ Sexual and Reproductive Health 46:17-25.
[PubMed: 31919240]

Cherpes TL, Busch JL, Sheriden BS, Harvey SAK, Hendricks RL. Medroxyprogesterone acetat
inhibits CD8+ T cell viral-specific effector function and induces Herpes simplex virus type 1
eractivation. J Immunol 2008;181(2):969-75 [PubMed: 18606648]

Micks E, Son H, Magaret Am Selke S, Johnston C, Wald A. The Effect of Hormonal Contraception
and Mestrula cycle timing on Geintal Herpes Simplex Virus-2 Shedding and Lesions. Sex Transm
Dis 2019;46(1):58-62. [PubMed: 30148758]

Mostad SB, Kreiss JK, Ryncarz AJ et al. Cervical shedding of herpes simplex virus in human
immunodefiice y virus-infected women: Effects of hormonal contraception, pregnancy and vitamin
A deficiency. J Infect Dis. 200;18(1):58-63

Cherpes TL, Melan MA, Kant JA, Cosentino LA, Meyn LA, Hiller SL. Genital tract shedding

of herpes simplex virus type 2 in women: effects of hormonal contraception, bacterial vaginosis,
and vaginal group B Streptococcus colonization. Clin Infect Dis. 2005; 40(10):1422-8. [PubMed:
15844064]

Lekovich JP, Amrane S, Pangasa M, Pereira N, Frey MK, Varrey A, Holcomb K. 2015.
Comparison of human papillomavirus infection and cervical cytology in women using
copper-containing and levonorgestrel-containing intrauterine devices. Obstetrics and gynecology
125:1101-1105. [PubMed: 25932838]

Maucort-Boulch D, Plummer M, Castle PE, Demuth F, Safaecian M, Wheeler CM, Schiffman M.
2010. Predictors of human papillomavirus persistence among women with equivocal or mildly
abnormal cytology. International journal of cancer 126:684—-691. [PubMed: 19609952]

Stensen S, Kjaer SK, Jensen SM, Frederiksen K, Junge J, Iftner T, Munk C. 2016. Factors
associated with type-specific persistence of high-risk human papillomavirus infection: A
population-based study. International journal of cancer 138:361-368. [PubMed: 26238558]

Am J Reprod Immunol. Author manuscript; available in PMC 2024 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Balle et al.

Page 16

100. Evidence for Contraceptive Options and HIV Outcomes (ECHO) Trial Consortium. 2019. HIV
incidence among women using intramuscular depot medroxyprogesterone acetate, a copper
intrauterine device, or a levonorgestrel implant for contraception: a randomised, multicentre,
open-label trial. Lancet 394:303-313. [PubMed: 31204114]

101. Mugo NR, Stalter RM, Heffron R, Rees H, Scoville CW, Morrison C, Kourtis AP, Bukusi
E, Beksinka M, Philip NM, Beesham I, Deese J, Edward V, Donnell D, Baeten JM. 2021.
Incidence of herpes simplex virus type 2 infection among African women using depot
medroxyprogesterone acetate, a copper intrauterine device, or a levonorgestrel implant for
contraception: a nested randomized trial. Clin Infect Dis doi:10.1093/cid/ciab1027.

Am J Reprod Immunol. Author manuscript; available in PMC 2024 November 01.



Page 17

Balle et al.

uonanpoid-¢QeH Joy anisod SN4D S1//198qoioET JO UOIRIIUSIU0D
3y} ‘JanaMOH "poylaw aA1dadesuod Ag Jayip Jou pip pue
SUSIA uanbasgns e Jejiwis sem abejuadiad siy pue ‘ainyna Aq

"3In)Nd pue Bulurels weis Joy
/ pue € ‘g 81942 Buunp pue auljaseq

"(08=u) vsSN
$191u39 3|buIs ‘pjo SIedk G
—8T ‘Uawom abe anonpoidal

‘poyiaw anndadenuod
1810 8y} Jo $9j940 € Aq
Pamo||oy ‘s394 € 1oy [T:1]

(#00Z ““Ie 18 SaIaN)

sny192qojoe7 Aue 1oy anINSOd 31aM USLLIOM JO 9458°€8 ‘auljaseq 1 Je 2103|102 aIaM Sgems [eulfen ‘JueuBaiduou ‘anirebau AIH dD0 10 YAD 3TF/913 (¥002) e 30 Salan
"We JaY)a Ul Ag J0 30uapioul

31 pasealdul ou Sem aJayl pue Apnis ayl Inoybnoayy 1SD 418y} ‘(Tg=u) 21jgnday leuy

paurejurew siasn YA| 0 Aofew ay] "asn Jo sAep GT~ Jaye uedIUILIOQ PUB SN ‘181Udd 8ZT-€TV AVINOD

uonisodwod Aunwwod pue uspingolq ‘AlISIaAIp JO W) Ul SIasn *3sN 40 sAep GT Jo1je pue uoJasul 1nnw ‘pjo siesk Gy—8T 'shep ‘(6102 "B 19

dAI 0gaae|d 8yl 40 1eyl wouy Jayip 1ou pip (A4L pue ONTALL)
SHAI @AI0e 0] paziwopuel siuedionted ul B101GoIdIW [eulben syl

Al 01 Joud pajas)|od gems [eulfiea
Jo Burouanbas yA-EA WYNYI SIT

‘uawom abe annonpoidal
‘JueuBaiduou ‘annebau AIH

Gt 404 [1:2:2] ¥AI 0gaoeld
10 YAl ONT/ALL YAl AdL

uewuny) (6102)
|e 38 uewny

([61-8010 %S6] 2T =

HOer) uoneniul YAD 240jaq 03 a|qeledwod [aAs] € 01 pauinlal A9
yoiym Jaye ([2'21-6'0 12 %S6] G2 = HOB) YAD-1s0d areipawiwi
80U8.14N231/32UBPIdUI AF Ul aseaJoul Juealylubis-uou e ‘swie YAD
Buluiquiod japow e uj "SHSIA YAD-1s0d paureisns ay Jano %T /L
pue USIA YAD-150d d1eIpawWI 3y} 18 9%z" 0T SeM 30Ua1Indal
/80UBpIdUI Ag ‘SYIUOW /"¢ JO dN-MO]|04 JO UOITRINP URIPSW B JBAO

‘susiA dn

-MoJ10} (4AD-1s0d pauleisns) syiuow
9-¢ pue (4AD-Isod srerpawiwi)
SYIUOW Z pue auljaseq Je pajaa)jod
Jeaws [eulBea Jo Bulurels weio

"(TGT=U) eAuay

$18)uad 31buls ‘plo sieak oy
—8T ‘Uawom abe annonpoidal
paeasl-Ag ‘wueubaiduoN

‘syuow

L4104 [T:T] ¥AD F3/913 40
8sSN SNONUIIUO0D 10 JUBNILLIBIU|

(610Z “I°
19 0zzeureN) (6T02)
|e 18 0ZZele|\

"8dUBpUNGE SN||19eg019e] Jaybiy spremo) paylys Jo pabueyoun
paurewsl sadA} ajels Ayunwiwod ‘wre YAl ONT/ALL ayi u|

'35 Jo sAep 06 Jaye

pue uofasul YA 03 Jord pajaa|od
gems [eulfien Jo YO db [epipued
pue Buouanbas yA-EA VNY! ST

(2z=u) eAuay] ‘191U8d
816uIs ‘p|o sieak y£-8T
‘JueuBaiduou ‘annebau AIH

‘skep
06 104 [1:2:2] ¥AI 0gaoed
10 YAI ONT/ALL “UAI ADL

(2202) 1818 93qeq@

"pasealdsp aeuifen v 40 3dussaid ay) pue sieubEn

‘9 JO UOIIRIIUBOUOD 8Y) B]Iym Ajpueaiyiubis pasealoul sa10ads
SNJ{192q032E7 1O UOIRIIUAIUOD U1 PUB 8N HYAD JO SH99M ZT Jale
PaAJBSTO Sem 8109s JUSBNN Ul 3sea108p Ueal B ‘swe Apnis yioq U]

‘USIA

dn moj |0} $¥9am ZT 1e pue auljaseq
1e Pa}oa]|0d qems [eulfieA ul elialoeq
|enuab uowwod Jo sAesse YO db
pue Jeaws [eulfen jo Bulurels weio

(0zT=U) epuemy

$191u39 3|buIs ‘p|o SIeak G
—8T ‘Uswom abe annonpoidal
‘Jueubaiduou ‘anrebau AIH

'SY99M
ZT 104 [T:T1 ¥4AD 33/913 40
9SN SNONUIUOJ 10 Jusniwisiu|

(8T0Z ““[e 38 1M1ONID)
(87T02) e 18 MANID

'3sN J0 $8]9A2 3AIIN23SUOI 3.y} Jaye sdnolb
U9aMaq AleA Jou pIp $a109s WwabnN dn-mojjo} pue auljaseq

"asn 1onpoud

10 9]9A2 YN0} 8U3 JO Y9aM 1S11}
ay} Bunp pue aujjaseq Je pajas||0d
Jeaws [eulben Jo Bulurels weio

‘(6.p=U) ¥SN ‘481Ud2 njNW
‘uswom pabe aanonpoldal
“JueuBaiduou ‘annebau AIH

*$9]943 1oy Joy [T:1]
sayored 33/uiwonsablaiou
10 SYAD 33/913

(8002 “’Ie 18 UIUIBID)
(8002) [e 30 UlUIBID

*asn aA11dao’IIu0D JO SYIUOW XIS J1a)fe $3109S JuabnN

payens|a Apueayiubis pakeldsip osfe dni-nD 01 paziwopuel
sjuedionJed "auljaseq 03 dAITR[3) ‘Sh JO SYUOW XIS PUB auo

1314 ANISIanIp [elia10eq [eulben parens)a Apueaiiubis pey ‘uejdwi
9N Jou NI-VdINQG Jou pue ‘dnI-nD 0} paziwopuel sjuediolied

‘dn-mo| |0} Yiuow-9 pue

-T 18 pue JUSW|0JUS Je Pa)Ia]|09 Jeaws
leuiBea Jo Bulurels wels pue gems
leuiBen Jo Bulouanbas yAEA SIT

(628'2=N

/9TZ=U) eAuay| pue eiquez
‘luEMSS ‘BILY YIN0S
‘18U Nnw ‘pjo sIesk G
—9T ‘uawom abe aanonpoidal
‘JueuBaiduou ‘annebau AIH

"sypuow g1 4oy [T:7:T] Juejdwi
-ON1‘ani-nd ‘WI-vdina

[el1 OHO3
(€202) 1218 Umoig

*Buiods JuabnN Ag Ag aney 01 A[aX1] SS9] 81am

pue YAD 33/913 10 NI-LIN 01 paubisse asoy 01 pasedwiod
©BXE) PaJeII0SSe-XSI AIH JO 8duBpuUNge aAlIe|a] pue AJISIBAIP
le1qoJoiw eulBen Jamoj pey sOdO 03 PazIWOopUe. SJU3ISA|oPY

“USIA dn-moj|0}

S$9aM-9T 1€ puk auljaseq Je Pajoa||0d
Jeaws [euifen Jo Bulurels weis pue
gems [eulBea jo Buiouanbas yA S9T

"(0€T=U) BOLYY

4Inos ‘1sjusad ajbuls ‘pjo
SIeak T—GT ‘s|J1b Jusdsajope
‘JueuBaiduou ‘annebau AIH

"$Yeam zg 104 [T:T:T] ¥AD
33/913 10 40O ‘NI-L3IN

185004DN
‘(e0Z0Z "8 1 9][eq)
(0202) ‘le 18 o|leg

U0IqOIIW 8118108

sBuipuiy jo Arewwns

ABojopoye N

dnoJb wpbre]

uoljeziwopuey

s|repp Apnis

JUSLUUOJIAUS [eS0oNLU [eulfeA sy uo seAndaornuod Jstiieg-uou Jo 10eduwi ay) Bunenjeas saipnis paziWwopuel J0 MIAIBAQ

Author Manuscript

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2024 November 01.

1

Am J Reprod Immunol. Author manuscript



Page 18

Balle et al.

'3asN 4O YHM 1SeaA JO SUoIeUSdU0d abeIane pajewNss
a1 Ul asealoul JuedIIuBISUOU B Sem aJay ) “8imynd Aq Boipue)
10} anisod a1am sajdwies J0 94G°ZZ 8sh dDO UM pue 948°8T ash

woyiad 01 uonetedasd Junow 1om Joy
/ pue ¢ ‘z 81942 Burinp pue auljaseq

"(08=U) VSN
$191U39 3|buIs ‘pjo SIedk G
—gT ‘uawom abe annonpoidal

‘poyiaw anndadenuod
1810 8y} J0 $9j940 € Aq
Pamoy|oy ‘sajakd € Joy [T:T]

(#00Z ‘12 18 SaI8A)

YAD Bunp ‘a1myna uo gpipuED) pey USWOM JO %4GT ‘auljaseq 1Y Je 2103|102 3IaM Sgems [eulfen ‘JueuBaiduou ‘anirebau AJH dD0 10 YAD 3TF/913 (¥002) e 30 Salan
"susiA dn-mojjoy (4AD-1sod "(TGT=U) eAusy
paureisns) syiuow 9—¢ pue (YAD-1sod $18)uad 31buls ‘plo sieak oy ‘syluow (6102 “I®

3N YAD Yum
PaAIBSGO SEM SISeIpIpUED [2UIBEAOAINA JO 80USPIOUI PBSEaIdUI Uy

S1BIPAWLI) SYIUOW g pue auljaseq
1@ 3108|100 BI8M SGBMS [eulfieA

—8T ‘Uawom abe annonpoidal
pareasl-Ag ‘wueubaiduoN

L4104 [T:T] ¥AD F3/913 40
8sSN SNONUIIUO0D 10 JUBNILLIBIU|

19 0zzeureN) (6T02)
|e 18 0ZZele|\

"(T£0°0=d) SJ8SN JUBNIWIBIUI UBY} SNONUIUOD

31 Ul UOWIWIOD 3I0W dJaMm $ased 1seak [eulben onjewoldwAs pue
'S18SN YAD SNONUIIUOD 10J %/ Z PUB SI3SN YAD JUSNIWISII 10}
0522 01 Pasealoul asn YAD Burinp siseaA [eulen Jo souspioul ay

*((syauow (snonunuoa)

€ 10 (quaniwusiul) ¢ A19As) SHSIA
dn-moj|0y) Je pue auljaseq Je Ssiseak
aZI[ensIA 0} SJUNOW 19M HOM asedaid
0] Pa}oa||09 a1aM Sgems |eulbep

(02T=U) epuemy

181Ud2 31bulIs ‘plo siesh G
—gT ‘usawom abe aanonpoidas
“JueuBaiduou ‘annebau AIH

"$0M

2T 104 [T:T1 ¥4AD 33/913 40
85N SNONUIIUO0D 10 JUBNILLIBIU|

(stoz
e 18 UA|9159M)
8T0Z “[e 18 UAaIsay

"SWLIR US3MIBQ PRO| Bo/0LED Ul 3dUBI3IP ON

"asn 40 sAep 06 Joye
pue uonasul YA| 03 Jouid pa1os||od
gems JeulBien Jo 4odb |epipued

(22=U) eAuay

$191u39 3|bUIS ‘p|o SIedk g
—8T ‘Uswom abe annonpoidal
‘Jueubaiduou ‘anrebau AIH

‘sAep
06 104 [1:2:2] "AI 0gaoejd
10 YA ONT/ALL YAl AL

(z202) Ie 18 830eQ

"(580°0=d ‘%.'8) dn MmO|0} Je S18SN dOO pue
(977°0=d '%#%"9T) NI-LIN 8y} 03 paredwiod (%0°/z) suonoaul
gpipur) 10 Jaquinu Jaybiy e pey YAD 33/9.13 Buisn uswopn

"SYSIA dn-MO]|04 SY98M-ZE pue -9T
pue auljaseq 1e (salods pue aeydAy
gpipue) Adodasosoiw Aq Jeaws
leuiBea Jo Buluaalos siselpipue)

‘(0eT=U) BOLYY

YInos Jajuad ajbuls ‘pjo
sieak gT—GT ‘S|416 Jusdssjope
“JueuBaiduou ‘annebau AIH

'$8am g€ 104 [T:T:T] YAD
33/913 10 dOO ‘NI-13N

1 8so0ydN
(e020Z "[e 19 311eq)
(0202) ‘le 18 811eg

siseipipue)
‘poyaW aAndadeIIu0d pue 9N UsaMIaq PaAIasqo
a19M suofyerdosse JuealIubls oN “([€6'5-G2'T 10 %S6] 222 HO)
(%G°9) s19sn Juejdwit ONT pue ([¥9°2-2F'T 1D %G6] 62'€ HO)
(%9°G) s18sn NI-VdING Ueys (%€°'ST) ani-nD Buoue Jusjensid "(628'L=U) AU pue eIqweZ
aJow Apuednsiubis sem AL 'siasn ueldw-ONT 8yl yum pasedwiod USIA ‘UIEMSS ‘RO YINOS
(500°0=d ‘(6'0—L'0 1D %G6) 8'0 Hd)_LD 40 XSU JaMO| %0z & pue |  dn-mo||0} LIUOW-GT I8 pue JUSW|0IUd {19)uad nInw ‘po sreak Ge ‘suypuow [el} OHO3

ani-nd yum paredwod (z000=d (6°0-5'0 10 %S6) 2'0 ¥d) ON
10 3SLI JAMO| 9%0€ B PaMOYS INI-VdINQ 0} paziwopuel syuedidnled

1e p31J3||00 qems _mc_@m> urAL
pUE DN ‘ON ‘LD JO U0II8I8P ¥Od

—97T ‘Uawom abe anonpoidal
‘Jueubaiduou ‘antebau AIH

8T 404 [T:7:7] werdw
-ON7‘dnI-nd ‘NI-vdNd

(T20Z 12 18 8533Q)
(Tz02) 1219 8593@

(21T'1=d

‘[e2°9-¥8'0 10 %G6] ST°Z "H1) YAD 33/913 01 8Anejal | LS
Aue ¥S11 pasealoap e Yl paje1oosse sem asn 400 (ST6°0=d
(L0°Z-T¥°0) 96°0) SILLS [€118108] JO YSLI Pasealoul |[eJ3n0 ue
10U Inq (T00°0=d (007—96°Z 1D %S6) 0°9T Hdl) sanndaoesuod
Buiureiuod-usboisao 03 paubisse syuadssjope 01 pasedwod O
10 YSI pasealoul ue pey NJ-1JN 01 paziwopuel S)uadss|opy

“USIA dn-MO]|0) SH9aM-9T Je
pue auljaseq Je pajas]|09 qems [eulben
Ul OIN pue DN ‘LD JO U01IBI8P ¥Od

"(0eT=U) BOLYY

yinos ‘1a3uag a)buls ‘pjo
sIeak 6T—GT ‘s|J1b Jusosajope
“JueuBaiduou ‘annebau AIH

"$eam zg 104 [T:T:T] ¥AD
33/913 10 4O ‘NI-L3IN

|el1 asooydN
(9020Z 1210 311EQ)
(0202) ‘le 19 311eg

SISBILIOWOYILI] PUE S[LS [81181oeT

"(T2¥°0=d ‘[s1e9k uosiad

00T/T2-6 1D %S6] s1esh uosiad QOT/#T) S|043U02 0} pasedwod
([sxeak uosiad 00T/6T-9 1D %S6] Sieak uosiad 00T/0T) dOO 8y}
0] paziwopuei sjuedioned Ul Je[IWIs 818M Saled 80UaLINJBI-AG

‘susiA dn

-MO[0} YIuoWw-9 8u} pue -§ ‘- *-¢ ‘-1
pue g Aep Je pue auljaseq Je pajas]|0d
sleaws Jeuiben jo Builods usbnN
pue poyaw [aswy ay} Yylog Buisn
g 1o} passasse alam sjuedionied

“(56=U)
eljeAsNYy {193udd a1buls ‘pjo
sIeak G—8T ‘Ag Jo) parean

uawiom abe aanonpoidal
‘Jueubaiduou ‘anrebau AIH

*(92Ua4Indal-Ag 10) syuow

9 0y pamoy|oy ‘[T:1] (jouod)
saon1oeld anndasesuod
[eUOLIOY-UOU JUaLINI

10 (uonuaAIdIL) SdD0

[et AGdoLs (6102
18 18 |1941SPOA)
(6T02) 1238 [19.13SPOA

*SPOYIBW 8AIda2RIIL0D UBBMIBY JaLHIP JOU PIP PUE BJel Sem
Ad "SaN|eA auljaseq Jano paseasoul pue asn YAD Buiinp pasealoul

sBuipuiy jo Arewwns

ABojopoy. N

dnoJb wpbre]

uoleziwopuey

s|repp Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2024 November 01.

1

Am J Reprod Immunol. Author manuscript



Page 19

Balle et al.

90UBISAUIIN|IWBYI04199]8 (103

$aWoNQO AIH pue suondo aAndaoeniuo) Joj a3usping ‘OHI3
Joipensa [Aulye ‘33

8181908 auoJalsaboldAxoipaw-1odap ‘wdINA
Buid jeurben paulquiod ‘YAD

Jaddoo ‘np

Snewoyael eipAweyD ‘10

adA1 a1e1s Ajunwiwod ‘18D

[eAJBIUI BOUBPLIUOD (1D

sisoulBen [elaoeq ‘Ag

Adelay) [esinonainue )y

o1l sppo paisnipe ‘yoe

Juejdwi ONT yum paredwos ani-nd

104 (0€'T-68°0 10 %S6) 80'T Pue ‘Juejdwi ONT Yum paredwod |
-VdINQ 10} (SO'T-TL'0 1D %S6) 98°0 ‘ANI-ND YHM pasedwod |
-VdINQ 104 (26°0-59°0 1D %G6) 08°0 81am UoRISINboe Z-ASH 104
HY| "sieak uosiad 00T/L 2T Sem M Juejdwi ONT 8y} 03 paubisse
asoy) Buowre pue ‘sreak uosiad 0OT/L'ET Sem 1 dNI-ND ayi 03
paubisse asoy) Buowre ‘sieak uosiad 00T/6°0T Sem a1el aduapIoul
3y N I-VdINQ 031 paubisse uswom Buowy "sieaA uosiad 0OT/7'2T
40 30UBPIOUL UB YHM Z-ASH palinboe (%8°ST) ¥T9 ‘I[e49A0

'S)Insal S| 13 [e20AINba YIM 3soy}
uo sisAjeue 10|q uiaisapn Aq pawloyiad
SEM Z-AASH JO UONEW.IILOD NSIA
dn-mojjo} yuow-gT ay} e pue
auI[aseq Je wnJas uo ws3 Aq
pawuopiad Bunsal 21601018 Z-ASH

“(290'p=Uu) eAUS puB BIqUEZ

‘UIBMS?S ‘BOLIJY YINOS
$18)U8D W ‘pJo SIeak Ge
—9T ‘uswom abe aananpoidal
‘JueuBaiduou ‘annebau AIH

‘sLpuow
8T Joy [T:T:1] uejdwy
-ONT ‘ani-nd ‘NI-vdINa

[el1 OHO3
‘(Tz0z 12 19 0BN|N)
(T202) 1818 0BNIN

“(°0=d ‘[2v"z-¥T°0 10 %S6] 85°0 HY ‘ANI-ND "SA AI-VdINQ)
AIH paiinboe 946°T ‘s1esn N3-1L3N 8y1 Jo pue (0'T=d ‘[98'T-55°0
10 %G6] TO'T ¥ ‘ANI-ND SA WI-YdINQ) AIH paiinboe oy°g
S18SN IN1-VdINQ 841 O (270 =d ‘[65T-87°0 1D %S6] 88°0 ¥
‘ani-nD 'sA a|ge1dalul) wiue gni-nd ayl Ul USWOM 94G'S pue
wLie a1qe19aful 8yl Ul UBWOM 940°€ Ul Pa1Inad0 uonisinboe AlH

‘usiA dn
-MOJ|0} YIuow-ZT 8y} Je pue aul|aseq
1e paw.oyiad Bunsay [ea1bojosas AIH

(062'1=U) BOLYY YINOS
$191U30 NjNW ‘pjo sIeak Gy
—9T ‘uawom abe aAnonpoidal
‘ueuBaiduou ‘annebau-AIH

stpuow zT Jo4 [T:T] ani-nd
10 (N3-L3N Jo WI-vdINQ)
a)qe108fur Ajuo-unsabo.d

(L702 "1e
19 JAawyoH) (L102)
/2 19 1akawjoH

Jueldw|-ONT

yum pasedwod ani-nd 104 (6T°0=d ‘€5°'T-T6°0) 8T'T pue uejduw]
-ONT Yum paredwod N |I-vdING 104 (£60°0=d ‘65 T-56'0) £2'T
‘ani-nd ynm paredwod INI-YdING 104 (22°0=d ‘€€'T-28°0 1D
9%96) ¥0'T 84am uonisinboe AIH 104 SYH 8yl "dnoub juejdw
-ONT 8y1 Ul (86'€—72°2) steak-uewom Q0T Jad TE'€ pue ‘dnoib
ani-no ays ut (99'4-Te'€) sseah-uewom QT Jad ¥6°€ ‘dnoll |
“VdINQ 3y Ul (76'v—1S'€) sseak-uewom 00T 4od 6T (T2 ¥-G¥'€
1D %G6) Sieak-uewom QT Jad T8'S Sem aduaploul AIH [[B49A0

‘sipuow gT 0}
sywuow € A1 1sIA dn-mojjoy A1ans
1e pawoyiad Bunsay [ea1bojosas AIH

"(628'L=U) BAUSY pue eIqWEZ

‘lUIleMS? ‘eI YINos
$18)Udd NNW ‘p|o Seak G
—9T ‘usawom abe aanonpoidal
“JueuBaiduou ‘aanebau AIH

‘syuowl
8T 404 [1:7:7] werdw
-ON1 ‘dnI-nd ‘WI-vdINQ

[eu1 OHO3 ‘(6102
/e 38 pawyY)
(6T02) I& 18 pawyy

SILS [eiN
BpIpULD
10 U0I19318p 3y} Joy AdoasouoIw HOM
sBuipuiy jo Arewwns ABojopoy. N dno b wb el uolreziwopuey s|e»p Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Reprod Immunol. Author manuscript; available in PMC 2024 November 01.



Page 20

Balle et al.

sifeulfien seuowoydl] AL
11IN0J0UR) ‘AL

solres aousjenald uiod ‘Hd
uonaeal ureyd asesswAjod awn-fesy ‘4d-14
onel s 1Yy

s|11d aAndageiuod |elo {dD0
230L.LI0UOD BLIBSSISN ‘ON
aleylueUs auoJAsIyIBIoU INT-1LIN
wniyeyuab ewseldoapyy ‘O
Jansabiouons| {ONT

apIxoJpAy wnissejod ‘HOM

oleJ pezey ‘4H

waIsAs suLsInenul ‘SN

921A8p BuLIdINEIUL (AN

Ol1eJ 814 OUBPIdUI ‘H¥|

jansabouoys ‘913

Author Manuscript

Author Manuscript Author Manuscript Author Manuscript

Am J Reprod Immunol. Author manuscript; available in PMC 2024 November 01.



Page 21

Balle et al.

"paslanal
aJam sabueyd asay ‘JaAsMOY ‘Jeak auo JaYY 9sn SNI-ONT
10 SUIUOW 331U} Ja)Je punoy Sem Ag JO Saled pasealoul

pue sapelb snjj1oeqoloe] ul bulussiom Atelodws) v

‘Ag 10918p pue sapelh

SN|[198g019.] BUIAP 0} Pasn Sem UoKeIIUI
SNI-ONT J8ye syiuow-¢T pue -¢ pue
auljaseq 1e paja||09 ysniqolkd Aq paurelqo
sIeaws JeulBen uo Adodsoudiw pajrelag

“(¢5e=u) wnibjeg

‘a)1s a1buls pjo sieak gT<
‘uswom abe annonpoidal
“ueuBaiduou ‘annebau-AIH

*(wuay Buoy) reak

auo pue (WJa) Hoys) sypuow
931} 40} pamoj|o} ‘SNI-ONT
911Ul 0} UOISIDAP [euoslad

(8702 “[e 19 s13puoq)
(8102) Ie 18 S4apuog

‘pasealoul sem uondajul Aue Buidojanap 4o ysul jedauab ayy
g ‘aurjaseq 01 pasedwod sniuibeA gpipue) pue siuiben
2100138 ‘Ag ‘eJ0}} [eulbeA [euLIoude JO SaYel JUaIalIp aney
10U pIp $13SN SN I-ONT ‘ash aAldaoeIu0d Jo Jeak auo Jayy

‘uolyenul aAdageIu0d
Jaye sieak z—T pue 0} Joud pajos||od
steaws ded uo yd sisAjeue 21doasoIoIN

(982

=u) wniBjag ‘181ua0 a1buls
‘paiy10ads j0u abuel abe
‘uswom abe aanonpoidal
‘ueuBaiduou ‘annebau-AIH

‘sIeak
OM]} 0} BUO 10j PaMO||0}
‘SNI-ONT Bunsanbay

(TT0Z "Ie 19 sispuoq)
(1702) /2 19 SispuoQ

'$19SN DO Ul PAAISSUO SBM S1190090]02.41S

g dnoJ9 40 asealoul Ue pue siasn YAD ay} Ul PaAIasqo
SEM 1]]10Bg0}0B] Ul 8SBaI0Ul Ue ‘I8ASMOH "dn-moj|oy) 18
sdnoib yioq ui natjiw feuiBen jo abueyd ajni| e sem asay L

"uonenRIul 3A1dadRIIU0D JO SyuoW 9
pue € Ja)ye pue auljaseq Je pajos)|od sajduwes
leuiBea jo Burinynd pue Buiurels weio

"(09=u) Afe1 ‘191U

8)Buis ‘pjo sieak Gyp—8T
‘uswom abe annonpoidal
“Jueubaiduou ‘annebau-AIH

‘sypuow
XIs 104 pamo|o} ‘(0g=u)
YA 33/913 o (0g=U)
SdD0 Jayna Bunsanbay

(z10Z “Ie 18 BI3S 8Q)
(2102) I2 19 ®I8S 8@

‘ani-nd ay) Buiussul 03 Joud Ag 10s usWOM By}

U9849S 10U PIP sloyine ay | ‘suoneindod Jejiwis Ui panIasgo
U33g aARY JeUM 0) Je[ILIS SI YdIYM 18l & (95 "6T) UsWOom
¥ Ul punoy Sem Ag ‘uoiasul dn|-ND JO YIUoW auo Jeyy

‘uolyeriul aAdageIIu0d Jo
SYIUOW XIS pUe 3U0 Jaye Je pajaa]|0d sajdwes
leuiben jo Burinynd pue Bulurels weio

‘(gzz=u) :181ud2 81BuIs
‘paiy1oads jou abuel Jesk
‘uswom abe aanonpoidal
‘ueuBaiduou ‘annebau-AIH

‘syuow
XIS 10} PAMO] [0} ‘UOIIBSUL
ani-no Bunsanbay

(€002 "1e ¥
ofe op zewsd) (€002)
/& 18 obe] op zeuleq

38N SNI-ON SnsivsA aNi-nd

ynum A|igels elo1goloiw [eulfen Ul 30Ualayip PaAIasqo oN
"'SNI-ONT 10 @N1-ND 40 8SN By} YIIM PaJRId0SSE 10U dJam
uonisodwod Alunwiwod [erisioeq [eulbea ayy ui sabueyd

"UoIIenIUI 9ANS0B.U0D JBYE SYIUOW-ZT pue
-9 pue auIaseq 18 Pa1os]|0d Sqems [eulben Jo
Burousnbas WNYJ S9T pue uonoesixs YNA

(92=u) nzeig

$191u39 3|buIS {p|o SIeak
‘uswom abe aanonpoidal
“Jueubaiduou ‘annebau-AIH

'syluow ZT Joj
pamoj|o} ‘(0r=u) SNI-ON
1o (9g=u) ani-n jo sd10yd

(L10Z “[e 19 Sisseq)
(LT02) e 19 SIsseg

‘annisod Ag Buiaq 03

anefau Ag Buiag wouy pauiys (%€°6) 1oy ‘USIA dn-moj|oy
Yluow-auo J1ay} Je pawJopiad sainynd pey oym sjuaired
anefau-Ag £v JO 'suonendod Jay1o ul paqiIasap Jeyy
uey) Apnis S1u} Ul Jamo| sem (9,T°2) Ag J0 aduafensid ayL

"uoruasul @n| Jaye
LIUOW SUO pUe 31043q Pa10a]|09 sajdures
leuiBena Jo Burinynd pue Bulurels weio

'(0/=U) ‘epeur) ‘18)udd
1nw ‘pjo sieak gy—8T
‘uswom abe annonpoidal
‘Jueubaiduou ‘annebau-A1H

"Yluow 3uOo 10} PaMO]|0)
‘(ze=u) anI-oN7 4o (ge=u)
ani-nd Jayus Bunsanbay

(2T0Z 2 18 9011V)
(zT02) /278 01V

"(¥00°0=d ‘8'0 9sealdap ueaw)

SJ8UI*T 30 SUOITRIIUAIUO0D Pasealdap pey WdNg Buisn
USWOM INQ UOITRJIUBIUOI 1]]19BGO}IB| [BId1jauaq Ul abueyd
Aue 10 sAep 08T 4an0 adusfenald Ag ul abueyd o} pes| Jou
p1Ip saAndaoesuod [euowloy Jo uoneniul ‘dn-mojjos pue
auI[aseq Usamiaq pasealaul (z200'0=d ‘1'S—0'S) seuiben v
pue (9v0°0=d ‘6'G—G') SI/eutben "9 J0 UoIRUSIUOD U}
ng sJasn @ni-nD U abueyd 1ou pIp 11{19q019.| [eId1aUq
10 Ajisuap pue Aouanbaly ay] "z'T Sem a109s Juabnp ul
85eJ0UI UR3W 3U} PUB (G00°0=d) SABP 08T 18 (%61 0} %.2
woly) uoneniul dni-no Jaye pasealoul sousjerald Ag

'asn
10 sAep 08T pUe ‘06 ‘OE Ja1Je pue auljaseq
1e pa193]109 sqems ul (] adAlojAyd wniisioeq
»I|-zloeydsebayy pue ‘deulben 'y ‘sifeulben
‘9 ““dss snyj1o8qojop7 Buipnjoul) e101q0Id1W
213103ds JO JuaWSsasse 10} sasAjeue ¥Odb

"(99z=U) amgequilZ 181U
316uIs ‘p|o sIeak G—8T
‘uswom abe annonpoidal
“ueuBaiduou ‘annebau-AIH

"SUIUOW XIS 10§ PAMO][04
‘(87=u) ani-nd 4o syuejdwi
(87=u) 913 Jo (5y=u)

9N ‘uonasfur (op=u)
33/VdN 10 (vp=u) N3I-LIN
‘(Ty=u) INI-VdINQ $0 821040

(8T0Z ““1e 18 s3] [1Y0Y)
(8102) 1818 SayIyov

T20Z ‘Ie 19 1]|suenseg Aq pamalnal A[Jusosy

0IqOIIW 8118108

sBbuipuly jo Arewwns

ABojopoye N

dnoJb wpbre]

poy®pw aAndsoe 13uoD

s|repp Apnis

JUSLUUOJIAUB [2S00NL [eUIBEA 8L UO S8ANdaoRIIUOD JaLiIRG-UOU JO UolenIul Jo 10edwi ayy Bunenjeas ssipnls paziwopuel-uou JO MIIAISAQ

Author Manuscript

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2024 November 01.

1

Am J Reprod Immunol. Author manuscript



Page 22

Balle et al.

‘Buipas|q Jeuiben JejnBaull Aq parelpaw aq Aew

Ad pue asn gn| Usamiag uoneidosse ay| "(£z'0=d) siasn
adni-N 40 %0°8¢ 0} pasedwiod (98 Ty) s19sN SNI-ON'T
Buowre aduapIoul Ag Pasealoul SpIemo) pual) e Sem alay |
“(¥2°0=d '%¥'22 SA %L 9T SA %0°GT) s49sn yared pue YAD
'dD0 Buoure Jayip 10u pIp Ag 40 8duspIdUl 8Y1 *(€0°0=d)
sJasn yoyed pue “YAD ‘'dD0 Ul %€ 6T 01 pasedwod 940'/€
Je s1asn @n | Buowe JayBiy sem Ag Jo aduapIoul 8y |

"UOITRUILLIBIBP BLIBILD [aSWY pue
Burioas abnN 104 Adodsosoiw pue Bulurers
weJ9 Joy syuow 9 03 dn 4oy Ajyauow pue
auljaseq Je Pajaa||09 aJaM SeMS [eulbep

"(L6T=U) ¥SN '181Udd
8]Buis ‘pjo sieak Gp—8T
‘uawom abe annonpoidal
‘ueuBaiduou ‘annebau-AIH

‘syuow

9 4oy pamojjo} ‘(2=u) yored
"anndadeuod [ewlspsuel)
10 ‘(T€=U) (paytoads Jou
8dA1) YAD ‘(Sz=U) sd00
‘(63=U) ANI-ON1 ‘(Te=U)
ani-nd Jayus Jo 810yD

(2102 “’Ie 10 UBPPEIA)
(2102) e 10 UBPPEIN

"SNI-ONT 8y} JO uolLasul BuImoy|oy suolelale
1e2160]01¢0J21W J3YI0 40 Sanijewsoude [eaibojoyredoifo
01 108dsal YIM punoy a1am syjnsal Jueayiubis oN

'S|189 9|9 J0 89uasaid Ag JuBISSasSe
A9 pue uonenfens [ealbojoyredolAd 1oy
s1eak uanas 0} dn Joy 1a)ealay) Ajjenuue
pue uoneniul aAdadsesuod o3 Joud
Pa199]]02 aJaM Sajdwes Jeaws [edlnIa)

"(28T=uU) |izelg ‘181U8d
81Buis ‘pjo sieak 6E—0Z
‘uawom abe annonpoidal
‘ueuBaiduou ‘annebau-AIH

‘sieak
UaAss 0} dn 1oy pamoyj|oy
‘SNI-ONT Bunsanbay

(8002 *'[e 18 paessaT)
(8002) Ie 10 paessaT]

“(8'v=TO'T ‘ST°C HO) SPeal [e101 JO %05 Uey)

J1ayealb speas snpedstio <7 aney 0} A3y1] 810W 8J9M UOIIASUI
SNI-ONT Jaye susiA buijdwes ‘yuswsoed SNI-ONT 0}
Jond sysia Burjdwes 03 pasedwo) Juswsde|d SNI-ONT

03 asuodsas ur a1 Alan sabueyd awolqodiw [euiben ay |

‘Burousnbas WNY4 S9T 10} uoneniul
aAda0RIILUO0 Ja1JR SY88M ZT pue auljaseq
18 Pa199]102 sajdwies [eaIAIzD pue [eulfen

“(€T=U) VSN ‘483U8d

8)Buis ‘pjo sieah ge-T2
‘uswom abe annonpoidal
“Jueubaiduou ‘annebau-AIH

EEEIN
2T 10} pamo||o4 ‘uoluasul
SNI-9NT Bunsanbay

(¥T0Z “[e 18 UOSQOIRL)
(¥702) /2 49 UOSqOIEL

'suaBoyyed Jay3o JO suoieIUAIUOI 10 Aduanbauy ul sabueyd
Jueal1uBIS ou aJem aJayL “Aybis pasesidsp UOIRIIUAJUOD
uelpaw ay} ‘Ajpuediyiubis pasealoul asuafenald spos
anirefau-welh o1golaeue ybnoyyy ‘asn 33/S3IN 40

Je3A-T 8y 1noybno.y) 8]qels paurewal sa1ods uabnN

'SpoJ aniebau-wreld

210/0J3UE PUBR /00 *F ‘Snaine ‘S ‘SIjease)

'F ‘sifeurben 9 ‘snj19eqojoe7 10y Bunynd
pue ulelS Weis) 10} $8]9A0 £T pue XIS Jaye
pue auIjaseq Je PajIa||09 1M Sqems [eulep

"(0zT=U) ¥SN H18)U80
1nw ‘pjo sieak oy—8T
‘uswom abe annonpoidal
‘Jueubaiduou ‘annebau-AIH

'Syluow ZT 10j pamoj|o}
sjuedionted ‘YAD 33/S3AN
40 Apnis-qns [eu} |11 dseyd

(GT0Z “Ie 18 Buenty)
(STOZ) I 18 Bueny

'SdD0 Buisn uswom Buowre 1ou

g apioiwads-whelyderp Jo ded [ealAIgd ay) Buisn uswom
Buowre pasealoul $8109s JuabnN [ew.ouge pue UolezIuojod
spo anlrefau-welh d1qolaeue pue /02 BlyaliayIsy [eulben
U1M USWIOM J0 8oudjenaid ay} J1anamoH ‘spoylsw
aA11daoe13u02 a3 JO Aue JO UOIRIIUI JSYE SH9aM

abueyd 10U pIp ‘siyeuIbea gjfasaupies) 1o ‘1220003dans

g dnoub ‘11]19eg010B] U1IM UBWOM JO 3duajeAald ay L

“Buninyno JersioRq
pue Buiurels Wweis) 10j YIUoW duo 10y A|Yoam
uay) pue au1|aseq e pajos||od [eulben

(Tee=U) VSN ‘18jusd
31buIs ‘p|o sieak Oy—8T
‘uswom abe annonpoidal
“ueuBaiduou ‘annebau-AIH

‘LpUOW BUO Joy

pamo|jo}. ‘(G/=Uu) apiofuiiads
-wbeiyderp Jo (gg) ded
[e91AJ89 B “(£0T=U) SdDO
8]enIul 0] UOISIBP [euosiad

(0002 ““1e 18 B1ANO)
(0002) 1218 @3dno

"(T000°0>d) sypuow x1s Joye pue (10°0
>d) SYuOW € Jalje PaAIasgo Sem e101goloIw anlrehau-Ag
pue s4D0 U3amiaqg UoneIdosse Juealyiubis Ajjeonsiiels v

‘Buiousnbas wN Y4

S9T pue SIN 40L-IATVIA 10§ uoieniul
aA11dade.uod JO SyIuoW 9 pue € Isye pue
QUI[aseq Je Palda||09 aJam sgems Jeulbep

"(T0T=U) eUnUabIY ‘181UBD
816uls ‘p|o sieah Gy—pT
‘uawom abe annonpoidal
‘ueufaiduou ‘annebau-AIH

"SUILOW XIS 10} PaMO| |0}
‘poyraw WyIAys ayy Jo asn
Wopuod ‘sdd0 40 9210y

(8102 ““Ie 18 Yyaso4)
(8102) 218 Yosod

"8sN SNI-ONT Yum Jou Jaq|e ‘suljaseq

0} paJedwod asn @N1-ND J0 Jeak suo Jaye uoWwod
alow Ajpueaiiubis alem suo11a)Ul SjuILIoYy euwiseldod
‘uoieniul Jo syuow g1 Jaye dnoib anndasejuod

Jay1a ul adusfenald Ag ul sebueyd ou aiem aiay L

"uoiienIul 9A1IdadRIIU0D JO SyIoW
2T 13)je pue auIjaseq Je pajos||0d sajduwies
leuiBea jo Burinynd pue Buiurels weio

"(0GT=U) AoxIn ‘183Ud2d
a16uis {(pjo sreak 0G—8T
‘uswom abe aanonpoidal
“Jueubaiduou ‘annebau-AIH

‘sypuow
2T 1o} pamo||oy ‘uonasul
(zy=u) SNI-ONT Jo (80T=U)
ani-nD Jayus Bunsanbay

(¥10Z “I2 18
1043) (¥102) 18 |043

wnanAyeaIn

Buise|dealn) yum s193[gns Jo Jaquuinu 10} 3y} Ul pue
sny1oeqopoe7 Buronpoid-zozH 10 sN4D yum siuedionred
JO Jaquinu 8y} u1 asealdap [ews e 1oy 1dadxa ‘asn dD0 Jo
sypuow omy Jaye pabueyoun paurewal elgloeq Jeulben ay L

"aseq
Jefie B[]adniq Ul BUIPIZUBQIAYIBLIRIIL) JO
uonepIxo ¢Q¢H Ag uonew.oy Juswbid anjq
Aq paynuapi aiam sny/1oeqoioe Buronpoid
—¢OCH "elIaloe( J1q0.IaBUR pUR J100.IaR 10}
painijnd uomeniul 4O Jaye Syuow om}
pue auljaseq Je pajaa]|0d sajdwes [eulbes

‘(0g=u) wSN ‘131usd

8]Buls ‘pjo sieak oy—8T
‘uawom abe annonpoidal
‘ueuBaiduou ‘annebau-AIH

‘syjuow
0M] 10} PAMO][0} ‘SdD0
81B1IUI 0) UOISIDBP |euOosIad

(0002
““[e 18 yoequayas3)
(0002) & 18 Yoequayds3

sBuipuly jo Arewwns

ABojopoy®e A

dnoJb wpbre]

poyewW aA11de0e 1JU0D

s|repp Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2024 November 01.

1

Am J Reprod Immunol. Author manuscript



Page 23

Balle et al.

oluedsIH UBY) //8]0/3./4 PUE BLI3)JB] Pale1oosse-sisoulfen
2I0W PAUILILOI PUR PAIYISIBAIP SI0W WL USWOM Hoe|g
U1 BW0IqoIdIW 8y "1ayiabo) pazAjeue a1am USWIOM Xoe|g
pue MY\ dluedSIH UBYM JuaWIeal) YdINQ JaLe PanIasqo
21aM 0101w JeulBen ay) ul sebueyd Juedayiubis oN

‘Burousnbas WNY4 S9T 10} uoneniul
21320 Jo)Je SYIUOW 33U} PUB BUO pue
3UI|8SEq 18 PB]08[|00 818M SABMS [eulBen-pIA|

"(Sz=u) vsn :181usd

31buIs ‘p|o sleak Ge-8T
‘uswom abe annonpoidal
“ueuBaiduou ‘annebau-AIH

‘INI-VdINQ 8sn 01 alised

(6T0T “le 19
Buea) (6102) /2 19 Buex

"(0T0°0=d) sdnoub usamiaq

UOIRIUIUOD SUILIoY Wy Ul Sabueyd Juaialp Apuedisiubis
UM PaTeId0SSe Sem poylaw aAldadeuod (siasn NI-YdING
Buowre a1qels paurewal SUOITLIIUIIUOD JSABMOY ‘S1ash DH
-uou Buowre uaas atam T adA| sa10ads seuowinied pue
‘Siuwoy ewseldodafyy ‘s819ads eiypeaus 10 SUOIRIUBIU0D
3} Ul S3Se8193p JURIIHIUBIS ‘SYIUOW 831y} JalY

"e1d19eq 1ybis Jo YO db oy1oads

-UOXe} pue UOIeUILLIBIaP 8109S JusbnN Joy
uonenIul 9A13d89BIU0I JO SYIUOW 384y} J8e
pue auI|aseq Je Pajaa||09 8JaM SeMS [eulfep

(G=u)

eAUBY| ‘181udd 91Buls

‘plo sJeak ‘uswom abe
anjonpoJdal ‘wnyedisod
SY9am ¥T—9 ‘anlreBau-AIH

(12 = u) (Wyhys
‘eayJlousawie jeuolyeloe|
‘SWopU02) JH-Uou Jo (E€
=U) NI-VdING J0 331040

(0202 “'Ie 19 Asunypn)
(0202) Ie 18 ASUmymn

‘uonenIul \|-VdING Jeye pue a1043q 8109 WabnN

10 a1nynd Aq snyjroeqojoeT 30 uondslep syl Ui abueyd ou
0S|e Sem 81y | “uoneniul NI-VdINQ Jaye paroalap saloads
J1ay1a Jo} sabuByd OU UYIIM BUIjaseq Je Pa1oalap AjaJel alam
uasuaf 7 puesnjedstso 7 “uoireniul IN1-vdING Jeye
panJasqo sabueyd Jueaiyiubis ou yim juajenald Ajybry sem
Ssauy 7 "uoneniul NI-VdING Jaye Apueoyiubis pautjosp
PeO| [BlIBIR] €10} pUB SH/Eu/beA "5 Jo sannuenb ay L

(RO [elia108q [e10) J0)

auab S9T abues peolq pue syeulben ‘o ‘siaul
7 ‘nuasual 7 ‘smedstio ~7) skesse 4odb
pue Bulinynd ‘Bulureis wels) 1oy Jeak T 0}
dn Joy uonenIul WI-VdING Ja)e Ajyuow
pue auljaseq Je PajIa]|09 8IaM SqeMS [eulfep

"(GT=U) eAUsY| ‘191UBD
31buIs ‘(p|o sieak gT<
‘uswom abe annonpoidal
“Jueubaiduou ‘annebau-AIH

“Teak

U0 10} pamo| |0} ‘NI-VdING
31B1IUI 0} UOISIDAP [eUOSIad

(9102 “Ie 18 Agx0y)
(9102) 1218 Agx0y

'sdnouf omy ayy Jo

©10100J01W [euIBeA ay) UsamIag adualaylp uealiubis Aue
31eJISUOWIBP 01 A UM USWOM JO SIaGUINU JUSIdLYNSUI
219M 313y} ‘19neMOH (0€'0=d ‘%8'Z 'SA %E"/) Syuow
XIs pue (8€'0=d) $18SN SN (%¥'T "SA %6°E) SH38M 9~

18 SNI-ONT Ue yum paredwod Ag padojansp ani-nd e
UM uawiom 810Nl “(#0°0=d ‘%¥T) SNI-ONT 0} paJedwod
(9%22) ani-nD ® J0 uoiasul Jaye syaam 9—y abueyasip
[eutBen fewouge dojanap 03 A[3)1] 810W 3JaM USWIOAN

‘Adoasoloiw pue

Buiurels weio oy uorreniul aA1daseuod
Ja)Je SyIUOW XIS pue S}8aMm XIs 0} Inoy Jaje
pue aul|aseq Je Pajaa||09 8JaM SeMS [eulfep

‘(2/T=U) N 481udd 31buIs
‘pay1oads jou abuel abe
‘uawom abe annonpoidal
‘ueuBaiduou ‘annebau-AIH

“(¥6=U) SNI-ONT 40 (8/=U)
an|i-nd e Jayua 4o 8010yd

(6002 ‘e 18 unjI)
(6002) /2 29 Uiy

"(0g'0=d

‘[20° LT~ ¥7°0 10 %G6] €22 HO) 485N SNI-ONT (%8°2)
T./2 yum Uw._mQEoo Ng _uon_w>wu pey sissn gni-no
(%€°2) TP/€ ‘uonJasul Jaye sywow XIS *(8e°0=d ‘[6€'2€
~G2°0 10 %S6] 98'Z HO) $48sn SNI-ONT (%+'T) TL/T Yyum
pasredwod Ag padojansp pey auljaseq Je el1oiqoloiw [euifea
Jew.ou pey oym s1asn ani-nd (%6°€) TG/z ‘Uolasul 1aye
S$0aM XIS 03 04 *(90°0=d ‘[92'2-G6'0 1D %G6] £9°C

d0 E\ow ‘SA Qom._”v :o_tmmc_uwoa syluow Xis Emu_tcm_w jou
sem puall sIyL “(v0'0=d ‘[22'S-TO'T 1D %S6] 622 HO
‘%VT "SA 9%22) SNI-ONT Yim pasedwod ani-nd e Jo
uoIuasul Jayye syaam g9—f abieyasip euiben [ewsouqe ue
padojanap aney 03 A|a1] aiow AjpuediIubIS 81aMm USWOAA

"eLIg)IO AeH

-uos| ay Buisn papelb sem Ag ‘Adodsosoiw
pue Bulurels Weio 10j paulelqo Sem Jealls
leuiBen ybiy e pue paliole atem swoldwAs

"(2L1=U)

1183Ud2 31Buls ‘plo sIeak
‘uswom abe annonpoidal
“ueuBaiduou ‘annebau-AIH

‘syuowl
XIS 10} PamOJ0} ‘(76=U) SNI
-ONT®J0 (82=U) ANI-ND®e

J3U118 Jo uoluasul Bunsanbay

(6002 “[e 19 3[eaN)
(6002) /2 79 8|EaN

'(900°0=d)

3sN WdIANQ 40 Syluow 9 Jalye 9'0F G'Z 01 auljaseq e

9°0F 0"t W04} JBUUBW JeBUI| B Ul PaSeaIdap S1//108qojoeT]
3ANS0d—C0%H Jo pInyy [euiBen Jo sauiiw Jad sn40 ul
uonenuaouod 6ol ay L (500°0=d) VdINQ 40 sypuow Xis
131Je 04T 01 81048Q %0 WOI) Pasealdap sny/1oeqojoe
Buionpoid—¢QeH yum Jaquinu ay3 Ing ‘abueyd Jou pip
snyroeqopoe7 Aue yum syuedioned Jo Jaquinu ay

“21I8)08q
2100J3RUE pUR D1(0J3L J0) PAININD BJaM
uonenIul WI-VdING Jale Syluow-9 pue -g
pue au1|aseq 1e Palos||0d Sqems [eulbeA

‘(8e=U) WSN '131usd

8]Buls ‘pjo sieak oy—8T
‘uawom abe annonpoidal
‘ueuBaiduou ‘annebau-AIH

‘sypuow

XIS 10} pamo||o} ‘NI-VdING
31B1IUI 0) UOISIDBP |eu0SIad

(0002 “"Te 18 J3I1IN)
(0002) 1218 131NN

sBuipuly jo Arewwns

ABojopoy®e A

dnoJb wpbre]

poyewW aA11de0e 1JU0D

s|repp Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2024 November 01.

1

Am J Reprod Immunol. Author manuscript



Page 24

Balle et al.

NIH - SILS [2IN

"pasealaul sa1oads ereigei O pue suealge " yioq

YHM UOIII84UI SNOBUE}NWIS JO 8dud[eAald 8yl %Eg Gz 01
059" TT WOJ UOIASUI dN[-ND Jale SYIUOW 831y} pasealoul
Apueaisiubis sem sainyna goipue) an1isod Jo Junowe ay |

"sa19ads gprpue) Jo

uoITeILNUIPI 104 pauLIogiad sem d144-40d
‘epipue) J1ebeiNOHHD pue Jebe asolixap
pnesnoges uo Burnyn 1oy uoieniul
an|i-n) Jaye syuow € pue auljaseq

18 Pa]09]|09 alam sajdwres JeulbenodInR)

‘(g6=U) Ukl ‘181udd

31buIs ‘p|o sIeak 0G-ST
‘uswom abe annonpoidal
“ueuBaiduou ‘annebau-AIH

‘syiuow
831y} 4o} pamoj|o} ‘dnli-nd
a1B111uI 0] UOISIOBP |euosiad

(6T0Z “'|& 18 1peIOIN)
(6102) I2 12 IpRION

‘88N
INI-VdINQ JO SYIUOW XIS JSAO PIAISSTO SeM UOIIRZIUO|0D
SURIGE EPIDURD U1 3588108 Jeaul] JurdyIubIS

"SISA|eUE JUNOW-18M pUR UIEIS WelD
10} UOIRIIUI NII-VdINQ J8Ye SYIIOW-g pue
-€ pue dUIJaseq Je Palaa||0d SqeMS [eulbeA

‘(8e=U) ¥SN '131us0

81Buis ‘pjo sieak oy—8T
‘uawom abe annonpoidal
‘ueuBaiduou ‘annebau-AIH

‘syuow
XIS 10} pamo||o} ‘NI-VdING
31B1IUI 0) UOISIDAP |eUO0SIad

(000Z ““Ie 18 J3]I1IN)
(0002) 1218 J3IINIA

"€T J0 XIS 91942 I3y} 0} auljaseq

woJy Apuediyiubis abueyd Jou pIp ayel UoKIBIBP 8y}
11aq|e ‘siselpipued [eulbeAoAINA ym pasouBelp Ajjeatulfd
alam syuedioned ayl JO 04GT ‘@Sn JO Jeak auo JanQ

BoIpLED
Joy BuLINyNg pue urels weis) ‘Adodsoloiw

JUNOW 1M 10} S3]9A0 €T pue 9 Jaye pue
au1|aseq 18 Palds]|09 818M Sqems [eulbe

"(0zT=U) VSN ‘18)u8d
W :pjo siedh oy—8T
‘uswom abe annonpoidal
“ueuBaiduou ‘annebau-AIH

'SyjuoW ZT 104 PAMO||0)
syuediopued “YAD 33/S3IN
Jo Apnis-gns ety 111 aseyd

(GT0Z “Ie 18 Buenpy)
(5T02) 1238 Bueny

‘dnoif dD0 ayp ul asoyy
Buowre Jnoy 3aam 1e 94,G 0] dUIjSeq 18 %9T woiy Apybils
pasealoap sa19ads Bp/puED YNM UBIOM JO 8dudjenaid ay |

‘Burinyjng
pue Buiurels weis 1oj Yuow auo 1oy Ay aem
UaY} pue auljaseq Je pajda||od [eulbep

‘(TEE=U) WSN ‘481Udd
81Buis ‘pjo sieak oy—8T
‘uawom abe annonpoidal
‘ueufaiduou ‘annebau-AIH

"JJuow auo J0j Pamo| |0}
‘ap1olwlads-wbesydelp 1o
deo [ea1nad e ‘'sdD0
aJellul 0} UOISIIABP [euosSlad

(000z ““Ie 18 BYdN9)
(0002) 1e 10 @adno

"asN 420 J0 syuow
oM Yim abueyd Jou pip surargye “ 3o aduasald ay L

‘sIsA[eue Junow-1am pue Bujurels
weJ 1oy uoieniul 40 Jaye syuow g
pue auljaseq 1e pajds) 09 sajduies [eulbes

“(0g=u) WSN ‘J81usd

31buIs ‘p|o sieak Oy—8T
‘uswom abe annonpoidal
“ueuBaiduou ‘annebau-A1H

‘syiuow
0M) 10} PAMO][0} ‘SIO0
a1B111ul 0] UOISIOBP [euosiad

(0002
““[e 38 yaequayds3y)
(0002) I 18 Yoequayos3

'8snN SNI-ONTT yumou
19| *auljaseq 03 pasedwod asn @NI-ND JO Jeak auo Jaye
uowwiod atow Apuesiiublis sem gopues Ag uoneziuojod

"uolzenIul aA1dadeIIu0d JO Ssyuow

2T J3)e pue auIjaseq Je pajos)|od sajduwies
[euiBen ui sa19ads gp/pues 30 uoieIUSpPI
10} pasn eIpaw epipue) JebeNOYHD

'(0GT=U) Asydn] ‘181U8d
a16uis {(pjo sieak 0G—8T
‘uawom abe annonpoidal
‘ueufaiduou ‘annebau-AIH

‘syuow
2T 10} PaMO| [0} ‘UOIBSUL
(zv=u) SNI-ONT Jo (80T=U)
ani-no Jayue Bunsanbay

(¥10Z “12 18
1043) (¥702) [e 39 |043

"uoJasul SNI-ONT 84048q
01 paredwod asn SNI-ONT 0 Jeak auo Jaye Apuesyiubis
pasealaul sainynd aAnisod-gp/pues J0 Jaquinu ay |

‘sBuipuly Adodsouoiw sy dn yoeq

0] Pasn a1am gp/pue2) 10} SINYND ‘EPIPUED
10 92uasald 8y} 19919 0} Pasn Sem uolIenIuL
SNI-ONT Jaye syuow-gT pue -¢ pue
auljaseq Je pajoa||0d ysniqolAd Aq paurelqo
sIeaws Jeuifen uo Adodsoudiw pajrelsg

‘(zGz=u) wnibleg

‘alls a|Buls ‘pjo sieak gT<
‘uawom abe annonpoidal
‘ueuBaiduou ‘annebau-AIH

*(wua Buoy) reak

3UO pue (WJa) Loys) syuow
931y 10} Pamo][0} ‘SNI-DN
aJellul 0} UOISIIAP [euosIad

(8T0Z “'[e 10 siopuoq)
(8702) e 18 sispuog

"uoruasul anl
-ND Ja)e SYIUOW 331U} pUe 3104aq JUaIayIp Apuesiiubs
10U SeM S8INYND Bo/puED 9AINISOd JO Junowe ay) Ing
‘Apueany1ubis pasealoul gp/pues Jo SlUNod AU0j0d Uea ay |

‘uoneRIUl AN -ND Jaye syuow

€ pue au1|aseq e Pajoa||09 sqems [eulben
wouy s8198ds goypues 10 Bulinnd 1oy

pasn sem eIpalu Jefie 3s0Jixap s, pneinoges

"(TOT=U) ueJ] ‘183U

1nw ‘pjo sieak Gy—GT
‘uswom abe annonpoidal
‘Jueubaiduou ‘annebau-AIH

‘syuow
83143 10} pamo||o} ‘anli-nd
81eIlIUI 0} UOISIOBP [BUOSISd

(STOZ e 38 1UBABPUED)
-Ipnoquag) (S102) /2
J8 \ueAspues-ipnoqyag

siselplpueD

(6702 “[e 18 AYLRDOIN) 6TOZ ‘I8 38 AYrRDOIN pUE (8TOZ “[2 19 8593) 8TOT ‘[B 18 85380 AQ pamainal Ausosy

SISBILIOWOYILI PUB S[LS [81I81oes

*35N 9AAS0BAU0T JO SYIUOW € JBNE USLLIOM 3UYAA
oluedSIH Ul UBY) UBWOM X0R|g Ul J8MO] 819M onel (d/T)
BJ1910/81d 01 SN|/198q0o1oET pue Olel (g/d) se1eploisloeg
0} S3INDIWIIH 3Y 1 "JUBWILAN I Jo1e UBWOM S)UAA

sBuipuly jo Arewwns

ABojopoy®e A

dnoJb wpbre]

poyewW aA11de0e 1JU0D

s|repp Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2024 November 01.

1

Am J Reprod Immunol. Author manuscript



Page 25

wsiydiowAjod yibus| Juswbely uo11oLIIS3I-UOIORaI Uleyd aseldwA|od ‘d7144-40d
s|j1d aAndadesuod Jeio {dd0

9JeYIUBUS BUOJAISIYIBIOU {NT-LIN

au0J0ISaN ‘SIN

91e190®. du0JaIsaboldAxXoipawl SdIN

WialsAs aupaIneul [81s8610U0Ns| SNI-ONT
apIxoJpAy wnisselod ‘HOM

snuIA Adusidyspounwiwl uewny ‘AIH
Jansabounis ‘913

a1euo1dAd |o1penss ‘S3

Joipenss [Aulye ‘33

911928 duoJa)saboidAxolpaw-10dap NI-VdING
Bul jeurben pauiquiod {4AD

921A3p aunaneaiul Jaddod ‘ani-nd

suun Buiwioy-Auojod N4d

"(6T02 "I 18 AyleDON) 6T0Z ‘e 18 AYIRDIIA pue (8T0Z |8 19 8538Q) 8TOZ ‘I8 18 8s99d Aq pamainal Ajjusdsy

NdH - SILS [8IN

"(6T02 "I 18 AyeDON) 6T0Z ‘e 18 AYIRDIIA pue (8T0Z “|e 19 8538Q) 8TOZ ‘I8 18 8599 Aq pamainal Ajjusosy

ANSH - SILS [8IN

Balle et al.

(0202 "1e 39 S1ND) 0Z0Z ‘Ie 19 s1ND Ag pamainal Apuadey

sBuipuly jo Arewwns _ ABojopoy. N _ dnoJb b el _ poyew aAlldade 1juoD _ s|e»p Apnis

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Reprod Immunol. Author manuscript; available in PMC 2024 November 01.



	Abstract
	INTRODUCTION
	IMPACT OF CONTRACEPTIVES ON THE VAGINAL MICROBIAL COMMUNITY
	Bacterial Microbiome
	Observational data (Table 2)
	Depot-medroxyprogesterone acetate
	IUD/IUS
	OCP
	Vaginal rings
	Randomized data

	Bacterial STIs and Trichomoniasis
	Observational Studies
	Randomized data

	Vaginal Candidiasis
	Observational data
	Randomized data

	Vaginal Virome
	Viral STIs
	Observational data
	Herpes Simplex Virus
	Human Papillomavirus

	Randomized data


	CONCLUSIONS
	References
	Table 1.
	Table 2.

