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Background: Sub-optimal menstrual materials (MM), such as using cloths, cotton

balls, or tissues, can adversely affect the vaginal microbiome (VMB). Women who

rely on sex for economic livelihood often use sub-optimal materials to conceal

menstruation and avoid loss of income. We hypothesized that among women

who rely on sex for economic livelihood, those using sub-optimal MM would be

more likely to have non-optimal VMB than those with adequate MM.

Methods: This cross-sectional analysis used baseline data from women

participating in a trial assessing the impact of reusable menstrual discs on the

VMB, Bacterial vaginosis (BV), and sexually transmitted infections (STIs). Data on

sociodemographics, menstrual materials, and sexual practices were collected via

interviewer-administered survey. Clinician-collected vaginal samples were

tested for BV, STI, and VMB. VMB was assessed via 16S rRNA gene amplicon

sequencing. A suite of statistical approaches identified factors associated with

sub-optimal MM (use of cotton balls, tissue, or cloth) and VMB composition.

Results: 407 women were enrolled February through October 2023, with

median age 27 years, 24.7% were HIV-positive, 42.2% had BV, and 21.9% had

STI (composite of chlamydia, gonorrhea, trichomoniasis). Vaginal community

state type (CST) was primarily diverse (CST-IV; 63.5%), or Lactobacillus iners

dominated (CST-III; 28.1%), while CST-I (L. crispatus dominated) was uncommon

(7.9%). Sub-optimal MM was reported by 42.0% of participants and in

multivariable modeling, was more common among women with indicators of

economic strain. In multivariable analyses, alpha diversity was higher with sub-

optimal MM and indicators of economic strain. Sub-optimal MM was associated

with CST-IV in crude analyses but was attenuated and non-significant when

adjusted for age, educational attainment, amount paid at last sexual encounter,

number of sex partners, and HSV-2. Non-targeted machine learning algorithms

identified non-optimal VMB taxa with greater relative abundance among women

with sub-optimal MM.
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Discussion: Sub-optimal menstrual materials were used commonly and

associated with non-optimal VMB composition. Reusable menstrual discs that

may be worn during sex may address the economic factors driving sub-optimal

MM that are associated with non-optimal VMB.
KEYWORDS

menstrual health, menstrual hygiene management, menstruation, sex work, vaginal
microbiome, vaginal microbiota, bacterial vaginosis, sexually transmitted infection
1 Introduction

HIV and sexually transmitted infections (STIs) remain a global

pandemic, with an estimated 40 million persons living with HIV

and an estimated 1.65 million new cases of HIV and 374 million

cases of curable STIs occurring each year worldwide (Carter et al.,

2024; Gottlieb et al., 2024). These infections disproportionately

affect economically vulnerable women (Krishnan et al., 2008; Sia

et al., 2020), and especially those who rely on sex for livelihood. In a

global meta-analysis, the pooled HIV prevalence among women

engaged in transactional sex for livelihood (i.e., female sex workers

(FSW)) was 30.7%, equating to 11.6-fold higher odds of HIV as

compared to general population women (Baral et al., 2012).

Women who rely on sex for livelihood often continue to have

sex during menses to meet financial needs. For example, among

1,640 FSW in Nairobi, Kenya, sex during menses was common,

reported by 40% (McKinnon et al., 2015). Sub-optimal materials to

manage menses – such as using cloths, reusable pads that are

insufficiently washed and dried, wearing pads too long, or not

having access to soap – are associated with increased risk of

reproductive tract infections (Balamurugan and Bendigeri, 2012;

Anand et al., 2015; Das et al., 2015; Torondel et al., 2018; Ademas

et al., 2020; Al Karmi et al., 2024; Zahra et al., 2025), though studies

have not examined the not fit-for-purpose intravaginal methods

reported by FSWs in relation to biologically measured outcomes. In

our study of 436 secondary schoolgirls in western Kenya

randomized to receive either menstrual cups or standard practice

(typically reusable pads), those who were using cloth to manage

menses at baseline were more likely to have a non-optimal vaginal

microbiome (VMB) (Mehta et al., 2021; Mehta et al., 2021), and

over 30 months follow-up, girls randomized to receive menstrual

cups had 24% reduced odds of BV and 37% increased odds of

having a Lactobacillus-dominant VMB (Mehta SD et al., 2023).

To address the intersecting challenges of managing menses for

women who rely on sex for livelihood, we are undertaking a single

arm trial to assess the preliminary efficacy signal of the impact of

menstrual discs that can be worn during sex on the VMB, Bacterial

vaginosis (BV), STIs, and safety (Clinicaltrials.gov NCT05666778)

(Zulaika et al., 2024). Here, we present baseline results in which we:

(1) describe sexual practices during menstruation, menstrual
02
hygiene management (MHM), and factors associated with sub-

optimal menstrual materials (MM); and (2) examine the association

between sub-optimal MM and VMB composition. We hypothesized

that participants with sub-optimal MM would be more likely to

have non-optimal VMB composition.
2 Methods

This study was approved by the institutional review boards of

Jaramogi Odinga Oginga Teaching and Referral Hospital (JOOTRH

657-22), and Rush University Medical College (IRB1-22040505),

and received favorable opinion from Liverpool School of Tropical

Medicine (LSTM, 22-076), and non-human subjects determination

from University of Illinois Chicago for having no human subjects

contact and only receiving de-identified data (UIC, 2023-0053).
2.1 Study design, sample size, and
participants

This study used baseline data and biological specimens from the

POWWeR Health Study (Periods: Optimizing Working Women’s

Reproductive Health), an open-label, single arm trial assessing the

impact of soft, disc-shaped menstrual cups on BV and adverse events

(ClinicalTrials.gov NCT03051789) (Zulaika et al., 2024). The VMB,

BV, and STIs, are measured among participants under usual practice

conditions for one year, followed by provision of reusable soft disc-

shaped menstrual cups that can be worn during sex, and then

followed for VMB, BV, and STIs for another one year. A sample

size of 402 participants was sought to be able to detect a 20% decrease

in occurrence of BV between the control and intervention phases, and

a 1% serious adverse event rate with 80% power (Zulaika et al., 2024).

To be eligible, participants had to be aged 15 to 35 years, having

menstruated in the past two months, and having exchanged sex for

money or basic necessities (rent/housing, food, medical care for self

or children, tuition for self or children) within the past two months,

and living and/or working in the Kisumu area. We excluded women

who were currently pregnant (as determined by urine hCG test) or

had been pregnant in the past six months (as they may still be
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lactating), or having an intrauterine device (IUD) in situ due to risk

of expulsion with menstrual cup use. All participants provided

written informed consent in their preferred language (English,

DhoLuo, Kiswahili).
2.2 Data collection

Participants underwent a tablet-based survey administered by

female study staff in their language of choice to obtain information

on socio-demographics and sexual and menstrual practices. Socio-

demographic data included age and socioeconomic and financial

indicators. Sexual practices were assessed with numerous variables

relating to number of sexual partners, condom use, recency of sex,

and payment for sex. Characteristics of the menstrual cycle were

assessed as days since last menstrual period, duration of last

menstrual period, and menstrual flow (asked as normal, light, or

heavy). Phase of menstrual cycle was estimated by adding the days

since the last period to the duration in days of the last menstrual

period, and then assigned to estimated menstrual phase (Magoutas

et al., 2025): 0–5 menstrual, 6–11 follicular, 12–16 ovulatory, 17–42

luteal. Those with missing days since last period or more than 42

days since in the estimated cycle were classified as uncertain. MHM

was assessed with several questions including materials used to

manage menses, intravaginal practices, and access to soap, water,

and privacy at home and during sex work.

Use of sub-optimal menstrual materials was defined as a

composite of any use of cloth, cotton balls, or tissue during the

last menstrual period. Unsafe intravaginal practices examined:

using cloth, tissue, paper, or cotton to wipe inside the vagina to

remove fluids between clients, putting something inside the vagina

before sexual intercourse to achieve a dry or tight sensation, putting

something inside the vagina to keep it dry during menses, use of

commercial douche product, and the frequency of wiping inside the

vagina during menses, not during menses, and the difference

between them (increased, decreased, or the same). We also

examined MHM accounting for difficulty accessing water at home

or at work, and difficulty accessing privacy at home or at work, in

addition to using sub-optimal materials to manage menses.
2.3 Specimen collection

All participants underwent a detailed medical history and

physical examination by a study clinician. The clinician obtained

four vaginal swabs. The first swab obtained was for 16S rRNA gene

amplicon sequencing (microbiome), the second for BV, the third

for detection of C. trachomatis (CT) and N. gonorrhoeae (NG), and

the fourth for detection of T. vaginalis (TV). Vaginal swabs for

amplicon sequencing were collected using OMNIgene Vaginal kits

(OMR-130; DNA Genotek™), stored at -80 °C until shipment to

Chicago for processing. Swabs for amplicon sequencing, CT/NG,

and TV were taken immediately to the onsite UNIM Research and

Training Laboratory for processing or storage.
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2.4 Detection of bacterial vaginosis,
sexually transmitted infections, HSV-2, and
HIV

Following manufacturer protocol, vaginal swabs were tested for

CT/NG using the GeneXpert (Cepheid, Sunnydale, California, US).

Swabs for TV were processed immediately upon receipt using the

OSOM TV antigen detection assay (Sekisui, Lexington, MA, US).

Air-dried smears were Gram stained and evaluated for BV

according to Nugent’s criteria within 48 hours of receipt (Nugent

RP and Hillier, 1991). HIV was assessed on a finger-stick blood

sample using Determine rapid assay, following Kenyan national

guidelines (Program NASC, 2022). Venous serum specimens were

tested for HSV-2 antibody (Kalon HSV-2 immunoglobulin G

enzyme-linked immunosorbent assay; Kalon Biological Limited

Kingdom) using the manufacturer’s recommended cutoff.
2.5 DNA extraction and sequencing

Genomic DNA was extracted using a Chemagic 360 device

(Revvity, Hamburg, Germany) and processed for sequencing using

a two-stage PCR protocol (Naqib et al., 2018). Full-length 16S rRNA

gene sequences were PCR amplified using primers 27F and 1492R,

processed using PacBio Kinnex chemistry, and sequenced on a

PacBio Revio instrument (Verma et al., 2025) (Supplementary

Materials 1). Bioinformatics analysis was performed using

QIIME2 2023.2 (Supplementary Materials 1) (Bolyen et al., 2019).

Alpha‐diversity metrics (observed features (Faith, 1992), Shannon

Index (Shannon, 1948), Simpson’s Index (Simpson, 1949), and

Pielou’s Evenness (Pielou, 1966)) and beta diversity metrics were

calculated using q2‐diversity. Taxonomy was assigned to ASVs

against multiple databases to find the best match and reported

accordingly. Contaminants were identified using the decontam

program via ASVs in the reagent negative blank controls (Davis

et al., 2018). Community state types (CSTs) were identified in a

reference dataset using nearest centroid classification (VAginaL

community state typE Nearest CentroId classifier, (VALENCIA)

(France et al., 2020). Raw sequence data (FASTQ files) were

deposited in the National Center for Biotechnology Information

(NCBI) Sequence Read Archive (SRA), under BioProject

identifier PRJNA1279642.

Of the 407 participants, 406 had a sample submitted for VMB

assessment, with median sequence depth of 31,220 reads

(interquartile range 23,362 – 41,185). Among 406 observations,

n=11 (2.5%) had fewer than 2,500 sequence reads and were

excluded from VMB analyses. Prior to analyses, data were filtered

to retain taxa that contributed at least 0.01% of the total sequence

reads, resulting in retention of 111 of 821 taxa. These 111 taxa

included 16 “uncultured” and “unidentified” taxa with no

phylogeny, which were excluded from inferential analysis as being

non-informative, along with seven sparse taxa (having fewer than

10 non-zero observations). The resulting dataset comprised N =

88 taxa.
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2.6 Statistical analysis

The primary exposure of interest was sub-optimal menstrual

materials, defined as using cotton balls, cloth, or tissues to manage

the last menstrual period occurring within the past 6 weeks. To

identify factors associated with sub-optimal MM, we conducted

multivariable Poisson regression with robust variance to estimate

prevalence ratios. Next, we examined sub-optimal MM in relation

to VMB composition in targeted and non-targeted analyses. Our a

priori hypothesis was that number of sex partners, types of sex work

venue, and sociodemographic indicators could be confounders,

being associated with both VMB composition (primary outcome)

and sub-optimal menstrual materials (primary exposure).

2.6.1 Targeted analyses
Targeted analyses examined: CST, alpha diversity, and relative

abundance of L. crispatus. Due to sparsity in CST-II (L. gasseri

dominated, n=1) and CST-V (L. jensenii dominated, n=1), these

two observations were excluded from CST analysis. We applied

multinomial logistic regression with robust variance to estimate the

association between variables of interest and CST, with CST-I being

the referent. Multivariable linear regression with robust variance

was applied to quantify associations between variables of interest

and alpha diversity measures (richness, evenness, Shannon index,

Simpson’s index). Notably, in 87.1% of observations, the relative

abundance of L. crispatus was less than 1%, and this analysis was

abandoned. Across outcomes, model selection was aided by

minimizing Akaike’s Information Criterion (AIC), with review of

similarly performing models (Supplementary Material 2). Post

estimation, we observed variance inflation factors (VIF) ranged

1.05 – 1.20 for factors associated with poor MM; 1.01 – 3.38 for
Frontiers in Cellular and Infection Microbiology 04
factors associated with CST; and 1.01 – 1.41 across alpha diversity

outcomes, demonstrating no concern for multicollinearity.
2.6.2 Non-targeted analyses
For taxa with at least 1% non-zeros, zeros were imputed using

geometric Bayesian multiplicative replacement (zCompositions

package in R (Palarea-Albaladejo and Martıń-Fernández, 2015)).

Raw counts were then converted to relative abundances followed by

centered log-ratio (CLR) transformation. Among the 88 taxa, we

applied Lasso regression using the glmnet package in R (version

4.3.1) (Friedman et al., 2021). To identify taxa associated with sub-

optimal MM independent of any infection, we estimated models (1)

restricted to participants with no infections identified, comparing

sub-optimal MM to those with no infections and adequate MM; and

(2) among all participants, adjusted for BV, HIV, STI, and HSV-2.

Taxa selected by Lasso were used to fit standard logistic regression

models, and taxa with p-values less than 0.20 were retained.

Following a stability selection approach (Meinshausen and

Bühlmann, 2010; Hofner et al., 2015), this procedure was

repeated over 100 bootstrap resamples. Stability selection reduces

the risk of false positives in high-dimensional data comparisons by

keeping only the variables that are consistently selected across many

sub-samplings. As recommended by Meinshausen and Bühlmann,

we report taxa selected in over 60% of the bootstrap iterations

alongside coefficients and p-values, and focus discussion to only the

taxa showing the highest percent stability. This was supplemented

with comparison of Bray-Curtis similarity to identify taxa

contributing most to dissimilarity by sub-optimal MM status, and

for each of the following conditions (Figure 1): negative for all

infections, (1) HSV-2 only, (2) HIV only, (3) BV only, (4) HSV-2

and BV, (5) HSV-2 and HIV, (6) HSV-2 and BV and HIV, (7) BV
FIGURE 1

Intersections of bacterial vaginosis, sexually transmitted infections, and HIV. Figure 1 shows the intersections of BV, STI, and HIV statuses, with the
rows of the matrix corresponding to the status, and the columns to the intersections between these statuses. The number of participants observed
in the intersection is shown in the bar with the number of participants labelled (y-axis and each bar).
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and STI (composite of NG, CT, or TV due to sparseness of any

single etiology), (8) BV and STI and HSV, and (9) other mixed

infection status.
3 Results

3.1 Results of recruitment and eligibility

From February 8th through September 25th, 2023, 473 women

were screened, and 415 (87.8%) were enrolled. Women could be

ineligible for more than one reason; the results of screening and

eligibility are detailed in Supplementary Materials 3. After informed

consenting, there were 8 screening failures: 3 subsequently refused

speculum examination, 2 subsequently disclosed being outside the

eligible age range, 3 subsequently disclosed being amenorrheic.

Thus, the final cohort proceeded with 407 women, with 395

evaluable in relation to VMB.
3.2 Characteristics of the cohort

Participants were median age 27 years, and 59.2% with primary

education or less (Table 1). Half (49.4%) of participants reported

past month income of < 10,000 KES (~$77 USD), and 11.6%

reported missing a meal in the past 7 days due to not having

enough money. In the past 30 days, participants reported a median

of 25 (IQR 15-50) clients and median payment at last sex act was

700 KES (median ~$5.50 USD). HIV was common, with 24.7% of

women reporting themselves to be infected (no new infections were

detected with testing), of whom 84% reported taking ARVs. By

laboratory testing, 62.8% were HSV-2 seropositive, 42.2% had BV,

and 21.9% had an STI (CT (12.8%), NG (5.4%), and/or TV (7.4%)).

The combinations of infections are shown in Figure 1. Overall,

20.2% of participants were negative for HIV, BV, and all STIs.

Mixed infections were common, most frequently in combinations

with HSV-2 seropositivity and BV.
3.3 Menstrual hygiene management and
factors associated with use of sub-optimal
materials

Overall, 97.8% (n=398/407) of participants reported

menstruating in the past 6 weeks (Table 2). Nearly all (95.0%)

women reported using disposable pads to manage menses, with a

minority (5.3%) reporting reusable pads. Use of sub-optimal

materials was common, with 42% reporting using any of the

following: cotton wool (34.0%), tissues (14.1%), or cloth (8.1%).

Difficulty accessing water was reported more frequently during sex

work (23.8%) than at home (16.2%). Women reported they carried

their own soap when doing sex work (57.5%) or that someone else

provided soap (67.1%). Having difficulty for personal privacy was

experienced by 12.5% of women while at home and by 18.7% during

sex work. Over half of participants (57.0%) reported having fewer
Frontiers in Cellular and Infection Microbiology 05
clients during menses compared to when they are not having

menses. Overall, 56.0% of women wiped inside their vagina more

frequently during menses than not during menses (on average 2.5

times per day vs. 1.9 times per day, p<0.001 sign rank test). The

majority (92.9%) reported wiping inside the vagina with a cloth,

tissue, or cotton to remove fluids between clients: always (76.9%),

often (13.5%), sometimes (2.5%), never (7.1%).

In multivariable regression, factors associated with using sub-

optimal MM included older age, lower educational attainment, and

indicators of economic strain (missing a meal due to lack of money,

not having income outside of sex work) (Figure 2; Supplementary

Table 1). Difficulty having privacy at sex work, meeting clients at

specific types of sex work venues (sex den/brothel, lodge/hotel/guest

house), and having 20 or more clients in the past 30 days were also

associated with increased likelihood of using sub-optimal MM.
3.4 Characteristics of the vaginal
microbiome

Among the 395 participants included in VMB analysis, CST-IV

(diverse) was the most common, identified in 251 (63.4%) women,

primarily of sub-type IV-B (n=243). CST-III (L. iners dominated)

was the next most common (28.3%), followed by CST-I (7.8%, L,

crispatus dominated). The top 10 taxa with the highest relative

abundance (Figure 3) accounted for 73.3% of sequence reads

on average.

3.4.1 Factors associated with community state
type

The distribution of CST varied by numerous factors, and in

relation to the primary exposures of interest, CST-IV was more

common among women who reported: sub-optimal MM, difficulty

accessing water at home and when doing sex work, and having

difficulty with privacy for menses during sex work. Among

participants with optimal CST-I, no BV was detected (vs. 6.8%

and 63.9% for participants with CST-III and CST-IV respectively),

just one case of STI (3.2% vs. 12.5% and 27.9% for participants with

CST-III and CST-IV, respectively), and 2 cases of HIV (6.5% vs.

15.2% and 30.4% for participants with CST-III and CST-IV,

respectively). The association of menstrual management with CST

was specific to sub-optimal materials: the distribution of CST was

similar for women with adequate menstrual management material,

water and privacy access, and for women with adequate material

but difficulty accessing water and/or privacy; increased prevalence

of CST-IV was observed only for women reporting sub-optimal

menstrual materials (Table 1). Difficulty accessing water and

privacy were nearly collinear (Supplementary Figure 1), and could

not be examined separately.

Participants with sub-optimal MM were more likely to have

CST-IV than CST-I (prevalence ratio [PR] = 2.62; 95% CI: 1.12 –

6.12) (Table 3), though in multivariable adjusted analyses, CST was

no longer associated with sub-optimal MM: the association was

attenuated and non-significant in the presence of age, educational

attainment, amount paid at last sexual encounter, number of sex
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TABLE 1 Distribution of participant characteristics by community state type (1).

Variables
Total N=393

n (%)
CST-I, N = 31

n (%)
CST-III, N = 111

n (%)
CST-IV, N = 251

n (%)
p-

value

Demographics

Age group

15–26 years 194 (49.4) 22 (11.3) 61 (31.4) 111 (57.2) 0.007

27–35 years 199 (50.6) 9 (4.5) 50 (25.1) 140 (70.4)

Educational attainment

Less than secondary school 232 (59.0) 10 (4.3) 65 (28.0) 157 (67.7) 0.005

Secondary school or higher 161 (41.0) 21 (13.0) 46 (28.6) 94 (58.4)

Earns income outside of sex work

No 226 (57.5) 22 (9.7) 59 (26.1) 145 (64.2) 0.205

Yes 167 (42.5) 9 (5.4) 52 (31.1) 106 (63.5)

Income earned in past one month

<5,000 KSH 32 (8.1) 1 (3.2) 6 (18.8) 25 (78.1) 0.570

5000 - <10,000 KSH 164 (41.7) 14 (8.5) 46 (28.1) 104 (63.4)

>10,000 (2) 197 (50.1) 16 (8.1) 59 (30.0) 122 (61.9)

Missed a meal in the past 7 days due to lack of money

No 349 (88.8) 31 (8.9) 104 (29.8) 214 (61.3) 0.005

Yes 44 (11.2) 0 (0) 7 (15.9) 37 (84.1)

Sexual practices

Currently have a non-paying main partner, boyfriend, husband

No 116 (29.8) 8 (6.9) 22 (19.0) 86 (74.1) 0.030

Yes 276 (70.2) 23 (8.3) 88 (31.9) 165 (59.8)

Median (IQR) number of sex partners…

The last day worked 2 (1-3) 2 (1-3) 2 (1-3) 2 (1-3) 0.507

The last 7 days 10 (4-18) 6 (4-15) 10 (4-15) 10 (5-20) 0.133

The last 30 days 25 (15-50) 15 (10-40) 20 (10-40) 30 (15-50) 0.010

In general, more clients who are regular, casual, or new

Regular 53 (13.5) 3 (5.7) 19 (35.8) 31 (58.5) 0.778

Casual 5 (1.3) 0 (0) 1 (20.0) 4 (80.0)

New 23 (5.9) 1 (4.3) 6 (26.1) 16 (69.6)

Similar mix of all three 312 (79.4) 27 (8.6) 85 (27.2) 200 (64.1)

Where meet clients (not mutually exclusive) (3)

On the street 254 (64.6) 24 (9.5) 75 (29.1) 156 (61.4) 0.213

Meet in a home 28 (7.1) 4 (14.3) 10 (35.7) 14 (50.0) 0.17

Meet at a truck stand 32 (8.1) 3 (9.4) 10 (31.3) 19 (59.4) 0.798

Brothel/sex den 107 (27.7) 4 (3.7) 22 (20.6) 81 (75.7) 0.008

Bar/restaurant/club 279 (71.0) 22 (7.9) 80 (28.7) 177 (63.4) 0.941

Lodge, guest house 211 (53.7) 20 (9.5) 63 (29.9) 128 (60.7) 0.271

Meet in social gatherings 32 (8.1) 5 (15.6) 9 (28.1) 18 (56.3) 0.228

(Continued)
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TABLE 1 Continued

Variables
Total N=393

n (%)
CST-I, N = 31

n (%)
CST-III, N = 111

n (%)
CST-IV, N = 251

n (%)
p-

value

Sexual practices

Internet 106 (27.0) 13 (12.3) 35 (32.1) 59 (55.7) 0.048

How many days ago last sex 0.056

Today 106 (27.0) 6 (5.7) 27 (25.5) 73 (68.9)

1–2 days ago 135 (34.4) 8 (5.9) 39 (29.9) 88 (65.2)

3–6 days ago 66 (16.8) 11 (16.7) 14 (21.1) 41 (62.1)

7 or more days ago 86 (21.9) 6 (7.1) 31 (35.3) 49 (57.6)

Condom used with last paying sex partner

No 35 (8.9) 0 (0) 12 (34.3) 23 (65.7) 0.169

Yes 357 (91.1) 31 (8.7) 98 (27.5) 228 (63.9)

Median (IQR) payment from last client, in Kenyan
Shillings

700
(400-1500)

1000
(500–1500)

1000
(500–1500)

550
(350–1200)

0.006

General health related

Taken antibiotics in past 30 days

No 343 (87.5) 26 (7.6) 100 (29.2) 217 (63.3) 0.609

Yes 49 (12.5) 4 (8.2) 11 (22.5) 34 (69.4)

Current HIV PrEP use (among those HIV negative, who heard of PrEP)

No 150 (51.5) 14 (9.3) 53 (35.3) 83 (55.3) 0.442

Yes 141 (48.5) 14 (9.9) 40 (28.4) 87 (61.7)

Hormonal birth control use

None 127 (32.3) 17 (13.4) 35 (27.6) 75 (59.1) 0.002

Oral contraceptives 28 (7.1) 2 (7.1) 12 (42.9) 14 (50.0)

Injection 110 (28.0) 7 (6.4) 39 (35.5) 64 (58.2)

Implant 128 (32.6) 5 (3.9) 25 (19.5) 98 (76.6)

STI and HIV Infections

Nugent score

0-3 174 (44.4) 30 (17.2) 98 (56.3) 46 (26.4) <0.001

4-6 51 (13.0) 7 (13.7) 44 (86.3)

7-10 (BV) 167 (42.6) 6 (3.6) 161 (96.4)

STI

Negative 309 (78.6) 30 (9.7) 98 (31.7) 181 (58.6) <0.001

Positive (composite) 84 (21.4) 1 (1.2) 13 (15.5) 70 (83.3) 0.005

C. trachomatis 49 (12.5) 1 (2.0) 6 (12.2) 42 (85.7) 0.156

N. gonorrhoeae 20 (5.1) 0 (0.0) 3 (15.0) 17 (85.0) 0.073

T. vaginalis 29 (7.4) 0 (0.0) 5 (17.2) 24 (82.8)

HIV status

Negative 297 (75.8) 29 (9.8) 94 (31.6) 174 (58.6) <0.001

Positive 95 (24.2) 2 (2.1) 17 (17.9) 76 (80.0)

(Continued)
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partners, and HSV-2. CST-III and CST-IV were more likely with

older age, though associations were of marginal significance.

Receiving median or greater payment at last sex act was inversely

associated with having CST-IV, also of marginal significance. There

was increased likelihood of CST-III and CST-IV with hormonal

contraceptive use, but this reached statistical significance (p<0.05)

only for injectable contraceptive use and CST-III vs. CST-I (aPR =

3.12) and implant contraceptive use and CST-IV (aPR = 4.11). Both

CST-III and CST-IV were more likely for those testing positive for

HSV-2 or an STI, though this was significant at p<0.05 level only for

CST-IV (aPR = 4.82 for HSV-2 and aPR = 12.7 for STI).

3.4.2 Factors associated with alpha diversity
Alpha diversity metrics were lowest for individuals who were

negative for BV, STIs, HSV-2, and HIV (Supplementary Figure 2).

In multivariable linear regression, sub-optimal MM was positively

associated with all alpha diversity metrics, with p<0.05 for evenness,

and with marginal significance (0.05<p<0.10) for the other

measures (Figure 4). Additionally, alpha diversity increased with

BV, STI and HSV-2 infection, meeting sex partners in sex dens or

brothels, or having missed a meal in the past 7 days due to lack of

money and were decreased with use of injectable hormonal

contraception. For richness and evenness metrics, being paid 700

KES (~$5.50 USD) or more at the last sex act was associated with

lower alpha diversity as was increasing days since last menstrual

period. Most covariates and associations were similar across alpha

diversity metrics, given that the Spearman correlations ranged from

0.783 to 0.997 among measures.

3.4.3 Results of non-targeted analyses: taxa
associations with use of sub-optimal menstrual
materials

Among participants with no infections (BV, STI, HSV-2, HIV),

non-targeted analyses did not identify any taxa differing between

those with sub-optimal MM compared to those with adequate MM.

Among 386 participants with VMB read count >2500 and having

menstruated within the past 6 weeks, adjusting for infection with

BV, STI, HSV-2, and HIV, 3 taxa with the highest probability of
Frontiers in Cellular and Infection Microbiology 08
selection were Peptococcus spp., Mobiluncus curtisii, and Prevotella

bivia (Table 4).

Analysis of similarity via the Bray-Curtis resemblance matrix

demonstrated that the VMB composition grouped into two

domains (Figure 5, Panel A): one in which participants had BV

alone or in combination with other infections (left), and one in

which participants did not have BV (right). One infection category

(yellow, center, labelled “BV, STI, HIV, HSV”) included outcomes

that were too sparse to analyze on their own: n=14 STI only, n=12

STI + HSV, n=12 STI+HIV+HSV, n=9 BV+STI+HIV+HSV, n=5

HIV only, n=1 BV+HSV, n=1 BV+STI+HIV. The participants who

had BV (Figure 5, Panel A, left side cluster) – whether alone or in

combination with other infections – were largely CST-IV dominant

(Figure 5, Panel B), while those without BV (Figure 5, Panel A, right

side cluster) had more prevalent CST-III and CST-I (Figure 5, Panel

B). The distributions of the relative abundance of taxa (Figure 5,

Panel C) and Shannon diversity (Figure 5, Panels D) were in

keeping with these CST differences, with higher alpha diversity

among outcomes that included BV and greater proportion of

CST-IV.

The global vaginal microbiome composition of women who

tested negative for infections and had sub-optimal vs. adequate MM

was not statistically significantly different (Supplementary Table 2),

and this is reflected in the close positioning of centroids and

coverage areas shown for these two groups in Figure 5, Panel A

(dark green and grey areas). The relative abundance and presence/

absence of taxa for those with sub-optimal MM compared to those

with adequate MM and no infections is summarized in

Supplementary Table 3.
4 Discussion

We measured the VMB and association with menstrual

practices among 407 women who rely on sex for economic

livelihood in western Kenya. A minority of women had optimal,

L. crispatus dominated CSTs. Sub-optimal MM – using cotton balls,

tissues, or cloth to manage menses - was common and more likely
TABLE 1 Continued

Variables
Total N=393

n (%)
CST-I, N = 31

n (%)
CST-III, N = 111

n (%)
CST-IV, N = 251

n (%)
p-

value

STI and HIV Infections

Among HIV positive participants

Not taking antiretrovirals 16 (16.8) 1 (6.3) 4 (25.0) 11 (68.8) 0.205

Taking antiretrovirals 79 (83.2) 1 (1.3) 13 (16.5) 65 (82.3)

HSV2 serostatus

Negative 146 (37.4) 23 (15.8) 52 (35.6) 71 (48.6) <0.001

Positive 244 (62.6) 8 (3.3) 58 (23.8) 178 (73.0)
fro
ntiersin
1CST was available for 395 participants with >2500 sequence reads; 2 participants with CST-II (n=1) and CST-V (n=1) were excluded.
2Includes n=14 participants with income >25,000 KSH.
3Locations of meeting clients that were not analyzed due to sparsity: escort service (n=6), market (n=3), mtatu or boda stand (n=7).
The bold values are p-values statistically significant at p<0.05.
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TABLE 2 Distribution of menstrual hygiene management practices and conditions by community state type.

Variables
Total
N=39
n (%)

CST-I,
N = 31
n (%)

CST-III,
N = 111
n (%)

CST-IV,
N = 251
n (%)

p-
value

Material used at last period (not mutually exclusive)1

Disposable pad

No 20 (5.2) 1 (5.0) 0 (0) 19 (95.0) 0.002

Part or all of period 365 (94.8) 29 (7.9) 109 (29.9) 227 (62.2)

Cotton wool

No 253 (65.7) 23 (9.1) 81 (32.0) 149 (58.9) 0.018

Part or all of period2 132 (34.3) 7 (5.3) 28 (21.2) 97 (73.5)

Tissues

No 332 (86.5) 29 (8.7) 99 (29.8) 204 (61.5) 0.042

Part or all of period3 52 (13.5) 1 (1.9) 10 (19.3) 41 (78.9)

Cloth

No 354 (92.4) 29 (8.2) 99 (28.0) 226 (63.8) 0.643

Part or all of period 29 (7.6) 1 (3.5) 10 (34.5) 18 (62.1)

Any sub-optimal material for menses (cotton wool, tissues, cloth)

No 225 (58.4) 22 (9.8) 77 (34.2) 126 (56.0) 0.001

Yes 160 (41.6) 8 (5.0) 32 (20.0) 120 (75.0)

Characteristics of most recent period

Median (IQR) days of bleeding at last period 3 (3 – 4) 3 (3 – 4) 3 (3 – 4) 3 (3 – 3) 0.352

Menstrual flow

Normal 335 (87.0) 26 (7.8) 97 (29.0) 212 (63.3) 0.634

Light 26 (6.8) 1 (3.9) 8 (30.8) 17 (65.4)

Heavy 24 (6.2) 3 (12.5) 4 (16.7) 17 (70.8)

Median (IQR) days since last menstrual period 15 (7 – 23) 16 (10 – 25) 14 (8 – 27) 12 (6 – 22) 0.174

Estimated phase of menstrual cycle

Menstrual (day 0-5) 19 (4.8) 0 (0) 6 (31.6) 13 (68.4) 0.479

Follicular (day 6-11) 86 (21.9) 7 (8.1) 21 (24.4) 58 (67.4)

Ovulatory (day 12-16) 80 (20.4) 3 (3.8) 20 (25.0) 57 (71.3)

Luteal (day 17-42) 180 (45.8) 19 (10.6) 56 (31.1) 105 (58.3)

Uncertain 28 (7.1) 2 (7.1) 8 (28.6) 18 (64.3)

Difficulty accessing water and/or privacy at home and/or sex work

Difficulty accessing water at home

No 329 (83.7) 30 (9.1) 95 (28.9) 204 (62.0) 0.063

Yes 64 (16.3) 1 (1.6.) 16 (25.0) 47 (73.4)

Difficulty accessing water for cleaning during menses when doing sex work

No 299 (76.1) 28 (9.4) 94 (31.4) 177 (59.2) 0.002

Yes 94 (23.9) 3 (3.2) 17 (18.1) 74 (78.7)

Difficulty with personal privacy at home

(Continued)
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among women with indicators of greater economic strain. Sub-

optimal MMwas associated with non-optimal VMB composition in

various analyses.

We collected a wide range measures of menstrual practices:

materials used, difficulty accessing water or privacy (separately at
Frontiers in Cellular and Infection Microbiology 10
home and at sex work), and source of soap. Use of sub-optimal

materials was prevalent, and many women experienced difficulty

accessing water and privacy, with higher frequencies of challenges

reported when doing sex work. While MM factors were associated

with vaginal CST in crude analyses, none were associated in
TABLE 2 Continued

Variables
Total
N=39
n (%)

CST-I,
N = 31
n (%)

CST-III,
N = 111
n (%)

CST-IV,
N = 251
n (%)

p-
value

Material used at last period (not mutually exclusive)1

No 345 (87.8) 29 (8.4) 96 (27.8) 220 (63.8) 0.607

Yes 48 (12.2) 2 (4.2) 15 (31.2) 31 (64.5)

Any difficulty with privacy for cleaning during menses when doing sex work

No 318 (80.9) 28 (8.8) 98 (30.8) 192 (60.4) 0.012

Yes 75 (19.1) 3 (4.0) 13 (17.3) 59 (78.7)

Menstrual hygiene management

Adequate materials, water, and privacy 172 (44.7) 18 (10.5) 59 (34.3) 95 (55.2) 0.003

Adequate materials, difficulty accessing water and/or privacy 53 (13.8) 4 (7.5) 18 (34.0) 31 (58.5)

Sub-optimal materials (with or without difficulty accessing water and/or
privacy)

160 (41.5) 8 (5.0) 32 (20.0) 120 (75.0)

Source of soap when doing sex work (not mutually exclusive)

I carry my own soap 224 (57.0) 13 (5.8) 61 (27.2) 150 (67.0) 0.147

The caretaker/manager at venue provides soap 66 (16.8) 6 (9.1) 14 (21.2) 46 (69.7) 0.147

Someone else provides soap 265 (67.4) 26 (9.8) 81 (30.6) 158 (59.6) 0.022

There is no soap available 2 (0.5) 0 0 2

Intravaginal Practices

How often do you use cloth, tissue paper, or cotton to wipe inside your vagina?

Never 28 (7.1) 0 (0) 8 (28.6) 20 (71.4) 0.308

Ever 365 (92.9) 31 (8.5) 103 (28.2) 231 (63.3)

How often do you put something inside your vagina to keep it dry during menses?

Never 263 (67.1) 20 (7.6) 71 (27.0) 172 (65.4) 0.633

Ever 129 (32.9) 11 (8.5) 40 (31.0) 78 (60.5)

Median (IQR) number of times per day wipe inside vagina:

When having menses 2 (2-3) 2 (2-3) 2 (2-3) 2 (2-3) 0.948

When not having menses 2 (2-2) 2 (2-2) 2 (2-2) 2 (2-2) 0.233

Wipe inside vagina more times during menses than when not having menses

No 176 (44.8) 16 (9.1) 44 (25.0) 116 (65.9) 0.371

Yes 217 (55.2) 15 (6.9) 67 (30.9) 135 (62.2)

Ever use commercial (i.e., store bought) douche in the past 6 months

No 362 (92.4) 27 (7.5) 101 (27.9) 234 (64.6) 0.285

Yes 30 (7.6) 4 (13.3) 10 (33.3) 16 (53.3)
fro
1Of N = 393 women with CST-I, -III, -IV, and >2500 sequence reads, these responses restricted to n=385 (98.0%) experiencing menses in past 6 weeks.
2Includes n=11 participants who reported using cotton balls to manage for entire period, all with CST-IV.
3Includes n=4 participants who reported using tissues to manage for entire period, all with CST-IV.
The bold values are p-values statistically significant at p<0.05.
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multivariable analyses. Age, educational status, payment for sex

work, and number of sex partners may arguably be in the causal

pathway (i.e., leading to use of sub-optimal MM and working in

more challenging settings), and indeed increasing age, lower

educational attainment, and indicators of lower socioeconomic

status were associated with increased likelihood of sub-optimal

MM. This finding aligns with meta-analyses showing that higher

educational attainment and economic status are associated with

increased likelihood of adequate MHM (Anbesu and Asgedom,

2023). Thus because sub-optimal MM could have a shared

socioeconomic component with nearly all of the variables

associated with vaginal CST, we opted to present the best fitting

model, and explain which covariates led to attenuation of the

association between MM and CST.
Frontiers in Cellular and Infection Microbiology 11
Although menstrual hygiene management factors were not

associated with CST, use of sub-optimal menstrual materials was

associated with increased alpha diversity metrics, controlling for

measures of economic strain, STIs, HSV-2 and hormonal

contraceptive use. Additionally, non-targeted analyses identified

non-optimal taxa discriminating those using sub-optimal MM

from those using adequate MM, adjusted for reproductive tract

infections. While we did not observe statistically significant global

difference between the vaginal communities of women with and

without adequate MM, those with sub-optimal MM had lower

relative abundance of multiple Lactobacilli species.

Among women who tested negative for BV, STIs, HIV and HSV-

2, non-targeted analyses did not identify any taxa that discriminated

those who had sub-optimal and adequate MM. In the non-targeted
FIGURE 2

Results of multivariable regression: factors associated with sub-optimal menstrual materials, N = 398. The coefficient plot shows the prevalence
ratio (open circle) and 95% confidence interval (grey horizontal bar 90% CI; black horizontal ends 95% CI) for each variable associated with using
sub-optimal menstrual materials in multivariable regression. All variables presented are simultaneously adjusted.
FIGURE 3

Stacked bar chart showing relative abundance of 10 taxa with highest mean relative abundance by community state type for each participant. The
relative abundance of the 10 taxa with the highest mean relative abundance is shown (y-axis), with individual subjects represented by individual bars,
sorted by CST (x-axis).
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analysis making use of the entire sample and adjusting for other

infections, we identified three taxa with greater relative abundance

among women with sub-optimal MM that have all been associated

with BV, with Mobiluncus curtisii and Prevotella bivia being

repeatedly identified in BV-related biofilm formation (Pybus and

Onderdonk, 1999; Johnston et al., 2023). None were highly abundant,

but the analytic approach prioritizes discrimination (i.e., separating

one group from others). Together, these analyses suggest that even

after adjusting for BV, HIV, STIs, or HSV-2, sub-optimal MM was

associated with greater relative abundance of non-optimal bacteria.

The results of non-targeted analyses are exploratory; replication is

necessary and specific taxa should be interrogated in relation to sub-

optimal MM in other studies.
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Non-menstrual hygiene factors associated with increased alpha

diversity and non-optimal CST were largely in keeping with the

literature: sexual exposures, reproductive tract infections (HSV-2,

BV, STIs) and indicators of lower socioeconomic status (missing a

meal due to lack of money, lower educational attainment, not

having income outside of sex work) (van de Wijgert JH et al.,

2014; McKinnon et al., 2019; Moosa et al., 2020; Morsli et al., 2024).

Regarding the association with meeting clients in sex dens or

brothels, differences in VMB composition may stem from

characteristics of men soliciting sex at different venues (e.g., their

prevalence of infection, circumcision status, number and type of

other sex partners) or residual confounding by socioeconomic

status: women meeting clients in sex dens or brothels were less
TABLE 3 Results of multinomial regression: factors associated with vaginal community state type.

Prevalence ratio (95% CI) Adjusted prevalence ratio, N = 382 (95% CI)

Variables CST-III vs CST-I CST-IV vs CST-I CST-III vs CST-I CST-IV vs CST-I

Sub-optimal materials (vs. adequate MM) 1.14 (0.46 – 2.84) 2.62 (1.12 – 6.12) 0.68 (0.23 – 2.04) 1.32 (0.46 – 3.82)

Age in years, continuous 1.13 (1.02 – 1.24) 1.19 (1.08 – 1.30) 1.07 (0.96 – 1.10) 1.08 (0.97 – 1.19)

Educational attainment: Secondary high school or
more

0.33 (0.14 – 0.78) 0.29 (0.13 – 0.63)

Received 700 KSH or more at last sexual act 0.47 (0.19 – 1.15) 0.29 (0.13 – 0.68) 0.58 (0.22 – 1.51) 0.43 (0.17 – 1.10)

Has a non-paying boyfriend or husband 1.33 (0.53 – 3.36) 0.67 (0.29 – 1.56)

Hormonal contraceptive use

None ref ref ref ref

Oral contraceptive pills 2.91 (0.58 -14.5) 1.59 (0.33 – 7.66) 2.75 (0.48 – 15.7) 1.69 (0.31 – 9.36)

Injection 2.71 (1.00 – 7.30) 2.07 (0.81 – 5.32) 3.02 (1.01 – 9.00) 2.30 (0.78 – 6.80)

Implant 2.43 (0.79 – (7.46) 4.44 (1.57 - 12.6) 2.13 (0.67 – 6.81) 4.03 (1.29 – 12.6)

Number of sex partners in past 30 days

0-10 ref ref ref ref

11-30 1.43 (0.55 – 3.74) 2.13 (0.85 – 5.32) 1.79 (0.63 – 5.09) 2.61 (0.91 – 7.50)

Greater than 31 1.39 (0.50 – 3.89) 3.03 (1.15 – 8.00) 1.70 (0.57 – 5.04) 2.84 (0.99 – 8.17)

HIV positive 2.62 (0.57 – 12.1) 6.33 (1.47 – 27.3)

HSV-2 seropositive 3.21 (1.32 – 7.80) 7.21 (3.08 – 16.9) 2.71 (0.92 – 7.97) 4.65 (1.60 – 13.4)

STI positive 3.98 (0.50 – 31.8) 11.6 (1.55 – 86.9) 3.95 (0.49 – 31.8) 13.0 (1.65 – 102)

Meet sex partners at sex den or brothel 1.69 (0.53 – 6.27) 3.22 (1.09 – 9.51)

Meet sex partners via Internet 0.61 (0.27 – 1.39) 0.43 (0.20 – 0.92)

Difficulty accessing water at home 5.05 (0.64 – 39.8) 6.91 (0.92 – 52.1)

Difficulty accessing water at sex work 1.69 (0.46 – 6.19) 3.90 (1.15 – 13.3)

Difficulty accessing privacy at sex work 1.24 (0.33 – 4.66) 2.87 (0.84 – 9.79)

Days since last vaginal sex

Today ref ref

1–2 days 1.08 (0.34 – 3.48) 0.90 (0.30 – 2.73)

3–6 days 0.28 (0.09 – 0.93) 0.31 (0.11 – 0.89)

7 days or more 1.15 (0.33 – 3.99) 0.67 (0.20 – 2.21)
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likely to be paid the median or higher at the last sex act (33.9%) as

compared to women meeting clients in their homes (67.9%), bars or

clubs (54.1%), lodges/hotels/guest houses (53.6%), at parties/social

gatherings (63.6%), or via the internet (73.2%). Compared to those

with no hormonal contraceptive use, those with implant and

injection contraceptive use had increased likelihood of non-

optimal VMB and increased alpha diversity; this is in contrast to

meta-analysis showing protective association with BV (Vodstrcil

et al., 2013). Our observation may stem from residual confounding,

or the low frequency of CST-I in our sample. While antibiotic use

can affect the VMB, we did not find such association, which may be

due to misreporting or lack of information on drug class, dose or

duration. Vaginal douching was not associated with VMB in our
Frontiers in Cellular and Infection Microbiology 13
cohort, which is in contrast to the literature (Ness et al., 2002), and

may be due to the way in which we asked the question. Estimated

menstrual cycle phase also was not associated with VMB and may

have been due to the indirect method of estimation (Wideman

et al., 2013).

In this cohort of women reporting reliance on sex for economic

livelihood, just 7.9% had an optimal, L. crispatus dominated VMB

composition. This prevalence of CST-I is similar to that observed

among our study of a community-based sample of women median

age 23 in Kisumu, who had 10.8% CST-I, 40.6% CST-III, and 46.5%

CST-IV (Mehta et al., 2020), despite much lower prevalences of

HIV, BV, HSV-2 and sexual exposures. The similar CST

distribution of a community-based cohort of women and a cohort
FIGURE 4

Results of multivariable regression: factors associated with alpha diversity metrics. The plots summarize the results of multivariable linear regression
for (A) Evenness (N = 383), and (B) Richness (N = 383). Variables are listed on the y-axis. Coefficients (central dot) and 95% Confidence Interval
(black horizontal bar with 90% and 95% CIs) are summarized graphically, with values on the x-axis. The reference for oral contraceptive pills,
injection contraceptive, and implant contraceptive is no hormonal contraception. “Missed a meal in past 7 days” refers to having missed a meal in the
past 7 days due to not having enough money. “Meet in sex den, brothel” refers to meeting clients in sex dens or brothels, which are premises
dedicated to providing sex as a purchased service.
TABLE 4 Results of lasso regression implemented with stability selection: mean relative abundance of taxa associated with using sub-optimal
menstrual materials, coefficients from logistic regression.

Analysi sample Mean relative abundance (SD)
Percent of bootstraps in which the taxa were

selected at various p-values

Among those with no infection
Sub-Optimal MM,

N = 25
Adequate MM,

N = 55
P<0.10 P<0.15 P<0.20

No significant taxa detected
All observations
Adjusted for BV, STI, HSV-2, HIV

Sub-Optimal
MM, N = 161

Adequate MM
N=225

P<0.10 P<0.15 P<0.20

Peptococcus spp. 0.033 (0.172) 0.022 (0.131) 81 81 85

Mobiluncus curtisii 0.026 (0.164) 0.009 (0.040) 74 79 84

Prevotella bivia 2.53 (7.37) 1.55 (7.98) 75 77 81

Gemella asaccharolytica 0.312 (0.660) 0.235 (0.762) 64 65 67

Aerococcus christensenii 0.305 (0.771) 0.488 (1.32) 62 66 69
SD, Standard Deviation.
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FIGURE 5

Metric dimensional scaling plot of group centroids and distributions of CST, taxa relative abundance, and Shannon diversity by outcomes. Caption:
Panel (A) Non-metric dimensional scaling plot for each of the outcome states for Bacterial vaginosis (BV) or sexually transmitted infection (STI). The
ten different colors represent the states for BV, STIs, HIV, HSV-2, and sub-optimal menstrual materials. Sub-optimal menstrual materials refer to use
of cotton balls, tissue, or cloth to manage menses, in the absence of other infections. STI is a composite of infection with any of C. trachomatis, N.
gonorrhoeae, T. vaginalis. Each colored mark indicates one of 100 bootstraps of the dataset. The matching shaded area represents the 95%
coverage. The black symbol at the center of each colored shape represents the average centroid of the 100 bootstraps. Panel (B) distribution of
Community State Type (CST); Panel (C) taxa relative abundance; Panel (D) Shannon diversity.
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of women with very high sexual exposures suggests there is little

reversion from non-optimal states (CST-III and CST-IV) once

acquired. Indeed, BV is a chronic state for many women with 50-

65% recurrence within 6–12 months of antibiotic treatment

(Bradshaw et al., 2006). Although recurrence can be reduced with

male sex partner treatment (Vodstrcil et al., 2025), this is unlikely to

be a feasible option for women engaged in sex work. Therefore,

identifying non-antibiotic interventions that help maintain optimal

VMB or mitigate non-optimal transitions will be critical for primary

and secondary prevention.
4.1 Limitations

A small number of participants had CST-I, reducing power in

this aspect of the analysis, and thus few factors associated with CST

reached statistical significance at the p<0.05 level. In our non-

targeted analysis, we observed that the taxa selected were not

limited to the most common or abundant; however, taxa with low

relative abundance may have lower variation in sub-samples of

stability selection, smaller effect size, and therefore lower selection

frequency across sub-samples. We measured menstrual materials

used at most recent menses for ease of recall. Though our findings

were in keeping with measures of menstrual management in the

region (Phillips-Howard et al., 2015; UNFPA, 2025), it is possible

this is not representative of women’s ongoing or typical practices.

Nevertheless, the directions of the associations observed were in

keeping with prior literature or had rational biological basis.

Socioeconomic indicators were statistically significant in our

analyses and associations are supported in the literature; however,

we lacked a standardized index that would support direct

comparability of socioeconomic status to other settings. Despite

the high frequency of reported condom use, STIs and HIV were

common, indicating that use may be over-reported or insufficiently

consistent, reflecting an interventional gap. Ulcerative and non-

ulcerative STIs have bidirectional effects on the VMB and in this

cross-sectional analysis we do not know temporality; however, with

longitudinal follow-up of this cohort and repeated STI testing,

subsequent analyses will enable us to estimate changes in the

VMB in response to incident STI and subsequent treatment. Our

nested analysis within a cluster randomized study among

adolescent girls found that sub-optimal MM was associated with

increased likelihood of non-optimal VMB (Mehta et al., 2021) and

that provision of menstrual cups had beneficial effects for the VMB

(Mehta SD et al., 2023). Other observational studies have similarly

found beneficial association between menstrual cups and VMB

(Lebeer et al., 2023; Haahr et al., 2025). To test the generalizability

of this finding, we intentionally expanded study of MM and VMB to

a population with very high rates of sexual exposures and

reproductive tract infections. Our findings add to the limited

knowledge of menstrual materials and relation to VMB and

reproductive tract health, and similar studies should be

undertaken in a variety of settings to better identify avenues for

optimizing menstrual health management and reproductive

health benefit.
Frontiers in Cellular and Infection Microbiology 15
5 Conclusions

Interventions to mitigate non-optimal VMB are needed,

especially among women with excess risk for HIV and STIs.

Reusable menstrual cups, which last for up to 10 years, may

address the economic factors driving use of sub-optimal

menstrual materials, with subsequent impact on VMB, and

factors associated with non-optimal perturbations. We are

investigating soft disc-shaped menstrual cups that can be worn

during sex as a possible intervention, which may be especially

suitable in supporting economic livelihood and vaginal tract health,

by reducing direct perturbation and unsafe menstrual practices.
Data availability statement

The datasets presented in this study can be found in online

repositories. The names of the repository/repositories and accession

number(s) can be found below: https://www.ncbi.nlm.nih.

gov/, PRJNA1279642.
Ethics statement

This study was approved by the institutional review boards of

Jaramogi Odinga Oginga Teaching and Referral Hospital (JOOTRH

657-22), and Rush University Medical College (IRB1-22040505),

and received favorable opinion from Liverpool School of Tropical

Medicine (LSTM, 22-076), and non-human subjects determination

from University of Illinois Chicago for having no human subjects

contact and only receiving de-identified data (UIC, 2023-0053).
Author contributions

SM: Conceptualization, Formal analysis, Funding acquisition,

Investigation, Methodology, Project administration, Supervision,

Visualization, Writing – original draft, Writing – review &

editing. GZ: Data curation, Investigation, Methodology, Project

administration, Writing – review & editing. EO: Investigation,

Project administration, Supervision, Writing – review & editing.

WA: Data curation, Investigation, Methodology, Supervision,

Writing – review & editing, Project administration. SP: Formal

analysis, Investigation, Methodology, Writing – review & editing.

CA: Investigation, Project administration, Writing – review &

editing. SG: Data curation, Formal analysis, Investigation,

Methodology, Supervision, Validation, Writing – review &

editing, Funding acquisition. AE: Data curation, Funding

acquisition, Investigation, Methodology, Writing – review &

editing. RB: Formal analysis, Funding acquisition, Methodology,

Supervision, Writing – review & editing. FO: Funding acquisition,

Investigation, Project administration, Resources, Supervision,

Writing – review & editing. PP-H: Conceptualization, Funding

acquisition, Investigation, Methodology, Project administration,

Supervision, Writing – review & editing.
frontiersin.org

https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
https://doi.org/10.3389/fcimb.2025.1662237
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Mehta et al. 10.3389/fcimb.2025.1662237
Funding

The author(s) declared that financial support was received for

this work and/or its publication. This study was supported by grant

number R01-AI170564 (PI: Mehta) from the National Institutes of

Health, National Institutes of Allergy and Infectious Diseases.
Acknowledgments

We thank the following Peer Leaders for their guidance in

engaging and recruiting participants for this study (in alphabetical

order): Mwanaisha Achieng, Ann Amolo, Mildred Anyango, Eunice

Chuch, Jecinta Jung’a, Millicent Ochieng, Lillian Odeyo, and

Rose Oyugi.
Conflict of interest

The authors declared that this work was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The author FO declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Generative AI statement

The author(s) declared that generative AI was not used in the

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial
Frontiers in Cellular and Infection Microbiology 16
intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible. If

you identify any issues, please contact us.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fcimb.2025.

1662237/full#supplementary-material

SUPPLEMENTARY FIGURE 1

Proportional Venn Diagram Showing the Overlap of Using Sub-Optimal

Menstrual Materials (Cotton Balls, Tissues, Cloth), Difficulty Accessing Water

at Home and/or at Sex Work, and Difficulty Accessing Privacy at Home and/or
at Sex Work.

SUPPLEMENTARY FIGURE 2

Distribution of alpha diversity metrics over infection and outcomes.

SUPPLEMENTARY METHODS

DNA Extraction and Sequencing.

SUPPLEMENTAL RESULTS

Akaike Information Criterion aided selection of multivariable models.

SUPPLEMENTAL RESULTS

Screening and Enrollment Flow, POWWeR Health Study.
References
Ademas, A., Adane, M., Sisay, T., Kloos, H., Eneyew, B., Keleb, A., et al. (2020). Does
menstrual hygiene management and water, sanitation, and hygiene predict
reproductive tract infections among reproductive women in urban areas in Ethiopia?
PloS One 15, e0237696. doi: 10.1371/journal.pone.0237696

Al Karmi, J., Alshrouf, M. A., Haddad, T. A., Alhanbali, A. E., Raiq, N. A., Ghanem,
H., et al. (2024). Urinary and reproductive tract infection symptoms and menstrual
hygiene practices in refugee camps in Jordan: A cross-sectional study.Women’s Health
20, 17455057241240920. doi: 10.1177/17455057241240920

Anand, E., Singh, J., and Unisa, S. (2015). Menstrual hygiene practices and its
association with reproductive tract infections and abnormal vaginal discharge among
women in India. Sexual Reprod. Healthc 6, 249–254. doi: 10.1016/j.srhc.2015.06.001

Anbesu, E. W., and Asgedom, D. K. (2023). Menstrual hygiene practice and
associated factors among adolescent girls in sub-Saharan Africa: a systematic review
and meta-analysis. BMC Public Health 23, 33. doi: 10.1186/s12889-022-14942-8

Balamurugan, S. S., and Bendigeri, N. (2012). Community-based study of
reproductive tract infections among women of the reproductive age group in the
urban health training centre area in Hubli, Karnataka. Indian J. Community Med. 37,
34–38. doi: 10.4103/0970-0218.94020

Baral, S., Beyrer, C., Muessig, K., Poteat, T., Wirtz, A. L., Decker, M. R., et al. (2012).
Burden of HIV among female sex workers in low-income and middle-income
countries: a systematic review and meta-analysis. Lancet Infect. Dis 12, 538–549.
doi: 10.1016/S1473-3099(12)70066-X

Bolyen, E., Rideout, J. R., Dillon, M. R., Bokulich, N. A., Abnet, C. C., Al-Ghalith,
G. A., et al. (2019). Reproducible, interactive, scalable and extensible microbiome
data science using QIIME 2. Nat. Biotechnol. 37, 852–857. doi: 10.1038/s41587-019-
0209-9

Bradshaw, C. S., Morton, A. N., Hocking, J., Garland, S. M., Morris, M. B., Moss, L.
M., et al. (2006). High recurrence rates of bacterial vaginosis over the course of 12
months after oral metronidazole therapy and factors associated with recurrence. J.
Infect. Dis 193, 1478–1486. doi: 10.1086/503780

Carter, A., Zhang, M., Tram, K. H., Walters, M. K., Jahagirdar, D., Brewer, E. D., et al.
(2024). Global, regional, and national burden of HIV/AIDS, 1990–2021, and forecasts
to 2050, for 204 countries and territories: the Global Burden of Disease Study 2021.
Lancet HIV 11, e807–ee22. doi: 10.1016/S2352-3018(24)00212-1

Das, P., Baker, K. K., Dutta, A., Swain, T., Sahoo, S., Das, B. S., et al. (2015). Menstrual
hygiene practices, WASH access and the risk of urogenital infection in women from
Odisha, India. PLoS One 10, e0130777. doi: 10.1371/journal.pone.0130777

Davis, N. M., Proctor, D. M., Holmes, S., Relman, D. A., and Callahan, B. J. (2018).
Simple statistical identification and removal of contaminant sequences in marker-gene
and metagenomics data. Microbiome 6, 1–14. doi: 10.1186/s40168-018-0605-2

Faith, D. P. (1992). Conservation evaluation and phylogenetic diversity. Biol.
Conserv. 61, 1–10. doi: 10.1016/0006-3207(92)91201-3

France, M. T., Ma, B., Gajer, P., Brown, S., Humphrys, M. S., Holm, J. B., et al. (2020).
VALENCIA: a nearest centroid classification method for vaginal microbial
communities based on composition. Microbiome 8, 1–15. doi: 10.1186/s40168-020-
00934-6

Friedman, J., Hastie, T., Tibshirani, R., Narasimhan, B., Tay, K., Simon, N., et al.
(2021). Package ‘glmnet’. CRAN R Repositary 595, 874.
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcimb.2025.1662237/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2025.1662237/full#supplementary-material
https://doi.org/10.1371/journal.pone.0237696
https://doi.org/10.1177/17455057241240920
https://doi.org/10.1016/j.srhc.2015.06.001
https://doi.org/10.1186/s12889-022-14942-8
https://doi.org/10.4103/0970-0218.94020
https://doi.org/10.1016/S1473-3099(12)70066-X
https://doi.org/10.1038/s41587-019-0209-9
https://doi.org/10.1038/s41587-019-0209-9
https://doi.org/10.1086/503780
https://doi.org/10.1016/S2352-3018(24)00212-1
https://doi.org/10.1371/journal.pone.0130777
https://doi.org/10.1186/s40168-018-0605-2
https://doi.org/10.1016/0006-3207(92)91201-3
https://doi.org/10.1186/s40168-020-00934-6
https://doi.org/10.1186/s40168-020-00934-6
https://doi.org/10.3389/fcimb.2025.1662237
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Mehta et al. 10.3389/fcimb.2025.1662237
Gottlieb, S. L., Spielman, E., Abu-Raddad, L., Aderoba, A. K., Bachmann, L. H.,
Blondeel, K., et al. (2024). WHO global research priorities for sexually transmitted
infections. Lancet Global Health 12, e1544–e1e51. doi: 10.1016/S2214-109X(24)00266-3

Haahr, T., Ovesen, S., la Cour Freiesleben, N., Jensen, M. B., Elbaek, H. O., Alsbjerg,
B., et al. (2025). Vaginal microbiota correlations to gynecological symptoms, intimate
hygiene practices, and background parameters of IVF patients: a cross-sectional study.
J. Assisted Reprod. Genet. 42, 1–10. doi: 10.1007/s10815-025-03629-9

Hofner, B., Boccuto, L., and Göker, M. (2015). Controlling false discoveries in high-
dimensional situations: boosting with stability selection. BMC Bioinf. 16, 144.
doi: 10.1186/s12859-015-0575-3

Johnston, W., Ware, A., Kuiters, W. F., Delaney, C., Brown, J. L., Hagen, S., et al.
(2023). In vitro bacterial vaginosis biofilm community manipulation using endolysin
therapy. Biofilm 5, 100101. doi: 10.1016/j.bioflm.2022.100101

Krishnan, S., Dunbar, M. S., Minnis, A. M., Medlin, C. A., Gerdts, C. E., and Padian,
N. S. (2008). Poverty, gender inequities, and women’s risk of human immunodeficiency
virus/AIDS. Ann. N. Y. Acad. Sci. 1136, 101–110. doi: 10.1196/annals.1425.013

Lebeer, S., Ahannach, S., Gehrmann, T., Wittouck, S., Eilers, T., Oerlemans, E., et al.
(2023). A citizen-science-enabled catalogue of the vaginal microbiome and associated
factors. Nat. Microbiol. 8, 2183–2195. doi: 10.1038/s41564-023-01500-0

Magoutas, K., Holdcroft, A., Walls, M., Furfaro, L., Ireland, D., and Payne, M. (2025).
Investigating the link between intimate health, hygiene and sexual practices and the
vaginal microbiome—The INTIMATE study. Reprod. Med. Biol. 24, e12685.
doi: 10.1002/rmb2.12685

McKinnon, L. R., Achilles, S., Bradshaw, C. S., Burgener, A., Crucitti, T., Fredricks, D.
N., et al. (2019). The evolving facets of bacterial vaginosis: implications for
HIV transmission. AIDS Res. Hum. Retroviruses 35, 219–228. doi: 10.1089/
aid.2018.0304

McKinnon, L. R., Izulla, P., Nagelkerke, N., Munyao, J., Wanjiru, T., Shaw, S. Y., et al.
(2015). Risk factors for HIV acquisition in a prospective Nairobi-based female sex
worker cohort. AIDS Behav 19, 2204–2213. doi: 10.1007/s10461-015-1118-7

Mehta, S. D., Agingu, W., Nordgren, R. K., Green, S. J., Bhaumik, D. K., Bailey, R. C.,
et al. (2020). Characteristics of women and their male sex partners predict bacterial
vaginosis among a prospective cohort of Kenyan women with nonoptimal vaginal
microbiota. Sex Transmit Dis 47, 840. doi: 10.1097/OLQ.0000000000001259

Mehta, S. D., Zulaika, G., Otieno, F. O., Nyothach, E., Agingu, W., Bhaumik, R., et al.
(2021). High prevalence of Lactobacillus crispatus dominated vaginal microbiome
among Kenyan Secondary School Girls: Negative effects of poor quality menstrual
hygiene management and sexual activity. Front. Cell. Infect Microbiol. 11, 716537.
doi: 10.3389/fcimb.2021.716537

Mehta SD, Z. G., Agingu, W., Nyothach, E., Bhaumik, R., Green, S. J., van Eijk, A. M.,
et al. (2023). Analysis of bacterial vaginosis, the vaginal microbiome, and sexually
transmitted infections following the provision of menstrual cups in Kenyan schools:
Results of a nested study within a cluster randomized controlled trial. PloS Med. 20,
e1004258. doi: 10.1371/journal.pmed.1004258

Meinshausen, N., and Bühlmann, P. (2010). Stability selection. J. R. Stat. Soc. Ser. B:
Stat. Methodol 72, 417–473. doi: 10.1111/j.1467-9868.2010.00740.x

Moosa, Y., Kwon, D., De Oliveira, T., and Wong, E. B. (2020). Determinants of
vaginal microbiota composition. Front. Cell. Infect Microbiol. 10, 467. doi: 10.3389/
fcimb.2020.00467

Morsli, M., Gimenez, E., Magnan, C., Salipante, F., Huberlant, S., Letouzey, V., et al.
(2024). The association between lifestyle factors and the composition of the vaginal
microbiota: a review. Eur. J. Clin. Microbiol. Infect. Dis 43, 1869–1881. doi: 10.1007/
s10096-024-04915-7

Naqib, A., Poggi, S., Wang, W., Hyde, M., Kunstman, K., and Green, S. J. (2018).
Making and sequencing heavily multiplexed, high-throughput 16S ribosomal RNA
gene amplicon libraries using a flexible, two-stage PCR protocol. Gene Expression
Analysis: Methods Protoc. 1783, 149–169. doi: 10.1007/978-1-4939-7834-2_7

Ness, R. B., Hillier, S. L., Richter, H. E., Soper, D. E., Stamm, C., McGregor, J.,
et al. (2002). Douching in relation to bacterial vaginosis, lactobacilli, and
Frontiers in Cellular and Infection Microbiology 17
facultative bacteria in the vagina. Obstet Gynecol 100, 765. doi: 10.1016/s0029-7844
(02)02184-1

Nugent RP, K. M., and Hillier, S. P. (1991). Reliability of diagnosing bacterial
vaginosis is improved by a standardized method of gram stain interpretation. J. Clin.
Microbiol. 29, 297–301. doi: 10.1128/jcm.29.2.297-301.1991
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