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ABSTRACT
Introduction The aetiology of bacterial vaginosis (BV), a 
biofilm- associated vaginal infection, remains unknown. 
Epidemiologic data suggest that it is sexually transmitted. 
BV is characterised by loss of lactic acid- producing 
lactobacilli and an increase in facultative and strict 
anaerobic bacteria. Gardnerella spp are present in 95%–
100% of cases; Gardnerella vaginalis has been found to 
be more virulent than other BV- associated bacteria (BVAB) 
in vitro. However, G. vaginalis is found in women with 
normal vaginal microbiota and colonisation is not sufficient 
for BV development. We hypothesise that Gardnerella 
spp initiate BV biofilm formation, but incident BV (iBV) 
requires incorporation of other key BVAB (ie, Prevotella 
bivia, Fannyhessea vaginae) into the biofilm that alter the 
transcriptome of the polymicrobial consortium. This study 
will investigate the sequence of microbiologic events 
preceding iBV.
Methods and analysis This study will enrol 150 women 
aged 18–45 years with normal vaginal microbiota and 
no sexually transmitted infections at a sexual health 
research clinic in Birmingham, Alabama. Women will 
self- collect twice daily vaginal specimens up to 60 
days. A combination of 16S rRNA gene sequencing, 
qPCR for Gardnerella spp, P. bivia and F. vaginae, and 
broad range 16S rRNA gene qPCR will be performed 
on twice daily vaginal specimens from women with iBV 
(Nugent score 7–10 on at least 2 consecutive days) 
and controls (with comparable age, race, contraceptive 
method and menstrual cycle days) maintaining normal 
vaginal microbiota to investigate changes in the vaginal 
microbiota over time for women with iBV. Participants will 
complete daily diaries on multiple factors including sexual 
activity.
Ethics and dissemination This protocol is approved 
by the University of Alabama at Birmingham Institutional 
Review Board (IRB- 300004547) and written informed 
consent will be obtained from all participants. Findings 
will be presented at scientific conferences and published 
in peer- reviewed journals as well as disseminated to 
providers and patients in communities of interest.

INTRODUCTION
Bacterial vaginosis (BV), the most common 
cause of vaginal discharge, is associated with 
preterm delivery, pelvic inflammatory disease 
(PID) and increased risk of acquisition of 
HIV and other sexually transmitted infec-
tions (STIs).1–9 Epidemiological data suggest 
that BV is sexually transmitted.10 11 The 
rate of recurrence after therapy is >60%,12 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study will investigate changes over time in the 
vaginal microbiota preceding incident bacterial vag-
inosis (iBV) among sexually active, reproductive- age 
cisgender women compared with controls main-
taining normal vaginal microbiota; all women will be 
followed up to 60 days.

 ⇒ A combination of 16S rRNA gene sequencing, qPCR 
of several key BV- associated bacteria (Gardnerella 
spp, Prevotella bivia and Fannyhessea vaginae) and 
broad range 16S rRNA gene qPCR will be performed 
on vaginal specimens collected from women who 
develop iBV and controls with comparable age, race, 
contraceptive method and menstrual cycle days.

 ⇒ Daily diaries including data on sexual behaviours, 
menses, antibiotic use, sex toy use, sexual partner 
gender(s), douching and vaginal symptoms will be 
obtained from all women for the duration of the 
study.

 ⇒ One limitation is the feasibility of participants self- 
collecting twice daily vaginal specimens for 60 
days; compliance with the study protocol will be 
monitored at weekly vaginal specimen drop- off 
visits.

 ⇒ This study primarily focuses on the role of 
Gardnerella spp, P. bivia and F. vaginae in the patho-
genesis of iBV; however, future work should also 
include research on the role of other common BVAB 
in iBV pathogenesis.
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yet BV aetiology remains unknown despite decades of 
research. BV is characterised by loss of protective lactic 
acid- producing vaginal lactobacilli (ie, Lactobacillus cris-
patus) and increases in facultative (ie, Gardnerella spp) 
and strict anaerobic bacteria.13 Gardnerella spp,14 previ-
ously described only as Gardnerella vaginalis, are present 
in 95%–100% of BV cases.15 16 The Gardnerella genus 
has recently been found to consist of at least 13 unique 
genomic species, 4 of which have been named: G. vagi-
nalis, G. piotii, G. swidsinskii and G. leopoldii.14 Some Gard-
nerella spp such as G. vaginalis have been found to be 
more virulent than other BV- associated bacteria (BVAB) 
in vitro.17 18 G. vaginalis was originally thought to be the 
primary BV pathogen19; however, it has also been found 
in women with normal vaginal microbiota20 and coloni-
sation is not sufficient for BV development21; thus other 
Gardnerella spp may play important roles in incident BV 
(iBV) pathogenesis.

A notable feature of BV is the appearance of a multi-
species biofilm on vaginal epithelial cells.22 23 While the 
biofilm likely contributes to high BV recurrence rates 
after therapy,12 24–26 it remains largely uncharacter-
ised. It is known to contain abundant Gardnerella spp, 
fewer Fannyhessea vaginae (formerly known as Atopo-
bium vaginae)27 and other various undefined bacterial 
species.22 23 Gardnerella spp can displace L. crispatus from 
HeLa cells and adhere in high concentrations to initiate 
biofilm formation.28 When certain BVAB are incorpo-
rated into the Gardnerella spp biofilm, Gardnerella spp 
virulence genes are upregulated.29 Thus, our central 
hypothesis is that Gardnerella spp initiate BV biofilm 
formation, but iBV requires incorporation of other key 
BVAB into the biofilm that alter the transcriptome of the 
polymicrobial consortium.30 This hypothesis is consis-
tent with our finding that, among cisgender women who 
have sex with women (WSW), the mean relative abun-
dance of Prevotella bivia, Gardnerella spp and F. vaginae 
became sequentially higher prior to iBV.31 We propose 
that a similar distribution of these bacterial species will 
increase prior to iBV in cisgender women who have sex 
with men (WSM). Gardnerella spp and P. bivia exhibit 
a symbiotic relationship in vitro32 but whether P. bivia 
incorporates into the BV biofilm in vivo is unknown. F. 
vaginae rarely appears in the absence of Gardnerella spp, 
suggesting synergism between these microorganisms 
and is specific for BV.33 F. vaginae stimulates an innate 
immune response from vaginal epithelial cells in greater 
magnitude than Gardnerella spp, leading to localised cyto-
kine and β-defensin production,34 suggesting that it is a 
potent component of the host response to BV. This may 
contribute to adverse outcomes associated with BV (ie, 
preterm birth and PID), as increased vaginal inflamma-
tory cytokines and neutrophils are predictive of both.35 36

To better determine the exact timing of the increase 
of these three key BVAB (among others) prior to iBV, 
more frequent vaginal sampling (two times per day) is 
necessary than has been previously done.31 In addition, 
a better understanding of how these key BVAB interact 

in vivo and the molecular markers produced during BV 
biofilm formation is needed.

Here, we describe a prospective, observational iBV 
pathogenesis study with WSM. This study has intensive 
two times per day vaginal specimen collection to perform 
16S rRNA gene sequencing and qPCR to characterise 
changes in the vaginal microbiota over time at high reso-
lution, focusing on events preceding the development 
of iBV. The results will help determine if similar events 
in iBV pathogenesis occur in WSM (as seen in WSW), 
supportive of key roles of Gardnerella spp, P. bivia and 
F. vaginae in iBV pathogenesis. We will also investigate 
potential behavioural (ie, sexual activity, douching, etc) 
factors, along with hormonal shifts and menstrual activity, 
which may be associated with iBV.31 Our long- term goal is 
to better understand the pathogenesis of BV to improve 
diagnosis, treatment and prevention.

Objectives
The primary aim of this study is to investigate changes in 
the vaginal microbiota over time preceding iBV in a longi-
tudinal study of cisgender WSM. We hypothesise that, 
prior to iBV, the mean relative abundance and inferred 
absolute bacterial abundance (IAA) of Gardnerella spp, 
P. bivia and F. vaginae will become sequentially higher 
compared with women maintaining normal vaginal 
microbiota for the majority (≥85% of days) of the study. 
Based on prior data,31 37 we anticipate that this will occur 
within 14 days prior to iBV.

Starting at study enrolment and continuing for 60 days 
thereafter, 150 women with normal vaginal microbiota 
(Nugent score 0–3) will self- collect 3 vaginal specimens 
two times per day and perform two times per day smears 
for vaginal Gram stain and Nugent score38 determina-
tion. Participants will also complete daily diaries to docu-
ment douching, menses, sexual behaviour data, vaginal 
symptoms and medication use (oral and/or intravaginal) 
while in the study to determine their influence on the 
vaginal microbiota. For women who develop iBV (cases), 
16S rRNA sequencing, qPCR for Gardnerella spp, P. bivia, 
F. vaginae and broad range 16S rRNA gene qPCR will be 
performed on all twice daily vaginal specimens for the 
14 days prior to iBV as well as the day of iBV and 3 days 
afterwards. Cases with iBV will be comparable to controls 
(women maintaining normal microbiota) with regard to 
age, race, contraceptive method and menstrual cycle days; 
an equal number of controls to cases will be selected. In 
addition to standard 16S vaginal microbiome analysis, 
the qPCR for broad range 16S rRNA gene data will be 
used to calculate the inferred absolute bacterial abun-
dance (IAA)39 to account for variation in overall absolute 
bacterial abundance in the specimens. Changes in micro-
bial community composition over time will be visualised 
via time course heatmaps along with characterisation of 
community state types (CSTs)40 which will be determined 
by VALENCIA (VAginaL community state typE Nearest 
Centrold clAssifier).41
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METHODS AND ANALYSIS
Study recruitment
Between November 2020 and August 2024, potential 
participants will be recruited from the Birmingham, AL 
metropolitan area using study flyers (figure 1), word- 
of- mouth, advertising at local events, local newspaper 
and radio advertisements, and social media campaigns 
on Facebook, Instagram and Snapchat (figure 2). After 
contacting research staff about study participation, 
interested individuals will be scheduled to have a study 
screening visit at the University of Alabama at Birmingham 
(UAB) Sexual Health Research Clinic (SHRC), located 
on the UAB campus.

Study design
This is a prospective, longitudinal cohort study of WSM 
with normal baseline vaginal microbiota (no Amsel 
criteria42 and a normal Nugent score of 0–338 with no 
Gardnerella spp morphotypes). There are two phases: 
screening and enrolment.

For screening, women will be included based on being 
assigned female sex at birth, ages 18–45 years, a history of 
sex with men and a current male sexual partner (table 1). 
Women will be excluded from the study if they have a 
history of oral or intravaginal antibiotic usage within the 
last 14 days, self- reported HIV infection, are currently 

pregnant, are on their menses or have a history of sex with 
women. At the screening visit, women will be asked to self- 
collect one vaginal swab for determination of the Amsel 
criteria42 and Nugent score,38 complete a brief screening 
visit questionnaire and provide urine for a pregnancy 
test. Non- pregnant women with no Amsel criteria,42 a 
Nugent score of 0–338 (determined by a research clini-
cian in the clinic, confirmed by a second reader in the 
research laboratory of author CAM) and no Gardnerella 
spp morphotypes on vaginal Gram stain will be invited to 
enrol (table 1).

Enrolled participants will complete a study question-
naire on sociodemographics, alcohol/tobacco/drug 
use, recent antibiotic use, sexual history including STI 
history, douching history and contraception use. A pelvic 
exam will be performed with a vaginal swab obtained 
for Trichomonas vaginalis, Chlamydia trachomatis, Neisseria 
gonorrhoeae and Mycoplasma genitalium nucleic acid ampli-
fication testing using the Roche cobas 6800 CT/GC43 
and TV/MG assays.44 Women will complete a one- page 
daily diary (a yes/no checklist on their oral, vaginal, and 
anal sexual activities, antibiotic use, sex toy use, partner 
gender and type, douching, and vaginal symptoms) for 
60 days. They will be taught to self- collect three vaginal 
specimens two times per day for 60 days, one of which will 
be smeared on a Gram stain slide for subsequent Nugent 
scoring by research laboratory staff. Written instruc-
tions for home collection of specimens will be provided 
(box 1). Participants will be given a 1- week supply of spec-
imen collection materials in an insulated ‘research- only 
lunch cooler’ and hard copies of daily diaries. They will 

Figure 1 Study recruitment flyer.

Figure 2 Social media campaign advertisement. Interested 
individuals clicking on this advertisement are directed to a 
landing page providing basic information about the study as 
well as a section to include their information to be contacted 
about participation.
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also be given a specimen collection calendar and weekly 
drop- off appointment. Gram stain slides will be placed 
in a plastic slide holder and stored at room tempera-
ture in the participant’s home. The three self- collected 
vaginal swabs will be placed in separate specimen collec-
tion tubes, stored in biohazard bags and kept in the 
‘research- only lunch cooler’ in their home refrigerators 
(4°C) until weekly drop- off of materials at the study site. 
Each participant will also be asked to obtain a sampling 
control at the beginning of the study (ie, a blank swab 
opened and waved in the air for 20 seconds in the home 
sampling environment). This specimen will capture any 
background microbial contamination from the home 
that could confound vaginal microbiota analyses.45

Participants will bring all daily diaries, vaginal Gram 
stains and vaginal specimen tubes on ice to the study 
site weekly for 60 days or until iBV occurs (Nugent score 
of 7–10 on ≥4 consecutive specimens). Women testing 
positive for T. vaginalis, C. trachomatis, N. gonorrhoeae or 
M. genitalium at baseline will be dropped from the study 
as these STIs (and their treatment) may alter the vaginal 
microbiota.46–50 Once the slides and specimens are 
dropped off and sent to the research laboratory of author 
CAM at UAB, they will be archived at −80°C until shipped 
to the Louisiana State University Health Sciences Center 
(LSUHSC) for 16S rRNA gene sequencing and qPCR 
(vaginal specimen 1). Vaginal specimens 2 and 3 will be 
used for additional BV pathogenesis research beyond the 

scope of this manuscript (performed by authors LGVS, 
AL, CD and NC).

If women experience any vaginal symptoms (ie, 
discharge, itching, odour, etc) during the study, they 
will be encouraged to call the study site to schedule an 
interval, standard- of- care visit. If symptomatic BV is diag-
nosed at this visit (by Amsel criteria), they will be treated51 
and dropped from the study, as the primary outcome of 
iBV will have been reached. If an incident STI is diag-
nosed during the study, participants will be treated51 and 
dropped.

All participants will be paid US$30 at screening, US$25 
at enrolment, US$30 at weekly drop- offs (weeks 1–8) and 
US$50 at the final drop- off (week 9). All study- related 
data will be entered into a REDCap database.52

Study setting
Participants will be enrolled at the UAB SHRC. As previ-
ously mentioned, vaginal specimens and Gram stain slides 
will be stored in the UAB research laboratory of CAM once 
returned to the study site. Select vaginal specimens will be 
shipped to LSUHSC for 16S rRNA gene sequencing and 
qPCR assays. The resulting sequence data will be analysed 
by JHE and CMT at LSUHSC for bioinformatics analysis 
and AT and DL at UAB will perform statistical analyses.

Data sources and variables
The online supplemental file includes the REDCap 
case report forms (CRFs) for the screening visit, enrol-
ment visit and daily diaries. Additional CRFs include an 

Table 1 Screening and enrolment: inclusion and exclusion 
criteria

Inclusion criteria Exclusion criteria

Screening visit

  18–45 years of age Use of oral or intra- vaginal 
antibiotics within the past 
14 days

  Female sex HIV infection

  History of sex with men Pregnancy

  Current male sexual partner Current menses

Sex with women

Enrolment visit

  No Amsel criteria Trichomonas vaginalis on 
vaginal wet mount

  Nugent score 0–3 with 
no Gardnerella spp 
morphotypes

Symptomatic vaginal yeast 
infection

Positive for chlamydia, 
gonorrhoea, trichomonas or 
Mycoplasma genitalium at 
baseline by NAAT testing

Pregnancy

Self- reported HIV infection

NAAT, nucleic acid amplification test.

Box 1 Home instructions for self- collection of vaginal 
specimens for glass slide preparation and tube insertion

1. Remove the first ‘FLOQ’ swab (flocked swab) from the packaging 
material by tearing off the top of the packaging. Be careful not to 
touch the tip of the swab.

2. Using your non- dominant hand (not your writing hand) open the 
labia (lips of the vaginal area) to allow entrance of the swab into 
the genital tract (vagina).

3. Insert the swab 2 inches into the genital tract being careful not to 
touch the tip of the swab anywhere else in the genital area.

4. Twist the swab several times while inside of the genital tract.
5. Remove the swab the same way that you did for insertion. Again, 

be careful not to touch the tip of the swab outside of the genitals.
6. Roll the swab across the length of the glass slide from left to right.
7. Place the glass slide in the slide carrier and close the top of the 

carrier.
8. Put the slide back into its bag.
9. Place this swab into the orange capped tube containing liquid.

10. Break off the handle of the swab at the score line (ie, the line point-
ed out to you during your visit) and discard the handle. Screw the 
top of the collection tube on firmly, but do not overtighten.

11. Put the tube back into its bag and keep the tube in an upright 
position.

12. Repeat steps 1–11 for the second and third genital swabs.
13. Store swabs in your study lunchbox in the refrigerator (at 4°C) until 

weekly drop- off at the University of Alabama at Birmingham Sexual 
Health Research Clinic.
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interval, standard- of- care visit for women who develop 
vaginal symptoms during the study and an end- of- study 
document. The REDCap database for this study is hosted 
by the UAB Department of Medicine Information Tech-
nology REDCap Team and managed by the UAB STD 
Research Programme Data Manager, author KJA.

Bias
While participants may experience social desirability bias, 
anonymity on the CRFs is expected to mitigate this bias.

DNA extraction, 16S and qPCR methods
DNA will be extracted from select vaginal specimens 
by author ML from women with iBV and women main-
taining normal vaginal microbiota using the Qiagen 
DNeasy Blood and Tissue Kit (QIAGEN, Germantown, 
Maryland, USA). Controls will be included at all steps to 
monitor for reagent contamination. DNA quality will be 
monitored by gel electrophoresis and fluorescent dsDNA 
assays. Extracted DNA will be divided into two aliquots 
for 16S rRNA gene sequencing and qPCR measurements.

To prepare the sequencing library, two amplification 
steps will be performed using the AccuPrime Taq high 
fidelity DNA polymerase system (Thermo Fisher/Invi-
trogen/Life Technologies, Carlsbad, California, USA). 
First, the 16S ribosomal DNA hypervariable region V453 
will be amplified using 20 ng of genomic DNA and the 
gene- specific primers with Illumina adaptors: forward 
5′  TCGT CGGC AGCG TCAG ATGT GTAT AAGA GACAG 
GTGCCAGCMGCCGCGGTAA 3′; reverse 5′  GTCT CGTG 
GGCT CGGA GATG TGTA TAAG AGACAG  GGACTACH-
VGGGTWTCTAAT 3′. Second, purified amplicon DNA 
from the last of 25 PCR cycles will be amplified for 8 cycles 
using the primers with different molecular barcodes: 
forward 5′  AATG ATAC GGCG ACCA CCGA GATC TACAC 
[i5] TCGTCGGCAGCGTC 3′; reverse 5′  CAAG CAGA 
AGAC GGCA TACGAGAT [i7] GTCTCGTGGGCTCGG 
3′. The normalised and pooled libraries will be run with 
paired- end sequencing on an Illumina MiSeq (Illumina, 
San Diego, California, USA) using the 500 base pairs (bp) 
V2 sequencing kit (2×250 bp paired end reads).

A qPCR assay will be used to measure the copy number 
of the 16S rRNA gene using the following primers that 
target the V6 conserved region: 16S926F 5′- AAACT-
CAAAKGAATTGACGG- 3′ and 16S1062R 5′-CTCACRR-
CACGAGCTGAC- 3′.54 These primers will be synthesised 
and high- pressure liquid chromatography (HPLC) puri-
fied by Integrated DNA Technologies (Coralville, Iowa, 
USA). Core reagents for the SsoAdvanced Universal 
SYBR Green Supermix will be obtained from Bio- Rad 
(Hercules, California, USA). In a 20 µl reaction system, 
the final concentrations for both the forward and reverse 
primers will be added at 0.4 µM and probe concentration 
will be 0.2 µM. The reagent master mix will be filtered 
to minimise contamination using a Microcon YM- 100 
centrifugal filter unit (Millipore) at 2000 rpm for 35 min, 
5000 rpm for 5 min and 8000 rpm for 5 min. Reactions 
will start at 50°C for 2 min on the Bio- Rad CF96 real- time 

cycler followed by initial denaturation at 98°C for 3 min. 
Reactions will then undergo 40 cycles of amplification 
at 98°C for 15 s and 60°C for 15 seconds. Mixed vaginal 
plasmid standards made up of Gardnerella, Prevotella 
and Lactobacillus55 will be run for each reaction ranging 
from 107 to 100 gene copies; values will be reported as 
16S rRNA gene copies/specimen to estimate the total 
bacterial load. Measurements for total bacterial load will 
be used to adjust relative abundance measures acquired 
from vaginal microbiome sequencing data. Addition-
ally, HPLC primers will be ordered for targeted qPCR of 
Gardnerella spp (Fw 5′-  CACA TTGG GACT GAGA TACGG-
3′, Rv 5′-  AGGTACACTCACCCGAAAGC-3′), P. bivia (Fw 
5′-  CGCACAGTAAACGATGGATG-3′, Rv 5′-  ATGCAG-
CACCTTCACAGATG-3′) and F. vaginae (Fw 5′-  TATA 
TCGC ATGA TGTA TATGGG-3′, Rv 5′-  CATTTCACCGCTA-
CACTTGG-3′).56 Each qPCR assay will be performed in 
triplicate.

Bioinformatics analysis of 16S rRNA gene sequence data and 
qPCR data
Fastq files from the Illumina MiSeq run will be processed 
through the DADA2 V.1.26 software package in R57 at 
LSUHSC to determine amplicon sequence variants. 
Parameters based on quality profiles of the sequencing 
run will be used to retain high- quality data and trim off 
amplicon primers. The DADA2 algorithm will be used to 
build an error profile for the vaginal specimens, isolate 
amplicon sequence variants and detect and remove 
chimaeras. The Silva database V.13858 will be used for 
taxonomic classification. Sequence variants will be placed 
into a sequence table indicating frequency for each spec-
imen and decontam V.1.1859 will be used with sampling 
controls for each participant to remove sequence variants 
identified as contaminants. We will apply methods devel-
oped by Tettamanti Boshier et al39 to complement our 
vaginal microbiome sequencing data with bacterial load 
estimates in order to infer the absolute abundances of 
bacterial species present and adjust the measured relative 
abundance metrics to IAA measures. Phyloseq V.1.4260 
will be used to calculate and visualise the alpha and 
beta diversity and provide a taxonomic summary of the 
vaginal specimens for an overview of the data. CSTs will 
be constructed using the Bray- Curtis distance to calculate 
pairwise sample distances followed by denoising of this 
distance matrix selecting the most significant Principal 
Coordinates Analysis eigenvectors.61 Custom scripts will 
be written to investigate hypotheses and produce custom 
analyses and visualisations.

Statistical power
Table 2 illustrates standardised effect sizes that can 
be detected with ≥80% power using a two- tailed type 
I error rate of 0.05, assuming various autocorrelation 
(rho) and iBV event rates using a repeated measures 
study design with a sample size of 150 women and 28 
vaginal specimens (2 specimens per day × 14 days prior 
to iBV). The standardised effect size is calculated by 
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dividing the difference between the two group means 
(meaniBV – meannormalvaginalmicrobiota) by a common SD. The 
autocorrelation will account for the fact that repeated 
observations for the same woman are not indepen-
dent observations; non- independence in repeated 
measurements increases variation. As the autocorrela-
tion increases (table 2), larger effect sizes are required 
to achieve adequate statistical power. Higher iBV rates 
will permit detection of smaller differences. Table 2 
shows that, across various autocorrelations and event 
rates, the study will have adequate power to detect 
small- medium standardised effect sizes. The circled 
table cell can be interpreted as follows: assuming an 
iBV rate of 18%62 (27 women with iBV and 63 women 
maintaining normal vaginal microbiota), an SD of 
10%, and an autocorrelation of 0.20, the study will 
have 85% power to detect a mean difference of 3.3% 
(0.33×10%) in the mean relative and absolute abun-
dance of a given bacterial species between the two 
groups. Similarly, with an SD of 20%, a mean differ-
ence of 6.6% (0.33×20%) will be detected. If the final 
sample size for analysis is 10% smaller than expected 
(ie, n=135, iBV=24, normal=57) due to STI infection 
at enrolment or loss- to follow- up, the effect size for 
the circled table cell will still be 0.35. Power calcu-
lations were estimated using Power and Sample Size 
software, V.14 (NCSS, Kaysville, Utah, USA).

We anticipate that approximately 400 WSM will 
need to be screened in order to enrol 150 women, 
based on the prevalence of normal vaginal microbiota 
in our prior study.63

Statistical analysis
Women with iBV will be compared with those main-
taining normal vaginal microbiota with regard to various 
characteristics including the mean relative abundance 
and IAA of Gardnerella spp, P. bivia, F. vaginae and other 
common BVAB.31 39 Continuous variables such as age 

will be compared using an unpaired t- test or Wilcoxon 
rank sum test, as appropriate. Sociodemographics, STI 
history, sexual behaviour history and contraception use 
at enrolment will be compared between groups using 
χ2 or Fisher’s exact tests. Longitudinal patterns in the 
sequencing data will then be examined using different 
approaches such as repeated measures analysis of vari-
ance (ANOVA) and linear mixed models which will 
account for missing data. We will compare the results 
using these approaches and will report the result for 
which the assumptions will be most reasonable. If the 
data demonstrate extreme skewness, we will use boot-
strapping to conduct a non- parametric analysis; 10 000 
bootstrapped samples will be drawn with replacement 
from women with iBV and women maintaining normal 
vaginal microbiota to create 95% CIs comparing the 
mean relative abundance difference between groups. 
Our bootstrapping approach will select the available 
set of longitudinal values for each participant to main-
tain and account for the correlation structure among 
the repeated observations. Mean relative abundance 
differences between women with iBV and women 
maintaining normal vaginal microbiota, after adjust-
ment for antibiotic use and other characteristics, will 
be calculated within each bootstrap for each sample. 
Bootstrap CIs will be estimated using a Bonferroni 
correction (conservative approach) adjusting the 0.05 
type I error rate for the available number of samples (ie, 
0.05/28=0.0017 when 28 samples are available). If the 
Bonferroni corrected bootstrap empirical CIs do not 
include zero, we will conclude that the groups differ 
significantly at that time point. Secondary analyses will 
examine the association of various sociodemographic 
characteristics, menses, douching and sexual risk 
behaviours (collected in the enrolment questionnaire 
and the daily diaries) with iBV. Statistical significance 
will be set at 0.05 (two tailed) except while examining 
individual samples when the Bonferroni correction 
will be applied, as stated above. IAA of vaginal bacteria 
of interest, including Gardnerella spp, P. bivia and F. 
vaginae, will be obtained by multiplying each bacte-
ria’s relative abundance (measured by 16S rRNA gene 
sequencing) by their total bacterial load (measured by 
broad range 16S rRNA gene qPCR).39 The relationship 
between the IAA and targeted qPCR absolute abun-
dance of Gardnerella spp, P. bivia and F. vaginae will 
be examined by scatter plots and Pearson/Spearman 
correlation coefficients. Furthermore, agreement 
between the two measures will be examined by the 
Bland- Altman method for repeated measures.64–66 If 
agreement is high (ie, 80% of the points within 2 SD), 
the IAA of other vaginal bacteria will be used in our 
analyses as targeted qPCR will only be performed for 
Gardnerella spp, P. bivia and F. vaginae. If agreement is 
not high, we will instead use absolute abundance data 
of Gardnerella spp, P. bivia and F. vaginae from targeted 
qPCR in our analyses. All analyses will be conducted 
using SAS V.9.4.

Table 2 Statistical power for various standardised effect 
sizes

iBV 
event 
rate

Sample size=150*

Rho

Statistical power

With iBV
Normal 
microbiota 80% 85% 90%

10% 15 75 0.2 0.38 0.41 0.44

10% 15 75 0.3 0.45 0.48 0.52

10% 15 75 0.4 0.51 0.55 0.60

14% 21 69 0.2 0.33 0.36 0.39

14% 21 69 0.3 0.40 0.43 0.46

14% 21 69 0.4 0.45 0.49 0.52

18% 27 63 0.2 0.31   0.36

18% 27 63 0.3 0.37 0.39 0.43

18% 27 63 0.4 0.42 0.45 0.48

*We anticipate that the remaining participants will have an intermediate Nugent score 
of 4- 6.
iBV, incident bacterial vaginosis.
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Data management and confidentiality
Participating in this study involves the disclosure of sexual 
behaviour to research personnel. Every effort will be made 
to create a secure and trustworthy environment in the 
privacy of an examination room at the clinic. In order to 
mitigate potential disclosure of sensitive health informa-
tion (on the daily diaries) to persons close to or cohabi-
tating with participants, all study materials will be labelled 
in a generic manner and not contain any indication that 
the study is related to sexual health subject matter. Hard 
copy signed screening and enrolment consent forms 
as well as CRF forms will be stored in study binders in 
a locked cabinet in a locked office at the study site. All 
hard copy CRF data will be entered by study personnel 
into the REDCap database. This database will be stored 
on a password- protected UAB server and managed by the 
UAB STI Research Programme Data Manager, author 
KJA. Participants will be assigned a unique study identi-
fication number and no identifiers will be collected on 
the CRFs. Electronic transfer of CRF data by author KJA 
to CAM, AT and DL will occur through the UAB intranet 
via Box. Deidentified sequence data generated by authors 
JHE and CMT at LSUHSC will be sent via Box to authors 
to CAM, AT and DL at UAB, for statistical analysis. These 
data will be kept on password- protected servers on UAB 
and LSUHSC- encrypted computers. As this study is not a 
clinical trial, a Data and Safety Monitoring Board is not 
required.

Patient and public involvement
None.

ETHICS AND DISSEMINATION
This protocol is approved through the single IRB mecha-
nism by the UAB IRB (Protocol # IRB- 300004547); written 
informed consent will be obtained from all participants. 
The LSUHSC New Orleans Human Research Protection 
Programme is an external relying site. This study is also 
approved by the Ethics Committee for Research in Life 
and Health Sciences (CEICVS) at the University of Minho 
in Braga, Portugal (CEICVS 147/2019). Findings will be 
presented at national and international scientific confer-
ences and published in peer- reviewed journals as well as 
disseminated to providers and patients in communities 
of interest.

DISCUSSION
This prospective cohort study will investigate longitudinal 
changes in the vaginal microbiota of WSM via intensive 
vaginal specimen collection over a 60- day period. This 
study is novel and important for several reasons. First, 
prior longitudinal studies of the vaginal microbiota only 
collected vaginal specimens daily, weekly or quarterly, for 
short periods of time (ie, 7–14 days), or did not specif-
ically focus on the days leading up to iBV.61 67–70 Addi-
tionally, there are little data on the temporal dynamics 

of the vaginal microbiota before, during and after BV 
episodes.31 71 Our proposed study is well powered and 
includes twice daily vaginal specimen collection over 60 
days. A combination of 16S sequencing and qPCR will be 
performed on these specimens for the 14 days leading up 
to iBV, with the data compared with women maintaining 
normal vaginal microbiota. The application of methods 
for IAA integrating qPCR data with 16S rRNA gene 
sequencing data39 will allow for a more rigorous assess-
ment of microbiome changes over time in this cohort. 
This design provides a unique opportunity to better 
define events in the vaginal microbiota occurring prior 
to iBV.

Despite the study strengths, there are limitations. 
One limitation is that participants may not collect three 
vaginal specimens two times per day for 60 days. We 
will assess their compliance with the study protocol at 
each weekly specimen drop- off visit and remind them 
of the importance to collect their specimens. Based on 
our power calculations, small- to- medium standardised 
effects can still be detected even if we only have one set 
of daily vaginal specimens for the 14 days leading up to 
iBV (not shown). Additionally, study questionnaires and 
daily diaries are subject to social- desirability bias given the 
sensitive nature of the questions. To minimise this, we will 
encourage participants to complete these documents on 
their own, without an interviewer. The enrolment ques-
tionnaire will also include a brief social desirability bias 
scale.72 Finally, our study primarily focuses on the role of 
Gardnerella spp, P. bivia, and F. vaginae in the pathogenesis 
of iBV; however, future work should also include research 
on the role of other common BVAB in iBV pathogenesis.
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