10
11
12
13
14

15

16
17
18

19

20

21

22

23

24

25

26

Different and diverse anaerobic microbiota were seen in women living with HIV
with unsuppressed HIV viral load and in women with recurrent bacterial vaginosis:

a cohort study

Chelsea Elwood *°, Arianne Y. K. Albert °, Elisabeth McClymont *°, Emily Wagner °,
Daljeet Mahal b, Keshini Devakandan a’b, Bonnie L. Quiqgley ! Zahra Pakzad b, Mark H.

Yudin ¢, Janet E. Hill ¢, Deborah Money *°, and the VOGUE Research Group

*Department of Obstetrics and Gynecology, University of British Columbia, Vancouver, BC, Canada
®Women’s Health Research Institute, Vancouver, BC, Canada

“Department of Veterinary Microbiology, University of Saskatchewan, Saskatoon, SK, Canada

d Department of Obstetrics and Gynecology, St. Michael’s Hospital, University of Toronto, Toronto, ON,
Canada

! Current address: GeneCology Research Centre, University of the Sunshine Coast, Queensland, Australia

Corresponding author: D Money, 317 — 2194 Health Sciences Mall, University of British Columbia,

Vancouver, BC, Canada, V6T 1Z3. Email: deborah.money@ubc.ca Telephone: 1-604-827-0327.

This is the peer reviewed version of the following article: C Elwood, AYK Albert, E
McClymont, E Wagner, D Mahal, K Devakandan, BL Quigley, Z Pakzad, MH Yudin, JE
Hill, D Money, and the VOGUE Research Group (2020). Different and diverse anaerobic
microbiota were seen in women living with HIV with unsuppressed HIV viral load and in
women with recurrent bacterial vaginosis: a cohort study. BJOG. 127(2): 250-259, which
has been published in final form at https://doi.org/10.1111/1471-0528.15930. This article
may be used for non-commercial purposes in accordance with Wiley Terms and

Conditions for Use of Self-Archived Versions.



27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Abstract

Objective: To compare the vaginal microbiota of women living with HIV (WLWH) to the
vaginal microbiota of women with recurrent bacterial vaginosis (BV) and healthy women
without HIV to determine if there are differences in the vaginal microbiome, what factors
influence these differences, and to characterize HIV clinical parameters including viral
load and CD4 count in relation to the vaginal microbiome.

Design: Observational cohort study.

Setting: Canada.

Population: Women aged 18-49 years who were premenopausal and not pregnant were
recruited into three cohorts: healthy women, WLWH, and women with recurrent BV.
Methods: Demographic and clinical data were collected via interviews and medical chart
reviews. Vaginal swabs were collected for Gram stain assessment and microbiome
profiling utilizing the cpn60 barcode sequence.

Main Outcome Measures: To compare overall community composition differences, we

used compositional data analysis methods, hierarchical clustering, and Kruskal-Wallis
tests where appropriate.

Results: Clinical markers such as odour and abnormal discharge, but not irritation, were

associated with higher microbial diversity. WLWH with unsuppressed HIV viral loads
were more likely than other groups to have non-Gardnerella dominated microbiomes.
HIV was associated with higher vaginal microbial diversity and this was related to HIV
viral load, with unsuppressed women demonstrating significantly higher relative
abundance of Megasphaera genomosp. 1, Atopobium vaginae, and Clostridiales sp. (all

p<0.05) compared to all other groups.
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Conclusions: In WLWH, unsuppressed HIV viral loads were associated with a distinct
dysbiotic profile consisting of very low levels of Lactobacillus and high levels of
anaerobes.

Funding: Canadian Institutes of Health Research and Genome British Columbia.

Keywords: Vaginal microbiome, HIV, cpn60, bacterial vaginosis, women’s health

Tweetable Abstract
Vaginal microbiomes in WLWH with viral load >50 have distinct dysbiotic profiles with

high levels of anaerobes.
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Introduction

While the healthy vaginal microbiome has been increasingly studied, the
microbiome in the context of recurrent bacterial vaginosis (BV) and other conditions
including infection with human immunodeficiency virus (HIV) has not been explored to
the same extent.' Fully understanding the dimensions of dysbiosis in different
populations remains elusive. In addition, women living with HIV (WLWH) have higher
rates of BV than women without HIV, as diagnosed by Nugent’s score and affecting as
many as 30% of WLWH.>? The vaginal microbiome has been identified as having
significant clinical implications in the effectiveness of pre-exposure prophylaxis for the
prevention of HIV transmission. In particular, women with a perturbed microbiome (i.e.,
BV) and the presence of Gardnerella vaginalis experienced decreased effectiveness of
vaginal tenofovir for the prevention of HIV transmission, thought to be due to direct
degradation of tenofovir by non-Lactobacillus vaginal bacteria.” In addition to the role
the vaginal microbiome plays in the acquisition of HIV,>® HIV itself has been found to
play a role in increased lower genital tract infections.'

The majority of studies exploring the vaginal microbiome have used 16S rRNA
gene PCR and sequencing, and few of these studies have included direct comparisons to a
population of women without HIV.”® Our previous research has increased the
understanding of the vaginal microbiome in healthy, reproductive aged women in North
America and has resolved previously unrecognized “community state types” (CSTs)
using profiling based on chaperonin-60 (cpn60) barcode sequences.” Utilization of cpn60
sequences allows for better species and strain level differentiation of microorganisms. '’

Given the importance of the vaginal microbiome in reproductive health and its role in
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HIV transmission and other health outcomes in WLWH, determination of the
composition of the microbiome in dysbiosis is important. In the present study we sought
to compare the vaginal microbiota of women with recurrent BV and WLWH to healthy
women to determine if there are differences between these women, what potential factors
influence these differences, and in WLWH to characterize HIV clinical parameters

including viral load and CD4 count in relation to the vaginal microbiome.

Methods

Participants enrolled in the HIV-negative cohort were volunteer women recruited
from the greater Vancouver area of BC, Canada, without symptoms of recurrent BV as
previously described.” Women in the recurrent BV cohort were recruited, by convenience
samples, from two referral Reproductive Infectious Diseases clinics (Vancouver and
Toronto) if they had experienced symptoms in the previous two weeks, had an
intermediate to high Nugent’s score by clinical swab at the visit, and also had at least four
self-identified episodes of vulvovaginitis in the past 12 months. WLWH were recruited
from a comprehensive women’s HIV clinic where women access both HIV and
gynecologic care (the Oak Tree Clinic, BC Women’s Hospital). They had to be between
the ages of 18-49 years, premenopausal, and not pregnant. Patients were not involved in
the development of this study.

Demographic and clinical data were collected via interview and by reviewing
medical charts. Vaginal swab samples were collected from the lateral vaginal wall and
posterior fornix during a clinically indicated speculum examination and were sent for

Gram stain assessment and microbiome profiling.'' Swab collection, sample storage, and
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Nugent’s scoring were conducted as previously described.” Total DNA extraction from
vaginal swabs, generation of cpn60 PCR amplicon libraries and sequencing were carried
out as previously described.” The cpn60 barcode sequence has been demonstrated to
provide species or even strain level resolution of bacteria,'” '* including those comprising
the vaginal microbiota.'" ">

Amplification primer sequences were removed using cutadapt, followed by
quality trimming with trimmomatic (quality cut-off 30, minimum length 150). Quality
trimmed reads were loaded into QIIME2'” for sequence variant calling and read
frequency calculation with DADA2'® and a truncation length of 250. For taxonomic
identification, variant sequences were compared to the cpnDB_nr reference database
(version 20190305, downloaded from www.cpndb.ca) using watered-BLAST.'® Sequence
variants having the same best database reference were grouped together into nearest
neighbor “species” by summing their total read counts within samples. These nearest
neighbour taxonomic labels are used in the subsequent analyses.

Detection of Mollicutes (Mycoplasma and/or Ureaplasma) was accomplished
using a family-specific, semi-nested PCR targeting the 16S rRNA gene." Ureaplasma
spp. were detected with a PCR assay targeting the multiple-banded antigen, in which U.
parvum and U. urealyticum can be differentiated based on PCR product size.*

A number of statistical tests were employed to provide a comprehensive
understanding of the diversity and composition of the vaginal microbiome in four groups:
healthy women, women with recurrent BV, WLWH who have suppressed HIV viral

loads (VL<50 copies/mL), WLWH who have unsuppressed HIV viral loads (VL>50

copies/mL). Additional variables considered were: use of any antibiotics in the past three
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months, age (years), body mass index (BMI, kg/m?), current tobacco use (yes/no),
abnormal odour in the past two weeks (yes/no), abnormal irritation in the past two weeks
(yes/no), abnormal discharge in the past two weeks (yes/no), and number of sexual
partners in the last two months (0, 1, 2, or more).

We compared Shannon’s diversity using Kruskal-Wallis tests. To compare overall
community composition differences, we used compositional data analysis methods,*"" **
then visualized communities with PCA and hierarchical clustering. Community state
types (CST)” **** were identified from these analyses using cluster fit statistics.”> We
compared the relative abundance (center-log ratio transformed) of a subset of taxa,
among the clinical variables described above using linear regressions assessing all
variables together in multivariable models. Although there was some deviation from the
assumption of normality of residuals, the deviation was not extreme in any case, and the
overall sample size is large justifying this approach. Confidence intervals for the
estimated regression coefficients were calculated using a BCa bootstrap technique with
resampling of cases and 10,000 bootstrap iterations. Post-hoc pairwise tests with p-value
correction were performed to determine which groups were different. All statistical

analyses were carried out using R v3.3.1.%°

Results

The cohort of 306 reproductive aged women without a history of BV or HIV was
used for comparison in this study.’ A total of 39 women with recurrent BV and 54
WLWH and were compared to the cohort of healthy women. Of the women with

recurrent BV, 12 samples (31%) came from the clinic in Toronto, Ontario while all other
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samples in the study were from women in the Greater Vancouver, British Columbia
region. There were a total of 399 samples with adequate sequence reads and associated
clinical data. WLWH had a greater average age (38.1 £ 5.8 and 34.0 + 6.8 for those with
VL <50 and VL>50, respectively, vs. 30.2 = 7.6 in healthy women) and had a greater
average BMI (26.1 + 6.0 and 29.1 + 7.2 for those with VL<50 and VL>50, respectively,
vs. 23.9 £ 5.3 in healthy women) (Table 1). Healthy women and women with recurrent
BV were more likely to be White (64.4% and 61.5%, respectively) while there was a
greater ethnic mix among the WLWH with 35% of those with VL.<50 and VL>50 being
non-White ethnicities. Women with recurrent BV were most likely and WLWH were
least likely to have completed some post-secondary education. There was no difference
among the groups in the number of sexual partners in the previous two months. In the
cohort of WLWH, 94.4% of participants were on combination antiretroviral therapy with
63% having an undetectable HIV viral load and 72.2% having a CD4 count >350
cells/mm?’ (Table S1).

There was a difference in microbial diversity among the groups (p=0.001) (Table
S1). There was no significant difference between the BMI categories (p=0.05) but there
was a trend for obese women to have slightly higher diversity (mean Shannon index =
1.08 (£0.85) compared to 0.77 (£0.65) for normal weight). There was also no significant
difference in diversity between those with irritation in the previous two weeks, any
antibiotic use in the past three months, or number of sexual partners in the previous two
months (all p > 0.05). There was significantly higher microbial diversity among those
with abnormal odour in the previous two weeks (mean Shannon index = 1.2 (£0.72))

compared to no abnormal odour (mean Shannon index = 0.78 (£0.69); p = 0.001), and
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among those with abnormal discharge in the previous two weeks (mean Shannon index =
1.13 (£0.73)) compared to those with no abnormal discharge (mean Shannon index =
0.76 (£0.68); p=0.0001).

Overall community composition (beta-diversity) was visualized using PCA. The
first principal component (PC1) describes the differences in relative abundance of
Lactobacillus crispatus vs. the relative abundance of Megasphaera genomosp 1,
Prevotella timonensis, Atopobium vaginae, an unidentified Clostridiales sp., Dialister
micraerophilus, and others (Figure 1; Table S2). PC2 describes differences in the relative
abundance of Lactobacillus iners and L. jensenii relative to all other taxa. Figure 1A
demonstrates how these PC scores relate to the participant groups, and suggests a
separation of the groups along these axes with WLWH, particularly those with VL>50,
having higher PC1 scores on average than the other groups (i.e., lower relative abundance
of L. crispatus with higher relative abundances of anaerobic taxa as described above).

Clustering statistics gave reasonable support for four clusters of microbiome
profiles (Table S3). Visual examination of the heatmap and dendrograms supported four
broad classes, some with subclusters, for a total of ten identifiably different groupings of
samples. The four broad classes divide: 1) those with higher relative abundance of mostly

%-23-2%) and with low amounts

L. crispatus (corresponding to previously described CST 1
of other taxa, 2) those with higher relative abundance of Lactobacillus spp. (Mixed
lactobacilli) with some other varied taxa present, 3) those with high relative abundance of
Gardnerella spp., but with lower abundances of some other dysbiotic taxa, most notably

Clostridiales, Porphyromonas uenonis, and some Prevotella (CST IVC), and 4) those

with a more uniform distribution of traditionally BV-associated taxa (Megasphaera
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genomosp 1, Prevotella timonensis, Atopobium vaginae, Dialister micraerophilus,
Porphyromonas uenonis, an unidentified Clostridiales sp., several Prevotella spp., and
several Gardnerella spp. (CST IVD).

The subclusters divide the Mixed lactobacilli group into five CST (IB, IC, 11, III,
and IVA) dominated by combinations of L. iners, crispatus, jensenii, gasseri,
coleohominis, and L. reuteri, and smaller relative amounts of unusually seen taxa
including Pseudomonas spp., Paraburkholderia spp., and Bifidobacterium breve (Figure
1C). The subclusters also divide the Gardnerella dominated IVC group into three: IVC.1
with samples that have higher relative abundance of Gardnerella vaginalis, IVC.2 with
Gardnerella vaginalis and Gardnerella swidsinskii, and IVC.3 with Gardnerella
vaginalis, Gardnerella leopoldii, and Gardnerella piotii. There was a significant
difference in the proportion of samples from each group of participants in each CST
(p<0.0001; Figure 2).

Eighty-one percent of participants in the healthy cohort had sequence profiles that
were clustered within one of the Lactobacillus dominated CST, compared to 48.7% of the
participants with recurrent BV, 67.7% of the WLWH with VL<50, and 35% of the
WLWH with VL>50. When we restricted the data to samples that had a diagnosis of BV
via Nugent’s scoring, and combined the two WLWH groups to compare their community
compositions, there was a trend for differences in proportion of samples in each CST
among the groups (p = 0.06) with a very small proportion of samples from women with
recurrent BV in CST IVD (11% compared to 50% in WLWH, and 25% in the healthy

cohort).
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We compared the clr-relative abundance of the eight non-Lactobacillus taxa that
loaded onto the first Principal Component with a score of >0.2 (Figure 3; Table S4).
WLWH with VL>50 had significantly higher relative abundance of Megasphaera
genomosp 1, Atopobium vaginae, and Clostridiales sp. compared to women in all other
groups, controlling for other variables in the models. There was significantly higher
relative abundance of Dialister micraerophilus in both HIV groups compared to the
healthy cohort, and significantly higher relative abundance of Prevotella amnii in the
WLWH VL>50 group compared to the healthy group and the recurrent BV group.
Finally, there was higher relative abundance of Gardnerella swidsinskii in the WLWH
VL<50 compared to the healthy group, but no difference among any other groups.

Among the other variables in the models, there was significantly higher relative
abundance of Prevotella timonesis and Dialister micraerophilus in samples from current
tobacco users compared to non-users (Table S4). Abnormal discharge was associated
with a higher relative abundance of Dialister micraerophilus, Prevotella amnii, and
Gardnerella swidsinskii compared to those with normal discharge, while abnormal odour
was associated with a higher relative abundance of Atopobium vaginae compared to those
with normal odour. Finally, having had two or more sexual partners in the last two
months was associated with higher relative abundance of Atopobium vaginae compared
to those with no sexual partners.

We also assessed the presence of all Mollicutes in each cohort (Table 1).
Significantly more WLWH with VL<50 were positive for Mollicutes than healthy
women. The women with recurrent BV and the WLWH with VL>50 also had higher

prevalence of Ureaplasma urealyticum than the healthy cohort.

11
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Discussion
Main Findings

This is the first study to use the cpn60 barcode sequence to determine the
composition of the vaginal microbiome in women with recurrent BV and WLWH. Of
importance, we have shown that VL>50 was associated with less than 20% of WLWH
having a CST dominated by Lactobacillus, and 40% having microbiome profiles of CST
IVD a highly diverse and dysbiotic state. Women whose VL>50 had higher relative
abundances of Megasphaera genomosp 1, Atopobium vaginae, Prevotella amnii, and
Clostridiales sp. compared to those with VL<50 and those without HIV including women
with recurrent BV, suggesting that there are specific anaerobes that are more prevalent in
women with unsuppressed viral loads. HIV was associated with a higher relative
abundance of Dialister micraerophilus compared to the healthy cohort. Additionally,
WLWH with VL<50 had a higher relative abundance of Gardnerella swidsinskii
compared to the healthy group.

Prevotella timonesis and Dialister micraerophilus presence correlated with
tobacco use, independent of HIV status, and Dialister micraerophilus was also seen to
correlate with HIV status. The mechanism whereby tobacco use could influence the
vaginal microbiome remains unclear but it is a known modifiable risk factor for vaginal
dysbiosis.”® Obligate anaerobes are necessarily more difficult to study in laboratory and
their diagnostic cultivation is not routine; it is therefore perhaps not surprising that there
is much less knowledge about the role of obligate anaerobes in the vaginal microbiome.

New species are continuing to be identified®” and the roles of anaerobes and their

12
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fermentation products in vaginal microbial ecology are being explored, but more work is
needed.

The vaginal microbiome, and specifically Gardnerella vaginalis, has been
implicated as a negative influence on the effectiveness of vaginal tenofovir for pre-
exposure prophylaxis and the prevention of HIV transmission.* >’ Vaginal tenofovir is
metabolized by the vaginal microbiome and Gardnerella vaginalis was able to alter in
vitro drug levels as well as in vivo vaginal and plasma drug levels.* >’ In addition, L.
crispatus can alter permeability of cervical mucus to HIV virions, and presence of altered
vaginal microbiota and lack of L. cripatus has been proposed to increase the risk of HIV
and other STI acquisition.” Gardnerella species differ in sialidase activity, which can
alter barrier function of the vaginal and cervical mucosa, with only Gardnerella piotii
exhibiting sialidase activity."” In this study, Gardnerella piotii was not important for
defining overall community differences, and was not significantly different in average
relative abundance among the groups (data not shown). Many other BV-associated
bacteria produce hydrolytic enzymes including sialidase and mucinase®' and it has been
suggested that some of the “virulence factors” of Gardnerella may have more of a role in
initiating dysbiosis than they do in directly contributing to BV symptoms by establishing
an environment that supports the growth of other anaerobes and the formation of multi-
species biofilms.** In future studies, the recent reclassification of Gardneralla vaginalis™
and its potential phenotypic differences may prove important for understanding clinical
differences associated with the same Nugent’s score.

Our data also re-affirm what is known in clinical practice regardless of HIV

status, which is that odour and abnormal discharge are associated with diversity,’* as

13



302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

opposed to irritation which did not correlate with diversity. Antibiotic use within the last
three months (largely in the recurrent BV cohort) did not show any significant association
with diversity; however, women with BV have significant treatment failure rates up to
50%.> In this population, antibiotic use was primarily clindamycin or metronidazole,
which is used to treat BV but is not resulting in changes in diversity in this study. Results
of the principal components analysis suggest that the large variation between the samples
occur due to variance in the relative abundances of a handful of taxa. These are
associated with differences in BV-associated taxa, recurrent BV status, HIV viral load,
and presence of symptoms. If further studies confirm that these variations are due to a
small number of taxa and are potentially correlated with clinical variables such as viral
load, targeted PCR, which is more readily available than microbiome sequencing, may be

of use for clinical diagnostics and more targeted antimicrobial therapy.

Strengths and Limitations

This study is the first of its kind to use a higher resolution cprn60 marker to
characterize the vaginal microbiome in women with recurrent BV and WLWH with more
taxonomic detail than is available using 16S rRNA. It is one of the larger studies in North
America to date. A limitation of our study is that it evaluated the vaginal microbiome of
patients at a single time point and does not represent the dynamic nature of the
microbiome.>® The small relative sample of WLWH with VL>50 makes it difficult to
determine if small effect associations were missed for this group in particular. The
observational nature of the study and the potential for missed confounders mean that the

conclusions are not definitive but instead point to potential areas for future investigation.

14



325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

This analysis does however provide important insights into the variability in vaginal
dysbiosis and specifically differences between WLWH and women without HIV, but
whether these differences correlate with adverse clinical outcomes remains to be seen. In
addition, WLWH in this cohort were generally well engaged in care in North America,

thus, our findings may not be generalizable to all WLWH globally.

Interpretation

Women with dysbiosis with and without HIV can be well characterized using this
highly discerning platform permitting greater capabilities to study changes in the
microbiome over time, under different conditions of health and disease, and to monitor
treatment effects. Clinical symptoms such as odour and discharge appear to correlate with
dysbiosis, thus reaffirming the value of these symptoms in the clinic; however, they are
not sufficient for identifying the specific taxa that may be causing symptoms. In our
cohort of WLWH, unsuppressed HIV viral load appears to influence the vaginal
microbiome with more women having dysbiosis when VL>50 copies/mL, and with
differing microbiota composition dependent on viral load suppression. This has not been
seen previously, thus clinicians should have a higher index of suspicion for dysbiosis in
women with unsuppressed viral loads and differing treatment options may need to be
developed in the future depending on viral load suppression. We also noted that smoking,
a potentially modifiable behaviour, was associated with specific anaerobes associated
with BV. Future studies utilizing the higher resolution cpn60 barcode are required to
correlate these findings with adverse outcomes given that WLWH are at higher risk of

adverse reproductive outcomes such as preterm birth and cervical cancer.
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Conclusion

This study demonstrates the high utility of the cpn60 barcode in differentiating
subgroups of women with dysbiosis including women with recurrent BV and WLWH.
WLWH who have unsuppressed HIV viral loads are more likely to demonstrate vaginal
dysbiosis than WLWH with suppressed HIV viral loads and women without HI'V.
Additionally, the composition of dysbiotic vaginal microbiomes in unsuppressed WLWH
is different from the composition of dysbiotic vaginal microbiomes in suppressed
WLWH, with the vaginal microbiomes of dysbiotic unsuppressed WLWH more likely to
contain very low levels of Lactobacillus and very high levels of anaerobic bacteria such
as Megasphaera. These results point to important differences for interpretation of

diagnostics for dysbiosis as well as treatment approaches for these varying microbes.
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Table/Figure Caption List

Table 1: Summary of demographic and clinical variables by cohort and overall.

Figure 1: A and B) Principal components results. Raw read counts were summed by
nearest neighbour taxon label from cpnDB with at least 55% identity. Center-log ratio

transformation was performed using ALDEx::aldex.clr’"

and then combined using
propr::aldex2propr.”*° 48 nearest neighbour taxa with non-zero read counts in at least
5% of the samples were retained for further analysis. PCA was performed on the
Euclidean distance matrix. The first three principal components explained 40% of the
variance in relative abundance: (24.2%, 9.2%, and 6.6%). PERMANOVA
(vegan::adonis)*' R*=0.05, p=0.001 for distance among groups for overall community

composition. A) Points are samples and the distance between them is proportional to their

compositional distance. Grey = healthy cohort, green = recurrent BV, orange = WLWH
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VL<50, and magenta = WLWH VL>50. The circles encompass 1SD of the samples in
each group. B) Principal component loadings for the nearest neighbour taxa. Distance and
direction from the origin are proportional to the SD of the taxon, distance between points
is inversely proportional to their compositional association. Points close together tend to
vary together in relative abundance across samples. E.g. Megasphaera genomesp1, and
Prevotella timonensis tend to both be at high relative abundance, or both at low relative
abundance across samples. Viewing A and B together suggests that samples from
WLWH with VL>50 have on average higher relative abundance of the taxa to the right in
panel B.

C) Heatmap of clr-transformed relative abundance of the 48 nearest neighbour taxa with
Ward hierarchical clustering on the Euclidean distance matrix. Shown are 4 clusters with

10 subclusters.

Figure 2: Percent of samples from each group in each of the four broad community state
types (CST). CST 1 contains samples dominated by Lactobacillus crispatus, CST IVC
samples have high relative abundance of Gardnerella spp, and CST IVD samples with a
more uniform distribution of traditionally BV-associated taxa (Megasphaera genomosp
1, Prevotella timonensis, Atopobium vaginae, Dialister micraerophilus, Porphyromonas
uenonis, an unidentified Clostridiales sp., several Prevotella spp., and several

Gardnerella spp.

Figure 3: Boxplots of clr-transformed relative abundance of eight taxa with PC1 loadings

>0.2. The horizontal lines indicate the medians, the boxes extend to the interquartile
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ranges, the whiskers extend to 1.5 times the IQR, and the points indicate outliers. Letters
above boxes show significant pairwise comparisons by post-hoc tests with p-value

correction. Groups sharing the same letter are not significantly different (p>0.05).

Table S1: Summary of additional demographic and clinical variables by cohort and
overall.

Table S2: Principal component score loadings for the 48 taxa included in the analysis.
Table S3: Cluster statistics.

Table S4: Comparisons of clr-transformed relative abundance of selected taxa by clinical
variables.

Table 1. Summary of demographic and clinical variables by cohort and overall.

Total Healthy Recurrent BV  WLWH <50 VL WLWH >50 VL P-value
No. 399 No. 306 No. 39 No. 34 No. 20
Age (years)
Mean (SD) 31.2 (£7.8) 30.2 (£7.6) 32.1 (£7.3) 38.1 (£5.8) 34.0 (£6.8) <0.0001
BMI
Mean (SD) 24.3 (£5.5) 23.9 (#5.3) 22.8 (£3.9) 26.1 (£6.0) 29.1 (£7.2) <0.0001
Missing 4 (1.0%) 3 (1.0%) 1 (2.6%) 0 (0%) 0 (0%)
Any antibiotic use last 3 months
yes 52 (13.0%) 18 (5.9%) 20 (51.3%) 7 (20.6%) 7(35.0%) <0.0001
no 347 (87.0%) 288 (94.1%) 19 (48.7%) 27 (79.4%) 13 (65.0%)
Number of sexual partners in the last 2 months
0 98 (24.6%) 75 (24.5%) 7(17.9%) 12 (35.3%) 4 (20.0%) 0.23
1 282 (70.7%) 220 (71.9%) 26 (66.7%) 20 (58.8%) 16 (80.0%)
2 or more 15 (3.8%) 10 (3.3%) 4 (10.3%) 1(2.9%) 0 (0.0%)
Missing 4 (1.0%) 1 (0.3%) 2 (5.1%) 1(2.9%) 0 (0.0%)
Discharge past 2 weeks
no 331 (83.0%) 279 (91.2%) 7(17.9%) 30 (88.2%) 15 (75.0%) <0.0001
yes 62 (15.5%) 22 (7.2%) 31 (79.5%) 4 (11.8%) 5(25.0%)
Missing 6 (1.5%) 5 (1.6%) 1 (2.6%) 0 (0.0%) 0 (0.0%)
Irritation past 2 weeks
no 330 (82.7%) 272 (88.9%) 9(23.1%) 32 (94.1%) 17 (85.0%) <0.0001
yes 63 (15.8%) 29 (9.5%) 29 (74.4%) 2 (5.9%) 3 (15.0%)
Missing 6 (1.5%) 5(1.6%) 1 (2.6%) 0 (0.0%) 0 (0.0%)
Odour past 2 weeks
no 360 (90.2%) 296 (96.7%) 18 (46.2%) 30 (88.2%) 16 (80.0%) <0.0001
yes 33 (8.3%) 5(1.6%) 20 (51.3%) 4 (11.8%) 4 (20.0%)
Missing 6 (1.5%) 5(1.6%) 1 (2.6%) 0 (0.0%) 0 (0.0%)
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Table 1. Summary of demographic and clinical variables by cohort and overall.

Total Healthy Recurrent BV  WLWH <50 VL WLWH >50 VL P-value
No. 399 No. 306 No. 39 No. 34 No. 20
Any symptoms past 2 weeks
no 303 (75.9%) 260 (85.0%) 1 (2.6%) 28 (82.4%) 14 (70.0%) < 0.0001
yes 91 (22.8%) 41 (13.4%) 38 (97.4%) 6 (17.6%) 6 (30.0%)
Missing 5(1.3%) 5 (1.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Nugent category
BI;I;“ consistent with a0 75 40 247 (80.7%) 10 (25.6%) 25 (73.5%) 7(35.0%) <0.0001
Intermediate 42 (10.5%) 24 (7.8%) 13 (33.3%) 2 (5.9%) 3 (15.0%)
Consistent with BV 64 (16.0%) 32 (10.5%) 15 (38.5%) 7 (20.6%) 10 (50.0%)
Missing 4(1.0%) 3 (1.0%) 1 (2.6%) 0 (0.0%) 0 (0.0%)
Mollicutes
Negative 109 (27.3%) 92 (30.1%) 11 (28.2%) 3 (8.8%) 3(15.0%)  0.028
Positive 290 (72.7%) 214 (69.9%) 28 (71.8%) 31 (91.2%) 17 (85.0%)
Ureaplasma
Negative 190 (47.6%) 159 (52.0%) 11 (28.2%) 16 (47.1%) 4(20.0%)  0.0006
Parvum 167 (41.9%) 125 (40.8%) 18 (46.2%) 13 (38.2%) 11 (55.0%)
U‘;g;‘l’;‘g; ffn 2 (0.5%) 1(0.3%) 1 (2.6%) 0 (0.0%) 0 (0.0%)
Urealyticum 40 (10.0%) 21 (6.9%) 9 (23.1%) 5 (14.7%) 5(25.0%)
Shannon’s Diversity Index (H)
Mean (SD) 0.82 (0.70) 0.74 (0.67) 1.11 (0.75) 0.97 (0.76) 1.18 (0.77)  0.001

P-values are from Wilcoxon rank sum tests for continuous variables and Fisher's exact tests for categorical variables
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