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Abstract

Background

Low-diversity, Lactobacillus-dominated vaginal microbiota are associated with
immune protection in pregnancy, whereas community state type (CST) IV and
transitional CST Ill are linked to inflammation and preterm birth (PTB). Pregnant
women living with HIV (PWLWH) in the UK have higher preterm birth rates than
pregnant women without HIV (PWWH). We previously identified an association
between PTB and CSTs Ill and IV in PWLWH from the UK HIV Preterm Birth
Network study. However, participants in that cohort predominantly self-identified as
having a Black ethnic background, and it remains unclear whether these
associations differ according to HIV status and social factors. This larger analysis
compares vaginal microbiota composition, inflammation, and PTB outcomes across
self-identified Black and White PWLWH and PWWH.

Results

103 women (55 Black PWLWH, 14 Black PWWH, 15 White PWLWH, and 19 White
PWWH) provided second trimester vaginal samples. Twelve women experienced
PTB, 10 of whom were Black PWLWH (18.2% PTB rate). Black pregnant women had
higher Chao1 alpha diversity than White PWWH (p=0.002). CSTs Il and IV were
more prevalent in Black women and White PWLWH, while CST | was less frequent.
Among Black women, HIV was not associated with Chao1 diversity or inflammation,
whereas among White women, HIV was linked to heightened Chao1 (p=0.007) and
increased cervicovaginal cytokines. In Black PWLWH who experienced PTB, most
were assigned to CST Ill or IV in the second trimester. Nearly half of Black PWLWH
(49%) underwent a CST transition during pregnancy and were more likely to

transition compared to other subgroups (aOR: 2.53, 95% CI 1.02-6.52; p=0.048).
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CST change trended toward increased PTB risk in Black PWLWH (aOR: 3.50, 95%
Cl1 0.82-18.46; p=0.10), with transition between CSTs Ill and IV associated with the
highest risk of PTB (aOR: 7.75, 95% CI 1.57-42.75; p=0.01).

Conclusions

Black PWLWH had the highest PTB rates, and CST instability during pregnancy was
associated with PTB risk in this group, particularly transitions between CSTs Ill and
IV. The high prevalence of CSTs Il and IV among Black women regardless of HIV,
and within White PWLWH, may reflect broader socioeconomic determinants of

reproductive health.

Keywords
Vaginal microbiome, preterm birth, HIV, metataxonomics, vaginal microbiome

dynamics and reproductive health

Background

The vaginal microbiota is a dynamic ecosystem that plays a critical role in sexual and
reproductive health [1]. Its composition varies over time and among individuals and
can be broadly categorized into community state types (CSTs) according to bacterial
taxa [1, 2, 3]. CST IV features reduced Lactobacillus abundance, increased
Gardnerella vaginalis and other anaerobic taxa, and increased bacterial diversity [2,
3]. CST IV broadly aligns with the clinical condition of bacterial vaginosis (BV) and is
associated with inflammation [4] and adverse sexual and reproductive health
outcomes [1, 2, 5]. Notably, CST IV communities are typically less temporally stable
than Lactobacillus-dominated CSTs [1], which may permit transient shifts into high-

diversity states and increase susceptibility to infection and inflammation.
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In contrast, CSTs I, Il, lll, and V are dominated by one of four Lactobacillus species (L.
crispatus (1), L. gasseri (llI), L. iners (lll), and L. jensenii (V)) and are generally
characterized by low species diversity [2, 3]. Lactobacillus species maintain a low
vaginal pH and produce bactericidal compounds that inhibit pathogens [6, 7].
Accordingly, these CSTs have been associated with a reduced risk of BV, sexually
transmitted infections (STls) [5], and other urogenital conditions [8, 9]. The protective
role of L. iners is disputed, as it displays limited antimicrobial activity [10] and is more
prone to transition to high-diversity states [1, 2].

In the context of pregnancy, high-diversity CST IV communities have been associated
with preterm birth (PTB) (delivery before 37 gestational weeks) [11] and other
complications, such as miscarriage and low birth weight [12, 13], whereas low-
diversity, Lactobacillus-dominated CSTs are widely connected to term delivery [14, 15].
Longitudinal studies further indicate that women with uncomplicated term deliveries
tend to exhibit reduced bacterial diversity [16], fewer excursions into high-diversity
CSTs [17], and an enrichment of Lactobacillus-dominated communities over the
course of pregnancy [18, 19]. Conversely, microbiome instability and an increased
prevalence of high-diversity states are associated with a heightened risk of ascending
genitourinary infections and inflammation, which may contribute to membrane rupture
[20] and the initiation of preterm labor [11, 14, 21].

The prevalence of CSTs is often reported to differ by geography and ethnicity, where
ethnicity is understood as a demographic categorization that reflects environmental
and cultural factors and ancestry. Studies in both nonpregnant and pregnant
populations have revealed differences in the CST distribution across ethnic groups,
with a higher prevalence of high-diversity microbiota observed in cohorts of Black

women than in those of White women [2, 3, 16, 19, 22]. Consistent with these patterns,
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the global prevalence of BV also varies by region, with estimates of approximately
23% in Europe, 29% in South Asia, and some of the highest rates reported in southern
and eastern Africa, with 34% in Tanzania and 58% in South Africa [23, 24].

However, differences in the vaginal microbiota have been attenuated after accounting
for smoking, douching, and sexual behaviors, suggesting that ethnicity may act as a
proxy for underlying social, behavioral, or structural factors [25, 26, 27]. These
contextual factors are particularly relevant in settings with a high burden of human
immunodeficiency virus (HIV).

Women living with HIV also have a high prevalence of CST IV and nonoptimal CST llI
[28, 29, 30]. It is known that BV increases the risk of HIV transmission through the
recruitment of HIV target cells to the genital mucosal interface [31, 32, 33, 34]. Indeed,
BV prevalence is often reported to be high in regions with high HIV prevalence [31];
however, HIV itself may play a role in the incidence and persistence of high bacterial
diversity [29, 35, 36].

Women living with HIV also have high rates of PTB, which are up to 4-fold higher than
those of women without HIV and the general population [37, 38, 39, 40]. The etiology
of PTB is not fully understood and is likely multifactorial, including a high co-
occurrence of risk factors, such as ethnicity and structural racism, alongside immune
dysfunction [41, 42]. It has been hypothesized that combination antiretroviral
medication (ART) may increase the risk of PTB; however, this has not been borne out
with newer, less toxic, integrase inhibitor-based regimens [43, 44]. Others have
examined the role of adverse placental pathology [45].

We and others have shown that pregnant women living with HIV (PWLWH) have a
high prevalence of nonoptimal CSTs IV and Ill and that PTB was observed exclusively

in these CSTs [4, 46]. A limitation of our earlier work was that 81% of participants in
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the UK HIV Preterm Birth Network (UHPBN) cohort self-identified as Black, compared
with 23% of PWWH in the term delivery comparator group. Differences in CSTs
observed between the groups may therefore reflect differences in ethnic composition
rather than HIV status itself.

Here, we present updated analyses of UHPBN with further cases of PWLWH and self-
reported, ethnically matched controls contemporaneously recruited to the same study.
Using long-read 16S rRNA gene sequencing, we further delineate the impact of both
ethnicity and HIV status on the vaginal microbiota throughout pregnancy. Self-reported
ethnicity is not conceptualized here as a biological determinant, but rather used as a
contextual social variable that may reflect differences in structural conditions,
healthcare access, migration history and other lived experiences that impact the
vaginal microbiota that were not captured in this observational study [27, 42].
Stratification by HIV status and self-identified ethnicity is clinically relevant in the
United Kingdom, where women of Black ethnicity experience higher rates of PTB than
White women [47, 48], indicating a significant gap in maternal care. PWLWH in the UK
also have higher rates of PTB than PWWH [49, 50]. Analyses by ethnicity and HIV
status may reveal patterns of microbiome variation during pregnancy that correspond
to PTB risk and are intended to generate hypotheses for future prospective studies
that incorporate detailed social, environmental, and structural data.

Methods

Study Design

This is a secondary analysis of the UHPBN study, which continued to recruit
participants until August 2023 and included 135 women. Eighty-seven PWLWH were
recruited from 8-14 weeks gestation in HIV specialist clinics of ten London hospitals,

and 48 PWWH were recruited from a general antenatal clinic at a single center. Eligible
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women were 18 years of age or older and had known HIV status with a singleton
pregnancy conceived via natural conception (confirmed on ultrasound). The women
included in these secondary analyses had available vaginal samples and self-
identified as Black/Mixed-Black heritage or White, with ethnicity classified according
to the United Kingdom census definitions: White (European descent) and Black
(African and Caribbean descent).

Sampling and data collection

The participants donated a high-level vaginal swab +/- a paired sample of
cervicovaginal fluid (CVF) collected with a SOFTDISC® (The Flex Company, USA) for
microbiota and immune assays at three time points across the second and third
trimesters (timepoint 1 range: mean 20 weeks; timepoint 2: mean 23 weeks; and
timepoint 3: mean 29 weeks, as previously described) [4].

All the samples were snap frozen and stored at —80°C within 4 hours of collection until
further processing. Demographic, medical, and obstetric data were recorded for all
women. The baseline CD4+ T-cell count and plasma HIV RNA concentration at
antenatal screening (12-14 weeks) and delivery and ART regimen were also
documented for PWLWH.

DNA extraction and full-length 16S rRNA gene sequencing

DNA was extracted from either high vaginal swabs or CVF via enzymatic digestion
along with beating of the cell membranes prior to the use of the QIAmp DNA Mini Kit
(Qiagen, UK) as previously described [19]. Genomic DNA was diluted to 2 ng/uL prior
to sequencing. The full-length (V1-V9, 1.5 kb) 16S rRNA gene was sequenced via
PacBio dual-barcoded 16S rRNA gene primers (27F/1492R) using KAPA HiFi HotStart

(Roche Diagnostics, USA) chemistry, as per the PacBio 16S rRNA gene amplification
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protocol [51]. Libraries were created with the SMRTbell kit and sequenced on the
PacBio Sequel lle platform (PacBio, USA).

Sequence analysis and CST assignment

Demultiplexed reads were primer trimmed and processed with the DADA2 package in
R to infer amplicon sequence variants (ASVs). The decontam package [52] was used
to identify and remove contaminant ASVs using DNA extraction and sequencing
negative controls. Taxonomy was assigned from phylum to genus using the SILVA
reference database, and [addSpecies] implemented species-level annotations along
with the SILVA species FASTA. Lachnospiraceae BVAB1 (recently renamed
Candidatus Lachnocurva vaginae) was identified by comparing representative ASV
sequences against the STIRRUPS-curated vaginal database [53]. BVAB1
(Ca. Lachnocurva vaginae) was identified based on the best STIRRUPS match, along
with meeting prespecified identity confidence criteria. Samples with fewer than 200
reads, singleton species, and those found in less than 5% of the samples were
removed from analysis. Relative abundance, Chao1 alpha diversity, and Bray-Curtis
beta diversity were determined using the phyloseq package [54] in R (version 4.5.0).
Chao1 richness was used as the primary alpha diversity measure as the focus of the
analysis was on differences in observed taxa richness across groups.

The samples were classified into vaginal CSTs using the VALENCIA algorithm [3] in
Python (version 3.13). ASVs were formatted to the expected taxon keys within
VALENCIA at either the species or genus level if species were not available. CSTs
were collapsed into the following groups: CST | (L. crispatus dominated, including I-A
and I-B); CST Il (L. gasseri dominated); CST Il (L. iners dominated, including IlI-A and
[lI-B); CST IV (diverse, anaerobe dominated, including IV-A, 1V-B, and IV-C0-4); and

CSTV (L. jensensii dominated).
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Cytokine quantification

A subset of women provided second trimester CVF samples. CVF was diluted in
extraction buffer with a protease inhibitor cocktail as previously described [55]. Ten
cytokines (IFN-y, IL-10, IL-12p70, IL-13, IL-13, IL-2, IL-4, IL-6, IL-8, and TNF-a) were
measured via multiplex chemiluminescent assays (V-plex Human Pro-inflammatory
cytokine panel, Meso Scale Discovery®), and the analyses were restricted to 76
samples within the range of the standard curve.

Statistical Analyses

All the analyses were performed in R, and the figures were generated using ggplot2
[56] and EnhancedVolcano [57]. Unless otherwise specified, p-values were adjusted
for multiple testing using the Benjamini—Hochberg false discovery rate method (FDR),
and FDR-adjusted p < 0.05 was considered statistically significant. In analyses with
many simultaneous comparisons or limited subgroup sample sizes, both nominal and
FDR-adjusted p-values are presented for transparency. Participants were stratified by
HIV status and self-reported ethnicity into four groups: Black PWLWH, Black PWWH,
White PWLWH, and White PWWH. Maternal age and body mass index (BMI) were
included as covariates in the regression models unless otherwise stated.

Participant characteristics

Maternal, immunologic (for PWLWH) and obstetric characteristics were compared
between subgroups using Kruskal-Wallis test for continuous variables and Fisher’s
test for categorical variables. Dunn’s post hoc pairwise tests were performed if
significance was reached.

Vaginal microbiota

Alpha diversity was compared across subgroups with a Kruskal-Wallis test, followed

by Wilcoxon rank-sum tests between subgroups. Beta diversity was assessed with
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global and pairwise permutational multivariate analysis of variance (PERMANOVA)
tests via the pairwiseAdonis package [58]. Differences in CST prevalence at the
second-trimester visit were evaluated using pairwise Fisher’s exact tests. Logistic
regression was used to estimate the odds of assignment to grouped optimal
Lactobacillus-dominated CSTs (I+11+V). Estimated marginal means (EMMs) were
derived using the emmeans package [59], and pairwise contrasts between groups
were evaluated with Tukey-adjusted p values. Differentially abundant species were
compared pairwise between the HIV and ethnicity subgroups via the ANCOM package
[60]. Among PWLWH, generalized logistic models were used to examine the
associations between CD4 count (per 100-cell increase), detectable HIV (> 50 copies),
and ART duration and type with assignment to optimal grouped Lactobacillus CSTs,
testing for interactions with ethnicity.

Genital Inflammation

Paired microbiota and cytokine data from cervicovaginal fluid were available for 40/55
Black PWLWH, 11/15 White PWLWH, 6/13 Black PWWH and 6/18 White PWWH.
Cytokine concentrations were log1o(x+1) transformed to reduce skewness and handle
zeros. The sample size varied by cytokine, as measurements outside of the standard
curve were excluded. Cytokines were compared between groups with Wilcoxon
rank-sum tests. For each cytokine, linear models including subgroup, maternal age,
and BMI were fitted, and EMMs were calculated to assess adjusted pairwise group
differences. Principal component analysis (PCA) was conducted via the pcaMethods
package to summarize inflammation within each sample, and the nipals method was
used to handle missing data [61].

Spearman correlations were calculated between principal component 1 (PC1) and

alpha diversity, age, BMI, CD4 count, and HIV viral load. To assess inflammatory

10
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differences within bacterial states, samples were stratified by CST, and PC1 scores
were compared across HIV and ethnicity subgroups via Wilcoxon rank-sum tests,
Pearson’s correlation and Fisher’s tests were used to explore potential associations
between demographic and bacterial factors and PTB. Generalized logistic models
were used to assess the individual impact of each cytokine on the odds of assignment
to CST I+lI+V. Cytokine effects were evaluated both overall and with subgroup
interaction terms in separate models. A similar model was also used to assess the
impact of PC1 on CST assignment.

Longitudinal Analysis

A second sample was available for 95 women (Black PWLWH, n = 49, White PWLWH,
n = 14, Black PWWH, n = 14, White PWWH, n = 18). CST transitions were collapsed
into optimal (I+11+V) and potentially suboptimal (llI+IV) states. To increase statistical
power, White PWLWH, Black PWWH, and White PWWH were combined and
compared with Black PWLWH to assess the odds of CST change. Additional models
examined i) the odds of CST change between individual subgroups, ii) the
independent effects of ethnicity and HIV status on CST change, and iii) the likelihood
of assignment to CST I+11+V at either timepoint.

Further analyses were performed to evaluate whether the initial CST influenced
subsequent CST changes across subgroups to assess differences in microbiota
stability over time. Associations between overall CST changes, specific transitions

(I+1+V < HI+1V, 1l — V), and PTB were examined in models without covariates.

1
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Results

Study participant characteristics

Of the 87 PWLWH and 48 PWWH in the UHPBN study, second trimester vaginal
samples were available for analysis at 20—-21 weeks gestation from 70 PWLWH and
33 PWWH who identified as Black or White. This included 55 Black PWLWH, 14
Black PWWH, 15 White PWLWH, and 19 White PWWH (Table 1). The remaining
women either identified as Indian, Arab, Asian, Latino, or Chinese or did not have an
available sample at this timepoint. All PWWH were recruited from a general
antenatal clinic at the same center, whereas PWLWH were recruited from eight
different HIV clinics. Recruitment locations were not significantly different between
the PWLWH ethnic subgroups (p = 0.37) (Supplementary Figure 1).

Black PWLWH were older than Black PWWH (p = 0.02) and White PWLWH (p =
0.02) (Table 1). White PWWH had a significantly lower BMI than Black PWLWH (p =
0.002). Gravidity, alcohol use, and obstetric complications did not differ between
groups, although limited tobacco use was reported in all groups except White
PWWH. The median gestational age at delivery was similar across groups (39—40
weeks).

There were 12 PTBs, 10 of which occurred in Black PWLWH (PTB rate of 18%).
There was one stillbirth in the Black PWLWH group. There were no PTBs in the
White PWLWH and one each in PWWH ethnic subgroups.

Among PWLWH, CD4 cell counts at the first antenatal visit were comparable
between Black and White women (541 vs. 676 cells/mm3, p = 0.52), and detectable
plasma HIV viral loads were observed in 10/55 Black and 1/15 White women (p =
0.43) (Table 2). One of fifteen (6.7%) White PWLWH started ART during pregnancy,

whereas 15/55 (27.3%) Black PWLWH initiated ART during pregnancy.

12



298 Table 1: Baseline characteristics by ethnicity and HIV status

299  Percentages by group | P values from Kruskal-Wallis/Fisher's tests | Missing data only in the Black PWLWH group

Black Black White White Missi
issin
Summary by Group PWLWH PWWH PWLWH PWWH P Value dat 9
ata, n
(n=55) (n=14) (n=15) (n=19)
36.00 30.00 31.00 33.00
Median maternal age (years)
(31.00- (23.25- (29.00- (29.00— 0.003 0
(IQR)?
38.00) 33.75) 35.50) 34.00)
27.91 27.05 24.22 22.23
Median baseline body mass index
(23.41- (22.86— (21.56— (20.95— 0.004 3
(weight/height*2) (IQR)?
30.30) 29.68.53) 34.20) 23.98)
21.00 21.00 20.00 20.00
Median gestational age at visit
(20.00- (20.00- (19.50- (20.00- 0.51 0
(weeks) (IQR)
22.00) 22.75) 22.00) 21.00)
39.05 39.10 39.10 40.00
Median gestational age at delivery
(37.82— (38.25— (38.50— (39.20- 0.05 3
(weeks) (IQR)
40.02) 40.25) 40.05) 41.00)
Current alcohol use, n (%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0
Current tobacco use, n (%) 1(1.8%) 4 (28.6%) 1(6.7%) 1(5.3%) 0
First pregnancy, n (%) 15(27.3%) 4 (28.6%) 8(53.3%) 8 (42.1%) 0.23 0
21 prior pregnancy, n (%) 40 (72.7%) 10(71.4%) 7 (46.7%) 11 (57.9%) 0.23 0
Preterm birth (< 37 weeks
10 (18.2%) 1(7.1%) 0 (0%) 1(5.3%) 3
gestational age at delivery), n (%)
Experienced obstetric
29 (52.7%) 8(57.1%) 8(53.3%) 5(26.3%) 0.15 5

complication, n (%)

 Age was significantly different between Black PWLWH and PWWH (p = 0.02) and White PWWH (p = 0.02)
2From height/weight recorded at initial visit (14-15 weeks); White PWWH and Black PWLWH (p = 0.002)

300

301

302

303
13



304 Table 2: Baseline characteristics of women living with HIV by ethnicity

305 Percentages by group | P values from Kruskal-Wallis/Fisher's tests | Missing data only in the Black PWLWH group

. Missing
Clinical Measurements Black (n=55) White (n=15) P Value
data, n
) 541.00 (471.50— 676.00 (518.00—
Median CD4 cell count (cells/mm?3) (IQR) 0.52 0
763.00) 769.50)
Detectable HIV (> 50 copies/mL), n (%) 10 (20.0%) 1(6.7%) 0.43 5
Started ART preconception, n (%) 40 (72.7%) 14 (93.3%) 0.16 0
Started ART postconception, n (%) 15 (27.3%) 1(6.7%) 0.16 0
Median weeks since ART initiation (if not
. 3.00 (2.11-3.96) 11.00 0
preconception) (IQR)
ART Class 0
Integrase inhibitor, n (%) 14 (25.4%) 7 (46.67%) 0.12 NA
Nonnucleoside reverse transcriptase inhibitor,
19 (34.6%) 6 (40.00%) 0.76 NA
n (%)
Protease inhibitor, n (%) 19 (34.6%) 2 (13.33%) 0.20 NA
Nucleoside reverse transcriptase inhibitor, n
3 (5.5%) 0 (0.00%) NA
(%)
ART Backbone 1
Emtricitabine/Tenofovir, n (%) 33 (60.0%) 11 (73.3%) 0.39 NA
Lamivudine/Abacavir, n (%) 15 (27.3%) 2 (13.3%) 0.33 NA
Emtricitabine/Tenofovir alafenamide, n (%) 2 (3.6%) 2 (13.3%) 0.20 NA
Lamivudine/Abacavir/Zidovudine, n (%) 2 (3.6%) 0 (0%) NA
Tenofovir/Lamivudine, n (%) 1(1.8%) 0 (0%) NA
Abacavir/Lamivudine, n (%) 1(1.8%) 0 (0%) NA
306
307
308
309
310
311
312

14
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327

White PWWH have a less diverse vaginal microbiota when compared to every
other subgroup, but no significant difference was detected between Black
PWLWH and PWWH

Chao1 alpha diversity (Figure 1) was significantly different between subgroups (p =
0.001). White PWWH had lower alpha diversity when compared to every other group
(Black PWLWH: p = 0.002, Black PWWH: p = 0.002, White PWLWH: p = 0.007). There
was no statistical difference in Chao1 by HIV status within women of Black ethnicity.
Beta diversity (Figure 2) also differed between participant subgroups (p = 0.03) and

was significantly different between Black PWLWH and White PWWH (p = 0.002).

80 - 0.007

0.002
0.002

® Black PWLWH
Black PWWH
White PWLWH
White PWWH

Chao1 Diversity Index
5

20

I I I |
Black PWLWH Black PWWH  White PWLWH  White PWWH
(n=55) (n=14) (n=15) (n=19)

Ethnicity and HIV Status

Figure 1 - Chao1 alpha diversity across ethnicity and HIV status groups in pregnant women.
Boxplots show Chao1 alpha diversity estimates by subgroup. Points represent individual participants
Only significant comparisons are shown and pairwise comparisons were adjusted via FDR correction.
White PWWH had significantly lower Chao1 diversity compared to all other subgroups (p < 0.002). No

significant differences were observed between the other subgroups
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Figure 2 - Beta diversity by ethnicity and HIV status during pregnancy. Principal coordinate
analysis of the beta diversity of the vaginal microbiota among pregnant women. Dotted ellipses
represent 95% confidence ellipses around the group centroids. Overall group differences were
assessed using PERMANOVA (p = 0.03), with pairwise comparisons adjusted using FDR correction.

Significant differences were observed between Black PWLWH and White PWWH (p = 0.002).

A high prevalence of L. iners-dominant CST Ill and mixed anaerobic CST IV in
White PWLWH, Black PWLWH and PWWH compared to White PWWH, with CST
IV-A restricted to Black Pregnant Women and CST IV-C to White PWWH

CST Il was the predominant CST in White PWLWH (6/15, 40.0%), Black PWLWH
(20/55, 36.4%), and Black PWWH (5/14, 35.7%) compared to 3/19 (15.8%) in White
PWWH (Figure 3). CST IV (IV-A, IV-B, and IV-C) was slightly more common in Black
pregnant women, with 5/14 (35.7%) in PWWH and 19/55 (34.6%) in PWLWH
compared to 4/15 (26.7%) of White PWLWH (IV-B only) and 4/19 (21.1%) of White
PWWH. CST IV-A (G. vaginalis and Lachnospiraceae BVAB1, recently renamed
Ca. Lachnocurva vaginae) was only identified in only Black pregnant women, whereas
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IV-C was observed in only White PWWH (n = 1). The largest proportion of White
PWWH were assigned to CST | (9/19, 47.4%), whereas 4/15 (26.7%) of White
PWLWH, 3/14 (21.4%) of Black PWWH, and 6/55 (10.9%) of Black PWLWH were
assigned to CST I.

After adjusting for age and BMI, White PWWH had significantly greater odds of being
in CST I+lI+V than Black PWLWH (adjusted odds ratio (aOR): 6.20, 95% CI: 1.28—
30.11, p = 0.02). No significant differences in the odds of CST I+lI1+V assignment were

observed between any of the other subgroups.
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Figure 3 - Proportion of CSTs by ethnicity and HIV status during pregnancy. Stacked bar charts
display the proportion of CST assignments (I, II, 1lI, IV-A, IV-B, IV-C, and V) across the subgroups. CST
| was most prevalent among White PWWH and least prevalent among Black PWLWH. High-diversity

CST IV subtypes were prominent across all groups, particularly among Black and White PWLWH.

17



358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

Higher CD4 count increases the odds of optimal Lactobacillus-dominated CST
(1, I or V) within PWLWH

Among Black and White PWLWH, higher CD4 count trended toward increasing odds
of CST I+11+V assignment (aOR 1.20, 95% CI 0.97-1.52; p = 0.10). After adjusting for
detectable HIV, this association reached significance (aOR 1.39, 95% CI 1.06—-1.89; p
=0.03), and every 100-cell increase in the CD4 count corresponded to an approximate
39% increase in the odds of CST I[+llI+V assignment. Detectable HIV did not
independently influence the odds of CST I+1l1+V assignment. Gestational age at ART
initiation, time since ART initiation, ART class, or ART backbone were not associated
with CST assignment overall or with self-reported ethnicity.

Compared with White pregnant women, Black pregnant women have a greater
abundance of Lachnospiraceae BVAB1 (Ca. Lachnocurva vaginae)
Species-level differences were observed by HIV status, ethnicity, and combined HIV
status and ethnicity (Figure 4). Pregnant Black women, regardless of their HIV status,
appeared to have increased abundances of Lachnospiraceae BVAB1
(Ca. Lachnocurva vaginae) and G. vaginalis. White PWWH displayed enrichment of
L. crispatus and depleted L. iners, L. gasseri, and Prevotella bivia relative to the other
groups. HIV status was associated with shifts in specific taxa: Black PWLWH had
higher L. jensenii abundance than Black PWWH, whereas the opposite was observed
in White pregnant women.

In terms of differential abundance, L. jensenii was more abundant in Black PWLWH
when compared to Black PWWH (unadjusted p = 0.01, FDR-adjusted p = 0.24)
(Supplementary Figure 2). Lachnospiraceae BVAB1 (Ca. Lachnocurva vaginae) was
most abundant in Black women. Specifically, it was significantly more abundant in

Black PWWH than in White PWWH (unadjusted p < 0.001, FDR-adjusted p = 0.02)
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and showed higher abundance in Black PWWH than in White PWWH (unadjusted p =

0.004, FDR-adjusted p = 0.07). This species was also enriched in Black PWLWH

relative to White PWLWH (unadjusted p = 0.04, FDR-adjusted p = 0.58). Megasphaera

lornae was likewise present at higher abundance in Black PWWH than in White

PWWH (unadjusted p = 0.03, FDR-adjusted p = 0.50) and White PWLWH (unadjusted

p = 0.02, FDR-adjusted p = 0.33).
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Figure 4 — Relative abundance by ethnicity and HIV status during pregnancy. Stacked bar charts

display the proportion of species with more than 5% abundance in any given sample and are ordered

by species total abundance (summed across all samples), with species arranged from most to least

abundant. L. crispatus was notably more abundant in White PWWH, consistent with CST patterns

observed in Figure 3.
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CVF cytokine concentrations were highest in Black women with no difference
in HIV status, followed by White PWLWH, and lowest in White PWWH

Across most measured cytokines, Black PWLWH and PWWH presented the highest
concentrations, followed by White PWLWH and then White PWWH (Figure 5).
Compared with White PWWH, Black PWWH had higher IL-10 (p = 0.01), IL-12p70 (p
=0.002), IL-13 (p = 0.02), IL-2 (p = 0.005), IL-4 (p = 0.002), IL-8 (p = 0.02), and TNF-
a (p = 0.006).

White PWLWH had elevated IFN-y (p = 0.001), IL-10 (p = 0.005), IL-12p70 (p < 0.001),
IL-13 (p < 0.001), IL-2 (p < 0.001), IL-4 (p < 0.001), IL-6 (p = 0.047), IL-8 (p = 0.007),
and TNF-a (p = 0.006) levels than White PWWH.

Black PWLWH had significantly higher IFN-y (p = 0.001), IL-10 (p < 0.001), IL-12p70
(p <0.001), IL-13 (p < 0.001), IL-2 (p < 0.001), IL-4 (p < 0.001), IL-8 (p < 0.001), and
TNF-a (p < 0.001) compared to White PWWH. There were no significant differences
in cytokine levels between Black PWLWH and White PWLWH, Black PWLWH and
Black PWWH, or Black PWWH and White PWLWH (Supplementary Table 1).

After adjusting for maternal age and BMI, only IL-10, IL-12p70, IL-13, IL-2, IL-4, and
TNF-a remained significantly higher in Black PWWH than in White PWWH (all p <
0.04). All cytokines previously identified as significant (IFN-y, IL-10, IL-12p70, IL-13,
IL-2, IL-4, IL-8, and TNF-a) remained significantly higher in Black PWLWH than in
White PWWH (all p < 0.02).

Only IL-10, IL-12p70, IL-13, IL-2, IL-4, IL-8, and TNF-a remained significantly higher
in White PWLWH than in White PWWH (all p < 0.005) (all p values are reported in

Supplementary Table 2).
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Figure 5 - Cytokine concentrations by ethnicity and HIV status during pregnancy. Boxplots show
log1o(concentration+1)-transformed cytokine concentrations. Pairwise comparisons were performed
using Wilcoxon rank-sum tests and only FDR-significant comparisons are shown (all comparisons are
provided in Supplementary Table 1). Asterisks indicate: * p < 0.05, ** p < 0.01, and **x p < 0.001.

Sample sizes for each cytokine are shown below the boxplots.
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HIV status in pregnant White women was associated with higher CVF
inflammatory scores across optimal Lactobacillus-dominated CSTs (I+1I1+V) and
Lactobacillus depleted CST IV

PCA was used to explore the contribution of cytokine coexpression to CVF
inflammation. PC1 explained 71.4% of the variance, and all cytokines contributed
similarly to the loadings (0.26-0.34); thus, this measurement was utilized as a
summative index of CVF inflammation.

Black PWLWH whose vaginal microbiota clustered into CST I+l1+V had significantly
more CVF inflammation (PC1) than White PWWH (p < 0.001, Figure 6), but Black

PWWH did not (Supplementary Figure 3).
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Figure 6 - PC1 inflammation scores across ethnicity and HIV status groups stratified by CST
grouping. Boxplots show PC1 inflammation scores among pregnant women within the CST [+II+V,
CST lll, and CST IV groups. Pairwise comparisons were performed using Wilcoxon rank-sum tests.
Only significant comparisons are shown, with unadjusted p-values displayed above each comparison
and FDR-adjusted p-values in parentheses. Full p values are included in Supplementary Figure 3.

Sample sizes varied across CST-defined subgroups and are indicated below each boxplot.
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Within CST I+11+V, pairwise comparisons of cytokines revealed that the levels of IL-10
(p <0.001), IL-12p70 (p = 0.001), IL-13 (p < 0.001), IL-2 (p < 0.001), IL-4 (p < 0.001),
and TNF-a (p = 0.01) were significantly higher in Black PWLWH than in White PWWH
(Supplementary Table 3). White PWLWH also trended toward higher PC1 values
than White PWWH (p = 0.03, FDR-adjusted p = 0.08) (Figure 6), and specifically,
higher IL-4 (p = 0.04) levels were observed (p = 0.06).

Within CST lll, Black PWLWH exhibited greater CVF inflammation than White PWWH
(p = 0.01) (Figure 6), with higher IL-13 (p = 0.01), IL-2 (p = 0.03), and IL-8 (p = 0.03)
levels (Supplementary Table 4).

Within CST IV, PC1 appeared elevated in PWLWH regardless of ethnicity, but Black
PWLWH trended toward greater inflammation than White PWWH (p = 0.06) (Figure
6). Regarding individual cytokines, Black PWLWH had higher IL-2 (p = 0.005), IL-13
(p = 0.005), and TNF-a (p = 0.03) levels than White PWWH (Supplementary Table
5).

White PWWH presented the lowest cytokine concentrations across CST-stratified
and overall analyses. A significant moderate relationship between PC1 and Chao1
diversity (p = 0.41, p < 0.001; Supplementary Figure 4) was observed overall.
Within the CST groups, this relationship was strongest in CST IV (p = 0.47, p = 0.02),
trending in CST Il (p = 0.39, p = 0.06), and not significant in CST I+lI1+V (p = 0.21, p
= 0.26) (Supplementary Figure 5).

No significant relationships were detected between PC1 and maternal age (p = 0.12,
p =0.31), BMI (p =0.06, p = 0.61), CD4 count (p =-0.13, p = 0.35), or HIV viral load

(p =0.08, p =0.59) (Supplementary Figures 6-7).
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Black PWLWH had lower composite CVF inflammatory scores in L. iners-
dominated CST Il than other CSTs

Among Black PWLWH, CVF inflammation tended to be greater in CSTs I+l1+V and
CST IV than in CST Ill. CSTs I+11+V and IV were not significantly different from each
other (p = 0.89) (Figure 7). There were no significant differences in CVF inflammation
by CST in Black PWWH (Supplementary Figure 8). Among White PWLWH, there
was a nonsignificant trend (unadjusted p = 0.10, FDR-adjusted p = 0.21) toward
greater CVF inflammation in CST IV than in CSTs I+11+V and Ill (Supplementary
Figure 8). White PWWH observed a similar trend to Black PWLWH, with higher CVF
inflammation in CST I+11+V (unadjusted p = 0.10, FDR-adjusted p = 0.15) and CST IV

(unadjusted p = 0.06, FDR-adjusted p = 0.15) compared to CST III.
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Figure 7 - PC1 scores by CST group in Black PWLWH. Boxplots showing PC1 inflammation scores
among Black PWLWH within CST I+11+V, CST Ill, and CST IV groups. Pairwise comparisons were
performed via Wilcoxon rank-sum tests and unadjusted p values with FDR-adjusted values in
parentheses are presented above each comparison. The sample size varied by CST within subgroups
and is noted below each box. CST I+lI1+V and IV both trended toward having increased PC1 when

compared to CST Il but were not significantly different from each other.
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Nearly half of Black PWLWH experienced a CST change during pregnancy and
were more likely to transition CSTs than every other subgroup combined

Ninety-five women included in the cross-sectional analysis provided an additional
sample at an average gestational age of 28.01 weeks or 7.18 weeks after their mid-
second trimester visit (Supplementary Figure 9). Weeks between visits were not
significantly different between subgroups (Supplementary Table 6). Overall, 36/95
women (37.9%) changed CST between timepoints. CST proportions were largely

consistent across timepoints, with a maximum loss or gain of two women (Figure 8).
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Figure 8 - CST change from the middle-second trimester to the early-third trimester. Two stacked
bar plots show the count and proportion of each CST by timepoint (1 = 20.84-week average, 2 = 28.01-
week average) in the overall group of pregnant women who provided multiple samples. Alluvial lines
trace each woman’s CST from the timepoint, enabling visualization of CST changes and stability. 36/95

women (37.9%) changed CST, but CST proportions were largely consistent across timepoints.
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When stratified by subgroup (Figure 9), 24/49 (49.0%) of Black PWLWH experienced
a CST change, with most transitions (15/24, 62.5%) occurring between CST Il and
CST IV (9/24, 37.5%) or into CST lll or IV from CST I+lI+V (6/24, 25.0%). Two of 14
(14.3%) Black PWWH exhibited a CST change. Five of the 14 (35.7%) White PWLWH
changed CSTs. Among White PWWH, 5/18 (27.8%) moved CSTs, and 3/5 (60.0%) of

these changes were from CSTs IlI+IV to CSTs |+lI+V.
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Figure 9 - CST change throughout pregnancy by ethnicity and HIV status. Two stacked bar plots
in each subgroup show the count and proportion of each CST of pregnant women who provided multiple
samples at 20.84 weeks (average) and 28.01 (average) weeks. Alluvial lines trace each woman’s CST
from the timepoint, enabling visualization of CST change and stability. 24/49 (49.0%) Black PWLWH
experienced a CST change. Two of 14 (14.3%) Black PWWH exhibited a CST change. Five of the 14

(35.7%) White PWLWH changed CSTs, and 5/18 (27.8%) of White PWWH changed CSTs.
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512  When Black PWWH, White PWLWH, and White PWWH were combined to create a
513 comparable sample size, Black PWLWH had significantly greater odds of CST

514  change than the combined group (aOR 2.53, 95% CI 1.02-6.52; p = 0.048). There
515  were no significant pairwise comparisons when the subgroups were evaluated

516 individually. In a model that considered ethnicity and HIV status individually, ethnicity
517  was not associated with CST change. However, PWLWH trended toward higher odds
518 of CST change compared to PWWH (aOR 2.86, 95% CI 1.01-8.93; p = 0.06).

519  Descriptive patterns of CST stability by subgroup (Table 3) were consistent with

520 models that included CST at timepoint 1 and combined HIV status and ethnicity, as
521 there was no evidence of their interacting effect on CST stability. When considering
522  CSTs at either timepoint, White PWWH had greater odds of having CST I+11+V at
523 either timepoint than Black PWLWH (aOR: 9.85, 95% CI: 1.63-59.41; p = 0.01) and
524 Black PWWH (aOR: 10.88, 95% CI: 1.21-97.67; p = 0.03).

525 Table 3: CST Stability by Ethnicity and HIV Status

526  Counts (%) of stable and changed CSTs by CST at Timepoint 1

I Il 1 v \Y,

Stable  Changed | Stable Changed | Stable Changed| Stable Changed| Stable Changed
Black 4 1 0 3 11 8 10 6 4 2
PWLWH (80.0%) (20.0%) | (0%) (100%) |(57.9%) (42.1%) |(62.5%) (37.5%) |(66.7%) (33.3%)
Black 2 1 0 0 5 0 4 1 1 0
PWWH (66.7%) (33.3%) | (0%) (0%) | (100%) (0%) (80%)  (20%) | (100%)  (0%)
White 3 1 1 0 3 3 2 1 0 0
PWLWH  (75.0%) (25.0%) |[(100%) (0%) |[(50.0%) (50.0%) |(66.7%) (33.3%) | (0%) (0%)
White 8 1 0 0 1 2 2 2 2 0

PWWH  (88.9%) (11.1%) | (0%)  (0%) |(33.3%) (66.7%) | (50%) (50%) |(100%)  (0%)
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The majority of Black PWLWH who experienced PTB had a vaginal microbiota
assigned to CST Il or IV at their initial second trimester visit, with differential
abundance analyses revealing unique discriminatory anaerobic species,
including Hoylesella buccalis and Hallella colorans

Black PWLWH accounted for most PTBs in this cohort (10 of 12, 83.3%). Among Black
PWLWH who provided a sample at the initial timepoint, 10/55 (18.2%) delivered
preterm. Subsequent analyses compared the microbiota of women who gave birth
preterm and at term within this group only. Seven of the ten PTBs in Black PWLWH
were spontaneous. Three were iatrogenic: one due to preeclampsia at 34 weeks, one
due to emergency cesarean section for reduced fetal movements at 36 weeks, and
one due to emergency cesarean section at 34 weeks for fetal distress.

Among the PTBs that occurred in Black PWLWH, four were to women whose vaginal
microbiota was assigned to CST llI, five were in CST IV, and one was in CST V at the
initial timepoint during the middle second trimester (mean 20.96 weeks,
Supplementary Figure 9). Gestational age at delivery showed modest but significant
negative correlations with gravidity (p =—-0.30, p = 0.03) and BMI (p =-0.29, p = 0.04).
However, PTB was not associated with gravidity (first pregnancy vs second or more),
BMI (overweight vs not). All other associations with PTB or gestational age at delivery
were not significant.

Differential abundance (Figure 10) of Black PWLWH who gave birth preterm versus
at term revealed that H. buccalis (unadjusted p < 0.001, FDR-adjusted p = 0.002), H.
colorans (unadjusted p < 0.001, FDR-adjusted p = 0.01), Gemelliphila asaccharolytica
(unadjusted p = 0.03, FDR-adjusted p = 0.16), and Peptoniphilus lacrimalis
(unadjusted p = 0.05, FDR-adjusted p = 0.19) were more abundant in PTBs.

Aerococcus species (unadjusted p = 0.004, FDR-adjusted p = 0.04), P. disiens
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(unadjusted p = 0.007, FDR-adjusted p = 0.05), and L. crispatus (unadjusted p = 0.04,

FDR-adjusted p = 0.19) were more abundant in term births.
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Figure 10. Differential abundance by birth outcome in Black PWLWH. This volcano plot displays
the species that were identified to be more abundant in Black PWLWH who gave birth at term (negative
log2-fold change) and preterm (positive log2-fold change) taken from the trimester 2 (20-21 weeks cross
section). Each dot represents a species. The green points indicate a fold change difference that was
not significant, whereas the red points that are labeled with the species name have a significantly
different fold change (unadjusted p < 0.05). Anaerobes such as Hoylesella buccalis (unadjusted p <
0.001, FDR-adjusted p = 0.002) and Hallella colorans (unadjusted p < 0.001, FDR-adjusted p = 0.01)

were identified as being significantly more abundant in women who gave birth preterm.

Black PWLWH who gave birth preterm trended toward higher odds of CST
change but were significantly more likely to transition between CSTs lll and IV

All the Black PWLWH who gave birth preterm provided a second sample, enabling
observation of CST dynamics during pregnancy. Two transitioned from CST Il to 1V,
three from CST IV to CST lll, and one from CST Ill to CST V. Three women remained

in CST IV throughout the timepoints, and one woman stayed in CST III.
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CST change trended toward increasing odds of PTB (aOR 3.50, 95% CI 0.82-18.46;
p = 0.10). There was no significant effect of transitioning from CST I+II+V to IlI+IV or
from CST llI+IV to CST I+11+V. Transitioning between CST IlI+|V was associated with
an increased risk of PTB (aOR 7.75, 95% CI 1.57-42.75; p = 0.01), but the sequence
of CST Ill and IV did not affect the risk.

Discussion

This new analysis of the UHPBN study leverages a uniquely structured cohort
enriched for PWLWH and matched by self-reported ethnicity, enabling investigation of
the interplay between the vaginal microbiota, inflammation, and PTB in a larger, well-
characterized cohort. This study design also permits stratified analyses by both HIV
status and ethnicity simultaneously, rather than examining these factors in isolation.
Our longitudinal design, with near-complete repeat sampling across pregnancy, further
enables detailed characterization of microbiota dynamics over time across these
intersecting groups. Finally, the availability of comprehensive birth outcome data for
most participants, combined with high-resolution long-read 16S rRNA gene
sequencing, provides a detailed and reliable assessment of bacterial taxonomy in
relation to pregnancy outcomes.

Within our unique cohort, we observed that the vaginal bacterial composition, CST
distribution, and local inflammation varied by both HIV infection status and self-
identified ethnicity. Bacterial (alpha and beta) diversity and inflammation were highest
among Black women regardless of HIV status and decreased from White PWLWH to
White PWWH, with differences by HIV status being more pronounced between White
PWLWH to White PWWH. These patterns were accompanied by differences in CST

composition and stability, with potential implications for PTB risk.
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Consistent with prior research, Black pregnant women, regardless of their HIV status,
presented greater relative abundances of G. vaginalis and Lachnospiraceae BVAB1
(Ca. Lachnocurva vaginae) than White pregnant women [14, 16]. Accordingly, CST IV-
A, characterized by dominance of G. vaginalis and Lachnospiraceae BVAB1
(Ca. Lachnocurva vaginae), was identified exclusively among these subgroups of our
cohort.

Compared with White PWWH, Black PWWH had significantly greater alpha diversity
and a greater proportion of CSTs Il and IV, which aligns with the findings of previous
studies that compared vaginal microbiota composition by ethnicity [3, 14, 19].

Among Black women, Chao1 alpha diversity was slightly higher in PWLWH than in
PWWH, but both groups had similar proportions of CSTs Ill and IV. This result differs
from those of studies in Malawi [62], Zambia [46], and Zimbabwe [36], where PWLWH
showed higher alpha diversity and greater abundance of anaerobe-rich CSTs than
PWWH. Our previous multiethnicity UK-based study also reported greater alpha
diversity and prevalence of CST Ill and IV in PWLWH compared to a reference control
group of PWWH using short read 16S rRNA gene sequencing [4]. Our new findings
are similar to those of a study of nonpregnant Black and White American women that
revealed only modest differences in the microbiota by HIV status in Black women [63].
The authors reported that BV prevalence was greater among African American women
in their cohort and that while BV and HIV status were correlated in all ethnic groups,
this association was weakest in the African American subcohort [63]. In our cohort,
Black PWLWH and PWWH had nearly identical proportions of CST IV (34.5% vs
34.7%), which broadly corresponds to BV incidence (estimated to be 23% in Europe)

[23, 24]. Taken together, these findings lead us to conclude that other unmeasured
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factors may have played a greater role than HIV status alone in shaping the microbiota
of Black pregnant women in our UK study.

To our knowledge, this is one of the first studies to characterize the vaginal microbiota
in White pregnant women stratified by HIV status. The elevated alpha diversity and
increased prevalence of CSTs Ill and IV in White PWLWH compared with White
PWWH are consistent with our prior report comparing PWLWH vs PWWH, which was
not stratified by ethnicity [4]. Replication of these findings in a subgroup representing
the majority ethnicity of the UK population, in whom there may be fewer confounding
risk factors for PTB, provides additional evidence supporting a role for HIV infection in
driving vaginal dysbiosis

Higher CD4 counts in PWLWH were associated with greater odds of assignment to
Lactobacillus-dominated CSTs I+11+V during the second trimester, irrespective of
ethnicity, which provides further weight to the hypothesis that immune restoration has
a protective effect on maintaining low diversity. This finding concurs with previous
findings that lower CD4 counts are associated with BV [35, 64]. Although previous
research has identified a link between HIV viral load, increased bacterial diversity, and
BV, we did not observe a relationship between viral load and CST assignment [63, 65].
However, in our cohort, most women (77%) began ART preconception, and only 16%
had detectable viral loads at screening, which may have limited our ability to detect
associations.

Analysis of individual cytokine concentrations revealed patterns consistent with alpha
diversity trends: Black pregnant women presented the greatest degree of inflammation
irrespective of HIV status, followed by White PWLWH and then White PWWH. Prior
studies have identified associations between bacterial diversity, CST IV, and

inflammation in PWLWH [4, 36]. The comparable cytokine concentrations between
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Black PWLWH and Black PWWH in our study likely reflect their similar alpha diversity
and CST Ill and IV proportions. This finding contrasts with that of a Zimbabwean cohort
of 42 PWLWH, matched 7:1 with PWWH, who did not observe a difference in
inflammation by HIV status or an association with alpha diversity despite a higher
prevalence of both CST IV and PTB in PWLWH, suggesting a role of other confounding
factors [406].

Exploration of vaginal mucosal cytokines in PWLWH and PWWH highlighted that IFN-
y levels were higher in PWLWH compared with PWWH in both Black and White
participants, but this difference reached statistical significance only among White
women (White PWLWH vs PWWH p = 0.001; Black PWLWH vs PWWH p = 0.28,
Supplementary Table 1). This pattern likely reflects HIV-associated mucosal immune
activation, although the weaker signal in Black women may reflect sample size or
background inflammatory differences [66]. In contrast, a trend toward lower IL-1(3
concentrations in White PWWH than in Black PWWH (p = 0.11, Supplementary Table
1), but no difference in HIV status was observed. In our previous analyses, IL-13 was
associated with vaginal microbiota diversity and G. vaginalis in PWLWH [4], a finding
that was replicated by others [36].

PC1-derived inflammation analyses were underpowered, particularly in PWWH;
however, overall inflammation patterns persisted. When analyzed by CST, Black and
White PWLWH exhibited similar levels of inflammation, whereas White PWWH had
lower levels. Alpha diversity was significantly associated with PC1 overall, but this
relationship persisted only in CST IV (with a trend in CST Ill). This finding led us to
conclude that inflammation in anaerobe-dominant communities could be diversity

driven. However, this conclusion requires confirmation using models in vivo.
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The Black PWLWH in our study that were assigned to CSTs I+lI+V and CST IV tended
to have greater inflammation than those who were in CST Ill. In contrast, the Zambian
Preterm Birth Prevention Study reported greater inflammation in the anaerobe-
dominant CST IV compared with Lactobacillus-dominant CSTs among PWLWH [36].
Our observations may be influenced by small sample sizes or host-driven immune
effects. These differences may also result from the PC1 methodology, which captured
shared variance across cytokines rather than individual concentrations. In spite of this,
the lower inflammation observed in CST Il in this group is an interesting finding given
the ongoing debate about the protective role of L. iners, particularly in women for whom
it is a prevalent CST [67].

Compared with all the other subgroups combined, Black PWLWH had higher odds of
CST transition during pregnancy, but the pairwise comparisons were not significant,
likely due to limited power. Prior studies have reported higher transition rates among
Black pregnant women regardless of HIV status, but statistical significance was not
achieved, suggesting that the observed transitions may reflect the baseline CST
distribution [16, 19]. Indeed, our previous analysis, which was limited to PWLWH,
revealed that CST instability was highest in women with a microbiota dominated by
the coexistence of both L. iners and G. vaginalis (67% transition) than in those with
zero transitions in the L. crispatus-dominant group [4].

PTB was highest in Black PWLWH (18.2%), followed by Black PWWH and White
PWWH (one case in each group - 7.1% and 5.3%, respectively), and no cases were
reported in White PWLWH. Although the small subgroup sizes limits interpretation,
these rates among PWWH are consistent with UK population data, where a recent
study of over 1 million births reported slightly higher PTB rates among Black compared

with White women (6.0% vs 5.7%) [47]. However, after accounting for socioeconomic
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deprivation, the authors found that ethnic differences in PTB risk were attenuated,
suggesting that broader structural and social inequalities may contribute to these
disparities. The authors further proposed that residual differences may reflect factors
not captured within routine datasets, including structural racism, practitioner bias,
discrimination-related stress, and inequities in healthcare access and support services
[47].

Within PWLWH, HIV-related clinical factors may have contributed to the different PTB
rates. A greater proportion of Black PW received protease inhibitor-based regimens
and had a detectable viral load at screening. Both factors have previously been
associated with PTB [38, 39, 50, 68, 69]. Unfortunately, the heterogeneous ART
exposure in the prospective cohort limits the power of analyses to demonstrate
differences according to the timing of treatment, regime type, and presence of
detectable viremia.

Among Black PWLWH, most PTBs occurred in women classified as having CST Ill or
IV at the middle—second trimester, which is consistent with our previous findings
across PWLWH [4]. L. crispatus was more abundant in term births, which aligns with
studies within communities of varying ethnicities and HIV statuses [4, 14, 25].
Anaerobic taxa, including H. colorans, H. buccalis, Aerococcus spp., and P. disiens,
were observed variably, underscoring the complex, multifactorial bacterial
contributions to birth outcomes [4, 14, 70].

In concordance with existing research, we observed no significant association
between overall CST stability versus transition and PTB risk [62, 71]. However, Black
PWLWH who transitioned specifically between CST Ill and IV had higher odds of PTB
compared with those with other transitions or stable CSTs. This finding supports

previous studies linking L. iners/CST Il and CST IV with PTB [4, 71], as well as more
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recent evidence showing no association between CST transition overall and PTB risk
[62]. However, albeit in a cohort of PWWH who initiated pre-exposure prophylaxis
during pregnancy, this same recent study identified increased PTB risk among women
who transitioned from non-CST IV -- most commonly CST Ill -- to CST IV during
pregnancy [62]. Taken together, these findings allow us to conclude that transitions
involving CST IV, particularly from CST Ill to CST IV, may be associated with increased
PTB risk rather than CST instability more broadly.

This study has several limitations. Despite the inclusion of additional matched controls
in the White PWLWH and Black PWWH groups, the cohort was skewed toward Black
PWLWH. Compared with White pregnant women, Black pregnant women had higher
BMIls, and Black PWLWH were significantly older than PWWH. Similarly, gravidity was
slightly higher among Black pregnant women. Although age and BMI were included as
covariates, residual confounding is possible. The observational design, small
subgroup sizes, and incomplete cytokine data reduced the statistical power,
particularly for inflammation, CST change, and PTB analyses.

The UK cohort, which was derived from a high-income country, potentially limits
generalizability to other populations. However, recruitment sites served
socioeconomically heterogeneous London boroughs, some of which rank among the
more deprived nationally according to the English Indices of Deprivation [72]. These
indices measure income, employment, health, crime, barriers to housing and services,
and the living environment by area [72]. Contemporaneous residential postcode data
were unavailable, so area-level deprivation could not be evaluated at the participant
level. Exploratory considerations of borough-level deprivation indices based on clinic
location revealed that clinics recruiting PWLWH were in local authorities with greater

average deprivation than the clinic recruiting PWWH, which may explain our limited
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differences in HIV status in Black women. Deprivation scores did not differ significantly
between sites recruiting Black and White PWLWH groups, which could reflect shared
sociodemographic factors that influence the microbiota and why differences between
these groups were moderate. However, as these estimates correspond to clinic
locations rather than participant residences, they should be interpreted cautiously.
This study originally sought to investigate differences solely by HIV status and
therefore did not collect sociodemographic and behavioral data (e.g., douching,
exposure to xenobiotics, and education) that recent research has identified as relevant
to vaginal microbiota ecology and PTB risk [25, 73, 74]. Accordingly, the variation in
CST distribution, alpha diversity, inflammatory markers, and PTB observed in this
cohort may be influenced by unmeasured structural and behavioral determinants
rather than intrinsic biological differences between ethnic groups.

Conclusions

To our knowledge, this is the first UK study to examine vaginal taxonomic and
inflammatory dynamics during pregnancy in a cohort stratified by self-identified
ethnicity and HIV status. The UHPBN study represents one of the largest pregnancy
cohorts enriched for women with HIV and examines the relationships among the
vaginal microbiota, HIV status, and birth outcome. Our findings highlight variations in
bacterial composition, CST stability, and inflammation across ethnicities and HIV
subgroups while underscoring the importance of host, behavioral, and clinical factors
in shaping these patterns. Future studies integrating multidimensional social,
environmental, and microbiome data will be essential to identify modifiable drivers of
microbial and inflammatory dynamics that contribute to adverse pregnancy outcomes

and to inform translational therapies [75, 76] that address these risks.

37



767

768

769

770

771

772

773

774

775

776

7777

778

779

780

781

782

783

784

785

786

787

788

789

790

791

Declarations

Ethics approval and consent to participate

The study was approved by the NHS Health Research Authority National Research
Ethics Service Committee (REC 13/LO/0107). All women provided oral and written
informed consent.

Consent for publication

Not applicable.

Availability of data and materials

16S rRNA gene sequencing data are deposited in the European Nucleotide Archive
(ENA) under accession number PRJEB114705 and are available at:
https://www.ebi.ac.uk/ena.

The code used to perform all analyses, along with community state type (CST)
assignment data and ASV tables generated after preprocessing, are available at:
https://github.com/emilywatters/VMB-HIV-Ethnicity.

Competing interests

PRB and DAM hold a patent regarding Lactobacillus crispatus composition for use in
pregnant subjects. International application number: PCT/GB2022/050453.
International publication number: WO 2022/175680.

Funding

This study was funded by a BHIVA Research Award (CE-S, grant no. P42836), the
Wellcome Trust Clinical PhD Programme (C-ES, grant no. WT/102757/Z/13/Z), the
Academy of Medical Sciences Clinical Lecturers Starter Grant funding (C-ES, grant
no. SGL025\1082), the March of Dimes European Preterm Birth Research Centre at
Imperial College London (PRB and DAM, grant no. P76171; CE-S grant no. PS1082),

UNITAID DolPHIN-2 subproject (CE-S and AS, grant no. PA6298) and the National

38



792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

810

811

812

813

814

815

Institute of Health Research (NIHR) Academic Health Sciences Centre Imperial
(CATO) Post-Doctoral Bridging Support (CE-S), and supported by the Imperial
Biomedical Research Centre (BRC).

Authors' contributions

C-ES, PRB, GPT, and DAM conceived and designed the study. C-ES and RQ
recruited participants and collected samples and metadata. C-ES, RQ, YSL, and DC
carried out experimental work. AS, DC, MS and JRM processed the sequencing
data, and HF provided CST assignments. EW and C-ES analyzed and interpreted
the data. EW generated all figures and tables. EW and C-ES wrote the first draft of
the manuscript. All authors critically revised the manuscript and approved the final
submitted version.

Acknowledgements

We would like to thank all the women who participated in this study.

We are also grateful to our wider research network, the London HIV Pregnancy
Research Group. This includes principal investigators: Dr Siobhan Murphy, Dr Judith
Russell, Dr Brenton Wait, Dr Ed Dorman, Dr Rimi Shah, Dr Chris Wood, Dr David
Hawkins, Dr Annemiek DeRuiter, and Dr Rebecca Simmons, and NHS midwives: Ms
Moira Marks, Ms Mel Douglas, Ms Lyn Barnes, Mrs Camilla Egole, Mrs Margaret
Costello, Mrs Eilleen McHugh, Ms Sarah Dermont, Ms Kay Francis, Ms Sarah
Pilgrim, Ms Anabel Brotonsdiaz, and Ms Jennifer Shorter.

C-ES and the Department of Infectious Disease, as well as JM and the Division of
Digestive Diseases, receive financial and infrastructure support from the NIHR
Imperial Biomedical Research Centre at Imperial College Healthcare NHS Trust and

Imperial College London.

39



816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

Abbreviations

Adjusted odds ratio (aOR)

Amplicon sequence variant (ASV)

Antiretroviral therapy (ART)

Bacterial vaginosis (BV)

Benjamini-Hochberg false discovery rate (FDR)
Body mass index (BMI)

Cervicovaginal fluid (CVF)

Community state type (CST)

Estimated marginal means (EMMs)

Human Immunodeficiency Virus (HIV)
Permutational multivariate analysis of variance (PERMANOVA)
Pregnant women living with HIV (PWLHIV)
Pregnant women without HIV (PWWH)

Preterm birth (PTB)

Principal component 1 (PC1)

Principal component analysis (PCA)

Sexually transmitted infections (STIs)

UK HIV Preterm Birth Network study (UHPBN)
References

1. Gajer P, Brotman RM, Bai G, Sakamoto J, Schutte UME, Zhong X, et al. Temporal
Dynamics of the Human Vaginal Microbiota. Sci Transl Med. 2012;4.

https://doi.org/10.1126/scitranslmed.3003605.

40



839

840

841

842

843

844

845

846

847

848

849

850

851

852

853

854

855

856

857

858

859

860

861

862

2. Ravel J, Gajer P, Abdo Z, Schneider GM, Koenig SSK, McCulle SL, et al. Vaginal
microbiome of reproductive-age women. Proc Natl Acad Sci USA. 2011;108

supplement_1:4680-7. https://doi.org/10.1073/pnas.1002611107.

3. France MT, Ma B, Gajer P, Brown S, Humphrys MS, Holm JB, et al. VALENCIA: a
nearest centroid classification method for vaginal microbial communities based on

composition. Microbiome. 2020;8:166. https://doi.org/10.1186/s40168-020-00934-6.

4. Short C-ES, Brown RG, Quinlan R, Lee YS, Smith A, Marchesi JR, et al.
Lactobacillus-Depleted Vaginal Microbiota in Pregnant Women Living With HIV-1
Infection Are Associated With Increased Local Inflammation and Preterm Birth. Front

Cell Infect Microbiol. 2021;10:596917. https://doi.org/10.3389/fcimb.2020.596917.

5. Borgdorff H, Tsivtsivadze E, Verhelst R, Marzorati M, Jurriaans S, Ndayisaba GF,
et al. Lactobacillus -dominated cervicovaginal microbiota associated with reduced
HIV/STI prevalence and genital HIV viral load in African women. The ISME Journal.

2014;8:1781-93. https://doi.org/10.1038/ismej.2014.26.

6. Boskey ER, Cone RA, Whaley KJ, Moench TR. Origins of vaginal acidity: high d/I
lactate ratio is consistent with bacteria being the primary source. Human

Reproduction. 2001;16:1809-13. https://doi.org/10.1093/humrep/16.9.1809.

7. Gupta K, Stapleton AE, Hooton TM, Roberts PL, Fennell CL, Stamm WE. Inverse
Association of H202-Producing Lactobacilli and Vaginal Escherichia coli
Colonization in Women with Recurrent Urinary Tract Infections. Journal of Infectious

Diseases. 1998;178:446-50. https://doi.org/10.1086/515635.

8. Boris S, Suarez JE, Vazquez F, Barbés C. Adherence of Human Vaginal
Lactobacilli to Vaginal Epithelial Cells and Interaction with Uropathogens. Infect

Immun. 1998;66:1985-9. https://doi.org/10.1128/1A1.66.5.1985-1989.1998.
41



863

864

865

866

867

868

869

870

871

872

873

874

875

876

877

878

879

880

881

882

883

884

885

9. Nicolo S, Tanturli M, Mattiuz G, Antonelli A, Baccani |, Bonaiuto C, et al. Vaginal
Lactobacilli and Vaginal Dysbiosis-Associated Bacteria Differently Affect Cervical
Epithelial and Immune Homeostasis and Anti-Viral Defenses. IUMS. 2021;22:6487.

https://doi.org/10.3390/ijms22126487.

10. Antonio MAD, Hawes SE, Hillier SL. The Identification of Vaginal Lactobacillus
Species and the Demographic and Microbiologic Characteristics of Women
Colonized by These Species. J INFECT DIS. 1999;180:1950-6.

https://doi.org/10.1086/315109.

11. Liao J, Shenhav L, Urban JA, Serrano M, Zhu B, Buck GA, et al. Microdiversity of
the vaginal microbiome is associated with preterm birth. Nat Commun.

2023;14:4997. https://doi.org/10.1038/s41467-023-40719-7.

12. Gerede A, Nikolettos K, Vavoulidis E, Margioula-Siarkou C, Petousis S, Giourga
M, et al. Vaginal Microbiome and Pregnancy Complications: A Review. J Clin Med.

2024;13:3875. https://doi.org/10.3390/jcm13133875.

13. Black N, Henderson |, Quenby S, Odendaal J, Macintyre DA. Microbiota
composition of the female reproductive tract and miscarriage: a systematic review
and meta-analysis. npj Biofilms Microbiomes. 2026;12:78.

https://doi.org/10.1038/s41522-025-00901-9.

14. Fettweis JM, Serrano MG, Brooks JP, Edwards DJ, Girerd PH, Parikh HI, et al.
The vaginal microbiome and preterm birth. Nat Med. 2019;25:1012-21.

https://doi.org/10.1038/s41591-019-0450-2.

15. Gudnadottir U, Debelius JW, Du J, Hugerth LW, Danielsson H, Schuppe-

Koistinen |, et al. The vaginal microbiome and the risk of preterm birth: a systematic

42



886

887

888

889

890

891

892

893

894

895

896

897

898

899

900

901

902

903

904

905

906

907

review and network meta-analysis. Sci Rep. 2022;12:7926.

https://doi.org/10.1038/s41598-022-12007-9.

16. Serrano MG, Parikh HI, Brooks JP, Edwards DJ, Arodz TJ, Edupuganti L, et al.
Racioethnic diversity in the dynamics of the vaginal microbiome during pregnancy.

Nat Med. 2019;25:1001-11. https://doi.org/10.1038/s41591-019-0465-8.

17. DiGiulio DB, Callahan BJ, McMurdie PJ, Costello EK, Lyell DJ, Robaczewska A,
et al. Temporal and spatial variation of the human microbiota during pregnancy. Proc

Natl Acad Sci USA. 2015;112:11060-5. https://doi.org/10.1073/pnas.1502875112.

18. Li KT, Li F, Jaspan H, Nyemba D, Myer L, Aldrovandi G, et al. Changes in the
Vaginal Microbiome During Pregnancy and the Postpartum Period in South African
Women: a Longitudinal Study. Reprod Sci. 2024;31:275-87.

https://doi.org/10.1007/s43032-023-01351-4.

19. Macintyre DA, Chandiramani M, Lee YS, Kindinger L, Smith A, Angelopoulos N,
et al. The vaginal microbiome during pregnancy and the postpartum period in a

European population. Sci Rep. 2015;5:8988. https://doi.org/10.1038/srep08988.

20. Brown RG, Al-Memar M, Marchesi JR, Lee YS, Smith A, Chan D, et al.
Establishment of vaginal microbiota composition in early pregnancy and its
association with subsequent preterm prelabor rupture of the fetal membranes.

Translational Research. 2019;207:30-43. https://doi.org/10.1016/j.trs|.2018.12.005.

21. Bayar E, Bennett PR, Chan D, Sykes L, Maclntyre DA. The pregnancy
microbiome and preterm birth. Semin Immunopathol. 2020;42:487-99.

https://doi.org/10.1007/s00281-020-00817-w.

43



908

909

910

911

912

913

914

915

916

917

918

919

920

921

922

923

924

925

926

927

928

929

930

931

22. Hyman RW, Fukushima M, Jiang H, Fung E, Rand L, Johnson B, et al. Diversity
of the Vaginal Microbiome Correlates With Preterm Birth. Reprod Sci. 2014;21:32—

40. https://doi.org/10.1177/1933719113488838.

23. Peebles K, Velloza J, Balkus JE, McClelland RS, Barnabas RV. High Global
Burden and Costs of Bacterial Vaginosis: A Systematic Review and Meta-Analysis.
Sexual Trans Dis. 2019;46:304—-11.

https://doi.org/10.1097/0OLQ.0000000000000972.

24. Kenyon C, Colebunders R, Crucitti T. The global epidemiology of bacterial
vaginosis: a systematic review. American Journal of Obstetrics and Gynecology.

2013;209:505-23. https://doi.org/10.1016/j.ajog.2013.05.006.

25. Sun S, Serrano MG, Fettweis JM, Basta P, Rosen E, Ludwig K, et al. Race, the
Vaginal Microbiome, and Spontaneous Preterm Birth. mSystems. 2022;7:e00017-22.

https://doi.org/10.1128/msystems.00017-22.

26. Beamer MA, Austin MN, Avolia HA, Meyn LA, Bunge KE, Hillier SL. Bacterial
species colonizing the vagina of healthy women are not associated with race.

Anaerobe. 2017;45:40-3. https://doi.org/10.1016/j.anaerobe.2017.02.020.

27. Farmer NM, Benezra A, Maki KA, Ishaq SL, Kozik AJ. Prioritizing precision:
guidelines for the better use of population descriptors in human microbiome
research. mSystems. 2025;10:e00640-25. https://doi.org/10.1128/msystems.00640-

25.

28. Ndlovu KS, Pavan RR, Corry J, Gregory AC, Mahamed S, Zotova N, et al. The
vaginal microbiome of pregnant people living with HIV on antiretroviral therapy in the
Democratic Republic of Congo: a pilot study and global meta-analysis. mSphere.

2026;11:e0059725. https://doi.org/10.1128/msphere.00597-25.
44



932

933

934

935

936

937

938

939

940

941

942

943

944

945

946

947

948

949

950

951

952

953

954

955

29. Preechasuth K, Brazier L, Khamduang W, Hongjaisee S, Wangsaeng N, Ngo-
Giang-Huong N. Analyzing Cervical Microbiome Composition in HIV-Infected Women
with Different HPV Infection Profiles: A Pilot Study in Thailand. Microorganisms.

2024;12:1298. https://doi.org/10.3390/microorganisms12071298.

30. Siqueira J, Curty G, Xutao D, Hofer C, Machado E, Seuanez H, et al. Composite
Analysis of the Virome and Bacteriome of HIV/HPV Co-Infected Women Reveals
Proxies for Immunodeficiency. Viruses. 2019;11:422.

https://doi.org/10.3390/v11050422.

31. Atashili J, Poole C, Ndumbe PM, Adimora AA, Smith JS. Bacterial vaginosis and
HIV acquisition: a meta-analysis of published studies. AIDS. 2008;22:1493-501.

https://doi.org/10.1097/QAD.0b013e3283021a37.

32. Bayigga L, Kateete DP, Anderson DJ, Sekikubo M, Nakanjako D. Diversity of
vaginal microbiota in sub-Saharan Africa and its effects on HIV transmission and
prevention. Am J Obstet Gynecol. 2019;220:155—-66.

https://doi.org/10.1016/j.ajog.2018.10.014.

33. Mtshali A, Ngcapu S, Mindel A, Garrett N, Liebenberg L. HIV susceptibility in
women: The roles of genital inflammation, sexually transmitted infections and the
genital microbiome. J Reprod Immunol. 2021;145:103291.

https://doi.org/10.1016/j.jri.2021.103291.

34. Cherenack EM, Broedlow CA, Klatt NR. The vaginal microbiome and HIV
transmission dynamics. Curr Opin HIV AIDS. 2024;19:234—40.

https://doi.org/10.1097/COH.0000000000000869.

35. Asare K, Ngcapu S, Osman F, Vandormael A, Mindel A, Naicker N, et al.

Incidence, recurrence, and prevalence of bacterial vaginosis from acute to chronic

45



956  HIV infection in a prospective cohort of women in South Africa. Annals of

957 Epidemiology. 2023;82:33-9. https://doi.org/10.1016/j.annepidem.2023.04.004.

958  36. Price JT, Vwalika B, France M, Ravel J, Ma B, Mwape H, et al. HIV-associated
959 vaginal microbiome and inflammation predict spontaneous preterm birth in Zambia.

960 Sci Rep. 2022;12:8573. https://doi.org/10.1038/s41598-022-12424-w.

961  37. Brocklehurst P, French R. The association between maternal HIV infection and
962 perinatal outcome: a systematic review of the literature and meta-analysis. Br J
963 Obstet Gynaecol. 1998;105:836—48. https://doi.org/10.1111/j.1471-

964 0528.1998.tb10227 .x.

965 38. Short C-ES, Taylor GP. Antiretroviral therapy and preterm birth in HIV-infected
966 women. Expert Review of Anti-infective Therapy. 2014;12:293-306.

967  https://doi.org/10.1586/14787210.2014.885837.

968 39. Albert AYK, Elwood C, Wagner EC, Pakzad Z, Chaworth-Musters T, Berg K, et al.
969 Investigation of factors associated with spontaneous preterm birth in pregnant
970 women living with HIV. AIDS. 2020;34:719-27.

971  https://doi.org/10.1097/QAD.0000000000002464.

972  40. Jones AJ, Eke UA, Eke AC. Prediction and prevention of preterm birth in
973 pregnant women living with HIV on antiretroviral therapy. Expert Rev Anti Infect Ther.

974  2022;20:837-48. https://doi.org/10.1080/14787210.2022.2046463.

975 41. Vogel JP, Chawanpaiboon S, Moller A-B, Watananirun K, Bonet M, Lumbiganon
976 P. The global epidemiology of preterm birth. Best Practice & Research Clinical
977  Obstetrics & Gynaecology. 2018;52:3-12.

978  https://doi.org/10.1016/j.bpobgyn.2018.04.003.

46



979

980

981

982

983

984

985

986

987

988

989

990

991

992

993

994

995

996

997

998

999

1000

1001

1002

42. Hadley M, Oppong AY, Coleman J, Powell AM. Structural Racism and Adverse
Pregnancy Outcomes Through the Lens of the Maternal Microbiome. Obstetrics &

Gynecology. 2023;142:911-9. https://doi.org/10.1097/A0G.0000000000005345.

43. Beck K, Cowdell |, Portwood C, Sexton H, Kumarendran M, Brandon Z, et al.
Comparative risk of adverse perinatal outcomes associated with classes of
antiretroviral therapy in pregnant women living with HIV: systematic review and
meta-analysis. Front Med. 2024;11:1323813.

https://doi.org/10.3389/fmed.2024.1323813.

44. Lockman S, Brummel SS, Ziemba L, Stranix-Chibanda L, McCarthy K, Coletti A,
et al. Efficacy and safety of dolutegravir with emtricitabine and tenofovir alafenamide
fumarate or tenofovir disoproxil fumarate, and efavirenz, emtricitabine, and tenofovir
disoproxil fumarate HIV antiretroviral therapy regimens started in pregnancy

(IMPAACT 2010/VESTED): a multicentre, open-label, randomised, controlled, phase

3 trial. Lancet. 2021;397:1276-92. https://doi.org/10.1016/S0140-6736(21)00314-7.

45. Ikumi NM, Matjila M. Preterm Birth in Women With HIV: The Role of the
Placenta. Front Glob Womens Health. 2022;3:820759.

https://doi.org/10.3389/fgwh.2022.820759.

46. Gudza-Mugabe M, Havyarimana E, Jaumdally S, Garson KL, Lennard K,
Tarupiwa A, et al. Human Immunodeficiency Virus Infection Is Associated With
Preterm Delivery Independent of Vaginal Microbiota in Pregnant African Women. The
Journal of Infectious Diseases. 2020;221:1194—-203.

https://doi.org/10.1093/infdis/jiz584.

47. Hindes |, Ibrahim B, Jardine J, Zenner D, lliodromiti S. Inequalities in Preterm

Birth in England: A Retrospective National Cohort Study Focusing on Deprivation

47



1003

1004

1005

1006

1007

1008

1009

1010

1011

1012

1013

1014

1015

1016

1017

1018

1019

1020

1021

1022

1023

1024

1025

and Ethnicity, Using Routinely Collected Maternity Hospital Data. BJOG.

2025;132:1866—74. https://doi.org/10.1111/1471-0528.18331.

48. Kayode G, Howell A, Burden C, Margelyte R, Cheng V, Viner M, et al.
Socioeconomic and ethnic disparities in preterm births in an English maternity
setting: a population-based study of 1.3 million births. BMC Med. 2024;22:371.

https://doi.org/10.1186/s12916-024-03493-x.

49. Shah S, Short C-E, Taylor G, Lyall H, Foster C. Comparison of pregnancy
outcomes between people with perinatally acquired HIV, horizontally acquired HIV
and those without HIV. AIDS. 2025;39:621-4.

https://doi.org/10.1097/QAD.0000000000004114.

50. Short C, Douglas M, Smith J, Taylor G. Preterm delivery risk in women initiating
antiretroviral therapy to prevent HIV mother-to-child transmission. HIV Medicine.

2014;15:233-8. https://doi.org/10.1111/hiv.12083.

51. PacBio. Procedure & checklist — Amplification of full-length 16S gene with
barcoded primers for multiplexed SMRTbell library preparation and sequencing.

Pacific Biosciences; 2022.

52. Davis NM, Proctor DM, Holmes SP, Relman DA, Callahan BJ. Simple statistical
identification and removal of contaminant sequences in marker-gene and
metagenomics data. Microbiome. 2018;6:226. https://doi.org/10.1186/s40168-018-

0605-2.

53. Holm JB, France MT, Ma B, McComb E, Robinson CK, Mehta A, et al.
Comparative Metagenome-Assembled Genome Analysis of “Candidatus

Lachnocurva vaginae”, Formerly Known as Bacterial Vaginosis-Associated

48



1026

1027

1028

1029

1030

1031

1032

1033

1034

1035

1036

1037

1038

1039

1040

1041

1042

1043

1044

1045

1046

1047

1048

Bacterium—-1 (BVAB1). Front Cell Infect Microbiol. 2020;10:117.

https://doi.org/10.3389/fcimb.2020.00117.

54. McMurdie PJ, Holmes S. phyloseq: An R Package for Reproducible Interactive
Analysis and Graphics of Microbiome Census Data. PLoS ONE. 2013;8:e61217.

https://doi.org/10.1371/journal.pone.0061217.

55. Short CS, Quinlan R, Bennett P, Shattock RJ, Taylor GP. Optimising the
collection of female genital tract fluid for cytokine analysis in pregnant women.
Journal of Immunological Methods. 2018;458:15-20.

https://doi.org/10.1016/j.jim.2018.03.014.

56. Wickham H. ggplot2: Elegant Graphics for Data Analysis. 2016.

57. Blighe K. EnhancedVolcano. 2018.

https://doi.org/10.18129/B9.BIOC.ENHANCEDVOLCANO.

58. Martinez Arbizu P. pairwiseAdonis: Pairwise Multilevel Comparison using Adonis.

2017.

59. Lenth RV, Piaskowski J. emmeans: Estimated Marginal Means, aka Least-

Squares Means. 2017;:2.0.3. https://doi.org/10.32614/CRAN.package.emmeans.

60. Mandal S, Van Treuren W, White RA, Eggesbg M, Knight R, Peddada SD.
Analysis of composition of microbiomes: a novel method for studying microbial
composition. Microbial Ecology in Health & Disease. 2015;26.

https://doi.org/10.3402/mehd.v26.27663.

61. Stacklies W, Redestig H, Scholz M, Walther D, Selbig J. pcaMethods—a
bioconductor package providing PCA methods for incomplete data. Bioinformatics.

2007;23:1164—7. https://doi.org/10.1093/bioinformatics/btm069.

49



1049

1050

1051

1052

1053

1054

1055

1056

1057

1058

1059

1060

1061

1062

1063

1064

1065

1066

1067

1068

1069

1070

62. Saidi F, Graybill LA, Tang JH, Phanga T, Milala B, Banda G, et al. Effect of
initiation of antiretroviral drugs for HIV prevention or treatment on the vaginal
microbiome of pregnant women in Malawi. npj Biofilms Microbiomes. 2025;11:67.

https://doi.org/10.1038/s41522-025-00697-8.

63. Chehoud C, Stieh DJ, Bailey AG, Laughlin AL, Allen SA, McCotter KL, et al.
Associations of the vaginal microbiota with HIV infection, bacterial vaginosis, and
demographic factors. AIDS. 2017;31:895-904.

https://doi.org/10.1097/QAD.0000000000001421.

64. Jamieson D. Longitudinal analysis of bacterial vaginosis: findings from the hiv
epidemiology research study. Obstetrics & Gynecology. 2001;98:656—63.

https://doi.org/10.1016/S0029-7844(01)01525-3.

65. Herold BC, Keller MJ, Shi Q, Hoover DR, Carpenter CA, Huber A, et al. Plasma
and Mucosal HIV Viral Loads Are Associated With Genital Tract Inflammation in HIV-
Infected Women. JAIDS Journal of Acquired Immune Deficiency Syndromes.

2013;63:485-93. https://doi.org/10.1097/QAI.0b013e3182961cfc.

66. Lajoie J, Poudrier J, Massinga-Loembe M, Guédou F, Agossa-Gbenafa C, Labbé
A-C, et al. Differences in immunoregulatory cytokine expression patterns in the
systemic and genital tract compartments of HIV-1-infected commercial sex workers

in Benin. Mucosal Immunology. 2008;1:309-16. https://doi.org/10.1038/mi.2008.18.

67. Petrova MI, Reid G, Vaneechoutte M, Lebeer S. Lactobacillus iners : Friend or
Foe? Trends in Microbiology. 2017;25:182-91.

https://doi.org/10.1016/j.tim.2016.11.007.

50



1071

1072

1073

1074

1075

1076

1077

1078

1079

1080

1081

1082

1083

1084

1085

1086

1087

1088

1089

1090

1091

1092

1093

1094

68. Fowler MG, Qin M, Fiscus SA, Currier JS, Flynn PM, Chipato T, et al. Benefits
and Risks of Antiretroviral Therapy for Perinatal HIV Prevention. N Engl J Med.

2016;375:1726-37. https://doi.org/10.1056/NEJMoa1511691.

69. Powis KM, Kitch D, Ogwu A, Hughes MD, Lockman S, Leidner J, et al. Increased
Risk of Preterm Delivery Among HIV-Infected Women Randomized to Protease
Versus Nucleoside Reverse Transcriptase Inhibitor-Based HAART During
Pregnancy. The Journal of Infectious Diseases. 2011;204:506—14.

https://doi.org/10.1093/infdis/jir307.

70. Huang C, Gin C, Fettweis J, Foxman B, Gelaye B, Macintyre DA, et al. Meta-
analysis reveals the vaginal microbiome is a better predictor of earlier than later

preterm birth. BMC Biol. 2023;21:199. https://doi.org/10.1186/s12915-023-01702-2.

71. Kindinger LM, Bennett PR, Lee YS, Marchesi JR, Smith A, Cacciatore S, et al.
The interaction between vaginal microbiota, cervical length, and vaginal
progesterone treatment for preterm birth risk. Microbiome. 2017;5:6.

https://doi.org/10.1186/s40168-016-0223-9.

72. Ministry of Housing, Communities, and Local Government. The English Indices

of Deprivation 2019. 2019.

73. Kindschuh WF, Baldini F, Liu MC, Liao J, Meydan Y, Lee HH, et al. Preterm birth
is associated with xenobiotics and predicted by the vaginal metabolome. Nat

Microbiol. 2023;8:246-59. https://doi.org/10.1038/s41564-022-01293-8.

74. Dunlop AL, Knight AK, Satten GA, Cutler AJ, Wright ML, Mitchell RM, et al.
Stability of the vaginal, oral, and gut microbiota across pregnancy among African
American women: the effect of socioeconomic status and antibiotic exposure. PeerJ.

2019;7:e8004. https://doi.org/10.7717/peerj.8004.
51



1095

1096

1097

1098

1099

1100

1101

1102

1103

75. Sykes L, Love R, Bayar E, Capuccini K, Correia GDS, Manoli E, et al. LACTIN-V
(Lactobacillus crispatus CTV-05) leads to microbial and immune modulation in
pregnant women at risk of spontaneous preterm birth:FLIP-1 study. 2026.

https://doi.org/10.21203/rs.3.rs-9182169/v1.

76. Pillay N, Short C-ES, Mzobe GF, Mtshali A, Ngcapu S. The vaginal microbiome in
pregnancy and preterm birth: mechanisms, disparities, and therapeutic opportunities.

npj Biofilms Microbiomes. 2026;12:89. https://doi.org/10.1038/s41522-026-00945-5.

52



Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

e HIVxEthnicitySupplementaryMaterials11062026.docx


https://assets-eu.researchsquare.com/files/rs-10056080/v1/ebbca6ae3c1cc08150db76f4.docx

