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Background. During pregnancy, the vaginal microbiota is relatively stable. However, African women have more diverse vaginal
microbiota than their European counterparts, in addition to high human immunodeficiency virus (HIV) prevalence and risk of ad-
verse birth outcomes. Although HIV is associated with alterations in vaginal microbiota and inflammation in nonpregnant women,
these relationships are underexplored in pregnant women.

Methods.
uninfected (n = 314) versus HIV-infected (n = 42). Mucosal samples were collected once at the enrollment visit (between 15 and 35

In this study, we characterize the vaginal microbiota and immune factors in pregnant African women who were HIV-

weeks of gestation) and women were followed until delivery.

Results.
HIV (P = .004), with community structure also differing by HIV status (P = .002, R* = 0.02). Human immunodeficiency virus in-
fection was also associated with increased risk of preterm birth (PTB) (31% versus 15.3%; P = .066). In a multivariate analysis, HIV
infection was independently associated with diverse vaginal community state type (CST)-IVA (P =.005) and CST-IVB (P = .018) as

Vaginal microbial communities of pregnant women with HIV were significantly more diverse than women without

well as PTB (P = .049). No association between HIV status and cytokine concentrations was found.

Conclusions.
Keywords.

Longitudinal studies with accurate gestational age assessment would be important to confirm these relationships.
cytokines; HIV infection; premature delivery; vaginal microbiota.

Bacterial communities present in the lower female genital tract
play an important role during pregnancy. The vaginal micro-
biota of most pregnant women is stable with more Lactobacillus
species-dominated communities than nonpregnant women
[1, 2]. African women and women of African descent often
possess vaginal microbiota dominated by Lactobacillus iners or
a diverse vaginal community [3, 4], even when pregnant [2].
Vaginal microbial dysbiosis is also more common in women
infected with human immunodeficiency virus (HIV) [5], and
the prevalence of an altered vaginal microbial environment in
HIV-infected pregnant women has been reported to be between
47% and 89% in some African cohorts [6]. Asymptomatic bac-
terial vaginosis (BV) has been associated with twice the risk of
preterm birth (PTB), as well as miscarriage, maternal infection,
and low birth weight (LBW) [7]. The increased risk of adverse
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pregnancy outcome may be due to specific bacterial spe-
cies, rather than BV itself. Gardnerella vaginalis, Mycoplasma
hominis, Mobiluncus, Atopobium vaginae, BV-associated bac-
terium-1 (BVABI), Megasphaera, and Sneathia species have all
been associated with preterm labor, PTB, and pregnancy loss
[8-10]. Although several studies suggest a link between vaginal
bacterial diversity and poor pregnancy outcome, others have
found no significant link [11, 12]; more important, none have
been performed in Africa.

Several studies have demonstrated associations between HIV
infection and increased risk of poor pregnancy outcomes [13-
16], but whether that is an effect of HIV per se or of associated
comorbidities remains unclear [17]. A Spanish study reported
a higher risk of both spontaneous and clinically indicated (eg,
pre-eclampsia) PTB in HIV-infected women [18]. Past research
from the precombination antiretroviral therapy (ART) era sug-
gests that maternal HIV infection is associated with small-for-
gestational age infants but not PTB [19]. In France, there was a
report of ART-associated increases in PTB [20]. Data from the
MmaBana trial in Botswana and earlier work from the Ivory
Coast also suggest an association between ART and risk of PTB
and/or LBW [21, 22]. In a facility-based cohort in Botswana,
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women with HIV, regardless of ART use, were at increased risk
of adverse pregnancy outcomes, including stillbirth, premature
delivery, small-for-gestational age infants, and early neonatal
death compared with uninfected women [23]. It is difficult to
disentangle the effects of antiretrovirals (ARVs) and HIV itself
on adverse birth outcomes. Regardless of the cause, the mech-
anisms of HIV/ARV-induced PTB need to be investigated so
that intervention measures can be identified to mitigate these
risks. An important underlying mechanism for the relationship
between HIV and poor pregnancy outcomes may be changes in
the vaginal microbiota as a result of HIV infection.

Studies in nonpregnant women have demonstrated that HIV
infection is associated with increases in proinflammatory cyto-
kine concentrations in the female genital tract [24-26]. In ad-
dition, studies conducted in pregnant HIV-uninfected women
demonstrated that vaginal inflammatory cytokines were asso-
ciated with PTB [27, 28]. Despite these facts, the relationship
between the composition of vaginal microbial communities,
immune factors, and pregnancy outcomes is underexplored in
pregnant women with HIV (PWH). Therefore, we assessed this
relationship in a cohort of pregnant Zimbabwean women.

METHODS

Women were recruited at Harare and Chitungwiza central hos-
pital antenatal clinics. All pregnant women between 15 and 35
weeks of gestation, above 18 years of age, willing to take part
in the study and to provide written consent, with documented
HIV testing results in pregnancy were eligible. Additional ex-
clusion criteria included diagnosis of a sexually transmitted in-
fection (STI) in the past month, or antibiotic use in the past
month, excluding cotrimoxazole prophylaxis. The study was
approved by Harare Central Hospital and Chitungwiza Central
hospital ethics committees, the University of Cape Town
Human Research Ethics Committee, and the Medical Research
Council of Zimbabwe.

After informed consent, a questionnaire was administered,
and 2 vaginal swabs were collected; 1 swab was immediately
placed into 1.5-mL sterile phosphate-buffered saline, transferred
to the laboratory on ice, and stored at —70°C within 4 hours of
collection. A second vaginal swab was collected, touched on a
pH indicator paper to measure vaginal pH, and then used for
Gram staining. Diagnosis of BV was done by Gram stain and
microscopy using Nugent scoring [29]. A wet prep was done
for Trichomonas vaginalis. Birth outcomes were collected from
hospital records or maternal health cards.

Samples were thawed, treated with a cocktail of enzymes
including lysostaphin, mutanolysin, and lysozyme [30] in-
cubated for 1 hour at 37°C with vortexing every 10-20 min-
utes. After enzymatic digestion sodium dodecyl sulfate,
phenol:chloro:isoamyl were added to the vaginal fluid mixture
and subjected to bead beating. Deoxyribonucleic acid (DNA)

extraction was done using the phenol chloroform extraction
method [3]. Deoxyribonucleic acid was amplified using uni-
versal primers (515F/806R) for the hypervariable V4 region of
the 16S ribosomal ribonucleic acid (rRNA) gene, and library
preparation was performed through 2 amplifications. The first
is PCR1: specific primers with overhang adapters were used to
amplify the V4 template out of the DNA sample. The purified
amplicons were subjected to second PCR: Nextera XT Index Kit
(Illumina) was used to add unique sequencing adapters. These
adapters were used during the PCR reaction to amplify the insert
DNA. Index sequences were added on both ends of the DNA,
enabling dual-indexing of pooled libraries. Purified libraries
consisting of 96 pooled samples per library were sequenced
from both ends using the MiSeq platform (version 3, 2 x 300
base pairs [bp] kit), and the resulting reads were demultiplexed
on the MiSeq and analyzed as previously described [31]. In
brief, after demultiplexing, raw reads were preprocessed as fol-
lows: forward and reverse reads were merged by using usearch?
[32] allowing a maximum of 3 mismatches; merged reads
were quality filtered by using usearch? (reads with E scores of
>0.1 were discarded); primer sequences were removed using a
custom python script [31]; and merged, filtered reads were trun-
cated at 250 bp. Dereplicated sequences were sorted by abun-
dance (highest to lowest) and clustered de novo into operational
taxonomic units (OTUs) at 97% similarity using usearch7.
Chimeric sequences were detected (against the Gold database)
by using UCHIME [33] and removed. Individual sequences
were assigned to the specific identifiers using a 97% similarity
threshold. Taxonomic assignment was performed with QIIME
1.8.0 [34] using the RDP classifier (using the default confidence
level of 0.5) against the Greengenes 13.8 reference taxonomy for
97% identity. Downstream analysis was done in R using custom
scripts [31]. Alpha (a) diversity estimates (Shannon) were cal-
culated using the R package vegan [35]. Beta-diversity was es-
timated by NMDS of Jensen-Shannon distances matrices [36].
Annotated heat maps were constructed using merged taxa at
lowest taxonomic levels for visualization using custom scripts.
Differential abundance testing was done using DESeq [37], with
significance cutoft of 0.01 after multiple testing correction.

of 27 cytokines (fibroblast
factor [FGF] basic, Eotaxin, granulocyte colony-stimulating

Concentrations growth
factor [CSF], granulocyte macrophage-CSE interferon-vy, inter-
leukin [IL]-1B, IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9,
IL-10, IL-12 [p70], IL-13, IL-15, IL-17, interferon-y-induced
protein [IP-10], macrophage chemotactic protein [MCP]-1
[monocyte chemotactic and activating factor], macrophage in-
flammatory protein [MIP]-1a, MIP-1B, PDGF-BB, RANTES,
tumor necrosis factor [TNF]-a, vascular endothelial growth
factor [VEGF]) were measured in vaginal fluid using Multiplex
bead array. In brief, samples were thawed overnight at 4°C,
centrifuged at 13 000 rpm for 10 minutes, and the superna-
tant was filtered using a Spin-X tube (0.22-um filter; Corning
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Costar) at 13 000 rpm for 10 minutes. Cytokine concentra-
tions were measured in the filtrate using a Bio-Plex Pro Human
Cytokine 27-Plex Assay (Bio-Rad Laboratories Inc.). Assay
plates were read using a Bio-Plex Suspension Array Reader
(Bio-Rad Laboratories Inc.). Data were analyzed using Bio-
Plex manager software (version 4). Cytokine levels below the
lower limit of detection of the assay were reported as the mid-
point between zero and the lowest detectable level measured
for that given cytokine. As samples were spread across multiple
plates, a reference panel of 5 samples was included on each of
the plates (interplate controls), in addition to 5 samples being
duplicated on each set of plates (intraplate controls) for quality-
control measures. Spearman’s rank to measure intra-assay and
interassay correlation coefficients was used to determine assay
reliability and reproducibility. Cytokines were excluded where
interplate or intra-assay correlation coefficients were <0.8 and
0.95, respectively.

Shapiro-Wilk test for normality was performed to determine
the distribution of variables within the dataset. Comparison
of unpaired non-parametric data was done using the Mann-
Whitney U test. The Spearman’s rank test was applied to test
for correlation between nonparametric data. Statistical infer-
ences on binary sets of data were performed using the x” test.
Non-parametric assessments of variation between groups was
carried out through the Kruskal-Wallis analysis of variance
(ANOVA), with Dunn’s post hoc test applied to identify which
groups were different for the effect of multiple comparisons.
Statistical analyses were performed using GraphPad Prism
version 7.0 for Mac OS (GraphPad Software, San Diego, CA),
R, or Stata version 12. All tests were 2-tailed and P <.05 were
considered significant. Logistic regression was performed using
Stata version 12.

RESULTS

Participant Characteristics

Of the 420 eligible women who consented to the study, we
sequenced samples from women without trichomoniasis, di-
abetes, or other chronic illness unrelated to HIV. Of the 367
samples we sequenced, 356 passed sequencing quality control
(=>2000 reads/sample), had HIV status data, and were thus in-
cluded in downstream analysis. Of these 356 women, 42 (12%)
were PWH (Table 1). There were no differences in characteris-
tics such as gestational age at collection (enrollment), gravida,
antibiotic use during the past 3 months, vaginal douching
practices, and history of previous poor outcomes (including
PTB, stillbirth, or miscarriage in prior pregnancies) between
PWH and uninfected women. The median CD4" count of
PWH was 495 cells/mm®. Of the women with details on ART
use, the majority (36 of 40 [90%]) were on the fixed-dose com-
bination of tenofovir, lamivudine, and efavirenz (Table 1). Of
the singleton pregnancies with birth outcomes available, 42
of 244 (17.2%) were preterm, defined as delivery before 37

weeks of gestation. Of those with birth weights available, 35
(15%) were considered LBW (ie, birth weight below 2.5 kg).
Of the 42 preterm deliveries in this cohort, a higher preva-
lence occurred in PWH compared with uninfected women
(31% vs 15.3% [P = .066], respectively). Bacterial vaginosis,
as diagnosed by Nugent score 7-10, was present in 88 women
(24.7%). Pregnant women with HIV were significantly more
likely to have BV (P = .01) compared with uninfected women
(Table 1). Furthermore, PWH were more likely to be of older
age (31 vs 28.7 years, P = .066) and have a partner who was a
smoker (7; 16.7% vs 19; 6.1% [P = .03]).

Vaginal Microbial Composition by 16S Ribosomal Ribonucleic Acid Gene
Sequencing

Relative abundance of vaginal microbiota was obtained by amp-
lifying and sequencing the V4 hypervariable regions of the 16S
rRNA gene. The median read count was 75 849 (range, 61-352,
921). Samples with fewer than 2000 reads were excluded from
downstream analysis. The Greengenes Database [38] was used
to assign taxonomy to sequences, and 1185 OTUs were gen-
erated. Unsupervised hierarchical clustering of taxa merged
at the lowest taxonomic level using Jensen-Shannon distance
matrix, and the ward D2 linkage clustering method was per-
formed (Figure 1A). The vaginal microbiota of the women in
this cohort clustered into 5 community state types (CST). Using
the CST numeric system described by Romero et al [39], these
were CST-I (Lactobacillus crispatus dominant), CST-III (L
iners dominant), CST-IVA (G vaginalis, BVABI, and mixed di-
verse anaerobes), CST-IVB (G vaginalis, L iners, A vaginae, and
mixed diverse anaerobes), and CST-V (Lactobacillus jensenii
dominant) (Figure 1). The majority of women with CST-IVA
or CST-IVB were BV positive by Nugent score (n = 70 of 85;
78.7%). As previously observed in African women, there were
no women with vaginal microbiota dominated by L gasseri, and
few with L jensenii dominated CST-V. As expected, alpha di-
versity as measured by Shannon index was significantly lower
in CSTs I and III than CST-IV and also lower than CST-V. It is
interesting to note that alpha diversity of the L iners-dominant
CST-III was lower than CST-I (L crispatus dominant), although
the difference was not significant (P = .07) (Figure 1B).

Relationship Between Vaginal Microbiota and Human
Immunodeficiency Virus

We compared the vaginal microbial composition between PWH
and uninfected women. Pregnant women with HIV had signifi-
cantly more diverse vaginal microbiota than uninfected women
(mean log, Shannon indices 1.66 versus 1.04, P = .004) (Figure
2A). Furthermore, beta diversity using Jensen-Shannon dis-
tances using Permutational multivariate ANOVA revealed sig-
nificant differences between vaginal microbiota of women with
and without HIV (P = .002, R* = 0.02) (Figure 2B). Women in-

fected HIV were less likely to have CST-I and CST-V microbiota
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Table 1. Cohort Characteristics Stratified by HIV Status

Characteristics Overall (n = 356) HIV Uninfected (n = 314) HIV Infected (n = 42) PValue®
Maternal age [years], median (IQR) 29 (24-34) 28.68 (24.07-33.52) 31 (25-35) .066
Gestational age collection [weeks], median (IQR) 29 (25-33) 29 (25-33) 30 (28-32.75) 754
Partner smoker, n (%) 26 (7.3) 19 (6.1) 7 (16.7) .030
Blood CD4* [cel/mm®] (median, IQR) 495 (398.8-643.5) NA 495 (398.8-643.5)
Plasma viral load copies/mL, mean (SD)° 128.85 (98.49) NA 128.85 (98.49)
ART Regimen, n (%)° NA
TDF, FTC, EFV 36 (85.7) NA 36 (85.7)
Combivir (AZT + 3TC) 4(9.5) 4(9.5)
pH (median, IQR) 4 (4-4.5) 4 (4-4.5) 4 (4-7) 124
Gravida (median, IQR) 3 (2-4) 3 (2-4) 3. (2-4) 102
Para (median, IQR) 1(0-2) 1(0-2) 2(1-2) .041
Antibiotic use past 3 months, n (%)¢ 45 (12.6) 38(12.1) 7 (16.7) 556
Vaginal douching current pregnancy, n (%) 174 (48.9) 148 (47.1) 26 (61.9) 102
Nugent score (median, IQR) 2.5 (0-7) 2 (0-6) 5 (0-8) .016
Bacterial vaginosis, n (%) .010
BV positive (Nugent score 7-10) 8 (24.7) 70 (22.3) 18 (42.9)
Intermediate (Nugent score 4-6) 7 (16.0) 50 (15.9) 7 (16.7)
BV negative (Nugent score 0-3) 211 (69.3) 194 (61.8) 17 (40.5)
Pregnancy induced hypertension®, n (%) 21 (5.9) 21 (6.7) 0(0.0) .168
Previous poor outcome’, n (%) 109 (30.6) 97 (30.9) 12 (28.6) .898
Previous preterm birth, n (%) 53 (14.9) 48 (15.3) 5 (11.9) 728
Outcomes
Small for gestational age®, n (%) 30 (12.9) 25 (12.2) 5(179) .590
Low birth weight?, n (%) 35 (15.0) 28 (13.7) 7 (25.0) 196
Preterm”, n (%) 42 (17.2) 33 (15.3) 9(31.0) .066
CST, n (%) .004
CST 109 (30.6) 105 (33.0) 4(9.0)
CSTII 2 (25.8) 2 (26.0) 10 (24.0)
CSTIVA 2 (25.8) 74 (24.0) 18 (43.0)
CSTIVB 55 (15.4) 45 (14.0) 10 (24.0)
CSTV 8(2.2) 8 (3.0 0(0.0)
Inflammation (n = 324) n (%) .565
High 122 (37.65) 104 (36.9) 18 (42.9)
Low 202 (62.35) 178 (63.1) 24 (57.1)

Bolded text signifies significant differences between HIV Uninfected versus Infected.

Abbreviations: ART, antiretroviral treatment; AZT, zidothymidine; BV, bacterial vaginosis; CST, community state type; EFV, efavirenz; FTC, emtricitabine; HIV, human immunodeficiency virus;
IQR, interquartile range; NA, not applicable; SD, standard deviation; TDF, tenofovir disoproxil fumarated.

2Unpaired t test was used when assessing frequency associations between groups. % test was used for BV and Fisher test for CST.

PAnalysis of variance.

“Two missing values.

%Ten were cotrimoxazole prophylaxis.
°Current pregnancy.

'Stillbirth, miscarriage or preterm birth, prior pregnancy.

n = 233.
"n =244,

and more likely to have CST-IVA and CST-IVB than HIV-
negative women (Kruskal-Wallis [ANOVA]; P = .004) (Table
1). The majority of PWH had vaginal microbiota in CST-IVA
(18 of 42 [43%]), followed by CST-IVB (10 of 42 [24.0%]) and
CST-III (10 of 42 [24.0%]) (Table 1). A multivariate analysis
confirmed the significant association between HIV status and
diverse CST—specifically CST-IVA (odds ratio [OR], 6.08; 95%
confidence interval [CI], 1.87-24.20; P = .004) and CST-IVB
(OR, 6.31;95% CI, 1.55-28.91; P = .01)—after adjusting for pos-
sible confounders (Table 2). Using DESeq2, we identified differ-
entially abundant taxa by HIV status at adjusted P < .01. The

relative abundance of 26 taxa were significantly differentially
abundant with Prevotella colorans, Gemella asaccharolytica, and
M hominis most strongly associated with HIV, and L jensenii
and Lactobacillus delbrueckii most highly abundant in unin-
fected women (Figure 2C, Supplementary Table S1).

Vaginal Cytokine Concentrations and Human Immunodeficiency
Virus Status

We measured the concentrations of 27 cytokines in vaginal fluid
using Luminex. Of these, 13 had interplate and intraplate var-
iation that passed our stringent cutoffs of rho of 0.8 and 0.95,
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Figure 1.  (A) Unsupervised hierarchical clustering of the 30 most abundant taxa (rows) merged at the lowest taxonomic level as identified by 16S ribosomal ribonucleic
acid (rRNA) gene amplicon sequencing using Ward D2 linkage with Jensen-Shannon distances. Red color represents most abundant, whereas blue presents least abundant
or absence of log, transformed operational taxanomic unit counts. (B) Alpha diversity, showing microbial diversities of the 5 community state types (CST). (C) Nonmetric multi-
dimensional scaling (NMDS) using hierarchical clustering with Jensen-Shannon Ward D2 linkage method, showing 5 CSTs: CST-I (coral) dominated by Lactobacillus crispatus,
CST-IIl (olive) dominated by Lactobacillus iners, CST-IVA (green), and CST-IVB (blue)-diverse communities dominated by Gardnerella vaginalis, and other anaerobic bacteria
and less Lactobacillus. The CST-V (purple) dominated by Lactobacillus jensenii. BV, bacterial vaginosis.

respectively. These included the proinflammatory cytokines factors VEGF and IL-7, and the Th2 cytokine IL-4. There were
IL-1B, TNF-0, IL-8, the chemokines MIP-1a, MIP-1f, regu-  no significant differences in the concentrations of these factors
lated upon activation, normal T-cell expressed, and secreted  according to HIV status (Figure 3A), even after adjusting for
(RANTES), IP-10 (CXCL-10), MCP-1, Eotaxin, the growth CST. Pam clustering of cytokines was used to cluster women
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Figure 2. (A) Alpha diversity of the vaginal microbiota of human immunodeficiency virus (HIV)-infected and HIV-uninfected women depicted by box plots; (B) beta diversity
of vaginal microbiota by Jensen-Shannon distances. (C) Differentially abundant taxa 2-fold change between HIV-infected and HIV-uninfected women differentially abundant
taxa using DESeq2. **P<.001. CST, community state types; NA, not applicable; NMDS, nonmetric multidimensional scaling.

into high and low inflammatory groups. The inflammation-
high group did not show any clear association with HIV status
(Figure 3B).

Because vaginal microbiota have been shown to be strongly
correlated with cytokine concentrations in nonpregnant women
[3, 31], we assessed whether this was also true during pregnancy,
a state of relative immune quiescence. There were no correl-
ations between vaginal microbial taxa and cytokine concentra-
tions with an R > 0.5. There were only 6 taxa associated with
cytokine concentrations with an R > 0.3 that remained signifi-
cant after multiple testing correction (Supplementary Figure S1).

Relationship Between Human Immunodeficiency Virus and Pregnancy
Outcomes

A multivariate logistic regression analysis was performed, in-
cluding factors that were associated with HIV in the univariate
analysis with P < .1 (Table 1) and factors selected as a priori
associated with HIV infection (Table 2). Preterm birth (OR,
3.80; 95% CI, 1.08-12.82; P = .004) and CST-IVA and CST-IVB
were independently associated with HIV (OR, 6.08 and 95% CI,
1.87-24.2 and OR, 6.31 and 95% CI, 1.55-28.91, respectively)
(Table 2). Because gestational age assessment was not per-
formed via ultrasound and therefore may have been inaccurate,
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Table 2. Factors Associated With HIV in a Multivariate Analysis

Characteristic OR 95% Cl PValue
Log maternal age (years) 0.53 .002-119 .818
Parity 1.28 .88-1.87 196
Partner smoker 4.69 1.13-19.55 .034
Preterm delivery 2.81 1.01-7.83 .049
Gestational age at collection (weeks) 1.03 .94-1.13 473
CSTII 1.38 31-6.1 .668
CSTIVA 5.89 1.7020.4 .005
CSTIVB 5.45 1.34-22.19 .018
CSTV Omitted

Bolded values depict signficant associations in the multivarate model.

Abbreviations: Cl, confidence interval; CST, community state type; HIV, human immunodeficiency virus; OR, odds ratio.

we also performed a multivariate analysis using LBW in a sepa-
rate model (due to collinearity between LBW and PTB). Human
immunodeficiency virus infection was also independently as-
sociated with delivery of LBW infants (95% CI, 1.08-12.83;
P =.03) (Supplementary Table S2). We also explored predictors
of PTB both univariate and in a multivariate linear model, in-
cluding those factors associated with PTB in the univariate
model (maternal age and gravida) or those previously reported
to be associated with PTB (pregnancy-induced hypertension,
vaginal CST, HIV, and history of prior PTB) (Supplementary
Table S3). Only HIV infection remained independently asso-
ciated with PTB (OR, 2.73; 95% CI, 1.01-7.42). Of the 9 PTBs

that occurred in PWH, 7 (77.8%) occurred in women who con-
ceived on ART, but this was not significantly different from the
proportion of PWH that conceived on ART and delivered at
term (n = 14, 70%).

DISCUSSION

Women with HIV are more likely to have BV and experience
high rates of poor pregnancy outcomes, yet the relationship be-
tween these is underexplored. In this study, we investigated the
relationship between HIV, vaginal microbiota, and pregnancy
outcomes in a cohort of African women. As expected, there was
a higher prevalence of BV in HIV-infected pregnant women.
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(A) Association between human immunodeficiency virus (HIV) status and individual vaginal cytokine levels by univariate logistic regression. Regression f3-

coefficients are represented by black circles, and 95% confidence intervals are depicted by bars. (B) Heatmap showing cytokine distribution by HIV status, community state
type (CST), and inflammation using supervised hierarchical clustering (Jensen-Shannon) of log, -transformed cytokine concentrations. Each column represents a woman,
and rows represent individual cytokines. Red color represents higher concentrations (range 5.24 to 1.3 pg/mL), whereas blue represents (ranges 1.29 to -1.7 pg/mL) lower
concentrations of cytokines. IL, interleukin; IP-10, interferon-y-induced protein; MCP. macrophage chemotactic protein; MIP, macrophage inflammatory protein; TNF, tumor

necrosis factor; VEGF, vascular endothelial growth factor.
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Consistently, PWH had higher vaginal microbial diversity and
significantly different community composition than women
without HIV infection. A longitudinal study of nonpregnant
women from Chicago found no significant differences in mi-
crobial community structure according to HIV status, and the
lack of significant differences was attributed to effective ART
[40]. In our cohort of Zimbabwean pregnant women, most HIV-
infected women were receiving ART yet still had altered vaginal
microbiota. Previous studies in African women have reported
that high diversity vaginal microbial communities and BV are
associated with HIV acquisition [40-42]. Therefore, it remains
unclear whether HIV infection is a cause or an effect of the al-
tered vaginal microbiota in these women.

More important, in this cohort of Zimbabwean women, HIV
was associated with PTB, and this was independent of vaginal
microbiota (as measured by CST). It has long been reported that
BV is a risk factor for PTB [10, 43-46] and that HIV-infected
women are at risk for delivery of premature infants [18, 47-50].
Whether these factors are related has largely been unexplored.
Our data suggest that factors other than nonoptimal vaginal
microbiota put women with HIV at risk for adverse birth out-
comes. Because all of the HIV-infected women in this cohort
were receiving ART, we cannot discern whether HIV infection
or the treatment contribute to prematurity in this study; how-
ever, in the current era, it is not possible to distinguish the rela-
tive contribution of these factors.

Although we found high microbial diversity in HIV-infected
pregnant women, few differences in inflammation were ob-
served between HIV-infected and uninfected women. Diverse
vaginal microbiota is often associated with genital tract inflam-
mation in nonpregnant women [31]. Because pregnancy is a
state of relative immune quiescence, it is possible that factors
are in play to dampen inflammation associated with vaginal
microbiota. Indeed, we found only weak correlations between
vaginal microbiota and cytokine concentrations in this preg-
nant cohort. In nonpregnant women, Roberts et al [51] found
that during early infection, cervicovaginal inflammatory cyto-
kine profiles did not differ between women pre- and post-HIV
infection, suggesting that inflammation was a cause, rather than
an effect, of HIV acquisition in these high-risk women. It is also
possible that the lack of increased vaginal inflammation in the
PWH in our cohort was due to the fact that most women were
on ART, with median CD4" counts of 495 cell/mm’. Another
potential explanation for the lack of inflammation associated
with HIV infection in our cohort is that these women were
pregnant.

CONCLUSIONS

Our study was limited by the cross-sectional study design used.
Due to this, women were not retested for HIV during pregnancy
and therefore could have been misclassified as HIV negative at
delivery. We were also limited by lack of STI testing other than

wet mount for trichomoniasis. The STIs may alter the relation-
ship between HIV and PTB, although they would likely not in-
fluence the relationship between HIV and vaginal microbiota.
The study was somewhat underpowered to assess differences
by preterm and HIV status because there were relatively low
numbers of both. However, we were able to detect associations
between HIV and poor pregnancy outcomes independent of
vaginal CST. Further research with a longitudinal cohort would
be useful to confirm or refute these findings.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.

Supplementary Figure S1. Significant positive (blue) or neg-
ative (red) correlations between standardized read counts of
bacteria (merged at lowest taxonomic level) and vaginal concen-
trations of cytokines using Spearman’s rank correlation, with ad-
justed P < .05 and R* > 0.03.

Supplementary Table S1. Differentially abundant taxa by
HIV status using DESeq2.

Supplementary Table S2. Factors associated with HIV in a
multivariate model including low birth weight.

Supplementary Table S3. Factors associated with preterm
birth in univariate and multivariate models.

Notes
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