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Abstract

Among urban, primarily African American pregnant women, 74% were identified with Nugent-
score BV. All BV-associated bacteria were more prevalent among women with Nugent-score BV.
BVAB3 had the highest positive predictive value while Gardnerella vaginalis and Atopobium spp.
had the highest sensitivity. Afgpobium spp. levels had the most significant AUC.
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Understanding the relationship between BV and reproductive health has increasingly
become important, particularly with the advent of numerous methods to measure and
quantify BV 123, BV is most commonly assessed using two diagnostic approaches: the
Amsel criteria or the Nugent criteria® . The Amsel criteria are based on reported
symptomatology and the Nugent criteria are based on bacterial morphology. Molecular
assays using quantitative polymerase chain reaction (QPCR) have also been developed to
assess the vaginal level of various hard-to culture BV-associated bacteria among pregnant
and non-pregnant women 1:2.6 Numerous reports have documented the ubiquity of BV
among reproductive age women and have consistently concluded that the highest rates of
BV occur among urban, primarily African-American women -8, Reports have linked BV to
a two-fold increased risk of spontaneous preterm birth (SPTB) but many BV positive women
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deliver at term 9-13, Thus, the identification of the particular BV-associated bacteria most
linked to BV could dramatically improve the efficacy of BV treatment, the development of
prenatal screening methods to identify high risk pregnant women, and the assessment of
more effective treatment options to reduce SPTB among high risk subgroups of pregnant
women 14,

In this assessment, six hundred and eighty two pregnant women with singleton pregnancies
less than 16 weeks gestation (mean/std: 10+6 weeks) and contributing multiple vaginal
swabs were included. This study was conducted in accordance with Temple University’s
Institutional Review Board. Woman self-collected two, dry epicenter vaginal swabs and self-
collection has been shown to have excellent agreement to assess Nugent-score BV and to
quantify BV-associated bacteria 1516, [ eptotrichia/Sneathia species, Megasphaera-like
species, Garadnerella vaginalis, Mobiluncus spp., Atopobium spp. and Bacterial Vaginosis-
Associated Bacterium (BVAB) 1, BVAB2 and BVAB3 were measured using rRNA gene
quantitative PCR assay, as described elsewherel-®. For the gPCR levels, a below the
detectable threshold level was noted for values of 125, 250 or 500 gene copies per swab,
depending on assay, and a value of 250 was assigned as non-detectable when assessing
means. For the mean comparisons, the qPCR values were transformed to log base 10.

Vaginal fluid from the second swab was used for BV identification using the Nugent criteria
4 We compared women with Nugent-score BV, defined as a Nugent score >7, to women
with intermediate flora (Nugent score of 4-6) and women with normal flora (Nugent score
less than 4). Given the low prevalence of BV negative women, we grouped women with
intermediate and normal flora.

Individual receiver operator characteristic (ROC) curves were created using the continuous
log levels of Atopobium spp., BVAB3, and Gardnerella vaginalis to demonstrate the
relationship between sensitivity and specificity over differing levels of Nugent-score BV.
Cutoffs for Atopobium spp., BVABS3, and Gardnerella vaginalis were also generated by
selecting the log level of each bacterium which resulted in high sensitivity and reasonable
specificity to detect Nugent-score BV. Second ROC curves were developed using these
dichotomized cutoff’s to understand the utility of the dichotomous grouping in identifying
the Nugent-score BV. SPSS statistical package version 19.0 and SAS version 9.2 were used
for the analysis and a 2-sided p value of <0.05 was considered statistically significant.

Seventy-four percent of women had Nugent-score BV, 17% had intermediate flora, and 9%
had normal flora. As expected, women with Nugent-score BV compared to women with
normal/intermediate flora were more likely to be African American (67.2% vs. 52.0%, p-
value<0.001), report current alcohol use (26.6% vs. 17.9, p-value=0.02), report a new sexual
partner during the pregnancy (3.0% vs. 0.6%. p-value=0.06), and report a higher mean
number of male sexual partners in the past year (1.9 vs. 1.6, p-value=0.08). Mean perceived
stress scores were not related to Nugent-score BV (5.3 vs. 5.3; p-value=0.96).

Each of the eight BV-associated bacteria were significantly more prevalent among pregnant
women with Nugent-score BV and the mean levels of each of the BV-associated bacteria
were significantly higher among women with Nugent-score BV. In the final multivariate
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model predicting Nugent-score BV, which included all eight BV-associated microbiota, race,
alcohol use and new sexual partner, the presence of BVAB3 (aOR=8.17, 95% CI: 3.82—
17.48) or the presence of Atopobium spp. (aOR=2.63, 95%CI: 1.40-4.90) remained
significantly predictive of Nugent-score BV. A significant interaction predicting Nugent-
score BV was found among women positive for both Garadnerella vaginalis and Atopobium
Spp (aOR=11.32, 95% Cl: 7.18-17.84).

The sensitivity and specificity of the BV-associated bacteria over differing levels of Nugent-
score BV were similar to the findings among non-pregnant women®. BVAB3 had the highest
PPV (0.97, 95% CI: 0.94-0.98) and high specificity (0.94, 95% CI: 0.90-0.97) for Nugent-
score BV. The presence of Gardnerella vaginalis or the presence of Atgpobium spp. had the
highest sensitivity for Nugent-score BV (0.98, 95% CI: 0.96-0.99 and 0.93, 95% CI: 0.90-
0.95; respectively). In this sample, in contrast to findings by Menard et al, the presence of
both Atopobium spp. and Gardnerella vaginalis did not dramatically improve the accuracy of
identifying Nugent-score BV (sensitivity: 0.93, specificity 0.48, PPV: 0.83 and NPV:
0.70)17.

The continuous level of Afopobium spp. and Gardnerella vaginalis had the highest area
under the curve (AUC) for Nugent-score BV (AUC=0.89, 95% CI: 0.86-0.91 and AUC =
0.89, 95% CI: 0.87-0.92, respectively). The continuous level of BVAB3 had a moderate
AUC (AUC =0.76, 95% CI: 0.73-0.79). Grouping Atfopobium spp. at or above the cutoff
value continued to yield the highest sensitivity for Nugent-score BV (AUC = 0.78, 95% CI:
0.75-0.81) (Figure 1). Using the cutoffs for Gardnerella vaginalis and BVAB3, the AUC
were 0.77 (95% ClI: 0.74-0.81) and 0.67 (95% CI: 0.64 — 0.71), respectively.

In this assessment, we documented the high level of Nugent-score BV among urban,
primarily African American preghant women and, similar to other research, we reported
both a high prevalence of Afopobium spp. among pregnant women and confirmed that high
Atopobium spp. levels were linked to Nugent-score BV. Menard and others have also found
a high prevalence of Atfgpobium spp. among primarily Caucasian European pregnant women
and have identified Atopobium spp. as highly sensitive and specific to Nugent-score BV/17:18
In addition, a recent assessment found excellent sensitivity (0.95), specificity (0.99) and high
PPV and NPV values for BV detection (0.95 and 0.99, respectively) among pregnant women
with high levels of both Atopobium spp. (= 108 copies/mL) and Gardnerella vaginalis (= 10°
copies/mL)Y. We found high agreement between Nugent-score BV and high levels of
Atopobium spp. but we did not find an improvement in the prediction of BV among
pregnant women who were positive for both Atopobium spp. and Gardnerella vaginalis.
Menard et al also reported that pregnant women presenting with signs and symptoms of
preterm labor (PTL) and having elevated levels of both Afopobium vaginae and Gardnerella
vaginalis were at a higher risk of SPTB1°. Future research should determine the importance
of high levels of Atopobium vaginae and the combination of high levels of Atopobium
vaginae and Gardnerella vaginalis and subsequent risk of SPTB among African American
women and pregnant women with and without PTL.

When interpreting these data, it is important to recognize several limitations. First, this is a
sample of urban, primarily African American pregnant women which may not be
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generalizable to all pregnant women. In fact, some of the differences between this work and
Menard et al may be due to the higher prevalence of Nugent-score BV in our sample of
urban women or differences in the microbial diversity of BV-associated bacteria found
among African American women. Second, we used the Nugent criteria to identify BV. As
noted by Martin, not all women with high Nugent scores are deficient in Lactobacilliand
Ravel et at recently reported that women with vaginal samples dominated by L /nersand L
gasserii were commonly identified as having intermediate or high Nugent scores, again
indicating that some Lactobacillus species are associated with high Nugent scores20:21,

Given the high prevalence of intermediate flora among this group of pregnant women, it is
important to understand the importance of identifying women with intermediate flora. Some
have suggested that women with intermediate flora are in transition between normal flora
and BV, and others suggest that a subset of women with intermediate flora exhibit vaginal
microbiota closely related to women with normal flora and another subset of women with
intermediate flora resemble Nugent-score BV 22-24, |n addition, Donders et al has proposed
that women with abnormal, intermediate flora represent a select group of women with
aerobic vaginitis reflecting high levels of group B streptococci and £. coli 5. It is currently
unclear if the group of pregnant women with intermediate flora are more or less likely to
become BV positive as pregnancy progresses and the relative importance of intermediate
vaginal flora on the risk of SPTB. We previously reported an increase risk of miscarriage
among women with Nugent-score intermediate flora which followed a dose-dependent
increase 26. Future research should focus on the large group of pregnant women with
Nugent-score intermediate flora to determine the importance of this classification in
predicting adverse pregnancy outcomes and to examine the short and long-term microbial
diversity among women with intermediate flora.

In conclusion, we confirmed in this sample of young, urban primarily African American
women that Afgpobium spp. was related to Nugent-score BV. Continuous levels and high
values of Afopobium spp. were also highly sensitive and specific over differing levels of
Nugent-score BV. Future studies should validate these findings, confirm the role of high
levels of Afopobium spp. among pregnant women, and assess the impact of BV-associated
bacteria on adverse pregnancy outcomes.
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High levels of Atopobium spp. were related to Nugent-score BV among urban, pregnant
women. Levels of Atopobium spp. early in pregnancy were highly sensitive and specific

for BV.

Summary
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ROC curves using the derived cutoffs for BVAB3, Gardnerella vaginalis and Atopobium
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