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Abstract

Background—The presence of hydrogen peroxide (H,O5)-producing lactobacilli in the vagina is
associated with decreased rates of preterm birth and HIV acquisition. We hypothesize that this is
due to immunomodulatory effects of these species.

Methods—Concentrations of IL1p, IL6, IL8, secretory leukocyte protease inhibitor (SLPI) and
human beta defensin 2 (HBD2) were quantified from vaginal swabs from 4 groups of women:
women with and without bacterial vaginosis (BV) by Nugent score, further stratified by detection
of H,0,-producing lactobacilli by semi-quantitative culture. Ten quantitative PCR assays
characterized presence and quantity of select Lactobacillus and BV-associated species in each
group. Levels of immune markers and bacteria were compared between the four groups using
ANOVA, Kruskal-Wallis, Mann Whitney U or chi-square tests.

Results—Swabs from 110 women from four groups were included: 26 had a normal Nugent
score (BV-), and no H,O»-producing lactobacilli detected(H,05-), 47 were BV—, H,0,+, 27 BV
+, HO,- and 10 BV+, H,O5+. The groups were similar in age, marital status and reproductive
history, but not ethnicity: the BV-, H,O,— group had more Caucasian participants(p = 0.02). In
women with and without BV, IL1 was lower in the HoO»+ groups. HBD2 was lowest in BV+
H,0,— women and highest in BV-, H,O,—. SLPI was lower in women with BV, and did not
differ by the presence of H,O,—producing lactobacilli. In regression analysis higher quantities of
L. crispatus were associated with lower quantities of IL1p. Detection and quantity of BV-
associated species by gPCR was significantly different between women with and without BV, but
not between women with and without H,O»-producing lactobacilli within those groups.

Conclusions—The presence of H,O»-producing lactobacilli is associated with lower levels of

some vaginal pro-inflammatory cytokines, even in women with BV.
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Introduction

The human vagina is normally colonized by billions of bacteria. In many healthy women,
the dominant bacterial genus is Lactobacillus, whose members produce lactic acid and
maintain a low vaginal pH.(1, 2) Colonization with Lactobacillus species that produce
hydrogen peroxide (H,05) has been associated with lower rates of bacterial vaginosis,(3)
preterm birth,(4) HIV acquisition(5) and higher rates of pregnancy implantation after in vitro
fertilization.(6) However, studies have not demonstrated the same benefit for non- H,0, -
producing Lactobacillus species.

Bacterial vaginosis (BV) is a syndrome characterized both by an absence of lactobacilli and
an increase in the diversity of the vaginal microbial community.(7) Women with BV have an
increased risk for preterm birth,(8) late miscarriage,(9) and HIV acquisition.(5) Given the
strong inverse correlation between Lactobacillus colonization and BV, it is difficult to
determine whether lactobacilli are protective or whether BV is harmful. Is the presence of
Lactobacillus species good, or simply a marker for the absence of bad?

Many of the complications associated with BV are thought to be related to the inflammatory
response to the BV-associated bacterial species.(10) Higher vaginal fluid levels of
interleukin (IL)-6, IL-8, and IL-1f have been associated with increased risk of HIV
acquisition,(11, 12) as well as short cervix and preterm birth.(13, 14) Vaginal fluid human
beta defensing (HBD2) (15) and secretory leukocyte protease inhibitor (SLPI) (12) levels
correlate with anti-HIV activity. BV is associated with elevated IL-1f, IL-6, and IL-8, and
decreased HBD2 and SLPI.(16) One possible mechanism for the beneficial effect of vaginal
H,0, -producing lactobacilli is that they alter the mucosal immune response to negative
stimuli.(17) In vitro and in models of colitis, colonization with Lactobacillus species has
been associated with decreased inflammation.(17, 18)

We hypothesized that in women with BV, the presence of vaginal H,O, -producing
lactobacilli would be associated with lower levels of IL-18, IL-6, and IL-8 and higher levels
of HBD2 and SLPI.

Material and Methods

Clinical cohort

This was a secondary analysis of samples and data collected from non-pregnant women
enrolled in a prospective cohort of racial disparities in pre-term birth in Washington State.
For the primary study, women who had delivered an early preterm infant (20-34weeks) or a
term infant (=37 weeks) and who were US-born, King County Washington residents with no
history of hypertensive complications in the preceding pregnancy were enrolled and
underwent a pelvic exam. All participants signed informed consent for participation, and the
study was approved by the University of Washington Institutional Review Board. Vaginal
flora pattern was characterized by Gram stain using the Nugent criteria: a score of 0-3
indicated normal flora, and 7-10 indicated BV. Women were tested for Neisseria gonorrhea
and Chlamydia trachomatis using a combined nucleic acid amplification test (Aptima™
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Combo 2, Gen-Probe, San Diego, CA) of vaginal fluid or urine. Trichomonas vaginalis was
diagnosed by culture (In-Pouch™ TV, Biomed Diagnostics, White City, OR). Vaginal swabs
were collected for bacterial culture and placed directly into Port-a-Cul system for transport
to the lab, where bacteria were cultured and identified using standard techniques.(19) An
additional Dacron swab was saturated with vaginal fluid from the posterior fornix, placed in
a sterile cryovial, eluted in 0.9 mL phosphate-buffered saline and stored at —80C until
assayed.

For this substudy, we selected samples from women with either BV or normal vaginal
microbiota by Nugent score, who also had data on presence of H,O»-producing
Lactobacillus by culture. Due to funding limitations, cultures were not performed during the
whole duration of the primary study so only part of the primary cohort was eligible for this
substudy. Women with intermediate flora (Nugent score 4-6) were excluded from this
analysis. Four women with a positive culture for T. vaginalis were also excluded from
analysis. Some of the samples selected for this substudy had already been used for previous
analyses in the cohort and were not available.

Laboratory methods

Vaginal swabs were thawed, vortexed for 1 minute, and then centrifuged at 14,000 x g for
10 minutes. The pro-inflammatory cytokines IL-6, IL-8, and IL-1f, the mucosal defense
molecule SLPI and the antimicrobial peptide HBD2 were measured in swab supernatant
using standard enzyme-linked immunosorbent assay (ELISA) as previously described.(20)
(21) Values that fell below the lower limit of detection for all cytokines were assigned
values of half the lower limit of detection, and included in the analysis.

Eluted fluid from vaginal swabs was thawed, mixed by vortex shaker for 1 minute and 100
uL underwent DNA extraction with the MoBio Bacteremia DNA Isolation Kit (MoBio,
Carlsbad, CA). All extracted DNA was tested in a quantitative PCR using primers targeting
the human 18S rRNA gene to validate that successful DNA extraction occurred. An internal
amplification control PCR using exogenous DNA from a jellyfish gene was used to test for
presence of PCR inhibitors. DNA was then subjected to ten separate taxon-directed 16S
rRNA gene quantitative PCR assays for the detection and quantification of individual
bacteria as previously described.(22, 23) Negative assays were assigned a value of half the
lower limit of detection for that assay, and were included in all analyses, including the
calculation of mean bacterial concentrations.

Statistical analysis

Comparisons of demographic factors and immune markers between the four groups were
made using ANOVA, Kruskal-Wallis or chi-square. When the Kruskal-Wallis test was
significant it was followed by the Dunn test for pairwise comparisons, with Bonferroni
correction for multiple comparisons. Linear regression was performed with each individual
immune marker as an outcome measure, using robust standard errors and dummy variables
for each of the four groups, with BV-negative, H,O,-negative as the reference category.
Additional regression analyses were performed to evaluate the effect of the quantity of
Lactobacillus species by gPCR on the quantity of each immune marker. We made an a
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priori decision to adjust for race, as previous studies have shown differences in vaginal
cytokines and vaginal microbiota between African American and Caucasian women.(24, 25)
All analyses were performed using Stata v10.

Demographic characteristics

Of 311 women enrolled in the original cohort who had a Nugent score of 0-3 or 7-10, only
92/203(45%) with a normal Nugent score and 62/108(59%) with BV had culture results
available and were eligible for this secondary analysis. The participants with samples
remaining for this analysis included 26/32 BV negative, H,O,-producing Lactobacillus
negative (H,O,-), 47/60 BV-negative, H,O,+, 27/51 BV positive, H,O,— and 10/13 BV
positive, HoO»+. These four groups were overall demographically similar, with the
exception that the BV negative, H,O,— group had a higher proportion of white participants
and a lower proportion of African American participants than the other groups. (Table 1)
The subpopulation with available samples was not significantly different than the group of
all eligible women (i.e. BV- or BV+, with culture results available)(data not shown).

Detection of BV-associated species differed by BV diagnhosis, but not by presence of
H>O,—producing Lactobacillus

L. crispatus and L. jensenii were detected significantly more often in BV negative women,
while Megasphaera, Leptotrichia/Sneathia, BVAB1, BVAB2 and BVAB3 were detected
significantly more often in BV positive women. There were no differences in detection of L.
iners, G. vaginalis, or A. vaginae between the four groups. (Table 2) When comparing BV
negative women, L. crispatus and L. jensenii were more common when culture detected
H,0,-producing Lactobacillus. Among BV positive women, only L. crispatus was
significantly more common when H,O5-producing Lactobacillus were detected; L. jensenii
was detected in only two BV positive women, 1 in each group. Within BV diagnosis
categories there were no significant differences in detection of BV-associated species
between women with and without H,O,-producing Lactobacillus by culture, though there
was a trend to lower detection of Megasphaera and Leptotrichia/Sneathia when H,O,-
producing lactobacilli were present.

Quantity of BV-associated species varied by BV status, but not by presence of HyOo—
producing Lactobacillus

In all comparisons, the quantity of bacteria was significantly different between the four
groups, with p < 0.01. After pairwise comparisons, L. crispatus and L. jensenii were present
in significantly higher quantity in the BV-, H,O,+ group compared to the other three groups
(p <0.01 for all comparisons)(Figure 1). L. iners was present in significantly higher quantity
in the BV—, H,0,— group compared to the BV—, H,O,+ group (p = 0.006), but was not
significantly different from the BV+ groups. For all of the BV-associated species, the BV+
groups had significantly higher concentrations than the BVV— groups, while comparisons
within BV diagnosis category were not significantly different.
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In unadjusted analysis, vaginal fluid immune markers differed between women with and
without BV, as well as between women with and without H,O»-producing Lactobacillus

When comparing vaginal fluid immune response markers IL1J3, SLPI and HBD2 were
significantly different between the four groups.(Figure 2) In women with and without BV,
IL1B was lower when H,O,—producing lactobacilli were detected. The biggest difference
was between the BV—, H,0,+ group compared to the BV+, H,O,— group (p = 0.003), with a
trend to a significantly difference with the BV—, H,O,— group as well (p = 0.07). Women
with BV had lower levels of SLPI than women without BV whether H,O,+ (p = 0.002) or
H,0,— (p = 0.02).. For HBD?2 the lowest value was in the BV+, HoO,— and the highest in
the BV—, Hy,O,—- group. IL6 and IL8 did not differ between the groups.

In adjusted analysis, colonization with H,O»-producing Lactobacillus was associated with
differences in IL1B, SLPI and HBD2

In regression analysis, adjusting for race and using BV negative women without H,O»-
producing Lactobacillus detected as a reference category, the only analyte that was
significantly different for each of the other three groups was HBD2, which was lowest in the
BV positive women without H,O,-producing Lactobacillus detected. (Table 3) SLPI was
lower in BV+ women without H,O»-producing Lactobacillus detected, and IL1 in BV-
women with H,O»-producing Lactobacillus compared to the reference group.

In a regression analysis adjusted for race, higher quantities of L. crispatus were associated
with significantly lower concentrations of IL1{3 and higher concentrations of SLPI but no
difference in HBD2.(Table 3) Higher quantities of L. jensenii were associated with higher
concentrations of SLPI1 and HBD2. When the analysis was also adjusted for BV diagnosis,
the only association that remained significant was that between quantities of L. crispatus and
IL1B. Quantity of L. iners was not associated with any of the analytes measured in either
analysis.

Discussion

Overall our results suggest that H,O»-producing lactobacilli have an immunomodulatory
effect in the vagina, primarily through their impact on IL1B. Additionally, it seems that this
effect is independent of BV diagnosis, though BV clearly has a strong immunostimulatory
effect on vaginal mucosa. Quantity of L. crispatus and L. jensenii, common H,O, producing
species, showed a correlation between bacterial quantity and inflammatory markers, while
quantity of L. iners (a non- H,O,-producing species) showed no association with cytokine
levels, suggesting that H,O, production may be a marker for these immunomodulatory
effects.

For many years the dogma in the field suggested that Lactobacillus were beneficial because
the H,O, produced by some species killed the BV-associated bacterial species, (26, 27) or
inactivated viruses like HIV.(28) However, more recent work has demonstrated that the
amount of H,O, produced in the anaerobic environment of the vagina (as opposed to aerobic
culture conditions in the lab) is minimal or easily neutralized,(29) and unlikely to be able to
have the effects attributed to the beneficial Lactobacillus species.(30) Some have argued that
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lactic acid is the true effector molecule, and O’Hanlon et al showed that an acid pH induced
by lactic acid, but not acetic acid, is inhibitory to BV-associated bacterial species.(31)
However, as all Lactobacillus species make lactic acid, this does not explain the clinical
differences seen in epidemiologic studies between women with and without HyO»-producing
species. An alternative explanation is that HoO»-production is a marker for species with
some other characteristic that provides the reproductive health benefits. Our results
demonstrate that this may be immunomodulation, possibly to decrease mucosal
inflammation.

Data on the effects of H,O»-producing Lactobacillus species specifically on vaginal markers
of mucosal immunity are limited. Anderson et al measured IL1p, IL6 and SLPI (as well as 5
other analytes) in 47 women without BV, and characterized the vaginal microbiota by
culture-based methods. After adjusting for race and BMI, no differences in any cytokine
markers were seen between women with and without H,O,-producing Lactobacillus species
detected.(32) In a small study of 42 Indian women with normal Nugent scores, use of a
vaginal probiotic tablet containing L. brevis, L. salivarius and L. plantarum for 8 days was
associated with a decrease in vaginal IL1J and IL6 on day 9, which was not seen in women
randomized to a placebo tablet.(33) In vitro, Rose et al showed that adding L. crispatus or L.
jensenii to cultured vaginal epithelial cells in the presence of the toll-like receptor agonists
PIC and FSL-1 decreased levels of IL6, IL8 and/or TNF-a compared to the agonist alone.
This effect varied by strain: a laboratory isolate of L. jensenii had less of an effect than a
clinical isolate.(17) Our results showed no impact of lactobacilli on IL6 or IL8, but did show
a decrease in IL1p (classically pro-inflammatory), and an increase in SLPI (classically anti-
inflammatory), which is consistent with our hypothesis. However, the results for HBD2
demonstrate the complexity of the immune response: the highest levels of this antimicrobial
peptide were seen in women who were BV negative and had no H,O,-producing
lactobacilli, while the lowest were in women who were BV+, H,O,—. This may suggest that
there is an optimal range for HBD2, and that too high or too low is undesirable.

The classic teaching in the field is that Lactobacillus species control the growth of BV-
associated species.(34, 35) The only interventional study to examine the effect of an H,Oo-
producing Lactobacillus on individual vaginal BV-associated bacterial species was the
Phase 2A randomized trial of the H,O»-producing probiotic candidate L. crispatus CTV-05.
Presence and quantity of BV-associated bacterial species were measured before and after
treatment using the same assays described in our study. In women who established
colonization with the probiotic there was a significant drop in the quantity of G. vaginalis,
A. vaginae and BVAB2, which was not seen among women who did not establish
colonization with the CTV-05 strain.(36) Cervicovaginal fluid from healthy women has
been shown to inhibit growth of E. coli in vitro, and this inhibitory activity has been linked
to the presence of proteins from L. crispatus and/or L. jensenii.(37) Our data show no
difference in quantities of BV-associated species between women with BV with and without
H,0,-producing Lactobacillus species. However, women with BV and H,O»-producing
Lactobacillus species detected had lower quantities of the Lactobacillus species we
measured, suggesting that perhaps BV-associated species have a negative impact on the
lactobacilli.
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Taken together with the broader literature, our results suggest that there is an
immunomodulatory effect of some H,0,-producing Lactobacillus species that is not simply
due to the absence of BV-associated species. However, our results also suggest that this
effect may not be robust for all markers, especially in the face of the strong inflammatory
response generated by bacterial vaginosis. In addition, our data suggest that the presence of
H,0,-producing Lactobacillus alone does not have a suppressive effect on BV-associated
species. Both of these associations may be more dependent on quantity of the Lactobacillus
species, as suggested by the association we saw between quantity of L. crispatus and L.
jensenii with vaginal immune marker concentrations. A study of the L. crispatus CTV-05
probiotic for prevention of recurrent urinary tract infections only saw a beneficial effect in
women who established high-quantity vaginal colonization (> 106 16S rRNA gene copies/
swab).(38)

Our study has several limitations, including its cross-sectional design, which limits our
ability to infer causal relationships. We have limited data on potential confounders that
might be present such as douching or recent sexual activity. This was a secondary analysis
of the remaining biologic samples from a larger cohort; this could introduce some selection
bias. However, the participants with samples remaining were not significantly different than
the larger cohort. We used species-specific PCR to characterize several BV-associated
species, but this does not comprehensively evaluate the vaginal microbiota. Some of the
differences seen may be related to species that were not tested for in this study.

Our results suggest that H,O»-producing Lactobacillus can have an immunomodulatory
effect in the vagina, which is not simply due to the absence of pro-inflammatory bacterial
species. However, the protective role of these species and their utility as probiotics may not
be a simple story, as the anti-inflammatory potential is attenuated in the presence of BV-
associated species and the presence of HoO»-producing Lactobacillus is not associated with
lower quantities of pathogenic BV-associated species.
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Figure 1.
Comparison of quantity of bacterial species by gPCR assay between BV positive and

negative women with and without H,O,-producing Lactobacillus detected by culture. All
species show significantly different quantities between the 4 groups with p < 0.01 (Kruskal-
Wallis). * adjusted p < 0.05, ** p < 0.01, *** For all of these species, pairwise comparison
between the BV+ women and both BV~ groups was significant, with p < 0.01, while
comparison within BV diagnosis was not significantly different. (Dunn test, with Bonferroni
correction). If not noted, the comparison is not statistically significant.
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Figure 2.

Comparison of quantity of cytokines, chemokines and antimicrobial peptides in vaginal fluid
between between BV positive and negative women with and without H,O,-producing
Lactobacillus detected by culture. * indicates a significant difference (p < 0.05) within BV
positive or negative women between those with and without H,O,-producing lactobacilli. **
indicates a significant difference between all 4 groups (p < 0.05).
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