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Introduction

Abstract

Aims: To assess the preventive effect of different intravaginal (i.va.) doses of
Lactobacillus reuteri CRL1324 against vaginal colonization by Group B
Streptococcus (GBS) in a murine experimental model.

Methods and Results: The major virulence factors of four vaginal GBS clinical
isolates were determined to select the most virulent strain and set up a murine
model of streptococcal vaginal colonization. Later, the effect of four and seven
doses of 10° viable cells of Lact. reuteri CRL1324 i.va. administered, prior to
the GBS challenge was studied. Seven doses of lactobacilli were able to
significantly reduce the number of viable GBS cells, while four doses showed
no preventive effect. Both doses reduced the leucocyte influx induced by GBS.
Seven doses caused a slight increase in the Lact. reuteri CRL1324 vaginal
colonization compared with four doses and reduced murine vaginal pH
compared to control mice.

Conclusions: Lactobacillus reuteri CRL1324 evidenced a preventive effect on
GBS vaginal colonization in an experimental mouse model.

Significance and Impacts of the Study: Maternal GBS colonization is one of
the most important risk factors for developing disease in newborns.
Lactobacillus reuteri CRL1324 could be considered as a new biological agent to
reduce infections caused by this micro-organism.

opportunistic pathogens and results in the development
of vaginosis, vaginitis or urinary tract infections as well

The vaginal microbiome of healthy women consists of a
diversity of anaerobic and aerobic micro-organisms, with
the dominant role of lactobacilli (Ravel et al. 2011;
Stumpf et al. 2013). Lactobacilli play a significant role in
the maintenance of women’s vaginal health by their abil-
ity to colonize the mucous membranes and their compe-
tition with other micro-organisms for adherence to the
vaginal epithelium, their production of antimicrobial
compounds (hydrogen peroxide, organic acids, bacterio-
cin-like substances), and/or their effect on the modula-
tion of the immune response against the causative agents
of infectious diseases (Martin et al. 2008; Nader-Macias
et al. 2010). Therefore, the disruption of the normal vagi-
nal microbiota, mainly by the reduction in the number
or activity of lactobacilli, frequently causes the income of
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as the emergence of other pathological conditions (Verst-
raelen 2008; Ruiz et al. 2009).

Streptococcus agalactiae (Group B Streptococcus in cur-
sive, GBS) is an opportunistic pathogen that predomi-
nantly is present as a commensal colonizer in the vaginal
tract of around 25% healthy adults (Hensler et al. 2005;
Lindahl ef al. 2005; Maisey et al. 2008). However, new-
borns and pregnant women are at high risk of developing
invasive GBS infections (Skoff et al. 2009). The main
source of neonatal infection is maternal genital tract colo-
nization. GBS is transmitted vertically during labour and
delivery, and colonization occurs in up to 50-70% of
neonates born from colonized mothers (Baker and
Edwards 2001). Maternal streptococcal colonization is
also associated with an increased risk of urinary tract
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infection and pregnancy complications, such as endome-
tritis, chorioamnionitis, preterm birth and intrauterine
death (Winn 2007). Also, other syndromes as vaginitis,
painful fine superficial fissures and minimal erythema of
vulvar skin in nonpregnant adolescent and young adult
populations have also been attributed to GBS (Clark and
Atendido 2005; Mirowski et al. 2012; Savini et al. 2013).

Different virulence factors have been identified in GBS,
including the exopolysaccharide capsule and a surface-
associated toxin, f-haemolysin/cytolysin (f-h/c). More-
over, the expression of the ff-h/c has been associated with
the production of a carotenoid pigment with antioxidant
properties (Spellerberg et al. 2000; Pritzlaff et al. 2001).
These virulence factors could act together preventing
macrophage-based host immune clearance (Liu et al.
2004; Sendi et al. 2009). Usually, isolates displaying hy-
perpigmentation are typically hyperhaemolytic. Hence, in
invasive GBS diseases, a significant pathogenic role has
been attributed to the expressed pigment (Liu et al.
2004). However, recent studies have shown that hyperpig-
mented isolates were also described as colonizers of the
urogenital tract, but were not associated with severe inva-
sive disease. Also, hyperpigmented isolates showed a
decrease in the capsule thickness (Lupo et al. 2014).

The absence of an effective vaccine against GBS and
the emerging antibiotic resistance (Kasahara et al. 2010;
Nagano et al. 2012; Oviedo et al. 2013) exert a strong
pressure to develop novel treatments or preventive strate-
gies to control GBS vaginal colonization and transmission
to susceptible newborns. The use of probiotic products
containing beneficial vaginal lactobacilli (BVL) could rep-
resent a novel and interesting alternative strategy for the
biological control of GBS.

Previously, autochthonous lactobacilli from the human
vaginal tract were isolated and selected on the basis of their
beneficial properties (Ocana et al. 1999; Juarez Tomads
et al. 2005, 2011). In addition, the antagonistic effect of
vaginal lactobacilli on GBS strains by the production of
organic acids has been demonstrated through in vitro stud-
ies (Judrez Tomds et al. 2011; De Gregorio ef al. 2014).
Also, the different in vitro and in vivo behaviour of two dif-
ferent BVL (Lactobacillus gasseri CRL1509 and Lactobacillus
salivarius CRL1328) has been evidenced: the strains were
able to inhibit GBS in associative cultures, but when these
strains were administered to mice, the inhibitory effect was
not evidenced, even though BVL were isolated up to the
9th day post-BVL inoculation (De Gregorio et al. 2014).

Taking into account that the BVL effects are generally
considered as strain- and dose-dependent (ISAPP 2013)
the aim of this study was to evaluate the preventive effect
of different doses of Lactobacillus reuteri CRL1324 against
vaginal colonization by a virulent GBS strain in a murine
experimental model.
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Material and methods

Bacterial strains and growth conditions

Lactobacillus reuteri CRL (Centro de Referencia para Lac-
tobacilos Culture Collection) 1324 was originally isolated
from human vagina in Tucumadn, Argentina (Ocana et al.
1999) and selected on the basis of its beneficial properties
such as hydrogen peroxide production, biofilm formation
and in vitro inhibition of GBS by organic acids (Juarez
Tomas et al. 2011; Leccese Terraf et al. 2012; De Gregorio
et al. 2014).

Streptococcus agalactiae strains (GBS NH16, NH17,
NH18 and GB96, all identified as IB serotype) were previ-
ously isolated from women urogenital infections and phe-
notypically identified at the Nuevo Hospital ‘El Milagro’
(Salta, Argentina) and at the Instituto de Microbiologia
‘Luis Verna’ of the Universidad Nacional de Tucuman.

Micro-organisms were stored in milk-yeast extract (%
(w/v): 13 nonfat milk, 0-5 yeast extract and 1 glucose) at
—20°C. Before experimental use, Lact. reuteri CRL1324
was grown in De Man-Rogosa-Sharpe (MRS) broth
(Merck, Darmstadt, Germany) (De Man et al. 1960) at
37°C for 24 h and subcultured twice in the same medium
at 37°C for 12 h. GBS strains were cultured overnight on
Columbia agar base (Britania, Buenos Aires, Argentina)
with 5% sheep blood (blood agar plates) and then sub-
cultured in Bacto™ Todd Hewitt broth (THB) (Becton
Dickinson, Le Pont de Claix, France) for 9 h at 37°C up
to 0-8 optical density at 600 nm (ODgpp nm) (Spectronic
20; Bausch and Lomb, Rochester, NY).

Screening of virulence factors in GBS vaginal clinical
isolates

Haemolysin extraction and quantification of haemolytic
activity

GBS haemolysin was extracted as described by Liu et al.
(2004). The haemolytic titer was assessed by a microtiter
dilution method, as described previously (Nizet et al
1996). The haemolytic titer was defined as the reciprocal
of the highest dilution that produces 50% haemoglobin
release compared with SDS control. Afterwards, the
results were related to the lytic activity of SDS (100%)
and expressed as haemolytic capacity.

Additionally, the f-haemolysis of the GBS strains was
evidenced by inoculating 5 ul of a bacterial suspension
(ODg0o nm = 0-8) on blood agar plates, which were incu-
bated overnight at 37°C.

Carotenoid pigment detection

Carotenoid pigment production was evidenced by inocu-
lation of 5 pul bacterial suspension (ODgpg nm = 0-8) on

Journal of Applied Microbiology © 2014 The Society for Applied Microbiology



P.R. De Gregorio et al.

Todd-Hewitt agar plates, incubated overnight under
anaerobic conditions to favour orange pigment produc-
tion (Nizet et al. 1996).

Capsule detection

Capsule detection in GBS strains was studied as previ-
ously described by Mozzi et al. (2000). The capsule was
microscopically evidenced (Axio Scope Al Carl Zeiss
microscope; design and quality by Carl Zeiss Germany;
made in China by Carl Zeiss) as a clear area around the
bacterium.

Animals

Two-month-old female BALB/c mice, weighing 25-30 g,
from the inbred colony of CERELA (Centro de Referencia
para Lactobacilos) were used. Animals were housed in plas-
tic cages and fed ad libitum with a conventional balanced
diet, keeping their environmental conditions constant. In
order to induce a pseudo-estrous condition and promote
bacterial colonization, all the mice received a weekly subcu-
taneous injection of 0-02 mg [-Estradiol 17-valerate
(Sigma-Life Sciences, Bern, Switzerland) dissolved in
100 ul of sesame oil (Sigma-Life Sciences, Federal District,
Mexico) throughout the experiment. The experimental
protocol was independently repeated three times using at
least three animals for each experimental group at each
sampling time. The Institutional Laboratory Animal Care
and Use Committee of CERELA approved the experimen-
tal CRL-BIOT-LMP-2011/2A protocol used in this work.

Preventive model of Lactobacillus reuteri CRL1324
against GBS vaginal colonization

Three experimental protocols were applied to evaluate the
preventive effect of the intravaginal (i.va.) Lactobacillus
inoculations. In the first protocol, the animals were ran-
domly assigned to three experimental groups: (i) Lact. reu-
teri CRL1324 (CRL1324)-GBS NH17 (NH17)-treated mice
(i.va. inoculated with 10® colony forming units (CFU) of
CRL1324 twice a day, with 10 h in between, for 2 days (a
total of 4 doses) and later i.va. challenged with a single dose
of 1 x 10° CFU of NH17), (ii) NH17-challenged mice
(i.va. inoculated four times with saline and later i.va. chal-
lenged with a single dose of 1 x 10> CFU of NH17) and
(iii) CRL1324-treated mice (i.va. inoculated four times
with CRL1324 and later inoculated with saline) (Fig. 1).

In the second experimental protocol, the animals were
randomly assigned to three experimental groups: (i)
CRL1324-NH17-treated mice (i.va. inoculated seven times
with 10* CFU of CRL1324 and later i.va. challenged with
1 x 10° CFU of NH17), (ii) NH17-challenged mice (i.va.
inoculated seven times with saline and later i.va. chal-
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lenged with 1 x 10° CFU of NHI17) and (iii) CRLI1
324-treated mice (i.va. inoculated seven times with
CRL1324 and later with saline) (Fig. 1).

The third experimental protocol included the same
experimental groups described in the second protocol,
but CRL1324-NH17-treated mice and NH17-challenged
mice were challenged with a 1 x 10" CFU of NHI17.

For some analytical determinations (murine vaginal
pH and microbiota), two control groups were included:
hormone control (HC) mice inoculated only with saline
and agarized peptone control (APC) mice inoculated only
with agarized peptone (% (w/v) 1 meat peptone, 1-5 agar;
Britania Laboratories, Buenos Aires, Argentina).

Inoculum preparation
The Lactobacillus inoculum was prepared from the cell
pellet of the third subculture (grown in MRS broth for
12 h at 37°C as described above) resuspended in 50 pul of
melted agarized peptone, as previously published (De
Gregorio et al. 2012).

The GBS inocula were prepared with bacterial pellets
from the second subculture (in THB for 9 h at 37°C)
washed and resuspended in saline. Figure 1 shows the
experimental groups, the sequence of vaginal inoculation
and the sampling days of the different experimental proto-
cols. Lactobacillus reuteri CRL1324 inoculation and patho-
gen challenge were indicated by two different time lines.

Sampling and analytical procedures

Every sampling day, vaginal washes (v.w.) were obtained
under sterile conditions, using automatic pipettes with tips
loaded with 50 ul of saline. Seven v.w. with saline were
pooled from each mouse to be later used for the different
determinations. Mice were later killed by cervical disloca-
tion and dissected to aseptically remove the vaginal tissue.

Microbiological studies

Viable bacteria numbers in v.w. were determined by the
serial dilution method by plating in selective media: MRS
agar pH 5-5 supplemented with 15 ug ml~' vancomycin
(Sigma Chemical Co, St Louis, USA) to selectively quantify
Lact. reuteri CRL1324 (De Gregorio et al. 2012) and chro-
mIDStrepto B agar to quantify GBS NH17 (Poisson et al.
2011). Also, MRS agar pH 6-4, Mc Conkey agar (Britania,
Buenos Aires, Argentina), Bile Esculin agar (Britania, Bue-
nos Aires, Argentina) and Manitol Salt Agar (MSA; Britania,
Buenos Aires, Argentina) were used to quantify the cultiva-
ble lactic acid bacteria (LAB), staphylococci, enterococci
and enterobacteria, respectively, from the murine vaginal
microbiota. The effect of lactobacilli inoculation on the
yeast presence was not evaluated because previous studies
performed in our laboratory showed that bacteria but no
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First experimental protocol
CRL1324-NH17-treated mice
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Figure 1 Sequence of inoculation and sampling days used in the experimental protocols. H: Hormone administration (4) (0-02 mg p-Estradiol
17-valerate). Each arrow indicates one inoculation of lactobacilli (1) in 50 ul containing 108 CFU (Lb: Lactobacillus reuteri CRL (Centro de Refer-
encia para Lactobacilos Culture Collection)1324 (CRL1324)), pathogen (?) in 20 ul containing 1 x 10° CFU (first and second protocols) or
1 x 107 CFU (third protocol) (Pt: Group B Streptococccus NH17 (NH17)) or saline (,wS), applied in the following experimental groups: CRL1324-
NH17-treated mice, NH17-challenged mice and CRL1324-treated mice. Sd (1): Sampling days.

yeast were isolated from the vaginal autochthone microbi- Additionally,  vaginal = homogenates  (v.h.)  of
ota of BALB/c mice (De Gregorio P.R., Judrez Tomas M.S., CRL1324-treated mice with 4 and 7 Lactobacillus doses
Nader-Macias M.E.F. data unpublished). were obtained to quantify the number of Lact. reuteri
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CRL1324 viable cells as described above. The v.h. were
extracted from the longitudinally opened vaginas,
transferred to 1 ml peptone water (0-1% (w/v) meat
peptone) and homogenized with a sterile Teflon
pestle.

The plates were incubated under aerobic conditions at
37°C for 24 h (for quantification of GBS NH17 and vagi-
nal microbiota) or 48 h (for Lact. reuteri CRL1324), and
CFU numbers were determined.

Cytological and histological studies

For cytological studies, a 20 ul aliquot of v.w. was spread
onto glass slides and stained with the May Griinwald-
Giemsa technique. Histological studies of vaginal tissue
were performed according to standard methods with
Hematoxylin—Fosin stain (Biopur, Rosario, Argentina)
(Silva de Ruiz et al. 2003). The vaginal smears and the
histological slides were evaluated by light microscopy (at
400x) to determine the structural and cell patterns in an
Axio Scope Al Carl Zeiss microscope. The images were
processed using Ax10-VisioN RELEASE 4.8 software.

pH determinations

Vaginal pH of CRL1324-treated mice with 4 and 7 Lacto-
bacillus doses, HC and APC mice was determined 1 h
prior to the first inoculation of Lact. reuteri CRL1324

(@)

Figure 2 Screening of virulence factors in
Group B Streptococcus (GBS) vaginal clinical
isolates. (a) Haemolytic area on blood agar
plate after GBS overnight growth: high
haemolytic (HH), moderate haemolytic (MH)
and low haemolytic (LH) phenotypes.

(b) Haemolysin extract activity plotted as
haemolytic capacity related to sodium
dodecyl sulphate (SDS, haemolytic

capacity = 100%). The data are plotted as
the mean values of haemolytic

capacity + standard error. (c) Production of
orange carotenoid pigment in GBS strains
after overnight growth under anaerobic
conditions on Todd-Hewitt agar.

(d) Haemolytic titer obtained in a
microdilution assay. Haemolytic titer was
defined as the reciprocal of the highest
dilution that produced 50% haemoglobin
release compared with SDS control.

(c)
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and on the days corresponding to GBS NH17 challenge
(day 0) and on days 1, 4 and 7 post-NH17 challenge. A
Sartorius PT-15 combination pH microelectrode
(Sartorius AG, Gottingen, Germany) was carefully applied
to minimize the disruption of the mucosa during
insertion.

Statistical analysis

Analysis of variance (ANova) using a general linear model
was applied to determine the main and interaction effects
of factors (experimental group and day postinoculation)
assayed in each experimental protocol on the number of
viable microorganisms and vaginal pH. Significant differ-
ences (P value < 0-05) between mean values were calcu-
lated by Tukey’s test. All the statistical analyses were
performed using MiniTAB 16 Statistical Software.

Results

Evaluation of virulence factors in GBS strains

When evaluating the expression of f-h/c toxin in the
GBS strains through cultures on blood agar plates, three
different patterns were observed. GBS NH17 showed a
high haemolytic (HH) phenotype, while GBS NH16 and

—_
(=)
-

Haemolytic capability %

—_
(=}
~

Haemolytic titer
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NH18 presented a moderate haemolytic (MH) effect and
GBS GB96 a low haemolytic (LH) phenotype (Fig. 2a).
The differences in haemolysis were corroborated by the
haemolytic activity, because GBS NH17 showed the
highest haemolytic titer and capability (4 and 81-34%
respectively) compared with the other strains (GBS NH16
and NH18: haemolytic titer = 1 and haemolytic capability
approx. 50%; GBS GB96: haemolytic titer = 0 and hae-
molytic capability = 38-24%) (Fig. 2b,d).

A close link between the expression of f-h/c toxin and
the production of orange carotenoid pigment was evi-
denced. The HH phenotype showed a strong orange pig-
mentation, while MH and LH displayed a moderate and
weak orange pigmentation respectively (Fig. 2c).

By light microscopy, the four strains evidenced the
presence of capsule. However, no differences
observed between capsules produced by the GBS strains
(data not shown).

were

Preventive effect of Lactobacillus reuteri CRL1324 against
GBS NH17 challenge

GBS NH17 was the strain that evidenced the highest hae-
molytic activity and pigment production. Therefore, this
strain was selected to evaluate the preventive effect of
Lact. reuteri CRL1324 in a murine model of streptococcal
vaginal colonization.

When GBS NH17 was i.va. inoculated to mice in low
(1 x 10° CFU) and high (1 x 10" CFU) concentrations,
it was recovered from v.w. up to the last sampling day
(7th day post-NH17 challenge, Fig. 3a,c,e).

In the experimental protocol performed with 4 doses
of Lact. reuteri CRL1324 i.va. administered prior to the
iva. GBS NH17-low inoculum challenge, no significant
differences in the number of GBS viable cells between
CRL1324-NH17-treated mice and NH17-challenged mice
were observed (Fig. 3a). However, when mice were inoc-
ulated with seven doses of Lact. reuteri CRL1324 prior to
the challenge with a low inoculum of GBS NH17 (second
experimental protocol), a lower number of GBS viable
cells was recovered in the v.w. of CRL1324-NH]17-treated
mice compared to NHI17-challenged mice. For a same
post-NH17 challenge day, this lower number was not sig-
nificantly different between the experimental groups,
probably because of the high dispersion of the data
(Fig. 3¢).

The protective effect of 7 doses of Lact. reuteri
CRL1324 on GBS was also evidenced when mice were
challenged with a high inoculum of GBS NHI17. In this
trial, a significant reduction in the number of GBS viable
cells was evidenced since day 4 post-NH17 challenge in
CRL1324-NH17-treated mice when compared to NH17-
challenged mice (Fig. 3e).

P.R. De Gregorio et al.

The viable Lact. reuteri cells in v.w. of CRL1324-treated
mice and CRL1324-NH17-treated mice (4 or 7 doses)
were similar, indicating that the i.va. challenge with a low
or high inoculum of GBS did not affect the number of
viable lactobacilli recovered in v.w. In the three
experimental protocols applied, a significant decrease in
the number of viable lactobacilli was observed through-
out the sampling period (Fig. 3b,d,f).

The murine vaginal cytology and histology studies
showed a leucocyte influx in the vaginal lumen on day 1
post-NH17 challenge in mice challenged with GBS NH17.
This leucocyte influx decreased on day 4 and disappeared
on day 7 postchallenge. However, the inoculation of 4
and 7 doses of Lact. reuteri prior to GBS challenge
reduced the vaginal leucocytes influx observed in NH17-
challenged mice. A slightly higher reduction was evident
in mice treated with 7 doses compared with 4 doses. No
such influx was observed on the different sampling days
in CRL1324-treated mice (Fig. 4).

Effect of different Lactobacillus reuteri CRL1324 doses
on vaginal tract colonization and murine vaginal pH

In order to evaluate if higher number of doses of
Lact. reuteri CRL1324 favour the colonization of lacto-
bacilli in the vaginal tract, and if they can modify the
vaginal milieu (probably by production of antimicrobial
substances such as organic acids), a comparison between
the number of Lact. reuteri viable cells from v.w and
v.h of mice treated with 4 and 7 doses and the vaginal
pH of CRL1324-treated and control mice was per-
formed.

A higher number of i.va. doses of Lact. reuteri slightly
increased its colonization in v.w. and v.h. on the days
corresponding to GBS NH17 challenge (day 0) and on
day 1 post-NH17 challenge (Fig 5a).

When evaluating the effect of lactobacilli doses on the
murine vaginal pH, a significant reduction was observed
at day 0 (NH17 challenge day) in mice treated with 7
doses of Lact. reuteri (pH = 5-98 £ 0-26) compared with
control animals (pH = 6:91 + 0-10 for HC, pH = 6-
97 £ 0-09 for APC). The decrease in pH was not signifi-
cant compared with mice treated with four lactobacilli
doses (pH 6-38 & 0-15). Vaginal pH (7 doses of
Lact. reuteri) returned to the value of control mice on
the following sampling days (Fig. 5b).

Effect of Lactobacillus reuteri CRL1324 on murine
vaginal microbiota

The effect of the i.va. administration of Lact. reuteri
CRL1324 (7 doses) on different mice cultivable vaginal
microbial populations (LAB, enterococci, staphylococci

Journal of Applied Microbiology © 2014 The Society for Applied Microbiology
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First experimental protocol
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Figure 3 Effects of different doses of Lactobacillus reuteri CRL (Centro de Referencia para Lactobacilos Culture Collection) 1324 intravaginally
(i.va.) administered against Group B Streptococcus NH17 (NH17) i.va. challenged in a murine experimental model. (a, ¢ and e) NH17 viable cells
in vaginal washings (v.w.) of CRL1324-NH17 and NH17 mice groups in the different experimental protocols. (b, d and f) CRL1324 viable cells in
v.w. of CRL1324 and CRL1324-NH17 mice in the different experimental protocols. CRL1324-NH17 mice were inoculated with 4 doses (panels a-
b) or 7 doses of CRL1324 (panels c-f) and later challenged with low (1 x 10° CFU) (panels a-d) or high inoculum (1 x 107 CFU) of NH17 (panels
e-f). NH17 mice were challenged with low (panels a and c) or with high NH17 inoculum (panel e). CRL1324 mice were inoculated with 4 doses
(panel b) or 7 doses of CRL1324 (panels d and f). Data are plotted as individual (solid circle) or average values (open circle) of the NH17 or
CRL1324 viable cell numbers. In each experimental protocol, different letters indicate statistically significant differences (P < 0-05) between the
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mean values of NH17 log CFU ml~" or CRL1324 log CFU ml~" between experimental groups on the different days postinoculation.
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and enterobacteria) was evaluated and compared with
HC mice. A significant increase (P < 0-05) in the number
of viable LAB was observed in CRL1324-treated mice at
day 4 post-CRL1324 inoculation compared with control
animals. CRL1324 inoculation did not affect enterococci.
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Figure 4 Photomicrographs of (a) May
Griinwald-Giemsa-stained vaginal smears and
(b) Hematoxylin-Eosin-stained vaginal slides
from BALB/c mice (different experimental
groups of the three experimental protocols
assayed) on different days post-Group B
Streptococcus NH17 (NH17) challenge. NH17
(low inoculum): mice intravaginally (i.va.)
challenged with 1 x 10° CFU of NH17.
Lactobacillus reuteri CRL (Centro de
Referencia para Lactobacilos Culture
Collection) 1324 (CRL1324) (4 doses)-NH17
(low inoculum): mice i.va. inoculated with 4
doses of CRL1324 and later challenged with
1 x 10° CFU of NH17. CRL1324 (7 doses)-
NH17 (low inoculum): mice i.va. inoculated
with 7 doses of CRL1324 and later
challenged with 1 x 10° CFU of NH17.
CRL1324: mice i.va. inoculated with 7 doses
of CRL1324 (the same results were observed
in mice inoculated with 4 doses of CRL1324).
Leucocyte influx in the vaginal wash and
lumen of NH17 challenged mice is indicated
with black arrows. Results are representative
of at least three independent experiments.
Magnification: 400x.

However, a decrease that was not statistically significant
(P > 0-05) in the number of viable enterobacteria and
staphylococci was observed on all sampling days in
CRL1324-treated mice when compared with HC mice
(Fig. S1).
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Figure 5 Effect of Lactobacillus reuteri CRL
(Centro de Referencia para Lactobacilos
Culture Collection) 1324 (CRL1324) doses on

the murine vaginal colonization and pH. (a) (b) 70}

Viable cells of CRL1324 from murine vaginal

washings (v.w.) and vaginal homogenates

(v.h) of mice treated with 4 or 7 doses of 6-8
CRL1324, on the days corresponding to
Group B Streptococcus NH17 (NH17)
challenge (day 0) and on days 1, 4 and 7
post-NH17 challenge. The data are plotted as
the mean values of viable cells numbers (log
CFU mI~" + standard error). (b) Vaginal pH
of CRL1324 (4 (A) or 7 (#) doses)-treated
mice and control mice (HC (@) and APC (H))
determined 1 h prior to the first inoculation
of CRL1324 and on the days corresponding
to NH17 challenge (day 0) and on days 1, 4
and 7 post-NH17 challenge. The data are

Vaginal pH

6-4

6-2

plotted as the mean values of vaginal pH. 6-0f

Statistically significant differences between
the mean values of pH between experimental
groups on the different days postinoculation
are indicated by different letters (P < 0-05).

Discussion

On account of the increasing antibiotics resistance of
GBS strains (Kasahara et al. 2010; Nagano ef al. 2012;
Oviedo et al. 2013) and considering that maternal GBS
colonization continues to be one of the most important
risk factors for developing disease in newborns, urgent
development of new prevention strategies to replace or
improve antibiotic therapy is needed. In the present
work, a murine experimental model of GBS vaginal colo-
conducted to evaluate a BVL strain,
Lact. reuteri CRL1324, as a potential candidate for con-
trolling GBS vaginal colonization.

nization was
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GBS phenotypic variants with markedly different expres-
sion of virulence factors can arise during the process of col-
onization or during infection with this pathogen. Selective
pressures exerted by the host may cause differential expres-
sion of certain GBS surface components, providing the
pathogen with a survival benefit (Sendi et al. 2009). The
GBS capsule, which contributes to the immune resistance
by reducing the opsonophagocytic clearance through inhi-
bition of the complement fixation and activation on the
bacterial surface (Sendi et al. 2009), and the f-h/c toxin
associated with inflammatory activation (Doran et al
2003; Patras et al. 2013) and lysis of eukaryotic cells (Sendi
et al. 2009) have been identified as virulence factors that
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can modify their expression in different situations.
Although the most of the vaginal GBS isolates are haemo-
Iytic, no haemolytic GBS strains (5-8% of all isolates) can
be isolated from the vagina of colonized women (Nick-
mans et al. 2012).

In the present work, the phenotypic expression of f-h/
¢ toxin, carotenoid pigment and capsule were evaluated
in four vaginal GBS clinical isolates in order to select the
most virulent strain to set up an adequate murine model
of streptococcal vaginal colonization. Differences in the
p-h/c toxin expression and consequently in the caroten-
oid pigment production were evidenced between the dif-
ferent GBS strains under study. Three haemolytic
phenotypes (high, moderate and low) closely associated
with the production of orange carotenoid pigment were
observed. However, when evaluating capsule production,
there were no differences. Taking into account that the
p-h/c toxin is related to virulence in animal models
(Hensler et al. 2005; Patras et al. 2013), GBS NH17, the
strain showing a higher haemolytic activity and pigment
production, was used to evaluate the preventive effect of
Lact. reuteri CRL1324 in a murine experimental model.

Several research groups have evidenced through in vitro
studies that lactobacilli strains inhibit the growth of GBS
by production of metabolites as organic acids and bacte-
riocin-like substances (Bodaszewska et al. 2010; Judrez
Tomds et al. 2011; Ruiz et al. 2012; De Gregorio et al.
2014). Some other publications have demonstrated the in
vivo protective effect of different lactobacilli strains on
several urogenital microorganisms by using a murine
experimental model (Pascual et al. 2010; Joo et al. 2011,
2012; Lazarenko et al. 2012). However, the preventive
effect of lactobacilli on GBS in animal experimental mod-
els was not evidenced up today.

This is the first report where an inhibitory effect on
GBS murine vaginal colonization was demonstrated after
i.va. inoculation of a BVL (Lact. reuteri CRL1324). The
preventive effect depended on the number of times that
Lact. reuteri CRL1324 was inoculated, because when
seven doses were used (instead of 4 doses) prior to the
GBS challenge, a significant reduction in the vaginal GBS
viable cell numbers was evidenced. In this way, most of
the clinical trials with vaginal probiotics report promising
results by using probiotic preparations containing high
doses of lactobacilli (around 10° CFU). These results sug-
gest that, together with the specific properties of the
strain, the number of viable exogenously applied lactoba-
cilli could have a relevant role in the effectiveness of the
product (Mastromarino et al. 2009). Also, recent data
from prolonged repetitive trials of Lactobacillus-contain-
ing probiotics appear to be more promising than short
courses (Ya et al. 2010; Bradshaw et al. 2012). Some
other studies performed at the intestinal tract showed
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that the beneficial effects of lactobacilli were dose- and
strain-dependent (Perdigdn et al. 2002; Li et al. 2012;
Zhu et al. 2014).

In this work, the lactobacilli inoculum assayed was
selected according to the number of lactobacilli isolated
from the genital tract of healthy fertile women
(6-59 £ 2-02 log CFU per vaginal samples) (Ronnqvist
et al. 2006). On the other hand, the Strep. agalactiae con-
centration used in the first and second protocol was
selected to evaluate the inhibitory ability of lactobacilli
against the highest number of the pathogen (5-0 log CFU
per vaginal samples) reported in women with samples
considered positive (Ronnqvist ef al. 2006). This concen-
tration was increased in the third protocol (107 CFU)
based on the high variability in GBS numbers recovered
from vaginal washing of mice inoculated with 10° CFU
of the pathogen.

Several reports indicate that high numbers of lactoba-
cilli can contribute to the low vaginal pH, which seems
to have a negative influence on Group B streptococci
(Ronngyvist et al. 2006). Therefore, the effect of Lactoba-
cillus colonization on the murine vaginal pH was deter-
mined. A slight but not statistically significant increase in
Lact. reuteri CRL1324 colonization was evidenced in 7
dose-treated mice compared to 4 dose-treated mice on
the days representing the GBS NH17 challenge, and on
day 1 postchallenge. On the same days, mice inoculated
with 7 doses showed significantly lower vaginal pH than
control mice, but not than 4 dose-treated mice. Despite
the reduced pH evidenced in CRL1324-treated mice
(7 doses), a murine vaginal acidity similar to that of nor-
mal human vagina (4-0-4-5) (Larsen 1993) was not
observed. Muench ef al. (2009) reported that the murine
vaginal pH values were not directly related to the num-
bers of lactobacilli in the vaginal tract.

Some urogenital pathogenic bacteria, such as GBS, can
subvert the immune responses mounted by the host,
creating problems with pathogen elimination (Kline et al.
2011). Recently, Patras et al. (2013) showed that the
CovR/S regulatory system of GBS is needed to limit the
expression of virulence factors in a GBS vaginal coloniza-
tion of a murine model, reducing the host innate
immune response and promoting the pathogen coloniza-
tion. In this work, when evaluating the vaginal cytological
and histological patterns of mice challenged with GBS
NHI17, a leucocyte influx in the vaginal lumen was evi-
denced on the first day post-NH17 challenge. However,
this leucocyte influx showed to decrease on day 4 and
disappeared on day 7.

Up to date, there is strong evidence related to the role
of probiotics, mainly LAB, in the maintenance of the
health or in the prevention of disease by modulation of
the host’s immune response (Karlsson et al. 2012). Sev-
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eral studies have demonstrated that lactobacilli exert an
anti-inflammatory effect in a vaginal infection models
(Joo et al. 2011, 2012; Wagner and Johnson 2012; Rizzo
et al. 2013), and can activate the immune system,
improving the host’s response against urogenital
pathogens (Lazarenko et al. 2012; Wagner and Johnson
2012). In the present work, the iva. treatment with
Lact. reuteri CRL1324 prior to the i.va. challenge with
GBS reduced the leucocyte influx to the vaginal lumen
induced by the pathogenic microorganism. A higher vagi-
nal leucocyte reduction was observed in mice treated with
7 doses of Lact. reuteri CRL1324 than with 4 doses.
As some authors have shown, LAB can modulate the
host’s immune response in a way related to the dose
administered (Perdigén et al. 2002; Li et al. 2012; Zhu
et al. 2014), then we could suggest that the higher num-
ber of i.va. Lact. reuteri CRL1324 doses could have some
type of effect on the modulation of the immune system.
Further research is required to determine the effect of
Lact. reuteri CRL1324 on different immunological com-
ponents in order to determine if the decrease in the GBS
viable cells produced after the i.va. inoculations of
Lact. reuteri CRL1324 could be supported by a modula-
tion of the immune system.

Lactobacilli are involved in the maintenance of the
equilibrium of the human vaginal microbiota by prevent-
ing the overgrowth of pathogenic and opportunistic
organisms (Ronnqvist ef al. 2006; Coman et al. 2014;
Verdenelli et al. 2014). The continuous vaginal and oral
application of certain Lactobacillus strains has been
shown to modify a microbiota indicative of bacterial vag-
inosis to a normal microbiota dominated by lactobacilli
(Reid et al. 2003). In the present work, the i.va. adminis-
tration of 7 doses of Lact. reuteri CRL1324 to normal
mice induced a slight decrease in enterobacteria and
staphylococci and an increase in LAB. The CFU of viable
LAB include Lact. reuteri CRL1324. In a similar way,
Babenko et al. (2013) demonstrated that i.va. administra-
tion of Lactobacillus casei IMV B-7280 had an effective
anti-staphylococcal effect and reduced the number of
coliform bacteria and fungi in the murine vagina.

From the results obtained in the present work and
considering some of the beneficial characteristics of
Lact. reuteri CRL1324, as the capability to form biofilm
(Leccese Terraf et al. 2012), co-aggregate with GBS NH17
and inhibit this pathogen by production of organic acids
(De Gregorio et al. 2014), several mechanisms involved
in the in vivo preventive effect of Lact. reuteri CRL 1324
on GBS could be suggested. Lactobacillus reuteri CRL
1324 could form a biofilm on the vaginal epithelium
resulting in a competition by nutrients and by binding
sites with the pathogen. Moreover, Lact. reuteri CRL 1324
could co-aggregate with GBS causing a prolonged exposi-
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tion to antagonistic compounds, which would reduce the
pathogen viability. These modes of action could be com-
plemented with a possible immunomodulatory effect
exerted by the BVL. Further studies should be carried out
to demonstrate the mechanisms involved in GBS inhibi-
tion by lactobacilli.

In conclusion, i.va. administered Lact. reuteri CRL1324
decreases the murine vaginal colonization of GBS and
therefore could be considered as a new biological agent
to reduce infections caused by this microorganism.

Acknowledgements

This paper was supported by CONICET (Consejo Nac-
ional de Investigaciones Cientificas y Técnicas, Argentina)
(PIP 744) and ANPCyT (Agencia Nacional de Promocién
Cientifica y Tecnoldgica) (PICT 2012-1187). We wish to
thank Elena Bru for her help with the statistical analysis
of experimental results and Dr. Virginia Ocana for the
human urogenital pathogens isolated at the Nuevo Hos-
pital ‘El Milagro’ (Salta, Argentina).

Conflict of Interest

None declared.

References

Babenko, L.R., Lazarenko, L.M., Shynkarenko, L.M.,
Mokrozub, V.V., Pidgorskyi, V.S. and Spivak, M.]J. (2013)
The effect of Lacto- and Bifidobacteria in monoculture on
the vaginal microflora in norm and in cases of
intravaginal staphylococcosis. Mikrobiol Z 75, 46-55.

Baker, C.J. and Edwards, M.S. (2001) Group B streptococcal
infections. In Infectious Diseases of the Fetus and Newborn
Infant eds. Remington, J.S. and Klein, J.O. pp. 1091-1156.
Philadelphia, PA: W.B. Saunders.

Bodaszewska, M., Brzychczy-Wloch, M., Gosiewski, T.,
Adamski, P., Strus, M. and Heczko, P.B. (2010)
Evaluation of group B Streptococcus susceptibility to
actic acid bacteria strains. Med Dosw Mikrobiol 62, 153—
161.

Bradshaw, C.S., Pirotta, M., De guingand, D., Hocking, J.S.,
Morton, A.N., Garland, S.M., Fehler, G., Morrow, A. et al.
(2012) Efficacy of oral metronidazole with vaginal
clindamycin or vaginal probiotic for bacterial vaginosis:
randomised placebo-controlled double- blind trial. PLoS
One 7, e34540.

Clark, L.R. and Atendido, M. (2005) Group B streptococcal
vaginitis in post pubertal adolescent girls. ] Adolesc Health
36, 437—440.

Coman, M.M., Verdenelli, M.C., Cecchini, C., Silvi, S.,
Orpianesi, C., Boyko, N. and Cresci, A. (2014) In vitro
evaluation of antimicrobial activity of Lactobacillus

1"



Lactobacilli on Group B Streptococcus

rhamnosus IMC 501(®), Lactobacillus paracasei IMC 502
(®) and SYNBIO(®) against pathogens. J Appl Microbiol
117, 518-527.

De Gregorio, P.R., Juarez Tomads, M.S., Santos, V. and Nader-
Macias, M.E. (2012) Beneficial lactobacilli: effects on the
vaginal tract in a murine experimental model. Antonie
Van Leeuwenhoek 102, 569-580.

De Gregorio, P.R., Judrez Tomads, M.S., Leccese Terraf, M.C.
and Nader-Macias, M.E.F. (2014) In vitro and in vivo
effects of beneficial vaginal lactobacilli on pathogens
responsible for urogenital tract infections. ] Med Microbiol
63, 685-696.

De Man, J.C., Rogosa, M. and Sharpe, M.E. (1960) A medium
for the cultivation of lactobacilli. ] Appl Bacteriol 23, 130—
135.

Doran, K.S., Liu, G.Y. and Nizet, V. (2003) Group B
streptococcal beta-hemolysin/cytolysin activates neutrophil
signaling pathways in brain endotheliumand contributes
to development of meningitis. J Clin Invest 112, 736-744.

Hensler, M.E., Liu, G.Y., Sobczak, S., Benirschke, K., Nizet, V.
and Heldt, G.P. (2005) Virulence role of group B
Streptococcus beta-hemolysin/cytolysin in a neonatal rabbit
model of early-onset pulmonary infection. J Infect Dis 191,
1287-1291.

ISAPP. (2013) Probiotics: A Consumer Guide for Making
Smart Choices Developed by the International Scientific
Association for Probiotics and Prebiotics (www.isapp.net).

Joo, H.M., Hyun, Y.J., Myoung, K.S., Ahn, Y.T., Lee, J.H.,
Huh, C.S., Han, M.J. and Kim, D.H. (2011) Lactobacillus
johnsonii HY7042 ameliorates Gardnerella vaginalis-
induced vaginosis by killing Gardnerella vaginalis and
inhibiting NF-xB activation. Int Immunopharmacol 11,
1758-1765.

Joo, H.M., Kim, K.A., Myoung, K.S., Ahn, Y.T., Lee, J.H.,
Huh, C.S., Han, M.]. and Kim, D.H. (2012) Lactobacillus
helveticus HY7801 ameliorates vulvovaginal candidiasis in
mice by inhibiting fungal growth and NF-«B activation.
Int Immunopharmacol 14, 39—46.

Juarez Tomads, M.S., Zonenschain, D., Morelli, L. and Nader-
Macias, M.E. (2005) Characterization of potentially
probiotic vaginal lactobacilli isolated from Argentinean
women. Br ] Biomed Sci 62, 170-174.

Judrez Tomds, M.S., Saralegui Duhart, C.I., De Gregorio, P.R,,
Vera Pingitore, E. and Nader-Macias, M.E. (2011)
Urogenital pathogen inhibition and compatibility
between vaginal Lactobacillus strains to be considered as
probiotic candidates. Eur J Obstet Gynecol Reprod Biol 159,
399-406.

Karlsson, M., Scherbak, N., Reid, G. and Jass, J. (2012)
Lactobacillus rhamnosus GR-1 enhances NF-kappaB
activation in Escherichia coli-stimulated urinary bladder
cells through TLR4. BMC Microbiol 22, 12—15.

Kasahara, K., Baltus, A.]., Lee, S.H., Edelstein, M.A. and
Edelstein, P.H. (2010) Prevalence of non-penicillin-
susceptible group B Streptococcus in Philadelphia and

12

P.R. De Gregorio et al.

specificity of penicillin resistance screening methods. |
Clin Microbiol 48, 1468—1469.

Kline, K.A., Schwartz, D.J., Lewis, W.G., Hultgren, S.J. and
Lewis, A.L. (2011) Immune activation and suppression by
group B Streptococcus in a murine model of urinary tract
infection. Infect Immun 79, 3588-3595.

Larsen, B. (1993) Vaginal flora in health and disease. Clin
Obstet Gynecol 36, 107—121.

Lazarenko, L., Babenko, L., Sichel, L.S., Pidgorskyi, V.,
Mokrozub, V., Voronkova, O. and Spivak, M. (2012)
Antagonistic action of lactobacilli and bifidobacteria in
relation to Staphylococcus aureus and their influence on
the immune response in cases of intravaginal
staphylococcosis in mice. Probiotics Antimicrob Proteins 4,
78-89.

Leccese Terraf, M.C., Judrez Tomads, M.S., Nader-Macias, M.E.
and Silva, C. (2012) Screening of biofilm formation by
beneficial vaginal lactobacilli and influence of culture
media components. ] Appl Microbiol 113, 1517—1529.

Li, X.Q., Zhu, Y.H,, Zhang, H.F,, Yue, Y., Cai, ZX,, Lu, Q.P.,
Zhang, L., Weng, X.G. et al. (2012) Risks associated with
high-dose Lactobacillus rhamnosus in an Escherichia coli
model of piglet diarrhoea: intestinal microbiota and
immune imbalances. PLoS One 7, e40666.

Lindahl, G., Stalhammar-Carlemalm, M. and Areschoug, T.
(2005) Surface proteins of Streptococcus agalactiae and
related proteinsin other bacterial pathogens. Clin Microbiol
Rev 18, 102-127.

Liu, G.Y., Doran, K.S., Lawrence, T., Turkson, N., Puliti, M.,
Tissi, L. and Nizet, V. (2004) Sword and shield: linked
group B streptococcal beta-hemolysin/cytolysin and
carotenoid pigment function to subvert host phagocyte
defense. Proc Natl Acad Sci USA 101, 14491-14496.

Lupo, A., Ruppen, C., Hemphill, A., Spellerberg, B. and Sendi,
P. (2014) Phenotypic and molecular characterization of
hyperpigmented group B Streptococci. Int ] Med Microbiol
304, 717-724.

Maisey, H.C., Doran, K.S. and Nizet, V. (2008) Recent
advances in understanding the molecular basis of group B
Streptococcus virulence. Expert Rev Mol Med 10, e27.

Martin, R., Soberdn, N., Vazquez, F. and Sudrez, J.E. (2008)
Vaginal microbiota: composition, protective role,
associated pathologies, and therapeutic perspectives.
Enferm Infecc Microbiol Clin 26, 160-167.

Mastromarino, P., Macchia, S., Meggiorini, L., Trinchieri, V.,
Mosca, L., Perluigi, M. and Midulla, C. (2009)
Effectiveness of Lactobacillus-containing vaginal tablets in
the treatment of symptomatic bacterial vaginosis. Clin
Microbiol Infect 15, 67—74.

Mirowski, G.W., Schlosser, B.J. and Stika, C.S. (2012)
Cutaneous vulvar streptococcal infection. ] Low Genit
Tract Dis 16, 281-284.

Mozz, F., Torino, M.I. and Valdez, G.F. (2000) Identification
of exopolysaccharide-producing lactic acid bacteria. In
Methods in Biotechnology, Food Microbiology Protocols eds

Journal of Applied Microbiology © 2014 The Society for Applied Microbiology



P.R. De Gregorio et al.

Spencer, J.E.T. and deRagout Spencer, A.L. pp. 183-190.
Nueva Jersey, USA: Humana Press Inc.

Muench, D.F., Kuch, D.J., Wu, H., Begum, A.A., Veit, S.J.,
Pelletier, M.E., Soler-Garcia, A.A. and Jerse, A.E. (2009)
Hydrogen peroxide-producing lactobacilli inhibit
gonococci in vitro but not during experimental genital
tract infection. J Infect Dis 199, 1369—-1378.

Nader-Macfas, M.E.F., Alvarez, G.S., deSilva Ruiz, C., Medina,
M. and Judrez Tomads, M.S. (2010). Lactic acid bacteria in
prevention of the urogenital and respiratory infections. In
Biotechnology of Lactic Acid Bacteria: Novel Applications
eds Mozzi, F., Raya, R.R. and Vignolo, G.M. pp.141-160.
Ames, TIA: Wiley-Blackwell.

Nagano, Y., Toyama, M., Kimura, K., Tamura, T., Shibayama,
K. and Arakawa, Y. (2012) Nosocomial spread of
multidrug-resistant group B streptococci with reduced
penicillin susceptibility belonging to clonal complex 1. J
Antimicrob Chemother 67, 849-856.

Nickmans, S., Verhoye, E., Boel, A., Van Vaerenbergh, K. and
De Beenhouwer, H. (2012) Possible solution to the
problem of nonhemolytic group B Streptococcus on
granada medium. J Clin Microbiol 50, 1132-1133.

Nizet, V., Gibson, R.L., Chi, E.Y., Framson, P.E., Hulse, M.
and Rubens, C.E. (1996) Group B Streptococcal beta-
hemolysin expression is associated with injury of lung
epithelial cells. Infect Immun 64, 3818-3826.

Ocana, V.S., Bru, E., de Ruiz Holgado, A.P. and Nader-
Macias, M.E. (1999) Surface characteristics of lactobacilli
isolated from human vagina. | Gen Appl Microbiol 45,
203-212.

Oviedo, P., Pegels, E., Laczeski, M., Quiroga, M. and Vergara,
M. (2013) Phenotypic and genotypic characterization of
Streptococcus agalactiae in pregnant women. First study in
a province of Argentina. Braz | Microbiol 44, 253-258.

Pascual, L., Ruiz, F., Giordano, W. and Barberis, I.L. (2010)
Vaginal colonization and activity of the probiotic
bacterium Lactobacillus fermentum 123 in a murine model
of vaginal tract infection. ] Med Microbiol 59, 360-364.

Patras, K.A., Wang, N.Y., Fletcher, E.-M., Cavaco, C.K.,
Jimenez, A., Garg, M., Fierer, J., Sheen, T.R. et al. (2013)
Group B Streptococcus CovR regulation modulates host
immune signalling pathways to promote vaginal
colonization. Cell Microbiol 15, 1154-1167.

Perdigén, G., Maldonado Galdeano, C., Valdez, J.C. and
Medici, M. (2002) Interaction of lactic acid bacteria with
the gut immune system. Eur J Clin Nutr 56, 21-26.

Poisson, D.M., Evrard, M.L., Freneaux, C., Vives, M.I. and
Mesnard, L. (2011) Evaluation of CHROMagar StrepB
agar, an aerobic chromogenic medium for prepartum
vaginal/rectal Group B Streptococcus screening. ] Microbiol
Methods 84, 490—491.

Pritzlaft, C.A., Chang, J.C., Kuo, S.P., Tamura, G.S., Rubens,
C.E. and Nizet, V. (2001) Genetic basis for the beta-
haemolytic/cytolytic activity of group B Streptococcus. Mol
Microbiol 39, 236-247.

Journal of Applied Microbiology © 2014 The Society for Applied Microbiology

Lactobacilli on Group B Streptococcus

Ravel, J., Gajer, P., Abdo, Z., Schneider, G.M., Koenig, S.S.,
McCulle, S.L., Karlebach, S., Gorle, R. et al. (2011)
Vaginal microbiome of reproductive-age women. Proc
Natl Acad Sci USA 108, 4680—4687.

Reid, G., Charbonneau, D., Erb, J., Kochanowski, B.,
Beuerman, D., Poehner, R. and Bruce, A.W. (2003) Oral
use of Lactobacillus rhamnosus GR-1 and L. fermentum
RC-14 significantly alters vaginal flora: randomized,
placebo-controlled trial in 64 healthy women. FEMS
Immunol Med Microbiol 35, 131-134.

Rizzo, A., Losacco, A. and Carratelli, C.R. (2013) Lactobacillus
crispatus modulates epithelial cell defense against Candida
albicans through Toll-like receptors 2 and 4, interleukin 8
and human f-defensins 2 and 3. Immunol Lett 156, 102—
109.

Ronngvist, P.D., Forsgren-Brusk, U.B. and Grahnhakansson,
E.E. (2006) Lactobacilli in the female genital tract in
relation to other genital microbes and vaginal pH. Acta
Obstet Gynecol Scand 85, 726-735.

Ruiz, F., Gerbaldo, G., Asurmendi, P., Pascual, L., Giordano,
W. and Barberis, I. (2009) Antimicrobial activity,
inhibition of urogenital pathogens, and synergistic
interactions between Lactobacillus strains. Curr Microbiol
59, 497-501.

Ruiz, F.O., Gerbaldo, G., Garcia, M.]., Giordano, W., Pascual,
L. and Barberis, L.L. (2012) Synergistic effect between two
bacteriocin-like inhibitory substances produced by
lactobacilli strains with inhibitory activity for Streprococcus
agalactiae. Curr Microbiol 64, 349-356.

Savini, V., Marrollo, R., D’Antonio, M., D’Amario, C., Fazii,
P. and D’Antonio, D. (2013) Streptococcus agalactiae
vaginitis: non hemolytic variant on the Liofilchem
(®) Chromatic StreptoB. Int J Clin Exp Pathol 6, 1693—
1695.

Sendi, P., Johansson, L., Dahesh, S., Van-Sorge, N.M.,
Darenberg, J., Norgren, M., Sj6lin, J., Nizet, V. et al.
(2009) Bacterial phenotype variants in group B
streptococcal toxic shock syndrome. Emerg Infect Dis 15,
223-232.

Silva de Ruiz, C., Rey, M.del.R. and Nader-Macias, M.E.
(2003) Structural and ultrastructural studies of the urinary
tract of mice inoculated with Lactobacillus fermentum. BJU
Int 91, 878-882.

Skoff, T.H., Farley, M.M,, Petit, S., Craig, A.S., Schaffner, W,
Gershman, K., Harrison, L.H., Lynfield, R. et al. (2009)
Increasing burden of invasive group B streptococcal
disease in non-pregnant adults, 1990-2007. Clin Infect Dis
49, 85-92.

Spellerberg, B., Martin, S., Brandt, C. and Lutticken, R. (2000)
The cyl genes of Streptococcus agalactiae are involved in
the production of pigment. FEMS Microbiol Lett 188, 125—
128.

Stumpf, R.M., Wilson, B.A., Rivera, A., Yildirim, S., Yeoman,
C.J., Polk, J.D., White, B.A. and Leigh, S.R. (2013) The
primate vaginal microbiome: comparative context and

13



Lactobacilli on Group B Streptococcus

implications for human health and disease. Am ] Phys
Anthropol 57, 119-134.

Verdenelli, M.C., Coman, M.M., Cecchini, C., Silvi, S.,
Orpianesi, C. and Cresci, A. (2014) Evaluation of
antipathogenic activity and adherence properties of human
Lactobacillus strains for vaginal formulations. J Appl
Microbiol 116, 1297—-1307.

Verstraelen, H. (2008) Cutting edge: the vaginal microflora
and bacterial vaginosis. Verh K Acad Geneeskd Belg 70,
147-174.

Wagner, R.D. and Johnson, S.J. (2012) Probiotic Lactobacillus
and estrogen effects on vaginal epithelial gene expression
responses to Candida albicans. ] Biomed Sci 19, 58.

Winn, H.N. (2007) Group B Streptococcus infection in
pregnancy. Clin Perinatol 34, 387-392.

Ya, W., Reifer, C. and Miller, L.E. (2010) Efficacy of vaginal
probiotic capsules for recurrent bacterial vaginosis: a

14

P.R. De Gregorio et al.

double-blind, randomized, placebo-controlled study. Am
] Obstet Gynecol 203, 120e1-120e6.

Zhu, Y.H., Li, X.Q., Zhang, W., Zhou, D., Liu, H.Y. and
Wang, J.F. (2014) Dose-dependent effects of Lactobacillus
rhamnosus on serum IL-17 production and intestinal T
cell responses in pigs challenged with Escherichia coli. Appl
Environ Microbiol 80, 1787—1798.

Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Figure S1 Effect of intravaginal (i.va.) inoculation of
Lact. reuteri Centro de Referencia para Lactobacilos Cul-
ture Collection (CRL) 1324 (CRL1324) on the mice vagi-
nal microbiota.

Journal of Applied Microbiology © 2014 The Society for Applied Microbiology



