Journal of Medical Microbiology (2014), 63, 685-696

DOI 10.1099/jmm.0.069401-0

Correspondence
Maria Elena Fatima Nader-Macias
fnader@cerela.org.ar

Received 18 October 2013
Accepted 4 February 2014

INTRODUCTION

In vitro and in vivo effects of beneficial vaginal
lactobacilli on pathogens responsible for urogenital
tract infections

Priscilla Romina De Gregorio, Maria Silvina Juarez Tomas,
Maria Cecilia Leccese Terraf and Maria Elena Fatima Nader-Macias

Centro de Referencia para Lactobacilos (CERELA)-CONICET, Chacabuco 145, 4000 San Miguel
de Tucuman, Tucuman, Argentina

The aim of this work was to evaluate the effects of beneficial human vaginal lactobacilli (Lb) on
urogenital pathogens through in vitro and in vivo experiments. Co-aggregative and antimicrobial
properties between five vaginal Lb strains and urogenital pathogens or potential pathogens
(Streptococcus agalactiae, Staphylococcus aureus and Candida albicans strains) were assayed.
Also, associative cultures of Lb strains and S. agalactiae were performed and bacterial growth,
pH, lactic acid and hydrogen peroxide (H,O5) were determined at different times. Based on the
results obtained, the in vivo studies were assayed in mice with Lactobacillus gasseri CRL 1509 or
Lactobacillus salivarius CRL 1328 inoculated intravaginally (i.v.) and then challenged i.v. with S.
agalactiae. Results were analysed by ANOVA (repeated measures and general linear models).
Most of the Lb strains increased the percentage of aggregation of S. agalactiae strains. Only one
strain (Lactobacillus reuteri CRL 1324) positively affected the aggregation of S. aureus and none
increased the aggregation of C. albicans. The inhibition of the growth of S. agalactiae strains by
production of organic acids by lactobacilli was evidenced. The Lb—S. agalactiae co-cultures
showed a significant inhibition of the pathogen after 4 h and 8 h of incubation. Parallel increases
in lactic acid and H,O, levels were observed. However, in the experimental murine model, no
significant differences were obtained in the number of streptococci recovered from the vaginal
tract of control mice and those inoculated with Lb. In conclusion, vaginal Lb exhibited in vitro co-
aggregative and antimicrobial effects on S. agalactiae strains, suggesting that they could be
promising candidates for protection against S. agalactiae challenge. However, as these effects
were not evidenced in the murine model used, further animal studies under different experimental
conditions should be conducted to evaluate the preventive effect of Lb against challenge with S.
agalactiae.

Lactobacilli can protect against urogenital tract infections

The vaginal microbiome of healthy women of reproductive
age is constituted by communities with a low microbial
diversity within each individual and between different
subjects at the genus level (Ravel et al., 2011). Studies of the
human microbiome have revealed that different Lactobacillus
species are predominant but mutually exclusive in the vagina
(Human Microbiome Project Consortium, 2012). Vaginal
lactobacilli play a significant role in maintaining the balance
of the dynamic ecosystem of the urogenital tract.

Abbreviations: v, intravaginal(ly); LAB, lactic acid bacteria; UGTI,
urogenital tract infection.

One supplementary table and two supplementary figures are available
with the online version of this paper.

(UGTI) by preventing pathogenic or potentially pathogenic
micro-organisms adhering to the vaginal epithelial surface,
forming biofilm, co-aggregating with pathogens, producing
antimicrobial substances [organic acids, hydrogen peroxide
(H,0,) and bacteriocins], competing for nutrients and
stimulating the local immune response (Ocafa et al., 1999a;
Juarez Tomas et al., 2003; Martin et al., 2008; Nader-Macias
et al, 2010). Co-aggregation between lactobacilli and urogen-
ital pathogens is a process that can prevent pathogen entry and
colonization of the mucosal sites of the host (Boris et al., 1997,
1998; Schachtsiek et al., 2004; Schellenberg et al., 2006). Also,
co-aggregation could result in prolonged exposure of patho-
gens to antagonistic compounds produced by lactobacilli,
which could reduce pathogen viability (Saunders et al., 2007;
Jones & Versalovic, 2009; McMillan et al,, 2011).
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An imbalance of the urogenital tract microbiota can produce
a decrease in Lactobacillus population and a significant
increase in pathogens or potential pathogens, leading to a
higher susceptibility to UGTI (Ravel et al, 2011). The
following agents are involved in UGTL aerobic bacteria
associated with aerobic vaginitis (e.g. Streptococcus agalac-
tiae, Staphylococcus aureus, Escherichia coli and enterococci),
anaerobic and facultative bacteria related to bacterial
vaginosis (e.g. Gardnerella vaginalis, Atopobium vaginae,
Prevotella bivia, Mobiluncus spp. and Mycoplasma spp.,
among others), yeasts associated with vulvovaginitis (e.g.
Candida spp.), and several bacteria, viruses and protozoa
responsible for sexually transmitted infections (Schwebke &
Burgess, 2004; Fredricks et al., 2005; Larsson & Forsum, 2005;
Zhou et al., 2009; Donders et al., 2009; Laufer et al., 2010).

UGTI in women generate high morbidity and recurrence
rates, probably due to failure of the conventional anti-
microbial treatments to restore the Lactobacillus-domi-
nated vaginal microbiome. For this reason, the intravaginal
(i.v.) administration of pharmabiotic products containing
beneficial lactobacilli could be a promising alternative strategy
for the prevention or eradication of UGTI (Barrons &
Tassone, 2008; Martin et al., 2008). Pharmabiotics are defined
as ‘live or dead microorganisms as well as microbial
constituents and metabolites which can beneficially interact
with the host’ (Shanahan et al,, 2009). Our research group has
isolated and selected autochthonous lactobacilli from human
vagina that could be included as active pharmaceutical
ingredients in pharmabiotic products to re-establish the
balance of the urogenital tract (Ocafa et al., 1999a, b; Juarez
Tomas et al., 2003, 2005, 2011).

Both in vitro studies and animal models are required to
assess the beneficial characteristics of the different strains
(Reid et al., 2003; Yao et al., 2007; Saksena et al., 2011; De
Gregorio et al., 2012). In the present work, the in vitro co-
aggregative and antimicrobial properties of five different
vaginal Lactobacillus strains, previously selected for their
beneficial properties, were evaluated on some pathogens
responsible for UGTIL. Furthermore, the preventive effect of
vaginal Lactobacillus colonization against i.v. challenge with
S. agalactiae was studied in a murine model.

METHODS

Micro-organisms and culture conditions. Five Lactobacillus
strains, originally isolated from human vagina in Tucuman,
Argentina (Ocana et al., 1999a), were previously selected on the basis
of their beneficial properties. Lactobacillus gasseri CRL (Centro de
Referencia para Lactobacilos Culture Collection) 1263, L. gasseri CRL
1509, Lactobacillus reuteri CRL 1324, and Lactobacillus rhamnosus
CRL 1332 produce H,O, (Juarez Tomas et al, 2011) while
Lactobacillus salivarius CRL 1328 produces salivaricin CRL 1328 (a
bacteriocin) (Ocafia et al., 1999b; Vera Pingitore et al, 2009).
Furthermore, L. reuteri CRL 1324 and L. rhamnosus CRL 1332 are
biofilm-forming strains (Terraf et al., 2012).

Urogenital pathogens (Streptococcus agalactiae NH 16, NH 17, NH 18
and GB 96 strains, Staphylococcus aureus and Candida albicans F 1 and
F 78 strains) were isolated from patients with UGTI 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 non-
fat milk, 0.5 yeast extract and 1 glucose] at —20 °C. Before
experimental use, each Lactobacillus strain was grown in LAPTg
(yeast extract/peptone/tryptone/Tween 80/glucose) broth (Raibaud
et al, 1973) at 37 °C for 24 h and subcultured twice in the same
medium at 37 °C for 12 h. The pathogens were cultured in LAPTg at
37 °C for 12 h and then all the strains, with the exception of C.
albicans F 1, were subcultured at 37 °C in the same medium for 8 h, a
time in which they reached the late exponential phase. C. albicans F 1
was subcultured for 12 h. All cultures were performed under static
conditions.

Co-aggregation between lactobacilli and urogenital patho-
gens. Co-aggregation between lactobacilli and pathogens was studied
as previously described (Ocafia & Nader-Macias, 2002). Briefly, cell
suspensions of lactobacilli and pathogens in sterile PBS (g 17': 8.0
NaCl; 0.34 KH,POy4; and 1.21 K,HPO,; pH 6.5) were adjusted to an
optical density at 600 nm (OD) of 0.6 +£0.02 (Spectronic 20; Bausch
and Lomb) and combined (1:1). Co-aggregation was spectro-
photometrically monitored every 30 min for 4 h. Controls of
suspensions of each individual micro-organism were employed.
Aggregation percentage was calculated as 1—(ODgpa/ODjpitiar) X 100,
where ODjpia 1s the OD at time =0, and ODyg,,, is the OD at time ¢
(in minutes) after the beginning of the assay.

In vitro antagonistic effects of lactobacilli and urogenital
pathogens

Agar plate diffusion method. The antimicrobial effect of bacterial
supernatants was evaluated with the agar plate diffusion technique
(Juarez Tomas et al., 2004, 2011), using lactobacilli and pathogens as
indicators and/or as producers of antimicrobial substances. Briefly,
microbial supernatants were left untreated, neutralized with 2 N
NaOH, or neutralized and treated with catalase (1000 U ml™"). Then,
untreated and treated supernatants were placed in 4 mm diameter
holes in agar plates containing the different indicator micro-
organisms (10"-10® c.fu. ml™!). The subsequent steps of the
diffusion technique were performed as previously described (Juarez
Tomas et al., 2011).

Associated cultures of vaginal lactobacilli and S. agalactiae
NH 17. Co-cultures of lactobacilli (L. gasseri CRL 1263, L. reuteri
CRL 1324, L. salivarius CRL 1328 or L. gasseri CRL 1509) and S.
agalactiae NH 17 were performed in LAPTg broth at 37 °C under
static conditions. Two inoculum concentrations of lactobacilli
(around 10°%nd 10® cfu. ml™') and one of Streptococcus
agalactiae (10° c.fu. ml™') were assayed. Pure cultures (employed
as control cultures) were grown under the same culture conditions.
At different times during the cultures, bacterial growth, pH (as an
indirect measure of acid production) and levels of antimicrobial
metabolites (H,O, and organic acids) were assayed.

Bacterial growth was determined by the standard plate dilution
method, using the selective culture medium De Man—Rogosa—Sharpe
(MRS) agar (Merck) (De Man et al., 1960) at pH 5.5 for lactobacilli
and Bacto Todd-Hewitt (TH) agar at pH 7.8 (Becton Dickinson) for
streptococci. The plates were incubated at 37 °C for 48 h and the
number of c.fu. ml™' was determined.

The levels of organic acids in the supernatants of pure and associated
cultures were quantified by HPLC as previously described (Juarez
Tomas et al, 2011). H,O, production during the growth was
evaluated by a chromogenic method on plates of MRS agar medium
supplemented with 1 mM tetramethylbenzidine (TMB) and 2 U ml ™"
horseradish peroxidase (MRS-TMB) (Juarez Tomas et al, 2004).
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Briefly, micro-organisms were inoculated on the surface of MRS-
TMB plates, which were then incubated under microaerophilic
conditions at 37 °C for 48 h. Colonies of H,O,-producing strains
turned blue after exposure to air for 30 min and the intensity of the
blue colour allowed the classification of H,O, production by the
strains as (+ +) strong, (+ ) moderate, (+w) weak and (—) negative.

In vivo effects of lactobacilli on S. agalactiae NH 17.
An experimental murine model was employed to evaluate the
preventive effect of the previous iv. inoculation of L. salivarius
CRL 1328 and L. gasseri CRL 1509 on the i.v. challenge with S.
agalactiae NH 17.

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 plastic cages and
fed ad libitum with a conventional balanced diet, keeping their
environmental conditions constant. To induce a pseudo-oestrous
condition and promote bacterial colonization, all mice received a
weekly subcutaneous injection of 0.02 mg f-oestradiol 17-valerate
(Sigma) dissolved in 100 pl sesame oil (Sigma) (Furr et al, 1989;
Cheng et al., 2005; Rahman et al., 2007) 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 experimental CRL-BIOT-LMP-
2011/2A protocol used in this work.

Vaginal inoculation procedure. The animals were randomly assigned
to five experimental groups: (a) lactobacilli (Lb)—pathogen (Pt)-treated
mice (inoculated with L. salivarius CRL 1328 or L. gasseri CRL 1509 and
later challenged with S. agalactiaee NH 17), (b) Pt-treated mice
(inoculated with saline and later challenged with S. agalactiae NH 17)
and (c) Lb-treated mice (inoculated with L. salivarius CRL 1328 or L.
gasseri CRL 1509 and later with saline) (Fig. 1).

Forty-eight hours after oestradiol administration, Lb—Pt-treated mice
and Lb-treated mice were iv. inoculated with 10"-10% c.fu. L.
salivarius CRL 1328 or L. gasseri CRL 1509 twice a day (with 10 h in
between) for 2 days, while Pt-treated mice were inoculated with saline
[0.85% (w/v) NaCl] on these days. The Lactobacillus inoculum was
prepared from the cell pellet of the third subculture (performed in
LAPTg broth for 12 h at 37 °C as described above), resuspended in
50 pl agarized peptone [% (w/v): 1 meat peptone, 1.5 agar; Britania
Laboratories], as previously described (De Gregorio et al.,, 2012).

Fourteen hours after the last Lactobacillus inoculation, Lb—Pt-treated
mice and Pt-treated mice were i.v. challenged with a single dose of
around 5% 10° c.fu S. agalactiae NH 17 (in 20 pl saline), while Lb-
treated mice were inoculated with 20 ul saline. Before challenge, S.
agalactiae NH 17 was cultured overnight on sheep blood agar plates
and then subcultured in TH broth for 9 h at 37 °C. The Streptococcus
inoculum was prepared with bacterial pellets from the second
subculture, which were washed and resuspended in saline. Fig. 1
shows the experimental groups, the sequence of vaginal inoculation
and the sampling days of the experimental design. Lactobacilli
inoculation and pathogen challenge are indicated by two different
time lines.

Sampling and analytical procedures. Every sampling day, vaginal
washings were obtained under sterile conditions, using automatic
pipettes with tips loaded with 50 pl saline. Seven vaginal washes with
saline were pooled from each mouse to be later used for the different
determinations. Subsequently, mice were killed by cervical dislocation
and dissected to aseptically remove the vaginal tissue.

For cytological studies, 20 pl aliquots of vaginal washes were spread
onto glass slides and stained with the May—Griinwald—Giemsa

technique. Then, the vaginal smears and the histological slides
(described below) were evaluated by light microscopy (at x400) to
determine the oestrous state of mice (Silva de Ruiz et al., 2001) and
the production of adverse effects.

Histological studies of vaginal tissue were performed according to
standard methods with haematoxylin—eosin stain (Biopur) (Silva de
Ruiz et al., 2003). Pictures were taken with an Axio Scope Al Carl
Zeiss microscope. The images were processed using Axio-Vision
release 4.8 software.

Bacterial counts in vaginal washes were determined by the serial
dilution method by plating in selective media: MRS (pH 5.5)
supplemented with 1 pg ml™" tetracycline or 10 pg ml~" vancomycin
(Sigma), to quantify L. gasseri CRL 1509 or L. salivarius CRL 1328,
respectively (De Gregorio et al, 2012), and chromID Strepto B
agar (bioMérieux) to quantify S. agalactiae NH 17 (Poisson et al.,
2011). The plates were incubated under aerobic conditions at 37 °C
for 48 h.

Statistical analysis. For the co-aggregation and associative cultures
assays, ANOVA using a repeated measures model was applied to
determine the main and interaction effects of factors (strain and
time). Significant differences between the kinetics of co-aggregation
or between the growth curves were determined by Fisher’s least
significant difference (LSD) test, using the InfoStat vs 2012 software.
A P-value <0.05 was considered as statistically significant. For in vivo
studies, ANOVA using a general linear model was applied to
determine the main and interaction effects of factors (experimental
group and day post-inoculation). Significant differences (P-value
<0.05) between mean values were determined by Tukey’s test, using
MINITAB statistical software (version 15 for Windows).

RESULTS

Co-aggregation between lactobacilli and
pathogens

The degree of aggregation of all the pathogens was
significantly affected by the Lactobacillus strain (P<<0.01)
and by the length of the aggregation assay (P<<0.0001) (Fig.
2). Lactobacillus—pathogen co-aggregation was considered
significant when the co-aggregation percentage was sig-
nificantly higher (P<<0.05) than the self-aggregation per-
centage of each pathogen strain.

Out of the five vaginal Lactobacillus strains studied, only L.
gasseri CRL 1509, L. gasseri CRL 1263 and L. reuteri 1324
were able to co-aggregate significantly (P<<0.05) with at
least two of the four S. agalactiae strains evaluated (Fig.
2A). Maximal co-aggregation percentage between L.
salivarius CRL 1328 and S. agalactiae strains was slightly
higher than S. agalactiae self-aggregation percentages
(Fig. 2A).

The aggregation percentage of S. aureus was significantly
higher (P<0.05) only in the presence of L. reuteri CRL
1324 (Fig. 2B). On the other hand, the self-aggregation
percentages of the two C. albicans strains studied were
significantly higher (P<0.05) than the percentages of co-
aggregation between the yeasts and all Lactobacillus strains
evaluated, except for C. albicans F 78 in the presence of L.
gasseri CRL 1509 (Fig. 2C).

http://jmm.sgmjournals.org
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Experimental groups
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Fig. 1. Experimental groups, sequence of inoculation and sampling days of the mice protocol applied. H, Hormone
administration (0.02 mg f-oestradiol 17-valerate). Each arrow indicates one inoculation of lactobagilli in 50 pl containing 107—
108 c.fu. (Lb, L. gasseri CRL 1509 or L. salivarius CRL 1328), pathogen (20 pl containing around 5x1 0%c.fu.; Pt, S. agalactiae
NH 17) or saline (S) to mice in the following experimental groups: Lb—Pt-treated mice, Pt-treated mice and Lb-treated mice. Sd,

Sampling day.

All the pathogenic strains tested, with the exception of S.
agalactiae NH 16 and NH 18, showed lower aggregation
percentages in the presence of L. rhamnosus CRL 1332 than
their self-aggregation percentages (Fig. 2A—C). In general,
vaginal Lactobacillus strains evidenced higher self-aggrega-
tion abilities than pathogenic micro-organisms (Fig. 2D),
except in the case of Candida strains, which were the micro-
organisms with highest self-aggregation values.

In vitro antagonistic effects of lactobacilli and
urogenital pathogens

In the agar plate diffusion method, only L. gasseri CRL 1509
inhibited the growth of S. agalactiaeNH 17 and GB 96, while
L. reuteri CRL 1324 inhibited S. agalactiae GB 96 (data not
shown). L. gasseri CRL 1509 produced the highest well-
defined inhibition halo (8 mm diameter) on the growth of S.
agalactiae NH 17. The inhibitory activity of the two
Lactobacillus strains disappeared after the neutralization of
the supernatants, which indicates that organic acids are
responsible for the antagonistic effect. Moreover, when the
inhibitory effect of the pathogens was assayed on
Lactobacillus strains, L. reuteri CRL 1324 was the only strain
inhibited by a pathogenic micro-organism (S. agalactiae
NH 16).

Associated cultures of lactobacilli and S.
agalactiae NH 17

On the basis of the results obtained in the studies described
above, co-cultures of L. gasseri CRL 1263, L. reuteri CRL

1324, L. salivarius CRL 1328 or L. gasseri CRL 1509 and S.
agalactiae NH 17 were carried out to further evaluate the
degree of interaction.

The lactobacilli and S. agalactiae NH 17 co-cultures
showed a significant inhibition (P<<0.05) of pathogen
growth at 4 h and 8 h of incubation with the high and low
Lactobacillus inocula, respectively. The lowest numbers of
pathogen cells (reduction of 4-5 log units) were observed
after 12 h of co-culture with L. gasseri CRL 1263, L.
salivarius CRL 1328 and L. gasseri CRL 1509 at both
inoculum concentrations. L reuteri CRL 1324 inhibited S.
agalactiae NH 17 (4 log units) after 24 h only with the high
inoculum. L. gasseri CRL 1509 and L. salivarius CRL 1328
were the strains that showed the strongest inhibitory effect
against S. agalactine NH 17. On the other hand, the
number of viable lactobacilli in mixed and pure cultures
was similar (Fig. 3).

A marked decrease in pH in both pure and mixed cultures
of lactobacilli and S. agalactiae was observed up to 8 h of
incubation, followed by a slight decrease up to 48 h.
Parallel increases in lactic acid levels were observed. L.
gasseri CRL 1509 and L. gasseri CRL 1263 [both homo-
fermentative lactic acid bacteria (LAB)] showed the highest
lactic acid concentrations after 12 h (10.55+0.18 g 17)
and 24 h (8.8340.41 g1~ ") of incubation, respectively. On
the other hand, L. reuteri CRL 1324 (a heterofermentative
LAB) and L. salivarius CRL 1328 (a homofermentative
LAB) produced lower amounts of lactic acid, reaching
maximum values after 12 h (4.05+0.28 g 1™ and 48 h
(5.5040.16 ¢ 17') of incubation, respectively (Fig. 4).
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Fig. 2. Co-aggregation abilities of Lactobacillus strains (Lb) with S. agalactiae GB 96, NH 16, NH 17 and NH 18 (A), S. aureus
(B) and C. albicans F 1 and F 78 (C), and self-aggregation of lactobacilli (D) monitored spectrophotometrically and expressed
as aggregation percentage. Self-aggregation of pathogen strains (®). Lb—pathogen co-aggregation (A-C) or Lb self-
aggregation (D): L. gasseri CRL 1263 ('), L. reuteri CRL 1324 (A), L. rhamnosus CRL 1332 (x), L. salivarius CRL 1328 (>)
and L. gasseri CRL 1509 (4). The data are plotted as the mean values of aggregation percentages. Statistically significant
differences (P<0.05) in the kinetics of aggregation of each combination studied are indicated by different letters on the left of
each plot. Different scales on the y-axis were used for each group of micro-organisms in order to distinguish the differences

between the aggregation kinetics.

However, L. reuteri CRL 1324 produced other antimicro-
bial metabolites, such as ethanol (2.46+0.13 g 1" 'at 12 h)
and acetic acid (0.3040.034 g 1" 'at 48 h). S. agalactiae
NH 17, which belongs to the LAB group, produced lower
lactic acid levels than all the Lactobacillus strains evaluated
(3.1940.041 g1~ 'at 12 h). L. gasseri CRL 1509 reached the
lowest pH values at 8 h of incubation and produced the
highest lactic acid concentrations, which were consistent
with the marked inhibitory effect on S. agalactiae (Figs 3
and 4).

L. reuteri CRL 1324 and L. gasseri CRL 1263 evidenced
strong production of H,0, in both pure and associated
cultures. Weak to moderate H,O, production was observed
in cultures of L. gasseri CRL 1509 and S. agalactiae NH 17.
In contrast, L. salivarius CRL 1328 did not produce H,0,
(Table S1, available in the online Supplementary Material).
L. reuteri CRL 1324, the strain that showed the highest
H,0, production, inhibited S. agalactiae at lower levels,

suggesting that lactic acid could be the main antagonistic
metabolite responsible for the inhibition of the pathogen
(Fig. 4, Table S1).

In vivo effects of lactobacilli on S. agalactiae NH
17

L. salivarius CRL 1328 and L. gasseri CRL 1509 were
selected to evaluate their effect on the vaginal tract against
the challenge with S. agalactiae in an experimental murine
model. The two Lactobacillus strains were selected on the
basis of the results obtained in the in vitro studies.

Seventy-five per cent of Lb—Pt-treated mice and Pt-treated
mice were colonized with S. agalactiae NH 17. S. agalactiae
NH 17 was recovered up to the seventh day post-pathogen
challenge from vaginal samples of Lb—Pt-treated mice and
Pt-treated mice. There were no significant differences
(P>0.05) in the number of viable streptococci between

http://jmm.sgmjournals.org
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Fig. 3. Pure and associative cultures of lactobacilli (L. gasseri CRL 1263, L. reuteri CRL 1324, L. salivarius CRL 1328 or L.
gasseri CRL 1509) and S. agalactiae NH 17. S. agalactiae NH 17 in pure (x) and mixed cultures (4); Lactobacillus strains in
pure (4) and mixed cultures (). Data are plotted as the mean values of viable cell numbers (log c.f.u. ml™" £ sem). Statistically
significant differences between viable cell numbers of S. agalactiae NH 17 in pure and mixed cultures at different sampling

times are indicated by different letters (P<0.05).

both experimental groups throughout the various sampling
days (Fig. 5A, B).

In the vaginal washings of all the Lb—Pt-treated mice and
Lb-treated mice, high numbers of viable L. salivarius CRL
1328 (4.73+0.24 log c.fu. ml™") or L. gasseri CRL 1509
(4.9840.28 log c.fu. ml™') were recovered at 3 days
post-inoculation of lactobacilli. In both experimental

groups, a significant decrease (P<<0.001) in the number of
viable lactobacilli was observed throughout the sampling
period. Only L. gasseri CRL 1509 persisted in the vaginal
tract up to the ninth day after Lactobacillus inoculation. No
significant differences (P>0.05) were observed in the
numbers of vaginal lactobacilli between Lb—Pt-treated mice
and Lb-treated mice on different sampling days (Fig. 5C, D).

L. gasseri CRL 1263-S. agalactiae NH 17

pH
o1
1

Lactic acid (g I-1)

Time (h)

L. salivarius CRL 1328-S. agalactiae NH 17

Lactic acid (g I"1)

Time (h)

L. reuteri CRL 1324-S. agalaciae NH 17

Lactic acid (g I-1)

Time (h)
L. gasseri CRL 1509-S. agalactiae NH 17

Lactic acid (g I1)

Time (h)

Fig. 4. Modifications of pH and lactic acid levels of L. gasseri CRL 1263, L. reuteri CRL 1324, L. salivarius CRL 1328 or L.
gasseri CRL 1509 and S. agalactiae NH 17 in pure and mixed cultures. Lactobacillus strains in pure cultures with low inoculum
(#) or high inoculum (A). Mixed cultures inoculated with low inoculum (@) or high inoculum (M) of lactobacilli. S. agalactiae

NH 17 in pure culture (»).
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Fig. 5. (A, B) Viable cells of S. agalactiae NH 17 (NH 17) from murine vaginal washings of Lactobacillus—pathogen (Lb—Pt)
experimental groups and pathogen (Pt) experimental group. Viable cells of L. salivarius CRL 1328 (CRL 1328) (C) and L.
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later challenged with NH 17. Mice in the Pt experimental group were challenged only with the pathogen. Mice in the Lb
experimental groups were inoculated only with lactobacilli (CRL 1328 or CRL 1509). Data are plotted as individual (@) or mean
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ml™") of each experimental group on the different days post-inoculation are indicated by different letters (P<0.05). p.i., post-Lb
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The vaginal cytology and histology of mice confirmed their
oestrous state, which was characterized by the presence of
predominantly large, cornified cells. Also, a leukocyte
influx was evidenced in Lb—Pt-treated mice and Pt-treated
mice at day 1 post-pathogen challenge, but not on
subsequent days. No such influx was observed in Lb-
treated mice on any of the different sampling days (Figs S1
and S2).

DISCUSSION

Lactobacillus strains can be selected as potential active
ingredients for pharmabiotic products by means of in vitro
and in vivo experimental animal assays in order to evaluate
the beneficial characteristics believed to be involved in the
protective mechanisms of the urogenital tract.

Some of the in vitro techniques relate to the interaction
between beneficial strains and pathogens, including co-
aggregation and production of antagonistic metabolites.
Co-aggregation is a process in which genetically different
micro-organisms become attached to one another via
specific molecules (Younes et al., 2012). In this work, the
co-aggregation ability of lactobacilli with urogenital
pathogens was evaluated. Out of the five Lactobacillus
strains evaluated, L. gasseri CRL 1263, L. reuteri CRL 1324
and L. gasseri CRL 1509 were able to co-aggregate with at
least two S. agalactiae strains. In contrast, Boris et al.
(1998) showed that vaginal Lactobacillus acidophilus, L.
gasseri and Lactobacillus jensenii were not able to co-
aggregate with S. agalactiae.

Only L. reuteri CRL 1324 was capable of co-aggregating
with S. aureus. In a similar way, experiments performed
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with atomic force microscopy evidenced stronger adhesion
forces between vaginal lactobacilli (mainly probiotic L.
reuteri RC-14) and three virulent toxic shock syndrome
toxin 1-producing S. aureus strains than between staphylo-
coccal pairs, which result in larger lactobacilli-S. aureus co-
aggregates (Younes et al, 2012). None of the strains
evaluated in this work co-aggregated with C. albicans strains.
In contrast, Boris et al. (1998) showed that vaginal L.
acidophilus, L. gasseri and L. jensenii were able to co-
aggregate with C. albicans. Chassot et al. (2010) demon-
strated that C. albicans—L. acidophilus co-aggregation caused
a significant increase in the in vitro adhesion of the yeast and
a decrease in the Lactobacillus adhesion to a contraceptive
vaginal ring, suggesting that L. acidophilus-based probiotics
could not exert a protective effect against C. albicans.

The results obtained in this work indicate that this
phenomenon is strain specific and dependent on the time
of the aggregation assay, as reported by other scientists
(Collado et al. 2007; Ekmekci et al., 2009). It is important
to highlight that some UGTI, such as bacterial vaginosis,
occur when co-aggregates are dominated by pathogens
(MacPhee et al, 2010). Moreover, when lactobacilli
form co-aggregates with pathogens, homeostasis could
be restored (Reid et al, 1990). Younes et al. (2012)
hypothesized that lactobacilli displaying strong adhesion
forces with pathogens would facilitate co-aggregation and
in vivo elimination of pathogens, partially explaining the
efficacy of probiotic lactobacilli used to prevent UGTI.

With respect to antagonistic mechanisms, several in vitro
studies have shown that vaginal Lactobacillus strains can
inhibit the growth of a wide spectrum of urogenital
pathogens, such as S. agalactiae, S. aureus, Neisseria
gonorrhoeae, E. coli and Klebsiella pneumoniae, among
others, through the production of different antimicrobial
substances (organic acids, H,O, and bacteriocins)
(Muench et al, 2009; Bodaszewska et al., 2010; Juarez
Tomas et al., 2011; Ruiz et al., 2012). The results obtained
in this work indicate that, out of the different urogenital
pathogens assayed using the agar plate diffusion assay, only
the S. agalactiae strains were inhibited by two vaginal
Lactobacillus strains (L. gasseri CRL 1509 and L. reuteri CRL
1324) through the production of organic acids. Similarly,
applying agar plate techniques, Ruiz et al. (2012) demon-
strated that indigenous vaginal lactobacilli negatively
affected the in vitro growth of S. agalactiae and that
inhibition was caused by bacteriocin-like inhibitory sub-
stances produced by the lactobacilli.

When employing a more sensitive method (lactobacilli—
pathogen associative cultures) than the diffusion test to
study the antagonistic effects of lactobacilli on Streptococcus
agalactine NH 17, two different inoculum concentrations
of lactobacilli were assayed according to the number
of lactobacilli isolated in the genital tract of healthy
fertile women (6.59+2.02 log c.f.u. per vaginal sample;
Ronngyist et al., 2006). The inoculum concentrations were
also supported by the concept that high doses of probiotic

lactobacilli (10°-10° viable cells per day), either taken
orally or applied vaginally, are required to restore the
ecological balance of the urogenital tract and to produce
the physiological effect on the host (ISAPP, 2013;
Mastromarino et al., 2013). The S. agalactiae concentration
used was selected to evaluate the inhibitory ability of
lactobacilli against the highest number of the pathogen
(5.0 log c.f.u. per vaginal sample) reported in women with
positive samples (Ronnqyvist et al., 2006).

In lactobacilli-pathogen associative cultures, the four
lactobacilli assayed significantly antagonized pathogen
growth. Similar results were published by Bodaszewska
et al. (2010), demonstrating a strong inhibitory activity of
Lactobacillus species against S. agalactiae strains after 2 h of
incubation in mixed cultures. This inhibition was depend-
ent on the Lactobacillus strains tested, but independent of
S. agalactiae serotypes evaluated. In humans, organic acids
and H,O, produced by vaginal lactobacilli are considered
the main factors that contribute to a hostile environment
for pathogens (Reid & Burton, 2002; Martin et al., 2008).
Therefore, the levels of these metabolites that could
participate in S. agalactisee NH 17 inhibition during
associative cultures were determined. L. gasseri CRL 1509
(the strain that produced the highest lactic acid levels)
showed the highest antagonistic effect on S. agalactiae,
while L. reuteri CRL 1324 (the highest H,O, producer)
exerted the lowest antagonistic effect, suggesting that this S.
agalactiae strain could be sensitive to organic acids and
resistant to H,O,. Liu et al. (2004) demonstrated that S.
agalactiae is capable of producing a carotenoid pigment
with antioxidant properties that affords protection against
reactive oxygen species (e.g. H,O,), important components
of the oxidative burst Kkilling mechanisms of host
phagocytic cells, which could explain the results obtained
in this work.

The in vitro studies indicate that L. gasseri CRL 1509 and CRL
1263, L. salivarius CRL 1328 and L. reuteri CRL 1324 pro-
duce antimicrobial substances active against S. agalactiae.
Moreover, the significant co-aggregation between Lacto-
bacillus (mainly CRL 1509, CRL 1263 and CRL 1324) and S.
agalactiae strains could facilitate the inhibitory effect and the
elimination of the co-aggregation partner from the vaginal
tract. These results could be clinically relevant since S.
agalactige is an opportunistic pathogen that can cause
vaginitis, painful fine superficial fissures and minimal
erythema of vulvar skin in adolescent and young adult
populations as well as serious invasive infections in sus-
ceptible adult populations. In pregnant women, the presence
of S. agalactiae is associated with the risk of neonatal
infections (bacteraemia, sepsis, pneumonia and/or men-
ingitis) and death (Clark & Atendido, 2005; Maisey et al.,
2008; Rajagopal, 2009; Mirowski et al., 2012; Savini et al.,
2013).

Therefore, pharmabiotic products containing beneficial
Lactobacillus strains could be a promising alternative for
protection against S. agalactiae in women, thus preventing
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S. agalactiae infections in newborns. However, further
testing on animals is required previous to clinical studies
and inclusion of the strains in the design of such products.

Unlike the in vitro inhibition of the pathogens, where L.
gasseri CRL 1509 and L. salivarius CRL 1328 showed co-
aggregative and antimicrobial properties on S. agalactiae
NH 17, these strains were not able to inhibit vaginal
colonization of the pathogen in the experimental murine
model employed. Several conditions could favour the in
vitro inhibitory effect of Lactobacillus on the pathogen, but
they would be different from the ones in the murine
vaginal ecosystem of the model used in our work.

In a similar way, Muench et al. (2009) reported that
Lactobacillus crispatus, a human vaginal H,0,-producing
Lactobacillus strain, inhibited N. gonorrhoeae in vitro but
showed no evidence of a difference either in the duration of
vaginal infection or in the number of gonococci recovered
from the vaginal tract of oestrogenized Lactobacillus-
treated or untreated mice. Moreover, the i.v. inoculation
of mice with 107 c.fu. of human Lactobacillus strains
(vaginal L. jensenii ATCC 25258 or urine L. crispatus ATCC
33197) did not produce a decrease in vaginal pH compared
with the vaginal pH (around 6.0-6.8) of buffer-inoculated
control mice (Muench et al., 2009). Based on the fact that
murine vaginal pH is higher than normal human vaginal
pH (around 4.0-4.5) (Larsen, 1993) and taking into
account that acidity favours the stability of inhibitory
substances, Muench et al. (2009) hypothesized that
lactobacilli could be less toxic in the less acidic envir-
onment of the murine vagina.

Even though several research works have demonstrated the
in vitro effects of vaginal lactobacilli on S. agalactiae
(Bodaszewska et al., 2010; Juarez Tomas et al.; 2011; Ruiz
et al., 2012), the in vivo effect of lactobacilli on this genital
pathogen has not been assessed up to now. Cheng et al.
(2005) and Cavaco et al. (2013) used murine models of S.
agalactiae vaginal colonization to evaluate the effect of a
bacteriophage lytic enzyme and an immunobiotic peptide.
Both studies evidenced a reduction in S. agalactiae vaginal
colonization. However, this is to our knowledge the first
work evaluating the in vivo effect of vaginal lactobacilli on
S. agalactiae colonization, although no positive result could
be achieved.

In conclusion, different results were obtained through in
vitro and in vivo assays: human vaginal lactobacilli
exhibited in vitro antimicrobial effects on S. agalactiae,
but these effects were not evidenced in the murine model
used. Thus, further animal studies under different experi-
mental conditions should be carried out. Inoculation of
mice with higher doses of lactobacilli could be assayed in
order to determine if higher inocula or viable cell numbers
could favour the colonization/permanence of lactobacilli
and the production of antimicrobial substances (e.g.
organic acids acidifying the murine vaginal milieu) that
can afford protection against pathogens. Also, some
experiments could be designed with previous modification

of the pH of the vaginal media, or suspending the micro-
organisms in a low pH medium, to determine if these
conditions would favour persistence of lactobacilli and
their protective effect.

ACKNOWLEDGEMENTS

This paper was supported by CONICET (Consejo Nacional de
Investigaciones Cientificas y Técnicas, Argentina) (PIP 632 and PIP
2011 744) and ANPCyT (Agencia Nacional de Promocién Cientifica y
Tecnologica) (PICT 2007-543 and PICT 2012-1187). Lactobacillus
salivarius CRL 1328 was licensed to Probiotical-Anidral for industrial
production. We thank Elena Bru for her help with the statistical
analysis of experimental results and Dr Virginia Ocafia for some of
the human urogenital pathogens isolated at the Nuevo Hospital ‘El
Milagro’ (Salta, Argentina).

REFERENCES

Barrons, R. & Tassone, D. (2008). Use of Lactobacillus probiotics for
bacterial genitourinary infections in women: a review. Clin Ther 30,
453-468.

Bodaszewska, M., Brzychczy-Wloch, M., Gosiewski, T., Adamski, P.,
Strus, M. & Heczko, P. B. (2010). Evaluation of group B streptococcus
susceptibility to lactic acid bacteria strains. Med Dosw Mikrobiol 62,
153-161 (in Polish).

Boris, S., Suarez, J. E. & Barbés, C. (1997). Characterization of the
aggregation promoting factor from Lactobacillus gasseri, a vaginal
isolate. J Appl Microbiol 83, 413-420.

Boris, S., Suarez, J. E., Vazquez, F. & Barbés, C. (1998). Adherence of
human vaginal lactobacilli to vaginal epithelial cells and interaction
with uropathogens. Infect Immun 66, 1985—-1989.

Cavaco, C. K, Patras, K. A,, Zlamal, J. E., Thoman, M. L., Morgan,
E. L, Sanderson, S. D. & Doran, K. S. (2013). A novel C5a-derived
immunobiotic peptide reduces Streptococcus agalactiae colonization
through targeted bacterial killing. Antimicrob Agents Chemother 57,
5492-5499.

Chassot, F., Camacho, D. P., Patussi, E. V., Donatti, L., Svidzinski,
T. 1. & Consolaro, M. E. (2010). Can Lactobacillus acidophilus influence
the adhesion capacity of Candida albicans on the combined
contraceptive vaginal ring? Contraception 81, 331-335.

Cheng, Q., Nelson, D., Zhu, S. & Fischetti, V. A. (2005). Removal of
group B streptococci colonizing the vagina and oropharynx of mice
with a bacteriophage lytic enzyme. Antimicrob Agents Chemother 49,
111-117.

Clark, L. R. & Atendido, M. (2005). Group B streptococcal vaginitis in
postpubertal adolescent girls. J Adolesc Health 36, 437—440.

Collado, M. C., Surono, I, Meriluoto, J. & Salminen, S. (2007).
Indigenous dadih lactic acid bacteria: cell-surface properties and
interactions with pathogens. J Food Sci 72, M89-M93.

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

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

Donders, G. G., Van Calsteren, K., Bellen, G., Reybrouck, R., Van den
Bosch, T., Riphagen, I. & Van Lierde, S. (2009). Predictive value for
preterm birth of abnormal vaginal flora, bacterial vaginosis and
aerobic vaginitis during the first trimester of pregnancy. BJOG Int |
Obstet Gynaecol 116, 1315-1324.

694

Journal of Medical Microbiology 63



Effects of vaginal lactobacilli on urogenital pathogens

Ekmekei, H., Aslim, B. & Ozturk, S. (2009). Characterization of
vaginal lactobacilli coaggregation ability with Escherichia coli.
Microbiol Immunol 53, 59-65.

Fredricks, D. N., Fiedler, T. L. & Marrazzo, J. M. (2005). Molecular
identification of bacteria associated with bacterial vaginosis. N Engl J
Med 353, 1899-1911.

Furr, P. M., Hetherington, C. M. & Taylor-Robinson, D. (1989). The
susceptibility of germ-free, oestradiol-treated, mice to Mycoplasma
hominis. ] Med Microbiol 30, 233-236.

Human Microbiome Project Consortium (2012). Structure, function
and diversity of the healthy human microbiome. Nature 486, 207—
214.

ISAPP (2013). Probiotics: Also, some experiments could be a Consumer
Guide for Making Smart Choices Developed by the International
Scientific Association for Probiotics and Prebiotics. www.isapp.net

Jones, S. E. & Versalovic, J. (2009). Probiotic Lactobacillus reuteri
biofilms produce antimicrobial and anti-inflammatory factors. BMC
Microbiol 9, 35.

Juarez Tomas, M. S, Ocaiia, V. S., Wiese, B. & Nader-Macias, M. E.
(2003). Growth and lactic acid production by vaginal Lactobacillus
acidophilus CRL 1259, and inhibition of uropathogenic Escherichia
coli. J] Med Microbiol 52, 1117-1124.

Juarez Tomas, M. S., Claudia Otero, M., Ocaiia, V. & Elena Nader-
Macias, M. (2004). Production of antimicrobial substances by lactic
acid bacteria I: determination of hydrogen peroxide. Methods Mol Biol
268, 337-346.

Juarez Tomas, M. S., Zonenschain, D., Morelli, L. & Nader-Macias,
M. E. (2005). Characterisation of potentially probiotic vaginal
lactobacilli isolated from Argentinean women. Br J Biomed Sci 62,
170-174.

Juarez Tomas, M. S., Saralegui Duhart, C. I, De Gregorio, P. R,, Vera
Pingitore, E. & 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.

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

Larsson, P. G. & Forsum, U. (2005). Bacterial vaginosis — a disturbed
bacterial flora and treatment enigma. Acta Pathol Microbiol Immunol
Scand 113, 305-316.

Laufer, N., Quarleri, J., Bouzas, M. B., Juncos, G., Cabrini, M., Moretti,
F., Bolcic, F., Fernandez-Giuliano, S., Mammana, L. & other authors
(2010). Hepatitis B virus, hepatitis C virus and HIV coinfection
among people living with HIV/AIDS in Buenos Aires, Argentina. Sex
Transm Dis 37, 342-343.

Liu, G. Y., Doran, K. S, Lawrence, T., Turkson, N., Puliti, M., Tissi, L. &
Nizet, V. (2004). Sword and shield: linked group B streptococcal 8-
hemolysin/cytolysin and carotenoid pigment function to subvert host
phagocyte defense. Proc Natl Acad Sci U S A 101, 14491-14496.
MacPhee, R. A, Hummelen, R, Bisanz, J. E., Miller, W. L. & Reid, G.
(2010). Probiotic strategies for the treatment and prevention of
bacterial vaginosis. Expert Opin Pharmacother 11, 2985-2995.
Maisey, H. C., Doran, K. S. & Nizet, V. (2008). Recent advances in

understanding the molecular basis of group B Streptococcus virulence.
Expert Rev Mol Med 10, e27.

Martin, R, Soberon, N,, Vazquez, F. & Suarez, J. E. (2008). Vaginal
microbiota: composition, protective role, associated pathologies, and
therapeutic perspectives. Enferm Infecc Microbiol Clin 26, 160-167.
Mastromarino, P., Vitali, B. & Mosca, L. (2013). Bacterial vaginosis: a

review on clinical trials with probiotics. New Microbiol 36, 229—
238.

McMillan, A., Dell, M., Zellar, M. P., Cribby, S., Martz, S., Hong, E., Fu, J.,
Abbas, A, Dang, T. & other authors (2011). Disruption of urogenital
biofilms by lactobacilli. Colloids Surf B Biointerfaces 86, 58—64.

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

Muench, D. F., Kuch, D. J.,, Wu, H., Begum, A. A,, Veit, S. J., Pelletier,
M. E., Soler-Garcia, A. A. & 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-Macias, M. E. F., Alvarez, G. S., Silva de Ruiz, C., Medina, M. &
Juarez Tomas, M. S. (2010). Lactic acid bacteria in prevention of the
urogenital and respiratory infections. In Biotechnology of Lactic Acid
Bacteria: Novel Applications, pp. 141-160. Edited by F. Mozzi,
R. R. Raya & G. M. Vignolo. Ames, IA: Wiley-Blackwell.

Ocaiia, V. S. & Nader-Macias, M. E. (2002). Vaginal lactobacilli: self-
and co-aggregating ability. Br | Biomed Sci 59, 183—190.

Ocaiia, V. S., Bru, E., De Ruiz Holgado, A. A. & Nader-Macias, M. E.
(1999a). Surface characteristics of lactobacilli isolated from human
vagina. | Gen Appl Microbiol 45, 203-212.

Ocana, V. S., de Ruiz Holgado, A. A. P. & Nader-Macias, M. E.
(1999b). Characterization of a bacteriocin-like substance produced by
a vaginal Lactobacillus salivarius strain. Appl Environ Microbiol 65,
5631-5635.

Poisson, D. M., Evrard, M. L., Freneaux, C., Vivés, M. I. & 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.

Rahman, D., Mistry, M., Thavaraj, S., Challacombe, S. J. & Naglik,
J. R. (2007). Murine model of concurrent oral and vaginal Candida
albicans colonization to study epithelial host-pathogen interactions.
Microbes Infect 9, 615-622.

Raibaud, P., Galpin, J. V., Ducluzeau, R., Mocquot, G. & Oliver, G.
(1973). The “Lactobacillus” genus in the digestive tract of rats. 1.
Characteristics of homofermentative strains isolated from holo- and
gnotoxenic rats.. Ann Microbiol (Paris) 124, 83-109 (in French).

Rajagopal, L. (2009). Understanding the regulation of Group B
streptococcal virulence factors. Future Microbiol 4, 201-221.

Ravel, J., Gajer, P., Abdo, Z., Schneider, G. M., Koenig, S. S., McCulle,
S. L., Karlebach, S., Gorle, R, Russell, J. & other authors (2011).
Vaginal microbiome of reproductive-age women. Proc Natl Acad Sci
U S A 108 (Suppl. 1), 4680—4687.

Reid, G. & Burton, J. (2002). Use of Lactobacillus to prevent infection
by pathogenic bacteria. Microbes Infect 4, 319-324.

Reid, G., McGroarty, J. A., Domingue, P. A. G., Chow, A. W., Bruce,
A. W, Eisen, A. & Costerton, J. W. (1990). Coaggregation of urogenital
bacteria in vitro and in vivo. Curr Microbiol 20, 47-52.

Reid, G., Jass, J., Sebulsky, M. T. & McCormick, J. K. (2003). Potential
uses of probiotics in clinical practice. Clin Microbiol Rev 16, 658—672.

Ronngqvist, P. D., Forsgren-Brusk, U. B. & Grahn-Hakansson, 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. O, Gerbaldo, G., Garcia, M. J., Giordano, W., Pascual, L. &
Barberis, I. L. (2012). Synergistic effect between two bacteriocin-like
inhibitory substances produced by Lactobacilli strains with inhibitory
activity for Streptococcus agalactiae. Curr Microbiol 64, 349-356.

Saksena, S., Goyal, S., Raheja, G., Singh, V., Akhtar, M., Nazir, T. M.,
Alrefai, W. A, Gill, R. K. & Dudeja, P. K. (2011). Upregulation of P-
glycoprotein by probiotics in intestinal epithelial cells and in the
dextran sulfate sodium model of colitis in mice. Am ] Physiol
Gastrointest Liver Physiol 300, G1115-G1123.

http://jmm.sgmjournals.org

695



P. R. De Gregorio and others

Saunders, S., Bocking, A., Challis, J. & Reid, G. (2007). Effect of
Lactobacillus challenge on Gardnerella vaginalis biofilms. Colloids Surf
B Biointerfaces 55, 138—142.

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

Schachtsiek, M., Hammes, W. P. & Hertel, C. (2004). Charac-
terization of Lactobacillus coryniformis DSM 20001T surface protein
Cpf mediating coaggregation with and aggregation among pathogens.
Appl Environ Microbiol 70, 7078—7085.

Schellenberg, J., Smoragiewicz, W. & Karska-Wysocki, B. (2006). A
rapid method combining immunofluorescence and flow cytometry
for improved understanding of competitive interactions between
lactic acid bacteria (LAB) and methicillin-resistant S. aureus (MRSA)
in mixed culture. J Microbiol Methods 65, 1-9.

Schwebke, J. R. & Burgess, D. (2004). Trichomoniasis. Clin
Microbiol Rev 17, 794—803.

Shanahan, F., Stanton, C., Ross, P. & Hill, C. (2009). Pharmabiotics:
bioactives from mining host-microbe-dietary interactions. Functional
Food Rev 1, 20-25.

Silva de Ruiz, C., Rey, M. R,, de Ruiz Holgado, A. P. & Nader-Macias,
M. E. (2001). Experimental administration of estradiol on the

colonization of Lactobacillus fermentum and Escherichia coli in the
urogenital tract of mice. Biol Pharm Bull 24, 127-134.

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

Terraf, M. C. L, Juarez Tomas, M. S., Nader-Macias, M. E. & Silva, C.
(2012). Screening of biofilm formation by beneficial vaginal
lactobacilli and influence of culture media components. J Appl
Microbiol 113, 1517-1529.

Vera Pingitore, E., Hébert, E. M., Nader-Macias, M. E. & Sesma, F.
(2009). Characterization of salivaricin CRL 1328, a two-peptide
bacteriocin produced by Lactobacillus salivarius CRL 1328 isolated
from the human vagina. Res Microbiol 160, 401-408.

Yao, X. Y., Yuan, M. M. & Li, D. J. (2007). Molecular adjuvant C3d3
improved the anti-hCGf humoral immune response in vaginal
inoculation with live recombinant Lactobacillus expressing hCGp-
C3d3 fusion protein. Vaccine 25, 6129-6139.

Younes, J. A,, van der Mei, H. C,, van den Heuvel, E., Busscher, H. J.
& Reid, G. (2012). Adhesion forces and coaggregation between vaginal
staphylococci and lactobacilli. PLoS ONE 7, e36917.

Zhou, X., Westman, R., Hickey, R., Hansmann, M. A., Kennedy, C.,

Osborn, T. W. & Forney, L. J. (2009). Vaginal microbiota of women
with frequent vulvovaginal candidiasis. Infect Immun 77, 4130—-4135.

696

Journal of Medical Microbiology 63



	Fig 1
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 17a
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30
	Reference 31
	Reference 32
	Reference 33
	Reference 34
	Reference 35
	Reference 36
	Reference 37
	Reference 38
	Reference 39
	Reference 40
	Reference 41
	Reference 42
	Reference 43
	Reference 44
	Reference 45
	Reference 46
	Reference 47
	Reference 48
	Reference 49
	Reference 50
	Reference 51
	Reference 52
	Reference 53
	Reference 54
	Reference 55
	Reference 56
	Reference 57
	Reference 58
	Reference 59
	Reference 60
	Reference 61

