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1. Introduction

Lactic acid bacteria (LAB) constitute a group of Gram-positive nonsporing nonrespiring
bacteria, cocci or rods, that produce lactic acid as the major end product during the
fermentation of carbohydrates. The term LAB is associated with bacteria involved in food
fermentation and bacteria normally associated with the mucosal surfaces of human and
animals. The classification of lactic acid bacteria into different genera is based on
morphology, mode of glucose fermentation, growth at different temperatures, configuration
of the lactic acid produced, ability to grow at high salt concentrations, and acid or alkaline
tolerance (Pascual, 2004).

Bacteria belonging to the genus Lactobacillus are considered to be the main LAB and the
predominant microorganisms in the gastrointestinal and urogenital tracts of humans as well
as homeotermic animals. They are also used for elaborating different fermented foods
categorized as GRAS (generally considered as safe).

Although there are data on simultaneous colonization of the human vagina by two different
species of Lactobacillus, which can be homofermentative, heterofermentative or a
combination of both (Kaewsrichan et al., 2006; Pascual et al, 2006), only one species has been
isolated from the vaginal tract. Also, there are evidences of their effectivity in the prevention
of urogenital infections (Pascual, 2004; Axelsson, 2004).

The urogenital microbiota of a healthy woman comprises approximately 50 species of
organisms, witch differ in composition according to reproductive stages and exposure to
several factors, including antibiotics and spermicides (Pascual, 2004).

In the complex vaginal environment, bacteria of the lactobacilli group (107-108 CFU g1 of
vaginal fluid) are the dominant microorganisms in healthy pre-menopausal women, and
play an important protective role by limiting growth of pathogenic microorganisms. When
lactobacilli are reduced, eliminated, or replaced by pathogenic species, the host has an
increased susceptibility to urinary tract infections (UTIs), genital tract infections (GTIs),
bacterial vaginosis (BV), vulvovaginal candidiasis (VVC), and infection by Neisseria
gonorrhoeae or Trichomonas vaginalis. Worldwide studies of UTIs or GTIs have revealed
increasing antibiotic resistance among pathogenic microorganisms. Our research group has
isolated human vaginal lactobacilli, selecting those with beneficial or probiotic properties
(Czaja et al., 2007).
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246 Urinary Tract Infections

Urogenital infections are a major reason for women to visit their family’s physician and are
generally derived to gastroenterology, gynecology, urology, and infectious diseases
specialists. The association between abnormal vaginal microbiota and increased risk for
sexually transmitted infections, bladder and vaginal infections, and a higher rate of preterm
labor indicate the need to better understand and manage urogenital health (Reid et al.,
2004). Urogenital infections, defined here to include those that affect the bladder, kidneys,
vagina, urethra, periurethra, and cervix, constitute a worldwide problem (Roos et al., 2006).
The majority of UTI's occur in sexually active women (Howes et al., 2008). Risk increases by
3-5 times when diaphragms are used for contraception. Risk also slightly increases with not
voiding after sexual intercourse and use of spermicides such as nonoxynol-9, which have
been shown to be toxic to lactobacilli. Depletion of disturbances of vaginal lactobacilli biota
has been associated with establishment of opportunistic infections like BV (bacterial
vaginosis) and an increased risk of acquiring type 1 HIV. Nonoxynol-9 is the active
compound in many spermicidal formulas. It is a nonionic detergent that reduces the
superficial tension of the human spermatozoon membrane, causing loss of motility, decrease
of its glucolytic power and alteration in permeability. It also affects the lipidic content of the
human spermatozoon membrane. Nonoxynol-9 is generally used at concentrations of 5% in
creams. It is possible that the presence of N-9 affects the ecological balance of the vagina
through the inhibition of protective lactobacilli, especially those that produce H>O,.
Nonoxynol-9 is a spermicide that has antimicrobial activity. Some studies have shown that
lactobacilli present resistance or sensitivity to this compound (Pascual et al., 2006).

Increased risk has not been demonstrated with oral contraceptives, not voiding before
intercourse, non-cotton underwear, and use of condoms. The prevalence and incidence of
urinary tract infection is higher in women than in men, which is likely the result of several
clinical factors including anatomic differences, hormonal effects, and behavior patterns
(Standiford et al., 2005).

Historical data indicate that the vast majority of urinary tract infections (UTI) in a suburban,
nonhospitalized community is caused by Escherichia coli, followed by other Enterobacteriaciae
and Staphylococcus saprophyticus. The most frequent bacterial cause of UTI in adult women is
Escherichia coli, which is part of the normal gut microbiota. This organism accounts for
approximately 85% of community-acquired UTIs and 50% of hospital acquired UTIs (Talan
et al., 2008).

However, a recent study reported that by infections E. coli were less common and that
Enterococcus faecalis was the second most prevalent uropathogen. The latter result was also
found in hospitalized patients. UTI affect millions of women each year, with an annual
societal cost of billions of dollars. More than one quarter of women with a UTI will have a
recurrent infection within six months. There are few established options for prevention of
UTI other than the use of prophylactic antibiotics. Most uncomplicated UTI cases are
resolved within 1 to 7 d of antibiotic therapy (Talan et al., 2008). However, drug resistance to
commonly used antibiotics (eg, trimethoprim/sulfamethoxazole) is increasing among
uropathogens and patients are experimenting more and more with alternative natural
medicines, which appear to contain antiadhesive compounds that are active against
uropathogens and can help prevent UTI (Pascual, 2004). The phenological characteristics of
the lactobacilli strains including adhesive ability and production of acids, bacteriocins,
hydrogen peroxide, and biosurfactants appear to be important in conferring protection to
the host. Therefore, effective nonantibiotic methods of prevention are needed. One potential
alternative may bee probiotic lactobacilli (Reid et al., 2005; Pascual et al, 2008a). The

www.intechopen.com



Prevention Strategy of Urogenital Infections by Using Lactobacilli with Probiotic Properties 247

rationale for the use of probiotics is based on the genitourinary regulatory role played by the
commensal microbiota and the need for restoration of this microbial ecosystem after insult.
Health care providers who are interested in the therapeutic potential of probiotics require
evidence of efficacy from randomized controlled assays, including data on successful local
colonization and strain-specific outcomes, and information on product integrity and
stability. This article reviews available information on the efficacy and tolerability of
probiotics in the treatment and prophylaxis of bacterial vaginosis (BV) and the prophylaxis
of UTI (Barrons and Tassone, 2008).

The administration of lactobacilli does not produce adverse effects in the urogenital tract;
thus, it effectively prevents urinary tract infections. Several clinical assays have
demonstrated that certain Lactobacillus species can be given orally or vaginally with
resulting colonization of the vagina, reduction in vaginal coliform counts, and even
reduction in UTI recurrence (Reid et al.,2004).

2. Probiotics

2.1 The history of probiotics

The first observation of the positive role of some bacteria can be credited to the work of
Metchinkoff (1908); who reported on the potential health benefits of probiotics after he
observed that Bulgarian peasants that consumed fermented milk products showed long,
healthy lives (Sanders, 1999; Senok et al., 2005). At the same time Henry Tissier (1906), a
French pediatrician, observed that children with diarrhea had in their stools a low number
of bacteria characterized by a peculiar morphology. These bacteria were, on the contrary,
abundant in healthy children. He suggested that these bacteria could be administered to
patients with diarrhea to help restore a healthy gut biota (WHO/ FAO, 2006).

The application of “health promoting’” bacteria for therapeutic purposes has a long tradition
in medicine; however, this so-called “bacteriotherapy” has long been considered to be a
nonstandard procedure whose efficacy has not yet been proved or is at most based on
observation but not on clinical studies (Suvarna and Body; 2005). The successful
introduction of probiotics to the market has helped and inspired research in this area to a
huge extent. In recent years, there has been a great increase in the number of clinical studies
in which the prevention, alleviation, or therapy of diseases has been scientifically
investigated not only to find evidence for a health claim for a target group of “healthy
consumers” but also to test the medicinal (preventive and therapeutic) application of
probiotics (Reid et al., 2006).

The term “Probiotic” derives from the Greek meaning “for life”. It was first introduced in
1965 by Lilly and Stillwell for describing substances secreted by one organism which
stimulate the growth of another (Reid et al., 2003). In 1974, Parker referred to “Probiotic” as
organisms and substances which contribute to the intestinal microbial balance. However,
this term was subsequently redefined by Fuller (1989) as a live microbial feed supplement
which beneficially affects the host animal by improving its intestinal microbial balance
(Desai, A., 2008). This definition was broadened by Havenaar and Huis in’'t Veld (1992) to a
mono or mixed culture of live microorganisms which benefits man or animals by improving
the properties of the indigenous microbiota (Klaenhammer, 2000; Ranadheera et al., 2010).
At present is defined, by FAO/OMS, as “Live microorganisms which, when administered in
adequate amounts, confer a health benefit on the host” (WHO / FAQO, 2001). In a healthy
host, a balance exists between members of the microbiota, such that potential pathogenic
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and non-pathogenic microorganisms can be found in apparent harmony. During infection,
this balance can become disturbed, leading to often dramatic changes in the composition of
the microbiota. The most important genus of Gram positive bacteria used extensively as
probiotics are Lactobacillus and Bifidobacterium (Table 1).

Lactobacillus spp. Bifidobacterium spp. Others
L. acidophilus
L. rhamnosus

L. gasseri
L. casei .
. Enterococcus faecalis
L. reuteri . )
. B. bifidum E. faecium
L. delbrueckii subsp. )
. B. breve Streptococcus salivarus subsp.
bulgaricus . . .
. B. infantis thermophilus
L. crispatus .
B. longum S. termophilus
L. plantarum . . ,
; B. lactis Lactococcus lactis subsp. lactis
L. salivarus . . :
. g B. adolescentis L. lactis subsp. cremoris
L. johnsonii . .y . i
. B.essensis Propionibacterium freudenreichii
L. gallinarum . e T
B.laterosporum Pediococcus acidilactici

L.plantarum
L. fermentum
L. helveticus
L. paracasei
L. lactis

Leuconostoc mesenteroides

Table 1. Microorganisms applied as probiotics. Ranadheera et al., 2010 and Gupta and Garg, 2009.

More than 20 years ago, the production of substances that inhibited pathogen growth on
agar plates or the ability to reduce adherence of pathogens in vitro defined a probiotic (Chan
et al., 1985). Now, the bar has been raised significantly higher, and use of the term
“probiotic’ needs bacteria to be properly speciated, shown in appropriate formulations to be
safe and effective at conferring health benefits on mammalian hosts, and manufactured and
sold in a way that accurately reflects what benefits a consumer can obtain (Reid, 2005;
Corcionivoschi et al., 2010). Sadly, governments and industry have not yet taken these
requirements to heart, and whereas many so-called probiotic products are available,
relatively few true probiotic products exist (Table 2).

2.2 Mechanisms of action

Mechanisms by which probiotics exert healthy effects are incompletely understood. Some
authors include competitive inhibition with pathogenic bacteria, effects on barrier function,
antagonism through the production of antimicrobial substances (acids, hydrogen peroxide
and bacteriocins) and modulation of the immune system (Cabana et al., 2006; Almeghaiseeb,
2007). These mechanisms vary according to the specific strain or combination of strains
used, the presence of prebiotics [a non-digestible food ingredient which beneficially affects
the host by selectively stimulating the growth and/or activity of one or a limited number of
bacteria in the colon having the potential to improve host health (Gupta and Garg, 2009)]
and the condition that is being treated the patient (Devine and Marsh, 2009).

Probiotics microorganisms compete with pathogens for nutrients and physical space (Fuller,
1991; Johannsen, 2003).
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Appropriateness
1. Accurate taxonomic identification
1. Normal inhabitant of the species targeted: human origin
for human probiotics
ifi. Nontoxic, nonpathogenic, GRAS status
Technological smtability
1v. Amenable to mass production and storage: adequate growth,
recovery, concentration, freezing, dehydration, storage, and distribution
V. Viability at high populations (preferred at 10°-10%)
V. Stability of desired characteristics during culture preparation,
storage, and delivery
Vii. Provides desirable organoleptic qualities (or no undesirable qualities)
when included in foods or fermentation processes
Viii. Genetically stable
fhd Genetically amenable
Competitiveness
X Capable of survival, proliferation, and metabolic activity at the target site in vivo
Xi. Resistant to bile
X1l Resistant to acid
Xiii. Able to compete with the normal microflora, including the same
or closely related species; potentially resistant to bacteriocins, acid,
and other antimicrobials produced by residing microflora
V. Adherence and colonization potenfial preferred

Performance and functionality

XV. Able to exert one or more clinically documented health benefits (e.g. lactose tolerance)
V1. Antagonistic toward pathogenic/cariogenic bacteria
VL Production of antimicrobial substances (bacteriocins, hydrogen peroxide,
organic acids, or other inhibitory compounds)
XV Immunostimulatory
XX Antimutagenic
K. Anticarcinogenic
3041 Production of bioactive compounds (enzymes, vaccines, peptides)

Table 2. Criteria for selection of probiotic strains. Adapted from Klahenhammer (2007).

Some bacteria can inhibit and prevent the colonization by pathogenic microorganisms by
means of a mechanism of steric obstruction or blocking of specific receptors (Amores et al.,
2004). LGG and L. plantarum have been shown to competitively inhibit the attachment of
enteropathogenic E. coli 0157H7 to HT-29 human colonic cancer cells (Michail et al., 1997;
Alvarez-Olmos and Oberhelman. 2001).

The effect of probiotics may be classified in three modes of action: (i) Probiotics have a direct
effect on other microorganisms, commensal and/or pathogenic ones. This principle is in
many cases of importance for the prevention and therapy of infections and restoration of the
microbial equilibrium. (ii) Probiotics also might be able to modulate the host’s defenses
including the innate as well as the acquired immune system. This mode of action is most
likely important for the prevention and therapy of infectious diseases but also for the
treatment of chronic inflammation. (iii) Probiotic effects may be based on actions affecting
microbial products like toxins, host products e.g.bile salts and food ingredients
(Oeslschaeger, 2010).

3. Probiotics: effects on other microorganisms

3.1 Production of antimicrobial compounds

Lactobacilli produce a variety of compounds that are inhibitory to both Gram-positive and
Gram-negative bacteria. These inhibitory substances include organic acids, bacteriocins,
hydrogen peroxide and biosurfactants (Rolfe, 2000).
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3.1.1 Organic acids

Lactic and acetic acids are the main products of carbohydrates fermentation by LAB. These
acids diffuse through the membrane of the target organisms, in their hydrophobic
undissociated form. Inside of the bacterial cytoplasm they are exposed to a pH value near to
neutrality; subsequently, they dissociate (anion and H*), reduce cytoplasmic pH and reduce
metabolic activities (Kotikalapudi, 2009; Dalié et al., 2010). This lower cytoplasmic pH
inhibits glycolysis, prevents active transport and interferes with signal transduction.
Furthermore, the anionic part of the acid cannot diffuse freely through the cell wall and
accumulates inside the bacterial cell. Accumulation of anions leads to internal osmotic
disorders for the bacteria (Kotikalapudi, 2009).

Among the antimicrobial compounds synthesized by the two human lactobacilli strains
used in our work, L. fermentum L23 and L. rhamnosus L60, we have only researched the
antimicrobial activity attributed to the bacteriocins and not necessarily to H>0, and lactic
acid production. In previous reports, our group has shown the probiotic properties and the
production of metabolites with biological activity against a wide spectrum of other
microorganisms of these lactobacilli strains (Pascual et al., 2008a; Ruiz et al., 2009).

Juarez Tomas et al. (2003) tested the antimicrobial activity of lactobacilli strains in wvitro
(Lactobacillus brevis CRL 1335 and L. acidophilus strains CRL 1259, CRL 1307, CRL 1320 and
CRL 1324). They found that these strains were able to inhibit the growth of E. coli, S. aureus,
S. agalactiae, E. faecalis, Klebsiella sp., N. gonorrhoeae and G. vaginalis. Inhibition was shown to
be produced by the low pH of the lactobacilli supernatants, as it disappeared when the
supernatants were neutralized.

3.2 Bacteriocins

Bacteriocins are antimicrobial substances of protein nature, some of which may contain an
associated lipid or carbohydrate, that inhibit growth of related or unrelated bacterial species
and are potentially useful for prevention or treatment of bacterial infectious diseases ( Riley
and Chavan, 2007; Pascual et al., 2008b).

Bacteriocins produced by lactic acid bacteria are divided into five classes based on primary
structure, molecular mass, heat stability, and molecular organization : class I, lantibiotics;
class 1I, nonlantibiotic peptides (subclass Ila, pediocin-like bacteriocins with strong
antilisterial activity; subclass Ilb, bacteriocins whose activity depends on complementary
action of two peptides; subclass Ilc, secdependent secreted bacteriocins); class III, large, heat
labile protein bacteriocins; class IV, bacteriocins consisting of an undefined mixture of
protein(s), lipid(s), and carbohydrate(s); and class V, bacteriocins with circular, unmodified
posttransductional structure (including AS-48, gasericine A, enterocin) (Kemperman et al.,
2003; Gutiérrez Merino J, 2005).

Lactobacilli bacteriocins are of interest because of their potential application for inhibition of
pathogenic bacteria that affect humans. Two Lactobacillus strains from human vagina, L.
fermentum L23 and L. rhamnosus L60, were previously identified and characterized as
probiotics and producers of bacteriocins.

In a study carried out by our research group (Pascual et al. 2008a,b), we described the
isolation, purification, and partial characterization of bacteriocins from L. fermentum 123
and L. rhamnosus L60. The inhibitory spectrum of these strains was quite broad, including
Gram-negative and Gram-positive pathogenic strains and Candida species. To evaluate the
proteinaceous nature of the antibacterial substances, the effect of proteolytic enzymes
(trypsin, protease VI) was tested. Incubation of samples for 1 h at 37 °C with these
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enzymes completely inhibited the antibacterial activity. The bacteriocin produced by L.
fermentum strain L23 was sensitive to several proteases, indicating that the inhibitory
material was proteinaceous. Catalase and urease had no effect on its activity. Bacteriocin
activity was most stable at acid or neutral pH. At alkaline pH, the bacteriocin became
progressively inactivated. The partially purified bacteriocin was further purified by
chromatography gel filtration (Sephadex G25). The sample was concentrated by
evaporation and diluted in a small volume of phosphate buffer at pH 6.5. Fractions of 2.0
ml were collected, and their activity towards the indicator strain was tested. Fractions F15,
F16, F17, and F18 displayed inhibitory activity against E. coli. They were pooled and
concentrated.

The fraction collected after C18 reversed-phase HPLC exhibited activity against the
indicator strain E. coli. The corresponding elution profile from reversed-phase HPLC,
recorded at 220 nm, revealed one peak collected in the fraction eluted at 30 min. When an
aliquot of the 30-min fraction was subjected to agar well diffusion assay, a zone of inhibition
was produced in the agar. The fractions with antibacterial activity (F15, F16, F17, F18)
obtained by chromatography assays were analyzed by TLC on silica gel plates.

The bacteriocin L23 produced by L. fermentum strain 23 showed a wide inhibitory spectrum,
including some lactobacilli. A noteworthy observation was the inhibition of the pathogenic
Gram-negative bacteria E. coli, Proteus wvulgaris, P. mirabilis, Klebsiella pneumoniae, and
Neisseria gonorrhoeae. In general, bacteriocins from lactic acid bacteria are active only
towards Gram-positive bacteria. A wide inhibitory spectrum, as observed here for L.
fermentum and L. rhamnosus L60, seems to be common among bacteriocin-producing isolates
from the genus Lactobacillus (group III). Bacteriocin L23 did not show inhibitory activity
against species of vaginal microbiota, including lactobacilli. Strain L23 secretes an
antibacterial substance other than lactic acid, which is heat stable and only moderately
sensitive to enzyme treatment. Several characteristics of the component responsible for the
antibacterial activity suggest that it contains an unusual acidic amino acid present in a novel
peptidic agent (Ruiz et al., 2009).

3.1.3 Interactions of bacteriocins

Also, the interactions between pairs of bacteriocins that inhibit the growth of urogenital
pathogens were studied. To evaluate types of interaction between L23 and L60 bacteriocins,
207 isolates were considered. Synergistic interaction between these two bacteriocins was
found in 68.6% of the cases (Fig. 1). Interactions were interpreted based on the shape of the
inhibition zone, as follows: (1) lack of interaction (indifference) is indicated by growth at a
right angle; (2) a synergistic effect results in concave growth between the two inhibition
zones; (3) an antagonistic effect results in a junction in which growth covers the angle
formed by the inhibition zones. A synergistic effect was observed with inhibition zones >
2mm compared with each antimicrobial activity of L60 or L23. Bacteriocin interactions were
also determined using the checkerboard assay as previously described by Petersen et al.
(2006). The initial concentrations of bacteriocins used in this experiment were at least the
double of that of MIC. Serial dilutions of bacteriocins of L23 and L60 along the ordinate and
abscissa were made, respectively, in MRS broth. The fractional inhibitory concentration
(FIC) indexes (XFICs) were calculated as follows: ZFIC= FIC A + FIC B, where FIC A is the
MIC of A in the combination/MIC of A alone, and FIC B is the MIC B in the combination /
MIC of B alone. The FIC was interpreted as follows: synergy, FIC<0.5; indifference,
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0.5<FIC<2; antagonism >2. There was neither an indifferent nor an antagonistic interaction
between the substances evaluated either by qualitative or semi-quantitative method.

Fig. 1. Synergistic interaction between bacteriocins from L23 and L60 strains against E.
cloacae

Indicator strains Mumber Indifferent Antagonistic Synergistic

of strains interaction | %) imteraction %) interaction (%
Fscherichia coli 1030 45 (45) - 55 (55)
Klebziella preumoniae b1 2(25) - 6 (75)
Flebgiella oxvioca 1 1 {10 - 9 {90
Prorews mirabilis 14 9 (64.28) - 503571
Prarews villgaris 2 - - 21000
FEnterobacter cloacae 14 1{7.14) - 13 {9285
Cirrobacrer frewndii 5 2040 - ER{)
Serralia Marcescens 4 1 {25) - 375
Acinetobacter bawmanii 5 - - 510
FPrewdomonas aeruginosa 3 - - 3100
Staphvlococous epidermidis f - - £ 10
Staphvlococcus saprophyiions 15 ER ) - 12 {80
Staphvlococcus anreus 4 - - 41000
Streprococons agalactioe 2 - - 2100
Enterococows faecalis 7 - - T 10
Neisseria gonormhosae R - - B 10im
Total % of interactions observed 3040 0 G859

Table 3. Percentage of interactions between bacteriocins produced by Lactobacillus fermentum
strain L23 and Lactobacillus rhamnosus strain L60.

Sensitive species that showed synergistic interaction in 100% of cases were: A. baumanii, P.
aeruginosa, S. epidermidis, S. aureus, S. agalactiae, E. faecalis, P. vulgaris, and N. gonorrhoeae.
Smaller percentages of synergistic interactions were found for E. cloacae, K. oxytoca, S.
saprophyticus, K. pneumoniae, C. freundii, and S. marcescens. Indifferent interaction between
L23 and L60 bacteriocins was found in 31.4% of the total cases. In addition, the highest
percentages of indifferent interaction were observed for P. mirabilis and E. coli. Antagonistic
interaction between L23 and L60 bacteriocins was not observed (Table 3).
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Mulet-Powell et al. (1998) were the first to describe interactions between bacteriocins from
lactic acid bacteria

(LAB). Here, we report rates of inhibitory activity and interactions between two bacteriocins
produced by two potential probiotics from lactobacilli of human vagina. Mulet-Powell et al.
showed antagonistic interaction between LAB bacteriocins, whereas we found no
antagonistic interaction between L23 and L60 from cell-free supernatants (Ruiz et al., 2009).

3.1.4 Hydrogen peroxide

Hydrogen peroxide (H>O») is produced by most LAB in the presence of oxygen. LAB are
unable to produce catalase; therefore, they can not degrade hydrogen peroxide that, after
accumulation, develops its oxidative properties with the production of powerful oxidants
such as singlet oxygen, superoxide radicals, and the hydroxyl radical. Reactive oxygen
species can cause irreversible damage to a number of cell components such as enzymes,
membrane constituents and DNA (Schurman, 2001; Dalié et al., 2010).

H>O; is produced by many Lactobacillus strains in different amounts. There are techniques
for measuring these compounds. In a qualitative method that was carried out by
Eschenbach et al. (1989), a LAB strain was plated onto MRS agar containing 5 mg 3,3",5,5'-
tetramethylbenzidine (TMB) and 0,2 mg horseradish peroxidase (HRPO). Peroxidase
generates O, from H>O, and TMB dyes the colonies with a blue color when oxidation occurs
in the presence of O, (Pascual et al., 2008a). Pick and Mizel’s phenol red solution method
was used for testing H,O; production by macrophages. This quatitative method is modified
when working with BAL strains. A 50 pl aliquot of centrifuged microorganisms is placed
onto a 96-well plate. Then, 50 ml of reagent 1 (2 ml of phenol red, 2 ml of HRPO, 46 ml
DPBS buffer and 10 ml 1IN sodium hydroxide) is added. H O, was measured indirectly by
the 600nm absorbance of phenol red (Strus ef al., 2005). As was described in previous studies
by our group, a number of cultured lactobacilli generate hydrogen peroxide at inhibitory
levels on many pathogenic genitourinary microorganisms. Production of H>O, by the
Lactobacillus species is considered to represent a nonspecific antimicrobial defense
mechanism of the normal vaginal ecosystem. Eschenbach et al. (1989) detected 96% H>O»-
producing (LB+) strains. In the present study, we found 62% LB+ and 38% non- HxO,-
producing strains (LB-). Species with the largest number of LB+ strains were L. acidophilus
and L. fermentum.

3.1.5 Biosurfactants

Biosurfactants are microbial amphiphilic polymers and polyphilic polymers that tend to
interact with the boundary between two phases in a heterogeneous system, defined as the
interface (Rivardo et al., 2009; Gudin et al., 2010). They comprise a wide range of chemical
structures, such as glycolipids, lipopeptides, polysaccharide-protein complexes,
phospholipids, fatty acids and neutral lipids. Several biosurfactants exhibit antibacterial,
antifungal and antiviral activities (Gudin et al., 2010). These molecules alter surface
hydrophobicity and therefore inhibit the adhesion of pathogenic microorganisms to
infection sites. The release of biosurfactants by probiotic bacteria in vivo can be considered as
a defence mechanism against other colonizing strains in the urogenital tract (Rodrigues et
al., 2006; Gudin et al., 2010). Reid and Bruce (2001c) found that L. fermentum RC-14 produces
large amounts of biosurfactants. These compounds inhibit the adhesion of a broad spectrum
of urogenital pathogens.
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3.2 Immune modulation

Recent studies have clarified the importance of the immunoregulatory ability of probiotics
for exertion of their preventive and therapeutic effects on several diseases. The epithelial
barrier consists of a dense mucous layer containing secretory IgA and antimicrobial
peptides as well as dynamic functional complexes that regulate permeability between cells
(Ohland and MacNaughton, 2010). When barrier function is interrupted due to several
factors such as chronic psychological stress, epithelial ion secretion and permeability is
enhanced, binding of luminal bacteria to surface epithelia increases, the uptake of luminal
antigens through follicle associated epithelium increases and mucosal inflammation
initiates (Zareie et al., 2006). There is evidence that consumption of probiotic strains can
improves the integrity of the intestinal barrier and the upregulation of mucin production
(Devine and Marsh, 2009).

Stimulation and modulation of the mucosal immune system by probiotics reduces
production of pro-inflammatory cytokines through activity on NFkB pathways, increase in
production of anti-inflammatory cytokines, such as IL-10 and host defence peptides such as
b-defensin 2, enhancement in IgA defences and influence on dendritic cell maturation
(Devine and Marsh, 2009). It has also been shown that probiotics are able to regulate
linfocite cell proliferation in vitro, as well as the production of specific and nonspecific
antibodies (Amores ef al., 2004).

The immune system is roughly divided into the acquired immune system, consisting mainly
of B lymphocytes and sensitized T lymphocytes, and the innate immune system, consisting
mainly of macrophages and NK cells. The ratio of involvement of the systems varies
depending on conditions of infection such as species of microorganisms and the amount and
site of infection. Mouse studies have clarified that direct activation of macrophages by
probiotics increased the bactericidal effect of macrophages on pathogenic bacteria.
Probiotics strains have also been reported to promote proliferation of phagocytes such as
macrophages and neutrophils in the bone marrow and spleen (hematopoietic tissues). Thus,
activation of the innate immune system may be important in the infection preventing effect
of probiotics. However, probiotics are also able to protect the integrity of the mucosal barrier
against the destructive action of pathogenic microorganisms (Oelschlaeger T, 2010).

3.3 Probiotic effects on microbial toxins

One of the most important groups of bacterial virulence factors are toxins. The effectiveness
of certain probiotics in suppressing diarrhoea is most likely based on their ability to protect
the host against toxins. This protection can result from inhibition of toxin expression in
pathogens. Certain probiotics are even able to protect against cyanobacterial and fungal
toxins. The basis of the observed protective effect is rather a physicochemical interaction
between toxin and a probiotic than a metabolic inactivation (Musa et al., 2009; Oelschlaeger,
2010). This mechanism of action of probiotics is not considered in this chapter.

4. Benefical properties of probiotics

Lactobacilli are able to interfere with genitourinary pathogens by several mechanisms.
Other functions of lactobacilli include competitive exclusion of pathogens from the cell
surface, co-aggregation with certain pathogenic bacteria, adherence to epithelial cells and
biofilm formation based on autoaggregation and surface hydrophobicity (Dunne et al.,
2001). Previous studies indicated that autoaggregation of probiotic strains is necessary for

www.intechopen.com



Prevention Strategy of Urogenital Infections by Using Lactobacilli with Probiotic Properties 255

adherence to vaginal epithelial cells, and that co-aggregation leads to formation of a barrier
that prevents colonization by pathogens (Boris et al., 1998; Zhou et al., 2004). These are some
of the desired characteristics by which specific vaginal lactobacilli strains were selected as
potential probiotic agents.

4.1 Autoaggregation assay

The aggregation ability could be described as the clumping of cells of the same strain,
known as autoaggregation or self-aggregation (Nikolic et al., 2010).

In a study performed by our research group, autoaggregation was described as the ability to
form aggregates within 2 min. (Andreu et al., 1995). Necessary characteristics for
Lactobacillus strains to serve as effective prophylactic agents include avid adherence to
vaginal epithelial cells, interference with the adherence of other bacteria, production of
bacteriocins, and production of hydrogen peroxide capable of inhibiting the growth of
pathogens (Zhou et al., 2004).

4.2 Surface hydrophobicity

The surface hydrophobicity of lactobacilli was studied by the salt-aggregation test (SAT).
The lowest final concentration of ammonium sulfate causing the bacteria to aggregate was
defined as the SAT value. Strains were classified into three groups: high surface
hydrophobicity (SAT< 0.9 mol/L), intermediate hydrophobicity (SAT 0.9-1.5 mol/L), and
hydrophilic (SAT> 1.5 mol/L) (Andreu et al., 1995). Two lactobacilli strains studied by our
group showed high hydrophobicity. Thus, we conclude that hydrophobicity is an important

mechanism in bacterial adherence.

4.3 Co-aggregation assays

Co-aggregation of probiotic bacterial strains has been suggested to enable them to form a
physical-chemical barrier that prevents colonization by pathogenic bacteria. Lactobacilli
have been found to co-aggregate with some uropathogenic bacteria and inhibit their growth.
A co-aggregation assay is positive when lactobacilli produce aggregates with other strain
(Reid et al., 1990). Lactobacillus fermentum L23 and L. rhamnosus L60 showed co-aggregation
with E. coli, G. vaginalis, and Candida albicans, but not with C. glabrata (Pascual et al., 2008a).
Such co-aggregation could be an important factor in maintaining vaginal health because it
produces an area around the pathogen where the concentration of antimicrobial substances
produced by these lactobacilli is increased. This would constitute an important host defense
mechanism against infection (Kotikalapudi, 2009; Taheri et al., 2009).

4.4 Bacterial adherence

The ability to adhere to epithelial surfaces is considered an indispensable pre-requisite of
probiotic strains in order to colonise and then to exert health promoting effects. Bacterial
adhesion is initially based on non-specific physical interactions between two surfaces (like
hydrophobic interaction), which then enable specific interactions between adhesins (usually
proteins) and complementary receptors (Kos et al.,, 2003; Canzi et al., 2005). To identify
bacterial traits related to adhesion ability, potential probiotics strains could be assayed for
adherence to cell lines or more frequently, to individual epithelial cells isolated from tissue
surfaces by mechanical scraping, brushing or by freezing followed by a rapid thawing
(Sillanpdd, 2001). Some microorganisms are able to bind to epithelial cells of the
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gastrointestinal tract through lectins present in their surface structures. Lectins are
carbohydrate-binding proteins or glycoproteins from non-immune origin which agglutinate
cells with receptors (Gusilis, et al. 2002). Several authors observed a good correlation
between adhesion ability and cell surface hydrophobicity (Canzi et al., 2005). Adherence was
assessed by counting the number of bacteria adhered to the intact epithelial cells. The
number of adhering lactobacilli in the present study was comparable. Such adherence may
promote colonization of the vaginal epithelium through formation of a bacterial "film" that
tends to exclude pathogens from the mucosa ( Reid and Burton , 2002; Pascual et al., 2008a).

4.5 Competitive exclusion

Several studies reported that adhesive probiotic bacteria can prevent the attachment of
pathogens and remove them from the urogenital tract. Studies showed that indigenous
bacteria isolated from cervical, vaginal, and urethral surfaces of healthy women are able to
adhere to human uroepithelial cells in vitro. These microorganisms were found to block the
adherence of uropathogenic bacteria to uroepithelial cells from women with and without a
history of urinary tract infections. Competitive exclusion was most effective with whole
viable cells and less effective with cell wall fragments. Analysis of the Lactobacillus cell wall
preparations suggested that lipoteichoic acid was responsible for the adherence of the
Lactobacillus cells to uroepithelial cells but that steric hindrance was the major factor in
preventing the adherence of uropathogens. Microbiota from the urinary tract may be used
as protection against the attachment of uropathogens to the surfaces of uroepithelial cells
(Revolledo et al., 2006; Kotikalapudi, 2009).

5. Applications and beneficial effect of probiotics

There is preliminary evidence that probiotic microorganisms may antagonize the growth
of nosocomial pathogens on inanimate surfaces. Among the several health benefits
attributed to probiotic bacteria, the modulation of the intestinal microbiota of the host and
the capacity to interact with the immune system directly or mediated by the
autochthonous microbiota are basic mechanisms. Well-recognized probiotic effects are: 1.
Prevention of rotavirus-induced or antibiotic-associated diarrhea as well as alleviation of
lactose intolerance symptoms. 2. Reduction of the concentration of cancer-promoting
enzymes. 3. Prevention and alleviation of gastrointestinal tract problems in healthy
people. 4. Beneficial effects on inflammatory diseases of the gastrointestinal tract
(Helicobacter pylori infection). 5. Normalization of stool passage in subjects with
obstipation or an irritable colon. 6. Prevention of allergies and atopic diseases in infants.
7. Prevention of respiratory tract infections. 8. Prevention as well as treatment of
urogenital infections and 9. Hypocholesterolemic effect. Evidence suggests that probiotic
microorganisms may have a role in lowering the incidence of vaginal candidiasis,
bacterial vaginosis and recurrent lower wurinary tract infections (de Vrese and
Schrezenmeir, 2008). Certain microorganisms, like S. aureus and E. coli, are able to adhere
to inanimate surfaces by forming biofilms, which consist of an extracellular matrix of
polysaccharides. Biofilm formation provides these microorganisms with a survival
advantage against their planktonic competitors, and is an optimal environment for
proliferation, gene transfer, and quorum sensing within the bacterial population. In this
sense, it has been shown that probiotic microorganisms, such as Lactobacillus spp., can
produce multifunctional molecules, known as biosurfactants, which have antagonistic
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antiadhesive properties against microbial pathogens. Biosurfactants, which are
amphipathic molecules, have so far found limited application in biomedical sciences;
however, indications of their potential clinical applicability are increasing (Falagas and
Makris , 2009).

The probiotic concept has focused on two principal areas: Health and human nutrition, and
health and animal production. In this chapter we will approach to the study of probiotics in
human health.

5.1 Probiotics in human health

Several studies have shown the positive use of probiotics in diverse human health problems.
They are considered to offer potential therapeutic applications in the prevention and
treatment of different diseases (Anuradha et al., 2006; Harish and Varghese, 2006; Rao et al.,
2009).

5.2 Urogenital tract infections

Among women producing estrogen or receiving estrogen supplementation, the largest part
of the vaginal flora consists of lactobacilli, which possesses antimicrobial properties that
regulate urogenital microbiota. Genitourinary infections in women are often characterized
by an alteration in the local flora from a predominance of lactobacilli to coliform
uropathogens as a result of hormone deficiency, sexual activity, contraceptive measures,
and other factors (Forsum et al., 2005).

In the complex vaginal environment, bacteria of the lactobacilli group (107-108 CFU g1 of
vaginal fluid) are the predominant microorganisms in healthy pre-menopausal women and
play an important protective role by limiting growth of pathogenic microorganisms (Reid,
2005; Anukam et al., 2006; Pascual et al., 2008a). When lactobacilli are reduced, eliminated or
replaced by pathogenic species, the host has an increased susceptibility to urinary tract
infections (UTIs), genital tract infections (GTIs), bacterial vaginosis (BV), vulvovaginal
candidiasis (VVC), and infection by N. gonorrhoeae or Trichomonas vaginalis (Reid et al, 2003;
Klebanoff et al., 2004, Ruiz et al., 2009)

The use of probiotics per se and mainly lactobacilli has received greater attention as an
alternative, inexpensive and natural remedy to restore and maintain the genitourinary
health (Reid, 2001a,c).

Reid et al. (2001b) reported the first clinical evidence that probiotic lactobacilli can be
delivered to the vagina following oral intake, strain L. rhamnosus GR-1 and L. fermentum RC-
14 were suspended in skim milk and given twice daily for 14 days to 10 women with a
history of recurrent yeast vaginitis, bacterial vaginosis and urinary tract infections. Six cases
of asymptomatic BV or intermediate BV were resolved within 1 week of treatment. Also, a
recent clinical trial showed that oral administration of capsules containing L. fermentum
RC-14 and L. rhamnosus GR-1 was effective as adjuvant in the treatment of patients
diagnosed with VVC (Gil et al., 2010).

Pascual et al. (2010) found that L. fermentum L23 isolated from vaginal swabs of healthy, non-
pregnant, pre-menopausal woman was able to prevent and cure Escherichia coli infection in a
murine vaginal tract model. The study of vaginal colonization by lactobacilli showed that
the human L. fermentum L23 strain had the ability to colonize the vaginal tract. A single
inoculation was sufficient to establish the probiotic lactobacilli into that niche. Vaginal tract
levels of L. fermentum L23 remained fairly high for 4 days, with bacterial levels ranging from
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4.6 to 3.8 log10 c.f.u. mlt. On day 5, values decreased to 2.6 logio c.f.u.ml!. No growth of L23
strain was observed thereafter (Fig. 2). Infection with the pathogen was maintained in the
vaginal tract for more than 7 days (Fig. 3), and this human E. coli uropathogenic strain was
able to produce a strong infection when inoculated at this concentration, producing
significant morphological alterations of the mucosal structure, mainly due to infiltration of
polymorphonuclear cells.

The test on the preventive effect produced by strain L23 showed that a single administration of
Lactobacillus (1x108 u.f.c. ml) inhibited E. coli growth and, on the third post-infection day, the
E. coli growth was not detected, showing that the pathogen was eliminated by the probiotic
strain (Fig. 4). The curative effect produced by L23 showed complete inhibition of pathogen’s
growth after 5 days of treatment (Fig. 5). Thus, L. Fermentum, at that concentration, effectively
eliminated E. coli from the vagina and had no negative effect on the host.
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Fig. 2. BALB/c mice vaginal colonization by L. fermentum L23. Results are shown as
means+SD.
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Fig. 3. Vaginal infection of E. coli in female mice. Results are shown as means+SD.
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Fig. 4. Preventative effect of L. fermentum L23 (o) on E. coli (*) in BALB/c mice. Results are

shown as means+SD. Significant differences between the untreated control (Fig. 3) and the
treated group were found (P<0.05).
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Fig. 5. Curative effect of L. fermentum L23(0) on E. coli(*) in female BALB/c mice. Results
are shown as means+SD.

6. Safety considerations

Probiotics are viable microorganisms, and therefore it is feasible that they could infect the
host. First selection criteria mentioned that a probiotic supplement have to be generally
regarded as safe microorganisms (Reid et al., 2003; Cabana et al., 2006). Species of
Lactobacillus or Bifidobacterium are normal residents of the gastrointestinal and/or vaginal
microbiota and do not display infectivity or toxicity. The risk of infection with these
microorganisms is lower (World Gastroenterology Organization Practice Guideline, 2008;
Gupta and Garg, 2009).

Probiotics are safe for using in healthy people, but should be used with caution in high risk
cases such as: People with immune compromise and premature infants. Current WHO/FAO
guidelines (2001) recommend that, before using probiotic strains, a number of parameters
should be evaluated to prevent health damages, including antibiotic susceptibility patterns,
toxin production, metabolic and haemolytic activities, infectivity in immunocompromised
animal models, side-effects and adverse incidents in humans (Senok et al., 2005).
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7. Conclusion

This chapter focuses on a group of lactobacilli, which may protect the vaginal epithelium
through a series of barrier mechanisms (adherence), interference mechanisms (co-
aggregation with potential pathogens), and production of antimicrobial substances. They
appear to be excellent candidates for development as prophylactic agents. The L. fermentum
L23 and L. rhamnosus L60 strains were selected for further studies of possible therapeutic
application in the vaginal tract. Further studies are needed to evaluate their
immunomodulatory capabilities.The bacteriocins produced by these lactobacilli are strong
candidates for treatment or prevention of urogenital disorders in women.

Probiotics do not represent a magic result, but evidence is accumulating that the use of
probiotic strains and manipulation of the host's own vaginal/urethral microbiota will
provide valuable options to help restore and maintain urogenital health. Once appropriate
product formulations with supporting clinical data become available, it will be up to the
physician to determine their place in patient management.

8. Acknowledgment

Pascual L and Barberis L declare that they own the intellectual property rights associated
with Lactobacillus fermentum 123 and Lactobacillus rhamnosus L60 strains. This work was
supported by Secretaria de Ciencia y Técnica, Universidad Nacional de Rio Cuarto.

9. References

Almeghaiseeb, E. S. (2007). Probiotics: an overview and their role in inflammatory bowel
disease. Saudi J. Gastroenterol. 13 (3): 150-152.

Alvarez-Olmos, M. I. and Oberhelman, R. A. (2001). Probiotic Agents and Infectious Diseases: A
Modern Perspective on a Traditional Therapy. Clin. Infect. Dis. 32: 1567-1576.

Amores, R.; Calvo, A.; Maestre, J. R. and Martinez-Hernandez, D. (2004). Probiéticos. Rev.
Esp. Quimioterap. 17(2): 131-139.

Andreu, A, Stapleton, A., Fennell, C., Hillier, S. and Stamm, E. (1995) Hemagglutination, adherence
and surface properties of vaginal Lactobacillus species. . Infect. Dis., 171,1237-1243.

Anukam, K.C; Osazuwa, E. O.; Ahonkhai, I. and Reid, G. (2006). Lactobacillus vaginal
microbiota of women attending a reproductive health care service in Benin city,
Nigeria. Sex. Trans. Dis. 33: 59-62.

Anuradha, S. and Rajeshwari, K. (2005). Probiotics in health and disease. JIACM. 6: 67-72.

Axelsson L. (2004). Lactic acid bacteria: classification and physiology. Lactic acid bacteria.
(edition). Editorial Board, Marcel Deckker Inc. ISBN: 0-8247-5332-1.

Barrons R ; and Tassone D. (2008). Use of Lactobacillus Probiotics for Bacterial Genitourinary

Boris S, Suarez JE, Vazquez F, Barbés C.(1998). Adherence of human vaginal lactobacilli to
vaginal epithelial cells and interaction with uropathogens. Infect Immun.
May;66(5):1985-9.

Cabana, M. D.; Shane, A. L.; Chao, C. and Hemker, M. O. (2006). Probiotics in primary care
pediatrics. Clin. Pediatr. 45: 405-410.

Canzi, E.; Guglielmetti, S.; Mora, D.; Tamagnini, I. and Parini C. (2005). Conditions affecting cell
surface properties of human intestinal bifidobacteria. Anton. Van Lee. 88: 207-219.

Chan RC, Reid G, Irvin RT, Bruce AW & Costerton JW (1985). Competitive exclusion of
uropathogens from human uroepithelial cells by Lactobacillus whole cells and cell
wall fragments. Infect Immun 47: 84-89.

www.intechopen.com



Prevention Strategy of Urogenital Infections by Using Lactobacilli with Probiotic Properties 261

Corcionivoschi, N.; Drinceanu, D.; Steff, L.; Luca, I.; Julean, C. And Mingyart, O. 2010.
Probiotics-Identification and ways of action. Innovative Romanian Food
Biotechnology. 6: 1-11.

Czaja C, Stapleton A, Yarrova-Yarovaya Y and Stamm W. (2007). Phase I trial of a
Lactobacillus crispatus vaginal suppository for prevention of recurrent urinary tract
infection in women.

Dalié, D. K. D.; Deschamps, A. M. and Richard-Forget, F. (2010). Lactic acid bacteria - Potencial
for control of mould growth and mycotoxins: A review. Food control. 21: 370-380.

de Vrese M, Schrezenmeir J.(2008). Probiotics, prebiotics, and synbiotics. Adv Biochem Eng
Biotechnol ;111:1-66.

Desai, A. (2008). Strain identification, viability and probiotics properties of Lactobacillus casei.
Doctoral thesis. Victoria University. Australia.

Devine, D. A. and Marsh, P. D. (2009). Prospects for the development of probiotics and
prebiotics for oral applications. J. Oral Microbiol. DOI: 10.3402/jom.v1i0.1949.

Dunne, C.; O'mahony, L.; Thornton, G.; Feeney, M.; Daly, C.; O’Sullivan, G. and Collins, J.
K. (2001). In vitro selection criteria for probiotic bacteria of human origin:
Correlation with in vivo findings. Am. J. Clin. Nutr. 73: 386-392.

Eschenbach, D. A, Davick, P. R. and Williams, B. L. (1989). Prevalence of hydrogen
peroxide-producing Lactobacillus species in normal women and women with
bacterial vaginosis. J. Clin. Microbiol. 27: 251-256.

Falagas M. and Makris G. (2009). Probiotic bacteria and biosurfactants for nosocomial
infection control: a hypothesis. ] Hosp Infect; 71:301-306.

Forsum U, Holst E, Larsson PG (2005). Bacterial vaginosis a microbiological and
immunological enigma. ;113:81-90.

Fuller, R. (1991). Probiotics in human medicine. Gut. 32: 439-442.

Gil, N. F,; Martinez, R. C. R.;; Gomes, B. C.; Nomizo, A. and De Martinis, E. C. P. (2010). Vaginal
Lactobacilli as potencial probiotics against Candida spp. Braz. ]. Microbiol. 41: 6-14.

Gudin, E. J; Rocha, V.; Texeira, J. A. and Rodrigues, L. R. (2010). Antimicrobial and
antiadhesive properties of a biosurfactant isolated from Lactobacillus paracasei ssp.
paracasei A20. Lett. Appl. Microbiol. 50: 419-424.

Gupta, V. and Garg, R. (2009). Probiotics. Indian ]J. Med. Microbiol. 27 (3): 202-209.

Gusilis, C.; Bujazha, M. and Gonzalez, S. (2002). Preliminary Studies to desing a probiotic for
use in swine feed. Interciencia. 27: 409-413.

Gutiérrez Merino J. (2005). Caracterizacién inmunoquimica de la enterocina p y evaluaciéon
de su clonacién, produccion y expresion funcional en Escherichia coli,
Methylobacterium extorquens, Lactococcus lactis y Pichia pastoris. Tesis doctoral
Universidad Complutense de Madrid. Facultad de Veterinaria. Espafia.

Harish, K. and Varghese. (2006). T. Probiotics in humans - evidence based review. Calicut
Med. J. 4: e3.

Havenaar, R. and Huis in’t Veld, J. H. J. (1992). Probiotics: a general view. In: The Lactic
Acid Bacteria, Vol. 1: The Lactic Acid Bacteria in Health and Disease (Wood, B.J.B.,
ed.), pp. 209-224. Chapman & Hall, New York, NY.

Howes DS, Bogner MP. (2008).Urinary tract infections. In: Tintinalli JE, et al, eds. Emergency
Medicine: A Comprehensive Study Guide. 7th ed. New York, NY: McGraw-Hill .

Johannsen, E. (2003). Probiotic bacteria: their properties and mode of action. SA Fam. Pract.
45 (3): 36-38.

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

www.intechopen.com



262 Urinary Tract Infections

Kaewsrichan, J.; Peeyananjarassri, K. and Kongprasertkit, ]J. (2006). Selection and
identification of anaerobic lactobacilli producing inhibitory compounds against
vaginal pathogens. FEMS Immunol. Med. Microbiol.48(1): 75-83.

Kemperman R, Jonker M, Kuipers O, Kok ] (2003) Functional analysis of the gene cluster
involved in production of the bacteriocin circularin A by Clostridium beijerinckii
ATCC 25752. Appl Environ Microbiol 69:5839-5848

Klaenhammer, T. R. (2000). Probiotic Bacteria: Today and Tomorrow. J. Nutr. 130: 4155-416S.

Klaenhammer, T. R. Probiotics and Prebiotics (2007). Chapter 39 of Food Microbiology.
Amer society for microbiology. pp 802.

Klebanoff, M. A.; Schwebke, J. R.; Zhang, J.; Nansel, T. R.; Yu, K.F. and Andrews W. W.
(2004). Vulvovaginal symptoms in women with bacterial vaginosis. Obstet.
Gynecol. 104: 267-272.

Kos, B.; Suscovic, J.; Vucovic, S.; Simpraga, M.; Frece, J. and Matosic, S. (2003). Adhesion and
aggregation ability of probiotic strain Lactobacillus acidophilus M92. J. Appl
Microbiol. 94: 981-987.

Kotikalapudi, B. L. (2009). Characterization and encapsulation of probiotic bacteria using a
pea-protein alginate matrix. Master thesis. University of Saskatchewan. Canada.

Lilly, D. M. and Stillwell. (1965). Probiotics:growth promoting factors produced by
microorganisms. Science. 147: 747-748.

Metchnikoff, E. (1908). The propagation of life. Optimistic studies New York: Putman’s
sons. pp 161-183.

Michail, S.; Wei, S. and Mack, D. R. (1997). Escherichia coli strain E2348/69 in vitro adhesion is
reduced in the presence of a Lactobacillus species. Gastroenterology 1997; 112:A1042.

Mulet-Powell N, Lacoste-Armynoty AM, Vinas M, Simeon de Buochberg M (1998). Interaction
between pairs of bacteriocins from Lactic Bacteria. ] Food Protect 61:1210-1212

Musa, H. H.; Wu, S. L.; Zhu, C. H.; Seri, H. I. and Zhu, G. Q. (2009). The Potential Benefits of
probiotics in animal production and health. J. Anim. Vet. Adv. 8 (2): 313-321.

Nikolic, M. Jovcic, B.; Kojic, M. and Topisirovic, L. (2010). Surface properties of Lactobacillus
and Leuconostoc isolates from homemade cheeses showing auto-aggregation ability.
Eur Food Res Technol . 231: 925-931.

Oelschlaeger T. (2010). Mechanisms of probiotic actions-A review. International Journal of
Medical Microbiology 300: 57-62.

Ohland, C. L. and MacNaughton, W. K. (2010). Probiotic bacteria and intestinal epithelial
barrier function. Am. J. Physiol. Gastrointest. Liver. Physiol. 298: G807-G819.

Parker, R. B. (1974). Probiotics, the other half of the antibiotics story. Anim. Nutr. Health. 29: 4-8

Pascual LM, Daniele MB, Pajaro C, Barberis L (2006). Lactobacillus species isolated from the
vagina; identification, hydrogen peroxide production and nonoxynol-9 resistance.
Contraception 73:78-81.

Pascual, L. M. (2004). Bacteriocinogenia en el género Lactobacillus: caracteristicas benéficas
de lactobacilos de vagina humana. Doctoral thesis, Universidad Nacional de Rio
Cuarto, Argentina.

Pascual, L. M.; Daniele, M. B.; Giordano, W.; Pajaro, M. C. and Baberis, I. L. (2008b).
Purification and parcial characterization of novel bacteriocin L23 produced by
Lactobacillus fermentum L23. Curr. Microbiol. 56: 397-402.

Pascual, L. M.; Daniele, M. B.; Ruiz, F.; Giordano, W.; Pajaro, C. and Barberis, L. (2008a).
Lactobacillus rhamnosus L60 a potential probiotic isolated from human vagina. J.
Gen. and Appl. Microbiol. 54:141-148.

www.intechopen.com



Prevention Strategy of Urogenital Infections by Using Lactobacilli with Probiotic Properties 263

Pascual, L. M.; Ruiz, F.; Giordano, W. and Barberis, L. (2010). Vaginal colonization and
activity of the probiotic bacterium Lactobacillus fermentum L23 in a murine model of
vaginal tract infection. J. Med. Microbiol. 59: 360-364.

Ranadheera, R. D. C. S.; Banes, S. K.; Adams, M. C. 2010. Importance of food in probiotic
efficacy. Food Res. Int. 43: 1-7.

Rao, R. K; Polk, D. B.; Seth, A. and Yan, F. (2009). Probiotics the good Neighbor: guarding
the gut mucosal barrier. Am. J. Infect. Dis. 5 (3): 188-192.

Reid G (2005). Colonization of the vagina and urethral mucosa. Colonization ofMucosal
Surfaces (Nataro JP, Cohen PS,Mobley HLT & Weiser JN, eds) pp. 431-448. ASM
Press, Washington,DC.

Reid G, Burton J, Devillard E (2004) The rationale for probiotics in female urogenital
healthcare. Med Gen Med 6(1):49-62.

Reid G; Kim S &. Kohler G. (2006). Selecting, testingand understanding
probioticmicroorganisms. FEMS Immunol Med Microbiol 46 :149-157

Reid, G. (2001a). Probiotic agents to protect the urogenital tract against infection. Am. J.
Clin. Nutr.73: 437-43.

Reid, G. and Bruce A. W. (2001c). Selection of Lactobacillus strains for urogenital probiotic
applications. J. Infect. Dis. 183: 77-80.

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

Reid, G., Anand, S., Bingham, M., Wadstrom, T., Fuller, R.,, Anukam, K. & Katsivo, M.
(2005). Probiotics for the developing world. ] Clin Gastroenterol 39, 485-488.

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

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

Reid, G.; Bruce, A. W.; Fraser,N.; Heinemann, C.; Owen, J. and Henning, B. (2001b). Oral
probiotics can resolve urogenital infections. FEMS Immunol. Med. Mic. 30: 49-52.

Reid, G; Jass, J; Sebulsky, M. T. and Mc Cormick, J. K. (2003). Potential uses of probiotics in
clinical practice. Clin. Microbiol. Rev. 16: 658-672.

Revolledo, L.; Ferreira, A. J. P. and Mead, G. C. (2006). Prospects in Salmonella control:
competitive exclusion, probiotics, and enhancement of avian intestinal immunity. J.
Appl. Poult. Res. 15: 341-351.

Riley, M. A. and Chavan, M. A. (2007). Book: Bacteriocins ecology and evolution. Chapter 4:
the diversity of bacteriocins in Gram positive bacteria. Pp 45-46.

Rivardo, F.; Turner, R. J.; Allegrone, G.; Ceri, H. and Martinotti, M. G. ( 2009). Anti-adhesion
activity of two biosurfactants produced by Bacillus spp. prevents biofilm formation
of human bacterial pathogens. Appl. Microbiol. Biotechnol. 83: 541-553

Rodrigues, L. R.; Banat, I. M.; Texeira, ]J. A. and Oliveira, R. (2006). Biosurfactants: potential
applications in medicine. ]J. Antimicrob. Chemoth. 57: 609-618.

Rolfe, R. D. (2000). The role of probiotic cultures in the control of gastrointestinal health. J.
Nutr. 130: 3965-402S.

Roos, V., Ulett, G., Schembri, M. & Klemm, P. (2006). The asymptomatic bacteriuria
Escherichia coli strain 83972 outcompetes uropathogenic E. coli strains in human
urine. Infect Immun 74, 615-624.

Ruiz, O. F.; Gerbaldo, G.; Asurmendi, P.; Pascual, L. M.; Giordano, W. and Barberis, I. L. (2009).
Antimicrobial activity, inhibition of urogenital pathogens, and synergistic interactions
between Lactobacillus strains. Curr. Microbiol. DOI 10.1007 /s00284-009-9465-0.

Sanders, M. E. (1999). Probiotics. Food technol. 53: 67-77.

www.intechopen.com



264 Urinary Tract Infections

Schurman, J. J. (2001). Antibacterial activity of hydrogen peroxide against Escherichia coli
O157:H7 ans Salmonella spp. in fruit juices, both alone and in combination with
organic acids. Master thesis. Faculty of the Virginia Polytechnic Institute and State
University. United States.

Senok, A. C.; Ismaeel, A. Y. and Botta, G. A. (2005). Probiotics: facts and myths. Clin.
Microbiol. Infect. 11: 958-966.

Sillanpdd, J. (2001). Tissue-adherence in lactic acid bacteria: Identification and
characterization of the collagen-binding S-Layer protein of Lactobacillus crispatus.
Academic Dissertation in General Microbiology. Faculty of Science of the
University of Helsinki. Finland.

Standiford C, Green L,. Van Harrison R.(2005). Urinary Tract Infection Guideline Team.
Taubman Medical Library. 1-9.

Strus, M.; Kucharska, A.; Kukla, G.; Brzychczy- Wloch, M.; Maresz, K and Heczko, P. B.
(2005). The in vitro activity of vaginal Lactobacillus with probiotic properties against
Candida. Infectious Diseases in Obstetrics and Gynecology. 13(2): 69-75.

Suvarna, V. C. and Boby, V.U. (2005). Probiotics in human health: A current assessment.
Curr. Sci. 88: 1744-1748.

Taheri, H. R.; Moravej, H., Tabandeh, F.; Zaghari, M. and Shivazad, M. (2009). Screening of
lactic acid bacteria toward their selection as a source of chicken probiotic. Poultry
Sci. 88: 1586-1593.

Talan DA, Krishnadasan A, Abrahamian FM, Stamm WE, Moran GJ. (2008). Prevalence and
risk factor analysis of trimethoprim-sulfamethoxazole- and fluoroquinolone-
resistant Escherichia coli infection among emergency department patients with
pyelonephritis. Clin Infect Dis. Nov 1 ;47(9):1150-8.

Tissier, H . (1906). Traitement des infections intestinales par la méthode de la flore
bactérienne de I'intestin. CR.Soc. Biol. 60 : 359-361.

World Gastroenterology Organization Practice Guideline. (2008). Probiotics and prebiotics.
www.worldgastroenterology.org

World Health Organization and Food and agriculture Organization of the United Nations
(WHO/FAO). (2001). Health and nutritional properties of probiotics in food
including powder milk with live lactic acid bacteria - Joint Food and Agricultural
Organization of the United Nations and World Health Organization Expert
Consultation Report, Coérdoba, Argentina. <http:/ /www.who.int
/foodsafety/publications/fs_management/probiotics/en/index.html>.

World Health Organization and Food and agriculture Organization of the United Nations
(WHO/FAO). (2006). Probiotics of food: Health and nutritional properties and
guidelines for evaluation. pp 3.

Zareie, M.; Johnson-Henry, K,; Jury, J.; Yang, P. C.; Ngan, B. Y.; McKay, D. M.; Soderholm, J.
D.; Perdue, M. H.; Sherman, P. M. (2006). Probiotics prevent bacterial translocation
and improve intestinal barrier function in rats following chronic psychological
stress. Gut. 55:1553-1560.

Zhou ]S, Pillidge CJ, Gopal PK, Gill HS (2005) Antibiotic susceptibility profiles of new
probiotic Lactobacillus and Bifidobacterium strains. ] Food Microbiol 98:211-217.

Zhou, X., SJ. Bent, M.G. Schneider, C.C. Davis, M.R. Islam, L.J. Forney. (2004).
Characterization of vaginal microbial communities in adult healthy women as
determined by sequencing clones and terminal restriction fragment length
polymorphism (T-RFLP) analyses. Microbiology 150: 2565-2573.

www.intechopen.com



Urinary Tract Infections

URINARY TRACT INFECTIONS Edited by Dr. Peter Tenke

by Pty Tewhi

ISBN 978-953-307-757-4

Hard cover, 360 pages

Publisher InTech

Published online 30, September, 2011
Published in print edition September, 2011

Urinary tract infections (UTls) are among the most common bacterial infections worldwide, and they are also
the leading cause of hospital-acquired infections. Therefore, the appropriate management of UTIs is a major
medical and financial issue. This book covers different clinical manifestations of UTI, with special emphasis on
some hard-to-treat diseases, and special conditions in respect of treatment; antibiotic resistance and the
available alternative strategies for the prevention and treatment of UTls and it deals with urinary tract
infections in children. The aim of this book is to give a summary about the different aspects of the diagnosis,
management and prevention of urinary tract infections for all medical disciplines.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Liliana Pascual and Lucila Barberis (2011). Prevention Strategy of Urogenital Infections by Using Lactobacilli
with Probiotic Properties, Urinary Tract Infections, Dr. Peter Tenke (Ed.), ISBN: 978-953-307-757-4, InTech,
Available from: http://www.intechopen.com/books/urinary-tract-infections/prevention-strategy-of-urogenital-
infections-by-using-lactobacilli-with-probiotic-properties

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




