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Abstract: Urogenital tract infections affect a very high number of women worldwide, producing many clinical situations
that imply increasing costs to the health systems, and a consequent morbility and mortality. The Urinary Tract Infections
are more common in pre pubers or postmenopausal women, while the Genital Infections are more related to Sexually
Active Women. Many of the applied therapeutics imply the use of antibiotics or other drugs that produce adverse effects
not only in the urogenital tract, but at general level. This tract is also affected by other external or internal factors that have
effect on the equilibrium of the urogenital microbiota, increasing the incidence of infections. During the last years the
preventive measures are being applied around the world. In the urogenital tract, they are considerably important by the
relationship with pregnancy development, newborn status and mother complications. The application of probiotics for
many clinical situations, and for the restoration of the urogenital microbiota and prevention of infections, is more and
more frequent. Probiotics are defined as live microorganisms administered in high numbers to the host to produce a
physiological effect. The mechanisms involved in the probiotic effect include the production of antagonistic substances,
the competitive exclusion phenomenon, the competition for nutrients, the colonization ability, the biofilm formation
and/or the stimulation of the immune system. Some of these mechanisms have been showed by “in vitro” assays, but not
yet in many “in vivo” experiments. The diversity of strains claimed as probiotics is higher every time, without the
publication of clinical trails supporting their beneficial effect. These aspects and other related with the rationale of

probiotic application in the urogenital tract are discussed in the present review

1. PROBIOTIC DEFINITION

The concept of the application of Lactobacillus species
for the prevention and treatment of infections is not new. The
consumption of fermented milks has a long history from
ancient times, as a way to increase the storage of food for
consumption. Elie Metchnikoff, a Russian scientist published
in 1906 a paper on the beneficial effects produced by the
consumption of milk fermented with lactobacillus to control
the putrefactive intestinal microflora [1]. Even though the
fermented products has been considered beneficial from the
nutricional point of view, during the last two decades there
has been a renewed interest in the use of probiotics (also
called biotherapeutic agents) for human and animal use.

The term “probiotic” was derived from the Greeks,
meaning “for life”. Probiotics are live micro-organisms,
which when administered in adequate amounts confer a
health benefit on the host [2, 3]. The concept of probiotic
application in other tracts has a long story, and numerous
studies support their use, but not many in the urogenital tract
[4]. The main objective of the probiotic application is the
restoration of the ecological equilibrium of the indigenous
microbiota to participate in the host’s physiology and thus to
protect the host from infections. There has been an
exclussion in the number of publications on the area,
directed by the consumer’s requirements and the free press
reviewed recently in scientific meetings sponsored by the
World Health Organization (WHO) and Food and
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Agricultural Organization (FAO) [2, 5]. These organizations
have stated that there is adequate scientific evidence to
indicate that there is potential for probiotic foods to provide
health benefits and that specific strains are safe for human
use [2, 5].

Some probiotic products have been used therapeutically
for the modulation of the immune system, to decrease the
cholesterol level, to treat rheumatoid artritis, to prevent
cancer, to improve lactose intolerance [3, 4, 5, 6, 7], lately to
prevent Helicobacter pylori infections [8]. But there is only
clinical evidence of their use for the treatment of traveler’s
diarrhea, rotavirus diarrhea and antibiotic-associated diarrhea
[9, 10, 11, 12, 13]. There are a lower number of evidences in
the prevention of atopic dermatitis [14] constipation,
candidiasis or UTI or even in some inflammatory syndromes
of the gastrointestinal tract, as Crohn’s disease or pouchitis
[15, 16]. Lately, they have been suggested as adjuvants in
some syndromes associated with the nervous system as
autism, or hepatic encephalopathy [17, 18, 19]. In some
papers published on the last years, and also in the conclusion
of the scientific meetings on the subject, as the International
Scientific Association for Probiotics and Prebiotics (ISAPP)
[2, 5, 20] there is a constant request for well planned clinical
and animal studies to support the beneficial effects of the
microorganisms, either preventives or therapeutics to be
proclaimed as a probiotic strain.

The number and diversity of microorganisms suggested
as probiotics is higher every time. Many of them are
supported by the food producer companies that are trying to
encourage studies to demonstrate the claimed effect [2, 5,
20]. But only a few of them have shown the clinical effects,
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or the mechanisms involved in animal models. There are
some products in the pharmacological market containing
lactobacilli. Many of them do not have any reference to
support the properties or characteristics of the bacteria
included, even beneficial or detrimental. Some of them are
misslabeled, do not contain the reported microorganisms
[21] and are not supported by clinical or animal studies
showing their probiotic or beneficial effect. This is one of the
main reason by which the use of probiotic bacteria needs a
scientific background to support their application and
frequent use [2, 5].

2. INDIGENOUS MICROBIOTA OF THE UROGENI-
TAL FEMALE TRACT

The vaginal microflora was first described by Doderlein
in 1892 [22]. Beijerink, in 1901 [23] demonstrated that it
was mostly composed by Lactobacilli. But it is only since
few years that its composition as a mixed flora has started to
be known, thanks to the application of molecular biology
tools. The vagina is colonized by up to 50 species of organi-
sms during a lifetime, being lactobacilli the predominant
genus, which can exist at 10° cells/ml of vaginal fluid [24,
25]. Many of the species cannot be detected by traditional
culture methods, but by the application of PCR-based
techniques [26, 27, 28, 29, 30]. These lactobacilli are
essentials to a balanced vaginal ecosystem [31, 32, 33] and
necessary for the defence of the mucosa to protect the host
from infectious diseases, including some that are sexually
transmitted or those that affect the urinary tract.

During the pregnancy, the fetus is sterile [34]. After born,
the neonate urinary tract is also sterile, and with the
exception of the distal urethra that acquires a limited
microbiota derived from the perineum, the sterility is
maintained during the health status. After born, the sterile
vagina of the neonates acquires the microbiota of the
mother’s vagina, intestine and skin, together with those from
the environment having a similar composition up to 2-3
months of life [31]. After three weeks of life, the metabolism
and secretion of estrogens derived from the mother stop. The
vaginal epithelium is exfoliated and the epithelial glycogen
contents decreases. These changes are associated with an
increased vaginal pH from 4.5 to 7.0 that selects a
microbiota less resistant to acids: _-hemolytic Streptococcus
(viridans group), Escherichia coli, Klebsiella, coagulase
negative Staphylococcus, Corynebacterium spp [24, 25].

During the puberty, the level of estrogens and the content
of epithelial glycogen increase, and the vaginal pH decreases
again to 4.0-4.5, selecting then a glycogen-fermented
microbiota, acid tolerant, predominantly of the genus
Lactobacillus [36]. The redox potential (Eh) is also
increased, providing an environment less favorable to the
growth of strict anaerobes. Lately, some new species have
been isolated, as for example Atopobium vaginalis, or some
strains of the genus Lactobacillus 26, 29, [37]. The described
ecosystems have ecological niches associated that are later
susceptible to certain modifications depending of the
menstrual cycle and women age [24]. The endocervix and
vagina are considered unique ecological niches with a
distinctive microbiota, because the epithelium, the pH and
the other conditions are different to the mucosa of other
tracts. The cervical os and lower canal can show a
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microbiota similar to the distal vagina. The upper cervical
canal is normally sterile, or shows only a very low number of
microorganisms [38]. The cervical microbiota is less
characterized than those from vagina, because the variable
anatomy of the cervix is modified with the contraception and
pregnancy. The majority of the microorganisms isolated
from these environmments are Prokaryota (Bacteria), but
also some Eukaryota members are present as Fungi or
Parasites, and subcellular microorganisms as Viruses. The
application of molecular biology techniques will direct to the
evidence of the presence of a very diverse indigenous
microbiota, mainly the “non cultivable” microorganisms,
enriching thus the overview of the described microbiota until
these days [26, 27, 28, 29, 30].

3. FREQUENT UROGENITAL PATHOLOGIES AND
THEIR CONSEQUENCES

In normal conditions, the urogenital tract has unique
properties that counteract infection [39]. The normal
urogenital environment considered as an ecological niche
can be disrupted by many internal factors (physiological and
hormonal status [40], advancing age, sexual activity,
pregnancy, primary immune suppression, etc) or external
(antibiotics [41, 42], hormones, foreign bodies - intrauterine
devices and diaphragms [43], immunosuppressive drugs,
spermicidal agents [44], vaginal douching, tight pants,
multiple sex partners [45, 46], etc) which affect directly the
ecological balance of the tract producing disequilibria of the
microorganisms. The infectious situations related to the
female genital tract are more and more frequent by their
direct relationship to the increase of sexual transmitted
diseases (STD), which include those produced by bacteria,
virus, fungi and parasites. In these situations, the protective
effect of the normal microbiota is not acting, because some
of the indigenous microorganisms are depleted, some are
increased -as in the Candidiasis or Bacterial Vaginosis (BV)
cases- favoring thus the production of some pathologies, or
the income of new pathogenic microorganisms. Is not clear
yet if the depletion of lactobacilli, the main population of
bacteria present in a healthy vaginal tract, is produced by
some bacteriophages that Kill the bacteria (probably from
sexual transmission) allowing thus an overgrowth of the
other bacterial genus representative of BV [47, 48]. Once the
ecological equilibrium is disrupted, the physiological status
of the tract is not normal, the low pH is increased, the
secretions are altered, and the inflammatory/immune
response is targeted [49]. The incidence of urinary tract
infection, bacterial vaginosis and yeast vaginitis, is estimated
to affect one billion women each year, being the rate for
urinary tract infection alone 0.5 cases per person per year
[37, 50]. Many therapies are being applied to attack the
pathogenic microorganisms, and to avoid the concomitant
sintomatology, mainly antibiotics. But, the concept of
restoring the Lactobacillus content of the vaginal microbiota
as a barrier to prevent infection, called restoration therapy
for preventive purposes was conceived in the early 70s, and
is only applied lately, but not very frequently [51, 52, 53].

All the pathologies that affect the urogenital tract have a
significant importance, not only for the women health, but
primarily for the pregnant women and the potential affection
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to the fetus or to the newborn [49]. Then, this becomes a
main problem in terms of health prevention [54].

The pathologies that affect the urogenital tract produced
by microorganisms are summarized according to the area of
the body they affect, as follows:

3A.Vaginitis or Vulvovaginitis and Cervicitis
produced by different etiological agents.

-Bacterial VVaginosis (BV). Mc Lean [55] defines BV as
a non-inflammatory disease characterized by a depletion of
vaginal lactobacilli and an overgrowth of a vaginal mixed
flora composed by aerobic, anaerobic and microaerophiles in
high numbers including Gardnerella vaginalis, Mycoplasma
hominis, Peptostreptococcus species, Bacteroides and other
anaerobic Gram-negative rods [56].

-Vulvovaginal candidiasis: produced by species of the
genus Candida (C. albicans in 67 to 95%), the majority of
them are part of the indigenous microflora, and increase
when an external or internal factor disequilibrate the
ecosystem [57].

-Trichomoniasis is produced by a eukaryotic parasite,
Trichomonas vaginalis, usually sexually transmitted, mainly
with multiple sex-partner.

-Chlamydia Cervicitis. Chlamydia trachomatis is an
intracellular obligated parasite that affects only human
beings.

-Gonococal  Cervicovaginitis.  The  responsible
microorganism is Neisseria gonorrhoeae, a Gram negative
coccus, infecting cilindric and transitional epithelial cells of
the urogenital tract.

-Herpes Cervicitis and vulvovaginitis. This is a sexual
transmitted infection, being the etiological agent the type |
and Il (HSV | y HSV I1I) Herpes Virus, ADN single chain
viruses, with an envelope of glucoprotein chain.

-Human Papilloma Virus (HPV) presents a high
prevalence and frequency as STD in women with all of the
clinical manifestations, because some lesions are produced in
the posterior vagina or cervix. The prevalence of some
particular serotypes (for example 16 and 18) is related more
frequently with the genetic modifications in the vaginal cells
that can derive in cervical cancer [58, 59].

-Chemical or non-specific Vaginitis: include all the
pathologies that can be produced by any substance
potentially itching (spermicides agents, excipients or
vehicles of medical compounds, vaginal douches, powders
douches, local antimicrobial agents).

-Human Immunodeficiency Viruses: eventhough the
incidence of the different clinical situations and syndromes
produced by these viruses have increased in the last years,
there are not definitive reports on the role of lactobacilli on
the prevention of this type of infections. There are some
papers published on the interaccién of H,0,-producer lactic
acid bacteria and viruses on cell cultures or “in vitro”
experimental models [60]. But there is not yet an available
animal experimental model to study the protective effect of
lactobacilli against these viruses.
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3B. Urinary Tract Infections (UTI)

The UTI are included into the most common bacterial
infections, being one of the main problems worldwide in the
women, both ambulatory and hospitalized, producing a very
high morbility. They are present in a very wide range, from
asymptomatic bacteriuria to kidney infection and failure.
They are very related to the higher costs derived from health
care systems in the whole world [61, 62]. The lower UTI,
non-complicated symptomatic, are a problem in pre and
post-menopausal women, with a risk percentage higher that
20%. Around 60% of women have a UTI once in their lives,
being reported 10 millions of symptomatic UTI and also of
asymptomatic bacteriuria in the United States [63]. The
sexual activity is the most significant risk for the UTI, and
one third part of women older that 50 years present
urogenital symptoms related with the estrogenic deficiency.
The advanced age is associated with the declination of many
physiological processes that include those related with the
urogenital tract [64]. The Enterobacteria is one of the groups
of pathogens responsible of UT], including Escherichia coli,
Klebsiella and Proteus. The infection is generally ascendant,
produced by pathogens that are members of the urethral and
vaginal microflora, and sometimes as a contamination from
the rectum and perianal area [50, 65, 66]. The cited patterns
are modified when referred to the nosocomial infections,
percentages that are increased in the pre-pubers girls and in
post-menopausal women, where there is a clear evidence of
the hormonal status effect. A high proportion of post-
menopausal women present a modification of the vaginal pH
and thus of the microbiota by the effect of estrogens, which
allow an easier incoming of the pathogenic microorganisms.
In this particular age group, the frequency of recurrences is
also increased, because 1/3 of them produce permanent
recurrences, more common in 25 to 29 years old women, or
older that 55 years old [25, 32]. The recurrences are a
common indication of the long-term antimicrobial prophyl-
axis treatments that produces the emergent antimicrobial
resistance of the pathogenic microorganisms [67].

4 THERAPEUTIC MEASURES AND CONVEN-
TIONAL TREATMENTS APPLIED

4a. Antibiotic Therapies

The UTI are treated effectively with antibiotic therapy,
even though this treatment produces disequilibrium of the
indigenous microflora. In USA there are 11 million women
receiving antimicrobials for the UTI infections, which
implies around $1.6 Billion dollars [63, 66]. Even though the
antimicrobial agents are very effectives to get the clinic
resolution of the bacterial infections, the drug resistance is
being increased worldwide, as for example in E. coli was
reportedaresistance of 18% to Trimetoprime-Sulfametoxazol
in USA and Canada [66], while in Spain is increased to 30%
for quinolones. This is one of the main situations that show
the requirement of the development of valid alternatives for
the management of these therapies.

Also, the transmission of extra chromosomal elements
has been described as the responsible of the resistance
transference to antibiotics [67], which add another problem
to the situation.
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The STD are treated with antimicrobial, antimicotic,
antiparasitic or antiviral agents, according to the etiological
agent responsible of the infection. The therapy costs for
infectious diseases involved many millions dollars world-
wide, with the consequent adverse effect. These types of
infections are increasing their importance by the high
morbility and mortality that can cause in the newborn [67,
68].

4b. Application of “Homemade” or Non-Conventional
Preventive Therapies

The application of a series of “homemade” or tradition-
transferred therapies has been observed specifically in the
urogenital tract, as the application of vinegar (acetic acid).
Also, medicines acquired over the pharmacy counter, [69] or
consumption of foods or nutraceutics with probiotic
properties demonstrated in the digestive tract, as for
example, yogurt [70, 71]. One of the most frequent product
employed, transmitted from generation to generation, is the
application of vinegar in the vaginal douched, or the
inclusion of garlic powder in the foods. The local inoculation
of yogurt or the intravaginal application of garlic has been
suggested for the treatment of candidiasis, in some internet
pages [72].

Other foods, as for example the cranberry juice, has been
considered historically as inhibitory of the UTI. The effect of
cranberries on urine [73] showed that the excretion of
hippuric acid from the berries helped the urine to remain
acidic, which could explain why they can be used to treat
and prevent infections. Habash et al. [74] have reported that
some of the components, together with ascorbic acid, inhibit
the adhesiéon of uropathogens to silicone tubes. Later, the
proanthocyanidines, which are condensed tannins, have been
identified as a characteristic molecular structure responsible
of the bioactivity of the juice [73, 75]. The comparison
between sweet cranberry juices, unsweetened raisins [75], or
even with L. rhamnosus GG [76] to prevent UTI has been
performed, without definitive results. The scientific evidence
indicates that there is not enough controlled clinical studies
to determine the effectivity of the cranberry juice on the
prevention of UTI, suggesting the type of clinic assays that
should be performed to assign a preventive or curative effect
proclaimed for this type of medicines [77]. There is a general
consensus of further research to demonstrate the beneficial
effect and also the dose-response and pharmacokinetics
studies of the active compounds.

Referred to the vaginal tract, there are also some papers
published on the treatment of BV in pregnant women by the
local administration of yogurt [78], and in non-pregnant [79],
but without definitive conclusions. Some other authors report
the use of different alternative medicines, as single peroxide
vaginal douching [80, 81] or lactic acid [82] combined with
metronidazole, or the tea tree oil and garlic [83]. But these
types of alternatives or “at the counter” medicines for the
treatment of vaginal symptoms increase the costs of health
cares without producing any benefit, as discussed by Nyrjesy
[84] who indicates the amount of money that patients with
vaginal symptoms waste when buying these products. Again,
there is evidence of the lack of alternative preventive or
therapeutic medicines for the urogenital tract infections at
the present.
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5. BENEFITS OF PROBIOTIC BACTERIA ON THE
UROGENITAL TRACT. MECHANISMS INVOLVED
AND APPLICATIONS

One of the main objectives of the probiotic
administration is the maintenance of the ecological
equilibrium of this particular complex niche composed by
epithelial cells in constant desquamation, layers of mucopro-
teins, other gland secretions, secreted A immunoglobulin
(IgA) and a complete array of diverse microorganisms. In
this way, the probiotic bacteria can participate or promote
the formation of a biofilm, produce antagonistic substances,
stimulate the immune system and protect in this way to the
infectious agents.

The mechanisms by which the probiotic bacteria can
exert their role on the urogenital microbiota, and thus the
desired effect in the urogenital tract has been suggested and
showed in some “in vitro” experimental models, not being
demonstrated yet if all of them are playing a determinant role
in the tract, or if they are the result, combination or addition
of the suggested effects. Some of them are directly related to
the characteristics of the bacterial surface, other to the
metabolic ways or enzymes present, but others depend on the
interaction of microorganisms with other cells, mainly
eukaryotic cells of the host. Then, the actual mechanism of
action of probiotics in the urogenital tract is multifactorial.

For understanding purposes, the suggested mechanisms
can be divided according to the main effect produced, even
though we do not yet which of them are really acting in “in
vivo” situations.

5a. Adhesion to
Capabilities

Epithelial Cells, Colonization

The bacterial adherence to the mucosal surfaces is
considered a fundamental prerequisite for the pathogenic
colonization and subsequent infection. Many studies suggest
that the different composition of the mucosal surfaces affect
bacterial adhesion. The indigenous and pathogenic bacteria
are able to adhere to the epithelial host cells [85]. This
adhesion to the vaginal mucosa is an essential factor for the
colonization of the microbiota, being assumed that this first
union is a critical parameter for the colonization of the
mucosal surfaces by microorganisms. Two mechanisms are
involved in the adhesion process of micro-organisms [85] a
non specific adhesion based on physico chemicals properties
which originates different interaction between bacteria and
mucosa, and specific adhesion involving external structures
from bacteria (adhesins) to specific receptor on the
epithelium. The contribution of these adhesins to the
pathogens colonization in the host has been deeply studied
[43, 52]. However, their role in the colonization of
microorganisms that are part of the normal, indigenous
microbiota is not yet understood, neither the mechanisms
involved into the adhesion between epithelial cells and
vaginal lactobacillus, which are the structures involved in the
adhesién of the indigenous microorganisms? A wide variety
of surface adhesins [87, 88, 89] that can be proteins,
lipoteichoic acids, and polysaccharides are involved. The
hydrophobicity of the cell surface can be used as a predictor
of the adherence [90].The receptor site for adhesion is
located on the epithelial cells surface (glycolipids) or on the
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mucus [91]. But there are not definitive results through “in
vivo” experimental models to demonstrate the definitive
relationship between the external structures of the indigenous
microbiota and their adhesion to mucosa and colonization
capability

There are evidences of the type of structures present on
the surface of lactobacilli related to their adhesion capabili-
ties. Lactobacilli assayed through transmission electronic
microscopy have shown to possess some structures similar to
flagella (one or two) located at polar or subpolar position
appearing when microorganisms are grown either in liquid or
solid media [92]. The fimbria production was maximal when
lactobacilli were grown in solid media and anaerobic
environment, and the fimbriation increases significantly the
“in vitro” adhesion of lactobacilli to epithelial cell. On the
other side, the S-layer described in some members of the
indigenous microbiota has been assigned as one of the
proteic nature structure responsible of the adhesion of
microorganisms to mucus or epithelial cells [93, 94].
Lactobacilli also adhere to a variety of epithelial cell by “in
vitro” assays [95]. A bacterial component, proteic in nature,
mediated the adhesion of L. acidophilus [96], L. fermentum
[95, 97] or Lactobacillus salivarius [89, 90] to epithelial
cells, while other components as lipoteichoic acid can
mediate the adhesion in L. johnsonii [98]. Synergies between
lactobacillus strains is also participating in their adhesion
capacity to the mucosa, as for example L. casei enhanced the
adhesion of L. gasseri in vitro on intestinal epithelial cells
[99].

The indigenous microbiota can adhere to the cell surface,
to the mucus layer or to the other components of the mucosal
epithelium. The extracellular matrix of the epithelium is
composed by many secreted proteins, mainly collagen,
fibronectin, laminin and proteoglycanes located on the
surfaces of the endothelial or epithelial cells, which have
been shown to mediate the bacterial adherence to host cells.
Some strains are able to adhere to collagen, one of the
proteic components of the extracellular matrix, mainly
present in the connective tissue [100, 101]. Fibronectin is
present on the extracellular matrix and in the body fluid as
vaginal fluid. It modulates interactions between extracellular
matrix and cells by the formation of integrins, but also plays
a role in the adhesion of microflora to mucosa [102].
Fibronectin enhances the establishment of normal
microbiota, and some lactobacilli isolated from vagina from
healthy women are able to adhere specifically to fibronectin.
This adhesion is stronger when pH decreases to 4
corresponding to vaginal conditions [103], and the union to
fibronectin is related with the adherence to epithelial cells
[104]. These results support the hypothesis that the
indigenous microflora is able to bond to the Extracellular
Matrix Proteins which could contribute to the initial
establishment of the ecological niche and then to the
competitive exclusion of pathogenic microorganisms playing
thus an important role in the decrease of BV [103]. The
involvement of other structures, as the S-layer of L. crispatus
[105] to collagen, or L. fermentum biosurfactants to
collagen-binding proteins that inhibit pathogen adhesion has
been stated as responsible of the adhesion of microorganisms
[101, 105].
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The mucous layer covering the epithelial cells of the
mucous membrane could be also the initial step for the
contact between the bacterial cell and the host. The adhesion
of microorganisms, viable or inactivated, to mucous
glycoproteins extracted from faeces of infants and adults,
and glycoproteins from the small intestine isolated from
ileostomic effluent [106, 107, 108] has been demonstrated,
or either from the vaginal mucus [89, 90].

It can be concluded that further research is needed to
demonstrate the definitive relationship between the
adherence capability of different probiotic strains and the
colonization to the host. It has been suggested that some cell-
signaling molecules are produced by Lactobacillus, but they
were not demonstrated at the present [50].

5b. Biofilm Formation

Once the bacteria are adhered to the mucus layer or
epithelial cell surface, they participate in the formation of a
protective biofilm, which has properties different to the
planktonic bacteria. This biofilm formation was first
described for microorganisms of the oral cavity [109] being
later indicated in the urogenital tract [110].The colonization
of microorganisms is then promoted, which means the
maintenance of a constant population. The aggregation or co
aggregation properties will help to the maintenance of stable
populations, and also promote the bacterial colonization,
helping that constant numbers of bacteria are present. In this
way, they can participate in the competence for the specific
adherence sites or by steric blockage (competitive
exclusion), or either by using the available nutrients, thus
avoiding the income, growth or multiplication of the
pathogenic microorganisms [111, 112]. When incorporated
into the biofilm, they have a different sensibility to
antimicrobial substances, characteristics that must be tested
in the probiotic strains before their clinical use [109].

5¢. Production of Biosurfactants

Biosurfactants are detergent molecules produced by
microorganisms [113]. As they interfere on surfaces tension,
several physiological roles are attributed to biosurfactants
[114], for example the participation of biosurfactant-
producing bacteria in the adhesion as a competitive barrier to
pathogens [115]. The production of biosurfactants has been
described in the genus Lactobacillus, a particular surlactine
in L. acidophilus and L. fermentum strains [116]. Surlactine
molecule inhibits the adhesion of E. faecalis, E. coli, C.
albicans and almost all the pathogens responsible for
urogenital infections. Proteins included into the surfactants
molecules produced by L. fermentum RC14 could have a
signalization function, because they are secreted and
disgregated at low pH. They are also able to spread in the
cells acting then in the pathogen inhibition [97]. There are
also some evidences of the signaling proteins in lactobacilli,
including a peptidic pheromone of 19 residues secreted, co-
transcript with genes that codify histidine kinase and a
response regulator that induce the bacteriocin production
[50]. The gene of the surface S-layer of L. brevis has been
described together to the expression signals [117]. The
information available at the moment suggests that the
production of biosurfactants can play an important role in the
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biofilm formation by probiotic bacteria, and then in the
exclusion of pathogens in the urogenital tract.

5d. Aggregation and Co-Aggregation

Aggregation is the interaction between two
microorganisms of the same strain, while co-aggregation is
the interaction between two microorganisms of different
strains or species. Both are considered fundamental in
several ecological systems [118]. In the vaginal environment,
the first process can promote the biofilm formation or the
colonization of beneficial microorganisms, as suggested for
lactobacilli in the gastrointestinal tract [119]. The
coaggregation can happen between lactobacillus and
pathogens, enabling the pathogens to bind to the vaginal
mucosa [120]. Both phenomena are specific to certain
strains, being described the aggregation in micro-organisms
isolated from different ecological niches, such as the oral
cavity [121], the human [87, 120] or bovine [122] urogenital
tract, the gastrointestinal tract of chickens [123], pigs [124]
and humans [125]. The aggregation was also demonstrated in
strains isolated from the vaginal environments [111, 112],
and their coaggregation with some members of the
indigenous microbiota as C.albicans, E. coli and G.
vaginalis [126]. This characteristic is genetically determined,
because the genes responsible of the synthesis of an auto-
aggregating factor of 32 kDa of L. gasseri 4B2 [126] are
expressed more remarkably in the exponential growth phase
rather than in the stationary phase, and a specific factor
promoting aggregation (FPA) has been detected in certain
vaginal lactobacillus strains, as in L. gasseri or L.
coryniformis co aggregating E. coli and Campylobacter
jejuni. [127].This characteristis is transmissible between
microorganisms, because the aggregation-promoting factor
of L. gasseri 4B2 was able to mediate a high frequency of
conjugation between Lactobacillus strains that could allow
the acquisition of new phenotypic characteristics [128] and
have an essential function in the maintenance of the cellular
shape [118, 128]. Many factors, included the environmental
conditions, the cellular functions and activities influenced by
regulator systems operating under high-cell density condit-
ions, as the quorum sensing signals, are included between
those that affect both, aggregation and co aggregation [129,
130].

The autoaggregating characteristic determined through
“.in vitro” assays, has also been assayed in experimental
models of the gastrointestinal tract, as the aggregation of L.
crispatus and its relationship with the adhesion and
colonization in cultured cells [119]. In a mice animal model,
the protection against Dextran Sodium sulfate induced colitis
of an auto aggregating L. crispatus (in a dose-dependent
way), strain adherent to human mucus, was demonstrated,
while the non-aggregating mutant does not produce such
effect [131]. But there is not yet any evidence of the
relationship between these characteristics and the protection
against infections in the urogenital tract.

5e. Production of Antagonistic Substances

The probiotic bacteria must exhibit some beneficial
properties derived from their metabolic capabilities, which
are directly related with their genetic composition, and with
the enzymatic pathways that drive their behavior. Some of
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the antagonistic substances produced by the members of the
genus Lactobacillus that have significance in the urogenital
tract are the following:

-Organic acids: glycogen is an important source of
carbon in the vaginal environment. It is secreted at the
surface of the epithelium and its level varies with the
hormonal cycle. Lactic acid bacteria produce the
fermentation of glycogen or glucose to predominantly lactic
[35, 36]. This lactic acid production has been historically one
of the main characteristic of the lactic acid and related
microorganisms (Lactobacilli, Bifidobacterium. Streptococci),
being inhibitory to a wide spectrum of pathogenic
microorganisms. Lactobacilli have been related to the
maintenance of the low pH of the vaginal tract, (pH 4.5 or
lower), pH that is modified when the ecological balance is
disrupted by the increase in numbers of other microorga-
nisms, as in the case of Bacterial VVaginosis. There was some
type of discussion on the responsible of the isomeric lactic
acid present in the vaginal fluid, either D, L, or a mixture of
them [35, 36, 132].

The probiotic bacteria must be able to produce very high
levels of lactic acid, inhibiting then the survival of
pathogenic microorganisms [132, 133]. There are other
short-chain organic acids, such as acetic, propionic or formic
acid which are produced by heterolactic microorganisms,
also inhibitory to pathogens.

-Hydrogen peroxide: this is one of the most desirables
metabolic properties of the vaginal probiotic bacteria,
because many researches have shown that the lactobacilli
present in the healthy vaginal tract are those able to produce
H,0,, while in a unbalanced or other pathological situations,
the lactobacilli present are non-producing H,0, [31, 55, 134].
Lactobacillus producing hydrogen peroxyde (H,O,) plays an
important role in the vaginal flora balance. 96% of healthy
women present these lactobacilli in their flora (L.crispatus
and L.jensenii) as these lactobacilli can be isolated in only
3.5 % of women having bacterial vaginosis [134]. This
characteristic is not related with any bacterial specie, genus
or metabolic group. It is genetically determined, present only
in some particular strains, because this metabolite is not
produced by all the vaginal isolated strains [134, 136, 137].
H,0, and its metabolites (OH", O, are toxic to the cells by
their action on nucleic acid, proteins, leading to cellular
death. The H,0, can react with mieloperoxidase to form
reactive molecules toxic to human immunodeficiency Virus
(HIV) [138, 139]. The H,0, produced by Lactobacillus
inhibits the growth of G. vaginalis, E. coli and S. aureus. It
is also likely that Atopobium vaginae, anaerobic bacteria
involved in BV is sensitive to H,0,. Furthermore, it has been
shown that a high concentration of lactobacillus producing
H,0, with peroxydase and halogenure present in the vaginal
fluid inhibits HIV invitro [140]. This finding relates to the
higher virus load found in women with Mycoplasma hominis
induced vaginosis that is inversely correlated in women
displaying normal microflora [140]. Redondo Lopez
et al. [31] reported how is possible the inhibition of
pathogenic microorganisns by adding mieloperoxidase and
one halure in an “in vitro” experimental model. The addition
of other biological mediators, as the mieloperoxidase
enzyme (MPO) present in neutrophyles and monocytes, is
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able to react with the hemme and clorure to destroy
mycroorganisms after phagocytosis. It has been suggested
that the MPO instillation in vagina could increase the vaginal
defenses against STD because the vaginal microbiota is
characterized by H,O, producing lactobacilli, but the studies
performed in adult macaque model evidenced that the
endogenous basal MPO [141] is variable and does not reduce
the number of H,O, producer bacteria, neither produce
vaginal or cervical colposcopic changes

Even though this is one of the most desirable properties
of the vaginal probiotics derived from epidemiological
studies, it has not been yet demonstrated the presence of
H,0O, in in vivo models or patients, probably because the
available methods do not allow the detection of the small
amounts of peroxide produced. In the urogenital tract all the
ions and metabolic products needed to this pathway to work
are present, and then is one of the bacterial traits with higher
possibility to be suitable and actives at the tract [25, 32].

-Bacteriocin production. Bacteriocins are proteins
synthetized by bacteria that present narrow spectrum
microbicidal properties [142]. Molecules assimilated to
bacteriocins ("bacteriocin-like™) are a little bit different from
bacteriocins as they present a large spectrum of microbicidal
activities. Bacteriocins bind to specific receptor on target
cells and form pores into the cytoplasmic membranes,
disrupting the cell membrane transport. The production of
bacteriocins is other of the suggested probiotic mechanisms
acting at the urogenital level. Our research group have
isolated one L. salivarius strain, able to produce a
bacteriocin-like substance active against a wide variety of
urogenital pathogens, tested by “in vitro” assays, as
Gardnerella vaginalis, Enterococus faecalis, Neisseria
gonorrea [143]. We have demonstrated also the optimal
conditions for growth and bacteriocin production [144, 145].
Some lactobacilli isolated from vaginal sphere have shown
an inhibitor activity on most of pathogens encountered
during vaginal infection [146]. Even though this trait is a
very desirable characteristic applied mainly in the area of
food production to avoid the pathogen growth in the
elaboration and storage stages, it was not demonstrated yet to
be active in “in vivo” situations.

5f. Competition of Nutrients

This concept is related in some way with those
microorganisms able to form and survive into the biofilm,
because the nutrients available in these types of films are
different from those available for free or planktonic cells
[121]. Into this particular ecosystem, the competence for the
available nutrients in the medium provides a selective
advantage to those microorganisms that can use them in a
first moment, and selectively, to their own growth and
survival. This type of effect has been described and
demonstrated in experimental models resembling the
intestinal tract, allowing the growth and survival of some
groups of microorganisms, and limiting or inhibit the other
[147, 148], but not in the urogenital tract.

5¢. Enzymes Production

Lactobacilli can inhibit the growth and proliferation of
pathogenic bacteria by metabolizing the arginine in
citrulline, thus depriving the medium from arginine, which is
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the required molecule to produce polyamines by pathogens.
This metabolic pathway is performed by the Arginine
desaminase enzyme described in the genus lactobacillus. The
main effect of these enzymes has the principle of application
in the BV, characterized by the replacement of lactobacilli
by Gardnerella vaginalis and other anaerobic bacteria
responsible of the full odor. This odor is due to the
production of polyamines and trimethylamines [149]. The
polyamines  (spermine, spermidine, putrescine and
cadaverine) are responsible for the negative effect on the
host, by promoting the exfoliation of the epithelial cells from
the vagina leading to the mucosa rupture [150]. A study
including several women treated with L. brevis, which has a
strong arginine-desaminase activity has shown decrease of
the vaginal polyamines concentration associated to the return
of the vaginal microflora [151], suggesting thus the role that
the probiotic bacteria could have in the prevention of this
type of pathology.

5h. Immune System Stimulation

Another mechanisms involved in the probiotic action is
directly related to the capability to stimulate the local
immune system, and then to protect from infections. The
immune system represents an important component of the
reproductive tract [152], influencing many of the biological
functions of the host. The mucosal epithelium of the
reproductive tract provides the specialized organ with the
first barrier of defense and is equipped to respond to
pathogens, whilst sustaining commensal microorganisms.

The urogenital mucosal surface together with other
mucosal surfaces is a wide area of interaction of antigens
with the immune system. Mucosal surfaces are places for
antigenic exclusion, antigenic sampling and immune
regulation [153]. In these mucosal surfaces interact those
microorganisms that are part of the indigenous microbiota
and also all the antigens that enter the host through the tracts.
The vaginal immune system is part of the common mucosal
immune system, developed and connected with the
gastrointestinal, respiratory and glandular systems [154]. In
this context, even though there are not present immune
organs or immune system organized in lymphoid folicles, or
similar structures, the vaginal tract is populated with cells
that are part of this immune system. Different subsets of
lymphocytes: T, B, NK (Natural Killer), K (Killer),
fibroblasts, Antigen-Presenting Cells (APC), Macrophages
and dendritic cells, are present. Cytoquines or lymphoquines
interacting between them and with the different cells in a
very complex network are also present, not very deeply
studied until now in the vaginal tract, presenting important
differences with other mucosal membranes [155].

The reproductive tract is an inductive site for the immune
response. Ogra and Ogra [156] demonstrated that antigen
placed in the uterus and vagina of women resulted in specific
antibodies in uterine and cervicovaginal secretions. The T
vaginal cells are phenotipically different to the peripherical T
cells, because TCD4+ cells from vagina and those derived
systematically can be differentiated at their protein and
molecular levels, supporting the concept of immunological
independence or mucosal compartamentalization [157].
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In addition to the cells of the immune system, the
mucosal epithelium of the female reproductive tract may
actively participate in the control of pathogens, but the
precise mechanism is poorly understood. The uroepithelial
cells are part of a mucosal network [158]. The bacterial
infections stimulate the cytokines production in vaginal
mucosa. The cytokine response of the epithelial cells as a
consequence of their interaction with bacteria has been
examined in various models [159], where it has been
demonstrated that the resident bacteria can activate the
primary response of cytokines at mucosal sites, stimulating
the epithelial and non-epithelial cells and induce the
migration of circulating cells to the mucosal site of infection.
The combination of the primary and secondary responses
from the local and recluted cells establish a *“local
environment of cytokines”. The type of cytokines present on
the mucosal determines which are the cells to be activated
[157], being also modified by the pregnant state [160, 161,
162, 163].

The role of the Toll-like receptors in the reproductive
tract, as key components of the immune innate system which
recognize conserved sequences on the surface of
microorganisms and trigger effector cell functions has been
recently reviewed [164]. The expression of these Toll-like
receptors in the epithelial cells of female reproductive tissues
has been demonstrated, which suggests their role in the
innate immune response in the tract. Some of the structures
that stimulate the immune system are located on the external
surface of the probiotic bacteria, and some others come from
the interaction of the bacteria with the immune cells that
leads to the production of immune mediators.

Some other cells has been evidenced in the murine
vaginal tract, as Langerhams cells —with Antigen Presenting
function previously demonstrated in the epidermis [165]- in
the stratified epithelium of murine vagina and cervix. The
ultrastructural details of the process showed that these APC
are involved in the phagocitosis of death cells. They
phagocitate epithelial apoptotic cells and contribute thus to
the epithelial vaginal change during the estral cycle. The
antigen presentation by vaginal cells as well as their
influence on the B and T cell proliferation is regulated also
by estradiol [163].

Some of the evidences of the effect of certain
lactobacillus strains on the immune system of the vaginal
tract are the following: L. gasseri secretes a molecule called
gasserokine that activate CD3g on macrophages that trigger
them to migrate. It is well know that migration of
macrophages to the infection site is a necessary step for the
elimination of the pathogen [166]. L. gasseri also induced
the production of interferon-alpha by murine macrophages in
3 to 6 hours [167]. This property has also been described for
L. acidophilus [168]. Our research group has demonstrated
the different strains of lactobacilli stimulates at variable
levels the IgA and IgM producing cells on the mucosal
vaginal of mice intravaginally inoculated with different
strains [169]. This mucosal immune system is under the
hormonal influence [160, 161, 162, 163] and the APC are
also under this effect [163].

Again, the majority of the scientific evidences of the
effect of lactic acid bacteria on the immune system are
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related to the gastrointestinal tract mainly related to the
consumption of foods fermented with these microorganisms,
or to the bacteria alone at different doses and duration of the
treatment. The relationship between the vaginal mucosal
system and other mucosal sites is being studied lately,
mainly the vagina as a target organ to deliver vaccines for
other mucosal sites. The effectivity of the intranasal
immunization referred to the urogenital protection, or the
intestinal tract as a delivery system for urogenital probiotics
is also being studied [170].

6. TECHNOLOGICAL PROPERTIES

When trying to design a pharmaceutical product, another
set of characteristics of the probiotic product or strains must
be considered, which will be briefly cited in the present
review:

6a. General Characteristics

Origin, Safety, ldentification of the strains. These
characteristics are related to the origin of the strain, the organ
or mucosa in which will be applied, and also the safety
characteristics. The probiotic strains must be included into
the GRAS (Generally Regarded as Safe) microorganisms,
characteristic that comprises the genera Lactobacillus,
Pediococci, Bifidobacteria and some Streptococcus strains.
Historically data indicates that they are safe for human use,
based on their occurrence as normal commensals of the
human microbiota, and their safe use in different foods and
products worldwide. The FAO and WHO guidelines
recommended that probiotic strains be characterized at a
series of tests [2, 5].

Based in the host specificity of the indigenous microflora
described by Savage [171], the strains must be isolated from
the same host where will be applied, and also from the same
ecological niche to favor the survival of the inoculated
microorganisms. Another important consideration is to
identify and characterize the strains to the genus and species
level with internationally accepted methods, as suggested by
FAO and WHO guidelines [2, 5], and also to have a clear
strain designation to track the publications on the probiotic
benefits.

6b. Resistance to Envirommental Conditions

The probiotic strains when administered to the host, must
resist the conditions of the tract where will be inoculated,
and to the therapies frecuently applied. Referred to the
urogenital tract, the strains must resist the low pH of the
vaginal tract, and the enzymes present normally in the tract
[36, 37, 42]. They must survive to the antibiotics, hormones
therapies, spermicides and other substances regularly applied
in the tract, to be able to maintain the level of protective
microorganisms. Another important test to be performed is
their resistance to bacteriophages, based on the “Sexual
Transmitted Diseases Theory” of this extrachromosal
elements, or “Bacterial phaginosis Theory” supported by the
Tao’s group results, who showed the lysis os lactobacilli by
phages transmitted sexually, present in seminal and vaginal
fluids [47, 48]. All of the characteristic tested through “in
vitro” assays, should be later studied in an animal
experimental model, or through clinical studies to prove their



Probiotics in the Prevention of Urogenital Tract Infections

survival and maintenance in the tract to obtain the
proclaimed effect on the host [2, 5].

6¢. Resistance to Technological Conditions

An important condition to be assayed is if the probiotic
microorganisms can be scaled up to obtain enough biomass
and number of viable microorganisms to be included into the
final product. This study can be performed through he
application of mathematical or statistical models, which help
in the prediction of the behavior of the microorganisms
[172]. Another group of characteristics to be tested is if the
microorganisms can survive to the excipients and storage at
different conditions [173, 174, 175], based in the fact that the
administered microorganisms must remain viable and in
enough numbers to colonize the epithelia, or to produce the
desire probiotic effects [76].

The detailed production of tablets or capsules for the
delivery of lactobacilli in the vaginal tract is not available in
the published literature, because most of them are protected
by patent processes or under the “confidential clausules” of
the manufacturers or pharmaceutical companies [177, 178,
179]. There is a tendency to include bioadhesive molecules
without the production of adverse effects on the host. Maggi
et al.. included 10 different lactobacillus strains in singles or
doubles vaginal tablets. The double tablet was characterized
by different properties in each one of the layers: one with
effervescents characteristics to allow a fast and complete
distribution of one active ingredient on the complete vaginal
surface, while the second layer has a sustained composition
able to release the microorganisms for a longer period of
time [180, 181]. The intravaginal dosage based in
bioadhesive polymers (polycarbophil, hydroxipropil methyl
cellulose and sodium SALT of hyaluronic acid) included in
pessaries made of semisynthetic solid triglycerides was also
reported [182].

The live microorganisms can be freeze dried, or spray
dried, and later included into the designed product, where a
combination of different type of substances can be tested,
from sugars, cryoprotectant, antioxidants, vitamins, or
bacteriocin or antibiotic substances [173, 175].

6d. Maintenance of the Probiotical Characteristics

Once lyophilized, or incorporated into the excipients/
pharmaceutical product, the microorganisms must maintain
the probiotic characteristics by which was selected, as for
example the production of lactic acid [133], bacteriocin
[143], hydrogen peroxide [135,136], or the properties of
adhesion or autoaggregation [112, 173].

7. INVIVO STUDIES IN EXPERIMENTAL MODELS.
ANIMAL MODELS

Some of the mechanisms described previously have been
demonstrated in experiments performed “in vitro” [183]. But
this characterization is insufficient to define a probiotic
organism. The expression of the probiotic properties “in
vivo” and the safety characteristics are needed to predict their
behavior in the human body. To determine which are the
mechanisms acting “in vivo”, a mice experimental model to
study the colonization capability of microorganisms was set
up at the laboratory [184]. The indigenous lactobacilli were
able to colonize in a more effective way the urinary tract
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when included in agarose beads [185]. The protective effect
against uropathogenic E. coli, and Klebsiella pneumoniae
when lactobacilli were intraurethrally inoculated was also
demonstrated [186]. The effect of estrogens and antibiotics
was more effective in the protection against the pathogen
[187, 188] when mice were previously inoculated with
lactobacilli. The administration of lactobacilli either in the
urinary or vaginal tract does not produce any adverse effect
on the mice, nor structural or ultrastructural modifications
[189]. Recently, the protective effect of lactobacillus against
Proteus mirabilis ascending urinary tract infection in the
same experimental model was published [190].

Which are the mechanisms involved in the protective
effect? There is an increase of the level of anti-pathogen
antibodies in sera and in urine when lactobacillus was
intraurethrally administered [186] and an increase in the
number of IgA and Ig M producing cells at the vaginal
mucosal level when intravaginally inoculated. The protection
was obtained not only with viable microorganisms, and in a
lower amount with cells elaborated with heat-killed or
sonnicated lactobacillus (non published results), indicating a
combination of steric blockage and competitive exclusion.

All of these results indicate that even thoug there are
many suggested mechanisms derived from “in vitro”
experiments, when studyng an animal experimental model,
there is a combination or addition of many of them:
stimulation of the immune system, colonization capability,
competitive exclusion and steric blockage. We still have to
demonstrate if the aggregation and production of
antagonistic substances are mechanisms that are functioning
in “in vivo” situations, and which are the other mechanisms
that could be involved in the probiotic effect.

8. ASSAYS IN HUMAN BEINGS

Probiotic products containing Lactobacilli have been
proposed for the treatment of bacterial infections as was
cited previously. However, commercially available products
sold as dietary supplements do not always contain the
Lactobacillus species advertised on the label and do not
always contain  H,0,-producing lactobacilli [4], or
microorganisms with other beneficial properties [21]. This
fact has originates some discussions lately.

The number of studies performed in patients for
recolonization of the urogenital tract is very low. Some of
them were included into Phase 2 Clinical studies that assess
the efficacy of a product against a placebo. There is not yet a
Phase 3 Clinical study at the vaginal tract, which regularly
would asses the effectivity of a product in comparison with a
standard therapy. Some of the human studies published in
the urogenital area are the following:

Oral administration of L. rhamnosus GR1 and L
fermentum RC 14 once or twice daily for 28 days has been
correlated with healthy vaginal flora [191, 192]. Also, the
local administration of capsules prevents from Urinary tract
infections [193]. L. rhamnosus GR-1 reduces the incidence
of UTI in women from six episodes per year to 1.6 per
patient. These results are supported by the duplication of the
number of lactobacilli in vagina referred to the beginning of
the treatment, being administered capsules containing 10’
CFU intravaginally to reconstitute the vaginal flora [194].
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Evidence from a 64-patient randomized, placebo controlled
trial indicates that daily oral intake of 10° to 10" L.
rhamnosus GR-1 and L. fermentum RC-14 leads to transfer
of the organisms from the rectum to the vagina, as well as a
depletion of coliforms and yeast in the vagina [195]. These
strains were able to recolonize the vaginal tract of the
consumer women. The authors applied genetic methodology
to identify the administered microorganisms, and determined
that GR-1 is present in the tract after 14 days following
intravaginal administration, while L. rhamnosus GG
disappeared five days after administration [195]. This strain
causes temporary infantile colonization after the oral
administration to their pregnant mother [196].This group of
Canadian researchers have shown that the cited strains are
able to colonize the vagina following vaginal suppository use
[193] and reduce the risk of urinary tract infections, yeast
vaginitis and bacterial vaginosis [192]. Recent studies have
shown that daily ingestion of capsules containing L.
rhamnosus GR-1 and L. fermentum RC-14 by 19 women
with BV microbiota, resulted in a normal microbiota in 81%
of cases, compared with 50% in women given placebo [191].
Hillier et al. reported the results of a pilot study where the
intravaginal administration of three days gelatine capsules
containing L. crispatus CTV-05, a H,0, producer strain, was
detected in seven of nine women while there were not many
microorganisms recovered in a Macaca model [197]. Results
published on the web site indicate that this strain given
intravaginally after metranidazole treatment for BV resulted
in a clinical cure at 30 days in subjects colonized by
lactobacilli (70%) compared to noncolonized (47%) patients
receiving placebo [198].

The prevention of BV is significantly important in
women at risk of some infections, as for example HIV,
because the women population with BV shows an increased
risk of HIV, as evidenced by some publications [29, 60, 199,
200, 201]. There is not still evidence of what could be the
mechanisms by which lactobacilli could reduce the risk of
HIV infection.

Referred to the prevention of urinary tract infection Reid
el at, administered once weekly a vaginal suppository
containing 10° L. rhamnosus GR1 and L. fermentum B-54 for
one year. They compared the rate of UTI occurrence with
that in the previous year in 25 women [194]. There was a
significant reduction in UTI during lactobacillus use (from 6
to 1.6 episodes per year)

In 1995 Parent et al. [202] reported on the treatment of
BV by using Lactobacilli and low doses of estriol. The
product is called Gynoflor, containing 50 mf of lyophilized
L. acidophilus (H,0, producer) and 0.03 mg estriol. This
strain recolonizes vagina and increases the number of
lactobacillus in vaginal swab of patients. Recently, another
paper reported the effectivity of this product in turkey
women [203] for the restoration of the vaginal flora after
treatment of bacterial infections.

There is other product in the European market, Fermalac,
containing L. rhamnosus and other strains (Rosell, Montreal
Canada) which is also being studied in human population to
determine the effectivity [204], but there have not peer-
revised studies proving the eradication of BV.There are some
other publications on the administration of lactobacilli in the
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vaginal tract, without definitive conclusions on their
effectivity [205, 206, 207, 208].

9. FUTURE DIRECTIONS.
9a. Lactobacillus as VVaccine Vectors

The more recent applications of lactic acid bacteria are in
the area of vaccine vectors, in which there were significant
advances, mainly in the gastrointestinal tract [170, 209].
Even though the urogenital is not the optimal tract to
produce an “in situ” stimulation of the immune system, some
studies performed in experimental animal models showed the
effectivity of the rectal or intranasal immunization to obtain
antibodies in the vaginal secretion. Based mainly on the
GRAS nature of LAB, and the advances in the area of
molecular biology for the insertion of genes or groups of
genes, codifying for antigens to be expressed in the cellular
surface, maintained inserted at the cellular wall, or expressed
intracellular to be released after the lysis of the micro-
organisms. This is a potential area of wide application for
vaccines that will act against the high spectrum of STD
[210].

9.b. Anti Tumoral
Urogenital Tract

Effect of Lactobacillus in the

The firsts papers on the capability of lactobacilli to
inhibit tumors in the urogenital tract were published very
early in the last century reporting the antitumoral effect of
lactobacillus instilled locally on the bladder tumours [211].
There is a more recent paper related to this subject that
shows the chemopreventive effect of the oral administration
of 10 CFU of L. rhamnosus GG orally during seven days on
the growth of a bladder culture line implanted subcutan-
eously in mice. This paper showed that the consumption of
the microorganisms increased the number of T /CD3, CD4
and CD8a lymphocytes and NK cells from spleen,
suggesting a modulation of the immune system in the control
of the tumour growth. Brandau et al. [213] reported the
antitumoral effect of intravesical instillation of heat-killed
cells of Lactobacillus casei strain shirota on the murine
bladder tumor. More studies must be performed to really
assign the anti-tumoral effect of lactobacillus in the
urogenital tract.

9c. Effect on Group B Streptococcus Infections

Neonatal group B streptococal infections are one of the
main health problems because of the high mortality and
morbility rates in certain countries. Some approaches include
the perinatal antibiotic therapy or vaccination with bacterial
polysaccharides. The inhibition produced by Lactobacillus
on group B streptococci, is opening a new possibility of the
use of this genus in the prevention of such neonatal
infections [214].

9d. Production of Peptides, Vitamins, Antioxidants,
Complementation with Prebioticos

There are others metabolites produced by lactic acid
bacteria, that could be studied for their beneficial characteris-
tics, as prebiotics [215], vitamins [216], antioxidants [217],
or even terpenoids-based substances for the tissue
regeneration, that are being applied in some other tracts or
mucosaes. Recently, the comparison between cranberry juice
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and unsweetened raisins for the prevention of UTI has been
published, what indicates the importance that the consump-
tion on foods is beginning to have in the prevention of
infections, or either to maintain a health status, with high life
quality parameters [75]. Further studied should be performed
to assign the correct beneficial effect of such substances in
animals and later in human trials.

9e. Looking at the Future. Perspectives

Even thoug the GRAS nature of functional foods and
probiotics allows their administration to the human or animal
hosts, and considering that the regulatory issues sometimes
are very general, some specific considerations must be taken
referred to the unknown aspects or those that needs further
research, as for example:

a. What is the effect of the long-term administration of
probiotics, either on the tract under study or on the other
areas of the host?

b. Do they produce some adverse or collateral effect, or
structural modification in the target organs?

c. Can they really be applied in a preventive way? How
effective are they? More clinical assays, double blind,
randomized studies are needed for the evaluation of this
characteristic.

d. Which are the clinic groups that can use them?

e. Do they have a therapeutic effect on groups of patients
with certain pathologies, or on defined clinical cases?
More clinical studies and population studies are needed.

f.  Which is the effect on the high quality life parameters?
Is worth to test them?

g. These are some of the questions that remain without
defined answers, encouraging the scientists working on
the area to go deeper on these subjects.

CONCLUSIONS

The present status of probiotics in clinical practices and
the evidence of their effects still remain to be fairly proved.
They are not a main clinical practice in many countries of the
world. The analysis of the probiotic strains shows that very
few are currently available at the market, either
pharmaceutical or food related. Many strains do not fullfile
the FAO and WHO criteria for probiotics, even though there
is a lot of non-traditional, complementary or alternative
medicines within the probiotic products containing
lactobacilli, bifidobacteria and streptococci are included.

Several factors are leading to physicians to examine
probiotics and alternative  medicines to standard
pharmaceutical drugs. These include the increasing levels of
multidrug resistance of pathogenic microorganisms, the
demands of consumer for natural products, and the
instauration of preventive politics around the world.

A lot of researchers are working in the probiotic area,
mainly in the gastrointestinal tract, trying to demonstrate the
efficacy of the administration of probiotic products, and to
understand which are the mechanisms underlying such
beneficial effect on the host. But, there is not so much
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information available at the urogenital tract, where there is
still a lot more to demonstrate.

The emergence of scientific and clinical evidence
showing the efficacy and effectiveness of some specific
probiotic strains, together with the FAO and WHO
guidelines, will help to the availability of reliable and
clinically proven probiotic during the next years.
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