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ABSTRACT

Urinary tract infection (UTI) remains one of the commonest clinical problems presenting to medical
practitioners. UTls are frequently treated with antibiotics, which has exacerbated the emergence of resistant
strains among uropathogens. Consequently, there is increasing interest in the development of safe
alternatives to antibiotics. The use of probiotics has been advocated as a plausible alternative to antibiotics,
but questions remain as to their mode of application. This study was therefore conducted to evaluate the
ability of Lactobacillus (L.) plantarum, inoculated intraurethrally into rats, to inhibit the establishment of UTI
by selected multidrug-resistant uropathogens [E. coli and Klebsiella (K.) pneumonia]. Nine-week old, male,
albino rats, were either infected and then treated with L. plantarum or inoculated with L. plantarum before
infection. UTI was monitored by determination of bacterial counts from the rats’ urine over a period of 14
days, direct culture from- and histological examination of sections of bladder and kidneys of the animals
after sacrifice. In untreated rats, both E. coli and K. pneumonia established UTI in the rats within 4 days, with
bacterial counts, in urine, increasing from 10* CFU/ml to about 10° CFU/mI, over the course of 14 days. The
infections were accompanied by inflammatory changes in both the bladder and kidneys and bacteria were
recovered from sections of the kidneys after sacrifice. In animals infected and then treated with L. plantarum,
the numbers of the pathogens in urine decreased significantly (p < 0.005) to less than 10° CFU/mI, while
pre-colonization of the bladder with L. plantarum before infection resulted in complete inhibition of the
uropathogens. No pathological changes were observed in the urinary organs of the treated rats. These
results therefore show that L. plantarum can colonize the bladder safely and serve as an effective means of
control of UTI.
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INTRODUCTION

Urinary tract infection (UTI) is defined as the inflammation
of the urinary system, which includes the urethra, bladder
and kidneys (Manzoor et al., 2016). It remains one of the
commonest clinical problems presenting to medical
practitioners and recurrent infections in susceptible
patients, presents an especially serious challenge

(Hopkins et al., 1995; Naderi et al., 2014; Manzoor et al.,
2016). Although both genders are susceptible to the
infection, women are mostly vulnerable due to their
anatomy and reproductive physiology (Vasudevan,
2014). The commonest pathogens associated with UTI
include Escherichia coli, Klebsiella pneumonia and



Staphylococcus, particularly S. saprophyticus (Lo et al.,
2016). It is believed that UTI develops when these
bacteria from the intestinal flora sequentially colonize the
perineum, vagina, urethra and bladder, and sometimes
the kidneys as well, through vesicoureteral reflux
(Hopkins et al., 1995; Nosseir et al., 2012). UTIs are
frequently treated with antibiotics, which results in an
intensive  selective pressure over the bacterial
populations. This has exacerbated the emergence of
resistant strains among uropathogens. Consequently,
there is increasing interest in the development of safe
alternatives to antibiotics.

The use of probiotics has been advocated as an
alternative to antibiotics, under the concept of bacterial
interference. The concept of bacterial interference, both
passive and active, embodies the use of bacteria of low
virulence to compete with and protect against
colonization and infection by disease-causing organisms.
In addition to producing antimicrobial toxins, probiotics
have the ability to adhere to cells, reducing pathogenic
bacteria adherence, hence causing pathogen exclusion.
Probiotics also interact with epithelial cells and dendritic
cells and produce immunomodulatory effects (Sharma et
al., 2014).

The application of probiotics and other non-pathogenic
bacteria for management of UTI and other infections has
been attempted by several groups (Reid et al., 1987
Hatakka and Saxelin, 2008; Deshpande et al., 2011;
Darouiche et al., 2011; Darouiche and Hull, 2012), but
not taken seriously enough, due to the varying degrees of
success recorded and some reported adverse side
effects. However, given the persistent public health
burden of UTI and the rapid spread of antibiotic-
resistance, the option of probiotics must essentially be
given more serious attention. Lactobacillus strains are
among the most commonly used microorganisms applied
as probiotics for the treatment of infectious diseases in
humans (Naderi et al., 2014). Lactobacilli are regarded as
generally safe, although rare cases of infection have
been reported in immunocompromised individuals
(Salminen et al., 1998; Rautio et al., 1999). Lactobacillus
strains are known to be predominant colonizers of the
adult vagina, where they play a protective role in
inhibiting pathogenic bacteria (Kaewsrichan et al., 2006;
Ronngvist, 2007; Akgul and Karakan, 2018). This
attribute makes them candidate probiotics to inhibit UTI-
causing organisms in the bladder. This study was
therefore undertaken to evaluate the ability of
Lactobacillus (L.) plantarum to inhibit the establishment of
UTIl in an in vivo model, using experimental rats
challenged with selected multidrug-resistant
uropathogens (E. coli and K. pneumonia). The specific
objectives of the study were: to evaluate the ability of L.
plantarum inoculated intraurethrally into rats to
successfully colonize the bladder; to evaluate the ability
of L. plantarum to clear an established UTI; and to
evaluate the potential of pre-colonization of the bladder
with L. plantarum to inhibit establishment of UTI by
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uropathogens.

MATERIALS AND METHODS
Isolation of organisms

Lactobacillus was isolated from High Vaginal Swab (HVS)
specimens. HVS specimens were collected from apparently healthy
female individuals and inoculated onto De Man-Rogosa- Sharpe
(MRS) agar plates. The plates were incubated at 37°C for 48 h
under anaerobic conditions with 5% CO,. Isolated colonies were
then picked from each plate and subcultured to obtain pure
cultures. The pure cultures were maintained in MRS broth at 4°C
according to the method described by Manzoor et al. (2016).

Cultures of multidrug-resistant E. coli and Klebsiella pneumonia
were obtained from Classic Biomedical Laboratory, Nsukka, and re-
characterized.

Morphological and biochemical characterization of isolates

Suspected Lactobacillus isolates were characterized by Gram
staining, catalase test, oxidase test, fermentation of sugars
(glucose, xylose, rhamnose, maltose, arabinose, mannose and
lactose), growth at different pH values (2, 3, 4, 8 and 9), and
tolerance to different sodium chloride (NaCl) concentrations (2, 3, 4,
5 and 6.5%) as described by Aslam and Qazi (2010).

The E. coli and K. pneumoniae isolates were screened by Gram
staining, lactose fermentation, motility testing, citrate utilization
testing and methyl red testing according to the methods described
in Manual of Microbiology by Kanika (2011).

Genetic identification of Lactobacillus isolates

Suspected Lactobacillus strains were plated on Nutrient Agar
(Oxoid, UK) for 24 h then subcultured into Nutrient Broth and
incubated at 37°C for 48 h under anaerobic conditions with 5%
CO.,. Bacterial genomic DNA was extracted and purified using ZR
fungal/bacterial DNA miniprep kit (Zymo Research, USA), according
to the manufacturer’s protocol. The purified DNA was subsequently
used for sequencing at Inqaba Biotechnical Company, South Africa.
The 16S rDNA amplified PCR product (10ug concentration) was
used for the sequencing.

Experimental design and inoculation of animals

A total of forty-eight (48), nine-week old, male albino rats were
used. The rats were housed in cages kept in the Faculty of
Biological Sciences Animal House and acclimatized for two weeks.
Thereafter, the rats were divided into eight (8) groups (A to H) of six
rats each. The inoculation and treatment of the groups were as
follows: Group A, No inoculation (Control); Group B, intraurethral
instillation of E. coli only; Group C, intraurethral instillation of L.
plantarum only; Group D, intraurethral instillation of E. coli followed
72 h later by instillation of L. plantarum; Group E, intraurethral
instillation of L. plantarum followed 72 h later by instillation of E.
coli; Group F, instillation of K. pneumonia followed 72 h later by
instillation of L. plantarum; Group G, instillation of K. pneumonia
alone; and Group H, instillation of L. plantarum followed 72 h later
by instillation of K. pneumonia. Inoculation of the animals was
carried out with the assistance of a veterinary surgeon from the
Faculty of Veterinary Medicine, University of Nigeria, Nsukka,
following the accepted guidelines for handling of animals. The rats
were anesthetized by inhalation of chloroform for 1 minute. After
sterilization of the periurethral area with 70% ethanol, a sterile 24-



gauge cannula catheter was inserted into the bladder through the
urethra. A 50 ul inoculum containing about 1x10* cells suspended
in Phosphate Buffered Saline (PBS) was then infused into the
bladder through the catheter, over a period of 30 s, with a syringe
(Asahara et al., 2001). The rats were monitored over a period of 14
days.

Determination of bacterial counts (CFU/ml) in urine

Urine samples from experimental rats were collected on Days 4 and
11 of the monitoring period. To collect the urine sample from each
animal, the anus of the rat was clogged with cotton wool and sealed
with tape, after which the entire periurethral area, tail and legs were
swabbed with 70% ethanol. The rat was administered 0.5 ml of
furosemide (for stimulation of urine production) intramuscularly and
placed back in a cage with an opening at the bottom and a
collection plate placed beneath the opening. The urine sample was
then collected after 10 to 15 min using a sterile syringe.
Enumeration of the uropathogens (E. coli and K. pneumoniae) and
L. plantarum from the urine was on Cystine Lactose Electrolyte
Deficient (CLED) agar and MRS agar, respectively. The urine
samples were serially diluted and plated on the agar media. The
MRS plates were incubated anaerobically at 37°C for 24 h, while
the CLED plates were incubated aerobically at 37°C for 24 h to
determine the bacterial colony counts (Liu et al., 2016).

Organ culture

To determine the number of viable bacteria in urinary organs, the
rats in each group were sacrificed on Day 14 after being
anesthetized with chloroform. Bladders and kidneys were removed
aseptically, cut longitudinally and swabbed with sterile cotton
swabs. The swabs were cultured onto CLED agar and MRS agar
media and then incubated as previously described (Asahara et al.,
2001).

Histopathological examination of organs

This was carried out as described by Bancroft and Gamble (2008).
On Day 14 of the experiment, kidney and bladder samples from
three rats in each group were collected and fixed in 10% neutral
buffered formalin to arrest metabolic activity in the tissues, avoid
autolysis and protein precipitation thus preventing enzymatic
digestion of dead tissues. The fixed tissues were passed through
several changes of alcohol; 70% alcohol for 24 h, 90% alcohol for
12 h and through absolute alcohol to remove water from the fixed
tissues. Thereafter, there was complete infiltration of tissues by
paraffin. The tissues were then passed through xylene for 3 h to
prevent shrinkage and tissue brittleness in paraffin. After tissue
processing, tissues were embedded or blocked out using the
Leukhand embedded mould. The L pieces were arranged on an
aluminum base to form a rectangle. The molten paraffin was then
poured into the moulds and the selected surfaces of the tissues
embedded with the aid of a pair of blunt end forceps and allowed to
set. The embedded tissues were separated into different blocks and
then attached to wooden blocks with the aid of an electric spatula.
The blocks were then trimmed using a rotary microtome and knife.
At the end of each trimming, the blocks were arranged on ice trays
in order to cut thin sections using the rotary microtone at a
thickness of 5 um. Sections were then collected with the help of a
camel hair brush and then placed on the slide. Sections were
flooded with 20% alcohol in order to spread out folds on the
sections and then floated out on a water bath with a temperature of
5 to 10°C below the melting point of the wax used. The sections
were picked and floated on a water bath and then picked with a pre-
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labeled slide. The slides were dried on a hot plate at a temperature
of 5 to 10°C degree centigrade above the melting point of wax
used. These were left on the hot plate for 15 min. Thereafter, the
sections were stained with haematoxylin and eosin and examined
using a Moticam Images Plus 2.0 digital camera (Motic China
Group Ltd. 1999-2004).

Statistical analysis

Data on bacterial numbers in urine and organ sections were
expressed as mean + standard deviation (SD). The data were
analyzed for significant differences using one-way Analysis of
Variance (ANOVA) at 95% confidence level (Dashe et al., 2013).

RESULTS
Characteristics of Lactobacillus isolates from HVS

Five isolates were obtained, which had expected features
of Lactobacillus. These isolates were Gram positive tiny
rods that produced slightly raised, grayish-white colonies
of about 0.5 mm diameter on MRS agar. They were
catalase and oxidase negative and fermented sugars to
varying extents, without gas production. One isolate was
selected for the animal studies, based on its in vitro
inhibitory activity against test organisms, as well as wide
range of pH and NaCl tolerance. The isolate was
identified by 16S rDNA sequencing as Lactobacillus
plantarum  subsp plantarum  (Acession  number
CP025991.1).

Growth of L. plantarum in the rat bladder

In animals intraurethrally inoculated with L. plantarum
alone (Group C), colonization was established and
sustained for at least 4 days. However, by Day 11, the
cells could not be detected (Figure 1).

Growth and interaction of E. coli, K. pneumoniae and
L. plantarum in the Urinary Tract of Inoculated Rats

Animals in group B were inoculated with E. coli on Day 0.
By Day 4, infection was established, with cell numbers in
urine increasing significantly (P < 0.05) by almost two log
values by Day 11 (Figure 2: B). In animals infected and
later treated with L. plantarum (Group D), infection with E.
coli was established, but with introduction of L. plantarum
on Day 4, there was significant (P<0.05) reduction in the
number of E. coli cells (Figure 2: D1), while the number of
L. plantarum was sustained up to Day 11 (Figure 2: D2).
In animals pre-colonized with L. plantarum before
inoculation with E. coli (Group E), colonization and growth of
the E. coli was severely inhibited (Figure 2: E1), while the
growth of L. plantarum was sustained (Figure 2: E2).
Animals in group G were inoculated with K.
pneumoniae on Day 0. By Day 4, infection was
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Figure 1. Growth of Lactobacillus plantarum in the rat bladder. Note the sharp drop in number of cells after 4 days until cells were no
longer recovered in urine by Day 11.
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Figure 2. Growth and interaction of E. coli and L. plantarum in the bladder. B, represents counts from
urine of group of animals infected by intraurethral inoculation of E. coli. D, represents groups in which
infection was followed by treatment with L. plantarum (D1, E. coli; D2, L. plantarum). E represents groups
in which bladder was pre-colonized with L. plantarum before infection (E1, E. coli; E2, L. plantarum). Note
inhibition of E. coli with addition of L. plantarum (D1) and severe inhibition when bladder was pre-
colonized with L. plantarum (E1).



established and cell numbers in urine had increased
significantly (P<0.05), before declining slightly again
(Figure 4: G) by Day 11. In animals infected with K.
pneumonia and treated with L. plantarum 72 hours later
(Group F), infection was established, but with introduction
of L. plantarum, there was a sharp and significant
(P<0.05) reduction in the number of K. pneumoniae
(Figure 3: F1) by more than 2 log,o, CFU/ml, while the
number of L. plantarum was sustained up to Day 11
(Figure 3: F2). In animals pre-colonized with L. plantarum
before inoculation with K. pneumoniae, (Group H),
colonization and growth of the K. pneumoniae was
severely inhibited (Figure 3: H1), while the growth of L.
plantarum was sustained (Figure 3:H2).

Recovery of bacteria from organ cultures

The experimental rats were sacrificed and organs
cultured after 14 days of observation. In animals infected
with E. coli (B), the uropathogen was isolated from the
bladders of all the animals and kidneys of some animals
after sacrifice. K. pneumoniae was also isolated from the
bladders of Group G animals, but not from the kidneys. In
Groups D and E as well as Groups F and H, where
animals were treated or pre-colonized with L. plantarum,
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the numbers of uropathogens re-isolated from the
bladder were significantly reduced. There was also no
isolation from the kidneys. Furthermore, there were
significantly (P<0.05) more L. plantarum cells compared
to the number of E. coli and K. pneumoniae isolated from
the bladders of the treated animals (Table 1).

Pathological changes in the bladder and kidneys of
experimental rats

The major histopathological findings were observed in the
bladder and kidneys of rats in groups B and G. The
lesions in the bladder of both groups were those of
inflammatory material and proteinaceous plug in the
lumen and submucosa of the bladder (Figure 4), while
the lesions in the kidneys were those of pyelonephritis or

suppurative nephritis. These included solitary or
multifocal  discrete  microscopic  aggregations  of
neutrophils either intraluminal in tubules or in the

interstitium. These were mixed with other inflammatory
cells such as plasma cells and macrophages (Figure 5).
There was also mild inflammation of the renal pelvis in
some animals. The bladders and kidneys in all other
groups of rats treated with L. plantarum, as well as
control rats, were apparently normal.
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Figure 3. Growth and interaction of K. pneumoniae and L. plantarum in the bladder. G represents
counts from urine of group of animals infected by intraurethral inoculation of K. pneumoniae. F
represents group in which infection was followed by treatment with L. plantarum (F1, K. pneumoniae;
F2, L. plantarum). H represents group in which bladder was pre-colonized with L. plantarum before
infection (H1, K. pneumoniae; H2, L. plantarum). Note inhibition of K. pneumoniae with addition of L.
plantarum (F1) and severe inhibition when bladder was pre-colonized with L. plantarum (H1).
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Figure 4. Phptpmicrograph of the bladder from experimental rats in groups A to H, showing presence of fibrinous exudates
mixed with cellular debris and infiltration of plasma cells, macrophages and polymorphonuclear cells (white arrows) within
lumen of the bladder in B (animals infected with E. coli) and mild inflammatory cells infiltration of the submucosa of the
bladder (white arrows) in G (animals infected with K. pneumonia). H and E Stain x400.

Table 1. Re-isolation of microorganisms from the bladders and kidneys of experimental rats.

Number of cells recovered in culture

Group L. plantarum Uropathogens
Bladder Kidney Bladder Kidney

A 0.00 0.00 0.00 0.00

B 0.00 0.00 2.1 x10* + 85.39 5.0 x 10" + 0.00
c 0.00 0.00 0.00 0.00

D 48x10°+2.4 x10°  0.00 3.0 x 10+ 0.00 0.00

E 4.8 x10°+2.3 x10>  0.00 2.0 x 10"+ 0.00 0.00

F 41 x10°+1.6 x10>°  0.00 2.0 x10*+ 14.1 0.00

G 0.00 0.00 2.7 x10%+ 1.3 x 10° 0.00

H 1.9 x 10°+ 73.9 0.00 3.0 x 10"+ 0.00 0.00

DISCUSSION

It has been suggested that Lactic Acid Bacteria (LAB)
inhibit other bacteria through a variety of mechanisms,
including production of antimicrobial compounds such as
hydrogen peroxide, lactic acids, acetic acids, and
ribosomally-synthesized peptides known as bacteriocins
(Reid, 2016). LAB, especially Lactobacillus strains, are
known to play protective roles in the urogenital tract (De
Gregorio et al.,, 2014; Reid, 2016; Akgll and Karakan,
2018). They have also been applied as vaginal
suppositories in women for the treatment of recurrent UT]I
(Borchert et al., 2008; Akgil and Karakan, 2018). This
study was carried out to evaluate the ability of L.
plantarum, inoculated intraurethrally into rat bladder, to
inhibit the establishment of UTI by selected multidrug-
resistant E. coli and K. pneumonia.

Lactobacillus isolates from HVS were screened in vitro
for inhibitory activity against selected multi-drug resistant
uropathogens and the isolates showing activity were
identified by 16S rDNA sequencing. The isolate exhibiting
the highest activity was identified as L. plantarum. This
finding supports other studies that have reported the
inhibitory action of L. plantarum against UTI-causing
organisms (Lim et al., 2009; Selvamohan and Sujitha,
2010; Poppi et al., 2015; Liu et al., 2016; Oldak et al.,
2017).

In this study, the experiments were designed to
investigate three potentials: the ability of L. plantarum to
colonize the bladder without disease; the ability of L.
plantarum to clear an established UTI; and the ability of
L. plantarum to prevent establishment of UTI. The results
showed that L. plantarum was able to colonize the rats’
urinary tracts, when introduced intraurethrally. However,
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Figure 5. Photomicrograph of the kidney from experimental rats in groups A to H. Note severe infiltration of plasma
cells, macrophages and polymorphonuclear cells (thin arrows) within the medulla and renal pelvis with casts made up
of microabscesses (fat arrows) in B (animals infected with E. coli) and G (animals infected with K. pneumoniae) while
others are apparently normal. H and E Stain x400.

the colonization was not sustained in the absence of
other organisms, as the cell numbers in urine reduced
steadily from the fourth day after inoculation, until there
was complete clearance by the eleventh day as seen in
Figure 1. In contrast, both E. coli and K. pneumonia
colonized the bladders of the animals and proliferated
successfully, with numbers in urine increasing by
between 1 and 2 log;o CFU/ml for both organisms
(Figures 2 and 3). The infection with E. coli was more
pronounced and the organism ascended the urinary tract
to the kidney, as evidenced by the recovery of organisms
from kidney culture. Successful infection of the bladder
by intraurethral instillation of the uropathogens, in this
study, is in line with the reports of Hopkins et al. (1995),
who had previously reported successful colonization of
experimental rats within 2 days using this method.

The difficulty in establishing Lactobacillus within the
urinary bladder has been reported previously (Reid et al.,
1989; Hagberg et al., 1989), and it is said to be one of the
reasons why studies on the instillation of probiotics into
the bladder for the control of UTI were abandoned (Reid,
2016). Although this difficulty in sustaining colonization by
Lactobacillus was considered to be a drawback by these
earlier investigators, in this study it is considered to be a
positive and important finding, particularly for actual
clinical application. In patients for whom probiotic
instillation may be indicated, including patients with rUTI,
post-operative  catheterized patients and patients
undergoing long-term catheterization, development of
UTI is almost a certain occurrence without intervention.
For such cases, therefore, the probiotic may be applied
as a preventive measure, to control the development of
UTI, but where infection eventually does not occur, the

Lactobacillus may simply wash out with no risk
whatsoever of causing harm to the host. This suggestion
is further strengthened by histopathological results, which
showed that the bladders and kidneys of the rats instilled
with Lactobacillus alone were remained normal after 14
days, proving that the presence of L. plantarum in the
bladder did not serve as a tool for promotion of UTI. It is
worthy of note that the growth of L. plantarum was
sustained only in the presence of the uropathogens. This
suggests a dynamic and complex relationship between
these organisms, which might require further
investigation. It could mean that some substances
produced by the uropathogens, such as vitamins, are
required for the growth of the lactobacilli and might
explain why, even in the female vagina and other
environments where lactobacilli inhibit other organisms, it
is never a complete elimination.

The therapeutic potential of bladder instillation of L.
plantarum was evident from the results in Figures 2 and
3. In animals in which UTI was established before
introduction of L. plantarum, introduction of the probiotic
resulted in an almost immediate reduction in numbers of
the uropathogens in the bladder as indicated by bacterial
counts in urine (Figures 2D1 and 3F1). Histopathological
examination of the bladder and kidney tissues of these
animals also showed that the tissue architecture was
normal in comparison to those of untreated rats which
showed evidence of inflammation. In addition to its
therapeutic potential, L. plantarum could also exhibited
the potential to serve as a preventive tool against
establishment of infection by the urinary tract pathogens.
Instillation of the probiotic into the bladder before
challenge with uropathogens resulted in complete



inhibition of growth of the uropathogens, as the
organisms were steadily cleared from the urinary tract
(Figures 2E1 and 3H1). The uropathogens were also
prevented from ascending the urinary tract or causing
inflammation.

The results from this study support the reports from in
vitro studies by other investigators, as previously stated,
but do not quite agree with the results of de Llano et al.
(2017), in whose study L. plantarum was not as active as
two other strains against test uropathogenic strains. This
may however be attributed to the fact that their strain was
isolated from milk unlike the strain in this study, which
was isolated from HVS. It is noteworthy that the two other
active strains in the de Llano study were HVS isolates.

Previous attempts to control UTI by the application of
probiotics have involved the oral administration of
probiotic strains with the ability to colonize the intestinal
tract and vagina and subsequently reach the urinary tract.
The success of this technique however seemed to vary
from host to host and depended on the host’s avoidance
of habits such as use of spermicides, which disrupt the
vaginal flora (Marelli et al., 2004). These inconsistencies
in the results from various studies have raised questions
concerning what properties of the lactobacilli are actually
important for activity, optimal dosage, duration of
application and even mode of delivery (Marelli et al.,
2004; Mokoena, 2017). It has even been suggested that
new methods of application should be investigated
(Mokoena, 2017). The present study is perhaps the first
in recent times to attempt delivery of the probiotics by
direct instillation into the bladder and the results are quite
encouraging for clinical application. It is also worthy of
note that the L. plantarum was effective against multi-
drug resistant uropathogens, which is a promising
development for the fight against multidrug resistance.

CONCLUSION

The results in this study provide powerful support for both
therapeutic and prophylactic application of intraurethral
instillation of L. plantarum in the management of UTIs,
particularly in cases of diabetic patients, women with
rUTI, post-operative catheterization and long-term
catheterization where urgent intervention is often
necessary. The study further shows that the source of the
probiotic and mode of application may be important
factors in the application of probiotics for treatment. It is
recommended that this application be carried on to
clinical trials to ascertain once and for all the usefulness
of probiotics in this manner.
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