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The human gut microbiota consists of trillions of microorganisms
including 150-200 prevalent and approximately 1,000 less common
bacterial species, harbouring over 100- fold more genes than those
present in the human genome [1]. Recent renewed interest in the
structure and function of gastrointestinal tract (GIT), which is the most
heavily colonized organ of human body, has illuminated its functions
essential to health maintenance. Inadequate gut colonization and
dysbiosis, especially in extremely low birth weight (ELBW) infants and
oncology patients undergoing chemotherapy, may lead to an increased
risk of mucosal damage and inflammation which are important
mechanisms to develop bacterial translocation that can result in
systemic infection including septicemia.
Elderly people are especially prone to infection, as many
physiological and immune responses as well as organ functions decline
with age. Probiotics are live microorganisms which, when administered
in sufficient doses, confer a health benefit on the host. In this review,
we discuss the role played by GIT microbiota and probiotics in human
health and disease based on our study in conjunction with the current
knowledge.

Establishment of Bacterial Colonization
Colonization of the human gut with microorganisms begins
immediately at birth. Upon passage through the birth canal, infants are
exposed to a complex microbial population, and the immediate contact
with microorganisms during birth can affect the development of the
GIT microbiota and this probably occurs since the GIT microbiota
of infants and the vaginal microbiota of their mothers are similar [2].
However, most preterm infants who have been delivered by Caesarian
section for various reasons, can be colonized easily by abnormal
bacteria (dysbiosis) such as Klebsiella and enterobacteria, because the
transfer of bacteria from mother to infant is completely absent during
Caesarean deliveries [3].
The following sections briefly introduce the results of our probiotics
research conducted in the last 5 years.

Clinical studies on probiotics
Prevention of septicemia and NEC due to probiotic
administration in preterm infants: Premature birth or Caesarean
delivery may result in abnormal GIT colonization causing premature
infants to be susceptible to gut colonization by pathological bacteria
because of their daily exposure to nosocomial bacteria and the likelihood
of exposure to antibiotics on admission to the neonatal intensive care
unit (NICUs) [4]. Immature intestinal cells seem to have a propensity
for exaggerated inflammatory responses to pathogenic stimuli, and
it is postulated that, developmentally, the deficient expression of
the NF-κB inhibitor IκB might allow greater NF-κB activity. Such
an exaggerated inflammatory response which might be caused by
immature or abnormal pattern recognition receptor (PRR) could cause
increased celluar inflammation and potentially uncontrolled tissue
damage [5]. Increased cellular inflammation and tissue damage can
lead to intestinal permeability or a “leaky gut” that promotes bacterial
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product(s) translocation resulting in systemic complications such as
septicemia and brain damage. Furthermore, the tissue damage may
cause development of necrotizing enterocolitis (NEC) which is one of
the most common devastating gastrointestinal emergency in preterm
infants.
A total of 338 infants (220 with extremely low birth weight
[ELBW] and 118 very low birth weight [VLBW] infants) who received
Bifidobacterium breve supplementation (Bifido group) were admitted
to our neonatal intensive care unit (NICU), and a total of 226 infants
(101 ELBW and 125 VLBW infants) who were not supplemented with
B. breve (control group).
Infants in the Bifido group were supplemented with B. breve with
a daily dose of 1×109 colony forming units (CFU) dissolved in their
own mother’s milk alone or combined with formula for premature
infants, 30 minutes before feeding. Administration of B. breve, was
started within several hours (mean 7.2 hours) after birth and continued
until discharge from the NICU. The control group was fed with their
own mother’s milk alone or mixed with formula for premature infants
without the addition of probiotic. The incidence rate of NEC and
infection was compared in the two groups.
There was a significant difference (P<0.01) in the incidence of NEC
in the Bifido group (no cases) as compared to the control group where
6 cases (2.6%) developed NEC. In this study, it was also confirmed that
there was not only a significant reduction in infection rate from 28.8%
in the control group to 20.7% as compared to the Bifido group (P<0.05)
was there, but also that mortality from infection (13.8% in the controls
vs. 0.6% in the Bifido) and the mortality ratio from infection in the
total mortality (23.7% in the controls vs. 5.1% in the Bifido, P<0.05)
were lower in the Bifido group [6]. A major strategy for preventing
NEC is to find a means to reduce the excessive immature inflammatory
response and to accelerate the maturation of intestinal defenses, which
should also contribute to prevent bacterial translocation leading to
systemic infection and/ or sepsis. Previously, we have demonstrated
that supplement of VLBW infants with B. breve, initiated during
the early hours of life, promoted the establishment of bifidobacteria
predominated gut microbiota, leading to an intestinal environment
where concentrations of lactate and acetate were higher but butyrate
was lower, and also facilitating the development of gut immune
function [3,7,8].
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The present findings, together with those of others [9,10], suggest
that B. breve supplemented as a probiotic to ELBW and VLBW infants
may modulate the composition of the intestinal microbiota and
production of SCFA to the benefit of the host. Thus, probiotic treatment
is suggested as a very effective method to promote prevention of NEC
and infection in ELBW and VLBW infants.

(LcS)-fermented milk in open trials that compared the results of preand post-intake of the probiotic on the inpatients living at a facility for
the elderly (n=42, 82 ± 10 years) was evaluated. LcS-fermented milk
was consumed continuously for 6 months. It was observed that the
number of days that the inpatients in the probiotic group suffered from
fever, diarrhea, and constipation was reduced during the post-intake
period as compared to the pre-intake period. This was accompanied
by an increase in Bifidobacteria count and a decrease in Clostridium
species in the inpatients in the probiotic group after intake.

Probiotic therapy to ameliorate chemotherapy-induced
mucositis in children with cancer: Mucositis, also referred to as
mucosal barrier injury, is one of the most debilitating side effects
of chemotherapy for treatment of cancer. Clinically, mucositis is
presented with stomatitis and ulcer and is associated with severe pain,
appetite loss, diarrhea, high fever/ bacteremia, and malnutrition. These
complications often require total parenteral nutrition, and intravenous
(i.v.) infusion of broad-spectrum antibiotics. Chemotherapeutics
have a detrimental effect on the intestinal microbial composition by
drastically reducing the numbers of anaerobic bacteria leading to
bacterial translocation, together with intestinal mucosal damage.

No MRSA was detected in the fecal samples after the intake of the
probiotic drink. There were no cases of nosocomial infection among
the staff. LcS-fermented milk is therefore considered to be useful for
improving clinical conditions, the enteric microflora, and environment
in such inpatients [12].
Effects of prophylactic intake of probiotic for norovirus
infection: An open case-controlled study to evaluate the effect of the
intake of LcS-fermented milk on norovirus gastroenteritis was also
undertaken among the elderly people who were the same subjects
who participated in study 3. Continuous intake of LcS-fermented
milk could positively contribute to the alleviation of fever caused by
norovirus gastroenteritis by correcting the imbalance of the intestinal
microflora typical of the elderly, although it did not protect them from
the disease [13].

For the purpose of alleviation of signs and symptoms of mucositis,
the effect of B. breve administration in children with malignancy
undergoing chemotherapy was investigated. A placebo-controlled trial
was conducted and patients with malignancies admitted in our hospital
for chemotherapy (n=42) were randomized into 2 groups receiving
either the probiotic or a placebo.

Daily intake of probiotic-fermented milk may prevent influenza
infection: Study results were retrieved from information provided by
a local group of people living in a southern-most island of Japan where
there had been an interesting rumor associated with an influenza A
(H1N1) epidemic in 2009 in a local town along the lines of “Drinking
of a special milk (in fact: LcS-fermented milk) may have prevented
flu from occurring among school teachers of primary school”. One
of the authors subsequently visited the school teachers including the
Principal four months after settling the epidemic, to investigate and
to ask whether they agreed to be enrolled in the clinical study to
investigate effects of the fermented milk on the influenza infection.
All gave an informed consent for the enrollment and provided blood
samples for antibody analysis for the virus. They had been diagnosed
of their influenza infections by doctors at a local hospital which was
the only hospital in the area, based on clinical signs and symptoms in
addition to the antibody of the nasal smear.

The frequency of fever and the use of i.v. antibiotics were lower in
the probiotic group as compared to the placebo group and probiotic
administration enhanced the growth of anaerobes. Disruption of the
intestinal microbiota after chemotherapy resulting in an increase
in population levels of Enterobacteriaceae in the placebo group as
compared to the probiotic group. The concentration of total organic
acids was maintained at the normal level, which resulted in the fecal pH
being below 7.0 in the probiotic group [11].
Risk management of long-term inpatients at health service
facilities for the elderly by continuous intake of probiotic: With age,
there are a variety of physiological problems resulting in a decline in
organ function and immune response leading to a number of problems,
which result in an increased requirement for health care facility. The
patients become susceptible to infection that often becomes very severe
leading to mortality. The possibility of spread of methicillin-resistant
Staphylococcus aureus (MRSA) and Clostridium difficile infection
through contact between staff carriers and inpatients at the healthcare
service facility is very high and hence an efficient strong strategy for
infection control that is safe and economical is strongly desired. The
effectiveness of continuous intake of Lactobacillus casei strain Shirota

The pertinent data are shown in Table 1.
Two of the 9 subjects who had not taken the fermented milk
became infected but the remaining 7, who had been drinking it did not.
These results suggest that probiotic, LcS-fermented milk, may be useful
for prophylaxes of influenza infection.

Subjects

Gender

Age

Drinking LcS-fermented milk (m; month till the epidemic)

Infection

1

F

20s

No

Yes

H1N1 titer*
01:32

2

F

30s

No

Yes

0.086111111

3

F

40s

Yes (>1 m)

No

01:10

4

M

40s

Yes (>1 m)

No

< 1:10

5

M

50s

Yes (>1 m)

No

01:20

6

F

50s

Yes (>6 m)

No

01:20

7

M

50s

Yes (>1 m)

No

01:10

8

F

50s

Yes (>1 m)

No

01:40

9

F

30s

Yes (>6 m)

No

01:10

* Positive titer; 1:40 or more
(Kindly analyzed at National Institute of Infectious Diseases,Tokyo, Japan)
Table 1: Effects of LcS-Fermented Milk on Influenza A H1N1 Infection in 2009.
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Discussion and Conclusion
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