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Abstract

The beneficial effects of food containing probiotics (or prebiotics or
synbiotics) on human health — and in particular of dairy products such as
yogurt and milk — are increasingly being promoted by food manufacturers, but
also by health professionals. The human microbiome is composed of bacteria,
viruses, fungi, archaea and protozoa. Each body site has its own distinct
microbiome, with a unique microbial composition that presumably reflects
the differences in tissue structure and function. Shifts in the composition
of the gastrointestinal microbiome have been linked to the development
and progression of several intestinal and extra-intestinal diseases, including
childhood asthma development and inflammatory bowel disease. Probiotics
are advertised to contribute to overall well-being and are sought to prevent
and alleviate many diseases, especially digestive, immunological and
respiratory disorders. Modulating microbial exposure through probiotic
supplementation represents a long-held strategy towards ameliorating disease
via intestinal microbial community restructuring. Several recent human trials
have demonstrated the potential for live biotherapeutic products in disease
management and prevention, but larger, better controlled, and universally
standardized studies are needed for the rigorous scientific evaluation of
probiotic therapies and the comparison of diametric outcomes.
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Introduction

The concept of microbial ingestion to
manipulate the microbial ensemble in our intestine
for the benefit of human health is not novel. Eli
Metchnikoff hypothesized that consumption of
lactic-acid-producing bacteria (LAB), such as
lactobacilli found in yogurt, enhanced longevity
[1]. The word ‘probiotic’ (meaning ‘for life’) was
probably first used in 1953 by Werner Kollath to
describe organic and inorganic food supplements
applied to restore health to patients suffering from
malnutrition and to distinguish these ‘pro-biotics’
from anti-biotics [2]. A formal definition of
probiotics was formulated in 2001 by the advisory
body of the Food and Agriculture Organization
(FAO) and the World Health Organization (WHO),
and this definition has been widely utilized
during the past 12 years. This definition states
that probiotics are “live microorganisms which
when administered in adequate amounts confer
a health benefit on the host” [3]. The beneficial
effects of food containing probiotics on human
health — and in particular of dairy products such
as yogurt and milk — are increasingly being
promoted by food manufacturers, but also by
health professionals. Probiotics are advertised to
contribute to overall well-being and are sought to
prevent and alleviate many diseases, especially
digestive, immunological and respiratory disorders.
Nevertheless, regulatory bodies of the US and
Europe have recently restricted label claims that
were made without rigorous scientific support.
This has prompted expanded research efforts in the
field to better understand the efficacy of these food
products in promoting human health. Lactobacillus
and Bifidobacteria species represent the microbes
most commonly researched for conferring health
benefits. Other LAB (Streptococcus spp. and
Enterococcus spp.) as well as a strain of E. coli
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Nissle 1917, some Bacilli, and even the yeast
Saccharomyces  cerevisiae  subsp.  boulardii
(often referred to as “Saccharomyces boulardii”)
have been studied for their use as probiotics [4].
The emergence of investigations concerning the
nature and mechanisms of probiosis and the rapid
coalescence of the human microbiome research
community globally since 2005 [5] provided the
foundation for the current era in metagenomics.
This field has rapidly expanded to embrace the
many commensal and beneficial microbes that may
contribute to human health and disease prevention.
Now, with decreased costs of DNA sequencing
and improved bioinformatic tools, we can compare
gastrointestinal (GI) tract bacterial communities
among individuals, of all ages from infancy to
adulthood [6]. Some key recent findings are that the
initial bacterial community, even in the GI tract,
depends strongly on delivery mode; the process
of early development of the microbiota is highly
unstable and idiosyncratic and the microbiota
differs considerably among children from different
countries. Older adults significantly differ have
substantially different GI tract communities
than younger adults, indicating that the GI tract
microbiota can change throughout life [6].

From a sterile environment to the microbiome

The healthy human fetus develops within an
environment that is thought to be mostly sterile.
However, although bacteria in the amniotic fluid
are associated with preterm labor, babies exposed to
bacteria in utero are often viable [7]. Human adults
have highly differentiated bacterial communities in
different body habitats [8, 9], although, interestingly,
in newborn infants, these communities appear to be
largely undifferentiated [10]. The human microbiota
develops from an initial inoculum that is determined
by mode of delivery. Through a dynamic process
that is unique to every individual and unstable, the
microbial community moves towards, but only
approximates, its adult state during the first 1-3 years
of life. Although the GI microbial communities
of adults are often believed to be stable, there is
evidence that it changes through life — at lower rates
than in childhood, with unknown effects on health.

Antibiotics have a radical effect on the GI
microbial community at all stages of life, and
responses vary among individuals. Global use of
antibiotics and disappearing indigenous lifestyles
could eliminate a key source of information about the
microbes with which we have evolved and perhaps
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important insights into the normal developmental
process.

Based on studies in humanized mice, diet can
affect GI transit through microbiota-dependent or
microbiota-independent pathways, depending on
the type of dietary change.

Gl transit time and gut microbiota are interrelated.
Diet can independently affect both GI transit time
and gut microbial composition and function (as
determined by metabolite profiles). However, diet-
induced changes in microbial composition may
be mediated in part by changes in GI transit time,
and the effect of diet on GI transit time may be a
result of altered functionality of the gut microbial
community caused by the dietary change. The effect
of diet, transit time, and microbiota composition
creates a highly interdependent and interactive
environment. These results have implications for
disorders that affect GI transit and gut microbial
communities, including irritable bowel syndrome
and inflammatory bowel disease [11].

A recent review discusses the structural
composition of intestinal microbiota, the functional
relationship between the latter and the host, and the
role of abnormal microflora in chronic diseases.

A more complete view of the gut microbiota
is being developed following the Human
Microbiome Project. The microflora in children is
plastic, susceptible to changes in response to diet
modifications, antibiotic treatment and other events,
providing the opportunity to study its functional role.
Increasing evidence highlights the role of nutrition in
the age-related development of microflora. Eubiosis,
that is, a normal microflora structure, provides
protection against infections, educates the immune
system, ensures tolerance to foods, and contributes
to nutrient digestion and energy harvest. Changes
in microflora, consisting in the overpresence of
harmful species or underpresence of commensal
species, or dysbiosis produce dysfunctions,
such as intestinal inflammation or dysmotility.
Moreover abnormal pattern of microflora have been
consistently detected in specific diseases.

Eubiosis and dysbiosis

A relationship exists between eubiosis and
functions and conversely between dysbiosis and
dysfunctions or even diseases. Abnormalities in
microflora composition may trigger or contribute to
specific diseases. This raises the hypothesis to target
microflora in order to restore eubiosis through the
use of antibiotics, probiotics or nutrients [12].
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A better understanding of how the gut microbiota
are assembled and maintained is increasingly
relevant to the treatment of complex chronic
diseases. A growing number of studies highlight
the fact that certain microbiota can be harmful to
host health. Alterations in microbial composition
associated with human diseases have been described
as examples of dysbiosis. Dysbiosis refers to
differences in microbial populations that may
reflect an abnormal ecological state contributing to
pathology or the excess of pathogenic mechanisms
within the human microbiome. Dysbioses of the
microbiome are associated with an expanding
list of chronic diseases that includes obesity [13],
inflammatory bowel disease (IBD) [14, 15] and
diabetes [16]. Studies have shown that patients
with IBD harbour fewer bacteria from the phylum
Bacteroidetes, fewer from the phylum Firmicutes
and more from the phyla Actinobacteria and
Proteobacteria than healthy subjects [17]. People
with type 2 diabetes have reduced numbers of
bacteria from the Firmicutes and instead harbour
a greater proportion of bacteria belonging to the
Bacteroidetes [16]. The microbiota of infants with
necrotizing enterocolitis is composed of members
of the Proteobacteria and Firmicutes only, whereas
healthy infants also harbour species from the
Bacteroidetes and Fusobacteria [18]. These types
of correlative observations raise the question of
whether the microbiota has a causative role in
disease, or whether dysbiosis is a by-product of the
disease. For several diseases, recent work shows the
answer to be that the microbiota does contribute to
disease. Transplantation experiments in which the
microbiota of a diseased animal is grafted into a
germ-free healthy recipient have demonstrated that
several disease phenotypes could be transferred
by the microbiota. These include excess adiposity
[19], metabolic syndrome [20] and colitis [21], all
of which are traits of complex diseases that are also
affected by host genetic and environmental factors.
Several studies have shown the potential efficacy
of probiotics for the treatment of different pediatric
diseases. Numerous probiotics have yielded success
in the prevention of severe NEC and all-cause
mortality in premature infants, including very-
low-birth-weight infants [22, 23]. Many studies
in children have demonstrated that probiotics may
be effective at suppressing antibiotic-associated
diarrhea [24, 25]. The American Academy of
Pediatrics (AAP) endorsed the application of
probiotics for the prevention of antibiotic-associated
diarrhea in healthy children [26]. Contraddictory
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results have been obtained in pediatric IBD trials.
There are insufficient data to recommend probiotics
in ulcerative colitis or Crohn’s disease, while good
evidence supports the use of specific probiotics
for maintenance of remission in pouchitis [27].
The demonstration of differences in the fecal
microbiome such as relative deficiencies of the
genera Bifidobacterium and Verrucomicrobium
in children with Irritable Bowel Syndrome (IBS),
diarrheal predominant subtype, has suggested the
potential role of probiotics in the treatement of this
disorder [28]. Guandalini et al. in 2010 showed the
relative success of a Bifidobacterium-Lactobacillus
combination strategy [29].

Conclusions and future directions

The consumption of probiotics, for both health
maintenance and disease alleviation is gaining
popularity with consumers and is increasing
advocated by health care professionals. Although
our knowledge about human microbial composition
is rapidly developing, many gaps exist about the
functional capacity and metabolic machinery of
the human microbiome. Although more studies
are needed, probiotics appear capable of affecting
the composition and function of the microbiome.
Several recent human trials have demonstrated
the potential for live biotherapeutic products in
disease management and prevention.

An enhanced understanding of the effects of
probiotics on the microbiome should facilitate
selection of optimal probiotic strains for specific
diseases. Larger, better controlled, and universally
standardized studies are needed for the rigorous
scientific evaluation of probiotic therapies. Future
studies should focus on the effects of specific
probiotic strains on the human microbiome. By
understanding how probiotic strains alter specific
functions of the human microbiome at different body
sites, probiotic strain selection may be optimized
for specific disease states.
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