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while the study of microbiota is a recent development 
in the history of medicine, and may not yet be viewed 
as entirely mainstream by some, a great deal of data 
have already been acquired and published. In recent 
years ever greater numbers of researchers, among 
them gastroenterologists, microbiologists, allergists, 
gynaecologists, neurologists, paediatricians, hepatologists, 
immunologists, endocrinologists, and other physicians, 
have been starting to consider the microbiota as a new 
factor to be taken into account in their clinical approaches. 
Despite the rising interest, no French journal exists to date 
to inform healthcare professionals of the issues surrounding 
the medical impact of these microorganisms. 

We wish to address this gap with the creation of the 
Revue des Microbiotes, the first French journal devoted 
to microbiota and their potential repercussions for human 
health. By bringing together specialists from different 
backgrounds, we have striven to bring to the reader an 
independent, multidisciplinary source in the service of 
scientific information. It is therefore with great enthusiasm 
that we take the first steps in our new editorial adventure. 

We sincerely hope that this first edition of our journal will 
inform and enlighten, and we look forward to bringing you 
further editions every four months. 

We would like to take the opportunity in this first issue to 
thank the PiLeJe Laboratory for its institutional support.

Don't hesitate to send us your comments, questions, and 
suggestions—they will enrich future issues. 

We hope you enjoy this first edition, many thanks to you all!

The team at the Revue des Microbiotes

editorial



The Revue des Microbiotes is edited by a new scientific committee comprised of 
eleven French specialists from various fields. bringing together their medical and 
writing skills to discuss issues surrounding the concept of microbiota, a major factor 
in human health. 

•  Prof. Jacques Amar, cardiologist, University Hospital (CHU) Toulouse, VAIOMER 
SAS, Labège. 

•  Dr Marc Bellaïche, paediatrician, Department of Paediatric Digestive Diseases 
(Service des maladies digestives de l’enfant), Hôpital Robert Debré, Paris. 

•  Dr Jean-Marc Bohbot, infectious diseases specialist, Institut Alfred Fournier, Paris.

•  Prof. Stanislas Bruley des Varannes, gastroenterologist, Institute of Diseases of 
the Digestive System (Institut des maladies de l’appareil digestif), Nantes.

•  Prof. Pierre Desreumaux, hepato-gastroenterologist, Director of the LIRIC 
Inflammation Research Centre (Centre de Recherche sur l’Inflammation, LIRIC) 
INSERM 995, Lille. 

•  Dr Philippe Gérard, microbiologist, INRA, MICALIS UMR 1319, Jouy-en-Josas. 

•  Dr Cyrille Hoarau, immunologist and allergist, Unit of Allergology and Clinical 
Immunology (Unité transversale d’allergologie et immunologie clinique), CHRU, 
Tours. 

•  Dr Alexis Mosca, paediatrician, Department of Paediatric Digestive Diseases 
(Service des maladies digestives de l’enfant), Hôpital Robert Debré, Paris. 

•  Prof. Bruno Pot, microbiologist and pharmacologist, Institut Pasteur de Lille, 
CNRS, Lille.

•  Prof. Patrick Ritz, endocrinologist-nutritionist, Department of Endocrinology, 
Metabolic Diseases and Nutrition (Service d’endocrinologie, maladies métaboliques, 
nutrition), Hôpital Larrey, Toulouse.

•  Prof. Patrick Vermersch, neurologist, Neurology Department, CHRU, Lille.

Our thanks are extended to them all!
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FROM MICROBE TO 
MICROBIOTA1,2

 Dr Philippe Gérard, INRA, Jouy-en-Josas

A microbiota comprises the set of microorganisms 
(bacteria, yeasts, fungi, viruses) living in a specific 
environment. Thus we may speak of a soil 
microbiota, a microbiota of the ocean, and so-
on. Above all, for our interests, are the microbiota 
associated with the human body—a dermal 
microbiota, a vaginal microbiota, and of course, 
the most commonly studied, the microbiota 
of the digestive tract, commonly termed the 

intestinal flora. Alone, this microbiota represent 
over 100,000,000,000,000 microorganisms 
in a single human body—a number ten times 
greater than that of the individual's own somatic 
cells. We each host more than a kilogram of 
microorganisms in our digestive tract! The 
majority of these organisms are bacteria, however, 
recent studies suggest that virus numbers may 
well be equivalent to those of bacteria. We may 
add to this the presence of unicellular eukaryotes 
such as yeast or protozoa, whose importance is 
yet poorly understood.
Until the 1980s, the characterisation of intestinal 
microbiota was performed exclusively using 
culture techniques, sensitive to only some 30% of 
the microorganisms present. Molecular tools have 
since been developed, and have shown that the 
majority of species found in the faecal microbiota 
are unique to each individual, even if it is clear 
that a few dozen bacterial species may be shared 
by most people. In recent years, the emergence of 
the discipline of metagenomics (see page 17) has 
allowed us not only to establish the composition 
of the microbiota, but also to identify all the genes 
carried (and therefore the functions carried-out) 
by this microbiota.
The intestinal microbiota performs many different 
functions, the repercussions of which for the host 
are, for the most part, beneficial. They include the 
fermentation of substrates available in the colon, 
acting as a barrier to colonisation by pathogenic 
microorganisms, vitamin synthesis, and 
maturation of the immune system, participating 
in maintaining the health of the host. For these 

Used for thousands of years in the transformation of certain foodstuffs, 
put to work in health and industry, and omnipresent in our environment, 
microorganisms are everywhere around us, as well as inside us. Organised into 

ecosystems called “microbiota,” they play a major role on both the physiological 
and the pathophysiological levels, with certain specialists regarding them as an 
“organ,” like any other. With these considerations in mind, we have asked the 
members of the scientific committee to share with us their vision of the role of 
microbiota within their specialities for this inaugural issue.

MICROORGANISMS AND MANKIND
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reasons, it is clear that an unbalanced microbiota 
may favour the development of diseased states. 
This imbalance, called dysbiosis, was first 
described as a trigger and/or aggravating factor 
in chronic inflammatory bowel disease (IBD). It has 
since been associated with a growing number of 
disorders, among them irritable bowel syndrome 
(IBS), allergies, obesity, and metabolic conditions.
While many studies in recent years have 
demonstrated the importance of the intestinal 
microbiota to our health, what can we say about 
the other microbiota with which we live, which we 
host? We may be assured that the coming years 
will clarify the influence the microbiota associated 
with the human body have on our health.

THE IMPORTANCE OF THE 
MICROBIOTA FOR THE PROPER 
DEVELOPMENT OF THE 
NEONATAL IMMUNE SYSTEM 
CAN NO LONGER BE IGNORED!

 Prof. Bruno Pot, Institut Pasteur, Lille

The prevalence of atopic dermatitis, allergic 
rhinitis, asthma and food allergies has come to 
be regarded as an epidemic. In parallel we have 
seen substantial increases in the incidence of IBD, 
autoimmunity problems and metabolic syndrome. 
This general trend may seriously be considered to 
be a threat to our social security, and deleterious 
to life expectancy. All these diseases first emerged 
in the 1950s, indicating that a purely genetic 
explanation is not realistic.3 Indeed, responsibility 
appears to be shared between environmental 
and nutritional factors. In most cases there is no 
effective treatment for these disorders. For these 
reasons, it is incumbent upon us to address the 
causes of the problem in a preventive manner.

The intestinal microbiota develops for the 
most part during the first two years of life, and 
is essential for the maturation of the immune 
system, both locally and systemically. It is clear 

that the composition of the intestinal microbiota, 
established early in life, has subsequent impacts 
for the health of the host. Treatments, such as 
antibiotics, may have harmful long term effects.4 
Metagenomic analyses have shown that an 
aberrant microbiota composition is associated 
with various pathologies, including metabolic 
syndrome, IBD, and allergic diseases such as 
asthma. The type of birth and the quality of breast 
milk—itself dependent on the overall health of the 
mother and her nutritional behaviour—appear 
to be decisive in the acquisition of a healthy and 
balanced intestinal microbiota profile in young 
children.5 Diet is an essential environmental 
factor, although the impact of dietary diversity 
on certain conditions such as the development of 
asthma and allergies in childhood is still unclear. 
Limited dietary diversity during the first year of 
life may increase the risk of asthma and allergy in 
childhood.6 It is therefore important to gain a better 
understanding of the principles and mechanisms 
linking intestinal microbial colonisation and/or 
the diversity of the microbiota, to the health of 
the host's immune system. This understanding 
will be critical to the development of therapeutic 
and preventive approaches, based on the 
manipulation of digestive tract microbiota, in 
the maintenance of good health. Understanding 
the importance of certain groups or species 
of bacteria (for example Faecalibacterium 
prausnitzii, Akkermansia muciniphila, etc.) or a 
deeper knowledge of the mechanisms of action of 
different probiotic strains in various pathologies, 
such as atopic diseases or IBD, will be necessary if 
we are to make an optimal selection of the strains 
(or blends of strains) to be used for therapeutic 
or prophylactic purposes.
Ample evidence already shows that some 
specific strains, selected from healthy intestinal 
microbiota, have potent anti-inflammatory and 
anti-infectious properties, acting through a 
variety of different mechanisms. This opens new 
perspectives for the treatment of many diseases 
in which disturbances of the immune system play 
a role.

microorganisms — everywhere  
around us, and within us" "
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THE IMPACT OF MICROBIOTA  
IN GASTROENTEROLOGY 

 Prof. Stanislas Bruley des Varannes, 
Lucille Quénéhervé, Institute of Diseases of 

the Digestive System (Institut des maladies de 

l’appareil digestif), CHU Nantes

Recent understanding and characterisation of 
microbiota have begun to question, or at least 
modulate, a number of pathophysiological 
concepts. The relative importance of the 
microbiota hosted in the digestive tract means that 
the gastroenterologist has a particular interest in 
these advances. The links glimpsed between the 
central and enteric nervous systems, sometimes 
called the “first and second brains,” with the 
microbiota playing a role as an intermediary, have 
begun to reinforce this interest throughout the 
medical community. In a number of conditions, 
among them certain digestive diseases that are 
poorly understood and difficult to treat, there 
is a strong tendency to begin seeking solutions 
based on the application of this new knowledge. 
The results, most often from animal studies, are 
sometimes spectacular and have been widely 
reported in the press. Beyond this enthusiasm, 
however, it is as always essential to ensure that 
the scientific approach and the rigour that 
characterises it remain the rule. 
The current level of international cooperation 
between groups of specialists and scholarly 
/ professional societies, combined with the 
implementation of major international projects, 
facilitates the development of the structures 
necessary and helps to guide the required 
processes. The hope that the microbiota may be 
open to manipulation, and that new therapeutic 
approaches may be thus explored, forms the 
basis of our interest in the intestinal microbiota. 

Overview

Regarding the digestive microbiota, a large 
number of reviews and updates of the current 
state of knowledge have been published in recent 
years.7-10 Here, we shall only take up the major 
concepts, with a functional objective targeted at 
the principal digestive diseases. 

In general, we can consider the microbiota to 
be an essential component of a stable digestive 
condition and, more generally, of digestive 
homeostasis, in interaction with other systems. 

Indeed, it has become clear how important it is to 
think of digestive health as the result of interactions 
between several extensive and highly complex 
systems. It is recognised that many chronic 
ailments (not only digestive) share a number 
of factors related to genetic predisposition, 
exposure to environmental agents, inappropriate 
immune responses and an abnormal, or at least 
unusual, microbial environment. The respective 
degrees of combination and interaction between 
these different systems give rise to different 
expressions and presentations of the disorders in 
question. It is customary to use the suffix "ome" 
to express the recognition of the multiplicity of 
components of these systems, with terms such as 
exposome, immunome, genome and microbiome 
all recognised. Their study, usually called "omics," 
is being ever more integrated into the concepts 
of personalised medicine. 

A key function of the gastrointestinal microbiota 
is its role as a barrier, preventing invasion by 
pathogens. At steady state, the equilibrium of 
the different populations allows this protective 
effect to be maintained, exerted by numerous 
mechanisms and interactions with the various 
components of the intestinal epithelial barrier. 
These equilibria may be modified by any number 
of environmental factors, most particularly and 
directly via the diet and the use of antibiotics. 
These concepts are the basis for possible 
therapeutic interventions considered in clinical 
practice. 

Top level categories of digestive 
pathologies and microbiota

Irritable bowel syndrome 
In IBS, recent knowledge of intestinal microbiota 
is leading to a reconsideration of certain 
pathophysiological mechanisms and some of the 
therapeutic approaches involved. The role of an 
infectious context in the appearance of some types 
of "post-infectious" IBS has been established. 
Similarly, the role of a microinflammatory state 
concomitant with immune system activation in 
IBS has been proven, especially in this patient 
subgroup. It has been shown that certain 
substances released by the bacterial environment 
(enzymes, toxins, metabolites, etc.) can interact 
with intestinal epithelial cells. In particular, some 
bacterial secretions contain proteases, the 
action of which modifies the permeability of the 
gastrointestinal mucosa, for example by activating 
certain receptors or by digesting intercellular 
junction proteins.11 
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In the case of IBS, some studies tend to objectify 
a reduced diversity of colonic microbiota and/
or composition profiles differing from those of 
healthy subjects, in particular with a greater 
proportion of Firmicutes and relatively lower 
numbers of Bacteroidetes.12 Conversely, other 
studies have revealed no real difference in 
these patients, and in particular do not allow 
profiles corresponding to a particular sub-
types of IBS (constipation, diarrhoea, mixed), to 
be distinguished. Whatever the origin, there is 
good reason to consider that the modification 
of certain microbial populations (such as the 
development of sulphate-reducing populations) 
may be associated with physiological changes in 
the digestive tract leading to manifestations of 
IBS. In reality, just as the heterogeneity of both 
the studies and of the syndrome itself make 
clear characterisations difficult, the complexity 
of the multiple interactions involved makes any 
direct interpretation of correlations between the 
particular bacterial populations and the clinical and 
biological characteristics somewhat hazardous. 

It is well established that diet can modify the 
intestinal microbiota. The modulation of poorly 
digestible and fermentable food in the colon may 
be a source of genuine interest, especially in cases 
of IBS.13 Logically, a reduction in fermentable foods 
may contribute to a reduction in bloating secondary 
to gas production, and possibly also in diarrhoea and 
abdominal pain. Studies on diets low in FODMAPS 
(fermentable Oligo-, Di- and Monosaccharides, 
and Polyols) reported some interesting preliminary 
data concerning the symptoms, and describing 
modifications to the microbiota.13,14 
The role and value of probiotics in IBS remain difficult 
to ascertain, given the multiplicity of strains and 
the heterogeneity of the patient groups studied.10 
Meta-analyses and syntheses report a beneficial 
effect in certain groups of patients with IBS. The 
most interesting strains remain to be identified 
more accurately. A number of studies have shown 
interesting effects in vitro or in animal models, in 
particular regarding improvement in the permeability 
of the epithelial barrier. Despite their commercial 
availability, the majority of probiotics have not 
been rigorously evaluated in methodologically 
robust clinical trials. Similarly, it is difficult to draw 
clear conclusions from work with prebiotics and 
symbiotics thus far reported, although some 
studies show a genuine effect on faecal microbiota 
modification.15,16 Two recent randomised studies 
reported a significant improvement in symptom 
scores after treatment with an antibiotic with low 
systemic effects, rifaximine.17 

Recently, faecal microbiota transplants have 
been proposed in severe forms of IBS. Although 
experience is still very limited and procedures 
differ considerably, the preliminary data are 
interesting. In a population of patients with IBS 
of "constipated" type, an overall improvement 
was reported in 89% of patients, with normalised 
transit in nearly one patient in two.18 

Chronic Intestinal Inflammatory Diseases 
In patients with Crohn's disease (CD), the 
presence of dysbiosis has been demonstrated 
although, again, it must be considered in the 
context of interaction with other systems 
(environment, immunity, genetics and so on). 
This dysbiosis corresponded to a decrease in 
the presence of Firmicutes and an increase 
in Enterobacteriaceae, the changes in certain 
populations potentially influencing the changing 
profile of the disease. Noted more frequently were 
lower numbers of Faecalibacterium prausnitzii 
(F. prausnitzii, of the C. leptum group) compared 
to patients with no recurrence.19 This action 
appears to be linked to immunomodulatory and 
anti-inflammatory effects, with a reduction in 
certain pro-inflammatory cytokines (IL-8, IL-12, 
anti-TNFα) and an elevation in anti-inflammatory 
cytokines (IL-10). These elements are important, 
as it has been shown that the reduction of 
certain populations, in particular F. prausnitzii, 
correlated to the rate and the time-to-recurrence 
of the disease after treatment with infliximab.20 
The mechanisms involved remain to be clarified, 
although it appears that the various components 
of the intestinal barrier, and in particular the neural 
networks and enteric glia, may be modulated by 
modifications of the bacterial environment.21

Dysbiosis has also been observed in healthy patients.

From a therapeutic point of view, manipulating the 
microbiota through the use of antibiotics can have 
a beneficial effect on the course of the disease. The 
benefit of probiotics in prevention of clinical and 
postoperative endoscopic recurrence has not been 
formally demonstrated. Nonetheless, preliminary data 
exist and it appears likely that F. prausnitzii may be 
of interest in patients with CD. A recent randomised 
controlled trial showed no difference in postoperative 
relapse rate after intestinal resection and treatment 
with Saccharomyces boulardii. However, a beneficial 
effect was observed in a subgroup of these patients 
(those who continued to smoke), suggesting further 
studies may be useful in particular subgroups.22 
Finally, interesting preliminary results with faecal 
transplantation have been reported in certain 
inflammatory intestinal diseases.23 
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Metabolism and hepatic diseases
The role of the microbiota in obesity is well 
established, in particular demonstrated by 
microbiota transfer experiments in animals. It 
seems similarly influential in the hepatic steatosis 
generally associated with obesity. 
In cases of cirrhosis, the increased permeability of 
the intestinal epithelial barrier appears to be at the 
origin of increased rates of bacterial translocation 
and the complications frequently encountered in 
these patients, such as infection of the ascitic fluid. 
In secondary prevention, long-term antibiotic 
treatments, including those using quinolones, 
reduce the incidence of these infections, probably 
by modulating the microbiota, possibly via the 
modifications induced by the microbiota on the 
function of the intestinal epithelial barrier.24 
The role of ammonia is well documented in 
hepatic encephalopathy. The clinical improvement 
sometimes seen when NH3 concentrations are 
reduced by antibiotics or certain pro- or prebiotics 
suggests an important role for the microbiota 
and its modulation of the occurrence and control 
of this condition. Again, reduced bacterial 
diversity may be involved, as may be the over-
representation of certain strains (Streptococcus 
salivarius) in cirrhotic patients with signs of 
hepatic encephalopathy, which may thus make it 
a biological marker.25

Recurrent Clostridium difficile Infections
In cases of persistent and recurrent infection 
with C. difficile, the condition of a patient's 
microbiota may allow this bacterium to persist, 
notably where there is reduced diversity. Usually, 
while appropriate antibiotic treatment leads to an 
improvement, the presence of the bacterium and 
its clinical manifestations may recur as treatment 
is withdrawn. 
In such situations of repeated failure, the 
transplant of microbiota from a healthy donor 
has been proposed. A randomised study recently 
demonstrated the efficacy of this approach, 
even requiring the termination of the study 
upon interim analysis.26 Among the 16 patients 
in the faecal transplant group, 13 (81%) had no 
C. difficile + diarrhoea after the first instillation, 
whereas only 7 of 26 (27%) patients in those 
receiving vancomycin exhibited the same positive 
result. The precise mechanisms of this efficacy 
remain to be clarified, even if it appears that 
transplantation increases bacterial diversity and 
restores the microbiota equilibrium, particularly 
between Firmicutes and Bacteroidetes. 
While these results seem highly encouraging, it is 
important for the practice of this new therapeutic 

approach to be defined and harmonised. Faecal 
transplantation is today a recognised medical 
procedure, and the techniques involved are 
the subject of recommendations issued by the 
French National Agency for Medicine and Health 
Product Safety (ANSM). It requires an adapted 
organisation and infrastructure in order to be 
compliant with specific procedural rules (see 
The Microbiota Chronicle, p. 16). In order to 
evaluate the practice and ensure safety, a Faecal 
Transplantation Group was recently established 
in France. 

Pre-cancerous and cancerous 
pathologies 
The chronic gastrointestinal inflammation 
associated with IBD is a factor for increased risk 
of colon adenocarcinoma, and the existence of 
mutations in NOD2, in humans, increases the 
risk of colorectal adenocarcinoma in patients 
with CD. A general role has been suggested for 
the microbiota. In particular, greater numbers 
of species from the genus Fusobacterium have 
been observed in tumour infections than in non-
cancerous samples, as well as an overall reduction 
in Firmicutes and Bacteroidetes.27,28 Again, 
these effects may be associated with greater 
inflammatory activity. 
By contrast, the fermentation of dietary fibre by 
the microbiota is responsible for the production 
of large amounts of short chain fatty acids 
(butyrates). The protective effects may come 
about in part via a modulation of molecules 
involved in the cell cycle, and in the expression of 
certain transcription genes.29 
At the gastric level, infection by Helicobacter 
pylori, a component of the commensal flora, 
has also been established as a factor in gastric 
carcinogenesis. 
Cytotoxic treatments and radiation therapy 
can induce marked changes in the microbiota, 
including decreases in Bifidobacterium, 
Clostridium cluster and Faecalibacterium 
prausnitzii, and an increase in Enterobacteriaceae 
and Bacteroides, the consequences of which are 
an increased possibility of bacteraemia, as well 
as the development of mucositis and sometimes 
severe diarrhoea.30 The microbiota may thus have 
an additional interest as a predictor of increased 
risk of chemotherapy toxicity, for modulating 
treatment or combining preventive approaches. 

Summary and outlook

Over the course of just a few years the intesti-
nal microbiota has become a topic of research, 
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imposing a new way of looking at certain patho-
physiological mechanisms, and allowing us to ex-
plore new therapeutic pathways. Nonetheless, its 
innumerable interrelationships make it necessary 
to approach our newly gained knowledge with 
consideration for its integration with other major 
axes of developing understanding, notably in the 
context of the immunome, the genome, the ex-
posome, the metabolome, and so on. It is by call-
ing upon these “-omic” approaches, combined 
with bioinformatics tools for addressing complex 
systems, that specific conclusions may be drawn 
which can lead us towards a genuinely personal-
ised and predictive medicine. 
The definition of an "ideal microbiota" has little 
meaning at present, given all the interdependen-
cies associated with it, and which it is not cur-
rently possible for us to manipulate. This does not 
mean, however, that we are entirely deprived of 
means. Certain tools are available for modulating 
the microbiota, including the transplantation of 
microorganisms, the use of pre- and probiotics, 
and simple changes in diet. These approaches are 
already beginning to contribute to the manage-
ment and support of an increasing number of di-
gestive diseases. 

MANAGEMENT AND SUPPORT 
OF CMPA — CAN WE MODIFY 
THE MICROBIOTA?

 Dr Marc Bellaïche, Dr Alexis Mosca,  
Hôpital Robert Debré, Paris 

Until now, the treatment of food allergies has 
required the total exclusion of the allergen 
(exclusion diet), and the provision of adequate 
pharmacotherapy in case of accidental exposure. 
Cow's milk protein allergy (CMPA) is no exception, 
although we are beginning to see developments.

 We may consider the fact that certain children with 
CMPA can tolerate low doses of cooked milk (as 
contained in biscuits, for example) and it appears 
that repeated exposure leads to the acquisition of 
tolerance to cow's milk proteins. “Desensitisation” 
protocols have thus appeared, although at the time 
of writing none have been codified or recommended, 
due to their inherent potential danger.31 We may 
also consider that the pathophysiology of allergies 
has become clearer in recent years, the concept 
of "tolerance" in the immunological sense now 
appearing to be fundamental. In this paradigm, the 
allergy may be considered as a "non-acquisition" of 
tolerance to the allergen.

ALLERGIES 
 Dr Cyrille Hoarau, CHRU, Tours 

Allergy is defined by an excessive adaptive immune 
response, leading to the production of type IgE, IgG 
effectors or specific T-lymphocytes specific to an allergen. 
This response is the result of an anomaly of differentiation 
in T helper (Th) lymphocytes, itself the result of a defect in 
presentation of the antigen to naive T-cells. There thus exists 
in the case of an allergy, a preferential differentiation of 
T-cells towards the Th2-type, with an under-representation 
of Th1, Th17 and Regulatory T (Treg) types. In non-allergic 
patients, there is also a specific immune response to 
allergens, but which leads to a correct equilibrium between 
Th types with production of nonpathogenic IgA and IgG. 
There is, in particular, a natural expansion of natural Tregs 
(nTreg) and an induction of Treg (iTreg). Thus, whatever 
the allergen and regardless of the individual, the immune 
system appears to “decide” between tolerance (immune 
response without pathogenic specific effector) and allergy 
(immune response with pathogenic specific effector). The 
balance between tolerance and allergy is primarily based 
on signalling received by the dendritic cell at the moment 
of antigen presentation. Here we point out that the 
majority of allergens, whether airborne or in food, come 
into contact with the gastrointestinal mucosa, making 
it clear why the immune system of the digestive tract is 
particularly implicated in tolerance to airborne and dietary 
allergens. During the first contact with potential allergens, 
the antigen-presenting cells capture allergens and guide 
the response in the direction either of tolerance or allergy. 
The latest scientific developments strongly suggest that 
the gut flora, which we now term the intestinal microbiota, 
plays a fundamental role in tipping this balance. The 
first arguments were suggested by epidemiological 
studies which found that allergy frequency was linked 
to lifestyle, antibiotic use and exposure to allergens and 
microorganisms (the 'hygienist' theory). The microbiota 
was rapidly identified as the common denominator, the 
presence of certain strains appearing to have protective 
properties against allergies, which essentially defined the 
concept of probiotics. In vitro and in vivo studies have 
clearly established the link between the flora and the 
orientation of immune responses. In vitro, the dendritic 
cell can be the target of the microbiota, depending on the 
strain, with anti-inflammatory or anti-allergic properties, 
allowing the excessive differentiation that leads to 
allergies to be blocked.39–42 In vivo animal models clearly 
demonstrate the protective role of the microbiota (see 
comments on the Stefka article). Unfortunately, clinical 
research with probiotics in humans has thus far been 
inconclusive for allergies, with contradictory results from 
the studies conducted. It should be noted, however, that 
none of these studies has taken into account the microbiota 
as a whole or, in particular, studied whether taking 
probiotics modified the composition and functionality of 
the microbiota, or impacted patient immunity. For this 
reason it appears to be necessary to work towards the 
perfection of appropriate measurement tools for clinical 
studies. Improved knowledge about the interactions of 
the microbiota with the immune system may allow us to 
develop allergy prevention strategies, and to consider 
curative treatments for allergic diseases. 
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Regulatory T cells (Tregs) have an important role 
in the acquisition of tolerance, being capable 
of "remote" regulation of lymphocytes in the 
presence of an allergen. It is very interesting that 
they themselves are activated as a function of 
environmental exposure of the individual. This is 
illustrated strikingly by the fact that umbilical cord 
blood is much richer in Tregs in women living on 
farms compared to women living in urban areas.32 

The question must be asked what more significant 
interface exists between the external medium 
and the immune system than the digestive tract, 
with its surface area of two hundred square 
metres, populated by the 100 trillion bacteria that 
constitute the intestinal microbiota? A research 
effort has therefore logically been directed toward 
the interactions between the environment, the 
microbiota and allergies. 
Several longitudinal studies have shown that the 
initial microbiota, appearing during the first weeks 
of life, is different between children who become 
allergic and those who remain tolerant. Among 
the differences observed, one appears to be 
central—the decrease in diversity in the intestinal 
microbiota.33,34 This ties in with the “old friend 
hypothesis,” which suggests that lower exposure 
to infectious agents in childhood is correlated 
with the later development of conditions grouped 
under the term "dysimmunity."

Could modifications of the microbiota modulate 
the immune system towards greater tolerance, by 
countering the effects of our ultra-hygienic Western 
lifestyle? Perhaps! It has been shown, for example, 
that the administration of a combination of seventeen 
Clostridia bacterial species to mice increased the 
expression of Tregs, rendering the animals more 
resistant to induced diarrhoea and colitis.35 It is 
possible that the Treg activation occurs indirectly 
via the fermentation products of intestinal bacteria, 
such as short-chain fatty acids for example.36 
Unfortunately, various probiotics used in primary 
allergy prevention in children, whether administered 
pre- or postnatally, have yielded disappointing 
results.37 The administration of Lactobacillus GG to 
allergic children has, however, given encouraging 
results in secondary prevention.38

Finally, a paradigm shift is taking place in our 
understanding of the mechanisms of food allergies. 
While exclusion of the pathogenic allergen remains 
the treatment of reference, the role of environmental 
exposure is seen as ever more important. In this 
context, the diversity of the intestinal microbiota 
appears to favour the acquisition of tolerance to 

allergens, suggesting that its control can participate 
in the prevention of food allergies. 

THE VAGINAL MICROBIOTA —  
A FUNDAMENTAL FACTOR IN 
THE VAGINAL EQUILIBRIUM 
WITH REGARD TO PROTECTION 
AGAINST ENDOGENOUS AND 
EXOGENOUS INFECTIONS

 Dr Jean-Marc Bohbot, Institut Alfred 

Fournier, Paris 

First described in 1892 by the German 
gynaecologist Albert Döderlein, the 
vaginal lactobacillus flora (formerly 
called the Döderlein flora) appears to 
be a fundamental factor in the vaginal 
equilibrium with regard to protection 
against endogenous and exogenous 
infections.

The lactobacilli that will constitute the greater 
part of the vaginal microbiota first appear at 
puberty. These lactobacilli are totally dependent 
upon oestrogenic impregnation and the glycogen 
load of vaginal cells.
Their properties have been the subject of 
numerous studies. These have shown that they 
inhibit the growth of pathogens, limiting their 
expansion and preventing the formation of a 
pathogenic biofilm, while also stimulating local 
immune processes.
A deficiency in numbers, related to factors as 
diverse as oestrogen deficiency, prolonged 
use of antibiotics, tobacco consumption or 
hygienic errors, promotes the appearance 
of both endogenous infections (candidiasis, 
bacterial vaginosis, aerobic vaginitis) as well as 
the acquisition of exogenous infections such as 
sexually transmitted diseases.
The use of probiotics (or replacement 
lactobacillus) in the gynaecological field is a recent 
development. While their efficacy is proven in the 
prevention of bacterial vaginosis (the prototype 
of an imbalance of the vaginal microbiota), 
additional studies still need to be conducted to 
determine their interest in other areas, for example 
in the prevention of recurrent vaginal candidiasis 
and premature labour (often associated with 
bacterial vaginosis). Recently, preliminary studies 
have suggested the usefulness of probiotics 
prescribed among pre-menopausal women to 
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delay the onset of symptoms of vaginal atrophy 
and even osteoporosis during menopause.
Nonetheless, several questions remain—for 
example, which lactobacilli strains should be used 
in the preparation of gynaecological probiotics? 
Should we combine multiple strains of lactobacilli? 
Should administration be oral or vaginal? What is 
the optimal duration of the prescription?

It is undeniable that probiotics will come to 
enhance the preventive (and possibly therapeutic) 
arsenal at the gynaecologist's disposal in the 
coming years. This should lead to a reduction in 
the use of conventional anti-infective treatments, 
with a concomitant reduction in the risk of 
resistance to these medicinal products. The scope 
and application of probiotic use in gynaecology 
remain areas to be studied in much greater detail. 
This shall be the goal of future research.

MICROBIOTA AND 
CARDIOMETABOLIC DISEASE 

 Prof. Jacques Amar, CHU Toulouse,  

Prof. Rémy Burcelin, INSERM 1048,  
Michaël Courtney, VAIOMER SAS, Labège
 
The human microbiota is the community 
of microorganisms that cloaks our 
epithelia and lives within our tissues. 
The host-microbiota interaction plays an 
important role in our health. 

The specificity of intestinal microbiota as a function 
of age, region of the world,43 and certain medical 
conditions, including diabetes44 and cirrhosis,45 has 
been established. Furthermore, the proximity of the 
microbiota is correlated with family, thus bringing 
the concept of metagenomic46 heredity into play. 
The transmissibility of obesity by the intestinal 
microbiota has been demonstrated: mice colonised 
by flora taken from obese mice gain more weight 
than those whose digestive tract is colonised by 
intestinal flora taken from mice of normal weight.47 

Host-microbiota interactions also exist in the 
field of cardiometabolic diseases. In the case 
of diabetes, we have shown in mouse48 and 
human49 models, that a high-fat diet increases the 
translocation of bacterial lipo-polysaccharides 
(LPS) from the intestine to the tissues, and the 
causal role of these LPS in the onset of diabetes 
has been demonstrated.49

Following up these findings, we have also revealed 

the role of bacterial translocation in the onset of 
diabetes, and the existence of a specific tissue 
microbiota.50 In agreement with these results, we 
have also described the predictive role of blood 
concentrations of bacterial DNA in the occurrence 
of diabetes in the general population.51

With regard to cardiovascular disease, 
the causative role of the translocation of 
trimethylamine-N-oxide (TMAO, a metabolite 
produced by intestinal bacteria) in a murine 
atherosclerosis model has been demonstrated,52,53 
as has a correlation between blood levels of 
TMAO and cardiovascular risk in humans.54 
Our group has shown a correlation between 
cardiovascular risk and DNA belonging to the 
phylum Proteobacteria in the blood.55

Intervention studies
Control of the host-microbiota relationship is 
an innovative therapeutic strategy. In this short 
review we shall consider three therapeutic 
strategies already subjected to study.

1. Antibiotics
The infectious hypothesis of atherosclerosis has a 
long history. During the 2000s, many therapeutic 
trials compared the prognosis of high risk 
patients placed on either antibiotics or placebo. 
Overall, the results were negative.56 It maybe that 
the lack of a demonstrable effect was due to the 
fact that these studies targeted a pathogen, and 
not a resident microbiota. In this regard, it has 
been shown that once antibiotics are stopped, 
the microbiota largely returns to its prior state.57 

2. Prebiotics
These are essentially what we eat and drink. 
Their availability exerts a selective pressure 
on the intestinal microbiota and also the tissue 
microbiota downstream. The recent randomised 
trial PREDIMED,58 conducted on a very large 
population of patients at high cardiovascular 
risk in primary prevention, established a 30% 
reduction in the composite endpoint of myocardial 
infarction, stroke and cardiovascular death for the 
group following a Mediterranean diet enriched in 
olive oil or nuts (walnuts, hazelnuts, almonds). It 
is possible that the prebiotic effect associated 
with these dietary measures can explain, at least 
in part, the beneficial effect observed.

3. Probiotics
These are microorganisms which, when ingested, 
have a therapeutic effect. Proof of the concept 
has been established. In a randomised study 
conducted in patients with recurrent episodes of 
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C. difficile colitis,59 the transplantation of faeces 
obtained from healthy donors was markedly 
superior to antibiotics in obtaining remission.
Faecal transplantation is currently under study in 
the field of cardiometabolic disease. The evidence 
available is in the form of measured effects of 
probiotics, the precise characteristics of which are 
known, and which have been prepared in a precise 
pharmaceutical form, on proxy criteria such as 
blood pressure. We also cite a meta-analysis 
suggesting the beneficial effect of probiotics on 
blood pressure, with a heterogeneity of effect 
depending on the dose, the composition and the 
duration of administration of the probiotic used.60

Perspectives
Control of the host-microbiota relationship is a 
therapeutic target. Given the successes noted 
in PREDIMED and the faecal transplant studies, 
effective probiotic and prebiotic compounds 
need to be selected and developed in new 
presentations, and new regulations adapted to 
these types of compounds should be formulated.

THE STUDY OF MICROBIOTA: A 
NEW APPROACH TO CERTAIN 
NEUROLOGICAL DISEASES 

 Prof. Patrick Vermersch, CHRU Lille

The microbiota—notably that of the digestive 
tract—is currently the subject of intense research. 
Virtually unknown as recently as ten years ago, its 
study has passed far beyond its origins in intestinal 
and nutritional pathologies. In hindsight, it is 
difficult to understand how its role was neglected 
for so long. Developments in the field have given 
rise to a new set of terminology (microbiome, 
probiotics, pharmabiotics, etc.) and have shown 
how environmental pressure, the use of antibiotics 
and nutritional disorders can temporarily or 
permanently alter the microbiota. This microbiota 
in "dysbiosis" is associated with a breakdown in 
homeostasis. Many studies have hypothesised 
that this dysbiosis may cause or contribute to 
the development or worsening of disorders, both 
locally and systemically. For the latter, given the 
richness of the microbiota, it is indeed highly 
unlikely that its systemic role is neutral. 
In this first issue of Revue des Microbiotes, we have 
chosen to summarise the impact of the microbiota 
in the different disciplines represented by the 
authors, and for my part, on neurological diseases. 

Two working hypotheses have been proposed 
for these diseases: on the one hand involving the 
action of the microbiota on the immune system, 
locally but especially systemically, and, on the 
other hand, on the relationship between the brain 
and the digestive tract. This double influence has 
been discussed for some years, particularly in the 
case of multiple sclerosis (MS). In this degenerative 
and demyelinating inflammatory disease, immune 
dysfunction originates in the periphery, even if 
the consequences occur in the central nervous 
system. Studies have suggested that changes in 
the microbiota alter the severity of autoimmune 
encephalomyelitis in an experimental animal 
model of MS. This result is linked to changes 
in sub-populations of peripheral lymphocytes, 
notably in “regulatory” populations, which play a 
key role in the development of MS. Such a role for 
the microbiota is also consistent with 'hygienist' 
theories proposed for certain diseases like MS, in 
which the action of the immune system is central. 
In these pathologies, chronic parasitic conditions 
of the intestine may influence both the risk of 
disease and its severity, by modifying the immune 
system, either directly, or indirectly via its effect on 
the microbiota. These advances are at the basis of 
many studies on the composition of the microbiota 
in MS, but also of a number of therapeutic 
possibilities, particularly involving probiotics and 
faecal transplants. The role of the microbiota is also 
under discussion in the field of neurodegenerative 
diseases, particularly Parkinson's Disease (PD) and 
Alzheimer's Disease (AD). Recent studies have 
shown that the intestinal microbiota interact with 
the central and autonomous nervous systems, 
each by different routes which include the enteric 
nervous system and the vagus nerve. Modifications 
to the microbiota subjected to qualitative analysis 
showed that certain changes influence the clinical 
expression of the disease. Colic changes related 
to alpha-synucleinopathy appear early in PD, and 
may, along with the microbiota, contribute to 
the abnormal immune response observed in the 
gastrointestinal tract in these patients. Research is 
less advanced in AD. Nevertheless, the microbiota 
may well influence the disease, on the one hand via 
the induction of immune changes which contribute 
to lesion formation, and on the other hand via the 
particular risk factors, notably vascular, associated 
with AD such as obesity. 
The study of the microbiota offers us a new per-
spective on certain neurological diseases, risk 
factors and pathophysiological mechanisms, and 
also opens up a number of potential avenues for 
intervention.
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MICROBIOTA LIVE!

LIVE FROM ACTRIMS/ECTRIMS
BOSTON, 10–13 SEPTEMBER 2014

 Prof. Patrick Vermersch, CHRU Lille

The annual joint meeting of ACTRIMS/ECTRIMS* 
is the global forum for contributors in the 
research and treatment of multiple sclerosis 
(MS). For the first time at this meeting, a number 
of poster presentations appeared on the theme 
of the microbiota, demonstrating a growing 
interest in the subject. The studies presented 
were particularly centred on the influence of 
the microbiota in susceptibility to experimental 
autoimmune encephalomyelitis (EAE), an animal 
model for the study of MS, and the cellular 
mechanisms underlying this susceptibility. 
The Ochoa-Repáraz team (Hanover, USA) was the 
first to demonstrate that the PSA polysaccharide 
of Bacteroides fragilis, one of the major bacteria 
in the intestinal microbiota, could inhibit EAE. 
The team1 showed that lymphoid tissue in the 
digestive tract regulated expression of EAE via 
T-regulatory populations under the influence 
of the commensal flora, notably via synthesis 
of interleukin 10 (IL-10) and the inhibition of 
TNF-α synthesis. The same team2 tested this 
hypothesis in patients with MS having received 
no immunomodulatory or immunosuppressive 
treatment at all, or no treatment for at least 30 
days. Patients' mononuclear cells were cultured 
in the presence of PSA. The results showed an 
increase in regulatory populations and in their 
capacity for IL-10 synthesis. 
The poster presented by Takata et al.3 analysed 
the potential influence of on EAE of certain yeast 
strains. The idea was to see if the recent increase 
in the incidence of MS in Japan could be related 
to dietary changes, and especially in products 
derived from yeast. Among many strains of 
Candida, only the strain Candida kefyr (C. kefyr) 
influenced EAE, very significantly reducing its 
severity. A decrease in CD4 cells producing IL-17 
was observed in the lamina propria, along with a 
reduction in synthesis of inflammatory cytokines 
in the lymph nodes in general and an increase in 
regulatory dendritic populations in the mesenteric 
nodes. An analysis of the flora after treatment 
with C. kefyr showed an increase in lactobacilli 
and a decreased Bacteroides/Prevotella ratio. 
The transfer of a flora high in C. kefyr to other 
mice replicated these effects and diminished the 

clinical expression of EAE. The administration of 
extracts from this strain of Candida to humans is 
mentioned as a therapeutic avenue in MS. 
The US Network of Pediatric Multiple Sclerosis 
Centers has been studying the intestinal 
microbiota of young patients for a little under 
two years (average age: 13.2 years, mean EDSS 
score 2.0).4 Preliminary results in 20 patients 
have shown significant differences between MS 
and control patients with elevated Proteobacteria 
(Shigella, Escherichia) and certain Firmicutes 
(Clostridium), and a depletion of other Firmicutes 
(rectal Eubacterium) and Actinobacteria 
(Corynebacterium). These differences do not 
seem to be influenced by immunomodulatory 
treatments. 
These preliminary results make plausible the 
hypothesis of modulation of cell populations 
involved in MS by the microbiota. Therapeutic 
trials are now planned by some of these teams.
*ACTRIMS/ECTRIMS : Americas/European Committee for Treatment 
and Research of Multiple Sclerosis

 FIND OUT MORE 
Regulation of CNS demyelination by 
the intestinal microbiota.1 
Members of this team have recently identified 
a polysaccharide (PSA) produced by a human 
symbiotic bacterium, Bacteroides fragilis, having a 
prophylactic and therapeutic immunomodulatory 
effect in EAE after oral administration. They 
sought to determine the mechanisms involved 
in the responses observed in both EAE and MS. 
Kasper, L.H. et al. have demonstrated the ability 
of commensal agents to modulate the phenotype 
and functional regulation of immune cells in the 
two cases. In vitro analyses carried out on human 
mononuclear cells from peripheral blood have 
shown a dose-dependent increase in regulatory 
T-cells (Tregs) producing IL-10, and a simultaneous 
decrease in TNF-α, antigen presentation by 
the PSA being essential in acquisition of the IL-
10 regulation phenotype compared to healthy 
donors. By correlating the action of symbiotic 
bacteria and the acquisition in humans of a 
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Treg cell phenotype, these initial results in vitro 
and in vivo support a new mechanistic model of 
protection against CNS demyelination. 

Induction of Treg Foxp3+ suppressor 
cells by a commensal antigen.2
Encouraged by their results,1 the members of the 
team went on to compare the action of PSA on 
Treg cells and IL-10 in patients with MS, either never 
having been treated, or having gone at least 30 
days without treatment, versus control subjects 
matched for age. After maintaining antigen-
presenting cells and T cells from blood samples 
for up to six days in culture in the presence of PSA, 
they confirmed the capacity of PSA to induce 
both cytokine production and the conversion of 
T-cells in both MS and control subjects. Following 
these results, the authors suggest the possibility 
of a therapeutic application in MS. 

The product of a commensal symbiote 
prevents CNS demyelination by 
expansion of CD39+ regulatory T-cells 
via the TLR2 receptor5

This same team also evaluated the capacity of PSA 
to control the immune response in a mouse model 
of EAE not expressing the cellular receptor TLR2 
versus EAE control mice. The immunoregulatory 
effects of PSA—a decrease in the severity of 
EAE, a decrease in leukocytes infiltration into the 
CNS, reduced demyelination and inflammatory 
cytokine levels, and the stimulation of migratory 
CD39+ regulatory T cells—were only observed 
in the presence of TLR2. These results show the 
ability of PSA to limit autoimmunity in the CNS 
and to enhance the tropism of CD39+ regulatory 
T-cells by introducing a tolerogenic immune 
response, with regard to systemic inflammation, 
via this receptor. 

The intestinal flora altered by C. kefyr 
decreases sensitivity to experimental 
autoimmune encephalomyelitis.3 
An link between diet and the development of 
autoimmune diseases has recently been found, 
especially in Japan, where a rapid increase in the 
incidence of multiple sclerosis has been attributed 
to changes in eating habits. The effects of dietary 
yeast on health nonetheless remain poorly 
understood. The authors of this study sought 
to characterise the effects of 11 dietary yeasts, 
administered orally, in an EAE model. Their results 
show that only C. kefyr brings about significant 
clinical improvement, with reduced production of 
interferon-γ and IL-17 at the inguinal lymph nodes, 
reduced infiltration of inflammatory cells in the 
CNS, reduced numbers of IL-17-producing of 

CD4+ cells at the intestinal lamina propria, and a 
significant increase in the number of Treg cells and 
regulatory dendritic cells in the mesenteric lymph 
nodes. Intestinal tissue cultures also demonstrated 
a significant drop in the production of IL-6 in the 
C. kefyr group. Sequencing of the 16S ribosomal 
RNA revealed an increase in Lactobacillals and a 
decrease in the Bacteroides/Prevotella ratio. The 
transfer of microbiota from mice treated with 
C. kefyr reproduced the decrease in this ratio 
and improved the EAE. The results of this study 
therefore suggest that dietary intake of C. kefyr 
may be able to influence immune system status 
and play a beneficial role in the treatment of MS. 

The intestinal microbiota in paediatric 
MS: a case-study4 
A group of American researchers hoped to 
characterise the intestinal microbiota of children 
aged under 18 with relapsing-remitting MS, in the 
first two years following the onset of symptoms, 
comparing them with control subjects matched 
for age and sex. Between November 2011 and 
2013, twenty patients (10 boys and 10 girls) and 16 
controls (9 girls and 7 boys) were included. At the 
time of sampling, the average age was 13.2 years, 
the mean disease duration 11 months, and the 
median EDSS score was 2. Three children had been 
exposed to an antibiotic (2 patients/1 control) 
and ten (8/2) with corticosteroids within the two 
months before the sample was taken. Twelve 
(10/2) had been treated with immunomodulatory 
or immunosuppressive therapy within the 
previous three months. Preliminary results showed 
significant differences in bacterial composition 
between the two groups, with an enrichment 
of Proteobacteria (Shigella, Escherichia) and 
certain Firmicutes (Clostridium), and a depletion 
of other Firmicutes (rectal Eubacterium) and 
Actinobacteria (Corynebacterium) in patients 
with MS versus control subjects (p <0.01). These 
preliminary results indicate an alteration of the 
microbiota in very early paediatric MS, with an 
enrichment in bacteria associated with infectious 
gastrointestinal phenomena. 

RÉFÉRENCES
1.  Kasper LH, Wang Y, Telesford K, et al. Regulation of CNS demyelination  

by the gut microbiome. ACTRIMS-ECTRIMS MSBoston 2014. P611. 
2.  Telesford KM, Wang Y, Ochoa-Repáraz J, et al. Commensal 

antigen induction of suppressive human Foxp3+ Tregs. 
ACTRIMS-ECTRIMS MSBoston 2014. P617.

3.  Takat K, Tomita T, Koda T, et al. Intestinal microflora modified 
by Candida kefyr reduces the susceptibility to experimental 
autoimmune encephalomyelitis. ACTRIMS-ECTRIMS MSBoston 
2014. P612.

4.  Tremlett H, Fadrosh D, Lynch S, et al. Gut microbiome in early 
pediatric multiple sclerosis: a case-control study. ACTRIMS-
ECTRIMS MSBoston 2014. P615.

5.  Wang Y, Telesford K, Begum-Haque S, et al. A commensal 
symbiont product prevents murine CNS demyelination via 
TLR2-mediated expansion of migratory CD39+ T-cell subsets. 
ACTRIMS-ECTRIMS MSBoston 2014. P614. 



THE MICROBIOTA CHRONICLE

16

Faecal microbiota transplantation (FMT) involves 
the introduction of a faecal sample from a healthy 
donor into the gastrointestinal tract of a recipient 
patient with the aim of rebalancing the intestinal 
flora of the host. The first FMT procedures were 
described in 1958 and were mainly proposed in 
patients suffering from refractory Clostridium 
difficile infections. It was not until 2013 that the 
first randomised controlled study was published 
in the New England Journal of Medicine, 
demonstrating the superiority of FMT by naso-
jejunale probe versus conventional treatment 
with vancomycin (500 mg x 4/day for 14 days) in 
the lasting healing of recurrent C. difficile colitis 
(94% versus 31%, p  <0.001).1 Since then, FMT 
has been the object of growing interest in the 
medical world, both in the eyes of patients and in 
economic terms. 
Following the “tainted blood scandal,” and the 
establishment of requirements concerning the 
disinfection of endoscopes; while the nature 
(bacteria, viruses, phages, eukaryotes) and 
quantities of microorganisms that make up the 
intestinal flora remain largely unknown, and while, 
furthermore, no validated protocols for FMT (oral, 
duodenal-jejunal or via the colon by enema or 
colonoscopy) exist, and given that even the source 
of faecal donors remains unclear (definition of a 
healthy donor, first-degree relative, entourage 
etc.), no fewer than 1,200 publications on FMT are 
listed in medical databases!* Concerning various 
diseases (chronic inflammatory bowel disease, 
irritable bowel syndrome, obesity, autoimmune 
diseases, neuropsychiatric disorders, etc.), these 
publications are largely reports of uncontrolled 
trials. 
A similar enthusiasm for FMT has also been 
noted with patients who, seeing the treatment as 
somehow “organic,” have subjected themselves to 
the procedure or performed it upon themselves, 
with the first cases of consequential fatal septic 
shock2 being described, along with cases of 
intestinal infection by Norovirus,3 Blastocystis 
hominis and, possibly, Cytomegalovirus.4 The 
interest in FMT has also not gone unnoticed by 
investors who have begun establishing paid 

faeces banks, forcing the US Food and Drug 
Administration (FDA) to limit the use of the FMT 
to stool donors known either to the physician or 
the receiver.5 
In France, the French National Agency for Medicine 
and Health Product Safety (ANSM) published a 
report in March 2014,6 to limit unlicensed FMT, 
specifying that:
1)  FMT must be considered as a medicinal 

product, to be used within the legislative and 
regulatory framework for pharmaceutical and 
hospital preparations or medicinal products for 
use in a clinical trial, 

2)  donor candidates must be carefully selected, 
with mandatory testing for infectious agents, 
favouring one or more anonymous donors 
rather than a person or persons from the 
recipient's entourage, 

3)  the preparation of the faecal microbiota should 
be carried out under the responsibility of a 
pharmacy making preparations for the sole 
internal use of a health facility or microbiology 
laboratory, 

4)  product traceability is essential, with donor 
and recipient samples placed in a faecal bank 
both before and after the FMT procedure. 

* PubMed consulted January 8, 2015
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TRANSPLANTATION OF FAECAL MICROBIOTA  
A SURPRISING THERAPEUTIC APPLICATION —  
SHOULD IT BE A CAUSE FOR CONCERN?

  Prof. Pierre Desreumaux, Centre de Recherche sur l’Inflammation (LIRIC) INSERM 995, Lille
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In 1885, Louis Pasteur, commenting before the 
Academy of Sciences on a note made by his pupil 
Duclaux on nitrogen fixation by plants, wondered 
for the first time if it was possible to raise an 
animal, and keep it healthy, totally devoid of 
microorganisms. Suspecting before anyone else 
that a symbiosis existed between bacteria and 
mammals, he wrote that in his view, life in these 
conditions would not be possible, but added 
that it may be of great interest to try. Ten years 
later, two German researchers managed to keep 
a guinea pig obtained by caesarean section alive 
for eight days without germs. It was not until 
1946 that a pair of rats reproduced in entirely 
aseptic conditions at the University of Notre 
Dame (USA) where the first 'germ-free animal' 
breeding programme was created. These rather 
particular menageries have since developed in 
many countries, and today represent the best in 
vivo models for the study the microbiota and its 
influence on the physiology of the host 

RÉFÉRENCE : 
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WHAT THE MICROBIOTA HAVE TO SAY THE STORY OF THE MICROBIOTA

GERM-FREE ANIMALS: 
PASTEUR’S PET THEORY!

 Dr Philippe Gérard, INRA, Jouy-en-Josas 
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Metagenomics is the method by which the 
genomes of microorganism populations present 
in the ecosystem of a given sample are studied. 
It is based on high-throughput sequencing of all 
DNA present without distinction between the 
organisms from which it comes 

MICROBIOTA ILLUSTRATED

HOST ISOLATION AND 
GNOTOBIOLOGICAL 
EXPERIMENTATION

This is the breeding and use of axenic (germ-free) 
animals, or animals in which the flora is precisely 
controlled, in order to study the interactions 
between the microbiota and its host 

 Dr Philippe Gérard, INRA, Jouy-en-Josas
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INTERVIEW

Why did you choose to study microbiota?

My interests followed a similar path to those of the 
INRA, whose original purpose was to understand 
the interaction between animals and their nutrition, 
with the aim of satisfactorily feeding the French 
population after the second world war. The animal 
microbiota held a central role, and I devoted my 
initial research to it. However, by the mid-1980s, 
the institute had developed to focus more on 
human nutrition, and my work similarly gravitated 
towards humans. The central idea that motivated 
us was, that as a crucial component between the 
host and the food it eats, the microbiota (and 
its management), was an important element in 
considerations of disease prevention and health. 
Thanks to the skills we acquired with regard to 
the intestinal microbiota, and the tools we have at 
our disposal today, we have been able to identify 
modifications to the microbiota and open up many 
avenues for the prevention of certain diseases. 

How do you define the microbiota?

The human microbiota consists of a hundred 
trillion bacteria, which we host on our skin and 
the surface of our mucosal membranes. That is 
nearly ten times more microorganisms than there 
are cells in our own bodies, while the number of 
identified bacterial genes outnumbers those of 
our own genome by a hundred times.
Most of these bacteria are found in the intestine, 
and there is a close and intimate relationship—
one could speak of a symbiosis—between the 
bacteria of this microbiota and their host. 

Is the microbiota universal?  
Are there variations, different types? 

The first concept to understand is that our 
organism is associated in a very intimate way 
with microorganisms acquired in early childhood. 
When the system is stressed, for example after 
treatment with antibiotics, the microbiota is 
momentarily disrupted, but usually returns 
to its initial equilibrium state. However, some 
disturbances can defeat the robustness of 
the ecosystem, and bring about a sustained 
imbalance. 
Through the development of metagenomics, 
which allows us to take a snapshot in time of 
the composition, in bacterial genera, of a given 
microbiota, we have discovered that there are three 
different main types of intestinal ecology, which 
we call enterotypes. The first group is dominated 
by Bacteroides, the second by Prevotella and 
the third by a set of Gram-positive bacteria and 
archaea. This discovery has not led to a consensus 
among biostatisticians, some arguing that the 
distinctions between these three enterotypes 
are artefacts of the statistical method used. I 
personally think that the differences genuinely 
correspond to different intestinal ecologies, but 
this is an area of study that needs to be looked at 
more closely. 
When we tried to uncover connections between 
these enterotypes and other factors, we observed 
no correspondence to age or geographical origin, 
at least among the ethnic groups and populations 
studied, mainly cohorts of individuals from 

The INRA was founded in 1946. Since the 1960s, the microbiota has been seen 
as a central element of work on animal nutrition. Since joining the institute in 
the 1980s, microbial ecologist Joël Doré has been fascinated by the study of 

the intestinal microbiota and sees it as his mission to defend the importance of this 
"organ" in nutrition and health. Following recent progress, and with the growing 
interest in the scientific and medical community in this field, we asked to meet him 
and find out his thoughts on this ongoing revolution.

MICROBIAL ECOLOGY REFLECTED IN THE MEDICINE  
OF TOMORROW

 Interview with Prof. Joël Doré, INRA, Jouy-en-Josas
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Europe, North America (Canada, USA) and Japan. 
There was no difference in the distribution of the 
enterotypes. However, the rare studies that have 
investigated the relationship between intestinal 
ecology and food in detail have shown that 
there is probably a strong association with long-
term eating habits. Thus, the Bacteroides group 
may be associated with a fast-food diet,   while 
Prevotella is predominant in those with a high 
fibre diet. Very recent work, from 2013 and 2014, 
compared European with African populations and, 
secondly, North American with South American 
populations. Although the cohorts from Northern 
countries are more urban and those of the South 
more rural, the work appears to indicate that the 
Prevotella enterotype is largely predominant in 
African and South American populations where 
consumption of vegetable products is dominant. 

According to work being carried out now, 
can we say that harbouring different 
enterotypes has physiological or 
pathophysiological consequences? 

Well, I wouldn't be so bold as to speak of 
causality! On the other hand, comparative 
analysis of healthy individuals and patients tells 
us a lot about the existence of correlations that 
may be predictive. For example there seems to 
be a strong association between the Bacteroides 
enterotype and an undiversified, impoverished 
microbiota, systematically linked to the most 
pejorative context for disease. This is often an 
association with inflammation, either low-grade 
systemic inflammation, for example in metabolic 
diseases, or major local inflammation, as in cases 
of inflammatory bowel disease. This low diversity 
is also associated with the most unfavourable 
contexts—in obesity and metabolic diseases—
with individuals having larger differences in terms 
of insulin resistance, cholesterol and triglyceride 
levels, and low-grade inflammation. 
In a study involving obese or overweight individuals 
published in 2013, we showed, in collaboration with 
Karine Clément and our nutritionist colleagues of 
the INSERM unit at the Pitie-Salpetriere hospital, 
that the fraction of this population with the 
least diversified microbiota, associated with a 
dominance of Bacteroides, responded less well 
to a low calorie diet aimed at helping them lose 
weight. By providing a "snapshot" of the intestinal 
microbiota, the metagenome gives a predictor of 
both poorer response to a low calorie diet, and of 
the impact on body fat, cholesterol, triglycerides, 
insulin resistance and markers of inflammation.

BIOGRAPHY

Joël Doré began his career at INRA 
in 1983 working on the physiology 
of the animal microbiota. He then 
became interested in the study 
of the human intestinal ecology, 
becoming one of the international 
pioneers in the study of the human 
metagenome. He is currently 
director of research at the MICALIS 
Institute - Food Microbiology in 
the Service of Health (micalis.fr). 
He is also scientific director of the 
MetaGenoPolis service unit (mgps.
eu), a unique project in Europe 
funded by the French programme 
for future investment, which is 
dedicated to establishing the 
impact of the intestinal microbiota 
on human health and disease.
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Can we influence the microbiota?  
Can the enterotype be changed? 

The literature provides information on the way 
changes in nutrition may allow the intestinal 
microbiota to be modulated. In our work on obesity, 
we found that a diet consisting of a wide variety of 
fibres, very little fat and a little more protein than 
average, increases the diversity of the intestinal 
microbiota and may potentially modulate the 
enterotype or change the categorisation of an 
individual as belonging to a given enterotype. The 
modulation of the intestinal microbiota, and in 
particular the increase in diversity are accessible 
through nutritional means. There are also a number 
of publications in the scientific literature on the 
preventive or corrective physiological effects of 
certain strains of lactic bacteria, or mixtures of 
certain compounds of fibres and prebiotics. 
This approach, however, needs to be nuanced. 
The basic concept is quite simple. "If we use a 
bacterium with a function, a physiological effect 
will be observed." This is true for probiotics with 
which we can hope to induce a dialogue with 
the immune system and thereby a favourable 
modulation of immunity. And it is also true for 
prebiotics, which stimulate certain bacterial 
species or a particular bacterial genus as, for 
example, fructo-oligosaccharides promote 
bifidobacteria numbers. However, this view of 
the situation is rather too simplistic. We need to 
push the argument further and develop a more 
comprehensive approach, making preventive 
nutrition or modulation of the microbiota a lever 
on health.

How do you see the future of research 
developing in the field of microbiota? 

Extraordinary progress was made at the turn of the 
century in characterising the intestinal microbiota 
via genomics. We then considered the microbiota 
as a biological entity in itself, and have been 
able to extract genetic information sequenced 
at very high speed. This genetic information 
has provided us with direct information on the 
existing dialogue between intestinal bacteria and 
their human host. As this work continues we can 
expect significant progress, in particular on the 
understanding of the interactions between the 
intestinal bacteria, microorganisms in transit in 
the intestine, and human cells—not only those of 
the intestinal wall but also those of other tissues 
and organs, including the brain. 

Understanding how bacteria interact with human 
cells is now within reach. For now, the process of 
extraction of genetic information from the content 
of the human digestive tract helps gives us the 
information we require on the microorganisms 
present at a given moment. In the near future 
we can hope to understand the functions of 
these microorganisms within their ecosystem. 
This requires technological advances already 
under study today, for example analysis of RNA 
and protein signals. This better understanding of 
function represents, to my mind, the near future 
of research in this area. In terms of applications, it 
will be essential to have keys for interpreting the 
results in order to be able to further personalise 
nutrition and medicine based on the individual 
microbiota and metagenome.

What key messages would you like to leave 
our readers with? 

I would like to instil in the mind of the medical 
community the idea that while we have thus far 
developed a medicine of man by man, independent 
of his microbes, we now need to adopt a more 
holistic approach. The individual is an association 
of organs, human cells and the microorganisms 
it hosts, with permanent interactions. It may be 
wishful thinking, and will certainly be a difficult 
idea to implement. But my hope is this: that 
microbial ecology will be taken into account in 
the medicine of tomorrow. I am always trying to 
work towards this, notably by hosting, along with 
a group of specialists, a science news website for 
doctors (gutmicrobiotaforhealth.com).
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THE CONCEPT OF PROBIOTICS CLARIFIED...

 Prof. Bruno Pot, Institut Pasteur, Lille

In October 2013, a panel of experts met under the auspices 
of the ISAPP* to draw up an inventory of probiotics and 
update the current state of knowledge. The definition 
of probiotics established by the FAO/WHO in 2001,* 
"living microorganisms which when administered in 
adequate amounts, confer a health benefit on the host" 
was deemed appropriate and adequate, and considered 
applicable to current and future work. 
The expert panel reached a consensus, the main points 
of which were as follows.
•  Defined as probiotic, any microbial species proven by 

controlled studies to confer a benefit in terms of health.
•  Any claim of the kind "contains probiotics" must be 

duly substantiated.

•  Live cultures (for example fermented foods) not 
having been demonstrated to confer a benefit for 
health cannot be considered to be probiotics.

•  Transplantation of faecal microbiota cannot be 
considered to be a probiotic application.

•  New commensals and consortia containing defined 
strains from human samples with evidence of efficacy 
and safety are considered to be probiotics.

RÉFÉRENCE :
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This recent article by Hill et al. aims to clarify the 
difficulties encountered in classifying probiotics. 
In the domain of food, the EFSA* has consistently 
rejected the health claims made for probiotics 
and, above all, has banned the use of the word 
"probiotic" in the framework of the distribution of 
this type of ingredient to the consumer. This has 
created a sense of discrimination against the term 
"probiotic" when compared, for example, to terms 
used for dietary supplements, such as vitamins or 
dietary fibre, which also have beneficial effects on 
health. 
In October 2013, an expert group mandated by 
the ISAPP,* met 12 years after the publication 
of the definitions and guidelines for probiotics 
by the FAO/WHO.* They confirmed the original 
definition, clarified certain inconsistencies 
between the FAO/WHO* Expert Consultation 
and the guidelines published thereafter, and 
made efforts to take into account advances in the 
science and new applications since 2001, with the 
support of over 8,000 published articles. 
The Committee is convinced that there is enough 
evidence, supported by hundreds of clinical 
studies in humans and dozens of positive meta-
analyses (covering various strains) to defend the 
hypothesis that most probiotics share genuine 
"beneficial health effects." This conclusion is 
based on the existence of universal mechanisms 
for almost all probiotics, including the production 
of fatty acids, regulation of intestinal transit, 
rebalancing of the microbiota, acceleration 

of enterocyte division and the competitive 
exclusion of pathogens. All these properties 
therefore support the existence of a "category," 
called probiotics, with almost universal health 
effects. Nonetheless, some properties are shared 
by only a limited number of probiotic strains, 
including vitamin synthesis, direct antagonism, 
strengthening the intestinal barrier, metabolism 
of bile salts, various enzymatic activities and the 
neutralisation of toxins. Support for health claims 
of these types requires considerably more specific 
study. Finally, it is possible to demonstrate certain 
particular effects, specific to a strain, such as 
activity on immune, endocrine, and neurological 
systems, and the production of specific bioactive 
compounds. These approaches require well-
conducted clinical studies.
A probiotic product may exert its beneficial 
effects through several mechanisms operating 
simultaneously; nonetheless, it is unlikely that any 
given probiotic acts via all available mechanisms. 
A more precise definition of the term "probiotic" 
will therefore be useful in guiding clinicians and 
consumers, enabling them to recognise and 
identify the various products on the market and 
associate each one with the health benefits it has 
to can offer. 
* Acronyms: EFSA: European Food Safety Authority. 
FAO/WHO: United Nations Food and Agriculture Organisation/
World Health Organisation. 
ISAPP: International Scientific Association for Probiotics and 
Prebiotics.

Article summary
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FOCUS on gastroenterology

Several clinical studies have demonstrated the 
usefulness of certain probiotics in the treatment 
of abdominal pain or bloating, especially in 
patients with irritable bowel syndrome.1 While 
these studies have demonstrated a significant 
therapeutic effect on the symptoms, no studies 
in humans had thus far been interested in the 
mechanisms of action of probiotics at the origin 
of these analgesic effects. 
In 2007, Rousseaux et al. demonstrated that 
oral administration of Lactobacillus acidophilus 
L-NCFM to mice and rats induced, in a dose-
dependent manner, the expression of μ opioid 
receptors (MOR) and receptors for type 2 
cannabinoids (CB2 receptors for cannabis) on 
intestinal epithelial cells.2 
In a murine model of rectal distension, the 
administration of this lactobacillus in vivo led to 
the expression of these two receptors, involved 
in regulating pain, in the colon, and leading to the 
pain threshold being raised by 30%.2 The Ringel-
Kulka et al. study is the first in humans highlighting 
the possibility of inducing the expression of 
receptors regulating abdominal pain locally in the 
colon using probiotics. The increase in expression 
of the μ opioid receptor is specifically associated 

with the use of the probiotic strain Lactobacillus 
acidophilus L-NCFM. 
Several studies have shown that the effect of 
probiotics is strain- and dose-dependent. In this 
work, the lack of biological effects observed 
during concomitant use of L-NCFM and B-LBi07 
on the expression of MOR can be explained by a 
50% decrease in the dose of L-NCFM and/or by 
an inhibitory effect on B-LBi07. Due to the lack of 
power, however, it is prudent to remain cautious 
in the interpretation of the results of this study. 
It would be unwise to postulate a link between 
the clinical effect observed and the biological 
role of these probiotics at this stage. This study 
nonetheless emphasises the value of animal 
models in the discovery of new mechanisms of 
action of probiotics in the digestive tract. 
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Having recently shown that the combination of 
probiotic bacteria Lactobacillus acidophilus NCFM 
(L-NCFM) and Bifidobacterium lactis Bi07 (B-LBi07) is 
effective in reducing abdominal bloating, particularly in 
patients with abdominal pain, and that by acting on the 
μ opioid (MOR) and cannabinoid CB2 receptors in mice, 
only L-NCFM reduced visceral sensitivity, the authors 
of the American study sought to determine the role 
and mode of action of this lactobacillus in patients with 
mild to moderate abdominal pain. Experiments involved 
taking colon biopsies before and after treatment 
(L-NCFM alone or L-NCFM + B-LBi07 in combination, 
administered in a double-blind protocol) from 
20 Caucasian patients of 18–70 years of age with mild to 
moderate abdominal pain, and asked them to complete 

a symptom log for seven days before treatment and 
during the 7 days of treatment. The Ringel-Kulka team 
observed a trend towards improvement in symptoms 
in both groups, but an increase in the expression of 
μ opioid receptors (MOR) and decreased expression 
of CB2 cannabinoid receptors in the L-NCFM group 
only. These results confirm in humans the results 
reported in mice, and provide a potential explanation 
of the mechanism of action of probiotics on pain. 
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INDUCTION OF COLONIC EXPRESSION OF A RECEPTOR 
ESSENTIAL FOR THE REGULATION OF ABDOMINAL 
PAIN IN HUMANS AFTER ORAL ADMINISTRATION OF 
LACTOBACILLUS ACIDOPHILUS L-NCFM
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FOCUS on immunology

MICROBIOTA AND ADAPTIVE AND INNATE  
IMMUNITY: RECIPROCAL INTERACTIONS

The article by Stefka provides an interesting 
illustration of the complexity of interactions 
between the microbiota and adaptive immunity 
as well as, perhaps more surprisingly, with innate 
immunity, in the pathogenesis of allergy. In this 
article the authors examine the impact of the flora 
on the onset of a food allergy. They demonstrate 
that mice receiving antibiotic treatment (altering 
the normal flora) or mice with no flora at all (axenic), 
develop an allergy in a peanut sensitisation 
model: the microbiota, particularly bacteria of 
Clostridium type, reduce peanut sensitisation. In 
their model, the conventional flora and Clostridium 
have the ability to induce regulatory populations 
in the mucous membranes, also activating innate 
immunity including newly identified cells we 
call "innate lymphoid cells" (ILC). These cells 
synthesise a large amount of IL-22, which is 
known to induce the production of antimicrobial 
peptides in intestinal epithelial cells, as well as to 
increase the production of mucus and especially 
to modulate intestinal permeability to protein 
antigens. The flora, and especially Clostridium, 
thus reduce the passage of food allergens into 
the blood and diminish the risk of subsequent 
sensitisation. Interestingly, the neutralisation 

of IL-22 in this model is not responsible for a 
hyperpolarisation of Th2 type cells but rather a 
Th17 polarisation. Blockade of IL-22 also induces 
an alteration of the flora with excessive production 
of Clostridium, via the production of antimicrobial 
peptides, which demonstrates the impact of the 
immune system on the microbiota. This article 
confirms the reciprocal interactions between 
microbiota and adaptive and innate immunity: 
the microbiota, including Clostridium, can induce 
specific regulatory T-cells that will block the 
development of sensitisation. It can also interact 
with innate immunity via the production of IL-22, 
controlling or reducing intestinal permeability by 
an anti-IL-17 effect, which also has the effect of 
limiting the risk of sensitisation to food allergens. 
This article demonstrates the essential role of the 
microbiota in the pathogenesis of allergy.

Severe anaphylactic responses occurring upon food 
ingestion are a significant and growing public health 
concern. In this study, American researchers have shown 
that sensitisation to a food allergen (peanut extract + 
cholera toxin) is increased in a mouse model treated 
with antibiotics or lacking in commensal bacteria 
(axenic mice). The capacity for protection against this 
allergy is contained within the anaerobic Clostridia 
class, which resides near the intestinal epithelium and 
which, once reintroduced into axenic mice or those 
treated with antibiotics, blocks sensitisation to the 
allergen. Analysis of the epithelial tissue using DNA 
micro-arrays has characterised an innate mechanism 
involving lymphoid cells and the permeability of the 
intestinal epithelium, a mechanism via which Clostridia 

may provide protection against sensitisation by food 
antigens. This study should allow new therapeutic 
approaches to be considered in the prevention and 
treatment of food allergies, based on a modulation of 
the composition of the intestinal microbiota.
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FOCUS on paediatrics

This study confirms the association between 
intestinal microbiota and obesity. Several studies 
have shown a strong link between intestinal 
dysbiosis and obesity1 although the dysbioses 
described are highly variable from one study to 
another. The only common parameter seems to 
be a reduction in the diversity of the intestinal 
microbiota in obese persons. In addition, these 
studies are descriptive in nature, and do not 
propose a causal dimension. 
In 2006, the Turnbaugh team showed that the 
transfer of intestinal flora from a lean mouse to 
an obese mouse can change the phenotype of 
the latter, rendering it thin.2 Thus it has become 
clear that reducing the diversity of the intestinal 
microbiota can play a role in the occurrence of an 
"obese" phenotype. 
Of course, the administration of antibiotics is 
known to decrease intestinal microbial diversity.3 
It was therefore logical to seek an association 
between early antibiotic intake and the 
subsequent development of obesity. 
This cohort study allows such links to be evaluated 
without being subject to recall bias. A secondary 
cohort analysis followed to evaluate the effect of 
the environment on the development of asthma. 
An over-representation of children with asthma 
was reported in this cohort; it is known that early 
exposure to antibiotics is also correlated with 

the development of asthma. Anthropometric 
parameters were not simply declarative in this 
study but were measured with, in particular, 
abdominal circumference.
71% of the children had received antibiotics in 
the first year of life. An association has been 
shown between the use of antibiotics and the 
occurrence of obesity between 9 and 12 years. 
This link remains robust even after adjustment 
for major risk factors for obesity, such as 
maternal obesity, passive smoking and exclusive 
breastfeeding for less than three months. The 
risk of becoming obese with early exposure to 
antibiotics is 1.74 times baseline (CI: 1.04–2.94) 
and 2.56 times baseline (CI: 1.36–4.79) at 9 and 
12 years of age respectively. This effect is clear in 
males (odds ratio [OR] = 5.35; CI: 1.94–14.72) but 
not significant in girls (OR = 1.13; CI: 0.46–2,81), 
suggesting a modulator effect of sex hormones.
However, neither a dose-response effect nor 
any effect depending on the type antibiotic was 
observed. 
Administration of antibiotics in the first year of 
life thus significantly increases the risk of obesity 
among pre-adolescents, very possibly mediated 
by changes in the intestinal microbiota. Could it be 
worth taking a stool sample before administering 
antibiotics to infants, with the aim of performing 
a faecal auto-transplantation thereafter?4

Early exposure to antibiotics may lead to the 
subsequent onset of excess weight: changes in the 
intestinal microbiota may be an indicator of this link. 
Of the 616 children included in the study, more than 
2/3 were treated with at least one antibiotic before one 
year of age. At age 9, these children were significantly 
more often overweight than those not treated (32.9 
vs 20.8%, p = 0.003), a trend confirmed at 12 years 
of age (32.4 vs 18.2%, p = 0.01, n = 431) confirming in 
pre-adolescence the results demonstrated in younger 
children. At the same age, a greater level of abdominal 
obesity (37.7 vs 25.2%, p = 0.01) was noted. After 
adjustment for other traditional risk factors for obesity, 

the link persisted only in boys, which had already 
been highlighted in other cohorts, a finding which 
places interactions between the microbiota and the 
metabolism of sex hormones in the spotlight. 
Given the obesity epidemic and the high exposure of 
children to antibiotics, it is necessary to identify the 
mechanisms involved and to develop strategies aimed 
at mitigating the effects where antibiotic therapy can 
not be avoided. 
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FOCUS on obstetrics & gynaecology

Sixty thousand children are born prematurely in 
France every year, representing 6.6% of all births. 
An increase of 22% over the last fifteen years has 
been noted. Prematurity causes between 1,300 
and 1,500 deaths per year, as well as multiple 
complications, in particular of a neurological 
nature.
One known cause of prematurity is vaginal 
infection, in particular bacterial vaginosis, defined 
by the reduction or disappearance of vaginal 
lactobacilli and their replacement by an anaerobic 
flora. 
While among non-pregnant women, bacterial 
vaginosis is clinically symptomatic (vaginal 
odour), nearly 50% of bacterial vaginosis cases in 
pregnancy are asymptomatic. It has been shown 
that only early diagnosis and treatment of bacterial 
vaginosis can reduce the risk of premature birth.1 
It is therefore important to detect any imbalance 
in the vaginal microbiota as early as possible. 
For this purpose a measurement of vaginal pH 
is a simple and highly sensitive (although not 
specific) technique. This measurement should be 
suggested at the first obstetric visit. A vaginal 
pH >4.7 may be grounds for prescription of an 
antibiotic to treat bacterial vaginosis.
However it seems that antibiotic therapy, 
even early, is insufficient to effectively prevent 
prematurity in some cases. The use of 'alternative' 
products alone or in association with antibiotic 
therapy are possible approaches.

Among these products, lactic acid has shown 
interesting properties in the prevention of 
infection, in the first instance by limiting microbial 
proliferation, but also by playing a role in local 
immune responses.
Lactic acid has two isomers of opposite 
chirality, levorotatory and dextrorotatory. The 
latter, D-lactic acid, limits the action of certain 
substances, such as matrix metalloproteinase-8 
(MPM 8) which modifies the cervical barrier and 
makes it permeable, promoting the ascension of 
potential pathogens.
It is possible that the administration of lactic 
acid (containing the D-isomer) may limit the 
deterioration of the cervical barrier and thus 
reduce the risk of prematurity.
Another alternative would be the use of 
probiotics containing lactobacilli which secrete 
D-lactic acid. Not all Lactobacillus strains secrete 
this isomer. Lactobacillus cripsatus, Lactobacillus 
gasseri and Lactobacillus jensenii all produce it, 
while Lactobacillus iners does not.
Armed with this knowledge, new avenues for the 
prevention of premature delivery may, in the near 
future, benefit products which are both easy to 
use and have few or no side effects.
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Premature delivery is a major contributor to child 
mortality and also has a deleterious effect on the 
health of the mother. Forty to fifty percent of 
premature births are caused by a bacterial infection. 
This review examines the role of the vaginal flora in the 
risk of premature delivery. In cases where the vaginal 
microbiota of pregnant women is not dominated by 
the presence of lactobacilli (in bacterial vaginosis, 
for example), there is an increased likelihood of 
premature birth. Bacterial growth and degradation of 
the cervical barrier increases the spread of bacteria in 
the endometrium and amniotic cavity, which triggers 
increased secretion of pro-inflammatory cytokines 
and prostaglandins, leading to uterine contractions, 

and expulsion of the foetus. The protective roles 
of lactobacilli and lactic acid have recently been 
demonstrated in the prevention of bacterial infection. 
The ability to identify the prevalence of other bacteria 
in the vagina using home pH measurement should, if 
necessary, allow a more protective microbiota to be 
re-established by stimulating the growth of lactobacilli. 
This is an attractive possibility in the overall aim to 
decrease infections and reduce premature births, 
particularly in low-resource settings.
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THE VAGINAL MICROBIOTA AND PREVENTION OF PRE-
MATURE DELIVERY
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FOCUS on metabolism and obesity

ARTIFICIAL SWEETENERS INDUCE GLUCOSE INTOLERANCE           VIA A MODIFICATION OF THE INTESTINAL  
MICROBIOTA

The consumption of artificial sweeteners is 
increasing worldwide, voluntarily as a substitution 
for sucrose, but also unknowingly, as they are 
used in ready-to-eat foods. It has been suggested 
that artificial sweeteners have a deleterious effect 
on glucose tolerance.
This study analyses glucose tolerance and 
changes in the microbiota as artificial sweeteners 
are consumed.
Impaired glucose tolerance has been demonstrated 
after oral loading in mice given water enriched in 
sweetener, compared to mice consuming water 
alone or water supplemented with glucose. This 
applies both in lean mice and those fed a high fat 
diet. Saccharin, the molecule responsible for the 
majority of the intolerance observed, was used 
in obtaining the following results. Intolerance is 
observed at doses equivalent to those received 
by humans, with no change in weight, physical 
activity, energy expenditure or food consumption.
Treatment of mice with antibiotics (targeting 
Gram-negative or Gram-positive bacteria) 
eliminates this glucose intolerance. The transfer 
of microbiota from mice having consumed 
saccharin to axenic mice, reproduced the glucose 
intolerance.
The composition of the microbiota of mice 
having consumed saccharin is unlike that of 
mice having consumed water or glucose. An 
increase in Bacteroides and Clostridiales and a 
reduction in Lactobacillus reuteri were observed. 
Consequently, an increased degradation of 
glycans and an increase in short chain fatty 
acids are observed, characteristic of a saving 
phenotype, the bacteria being more effective in 
recovering energy from food.
In parallel, the authors carried out analyses in 
humans. In a cohort of 381 non-diabetic persons 
of which 44% were men, a correlation was shown 
between the consumption of artificial sweeteners 
and a number of biological parameters 
associated with metabolic syndrome (increased 
weight, waist girth, fasting glycaemia, HbA1c, 
transaminases and reduced glucose tolerance). 
Just as with mice, subjects receiving artificial 
sweeteners have a particular microbiota, enriched 

in Enterobacteriaceae, deltaproteobacteria and 
Actinobacteria. In this cohort, 7 persons who 
did not habitually consume sweeteners were 
subjected to sweetener consumption. Their 
glucose tolerance worsened after seven days 
and the transfer of their stools to axenic mice 
reproduced this glucose intolerance.
In total, these results suggest that glucose 
intolerance induced by sweeteners is mediated 
by a mechanism of changes to the microbiota, 
selecting the most efficient energy-collecting 
species. The fact that this is beginning to be 
confirmed in humans reveals an interesting avenue 
for our understanding of glucose tolerance.
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Israeli researchers have studied the effects of non-
caloric artificial sweeteners (NAS), widely used as 
food additives, on the modulation of the composition 
and function of the microbiota and their effects on 
glucose metabolism. In a mouse model, they showed 
that chronic use of NAS (saccharin) resulted in 
glucose intolerance due to an alteration of intestinal 
commensal flora. The authors identified several distinct 
metabolic pathways changed by the consumption of 
NAS, inducing the dysbiosis responsible for glucose 
intolerance. The effect of NAS on dysbiosis and glucose 

intolerance was also found in a cohort of healthy 
human subjects. Changes in bacterial composition 
observed after ingestion of sweeteners are the same 
as those associated with type-2 diabetes in humans. 
These results call for a review of the massive use of 
sweeteners in our diet, which may have an important 
role in the current diabetes and obesity epidemics. 
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ARTIFICIAL SWEETENERS INDUCE GLUCOSE INTOLERANCE           VIA A MODIFICATION OF THE INTESTINAL  
MICROBIOTA

Artificial sweeteners appeared nearly a century 
ago, marketed with the aim of cutting calories 
from carbohydrate foods while retaining the 
pleasure associated with their sweetness. For this 
reason they are often recommended for obese 
or diabetic patients. However, in practice their 
effects on glycaemic control are controversial, 
some studies having shown a benefit while 
others suggest an association between their 
consumption and the development of obesity 
and diabetes. Suez et al. showed that of the many 
sweeteners available, one—saccharin—induced 
glucose intolerance in mice. In particular, they 
demonstrated for the first time a contribution 
to this effect by the intestinal microbiota. It was 
shown that antibiotic treatment, destroying the 
microbiota, removed the effect of sweeteners. 
Even more remarkable, the transfer of microbiota 
from mice fed with saccharin to axenic mice (mice 
with no microbiota at all) is sufficient to induce 
glucose intolerance in less than a week.
Can we conclude, as the authors suggest, that 
sweeteners may have contributed directly to the 
very diabetes epidemic they were supposed to 
fight? Several factors suggest that it is too early 
to tell. Firstly, extrapolation from results obtained 
in mice to humans is speculative. Secondly, the 
most recent and complete epidemiological 
study, involving tens of thousands of individuals, 
revealed no association between diabetes 

and consumption of beverages containing 
sweeteners.1 Finally saccharin, the sweetener used 
in the Suez article, is little used in human food 
today. Nonetheless, the results obtained by Suez 
et al. in 7 volunteers, of which 4 showed impaired 
glucose response after consumption of saccharin, 
indicate that sweeteners may well induce glucose 
intolerance in a portion of the human population. 
A large cohort study in humans, using several 
artificial sweeteners and taking into account 
the intestinal microbiota, is a necessary step 
in clarifying the impact of these molecules on 
glucose homeostasis.
My opinion is that sweeteners probably have 
beneficial effects in some people but are harmful 
for others, with the intestinal microbiota lying at 
the heart of the explanation for these adverse 
effects.
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Medical requirement 
Medicinal treatment of for heart failure (HF) with left 
ventricular systolic dysfunction is based on blocking 
neuro-hormonal activation with converting enzyme 
inhibitors, beta blockers and anti-aldosterones.1 
This arsenal is not effective in HF with a conserved 
ejection fraction.2 Despite progress, the prognosis 
for heart failure patients remains poor, with mortality 
at around 40% at 5 years. There is an urgent medical 
need for new therapeutic strategies.

Pathophysiological basis and hypothesis 
Inflammation plays a central role in cardiac remodelling. 
The mechanisms that bring about this inflammation 
are unknown. Various trials targeting inflammation 
in the treatment of HF have not been successful.3 
The Hazen group discovered a molecular link 
between a product of intestinal bacteria metabolism, 
trimethylamine-N-oxide (TMAO) and atherosclerosis 
in a murine model4,5 observing a statistical relationship 
between TMAO levels and cardiovascular risk in a 
population study.6 These discoveries implicate the 
microbiota as a vector for inflammation capable of 
influencing the cardiovascular system. Given the 
role played by inflammation in cardiac remodelling, 
and the impaired intestinal permeability associated 
with HF7, the group explored epidemiological links 
between TMAO and HF.

The study 
This longitudinal observational studya aims to analyse 
correlations between TMAO levels and prognosis 
in HF. 720 cases of stable cardiac insufficiency, 
two-thirds of which were ischaemic in origin, were 
included consecutively at the Cleveland Clinic 
between 2001 and 2007.  Fasting blood levels of 
TMAO were analysed. The follow-up period covered 
five years, during which time 207 patients died. The 
left ventricular ejection fraction averaged around 
35–40% with extremes at 25% and 50%. Patients 
with the highest levels of TMAO were older, more 
often diabetic, had higher B-natriuretic peptide 
(BNP) levels and a greater level of renal impairment 
at inclusion. Total mortality rate was correlated to 
TMAO levels and the link persisted after adjustment 
for traditional risk factors, including BNP levels. 
This study is the first to show that a product of the 
metabolism of the intestinal microbiota passing 
through the tissue, TMAO, is a prognostic factor for 
HF. It argues for a role of the microbiota in cardiac 
remodelling. This study opens up a new therapeutic 
strategy for HF based on control of the host-
microbiota relationship.
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The contribution of intestinal function in the pathogenesis 
of heart failure is controversial. A team of American 
authors has sought to understand the relationship 
between trimethylamine-N-oxide (TMAO) generated by 
the intestinal microbiota and the 5-year clinical outcome 
in 720 patients with stable heart failure. The results show 
a higher rate of TMAO in patients with heart failure 
compared to healthy controls (5μM vs 3.5μM; p <0.001) 
and the existence of a correlation between TMAO 
levels and B-type natriuretic peptide (BNP) (r = 0.23; p 
<0.001). High levels of TMAO also multiplied the mortality 
rate by 3.4. After adjusting for traditional risk factors and 
BNP levels, the high concentration of TMAO remained 

a predictor of mortality at 5 years (odds ratio [OR]: 
2.2; confidence interval [CI] 95%: 1.42–3.43; p <0.001), a 
result maintained after adding the estimated glomerular 
filtration rate to the model ([OR]: 1.75; [CI 95%]: 1.07–2.86; 
p <0.001). The authors conclude that the value of plasma 
TMAO levels has a strong prognostic value in patients 
with heart failure, suggesting an important role for the 
intestinal microbiota in the progression of the disease, 
while also opening up perspectives for targeted therapy.
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IS TMAO A PROGNOSTIC FACTOR  
IN HEART FAILURE?
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