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INTESTINAL MICROFLORA IMPACT ON HEALTH
“The endogenous gastrointestinal microbial flora plays a fundamentally important role in health and
disease” [1]. It is almost unbelievable that our intestinal microbial population exceeds our total number of
cells by at least an order of magnitude (1014 compared to 1013), representing a biomass not far from 2 kg
[2]. The last estimations about the different species of gut microorganisms now exceed one thousand [3].
The global genome represented within all those species (called the microbiome) may contain more than
one hundred times the number of genes in our human genome, i.e. 4000K versus 35K genes [4]. Major
functions of the gut microflora concern salvage of energy from the nutrients, trophic effects on the
intestinal epithelium and on the underlying immune system, and protection against invasion by aliens [5].
Anaerobic bacteria are strongly predominant, most common species belonging to the genus Bacteroides
(putrefactive Gram-negative anaerobic rods), Bifidobacterium (fermentative Gram-positive anaerobic
rods) and Clostridium (putrefactive Gram-positive anaerobic rods) [6, 7]. The global balance between
putrefactive species (i.e. thriving on proteins and amino acids) and fermentative ones (i.e. thriving on
carbohydrates and fibers) seems to be determinant for health. In most formula-fed infants, Bacteroides
catch-up the normally dominant Bifidobacterium among breast-fed infants, due to the lower content in
oligosaccharides of cow’s milk compared to human milk [8]. Important changes in the intestinal
microflora of the elderly also concern the same genus, but reversely as Bifidobacterium looses two orders
of magnitude (from 109 to 107 cfu/g of feces) to the profit of putrefactive species [9].
Many years ago, during Skylab experiments with astronauts, stress appeared as being able to influence
the balance of the intestinal microflora, once again in the favor of putrefactive species Bacteroides
thetaiotaomicron [10]. The same tendency favoring the genus Bacteroides and other putrefactive
genuses has been identified in Crohn’s disease [11], in ulcerative colitis [12] and in many allergic
symptoms (where a link has been established with a significant overgrowth of Bacteroides vulgatus) [13].
As the complete genome of Bacteroides thetaiotaomicron has been recently characterized, we realize
how this highly abundant obligate anaerobe found in the colonic microflora of adult humans is able to
thrive either from dietary polysaccharides (using a phenomenal array of saccharolytic enzymes, despite
its belonging to a supposedly putrefactive genus) or from host mucus polysaccharides according to
nutrient availability [14]. Experiments with gnotobiotic murine models have demonstrated to what extent
this single bacterial species could, by itself, increase host fat storage and total body fat content [15].
“There is a growing awareness of the importance of variation in the gut microbiota as a factor that
influences human and animal health, and there is increasing recognition that poor gut health and
dysbiosis are related to a wide range of non-infectious disease processes” [3]. Indeed, we now have to
consider the “possibility that the rapidly rising incidence of insulin resistance (and related diseases) might
be correlated with underlying dysbiosis” [3]. As Bacteroides represents one of the rare Gram-negative
major genuses within the gut microflora and even if this hypothesis appears more controversial, “the root
of this medical problem could be related to the increase in antibiotic use since World War II” [3].
Among fermentative microorganisms, we shouldn’t forget that minor quantities of several fungal species
may exist physiologically in our gut microflora. The most frequently encountered is Candida albicans,
which seems harmless if rare (102 or 103 cfu/g), but severely affecting the patient’s well-being if much
more abundant. Non albicans species of Candida and other genuses such as Geotrichum, Aspergillus or
Saccharomyces are detected more and more often, with the additional concern that they resist more
frequently to conventional common antifungal therapies (such as fluconazole or itraconazole) [16].
Protozoan should not be considered as normal inhabitants of the human intestinal ecosystem. Still, their
prevalence is increasing not only as exotic tropical amoebas, but especially through cosmopolitan
amoebas such as Iodamoeba bütschlii, Endolimax nana and above all Blastocystis hominis, or through
Flagellates called Dientamoeba fragilis and especially Giardia intestinalis. They all can trigger highly
variable complaints among hosts, from digestive troubles (diarrhea or bloating but also constipation or
cramps) to fatigue, depression, headaches, joint pain and stiffness, lower backache, skin conditions…
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