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The microbial ecosystem of the gastrointestinal tract is characterized by a great number of microbial species liv-
ing in balance by adopting mutualistic strategies. The eubiosis/dysbiosis condition of the gut microbiota strongly 
influences our healthy and disease status. This review briefly describes microbiota composition and functions, to 
then focus on eubiosis and dysbiosis status: the two sides of the microbiota.
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INTRODUCTION

All multicellular organisms live in close asso-
ciation with the surrounding microbes, and 
humans are no an exception. Every part of our 
body surface, in communication with the en-
vironment, its colonized. The number of these 
microorganisms, collectively known as “micro-
biota”, is tenfold higher than that of our cells 
(Sekirov et al., 2006), the human beings are now 
considered as “hybrid organisms” (Sekirov et 
al., 2006), consisting of both human and micro-
bial cells. The coding capacity of microbiota, 
called “microbiome”, is a hundred times higher 
than that of our cells (Ley et al., 2006). Microbes 
colonize our body from birth, and persist until 
death, interfering with our anatomical, physio-
logical and immunological development. After 
a brief description of its composition and func-
tions, we will  look at the strategies activated by 
human and microbes to maintain an eubiosis 
status in the gut microbiota ecosystem.

GUT MICROBIOTA COMPOSITION  
AND FUNCTIONS

The gastrointestinal tract (GIT) is unquestion-
ably the most populated organ. The colon con-
tains more than 70% of the microorganisms 
colonizing GIT (Sartor, 2008). Taxonomically 
speaking, compared to the 100 and more bac-
terial phyla existing on the planet Earth, only a 
few divisions have been identified in the human 
gut: Firmicutes, Bacteroidetes, Proteobacteria, 
Verrucomicrobia, Actinobacteria and Fusobac-
teria (Zoetendal et al., 2008). Furthermore, 99% 
of the identified species belong mainly to the 
two phyla Firmicutes and Bacteroidetes, rep-
resenting together 70% of the total microbiota 
(Mariat et al., 2009). 
The anaerobic bacteria exceed by two or three 
orders of magnitude the facultative anaerobic 
and aerobic bacteria (Harris et al., 1976). The 
similarity among individuals, observed at phy-
lum taxonomic level, is lost considering the 
taxonomic level of species. Considering the 
gut microbiota at the species taxonomic level, 
we can observe a significant variation among 
individuals (Frank et al., 2007), so that the mi-
crobiota composition could be compared to a 
fingerprint (Eckburg et al., 2005). The diver-
sity among individuals is easily understood if 
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we consider the myriad of factors influencing 
the composition of the intestinal microbial eco-
system. Host genetic background that through 
bacteria attachment sites exert an important 
role for the first colonizing bacteria (pioneer 
flora) arrive. 
Pioneer flora in turn modulates host genes 
expression, influencing the successive micro-
bial flora (Hooper et al., 2001). Moreover en-
vironmental factors, such as age, diet, stress, 
drugs, will strongly influence the composition 
of the human microbiota (Rawls et al., 2006). 
Both endogenous and exogenous factors will 
contribute to the microbiota composition. 
In order to verify the changes in microbiota 
composition in different geographical areas, 
the faecal microbiota of subjects belonging to 
different ethnic groups, states and continents 
were examined (Arumugam et al., 2011). The 
study (Arumugam et al., 2011) highlighted that 
human gut flora can be classified into three 
different groups, named Enterotypes, based 
on variations of specific genera. Specifically: 
Enterotype 1, with a prevalence of the Bac-
teroides; Enterotype 2 with a prevalence of 
Prevotella; Enterotype 3 with a prevalence of 
Ruminococcus. 
There would seem to be no relationship be-
tween Enterotype geographic area, sex, age or 
body mass index (Jeffery et al., 2012). Each En-
terotype has unique properties, but still has a 
number of essential common functions, prob-
ably representing those necessary to survival 
in the intestinal habitat. Even if this finding 
needs to be confirmed, it implies that each En-
terotype has different capabilities, and differ-
ent metabolic responses to diet or medication, 
giving a reason why different persons exhibit 
different responses to medical treatments. 
Complicated symbiotic relations were evolved 
between men and microbes. In general, we 
speak of co-evolution, co-adaptation, and 
co-dependency. The correct term to define 
the kind of relation between men and their 
microbiota is mutualistic (both, human and 
microbes, have their benefit). About 50 years 
ago, the ecologist Theodor Rosebury coined 
the term Amphibiosis (Blaser et al., 2006) to 
define the relationship between humans and 
microbes that could be beneficial or patho-
logical, depending on the context in which it 

occurs. A community highly efficient in recov-
ering energy from food may constitute a risk 
factor for obesity in a person with easy access 
to food, while it may be healthy in an individ-
ual with limited access to food. 
The intestinal microbiota must be consid-
ered a real organ, with well-defined functions, 
composed of different cell lines (represented 
by the different microbes), that communicate 
with each other and with the host, consum-
ing, preserving and redistributing the energy, 
operating physiologically important chemical 
transformations and able to maintain and re-
pair itself by self-replication (Possemiers et al., 
2011). The functions carried out by the gut mi-
crobiota organ include: barrier versus hexogen 
microbes, structural and metabolic functions 
(Hooper et al., 2001; Gill et al., 2006), together 
with an important role in immune system de-
velopment and activation (Kamada et al., 2013; 
Belkaid et al., 2014). Gut microbiota exerts a 
barrier function versus hexogen microbes by 
means of competition phenomena for nutri-
ents and ecological niches (Buffie et al., 2013), 
and production of antimicrobial substances 
(Alakomi et al., 2000). 
The development of the intestinal tract in-
volves the formation of a surface area large 
enough to allow a blood supply appropriate 
for nutrient acquisition, containing a suitable 
number of attachment sites for microbes, and 
able to support the resident bacterial com-
munity. It must also be resistant to systemic 
translocation of foreign antigens and micro-
biota-derived catabolites. In addition, subse-
quent to an injury, it must be able to maintain 
its homeostasis and to restore itself. Several 
studies showed the strong influence of the mi-
crobiota in the development of the gastrointes-
tinal tract. 
Members of the microbiota are able to induce 
the transcription of the angiogenc-3 protein, 
with angiogenic activity (Hooper et al., 2001); 
B. thetaiotaomicron strongly influences the 
transcription of host factors involved in the 
functionality of the enteric nervous system, 
suggesting that it may have a rule in the post-
natal development of peristalsis (Hooper et al., 
2001). Gut microbiota contributes to the main-
tenance of the integrity of the intestinal epithe-
lial barrier through the maintenance of cell-
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cell junctions, and the promotion of epithelial 
repair after damage (Sekirov et al., 2010). Gut 
microbiota intervenes in the structural develop-
ment of the gastrointestinal tract and immune 
system (Kamada et al., 2013). It is therefore 
conceivable that the composition of colonizing 
flora influences immune individual variations 
(Lee et al., 2014). 
Furthermore, several studies indicated the in-
fluence of microbiota on structural develop-
ment and functioning, of organs outside the 
intestinal tract (Sommer et al., 2013). Exper-
iments conducted with germ-free mouse indi-
cate that the microbiota influences the regu-
lation of mood and behaviour, contributes to 
the pathophysiology of the humour disorders 
(Diaz et al., 2011) and influences the develop-
ment of the nervous system. Germ-free mouse 
showed deregulation in the hypothalamic-pi-
tuitary-adrenal axis (HPA) influencing the host 
response to stress, (Nobuyuki et al., 2004), and 
a decreased perception of inflammatory pain.
Our distal intestine is comparable to an an-
aerobic bioreactor, housing most of our intes-
tinal microorganisms and in which otherwise 
indigestible polysaccharides, including those 
derived from plants such as pectin, cellulose, 
hemicellulose, resistant starch are degraded 
(Sonnenburg et al., 2006). Humans contain a 
very limited arsenal of enzymes necessary to di-
gest common polysaccharides, which are pro-
vided by the microbiome (Sonnenburg et al., 
2006). Intestinal microbiota maximizes caloric 
availability of nutrients ingested by:
1)	 the extraction of additional calories from 

otherwise indigestible oligosaccharides;
2)	 the modulation of intestinal epithelium ab-

sorption capacity and nutrient metabolism 
(Hooper et al., 2001), thereby promoting the 
absorption of nutrients and their use.

Moreover, the important role of microbiota in 
the metabolism of xenobiotic compounds, such 
as drugs administered for therapeutic purpos-
es, should not be underestimated. Today phar-
maco-genetic examination, essential for the 
production and administration of therapies, 
is a well accepted concept. This notion should 
be extended, and include drug metabolomics, 
which takes into account the contribution to 
drug metabolism of both the host and its mi-
crobiota (Nicholson et al., 2005).

MONITORING THE MICROBIOTA

A healthy intestinal microbial ecosystem is bal-
anced but flexible enough to tolerate the intru-
sion of potential pathogens from hexogen flora 
(food, water, and various environmental com-
ponents), normally contained in a regular flow 
condition. A healthy intestinal flora is essential 
to promote the health of the host, but the ex-
cessive growth of the bacterial population leads 
to a variety of harmful conditions. To avoid this 
outcome humans have implemented various 
strategies. The mucosal immune system must 
satisfy two functions:
1)	 be able to control the intestinal microbiota 

preventing overgrowth and translocation to 
systemic sites (Sekirov et al., 2010);

2)	 tolerate microbes, and prevent the induction 
of an excessive and injurious systemic im-
mune response.

The excessive growth of the bacterial popu-
lation and the penetration/translocation of 
the microbiota outside its luminal compart-
ment, it is hindered in different ways as the 
production of secretory IgA (Macpherson et 
al., 2004), and antimicrobial peptides (AMPS) 
(Cash et al., 2006; Ostaff et al., 2013). Numer-
ous antimicrobial peptides (AMP), (defensins, 
cathelicidins, lectins, etc.) and diverse groups 
of compounds, acting by breaking the surface 
structures of both commensal and pathogenic 
bacteria, are produced by mammalian gastro-
intestinal cells, and by various microbial spe-
cies. Furthermore, several products of micro-
bial metabolism have been shown to stimulate 
the host to produce several types of AMPs. 
The AMPs have a different spatial distribution 
throughout the gastrointestinal tract (GIT): 
the maximum antimicrobial activity level was 
found in the intestinal crypts and mucus lay-
er, while at lumen level a reduced activity was 
found (Meyer-Hoffert et al., 2008). The micro-
biota stimulates the host to produce AMPs, 
and produces AMPs itself. Lactobacillus and 
Bacillus, produce antimicrobial substances 
active against a wide range of entero-patho-
genic bacteria, both Gram positive, and Gram 
negative bacteria (Liévin-Le Moal et al., 2006). 
Lactobacillus and Bifidobacterium prevent 
Listeria infection of cultured epithelial cells 
(Sanz et al., 2007). Nevertheless, these antimi-
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crobial substances often tend to show activity 
against bacterial groups similar to the bacteria 
producer, a strategy to keep potential compet-
itors out of the niches occupied. A lower level 
of AMP transcripts might be induced by single 
bacterial species such as B. thetaiotaomicron 
(Cash et al., 2006), but the presence of the en-
tire microbial community is required to pro-
mote high and complete levels of expression. 
Moreover, the close contact of commensal bac-
teria with the intestinal epithelium seems to 
be a necessary condition for induction (Cash et 
al., 2006). Also several microbial metabolites 
have been shown in vitro to induce the expres-
sion of AMPs. The short chain fatty acids and 
lithocholic acid have been shown to induce the 
expression of a cathelicidin LL-37 (Schauber 
et al., 2003; Kida et al., 2006; Termén et al., 
2008). So, the commensal bacteria and/or their 
structural components and metabolic prod-
ucts have the ability to induce the expression 
of AMP and to promote their activation. AMP 
induction can be mediated through different 
signalling pathways, reflecting the different 
nature of inductive stimuli. Finally, the micro-
biota monitors itself modulating the mucosae 
glycosylation (Hooper et al., 2001), an import-
ant factor in the colonization of the GIT.
Antimicrobial activity peaks occurs in the intes-
tinal crypts and in the mucus layer along the 
mucosa. Given their close proximity to the un-
derlying mucosal immune system, these intes-
tinal areas play a very important role in main-
taining homeostasis. In healthy subjects, the 
intestinal epithelium is not strongly colonized 
and a lot of energy is spent both by the host 
and its microbiota in preventing colonization 
of this district. In a recent study, we demon-
strated the presence of a predator bacterium, 
Bdellovibrio bacteriovorus, in human gut micro-
bial ecosystem (Iebba et al., 2014). Predation is 
an important mechanism in nature to keep bac-
terial populations under control.
B. bacteriovorus seem to be closely associated 
with the mucosa area of healthy subjects, in 
which it probably exerts control over the col-
onization of this site. B. bacteriovorus was not 
found in the highly colonized mucosa of in-
flammatory bowel diseases (IBD) and coeliac 
disease patients, in which an extensive micro-
bial colonization occurs. 

ECOLOGICAL CONSIDERATIONS

In order to focus on and understand the guide-
lines governing the stability of the microbial 
ecosystem we must go into a discipline called 
microbial ecology, studying the microorgan-
isms, the interrelationships that exist among 
them and the specific environment where they 
live. Definitely we should consider ecological 
parameters in order to understand, and to in-
terfere with the human microbial ecosystems. 
Martin and collaborators (Martin et al., 2009) 
tried to explain the rules governing the sta-
bility of ecosystems with the “Nash Equilibri-
um”. Nash Equilibrium defines an ecosystem in 
which none of the components of the ecosys-
tem is advantaged by changing its strategy. The 
existing balance is a function of the coopera-
tion among all the members of the ecosystem 
and individual success, based on the strategic 
choices of a species, depends on the choices of 
the others. In this context, there are rules and 
limits that strongly disadvantage the transgres-
sors. Any form of life that is outside the rules, 
or deviates from equilibrium, inevitably is dis-
advantaged compared to others. Ecological the-
ories indicate that “head to head” competition 
inevitably leads to the loss of some species, and 
the community will tend to be a monoculture 
composed of the winner (with a loss of biodi-
versity). The model defined by “Nash Equilib-
rium” allows the co-evolution of organisms in 
competition, that otherwise would destroy each 
other. This also supports the idea that it is the 
overall balance of the gut microbial community 
that must be considered in the healthy status. 
The structure of the microbial community is an 
important factor that can strongly influence an 
individual’s susceptibility to specific diseases. 
The habitat where the microbial community 
resides must also be taken into account. In a 
“healthy” habitat, we find a high spatial and 
temporal heterogeneity. In order to loosen the 
competition among different strains and ob-
tain a fully colonized healthy habitat, a high 
number of genomic variants will be needed. 
Each genomic variant will colonize a different 
niche. In a balanced ecosystem, all niches will 
be occupied, and the colonization of potential 
pathogens coming with the allochthonous flo-
ra becomes difficult unless they adopt mutu-
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alistic strategies respecting the nature of the 
Nash equilibrium. Our microbial populations 
are subjected to two strong selective pressures. 
Pressure exerted by the microbiota itself, which 
tends to diversify microbial genomics in order 
to decrease the competition among them, and 
that exerted by the host that, on the contrary, 
tends to homogenize the genomes, promoting 
functional redundancy. In this way, the host en-
sures that functions exerted by the microbiota, 
important for his health, are not codified by a 
single species, but by more, evolutionarily dis-
tant, species. In this way the loss of one bacte-
rial species does not correspond to the loss of 
the function achieved by the species lost. These 
two selective pressures coexist in a healthy eco-
system in perfect forces equilibrium: the over-
running of one of the two would inevitably lead 
to an imbalance in the ecosystem, favouring 
individual genomic diversity or functional re-
dundancy. Ecological parameters computed by 
mathematical equations should be considered 
in the study of human microbial ecosystems. 
These parameters include Simpson biodiver-
sity (Hsi), reflecting the number and relative 
abundances of the bacterial species within a 
sample; Simpson evenness (Esi), reflecting the 
distribution of species density within a sample; 
Carrying capacity (Rr), reflecting the carrying 
capacity of the habitat and richness of micro-
bial community; the Gini coefficient of concen-
tration (C), reflecting the variation of the bac-
terial population structure, and should be used 
to evaluate the healthy status of the microbial 
ecosystem (Marzorati et al., 2008).

MICROBIAL TOLERANCE AND 
PHYSIOLOGICAL INFLAMMATION 

In preventing an excessive response to myriad 
microbes, an important role is played by the in-
testinal epithelium, which reads and interprets 
signals from the luminal environment through 
receptor systems such as the “Toll-like receptors 
“(TLR), and “Nucleotide-Binding Oligomeriza-
tion” (NODs) (Bertin et al., 1999; Inohara et al., 
1999; Inohara et al., 2003; Kawai et al., 2010), 
and allows the underlying mucosal immune 
system to make a continuous sampling through 
its dendritic cells (Lavelle et al., 2010). Through 

the modulation of immune responses, we pre-
vent an excessive immune response against 
bacteria of the intestinal microbiota. The rec-
ognition/binding of the host receptor proteins 
to specific microbial molecules or structures 
(PAMPs) stimulates a signalling cascade that 
ultimately involves the nuclear factor NF-kb 
(nuclear transcription factor) stimulating the 
expression of genes codifying pro-inflammato-
ry molecules (Hayden et al., 2006). In a healthy 
host the continued activation of inflammation, 
named “physiological inflammation”, is strictly 
controlled by specific mechanisms that allow a 
constricted regulation of the pro-inflammato-
ry signal, and the maintenance of homeostasis 
(Cario et al., 2002). The failure of this control 
mechanism could lead to a persistent inflam-
matory state (Haller, 2006). 
The microbiota contributes to the control of 
the immune response (homeostasis). Under 
the continuous stimulation of the various com-
ponents of the commensal bacteria, a reduced 
expression of TLRs in the intestinal epitheli-
um and a low production of inflammatory cy-
tokines occurs (Cebra, 1999). Furthermore, a 
strategic distribution of the receptor systems is 
else important for the discrimination between 
pathogenic and commensal (Neish, 2009). Im-
portant for homeostasis is the site at which the 
bacterial ligands interact with the receptor sys-
tems. When the interaction takes place in ar-
eas where the host/bacteria coexistence is not 
expected, microbes are sensed as pathogens 
and consequently an adequate inflammatory 
response is induced. 

EUBIOSIS AND DYSBIOSIS 

The composition of our microbiota is influ-
enced by host genotype, environment and diet. 
Signalling molecules and metabolic products 
of the microbiota influence several intestinal 
functions: visceral-sensing, motility, digestion, 
permeability secretion, energy harvest, muco-
sal immunity, and barrier effect (Montalto et 
al., 2009). Furthermore, the components of the 
microbiota and/or the microbiome may enter 
the circulation and be transported to various 
organs affecting their functionality: brain (cog-
nitive functions), liver (lipid and drug metabo-
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lism), and pancreas (glucose metabolism), (Ko-
recka et al., 2012). The awareness that bacterial 
structural components and/or metabolites is 
sufficient to induce the development and mat-
urations of organs, and physiological processes 
in the host, makes us realize the importance 
of the microbial ecosystem in maintaining a 
healthy status. The intestinal microbial ecosys-
tem balance, called eubiosis, is a fundamental 
concept. As early as 400 B.C. Hippocrates said 
“death is in the bowels” and “poor digestion is 
the origin of all evil”. Ali Metchnikoff, who lived 
from 1845 to 1916, suggested that most disease 
begins in the digestive tract when the “good” 
bacteria are no longer able to control the “bad” 
ones. He called this condition dysbiosis, mean-
ing an ecosystem where bacteria no longer live 
together in mutual harmony. A gut microbiota 
in a eubiotic status is characterized by a pre-
ponderance of potentially beneficial species, 
belonging mainly to the two bacterial phylum 
Firmicutes and Bacteroides, while potentially 
pathogenic species, such as that belonging to 
the phyla Proteobacteria (Enterobacteriaceae) 
are present, but in a very low percentage. In 
case of dysbiosis “good bacteria” no longer con-
trol the “bad bacteria” which take over (Zhang 
et al., 2015). 

THE PHYSIOLOGICAL IMPORTANCE  
OF THE “EUBIOTIC STATUS” 

The factors that can disturb the balance of in-
testinal microbiota include: lifestyle, antibiotic 
treatments and pathogens. The importance of 
maintaining a eubiotic condition in the intes-
tinal microbial ecosystem is quickly highlight-
ed when we look at some of the deleterious 
sequelae after antibiotic treatment (Sekirov et 
al., 2010). The main consequence of antibiot-
ic treatment is the disruption of the ecosystem 
balance, leading to antibiotic-associated diar-
rhoea. The aetiopathology of diarrhoea may be 
due to the pathological proliferation of oppor-
tunistic pathogens of the endogenous microbi-
ota, such as Clostridium difficile (McFarland, 
2008) and vancomycin-resistant enterococci 
(Crouzet et al., 2015). Moreover, after antibi-
otic treatment patients are more receptive to 
infection sustained by hexogen pathogens, due 

to the loss of microbiota integrity and barrier 
function. We can emphasize that both oppor-
tunistic and exogenous pathogens benefit from 
the dysbiosis status. Additionally, it should be 
highlighted that the host response to exoge-
nous infectious agents amplifies/ promotes a 
dysbiosis status. The host responses include in-
flammation induction, leading to an alteration 
of the intestinal nutritional environment, and 
often to a secretory diarrhoea, having strong 
effects on the microbiota ecosystem. Under 
an inflammatory condition, we can observe an 
unexpected decrease in the vitality of the intes-
tinal microbiota, enhancing the availability of 
ecological niches for pathogen colonization. 
Furthermore, substances such as nitrate, S-ox-
ides, and N-oxides are generated as by-prod-
ucts of inflammation. Such compounds can 
represent a growth advantage for potential-
ly pathogenic species, such as the member of 
the Enterobacteriaceae family, in particularly 
Escherichia coli, as demonstrated in the ex-
periments carried out in mouse (Winter et al., 
2013). Facultative aerobe-anaerobe Gram-neg-
ative bacteria are usually present in low loads 
in the microbiota of healthy subjects, where 
strictly anaerobe bacteria are predominant. 
The presence of by-products generated by the 
inflammatory response promotes the growth of 
aerobic-anaerobic facultative bacteria able to 
use by-products as terminal electron acceptors 
for anaerobic respiration (Winter et al., 2013). 
Finally, diarrhoea leads to instability of the in-
digenous microbial population. Destabilization 
of the resident microbiota, resulting from an 
intestinal infection, has a negative impact both 
on its protective and immune-modulatory func-
tions, predisposing the host to more unpleasant 
infectious sequelae. Moreover, malfunction of 
the microbiota “organ” could have a negative 
impact even in distant organs. 
The incidence, morbidity, mortality and costs 
related to diseases such as Clostridium diffi-
cile (CD) infection have been increasing in the 
last decade, and CD infection is currently one 
of the most common nosocomial infections in 
the West (1-2-3). CD infection has a high inci-
dence of relapse ranging from 15 to 26% of pa-
tients (Pépin et al., 2006; Musher et al., 2005). 
Generally, disease recurrences are treated with 
repeated cycles of vancomycin, with an esti-
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mated therapy efficacy at the first administra-
tion of about 60%, which is radically reduced 
in patients with multiple recurrences (Walters 
et al., 1983; Kelly et al., 2008). At present, there 
are no standardized treatments, and there is a 
gap in the management of patients with mul-
tiple recurrences (Cohen et al., 2010). Consid-
ering these therapeutic limitations, the tech-
nique of faecal microbiota transplantation has 
been proposed in recent years in the treatment 
not only of CD recurrence (Gough et al., 2011; 
Kassam et al., 2013; Van Nood et al., 2013), but 
also of severe recurrent infections (Brandt et al., 
2012; Gallegos-Orozco et al., 2012; Neemann et 
al., 2012). There are many cases of patients with 
recurrent CD infections that have been treat-
ed with transplantation of faecal microbiota, 
and the percentage of efficacy has been greater 
than 90% (Guo et al., 2012). The faecal samples 
to be transplanted were obtained from healthy 
donors, preferring subjects closely related to 
the patient. The astonishing success achieved 
with this therapeutic strategy, an alternative 
to antibiotics, clearly shows the importance of 
a healthy/eubiotic microbial ecosystem for de-
fence against infections. Furthermore, studies 
designed to evaluate the possible use of the fae-
cal transplant are being undertaken in patients 
suffering from obesity, inflammatory bowel dis-
eases, or liver diseases. In all these pathologies a 
dysbiotic status of the intestinal microbiota was 
proved (De Palma et al., 2010; Schippa S. et al. 
2010; Parekh et al., 2015). Today, the condition 
of dysbiosis has been associated with important 
diseases. The list of disorders related to the in-
testinal microbiota is growing daily: pathologies 
are usually complex and multifactorial in terms 
of both pathogenesis and complications.

ESCHERICHIA COLI AND 
FAECALIBACTERIUM PRAUSNITZII:  
THE DYSBIOTIC INDEX

Facultative anaerobic bacterial species, such 
as Escherichia coli, prevail over an inflamed in-
testine because unlike anaerobic bacteria, they 
can use the by-products of inflammation as ter-
minal electron acceptors (Winter et al., 2013). 
Studies carried out with adult and paediatric 
IBD patients have reported that mucosa-associ-

ated microbiota is significantly increased par-
ticularly in the Enterobacteriaceae family, such 
as Escherichia coli (Conte et al., 2006; Marti-
nez-Medina et al., 2014.). An E. coli increase has 
also been observed in other pathologies such as 
coeliac disease and cystic fibrosis (Schippa et 
al., 2010). Genomic characterization of muco-
sa-associated E. coli strains isolated from bi-
optic samples collected from ulcerative colitis, 
Crohn’s disease (CD) patients, and healthy sub-
jects, showed the association among particular 
of E. coli genomic variants to different type of 
IBD, and healthy controls (Schippa et al., 2009). 
Characterization of E. coli strains isolated from 
the mucosa of adult (CD) patients, led to the 
identification of a new pathotype within the 
species, named: “adherent-invasive Escherichia 
coli “(AIEC) (Darfeuille-Michaud, 2002). These 
strains act like entero-invasive pathogens, but 
with specific characteristics that differ from 
other subtypes of entero-invasive E. coli. The 
prototype strain, the first to be isolated and the 
most studied is AIEC LF82, isolated from ile-
um chronic lesions of adult CD patients (Bar-
nich, et al., 2007). The AIEC strains were iso-
lated in 60% of adult patients with CD and in 
16.7% of control subjects (Darfeuille-Michaud 
et al., 2004). This clearly indicates that the E. 
coli genomic variant, resembling AIEC strains, 
can be normally preset in a healthy subject, in 
a lower relative abundance. Such variant can 
represent pathobiont strains (Iebba et al., 2012; 
Schippa et al., 2012), whose growth is favoured 
in an inflamed habitat. A recent study on the 
characterization of E. coli strains isolated from 
CD paediatric patients indicated the presence 
of AIEC strains in both CD and non-IBD con-
trols, confirming the “pathobiont” nature of 
AIEC strains. The AIEC-like isolates were more 
abundant in CD patients indicating the positive 
selection of this variant in genetic predisposed 
subjects (Conte et al., 2014).
When dysbiosis occurs in addition to a signifi-
cant increase in E. coli, a decrease of beneficial 
species is reported too. Among beneficial spe-
cies, the relative abundance of the obligate an-
aerobe Faecalibacterium prausnitzii, a butyrate 
producer defined as an anti-inflammatory bac-
terium, is reported to be significantly reduced 
(Sokol et al., 2008). The decrease in relative 
abundance of F. prausnitzii, has been observed 
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not only in IBD patients, but also in patients 
with colorectal cancer, cystic fibrosis, and el-
derly or obese subjects (Miquel et al., 2013). The 
ratio of the relative abundances of F. prausnit-
zii/E. coli is currently used to evaluate the dys-
biosis status (Lopez-Siles et al., 2014). However, 
it should be noted that the decrease of the rela-
tive abundance of F. prausnitzii in adult CD pa-
tients is not observed in paediatric CD patients 
where a significant increase has been reported 
(Cao et al., 2014). This apparent contradiction 
could be explained as a response of the micro-
biota to contrast the inflammation, increasing/
favouring the growth of anti-inflammatory spe-
cies. The disease progression and persistence 
of inflammation drastically changes intestinal 
habitat conditions, shaping an environment no 
longer favouring F. prausnitzii growth (Duboc 
et al., 2013).
However, we should not forget that it is the 
overall composition of the intestinal microbi-
ota rather than the presence of single species 
that is relevant to the health or disease status 
of the host. Particular genomic variants could 
represent an additional risk factor increasing 
the mucosa damage and the severity of diseas-
es such as IBD. The importance of the overall 
composition of the intestinal microbiota can 
be appreciated observing the total recovery 
that has occurred in patients undergoing fae-
cal transplantation performed to restore a 
healthy community in subjects with C. difficile 
diarrhoea, where antibiotic therapies had failed 
(Cammarota et al., 2014; Kronman et al., 2014).

HUMAN VIROME

Finally, we should always remember that the mi-
crobial ecosystems contain not only bacteria, but 
also viruses, bacteriophages and mycetes that 
strongly contribute to the maintenance of the 
balance. Metagenomic analysis demonstrated 
that a large community of viruses, most of which 
are unique to each individual, regularly colonize 
our body (Minot, et al., 2013). The human viruses 
group includes both eukaryotic and prokaryotic 
viruses. The viruses infecting eukaryotes have 
important effects on human health, whereas 
prokaryotes infecting viruses can also affect hu-
man health by impacting bacterial community 

structure and function. Therefore, the definition 
of the virome is an important step to understand 
how microbe networks influence human health 
or disease (Wylie et al., 2012). Further work is 
necessary to appreciate the virome effects on hu-
man health, immunity, and response to co-infec-
tions. It was recently reported that: “Influenza 
virus infection of intestinal cells raises the expo-
sure of galactose and mannose residues on the 
cell surface, significantly increasing bacterial 
adhesiveness, independently of their own adhe-
sive ability, indicating that influenza virus infec-
tion, could constitute an additional risk factor” 
(Aleandri et al., 2015). 

CONCLUSION

From this brief discussion, it is clear that it is 
important to have a holistic vision of our mi-
crobial ecosystem that takes into account all 
the components of the community. The mam-
mal’s intestine is a complex and rich ecosystem 
that provides multiple levels of intercellular sig-
nalling among:
1)	 the microbiota components,
2)	 the microbiota and the host,
3)	 the microbiota and hexogen pathogens,
4)	 the host and hexogen pathogens.
Understanding the communication and the 
pathways involved in these interactions is es-
sential to improve our knowledge of human 
physiology, and our ability to treat or prevent 
pathophysiological processes. The intestinal 
microbiota influences the host at every level, 
with an incredible adaptation capability to our 
lifestyles. We should not underestimate the ef-
fects/consequences of our behaviour on our mi-
crobial ecosystem, inevitably having an impact 
on our health.

Author contributions:
S. Schippa S., F. Pantanella: have equally con-
tributed as senior authors; V. Iebba, V. Totino: 
equally contributed to the writing of this man-
uscript. 

Conflict of interest:
All the authors of the manuscript declare that 
they have no conflict of interest in connection 
with this paper.



Eubiosis and dysbiosis: the two sides of the microbiota 9

REFERENCES 

Alakomi H.L., Skyttä E., Saarela M., Mattila-Sand-
holm T., Latva-Kala K., Helander I.M. (2000). 
Lactic Acid Permeabilizes Gram-Negative Bac-
teria by Disrupting the Outer Membrane. Appl. 
Environ. Microbiol. 66, 2001-2005.

Aleandri M., Conte M.P., Simonetti G., Panella S., 
Celestino I., Checconi P., et al. (2015). Influen-
za A virus infection of intestinal epithelial cells 
enhances the adhesion ability of Crohn’s disease 
associated Escherichia coli strains. PLoS One. 10, 
e0117005.

Arumugam M., Raes J., Pelletier E., Le Paslier D., Ya-
mada T., Mende D.R., et al. (2011). Enterotypes of 
the human gut microbiome. Nature. 473, 12. 

Barnich N., Darfeuille-Michaud A. (2007). Adher-
ent-invasive Escherichia coli and Crohn’s disease. 
Curr. Opin. Gastroenterol. 23 (1),16-20.

Belkaid Y., Hand T. (2014). Role of the Microbiota in 
Immunity and inflammation. Cell. 157, 121-141. 

Bertin J., Nir W.J., Fischer C.M., Tayber O.V., Errada 
P.R., Grant J.R., Keilty J.J., et al. (1999). Human 
CARD4 protein is a novel CED-4/Apaf-1 cell death 
family member that activates NF-kappaB. J. Biol. 
Chem. 274, 12955-12958. 

Blaser M.J. (2006). Hogenicity and symbiosis: hu-
man gastric colonization by helicobacter pylori 
as a model system of amphibiosis. Ending the 
war metaphor: the changing agenda for unrav-
eling the host-microbe relationship. Workshop 
summary. 

Brandt L.J., Aroniadis O.C., Mellow M., Kanatzar A., 
Kelly C., Park T. (2012). Long-Term Follow-up 
Study of Fecal Microbiota Transplantation (FMT) 
for Severe or Complicated Clostridium difficile 
Infection (CDI). Am. J. Gastroenterol. 107, 1079-
1087.

Buffie C.G., Pamer E.G. (2013). Microbiota-mediated 
colonization resistance against intestinal patho-
gens. Nat. Rev. Immunol. 13, 790-801. 

Cammarota G., Ianiro G., Bibbò S., Gasbarrini A. 
(2014). Fecal microbiota transplantation: a new 
old kid on the block for the management of gut 
microbiota-related disease. J. Clin. Gastroenterol. 
48, S80-84.

Cao Y., Shen J., Ran Z.H. (2014). Association between 
Faecalibacterium prausnitzii Reduction and In-
flammatory Bowel Disease: a meta-analysis and 
systematic review of the literature. Gastroenterol-
ogy Research and Practice. 2014, 872725.

Cario E. (2002). Toll-like receptors and gastrointesti-
nal diseases: from bench to bedside? Curr. Opin. 
Gastroenterol. 18, 696-704.

Cash H.L., Whitham C.V., Behrendt C.L., Hooper L.V. 
(2006). Symbiotic bacteria direct expression of 
an intestinal bactericidal lectin. Science. 313, 
1126-1130.

Cebra J.J. (1999). Influences of microbiota on intes-
tinal immune system development. Am. J. Clin. 
Nutr. 69, 1046S-1051S.

Cohen S.H., Gerding D.N., Johnson S., Kelly C.P., Loo 
V.G., McDonald L.C., et al. Society for Health-
care Epidemiology of America; Infectious Diseas-
es Society of America. (2010). Clinical practice 
guidelines for Clostridium difficile infection in 
adults, update by the society for healthcare epi-
demiology of America (SHEA) and the infectious 
diseases society of America (IDSA). Infect. Con-
trol Hosp. Epidemiol. 31, 431-455.

Conte M.P., Schippa S., Zamboni I., Penta M., Chia-
rini F., Seganti L., et al. (2006). Gut-associated 
bacterial microbiota in paediatric patients with 
inflammatory bowel disease. Gut. 55, 1760-1767.

Conte M.P., Longhi C., Marazzato M., Conte A.L., 
Aleandri M., Lepanto M.S., et al. (2014). Adher-
ent-invasive Escherichia coli (AIEC) in pediat-
ric Crohn’s disease patients: phenotypic and ge-
netic pathogenic features. BMC Res. Notes. 22,  
7-748.

Crouzet L., Rigottier-Gois L., Serror P. (2015). Po-
tential use of probiotic and commensal bacteria 
as non-antibiotic strategies against vancomy-
cin-resistant enterococci. FEMS Microbiol. Lett. 
362, fnv012.

Darfeuille-Michaud A. (2002). Adherent-invasive 
Escherichia coli: a putative new E. coli pathotype 
associated with Crohn’s disease. Int. J. Med. Mi-
crobiol. 292, 185-193.

Darfeuille-Michaud A., Boudeau J., Bulois P., Neut 
C., Glasser A.L., Barnich N., et al. (2004). High 
prevalence of adherent-invasive Escherichia coli 
associated with ileal mucosa in Crohn’s disease. 
Gastroenterology. 127, 412-421.

De Palma G., Nadal I., Medina M., Donat E., Ri-
bes-Koninckx C., Calabuig M., Sanz Y. (2010). 
Intestinal dysbiosis and reduced immunoglob-
ulin-coated bacteria associated with coeliac dis-
ease in children. BMC Microbiol. 10, 63.

Diaz H.R., Wang S., Anuar F., Qian Y., Björkholm B., 
Samuelsson A., et al. (2011). Normal gut microbi-
ota modulates brain development and behavior. 
Proc. Natl. Acad. Sci. USA. 108, 3047-3052. 

Eckburg P.B., Bik E.M., Bernstein C.N., Purdom E., 
Dethlefsen L., Sargent M., et al. (2005). Diver-
sity of the human intestinal microbial flora. Sci-
ence. 308, 1635-1638.

Duboc H., Rajca S., Rainteau D., Benarous D., Mau-
bert M.A., Quervain E., et al. (2013). Connecting 
dysbiosis, bile-acid dysmetabolism and gut in-
flammation in inflammatory bowel diseases. Gut. 
62, 531-539.

Frank D.N., St Amand A.L., Feldman R.A., Boedeker 
E.C., Harpaz N., Pace N.R. (2007). Molecular-phy-
logenetic characterization of microbial communi-
ty imbalances in human inflammatory bowel dis-



V. Iebba, V. Totino, A. Gagliardi, F. Santangelo, F. Cacciotti, M. Trancassini, C. Mancini, C. Cicerone, E. Corazziari, F. Pantanella, S. Schippa10

eases. Proc. Natl. Acad. Sci. USA. 104, 13780-1378. 
Gallegos-Orozco J.F., Paskvan-Gawryletz C.D., Gu-

rudu S.R., Orenstein R. (2012). Successful colo-
noscopic fecal transplant for severe acute Clos-
tridium difficile pseudomembranous colitis. Rev. 
Gastroenterol. Mex. 77, 40-42. 

Gill S.R., Pop M., Deboy R.T., Eckburg P.B., Turn-
baugh P.J., Samuel B.S., et al. (2006). Metagenom-
ic analysis of the human distal gut microbiome. 
Science. 312, 1355-1359. 

Gough E., Shaikh H., Manges A.R. (2011). Systematic 
review of intestinal microbiota transplantation 
(fecal bacteriotherapy) for recurrent Clostridium 
difficile infection. Clin. Infect. Dis. 53, 994-1002.

Guo B., Harstall C., Louie T., Veldhuyzen van Zanten 
S., Dieleman L.A. (2012). Systematic review: fae-
cal transplantation for the treatment of Clostridi-
um difficile-associated disease. Aliment. Pharma-
col. Ther. 35, 865-875.

Haller D. (2006). Intestinal epithelial cell signal-
ling and host-derived negative regulators under 
chronic inflammation: to be or not to be activat-
ed determines the balance towards commensal 
bacteria. Neurogastroenterol. Motil. 18, 184-199.

Harris M.A., Reddy C.A., Carter G.R. (1976). Anaer-
obic bacteria from the large intestine of mice. 
Appl. Environ. Microbiol. 31, 907-912.

Hayden M.S., West A.P., Ghosh S. (2006). NF-kappaB 
and the immune response. Oncogene. 25, 6758-
6780. 

Hooper L.V., Wong M.H., Thelin A., Hansson L., Falk 
P.G., Gordon J.I. (2001). Molecular analysis of 
commensal host-microbial relationships in the 
intestine. Science. 291, 881-884.

Iebba V., Conte M.P., Lepanto M.S., Di Nardo G., San-
tangelo F., Aloi M., et al. (2012). Microevolution 
in fimH gene of mucosa-associated Escherichia 
coli strains isolated from pediatric patients with 
inflammatory bowel disease. Infect. Immun. 80, 
1408-1417.

Iebba V., Totino V., Santangelo F., Gagliardi A., Cioto-
li L., Virga A., et al. (2014). Bdellovibrio bacte-
riovorus directly attacks Pseudomonas aerugi-
nosa and Staphylococcus aureus Cystic fibrosis 
isolates. Front. Microbiol. 5, 280.

Inohara N., Koseki T., del Peso L., Hu Y., Yee C., Chen 
S., et al. (1999). Nod1, an Apaf-1-like activator 
of caspase-9 and nuclear factor-kappaB. J. Biol. 
Chem. 274, 14560-14567. 

Inohara N., Ogura Y., Fontalba A., Gutierrez O., Pons 
F., Crespo J., et al. (2003). Host recognition of 
bacterial muramyl dipeptide mediated through 
NOD2. Implications for Crohn’s disease. J. Biol. 
Chem. 278, 5509-5512.

Jeffery I.B., Claesson M.J., O’Toole P.W., Shanahan 
F. (2012). Categorization of the gut microbiota: 
enterotypes or gradients? Nat. Rev. Microbiol. 10, 
591-592.

Kamada N., Seo S., Chen G.Y., Núñez G. (2013). Role 
of the gut microbiota in immunity and inflam-
matory disease. Nat. Rev. Immunol. 13, 321-335. 

Kassam Z., Lee C.H., Yuan Y., Hunt R.H. (2013). Fecal 
microbiota transplantation for Clostridium diffi-
cile infection: systematic review and meta-analy-
sis. Am. J. Gastroenterol. 108, 500-508.

Kawai T., Akira S. (2010). The role of pattern-recog-
nition receptors in innate immunity: update on 
Toll-like receptors. Nat. Immunol. 11, 373-384. 

Kelly C.P., LaMont J.T. (2008). Clostridium difficile- 
more difficult than ever. N. Engl. J. Med. 359, 
1932-1940.

Kida Y., Shimizu T., Kuwano K. (2006). Sodium butyr-
ate up-regulates cathelicidin gene expression via 
activator protein-1 and histone acetylation at the 
promoter region in a human lung epithelial cell 
line, EBC-1. Mol. Immunol. 43, 1972-1981. 

Korecka A., Arulampalam V. (2012). The gut microbi-
ome: scourge, sentinel or spectator? J. Oral. Mi-
crobiol. 4, 9367.

Kronman M.P., Zerr D.M., Qin X., Englund J., Cor-
nell C., Sanders J.E. (2014). Intestinal decon-
tamination of multidrug-resistant Klebsiella 
pneumoniae after recurrent infections in an im-
munocompromised host. Diagn. Microbiol. In-
fect. Dis. 80, 87-89.

Lavelle E.C., Murphy C., O’Neill L.A., Creagh E.M. 
(2010). The role of TLRs, NLRs, and RLRs in mu-
cosal innate immunity and homeostasis. Muco-
sal. Immunol. 3, 17-28.

Lee Y.K., Mazmanian S.K. (2014). Microbial learning 
lessons: SFB educate the immune system. Immu-
nity. 40, 457-459. 

Ley R.E., Peterson D.A., Gordon J.I. (2006). Ecologi-
cal and evolutionary forces shaping microbial di-
versity in the human intestine. Cell. 124, 837-848.

Liévin-Le Moal V., Servin A.L. (2006). The front line 
of enteric host defense against unwelcome intru-
sion of harmful microorganisms: mucins, antimi-
crobial peptides, and microbiota. Clin. Microbiol. 
Rev. 19, 315-337.

Lopez-Siles M., Martinez-Medina M., Busquets D., Sa-
bat-Mir M., Duncan S.H., Flint H.J., et al. (2014). 
Mucosa-associated Faecalibacterium prausnitzii 
and Escherichia colico-abundance can distin-
guish Irritable Bowel Syndrome and Inflamma-
tory Bowel Disease phenotypes. International 
Journal of Medical Microbiology. 304, 464-475.

Macpherson A.J., Uhr T. (2004). Induction of pro-
tective IgA by intestinal dendritic cells carrying 
commensal bacteria. Science. 303, 1662-1665.

Mariat D., Firmesse O., Levenez F., Guimarăes V., 
Sokol H., Doré J., et al. (2009). The Firmicutes/
Bacteroidetes ratio of the human microbiota 
changes with age. BMC Microbiol. 9, 123.

Martin J., Nichols J.D., McIntyre C.L., Ferraz G., 
Hines J.E. (2009). Perturbation analysis for patch 



Eubiosis and dysbiosis: the two sides of the microbiota 11

occupancy dynamics. Ecology. 90, 10-16.
Martinez-Medina M., Garcia-Gil L.J. (2014). Esche-

richia coli in chronic inflammatory bowel diseas-
es: An update on adherent invasive Escherichia 
coli pathogenicity. World J. Gastrointest. Patho-
physiol. 5, 213-227.

Marzorati M., Wittebolle L., Boon N., Daffonchio 
D., Verstraete W. (2008). How to get more out of 
molecular fingerprints: practical tools for micro-
bial ecology. Environ. Microbiol. 10, 1571-1581.

McFarland L.V. (2008). Antibiotic-associated diar-
rhea: epidemiology, trends and treatment. Future 
Microbiol. 3, 563-578.

Meyer-Hoffert U., Hornef M.W., Henriques-Nor-
mark B., Axelsson L.G., Midtvedt T., et al. (2008). 
Secreted enteric antimicrobial activity localises 
to the mucus surface layer. Gut. 57,764-771.

Minot S., Bryson A., Chehoud C., Wu G.D., Lewis J.D., 
Bushman F.D. (2013). Rapid evolution of the hu-
man gut virome. Proc. Natl. Acad. Sci. USA. 110, 
12450-12455.

Miquel S., Martín R., Rossi O., Bermúdez-Humarán 
L.G., Chatel J.M., Sokol H., et al. (2013). Fae-
calibacterium prausnitzii and human intestinal 
health. Current Opinion in Microbiology. 16, 255-
261.

Montalto M., D’Onofrio F., Gallo A., Cazzato A., Gas-
barrini G. (2009). Intestinal microbiota and its 
functions. Digestive and Liver Disease. (Suppl. 3), 
30-34.

Musher D.M., Aslam S., Logan N., Nallacheru S., 
Bhaila I., Borchert F., Hamill R.J. (2005). Rela-
tively poor outcome after treatment of Clostrid-
ium difficile colitis with metronidazole. Clin. In-
fect. Dis. 40, 1586-1590.

Neemann K., Eichele D.D., Smith P.W., Bociek R., 
Akhtari M., Freifeld A. (2012). Fecal microbiota 
transplantation for fulminant Clostridium diffi-
cile infection in an allogeneic stem cell transplant 
patient. Transpl. Infect. Dis. 14, E161-165.

Neish A.S. (2009). Microbes in gastrointestinal health 
and disease. Gastroenterology. 1, 65-80.

Nicholson J.K., Holmes E., Wilson I.D. (2005). Gut 
microorganisms, mammalian metabolism and 
personalized health care. Nat. Rev. Microbiol. 3, 
431-438.

Nobuyuki Sudo, Yoichi Chida, Yuji Aiba, Junko Sono-
da, Naomi Oyama, Xiao-Nian Yu, Chiharu Kubo, 
and Yasuhiro Koga. (2004). Postnatal microbial 
colonization programs the hypothalamic-pitu-
itary-adrenal system for stress response in mice. 
J. Physiol. 558, 263-275.

Ostaff M.J., Stange E.F., Wehkamp J. (2013). An-
timicrobial peptides and gut microbiota in 
homeostasis and pathology. EMBO Mol. Med. 5, 
1465-1483. 

Parekh P.J., Balart L.A., Johnson D.A. (2015). The In-
fluence of the Gut Microbiome on Obesity, Met-

abolic Syndrome and Gastrointestinal Disease. 
Clin. Transl. Gastroenterol. 18; 6:e91.

Pépin J., Routhier S., Gagnon S., Brazeau I. (2006). 
Management and outcomes of a first recurrence 
of Clostridium difficile associated disease in Que-
bec, Canada. Clin. Infect. Dis. 42, 758-764.

Posseiers S., Bolca S., Verstraete W., Heyerick A. 
(2011). The intestinal microbiome: a separate or-
gan inside the body with the metabolic potential 
to influence the bioactivity of botanicals. Fitoter-
apia. 82, 53-66. 

Rawls J.F., Mahowald M.A., Ley R.E., Gordon J.I. 
(2006). Reciprocal gut microbiota transplants 
from zebrafish and mice to germ-free recipients 
reveal host habitat selection. Cell. 127, 423-433.

Sanz Y., Nadal I., Sánchez E. (2007). Probiotics as 
drugs against human gastrointestinal infections. 
Recent Pat. Antiinfect. Drug Discov. 2, 148-156.

Sartor R.B. (2008). Microbial influences in inflam-
matory bowel diseases. Gastroenterology. 134, 
577-594. 

Schauber J., Svanholm C., Termen S., Iffland K., Men-
zel T., Scheppach W., et al. (2003). Expression 
of the cathelicidin LL-37 is modulated by short 
chain fatty acids in colonocytes: relevance of sig-
nalling pathways. Gut. 52, 735-741. 

Schippa S., Conte M.P., Borrelli O., Iebba V., Aleandri 
M., Seganti L., et al. (2009). Dominant genotypes 
in mucosa-associated Escherichia coli strains 
from pediatric patients with inflammatory bowel 
disease. Inflamm. Bowel. Dis. 15, 661-672.

Schippa S., Iebba V., Barbato M., Di Nardo G., Tot-
ino V., Checchi M.P., et al. (2010). A distinctive 
‘microbial signature’ in celiac pediatric patients. 
BMC Microbiol. 10, 175.

Schippa S., Iebba V., Totino V., Santangelo F., Lepanto 
M., Alessandri C., et al. (2012). A potential role of 
Escherichia coli pathobionts in the pathogenesis 
of pediatric inflammatory bowel disease. Can. J. 
Microbiol. 58, 426-432.

Sekirov I., Finlay B.B. (2006). Human and microbe: 
united we stand. Nat. Med. 12, 736-737. 

Sekirov I., Russell S.L., Antunes L.C., Finlay B.B. 
(2010). Gut Microbiota in Health and Disease. 
Physiological Reviews. 90, 859-904.

Sokol H., Pigneur B., Watterlot L., Lakhdari O., Ber-
múdez-Humarán L.G., Gratadoux J.J., et al. (2008). 
Faecalibacterium prausnitzii is an antiinflamma-
tory commensal bacterium identified by gut mi-
crobiota analysisof Crohn disease patients. Proc. 
Natl. Acad. Sci. USA. 105, 16731-16736.

Sommer F., Bäckhed F. (2013). The gut microbiota 
masters of host development and physiology. Nat. 
Rev. Microbiol. 11, 227-238.

Sonnenburg E.D., Sonnenburg J.L., Manchester J.K., 
Hansen E.E., Chiang H.C., Gordon J.C. (2006). A 
hybrid two-component system protein of a prom-
inent human gut symbiont couples glycan sens-



V. Iebba, V. Totino, A. Gagliardi, F. Santangelo, F. Cacciotti, M. Trancassini, C. Mancini, C. Cicerone, E. Corazziari, F. Pantanella, S. Schippa12

ing in vivo to carbohydrate metabolism. Proc. 
Natl. Acad. Sci. USA. 23, 8834-8839.

Termén S., Tollin M., Rodriguez E., Sveinsdóttir 
S.H., Jóhannesson B., Cederlund A., et al. (2008). 
PU.1 and bacterial metabolites regulate the hu-
man gene CAMP encoding antimicrobial peptide 
LL-37 in colon epithelial cells. Mol. Immunol. 45, 
3947-3955. 

Van Nood, E., Vrieze A., Nieuwdorp M., Fuentes S., 
Zoetendal E.G., de Vos W.M., et al. (2013). Duo-
denal infusion of donor feces for recurrent Clos-
tridium difficile. N. Engl. J. Med. 368, 407-415.

Walters B.A., Roberts R., Stafford R., Seneviratne 
E. (1983). Relapse of antibiotic associated colitis: 
endogenous persistence of Clostridium difficile 

during vancomycin therapy. Gut. 24, 206-212. 
Winter S.E., Winter M.G., Xavier M.N., Thiennimitr 

P., Poon V., Keestra A.M., et al. (2013). Host-de-
rived nitrate boosts growth of E. coli in the in-
flamed gut. Science. 339, 708-711.

Wylie K.M., Weinstock G.M., Storch G.A. (2012). 
Emerging view of the human virome. Transl. Res. 
160, 283-290.

Zhang Y.J., Li S., Gan R.Y., Zhou T., Xu D.P., Li H.B. 
(2015). Impacts of Gut Bacteria on Human Health 
and Diseases. Int. J. Mol. Sci. 16, 7493-7519. 

Zoetendal E.G., Rajilic-Stojanovic M., de Vos W.M. 
(2008). High-throughput diversity and function-
ality analysis of the gastrointestinal tract micro-
biota. Gut. 57, 1605-1615.


