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Microbiota: non solo 

intestino



Definition Explanation

Microbiota All the microbes that are found in a 
particular region or habitat; the term 
“microflora” is no longer used

Microbiome The totality of the microbes with their genes 
that are harbored by the microbiota and the 
milieu in which they interact

Operational taxonomic unit (OTU) Specific sequences based on sequence 
similarity (typically threshold is 97%) to 
reference genes. This is taken as a proxy for 
species-level 

Taxon A group of phylogenetically related microbes 
that belong to the same taxonomic group, 
such as order, family, or genus

Richness Number of different taxa within a single 
population

a Diversity How many types of sequences in a sample

b Diversity How many different types of sequences are 
shared among samples

Glossary of terms



 Humans are viewed as composites of human and 
microbial cells.

 Human microbiota are complex and dynamic 
microbial communities composed mainly of 
bacteria, but also includes protozoa, archaea, 
viruses, and fungi that resides in and on different 
body niches (oral cavity, throat, esophagus, 
stomach, colon, urogenital tract, respiratory tract, 
and skin).

 The colonic microbiota constitutes the most 
abundant microbial domain within the human body, 
with the vast majority belonging to the bacterial 
phyla of Firmicutes and Bacteroidetes.



A non-exhaustive overview of human gut microorganisms
among bacterial, Archaea, viral, and Eukaryota domains

From: Lagier et al, Front Cell Infect Microbiol, 2012



Microbiota influencers

•Sanitation

•Mode of delivery, breast-feeding..

•Diet
– Composition (calories, fat, fibres, vegetable, meat..)

– Cooking

– Natural food additives (safrol..) 

– Artificial chemical food additives:
• Preservatives (benzoic acid, sodium benzoate, nitrite/nitrate, sulfur

dioxide/sulfite..)

• Sweeteners, emulsifiers and stabilizers, flavors, thickeners, 

antifoaming, anticaking, bulking, antioxidants..)

• Others (titanium dioxide..)

•Exercise

•Sleep

•Stress

•Violence

•Drugs



EU= good BIOS= life

• Composition: Diversity

Richness

Relative Abundance

Our gut is a sophisticated ecosystem that is

regulated by the logic of RELATIONAL HARMONY

Microbiota and Host live in a COOPERATIVE 

SYSTEMIC AGGREGATION MODEL

In a healthy Microbiota species 

are in equilibrium: EUBIOSIS

How to define an 

EUBIOTIC enterotype?



Failure of HOST-MICROBIOTA equilibrium

Quali-quantitative alterations of oral, 

esophageal, gastric, small bowel and/or 

colonic microbiota

DYSBIOSIS

EUBIOSIS



Sommer F et al. 

Nat Rev Microbiol 2017

RESISTANCE: a given ecosystem to stand unchanged in the face of a 

disturbance

RESILIENCE: amount of stress that a system can tolerate before its 

homeostatic state shifts towards a new equilibrium with different 

functions and services 

From EUBIOSIS to DYSBIOSIS



Sommer F et al. Nat Rev Microbiol 2017

Facing a continuous perturbation, the composition of the microbiota 

may adopt a new beneficial or detrimental state: ADAPTATION

Acquisition of an unhealthy and dysbiotic microbiota with 

high resilience potential may contribute to chronicity of  

human microbiota-associated diseases

From EUBIOSIS to DYSBIOSIS



• “all happy families look alike; each 
unhappy family is unhappy in its own 
way”

• “Tutte le famiglie felici sono simili le 
une alle altre; ogni famiglia infelice è 
infelice a modo suo”



“all healthy microbiomes are similar; each dysbiotic
microbiome is dysbiotic in its own way”

• Typically, healthy hosts possess relatively 
stable microbiomes that form tight clusters 
in ordination space. 

• In contrast to movement of these clusters to 
a new place in ordination space a variety of 
external stressors have been shown to 
disrupt this stability, resulting in more 
dispersed microbiomes. 

• More dispersed microbiomes have been 
associated with a variety of negative 
outcomes for the host, including increased 
invasibility and altered clinical parameters 
(for example, endotoxaemia in alcoholics).

• In principle, these disruptions may act 
indirectly by affecting host immunity (as in 
HIV and SIVcpz), indirectly by altering the 
microbiome (for example, by displacing 
protective mutualists like antibiotic 
producers), or through a combination of 
both mechanisms.

Anna Karenina principle of perturbations 
inducing microbiome destabilization

From: Zaneveld et al, Nat. Microbiol., 2017



EFFECTS OF GUT MICROBIOTA ON 
HOST HEALTH

Barrier effect 

Immunocompetence/Tolerance

Protection against infections

Synthesis

Metabolic/Trophic function

Drug metabolism

Behavior conditioning



Gut microbiome 

precision medicine

Moving to a Microbiota

signature for any disease or 

pathological status?





• We analysed a cohort of 2045 non-IBD and IBD faecal samples from four countries 
(Spain, Belgium, the UK and Germany), applied a 16S rRNA sequencing approach 
and analysed a total dataset of 115 million sequences.

• In the Spanish cohort, dysbiosis was found significantly greater in patients with CD 
than with UC, as shown by a more reduced diversity, a less stable microbial 
community and eight microbial groups were proposed as a specific microbial 
signature for CD. 

• Tested against the whole cohort, the signature achieved an overall sensitivity of 
80% and a specificity of 94%, 94%, 89% and 91% for the detection of CD versus 
healthy controls, patients with anorexia, IBS and UC, respectively.

• Although UC and CD share many epidemiologic, immunologic, therapeutic and 
clinical features, these results showed that they are two distinct subtypes of IBD at 
the microbiome level. 

• For the first time, microbiomarkers were proposed to discriminate between CD and 
non-CD independently of geographical regions.





Mechanisms involved in gut microbiota-mediated
resistance against enteropathogen infection

Schnupf P et al.,Curr Op Immunol, 2018



Antibiotic-induced alterations in gut microbial metabolism 
decrease colonization resistance against C. difficile

Antibiotic treatment alters the gut microbiota structure, specifically decreasing
bacteria that are able to deconjugate and dehydroxylate primary bile acids into
secondary bile acids. The loss of secondary bile acid metabolism and
competition from the gut microbiota allow for C. difficile outgrowth, toxin
production, and disease.





• Subjects with severe Clostridioides difficile
infection refractory to antibiotics were
randomly assigned to one of the two
following treatment arms:
– FMT-S, including a single faecal infusion via 

colonoscopy followed by a 14-day 
vancomycin course, 

– FMT-M, including multiple faecal infusions
plus a 14-day vancomycin course. In the 
FMT-M group, all subjects received at least
two infusions. 

• The primary outcome was the cure of 
refractory severe Clostridioides difficile
infection.

• Fifty six subjects, 28 in each treatment arm, 
were enrolled. 

• Twenty one patients in the FMT-S group
and 28 patients in the FMT-M group were
cured (75% vs 100%, respectively, both in 
per protocol and intention-to-treat
analyses; P = 0.01). 

• No serious adverse events associated with 
any of the two treatment protocols were
observed.

infusions on average (range 2-6), in a total of 89 infusions. For each

infusion, subjects received stools from the same donor or from dif-

ferent donors, depending on availabilit y. Fresh faeces were used in

50 infusions (56%) and frozen faeces in 39 infusions (44%); faeces

from unrelated donors were used for 63 procedures (71%) and

related donors were used for 26 procedures (29%).

3.3 | Study outcomes

In the FMT-S group, 21 of the 28 patients were cured (75% both

in per-protocol and intention-to-treat analysis); ten of them had

pseudomembranous colitis, and 13 had severe-complicated CDI.

Of the seven failing subjects, all had pseudomembranous colitis,

and four presented with severe-complicated CDI. A transient clini-

cal improvement was observed immediately after FMT in all of

them, but they experienced a relapse of C. difficile-associated diar-

rhoea and a worsening of their clinical picture on average 10 days

after the end of treatment (range 7-19 days). All 7 subjects

received off-protocol treatment with further faecal infusions and

were ultimately cured from CDI; however, one patient died

1 month after the end the off-protocol faecal infusions of heart

attack.

In the FMT-M group, all 28 patients (100%, on both per-protocol

and intention-to-treat analyses) started ameliorating immediately

Assessed for eligibility (n = 68)

Enrollment

Allocated to FMT-M (n = 28)

· Received the scheduled treatment as randomised (n = 28)

· Treated with 2 faecal infusions (n = 9)

· Treated with 3-6 faecal infusions because of 

pseudomembranous colitis (n = 19)

Excluded (n = 12)

· Absence of criteria for severe CDI (n = 5);

· Underlying IBD (n = 1);

· Other enteric infections beyond C. difficile (n = 1);

· Concomitant therapy with systemic antibiotics (n = 2);

· Septic shock (n = 1)

· Toxic megacolon (n = 2)

· Completed the study (n = 28)

· Lost to follow-up (n = 0)

· Discontinued the intervention (n = 0)

Randomised (n = 56)

Allocated to FMT-S (n = 28)

· Received the scheduled treatment as randomised (n = 28)

Allocation

Follow-up

· Completed the study (n = 28)

· Lost to follow-up (n = 0)

· Discontinued the intervention (n = 0)

Analysis

· Included in the per-protocol analysis (n = 28)

· Included in the intention-to-treat analysis (n = 28)

· Included in the analysis of adverse events (n = 28)

· Included in the per-protocol analysis (n = 28)

· Included in the intention-to-treat analysis (n = 28)

· Included in the analysis of adverse events (n = 28)

FI GU RE 2 Flow diagram of the subjects enrolled in the study

156 | IANIRO ET AL.



 150 patients treated (mean age, 73 years; range, 29‒94 years) 
 Mean number of recurrences of Clostridium difficile infection (rCDI) = 3 (range = 2‒11)
 Mean Charlson Comorbidity Index score = 3
 Inpatients/Outpatients = 100/50 

Fecal Microbiota Transplantation at the “A. Gemelli” 
Hospital - Overall Data (years 2013‒2018)

Overall 223 infusion procedures (91 patients received one infusion, 79 multiple infusions)
Fresh material/Frozen material= 126/87

FMT procedures/year
o June‒December 2013 = 9 (7 pts)
o 2014 = 24 (15 pts)
o 2015 = 36 (25 pts)
o 2016 = 49 (30 pts)
o 2017 = 58 (40 pts)
o Jan-Jul 2018= 47 (33 pts)

RESULTS:
o Severe colitis (PMC) in 65 patients
o Follow-up range = 1‒60 months
o Resolution of rCDI in 147/150 treated patients 

(98%)
o No patients experienced further FMT recurrences 
o No more surgery for CDI in our hospital since 2014



L'infezione da Clostridium difficile è uno dei temi 
caldi in ospedale

Questo PCA è stato attivato nel 2015 per rispondere all'esigenza di tenere sotto controllo il fenomeno 
dell'infezione da Clostridium difficile identificando una procedura standard. Questa procedura prevedeva 
l’introduzione di algoritmi e test diagnostici innovativi 

Il PCA prevede tre passi principali già in PS:

1. Identificazione del paziente con sospetta
infezione da Clostridium difficile

2. Valutazione microbiologica real-time del 
paziente

3. Gestione del paziente a seconda dell'esito
degli approfondimenti diagnostici (inclusa
la possibilità di FMT)

Adopted procedure for the management
of C. difficile infection at the “A. Gemelli” Hospital 



The pre-post analysis of the procedure implementation revelead impacts 
on the lenght of stay, on the appropriateness of the treatment and on 

mortality

Lenght of stay (days) Ward of treatment Hospital mortality (%)

De Belvis et al., IJID, 2019













• Recommendations to combat the progression of antibiotic 

resistance included barrier and hygiene approaches to reduce 

transmission, limits on antibiotic use, and development of new and 

more effective antibiotics. 

• A concern with these approaches, however, is that antibiotic 

resistance has grown despite their implementation. 

• Recently, the White House provided a national action plan for 

combating antibiotic-resistant bacteria, which included specific 

milestones that introduced the potential role of the microbiome

and the microbiota in combating antibiotic resistance 

(www.whitehouse.gov/sites/default/files/docs/national_action_pla

n_for_combating_antibotic-resistant_bacteria.pdf). 

Microbiota destruction and antibiotic-resistant 
infections



Characterization of the intestinal microbiota during allogeneic 
hematopoietic stem cell transplantation





• After the induction and reinduction I phases of chemotherapy, microbial diversity 
decreased significantly relative to the prechemotherapy value. 

• After chemotherapy, the relative abundance of certain bacterial taxa (eg, Bacteroidetes) 
decreased significantly, whereas that of other taxa (eg, Clostridiaceae and 
Streptococcaceae) increased. 

• A baseline gut microbiome characterized by Proteobacteria predicted febrile 
neutropenia. Adjusting for the chemotherapy phase and ALL risk level, Enterococcaceae
dominance (relative abundance ≥30%) predicted significantly greater risk of subsequent 
febrile neutropenia and diarrheal illness, whereas Streptococcaceae dominance predicted 
significantly greater risk of subsequent diarrheal illness.

• In children undergoing therapy for newly diagnosed ALL, the relative abundance of 
Proteobacteria before chemotherapy initiation predicts development of febrile 
neutropenia, and domination of the gut microbiota by Enterococcaceae or 
Streptococcaceae at any time during chemotherapy predicts infection in subsequent 
phases of chemotherapy.





• Of 14 patients with dominant Enterococcaceae, 7 (50%) developed 

subsequent infection, as did 4 of 5 (80%) patients with dominant 

Streptococcaceae. 

• Adjusting for chemotherapy phase and ALL risk level, Enterococcaceae

dominance was significantly associated with increased risk of subsequent 

febrile neutropenia (HR, 2.97) and diarrheal illness (HR, 4.23) compared to 

nondominance of both Streptococcaceae and Enterococcaceae, while 

Streptococcaceae dominance carried a greater risk (HR, 7.94) of subsequent 

diarrheal illness. 

• Thus, a gut microbiota dominated by Enterococcaceae or Streptococcaceae is 

associated with subsequent infections.



• In this study were collected 2319 samples from 562 admissions (506 patients); KPC-Kp

colonization was detected in 255 (45.4%) admissions and KPC-Kp bacteremia in 11 

(4.3%). 

• A relative abundance cutoff of 22% predicted KPC-Kp bacteremia with sensitivity 73%, 

specificity 72%, and relative risk 4.2 (P = .01). 

• In a multivariable Cox regression model adjusted for age, Charlson comorbidity index, 

and medical devices, carbapenem receipt was associated with achieving the 22% 

relative abundance threshold (P = .044).

• Carbapenem receipt was associated with increased hazard for high relative abundance 

of KPC-Kp in the gut microbiota. Increased relative abundance of KPC-Kp was associated 

with KPC-Kp bacteremia. 



• We report the case of a 90-year-old heart failure (HF) patient who was admitted to the hospital for an 
acute state of cardiac decompensation. Twenty days after admission, he was febrile to 38.2 C 
whereas his white blood count and C-reactive protein increased to 6190 cells/μL and 31.2 mg/L, 
respectively. 

• Of the patient’s blood culture (BC) bottle pairs collected under the suspicion of infection, the 
anaerobic bottle yielded an organism that was later identified as Prevotella copri. 

• Concomitantly, the patient’s fecal sample was obtained for the intestinal microbiota characterization 
by sequencing the V3/V4/V6 regions of the bacterial 16S rRNA gene by using the Arrow Microbiome
kit. The analysis revealed highest relative abundances of Bacteroidales (34.1%), Prevotellaceae
(19.0%), Prevotella (15.2%), and P. copri (6.1%) taxa, indicating that the patient’s gut microbiota was 
dominated by Prevotella organisms. 

• The patient was successfully treated with metronidazole, and was discharged to a long-term care 
facility at 35 days of admission.

• We provide the first evidence for a clinically signiicant BSI caused by P. copri and its relationship to a 
Prevotella-rich gut microbiota in the HF patient setting. 

• Future studies are necessary to assess the role of the gut microbiota profiling for precise identification 
and targeted treatment of patients at high risk of BSI.









Competitive inhibition of S. aureus AIP activity by fengycins
Inhibition of S. aureus colonization by dietary fengycin

producing Bacillus spores in a mouse model

Similar
structure!!!

Zero 
colonies!



Conclusions

• Human microbiota study is one of the most intriguing and 
exciting research topics in the last years

• In the near future the association of specific microbiota types 
with specific diseases will permit to make treatment able to 
restore the “good microbiota” modified by therapeutic 
approaches

• The assessment of the microbiota composition that has to be 
used for FMT by -omics will permit to patient tailor this 
therapeutic procedure

• The use of “Bugs as Drugs”, by FMT, probiotics or phages, is 
supported by promising evidences derived from basic science 
and needs to be tested more extensively in randomized clinical 
trials.
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