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The top 10 causes of death - Source WHO

Global LMIC



A global comparison of CDI burden and epidemiology in different 
regions of the world

From: Liu et al., Antibiotics,  2023



Mean incidence density in hospital surveillance periods in 
2016–2017, by type of hospital and origin of CDI, EU/EEA

ECDC 2022. Clostridioides (Clostridium) difficile Infections—Annual Epidemiological Report for 2016–2017



• The study included 12,768 CDI patients and 23,272 matched controls. 

• The total health care cost was significantly larger for CDI cases than controls throughout all 
periods. 

• During the index admission period, cost was 12,867 euro per CDI case compared to 4,522 
euro (p < 0.001) for controls, which increased to an average of 31,388 and 19,512 euro (p < 
0.001) in Year 1 for the two groups, respectively. 

• Excess costs were found both among infections with onset in hospitals and in the 
community. 

• Diagnosis compatible with complications increased costs to on average >91,000 euro per 
case. The regression analysis showed that CDI adds a substantial economic burden, but 
only explains about 1/3 of the crude difference observed in the matched analysis



“On the basis of our predictive statistical models, there were an estimated 4.95 million 
(3.62-6.57) deaths associated with bacterial AMR in 2019, including 1.27 million (95% 

UI 0.911-1.71) deaths attributable to bacterial AMR”



• Antibiotic susceptibility analysis showed that 78% (652/831) of isolates were resistant 
to almost one class of the antibiotics tested, while 62% (517/831) were resistant to 
three or four classes and therefore considered MDR

• MICs distribution indicated that resistance to ERY, CLI, MXF and RIF was widespread 
among human isolates, while all isolates were susceptible to MTZ and VAN, except one 
isolate RT 010 that showed a MIC = 4 mg/L for MTZ 

• Almost 90% (460/517) of MDR isolates detected in this study belonged to the three 
prevalent lineages identified in humans

• In particular, MDR isolates represented 97%, 87% and 55% of the isolates belonging to 
the RT 018- lineage, RT 027-lineage and RT 078-lineage, respectively



The human microbiota and their interplay with different body sites. The figure shows that virome translocates, circulates,
stimulates immune system and infects cellular bacterial, fungal, and eukaryotic cells. Bottom part shows the interplay
between microbiome and medicine and highlighting the advances in microbiome will help decipher new targets and
discover new therapeutics.



• A major role of the gut microbiome is to provide a barrier against invasion and expansion of potentially 
pathogenic microorganisms, termed colonization resistance. 

• Loss of colonization resistance can lead to the expansion of multidrug-resistant organisms (MDROs) in 
the gut. 

• Such expansion of MDROs, for instance, vancomycin-resistant Enterococci and Clostridioides difficile, has 
been associated with higher morbidity and mortality, including increased risk of septicemia, as organisms 
are easily able to cross the gut barrier. 

From: Isles et al, Trends Microbiol., 2022



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



• We propose a new vision of the pathophysiology of sepsis that includes the 

invariable loss of the host’s microbiome with the emergence of a 

pathobiome consisting of both “healthcare-acquired and healthcare-

adapted pathobiota.”

• Under this framework, the critically ill patient is viewed as a host colonized 

by pathobiota dynamically expressing emergent properties which drive, and 

are driven by, a pathoadaptive immune response.



• We enrolled 30 patients hospitalized for SARS-CoV-2-related pneumonia. 

• Their gut microbiota was analyzed within 48 h from the admission and compared with:

– that of other patients admitted for suspected bacterial pneumonia (control group) 

– that obtained from the same subject 6 months after nasopharyngeal swab negativization.

• Gut microbiota alpha-diversity increased 6 months after the resolution of SARS-CoV-2 
infection. Bacteroidetes relative abundance was higher (≈ 36.8%) in patients with SARS-CoV-2 
and declined to 18.7% when SARS-CoV-2 infection resolved (p = 0.004). 

• Conversely, Firmicutes were prevalent (≈ 75%) in controls and in samples collected after SARS-
CoV-2 infection resolution (p = 0.001). 

• Ruminococcaceae, Lachnospiraceae and Blautia increased after SARS-CoV-2 infection 
resolution, rebalancing the gut microbiota composition.

• SARS-CoV-2 infection is associated with changes in the gut microbiome, which tend to be 
reversed in long-term period.



Mechanisms involved in gut microbiota-mediated resistance
against enteropathogen infection

Schnupf P et al., Curr Op Immunol, 2018



Microbiome diversity protects against pathogens by nutrient 
blocking. Pathogens (red) fail to colonize when they overlap 
with the community (yellow and green bacteria) in nutrient-
utilization profiles (nutrient niches are indicated by colored 
circles). As microbiome diversity increases, the probability that 
different nutrients are consumed increases, which helps to 
block pathogen growth and improve colonization resistance

Ecological diversity and key members are needed for efficient colonization 
resistance in vitro



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

Antibiotic treatment alters the gut microbiota structure, specifically decreasing bacteria
that can 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.



• Mice treated with the broad-spectrum antibiotic cefoperazone promoted the growth, 
morphogenesis and gastrointestinal (GI) colonization of C. albicans. 

• Levels of carbohydrates, sugar alcohols, and primary bile acids increased, whereas 
carboxylic acids and secondary bile acids decreased in antibiotic treated mice susceptible 
to C. albicans. 

• Further, in vitro assays showed that carbohydrates, sugar alcohols and primary bile acids 
promote, whereas carboxylic acids and secondary bile acids inhibit the growth and 
morphogenesis of C. albicans. 

• Taken together, our in-vivo and in-vitro results indicate that cefoperazone-induced 
metabolome and microbiome alterations favor the growth and morphogenesis of C. 
albicans, and potentially play an important role in the gastrointestinal colonization of C. 
albicans. 





• 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_plan_for_combating_

antibotic-resistant_bacteria.pdf). 

Microbiota destruction and antibiotic-resistant infections



Examples of microbial signatures associated with acquisition of 
MDROs in the human gut

Organism(s) Microbiota associated with 
increased risk of MDRO 

acquisition

Microbiota associated with 
protection against MDRO 

acquisition

Patients cohort

VRE Enterobacterales - Patients with rCDI
undergoing FMT

Either VRE or resistant 
Gram-negative bacteria

Enterococcus Nursing home 
patients

ESBL Enterobacterales Prevotella Desulfovibrio, Oscillospira, 
Parabacteroides, Coprococcus

Third-generation 
cephalosporin-resistant
Enterobacterales

Enterobacterales, 
Proteobacteria

Pseudomonadaceae, Prevotella
massiliensis

Healthy adult
population

Multiple MDROs Enterococcus, Klebsiella, 
Enterobacterales

Bacteroides, Faecalibacterium, 
Lachnospira, Blautia

Patients undergoing
liver transplantation

From: Isles et al, Trends Microbiol., 2022, modified





• 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. 



• Gut dysbiosis characteristic of end-stage liver disease may predispose patients to intestinal 
multi-drug resistant bacteria (MDRB) colonization and infection, in turn exacerbating dysbiosis. 

• In multivariate linear mixed-effect models, MDRB colonization predicts reduced Shannon α-
diversity, after controlling for underlying liver disease, antibiotic exposures, and clinical 
complications. 

• Importantly, pre-liver transplantation microbial markers predict subsequent colonization by 
MDRB.

• Patients who never developed MDRB colonization were significantly enriched before liver
transplantation in Faecalibacterium prausnitzii, Bacteroides, and Bifidobacterium, as well as
Parabacteroides distasonis, Prevotella stercorea, and Lachnospira



Microbial signatures of the human gut to inform interventions 
for improved outcomes

From: Isles et al, Trends Microbiol., 2022



FMT: a success story 

Eiseman B, et al. Surgery 1958; Surawicz C, et al. Am J Gastroenterol 2013; van Nood E, et al. N Engl J 

Med 2013, Youngster I, et al. JAMA 2014; Orenstein et al – Clin Infect Dis 2016; Cammarota G, et al. 

Gut 2017

1958                                               2010s

First reported application of FMT 
for pseudomembranous colitis

• First RCT on FMT for MetS

• First RCT on FMT for CDI

• FMT in American CDI guidelines

• First capsule FMT study

• First RCT on FMT for UC

• First synthetic microbiota consortium

• First Consensus Conference on FMT

2012

2013

2013

2014

2015

2016

2016



FMT for recurrent CDI: Randomized Clinical Trials

Van Nood et al – NEJM 2013

• Short vanco+FMT vs Short vanco+bowel prep vs 

Standard vanco

• Study stopped after an interim analysis

• Resolution of CDAD 

• No significant adverse events

o FMT group (n=16): 81%1 FMT, 94% >1 FMT

o Vancomycin group (n=13): 31%

o Bowel prep (n=13): 23%





• Between June 21, 2021, and April 1, 2022, we consecutively screened 86 patients, of whom 42 
were randomly assigned to faecal microbiota transplantation (n=21) or placebo (n=21)

• The trial was stopped after the interim analysis done on April 7, 2022 for ethical reasons because a 
significantly lower rate of resolution was identified in the placebo group compared with the faecal
microbiota transplantation group (Haybittle-Peto boundary limit p<0·001)

• 19 (90%; 95% CI 70-99) of 21 patients in the faecal microbiota transplantation group and seven 
(33%, 95% CI 15-57) of 21 patients in the placebo group had resolution of CDAD at week 8 
(p=0.0003)

• In patients with first or second C. difficile infection, first-line faecal microbiota transplantation is 
highly effective and superior to the standard of care vancomycin alone in achieving sustained 
resolution from C. difficile



Evidence for different indications of FMT

Metanalyse

s

RCTs Open label

trials

Case 

series/reports

Efficacy data

C. difficile infection +++ +++ ++++ ++++ Outstanding

Ulcerative colitis + + ++ +++ Promising

Hepatic encefalopathy + + Quite

promising

Metabolic syndrome + + Quite

promising

Crohn’s disease + + Poor

IBS + + + Poor

Multi-resistant

infections

+ + Poor/promising

Autism + + Poor

GVHD + Poor

Courtesy Gianluca Ianiro



Classification of fecal microbiota transplantation 
across countries

From: Porcari et al., Cell Host Microb., 2023



Trapianti di microbiota inseriti nell’applicativo del 
Centro Nazionale Trapianti al 30/09/2023

From: Report ISS – CNT, 2023



❑ 190 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 2013‒2019)

❑Overall, 283 infusion procedures (91 patients received one infusion, 79 multiple infusions)
❑Fresh material/Frozen material= 166/117

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 2018 = 57 (43 pts)
o 2019 = 59 (37 pts)

RESULTS:
o Severe colitis (PMC) in 65 patients
o Follow-up range = 1‒60 months
o Resolution of rCDI in 186/190 treated patients (98%)
o No patients experienced further FMT recurrences 
o No more surgery for CDI in our hospital since 2014



• Clostridioides difficile infection (CDI) is a major challenge for healthcare systems. Inflammatory bowel disease (IBD), 

including ulcerative colitis (UC) and Crohn’s disease, is a risk factor for primary and recurrent CDI (rCDI). Moreover, CDI 

itself often worsens the clinical picture of IBD, increasing the risk of complications. 

• Fecal microbiota transplantation (FMT) is a highly effective treatment for rCDI, but data from patients with IBD and 

CDI are limited and often referred to mixed cohorts. 

• We aimed to report outcomes from a cohort of patients with UC treated with FMT for rCDI superinfection. 

• In a retrospective, single-centre cohort study we evaluated characteristics and outcomes of patients with UC who 

received FMT for rCDI. The primary outcome was negative C. difficile toxin 8 weeks after FMT. 

• Thirty-five patients were included in the analysis. 

• Sixteen patients were cured after single FMT, while 19 patients received repeat FMT. 

• Overall, FMT cured rCDI in 32 patients (91%), and repeat FMT was significantly associated with sustained cure of CDI 

compared with single FMT (84% vs 50%, p = 0.018). Twenty-four patients (69%) experienced remission or an 

amelioration of UC activity.



Multidrug-resistant pathogens

Wei et al – BMC Infect Dis 2015
Stripling et al – Open Forum Infect Dis 2015
Bilinsky et al- Arch Immunol Ther Exp 2016

Successful case series/case reports on: 

oMethicillin-resistant Staphylococcus aureus (MRSA) Enterocolitis

oVancomycin-resistant Enterococcus (VRE) 

oKlebsiella pneumoniae MBL(+)

oEscherichia coli ESBL(+)

One open-label trial:

o20 participants, median of 2 strains of ARB 

oFMT by nasoduodenal tube 

oComplete ARB decolonization in 15 of 20 patients (75%)

oNo severe adverse events

From: Bilinsky et al, Clin Infect Dis, 2017



• Fecal microbiota transplantation led 

patients to reduce the delay in 

decolonization (median 3 days post 

FMT for treated patients vs. 50.5 days 

after the first documentation of 

digestive carriage for control patients) 

and discharge from hospital (median 

19.5 days post FMT for treated patients 

vs. 41 for control patients)



T0: Time of FMT

T1: 7 days

T2: 14 days

T3: 30 days

T4: 90 days



Comparison of specificities, safety and efficacy of microbiota-derived 
therapies in recurrent Clostridioides difficile infection (rCDI)

From: Benech et al, Clin. Microbiol. Infect., 2023



• An integrated shotgun metagenomic systematic meta-analysis of new and publicly available stool microbiomes 

collected from 226 triads of donors, pre-FMT recipients and post-FMT recipients across eight different disease 

types was performed

• Recipients with higher donor strain engraftment were more likely to experience clinical success after FMT (P 

= 0.017) when evaluated across studies

• Increased engraftment was associated with:

– receiving FMT from multiple routes (for example, both via capsules and colonoscopy during the same treatment)

– Receiving an antibiotic treatment with infectious diseases compared with antibiotic-naïve patients with noncommunicable 

diseases

– Bacteroidetes and Actinobacteria species (including Bifidobacteria) displayed higher engraftment than Firmicutes except for six 

under-characterized Firmicutes species.

• Cross-dataset machine learning predicted the presence or absence of species in the post-FMT recipient at 

0.77 average AUROC proposing a model able to predict donors that might optimize post-FMT specific 

microbiome characteristics for disease-targeted FMT protocols.



Conclusions

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

the last years

• The dramatic modifications occurring after significant microbiota stresses (e.g., 

prolonged antibiotic therapies) can lead to the selection of a potentially dangerous 

“Pathobiota”

• The assessment of the microbiota composition, and in particular the detection of an 

“intestinal domination”, will permit to tailor therapeutic procedures

• The use of FMT is supported by promising evidences derived from basic science and 

needs to be tested more extensively in randomized clinical trials, in particular for 

decolonization purposes
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