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n inTRODUCTiOn

In the last years there has been a growing amount 
of evidence for “enteropathogenetic” infections 

caused by Candida spp., Clostridium difficile and 
carbapenemase-producing Klebsiella pneumoniae 
[1-5]. The common pathogenetic pathway is rep-
resented by an alteration of the intestinal flora, 
now mainly referred as the human microbiome 
which may now be analyzed by next generation 
sequencing (NGS) technique that perhaps will be 
further detailed by a series of project such as the 
Human Microbiome Project (HMP) and MetaHIT 
[6-9]. Recently we proposed the acronym “CCC” 
to suggest complex enteropathogenetic relation-
ships amongst Candida, C. difficile and carbapen-
emases-producing Enterobacteriacee [10].
The incidence of candidemia has increased over 
the past two decades, especially in Internal Medi-
cine wards (IMW) where the prevalence is rang-
ing from 24% to 57% and the numbers of cases are 
highest amongst the different wards, the mortal-

ity is in the range of 30-50% and, amongst cases 
presenting within the first 10 days after the hos-
pital admission, as many as 51% were diagnosed 
in IMW [1]. So far, there are no sound diagnos-
tic strategies, except for a recent proposal of pre-
emptive and presumptive treatment in addition to 
prophylaxis, empiric and targeted treatment [11]. 
Most of candidemia and invasive candidiasis (IC) 
arise from the intestinal tract (endogenous patho-
genesis) and few cases are primarily candidae-
mic, for example from a central venous catheter 
(CVC): for example, the same Candida albicans was 
identified from the intestinal tract or skin and the 
bloodstream in a recent study, whereas the strains 
of Candida parapsilosis were different when the 
CVC was infected [12, 13]. 
Clostridium difficile is a spore-forming Gram-posi-
tive anaerobic bacillus that causes gastrointestinal 
infections in humans, ranging from asymptomat-
ic colonization to severe diarrhoea, pseudomem-
branous colitis, toxic megacolon, colonic perfora-
tion, and death [14]. C. difficile is another impor-
tant opportunistic pathogen once the microbioma 
has been changed. The human gut microbiota 
prevents pathogen invasion through direct inhi-
bition, nutrient depletion or by stimulating host 
immune defences [15]. Without previous or con-
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comitant antibiotic treatment, C. difficile is no ca-
pable of invasive disease. The microbiome chang-
es may favor a chronic C. difficile infection (CDI) 
and the dissemination of disease, also modifying 
intestinal metabolites including biliary salts, and 
short chain fatty acids [16-18].
Carbapenemases-producing K. pneumoniae (c-Kp) 
is the new frontier of antibiotic-resistance: these 
bacteria are resistant to all beta-lactams and most 
other antibiotics except colistin and gentamicin; 
there are more questions than answers on the 
utility of carbapenems in combination treatment 
with colistin, tigecycline or both [19-21]. Clinical 
features of infections by c-Kp include the frequent 
finding of previous gastrointestinal colonization 
and some patients have fever as the only sign of 
infection, or may present with sepsis, severe sep-
sis or septic shock: the source may be pulmonary, 
abdominal, urinary or from the CVC [22]. One of 
the current medical need is to provide definitions 
of disease to avoid both overtreatment of colo-
nized patients, which only need contact isolation 
measures, and undertreatment of colonized pa-

tients presenting with few signs of infection.

n ePiDeMiOlOgy

Candidemia
In a recent large study on the epidemiology of 
candidemia, there were 66% of cases (N=1175) 
hospital-acquired (>3 days after the admission, 
HA); 29% (N=787) healthcare-associated commu-
nity-onset (HCA-CO), which were defined within 
3 days after the admission if resident in nursing 
home, had CVC >2 days, were hospitalised, had 
surgery or haemodialysis within the preceding 90 
days or were transferred from an acute care hos-
pital (also including neonates aged ≤30 days); and 
4% (N=113) community-onset, diagnosed within 
3 days with any of the above criteria [23]. The lat-
ter cases mostly had diabetes, cancer or previous 
surgery, had a mean age of 68 years vs. 58 years of 
HA and HCA-CO (p<0.001) and Candida glabrata 
was predominant (40%) followed by C. albicans 
(32%) and C. parapsilosis (13%).

Figure 1 - Incidence of candidemia in Internal Medical Ward, years 2004-2012. Black line: Incidence of candide-
mia/1000 admission. Grey line: incidence of candidemia/1000 days of hospital admission. 
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In the intensive care unit (ICU), the incidence of 
candidemia ranges from five to 10 cases per 1000 
admissions or 3-15 episodes per 10,000 patient 
days, corresponding to 5-10 times the incidence 
on general hospital wards [24]. When we studied 
patients with early-onset candidaemia (EOC) de-
fined as disease occurring within 10 days by the 
hospital admission, as many as 51% (94 out of 
183) of EOCs were admitted in IMWs and, inter-
estingly, such patients (median time at risk com-
pared to patients with late-onset disease, 6 vs. 27 
days, p<0.001) had a higher chance of inappropri-
ate treatment compared to late-onset disease [25]. 
Whereas in most papers candidemia occurs after 
3-4 weeks after hospital admission, there are oth-
er reports of EOC, such as in ICU in India where 
candidemia occurs a mean of 8 days after admis-
sion, with an incidence of 6.51 cases /1,000 ICU 
admission, and from Australia and France [26-28].
In our 9-year study on 274 episodes of candi-
daemia in IMW (41% of the total hospital cases) 
the mean age was 68±17 years and the incidence 
was 1.8 episodes/1000 hospital admission or 0.16 
episodes/1000 days and was variable in the dif-
ferent years, perhaps according to the policy of 
discharge and outpatient care (Figure 1) [1]. Di-
agnosis was made after a mean of 24+28 days and 
there were 68 patients with EOC (24.8%). The ma-
jority of patients had at least one or more comor-
bidities at hospital admission and the majority of 
patients had a urinary (77.7%) or central venous 
catheter (CVC) (71.2%). C. albicans was the lead-
ing cause of infection (61%) followed by C. par-
apsilosis (20%) and C. glabrata (10%). 

Clostridium difficile
C. difficile is the most frequently identified cause 
of nosocomial diarrhoea in hospitals and long-
term care facilities and, according to the Centers 
for Disease Control (CDC) and Prevention, CDI 
is an “urgent threat”, urging actions to prevent 
the disease [14]. Antibiotic administration is a 
well-known risk factor for CDI and antibiotics at 
greatest risk should be managed by antimicrobial 
stewardship programs, especially in IMWs. The 
community also plays a significant role for CDI 
because of comorbidities, home-care, antibiotic 
treatment and comorbidities. The CDC reports 
that CDI is associated with 14000 deaths in US 
each year and more than $1 billion in excess medi-
cal costs [29]. 

Most of the CDI are health-care related, although 
there are emerging community cases, with rates 
ranging from 2.8 to 9.3 per 10,000 patient-days 
[14]. In one recent study in the Kaiser Perman-
ente Southern California healthcare system, the 
rate of community-onset, health-care associated 
or hospital-acquired, health-care associated CDI 
was 11.1 versus 6.8 per 10,000 inpatient-days, 
respectively [30]. Recent data suggest the rate of 
community-acquired CDI at 20–30 per 100,000 
population [31].
In a ribotyping study on 252 isolates in Turin dur-
ing 2008-2010, there were 15 different ribotypes 
with a predominance of 018 (41%) and 3% of ribo-
type 027 [32]. Regarding the antibiotic susceptibil-
ity testing, there was a high level of resistance to 
fluoroquinolones, not only associated with ribo-
type 027. All strains were susceptible to vancomy-
cin and metronidazole.

Carbapanemases-producing Klebsiella pneumoniae
The distribution of c-Kp is now a public health 
concern worldwide; in Europe, determi nants now 
vary substantially by geography [33]. According 
to European Antimicrobial Resistance Surveil-
lance Network (EARS-Net), the European popu-
lation-weighted mean per centage for carbapenem 
resistance was 6.2% in 2012. Italy is in second 
place after Greece in terms of resistance (28.8%), 
much higher than other European countries. It is 
noteworthy that in Italy the c-Kp resistance grew 
rapidly in only three years (from 1% in 2009 to 
nearly 19% in 2012) [34].
A countrywide cross-sectional survey was car ried 
out from 15 May to 30 June 2011 in Italy to investi-
gate the diffusion of carbapenem-resistant Entero-
bacteriaceae (CRE) and to characterize the most 
prevalent resistance mechanisms and their dis-
semination patterns [35]. Twenty-five large clini-
cal microbiology laboratories, distributed across 
the national territory, participated in the study. 
There were 270 (2.0%) consecutive non -replicated 
clinical isolates of CRE, highlighting an increase 
proportion of CRE among isolates from inpa tients 
(3.5%). KPC-Kp was the most represented species 
(globally: 11.9%) and contributed to the majority 
of CRE (234 of 270, 86.7%) [36].
A regional surveillance program 2012 for c-Kp in 
Piedmont region, north-west of Italy, involving 
28 regional Public Health Infection Control Units 
covering all the area (4,374,000 inhabitants) inves-
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tigated the epide miology in this region. During 
the year 2012, 8179 K. pneumoniae strains were re-
ported, of which 17.5% were c-Kp. The incidence 
was 1.9/1,000 patients admitted to hos pital; c-Kp 
was more frequently isolated in tertiary care refer-
ral hospitals and from urine samples (50%). Even 
if there was a decreasing trend at local level due 
to the implementation of infection control mea-
sures in 2012 when compared to 2011, as many as 
31% of c-Kp strains were identified in IMWs, fol-
lowed by ICUs (15%), surgical wards (13%) and 
emergency departments (14%) [20]. This report 
highlighted possible epidemiol ogy changes, with 
more medical wards affected than ICUs when the 
CRE diffusion is no longer restricted to major hos-
pitals but also chal lenges tertiary care hospitals 
and their infection control strategies.

n Risk FaCTORs

Candidemia and invasive candidiasis
Risk factors for IC and candidemia are well 
known and include colonization of body sites and 
major abdominal surgery, antibiotic treatment, 
diabetes, burns, ICU stay, invasive devices, organ 
failure, prolonged hospital stay, immunosuppres-
sion, neutropenia, disruption of mucosal barriers, 
non-abdominal surgery, major trauma, multiple 
transfusions, parenteral nutrition, haemodyalisis, 
CVCs, young and old age, vascular catheters [37]. 
However, IC is difficult to predict and early di-
agnosis remains a major challenge. Specific pa-
tient profiles have been studied in ICUs, surgi-
cal wards and oncohaematological or transplant 
units [24]. Unfortunately, non-candidaemic IC 
represents the majority of cases in the ICU, where 
early empirical antifungal treatment is currently 
suggested to reduce mortality. However, since 
microbiological evidence may be lacking in most 
cases, early empirical treatment currently relies 
on the positive predictive value of risk assess-
ment strategies, such as colonization index, can-
dida score, and predictive rules which have been 
recently reviewed [24]. As the Authors correctly 
underscore, these risk-based strategies are based 
on combinations of risk factors, such as Candida 
colonization, broad-spectrum antibiotic treat-
ment and previous (abdominal) surgery but their 
negative predictive values are much higher than 
the positive predictive values, for which they 

were developed [24]. It is worth mentioning also 
the threat of antifungal resistance in ICU, recent-
ly reviewed [38]. The role of Candida coloniza-
tion index was recently reviewed in its perhaps 
successful use to characterize colonization dy-
namics and to help understand the significance 
of candiduria [39]. We agree that the colonization 
index helps to understand the dynamics of colo-
nization, which may be of great help in selected 
patients [24]. 
At large, the concepts and the above mentioned 
risk factors for disease may be similar in IMWs, 
where the risk factors for mortality have been 
recently studied [1]. The mortality was 39% 
(108/274) and was associated at multivariate 
analysis with sepsis, cirrhosis and neurologic 
diseases, whilst removal of CVC within 48h by 
the diagnosis and appropriate treatment were 
significantly associated with survival. In the 77 
patients treated with empiric appropriate anti-
fungal therapy the mortality was 29%, whilst it 
was 39% with appropriate definitive treatment. 
When no antifungal treatment was administered, 
the mortality was 49%. After excluding untreated 
patients, definitive echinocandin treatment was 
significantly associated with survival (OR 0.473; 
95%CI 0.222-1.000).

Clostridium difficile
Risk factors for CDI may be divided into three 
general categories: host factors (immune status, 
co-morbidities), exposure to CD spores (hospitali-
zations, community sources, long-term care facil-
ities) and factors that disrupt normal colonic mi-
crobiome (antibiotics, other medications, surgery) 
[40]. Factors that increase risk of exposure to C. 
difficile spores, such as increased duration of hos-
pital stay may increase the risk of CDI. A length of 
stay >2 weeks has been shown to be a risk factor 
for CDI [41]. Despite this, in hospitals with well 
implemented infection control measures, very 
few cases of in-hospital C. difficile are consequent 
to such contact [42].
Although nearly all antibiotics have been asso-
ciated with CDI, clindamycin, third-generation 
cephalosporins, penicillins and fluoroquinolones 
have traditionally been considered at greatest risk 
[43-49]. The use of associations of antibiotics and 
an antimicrobial treatment >10 days has also been 
associated with increased risk [50-51]. Antibiotics 
which have been less commonly associated with 
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CDI include macrolides, sulfonamides and tetra-
cyclines.
In 2012 a systematic review of incident and recur-
rent CDI in protein pump inhibitors (PPI) users 
was published and 42 observational studies (30 
case-control, 12 cohort) with 313,000 participants 
overall were included [52]. Despite the substan-
tial statistical and clinical heterogeneity, the find-
ings indicated a probable association between PPI 
use and incident and recurrent CDI. This risk was 
further increased by concomitant use of antibiot-
ics and PPI. Other studies suggested that this as-
sociation may be the result of confounding with 
the underlying severity of illness and duration 
of hospital stay [53]. Given that acid suppression 
drugs, especially PPIs, may be over- prescribed in 
surgical settings consideration should be given 
to stop or review the need for PPIs in patients at 
high risk of CDI. It is interesting that antimicro-
bial treatment was an important risk associated 
in the United States, whereas PPI exposure was a 
greater risk in Europe [54]. 
Recurrence of symptoms after initial therapy for 
C. difficile develops in 10-30% of cases and pres-
ents a clinical challenge: patients may have sev-
eral episodes of recurrence that may occur over a 
period of years [55- 60].

Carbapenemase-producing Klebsiella pneumoniae
Risk factors for colonization by c-KP were in-
vestigated in a retrospective, multicentric Italian 
matched (1:2) case-control study on c-Kp isolated 
from clinical samples of 657 patients, of which 426 

representing true infections [61]. There appeared 
as independent predictors of isolation recent ad-
mission to an ICU, indwelling urinary catheter, 
CVC and/or surgical drain, ≥2 recent hospitaliza-
tions, haematological cancer and recent fluoro-
quinolone and/or carbapenem therapy. 
Very few data are available for the risk factors for 
c-Kp bloodstream infection (BSI) among rectal 
carriers. In an Italian multicentric study the risk 
factors for c-Kp BSI amongst rectal carriers were 
studied [62]. Overall, 143 c-Kp BSIs were com-
pared with 572 controls without a documented 
infection and at multivariate analysis ICU admis-
sion (OR, 1.65; 95%CI, 1.05-2.59; p=0.03), abdom-
inal invasive procedure (OR, 1.87; 95%CI, 1.16-
3.04; p=0.01), chemotherapy/radiation therapy 
(OR, 3.07; 95%CI, 1.78-5.29; p<0.0001), and num-
ber of additional colonization sites (OR, 3.37 per 
site; 95%CI, 2.56-4.43; p<0.0001) were found to be 
independent risk factors for c-Kp BSI amongst 
rectal carriers. This was the most important 
study to highlight that colonization at multiple 
sites with c-Kp was the strongest predictor of BSI 
development in our large cohort of c-Kp rectal 
carriers.

n CliniCal synDROMes

Candida infection
There are a number of issues that make the di-
agnosis of IC challenging: IC is difficult to prove 
without positive blood cultures, especially in 

Figure 2 - Candidaemia and invasive 
candidiasis as a continuum, illustrated 
by increasing mortality with increa-
sing severity of disease. Diagnosis is 
based on sensitivity and specificity of 
blood cultures, biomarkers and clini-
cal scores. 
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critically ill patients; moreover, as many as 80% 
of critically ill patients may be colonized and 
few may develop invasive disease highlighting 
the unmet medical need, without biomarkers, of 
differentiating a continuum ranging from coloni-
zation to possible infection in patients with un-
stable diseases [14]. Challenges are even greater 
in patients in IMW, where no scores or prediction 
rules have been applied so far. The continuum of 
IC and candidaemia may be illustrated with a 
spectrum of clinical manifestations ranging from 
paucity of signs and symptoms where diagno-
sis is difficult and treatment should be easy, to 
sepsis, severe sepsis and septic shock where mi-
crobiological diagnosis may be easier and treat-
ment is very likely to be inappropriate by timing 
(Figure 2). Moreover, in a recent NEJM study the 
Authors investigated the utility of the definition 
of sepsis and severe sepsis as based on the SIRS 
criteria, and concluded that the need for two or 

more SIRS criteria to define severe sepsis exclud-
ed one in eight otherwise similar patients with 
infection, organ failure, and substantial mortal-
ity, failing to define a transition point in the risk 
of death [22]. When we studied 365 patients with 
candidaemia with a hierarchical cluster analysis 
(Figure 3) we found that a significantly differ-
ent set of variables was built starting with the 
presence or absence of SIRS criteria, followed 
by other clusters according to other statistically 
significant variables. Age, C. albicans aetiology, 
cirrhosis, kidney failure and other parameters 
should then be analyzed with different weight on 
mortality, if we exclude the importance of appro-
priate treatment. This method may be useful to 
illustrate candidemia by a different point of view. 
Furthermore, a critical agenda has been proposed 
for patients with intra-abdominal candidiasis, the 
guideline-forgotten candidiasis, focusing on risk 
factors, diagnosis and treatment strategies, also 

Figure 3 - Hierarchical cluster analysis for risk factors for mortality in 365 patients with candidemia, 2004-2008, 
Molinette Hospital, Turin, Italy [1].
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including prophylaxis [5, 63]. The pathogenesis of 
intra-abdominal candidiasis was reviewed for the 
specific risk factors and may be applied to IMW 
patients. 

Clostridium difficile
The spectrum of symptomatic CDI ranges from 
mild diarrhoea to severe disease or fulminant co-
litis. As many as 30% of patients may develop re-
current CDI [14].

Carbapenemases-producing K. pneumoniae
Clinical syndromes caused by c-Kp range from as-
ymptomatic gastrointestinal colonization to sep-
sis, severe sepsis and septic shock. Patients may 
also have pneumonia, abdominal infections, sur-
gical infections, BSIs and CVC-BSI as well as infec-
tions of any device. In the immunocompromised 
patients there are reports of muscle abscesses and 
deep-seated infections. With such a wide range of 
clinical manifestations, emphasis should be given 
to standardized definitions which are still lack-
ing. We propose to use a step-to-step diagnosis, 
where patients colonized and without any sign of 
infection should not be treated and only managed 
according to international guidelines of infection 
control, whereas colonized patients with any sign 
of infection, including fever as the only sign of 
disease, should be managed with intravenous an-

tibiotic treatment, mainly combination treatment 
with or without a carbapenem which is a matter 
of debate (Figure 4) [19-64].

n FOCUsing On CCC as a UniqUe 
enTeROPaThOgeneTiC MODel  
OF OPPORTUnisTiC inFeCTiOns

The gut microbiota regulates important physi-
ological metabolic functions of the host and can 
be impaired during prolonged antibiotic treat-
ments, becoming a significant reservoir of micro-
organisms with a nosocomial profile of antibiotic 
resistance. In C. difficile infections there is a clearly 
recognized causal role of a dysbiotic microbiota, 
suggesting that similar alterations may be favor-
ing colonization by c-Kp or an excessive intestinal 
growth by Candida spp., thus favoring Candida 
BSIs. Indeed, there are reports of candidaemia fol-
lowing C. difficile severe infections, and c-Kp BSIs 
associated with candidaemia [2-65].
The identification of patients colonized by c-Kp in 
different settings deserves a dedicated interven-
tion and a major compliance of health-care work-
ers to simple standard hygiene procedures, such 
as hand washing [64]. There are guidelines on in-
fection control issues for Gram-negative bacteria 
and for C. difficile [64, 66].

Figure 4 - Example of definitions of levels of interventions for patients colonized or infected by c-Kp.
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Candidaemia may follow severe CDI and CDI 
may be complicated by c-Kp BSI [2, 4]; there are 
early infections by c-Kp and early health-care as-
sociated BSIs by c-Kp [3-67]. For these reasons, we 
used “from KPC to CCC” to highlight the entero-
pathogenetic importance of Candida, C. difficile 
and carbapenemase-producing c-Kp [10]. Appro-
priate considerations and suggestions have been 
published in the critical care setting [68]. Here we 
propose to use the term “enteropathogenetic op-
portunistic syndromes” to highlight the impor-
tance of gastrointestinal alterations in promoting 
intestinal colonization, overgrowth and disease 
by Candida spp., C. difficile and carbapenemase-
producing Enterobacteriacee. It is a matter of 
infection control procedures and antimicrobial 
stewardship programs in IMWs. By an infection 
control point of view, we suggest to follow the Eu-
ropean guidelines on prevention of colonization 
and infection by MDR Gram-negative bacteria: 
although they did not mention the intestinal tract 
in its current enteropathogenetic opportunistic 
view, the Authors highlighted the current level 
of evidence of infection control measures that 
should always be applied [64]. 
The antimicrobial stewardship approach should 
be used to understand that whenever there are 
IMW patients undergoing antibiotic treatment we 
should emphasize the concepts of de-escalation, 
improving diagnostic specificity rather than sen-
sitivity, perhaps using serum biomarkers to avoid 
unnecessary, complex and redundant combina-
tion antibiotic treatment. It is a matter of personal 
choice but we can start smart with antimicrobial 
stewardship trying to reduce the opportunity for 
enteropathogenetic syndromes, especially reduc-
ing antibiotic use [69]. Accordingly, therapeutic 
levels of interventions, either contact precautions 
or treatment, should be decided for patients with 
c-Kp isolation (Figure 4).
There are a series of other considerations regard-
ing the possible interaction amongst the CCC 
pathogens, such as the possible interactions 

amongst antibiotics use to treat CDI and Can-
dida colonization [70]. Fidaxomicin treatment 
resulted in a lower percentage of Candida colo-
nization compared to vancomycin (19% vs 29%, 
respectively). The result was also found in those 
patients colonized by Candida before fidaxomicin 
treatment, where the Candida colonization was 
reduced from 4.1 to 2.1 log10 CFU/g of stool and 
from 4.3 to 3.2 log10 CFU/g of stool with fidaxomi-
cin or vancomycin, respectively. In another study 
it was hypothesized a possible protective effect 
of Candida overgrowth on the development of 
CDI [71]. In another case-control study there was 
a positive correlation between Candida coloniza-
tion and CDI [72]. The severity of CDI, 027 ribo-
type and high-dose vancomycin (>1g/day) were 
significantly associated with the development of 
candidaemia in another study [73]. Furthermore, 
in a Greek ICU the intestinal colonization by c-Kp 
was associated with candidaemia and non-albi-
cans species isolation [65]. 
In conclusion, before we perhaps will be forced 
to consider stool transplant beyond CDI, we 
should try to start with antimicrobial stewardship 
by increasing diagnostic specificity of infections, 
whereas if no clinical or laboratory signs of in-
fections are found, no antibiotic treatment is ad-
ministered or ongoing antibiotics are stopped. We 
should also reinforce infection control guidelines 
and contact precautions and appropriate screen-
ing should be optimized aiming at prevention 
of enteropathogenetic opportunistic infections, 
represented so far by Candida, C. difficile and car-
bapenemase-producing K. pneumoniae. Save the 
tube!
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In questo lavoro analizziamo tre nuove sindromi “entero-
patogenetiche” addominali: infezioni invasive da Candida, 
Clostridium difficile e Klebsiella pneumoniae carbape-
nemasi-produttore. L’elemento patogenetico comune è rap-
presentato da un’alterazione della flora batterica intestinale, 
ora denominata microbioma, con elementi di opportunità 
riconosciuti per Candida, C. difficile e K. pneumoniae 
produttrice di carbapenemasi (“CCC”). Mettiamo in eviden-
za l’epidemiologia, i fattori di rischio e le sindromi cliniche 
associate proponendo nuove considerazioni sull’epidemiolo-
gia e la diagnosi di candidemia, anche con analisi ad alberi di 

RiassUnTO

classificazione, tentando di definire dei livelli di intervento 
in pazienti colonizzati o infetti da microrganismi produttori 
di carbapenemasi. 
Queste sindromi enteropatogenetiche opportunistiche devo-
no essere prevenute con programmi di antimicrobial ste-
wardship che mirano ad aumentare la specificità diagnosti-
ca delle infezioni al fine di ridurre la terapia antimicrobica e 
i costi associati. Inoltre, le linee guida per il controllo delle 
infezioni dovrebbero essere implementate per ridurre la dif-
fusione nosocomiale di C. difficile e microrganismi produt-
tori di carbapenemasi. 

In this paper we analyze three “enteropathogenetic” 
opportunistic infections represented by Candida spp., 
C. difficile and carbapenemase-producing K. pneu-
moniae. The common pathogenetic pathway is based 
on an alteration of the intestinal flora, now mainly 
referred as the human microbiome, with secondary 
opportunism for infections caused by Candida, C. 
difficile and carbapenemase-producing Enterobacte-
riaceae (“CCC”). We highlight the epidemiology, risk 
factors, clinical syndromes associated with the patho-
gens and we propose some new issues related to the 

sUMMaRy

epidemiology and diagnosis of candidemia, also us-
ing hierarchical cluster analysis, definitions of levels 
of interventions in patients colonized or infected by 
carbapenemase-producing bacteria. The “entero-
pathogenetic” opportunistic syndromes are prevent-
ed with antimicrobial stewardship programs aiming at 
increasing diagnostic specificity of infectious syn-
dromes to reduce the antimicrobial use and costs. Ap-
propriate guidelines for infection control should also 
be implemented to reduce the nosocomial spread of 
“enteropathogenetic” microbes.
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