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Clostridioides difficile (CD) is a major nosocomial patho-
gen and the leading cause of antibiotic-associated diar-
rhoea. In light of the strong association between antimi-
crobial use and CD infections (CDI), it may be hypoth-
esised that areas at higher prevalence of antimicrobial 
resistance, like the region of Campania in southern Italy, 
could also have a higher rate of CDI. In this multicentre, 
region-based, prospective study, we analysed such is-
sues, exploiting CDI incidence data collected from local 
hospitals. In 2016, the Italian National Centre for Dis-
ease Control supported a project involving three Italian 
regions: Friuli Venezia Giulia, Lazio and Campania. In 
Campania, a network of 49 hospitals willing to partic-
ipate in the project was created. The project consisted 
of two phases: a survey on practice patterns concern-
ing CDI and an epidemiological surveillance study. We 
identified a stringent need to improve awareness about 
CDI among the regional health-care community, as a 
widespread lack of surveillance programmes for CDI 
control was observed observed (existing in only 40% 
of participating facilities). Moreover, almost half of the 

SUMMARY

participating hospitals (n=16, 43%) had no standardised 
procedures or protocols to control and prevent CDI. In 
the second phase of the study, we collected data of CDI 
cases during a six-month surveillance programme. In 
all, 87 CDI cases were observed, for a total of 903,334 
patient bed-days and 122,988 admissions. According 
to the above data, CDI incidence was 0.96 cases/10000 
patient bed-days, much lower than expected based on 
prior studies conducted elsewhere. The results of our 
study suggest CDI remains a rather neglected clinical 
issue in Campania. Despite a high burden of antimicro-
bial resistance and antimicrobial use in our geographic 
setting, we observed a very low incidence of CDI. Such 
a low incidence could be explained by underdiagnosis, 
but could also be related to actual diet, the lower pa-
tient age or the specific genetic background. However, 
further studies are warranted to either confirm or rebut 
the above hypotheses.

Keywords: Clostridioides difficile, antimicrobial resist-
ance.

n INTRODUCTION

Clostridioides difficile (CD) is a gram-positive, 
spore-forming, anaerobic enteric bacterium, 

present in an asymptomatic carrier state in a con-
siderable share of the population (~7% in adults 
and 50% in children) [1]. Prevalence rates increase 
substantially among patients treated with antibi-
otics [1]. Indeed, CD is the leading cause of an-
tibiotic-associated diarrhoea and is the causative 
agent of pseudomembranous colitis [2]. Although 

considered a major nosocomial pathogen, CD is 
also increasingly recognized as an important di-
arrheal agent in the community, not invariably 
associated with antibiotic therapy [3-5].
Symptomatic CD Infections (CDI) are caused by 
toxigenic strains, and show an extremely wide 
clinical spectrum, ranging from very mild forms 
of diarrhoea to moderate, severe, complicated 
or life-threatening disease [6]. The most com-
mon clinical features of CDI are diarrhoea (from 
minimal, self-limited disease to profuse, up to 20 
movs/day), fever, abdominal pain, tenesmus, leu-
kocytosis (up to leukemoid reactions with white 
blood cell counts >25.000-50.000/mm3) and acute 
kidney injury [2, 7]. 
In light of the potentially severe prognosis of the 
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disease, clinicians have to adopt an active surveil-
lance programme in order to promptly identify a 
CDI case. To achieve this task, it is important to 
systematically test patients with antibiotic-associ-
ated or healthcare-associated diarrhoea for C. dif-
ficile, paying additional attention to patients with 
specific risk factors, such as a close contact with a 
CDI case, frailty, disability or dependency [8, 9].
Microbiology laboratories should consider per-
forming tests for CDI on all unformed stool sam-
ples (i.e. those that take the shape of the container) 
received from acute care hospitals, irrespective of 
the physician request [10]. Intuitively, solid stool 
samples should not be tested, as the absence of 
diarrhoea raises the possibility to detect asymp-
tomatic C. difficile carriage. For patients with ile-
us, rectal swabs can be used for CDI testing [10]. 
Furthermore, there’s no test-of-cure assay recom-
mended, as prolonged carriage of C. difficile may 
occur after clinical resolution of the diarrhoea [10].
The European Society of Clinical Microbiology 
and Infectious Diseases recommends combining 
two tests in a single algorithm in order to opti-
mize the diagnosis of CDI. This is because there 
are no stand-alone tests whose reliability justifies 
use without a confirmation test. The algorithm 
includes a first step using a highly sensitive test, 
like Nucleic Acid Amplification Tests (NAATs) or 
Glutamate Dehydrogenase Enzyme Immune-As-
say (GDH-EIA), both showing a high negative 
predictive value. In case of a positive result on 
one of these assays, CDI diagnosis needs to be 
confirmed by highly specific, second step test, 
such as the enzyme immune-assay detecting tox-
in A and B or the labor-intensive and complex cell 
cytotoxicity neutralization assay [10]. 
The correct approach to a patient with CDI also 
includes several basic infection control measures 
as employee hand hygiene (C. difficile spores are 
difficult to remove by washing with soap or dis-
infectants), gloves and gowns wearing for health 
care workers, isolation of patient in single bed 
rooms, use of disposable or dedicated thermom-
eters, sphygmomanometers, stethoscopes, etc [11, 
12]. In case of exposure to CD, some post-expo-
sure and patient-directed measures can be taken, 
as well as a restricted access to specific antimicro-
bial agents (clindamycin, fluoroquinolones and 
cephalosporins) [13]. 
In light of the strong association between antimi-
crobial use and CDI, it is possible to hypothesise 

that areas at higher prevalence of antimicrobial 
resistance due to higher consumption of antibi-
otics could also be characterized by a higher rate 
of CDI [14, 15]. In Campania, a southern Italian 
region, antimicrobial resistance has become an 
extremely worrying phenomenon. According to 
the latest official report, the rising rate of MDR 
pathogen isolation seems caused not only by the 
absence of efficacious in-hospital infection control 
plans, but also to the common misuse of antibiot-
ics in general practice and the frequent inappro-
priate management of antimicrobial therapy in 
outpatient settings [16].
Many of the factors behind the increasing rate of 
MDR microorganism, such as inappropriate anti-
microbial choice/dosage and in general the lack 
of well-structured antimicrobial stewardship, 
play a key role in the promotion of CDI [17]. In the 
past few years, the epidemiological importance of 
this microorganism has markedly increased. In 
fact, the 2010-2011 ECDC point prevalence survey 
assumed an incidence of 123,997 cases of CDI per 
year (affecting especially the elderly). Moreover, 
CD is responsible for 48% of healthcare-associat-
ed gastrointestinal infections [18]. Unfortunate-
ly, there is a dramatic lack of data regarding the 
epidemiological impact of CDI in Campania and 
only some sparse data available in literature [19, 
20]. The relationship between CDI incidence and 
MDR bacteria diffusion also remains unknown.
In this study, we aimed to assess current practice 
patterns in terms of CDI diagnosis and infection 
control through a multicenter, region-based sur-
vey carried out among local hospitals. Moreover, 
the study exploited CDI incidence data collected 
during the 6-month prospective surveillance pro-
gramme.

n METHODS

Study plan
In 2016, the Italian National Center for Disease 
Control (Centro Controllo delle Malattie, CCM) 
supported a project involving 3 Italian Regions: 
Friuli Venezia Giulia, Lazio and Campania, each 
representing a different geographical area (North, 
Centre, South Italy, respectively). Southern Italy 
was, therefore, represented by Campania and the 
Monaldi hospital was identified as the regional 
coordinating centre for this project. Accordingly, 
a network of 49 hospitals willing to participate 
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in the project was created in 2017 (Figure 1). The 
project consisted of two phases: a survey on prac-
tice patterns concerning CDI and an epidemiolog-
ical surveillance study.

Survey phase
In the first phase, information was collected from 
37 of the 49 (85.5%) facilities initially involved, by 
means of completing a questionnaire. This survey 
aimed at understanding current practice patterns 
on:
1) the management of hospital-acquired and C. 

difficile infections;
2) the management of patients with diarrhoea;
3) the presence and the relevance of an Antimicro-

bial Stewardship programme at each facility;
4) the implementation of best practice protocols 

for the correct use of antibiotics, as well as pro-
tocols for the microbiological diagnosis of CDI.

Active surveillance study 
After this first observational and descriptive 
phase of the project, an active 6-month surveil-
lance programme was carried out, aimed at ob-
taining contemporary data on the incidence of 
CDI in our region. Only hospitals where the di-
agnostic algorithm was compliant with current 
recommendations participated in this active sur-
veillance. Therefore, from February 1st to July 
31st 2018, 24 of the 49 centres took part to this sec-
ond phase (25% large hospitals, 58% small-sized 
hospital, 13% private hospitals affiliated with the 
National Health Service) (Figure 1).

In brief, each centre had a standard single case re-
port form and a summary form to complete, in or-
der to evaluate admissions, total patient bed-days 
and total CDI cases in the six-month surveillance 
period. The coordinating centre collected data 
obtained and assessed the relation between total 
CDI cases and number of patient bed-days in the 
24 regional facilities involved.

n RESULTS

Regarding the management of hospital-acquired 
and C. difficile infections, we detected a diffuse 
lack of surveillance programmes for the control 
of CDI. In fact, only 15 (40%) of the participating 
facilities declared that a surveillance programme 
able to detect the impact of CDI was already in 
place. Most of these 15 hospitals (n=9, 60%) had 
an active surveillance plan, whereas 3 (20%) and 
1 (6.6%) hospitals owned a surveillance pro-
gramme based on detecting only the prevalence 
and incidence of CDI, respectively (Figure 2). 
No further details were given by the remaining 
2 hospitals. Moreover, almost half of the partici-
pating hospitals (n=16, 43%) did not have stand-
ardized procedures and protocols to control and 
prevent CDI, such as hand hygiene, glove usage 
or standardized procedures to disinfect surfaces, 
etc. A structured protocol to isolate infected or 
colonized patients as well as measures to control 
C. difficile diffusion were in place in only 13 (35%) 
hospitals. These results clearly showed there was 
a stringent need to improve the awareness about 

Figure 1 - Health-care facilities participating to the different phases of the CCM2016 CDI project, Campania. Right 
sided panel details size of hospitals participating in the active surveillance of CDI. NHS: National Health Service.
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CDI among the Regional health-care community. 
Despite of that, training events aimed at health-
care personnel and focusing on the management 
of CDI infections had actually taken place in only 
23% of the participating facilities in 2016-2017. 
Notwithstanding, a microbiology laboratory and 
a health-care related infection group existed in 
most facilities (89% for both).
Regarding the management of patients with diar-
rhoea without laboratory-confirmed CDI, 65% of 
the involved hospitals declared they were carrying 
out contact isolation. However, none performed 
contact isolation in single rooms with dedicated 
toilets, but mostly choose multiple rooms with 
dedicated toilets (27%) or single rooms without 
a dedicated toilet (27%). Likely, this is related to 
a lack of dedicated spaces where managing sus-
pected patients, due to overcrowded health-care 
facilities and overloaded health-care personnel. 
Indeed, even after CDI confirmation, contact iso-
lation was mostly obtained using multiple rooms 
with dedicated toilets (81%) or isolation occurred 
in CDI cohorts when single rooms were not avail-
able. Moreover, in 50% of the hospitals, isolation 
was discontinued when diarrhoea resolved and a 
repeated CDI test resulted negative. In particular, 
only 13% discontinued isolation 48 hours after 
the last liquid stool emission, as recommended by 
guidelines [10].
As far as Antimicrobial Stewardship is concerned, 
a formal, active operating group was effectively 

present in 59% of the hospitals, mostly made up 
of physicians, microbiologists and pharmacists. 
However, only 13 (35%) of them had drawn up 
a formal antimicrobial stewardship plan adapted 
to the hospital own features (Figure 3). By con-
trast, 64% of the hospitals declared to have adopt-
ed rules and recommendations on the correct use 
of antibiotics such as antibiotic therapy planning, 
antibiotic association and/or class restriction.
In terms of microbiology laboratory procedures, 
the stool samples tested for CDI are usually those 
classified as Bristol 5, 6 or 7 (81%) and this may be 
related to the tendency of analysing all samples 
with an associated clinician request. Interesting 
data emerged regarding tests available to diag-
nose CDI in different laboratories of our region. 
A GDH and Toxin A/B EIA was used in 27% of 
the hospitals, whereas only a single test, NAAT or 
GDH EIA or Toxin A/B EIA, was available in the 
other facilities. Therefore, the recommended two 
step algorithm could be effectively carried out 
only in a minority of our region laboratories, thus 
influencing the reliability of both negative and 
positive results (Figure 4). In fact, most of the mi-
crobiology laboratories performed CDI diagnosis 
only by means of NAAT.
We then analysed the results of the active sur-
veillance study conducted in 24 of the hospitals 
participating in the project. Total CDI cases diag-
nosed were 87 and total patient bed-days were 
903334, with a total number of admissions equal 

Figure 2 - Prevalence and characteristics of CDI surveillance programs in the health-care facilities participating to 
the CCM2016 CDI project, Campania. 
Panel A: presence of a dedicated CDI surveillance program in the Hospital. 
Panel B: type of CDI surveillance program in place. 
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Figure 3 - Prevalence and characteristics of antimicrobial stewardship activity plans (ASAP) at the different381
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Panel A: Prevalence of a formal ASAP on site.383

Figure 3 - Prevalence and char-
acteristics of antimicrobial stew-
ardship activity plans (ASAP) at 
the different clinical facilities 
participating in the study.
Panel A: Prevalence of a formal 
ASAP on site.
Panel B: Features of the ASAP 
in the facilities with an existing 
plan.

Figure 4 - Laboratory tests available to diagnose CDI in the participating centers.
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to 122988. The incidence of CDI infection accord-
ing to these figures was 0.96 CDI cases/10000 pa-
tient bed-days, a figure much lower than expected 
based on prior studies conducted elsewhere [21]. 
A detail of the distribution of cases among the 
participating clinical centres is shown in Figure 5. 
To spread awareness of good practice in terms of 
C. difficile infection and antimicrobial stewardship 
through the regional hospital network, several 
educational meetings, carried out after the sur-
veillance period, were organized. These meetings, 
with colleagues involved in the project, were fo-
cused on different aspects of CDI diagnosis and 
management (diagnostic algorithms, current 
recommended treatment options and infection 
control measures to contain CDI diffusion). More-
over, because of the strict association between 
antimicrobial misuse and CDI, we prepared and 
spread among local hospitals a short and practi-
cal published guide on antibiotic prescription and 
administration.

n DISCUSSION

Our study is among the few epidemiologic anal-
yses of CDI performed in Europe and the first 

of its kind carried out in a southern Italian re-
gion. This setting is of particular interest, being 
characterised by low aging index, low median 
population age and high consumption of antibi-
otics, both in hospitals and the community. The 
latter factor is the likely determinant of the dis-
proportionately high rates of antimicrobial re-
sistance demonstrated among invasive bacterial 
isolates [16]. We therefore expected a parallel 
high incidence of CDI, a paradigm of antimi-
crobial resistance and a direct consequence of 
antibiotic use.
The results of our study suggest CDI remains 
a rather neglected clinical issue in our Region. 
Surveillance programmes and standardized pro-
cedures and protocols aimed at CDI control and 
prevention were largely lacking. Also, the recom-
mended microbiology diagnostic protocol could 
be performed only in a minority of our Region 
laboratories, suggesting inadequate diagnostic 
capabilities. These two factors were possibly in-
fluencing the results of our active surveillance 
study, showing a lower than expected incidence 
of CDI (0.96 CDI cases/10000 patient bed-days 
vs 3.19 in a large European study) [21].
These results clearly show a stringent need to 

Figure 5 - Graphical representation of admission volumes and Clostridioides difficile infection (CDI) cases for each 
participating clinical center in the prospective surveillance programme. 
* = no reported cases; § = no data available.
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improve the awareness about CDI among the Re-
gional health-care community. Also, our epidemi-
ologic analysis indicates the need to improve hos-
pital-based management strategies for patients 
with CDI or, in general, nosocomial diarrhoea, in 
order to fill the gap between international guide-
lines and our daily clinical practice. Although to 
a lesser extent, this need is also obvious for the 
overall antimicrobial stewardship, not only to 
prevent antibiotic-associated diarrhoea and/or 
CDI but also reduce the increasing rate of drug 
resistant microorganisms. We started to give a 
contribution to improve knowledge and practices 
regarding CDI in our Region by organizing edu-
cational workshops with involved physicians and 
laboratory personnel.
Spreading the awareness that antimicrobial stew-
ardship is of utmost importance plays, we believe, 
a key role. Indeed, the absence of an “antimicrobi-
al stewardship activity plan” in a consistent frac-
tion of the participating hospitals demonstrates a 
sparse interest in this field. This could simply be 
improved by encouraging dialogue and interdis-
ciplinary exchange among healthcare profession-
als and by organizing further focused meetings.
In our opinion, it is of paramount importance to 
concentrate on dedicated training programmes 
for hospital personnel focusing on the correct use 
of antimicrobials in order to improve the quality 
of prescribed antimicrobial courses and reduce 
the impact of those therapies on our patients’ mi-
crobiota.
The low CDI incidence found in our “high an-
timicrobial resistance” Region deserves further 
comment. Several reasons could actually explain 
these figures. As said above, underdiagnosis, 
both related to the absence of an updated diag-
nostic algorithm, wrong patient selection and/or 
absence of adequate diagnostic assays, cannot be 
ruled out. However, a real lower prevalence of 
CDI in Campania could be related to the actual 
diet, the lower patient age (being advanced age 
a major risk factor for CDI) or the specific genet-
ic background. Unquestionably, further studies 
are warranted to either confirm or rebut these 
hypotheses.
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