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Ssummary

Introduction. Clostridium difficile infection (CDI) is currently
considered the most common cause of health care-associated
infections. The aim is to describe the trend of CDI in an Italian
hospital and to assess the efficacy of the measures adopted to
manage the burden.

Methods. Data were retrieved in the San Salvatore Hospital of
L’Aquila, from 1 January 2016 to 31 December 2018. Incidence
rate of CDIs was calculated as the number of new infected per-
sons per 10,000 patient-days. Changes in the CDI rate during the
period considered were analysed using a Joinpoint regression
model and related to the preventive strategies adopted. The strate-
gies adopted focused mainly on patient isolation, reinforcement of
proper hand hygiene techniques, antimicrobial stewardship and
environmental disinfection.

Results. CDI/10,000 patient-days was 6.27 in 2016 and increased

Introduction

Clostridium difficile (CD) is a Gram-positive anaerobic
bacterium. This spore-forming bacillus can be found
in a wide range of habitats, from soil and water to the
intestines of animals, including humans (3-5% of human
adults) and it is transmitted along the fecal-oral route.
The principal virulence factors of the microorganism
are exotoxin proteins, toxin A and toxin B, produced
by the pathogenic strains of CD. Diseases caused
by CD can range in severity from mild diarrhea to
fulminant pseudomembranous colitis and, without
suitable treatment, toxic megacolon and death. It has
been associated mainly with hospitals, where it occurs
both endemically and epidemically. Clostridium
difficile infection (CDI) is one of the most important
healthcare-associated infections in industrialized
countries. In particular, it is considered the most common
etiology of nosocomial diarrhea [1].

During the last few years, social and health changes
led to an increase in this type of infection: over the
past 20-years, hospital-acquired CDI has become more
frequent, more severe, and more likely to recur or relapse
after standard therapy. This increased severity has been

to 7.71 in 2017, then drastically decreased to 2.76 during 2018.
The Joinpoint regression analysis identified three Joinpoints:
Sep-2016, Jan-2017, and Sep-2017. There was a reduction from
2016/01 to 2016/09 (slope = -1.44; p = 0.67), then there was an
increase from September 2016 to February 2017 (slope = 30.01;
p = 0.29), both statistically not significant. Therefore, there was
an important decrement from February 2017 to September 2017,
statistically significant (slope = -15.84; p = 0.012).
Conclusions. Reports based on routine laboratory data can
accurately measure population burden of CDI with limited sur-
veillance resources. The adoption of multi-pronged strategies
has proven effective in reducing CDI. It’s important to keep
attention high regarding preventive measures of CDI, also a
continuous joint effort by all health professionals, caregivers
and patients is needed.

attributed to the emergence of hypervirulent strains such
asribotype 027 or NAP1 or ribotype 078 which have been
documented worldwide [2]. A recent systematic review
and meta-analysis found a CDI incidence of 2.24 per
1,000 admissions per year and 3.54 per 10,000 patient-
days per year; the rate of cases in the general population,
for all ages, is 41.94 per 100,000 population per year [3].
The cases of CDI have led to an increase in mortality
and morbidity, especially in older adults. Mortality
is at least 6% within 3 months of diagnosis and 13%
in patients > 80 years old. In addition, CDI has a
significant economic impact on the healthcare system
and is a cause of burden on healthcare institutions.
The average length of hospitalization is increased by
14 days and the attributable cost per adult patient was
about €10,000, with the majority of the cost being due
to hospitalization [4]. Nosocomial transmission is the
most frequent for this type of infection, in this context,
practical measures for reducing infection are crucial
to prevent and control the spread of CDI [5]. Thus,
epidemiological surveillance and control measures
take a central role in countering CDI.

The present study aimed to describe the trend of CDI in
an Italian hospital, by investigating an outbreak which
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occurred between October 2016 and April 2017, and
assessing the efficacy of the control measures adopted to
manage the burden.

Methods

DATA COLLECTION

Data were retrieved in the San Salvatore Hospital of
L’ Aquila, in Abruzzo, a region in the center of Italy, from
January 1st 2016 to December 31st 2018. The study was
authorized by the Hospital Management of San Salvatore
Hospital, and the data were treated anonymously.

We analyzed the laboratory database to identify CDIs
in patients over 18 years of age: we defined a “case” of
CDI as a positive Clostridium difficile toxin assay from
a stool specimen.

Data related to tests from outpatient facilities, extra-
hospital facilities, and inappropriate tests were excluded.
The latter were selected according to the European
surveillance protocol for CD [6]: tests were repeated
within 2 weeks of the first positive test. Therefore,
positive tests during the 2-8 weeks after the first
positivity were considered “recurrences”.

PREVENTIVE PROTOCOL

On January 1st 2017 the Hospital Management of San
Salvatore Hospital adopted preventive strategies to face
the increasing cases of CDI. Strategies were categorized
as: (1) diagnosis and surveillance; (2) hand hygiene;
(3) patient isolation and personal equipment; (4) glove
and protective clothing use; (5) reception, transport,
transfer, and discharge of patients; (6) environmental
cleaning; (7) management of medical devices, linen,
dishes and waste; (8) antibiotic stewardship; and
(9) education and information for staff, patients and
caregivers. The indications contained allow for the
prompt identification CDI cases and to guarantee correct
management during hospitalization until discharge.
Diarrheal fecal samples from patients with suspected
infection by CD were tested using an Intermedical
CLOSTRIDIUM TRIO TOSSINA A/B/GDH kit, which
detects both the presence of the glutamate dehydrogenase
(GDH) antigen, and the presence of the A and B toxins.
A positive test for the GDH antigen and one of the two
toxins is sufficient to confirm the diagnosis of CDI.
Once the positive isolates were identified, the following
interventions were implemented to reduce the incidence
of CD colonization and infection:
* placing patients in contact isolation;
* soap and water hand hygiene;
* report the isolation to Hospital Management;
* development of an educational tool for patients and
visitors;
* formulary restriction to prevent overuse of offending
antibiotics.
The protocol provides that the room cleaning procedure
be carried out by personnel equipped with adequate
personal protection twice a day using chlorinated at
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1,000 ppm. The cleaning procedure includes all lateral
environmental surfaces frequently in contact with the
patient and reusable medical equipment. Moreover, a
patient who is suspected of CD infection is placed in
contact isolation where there is room cleaned, and stool
specimens are collected to determine if they are CD
antigen positive.

Training courses and flyers were used to educate direct
patient care staff regarding cross-contamination via the
environment as a real possibility in this type of patient.
In addition, patients and visitors are kept up to date with
all the information regarding the transmission of the
pathogen.

STATISTICAL ANALYSIS

The incidence rate of CDIs was calculated as the number
of newly infected persons for each month by the overall
length of stay (incidence per 10,000 patient-days). In
addition, positivity rates on the tested samples were
calculated. The denominators were obtained through the
SISWeb, a suite of interacting programs that allow for
the management of the entire course of treatment of both
outpatients and inpatients, and the collection of data from
each health event, data for the clinical dossier. Changes in
the CDI rate during the period considered were analyzed
using a joinpoint regression model. Joinpoint regression
model analyses rates, proportions, and any other
measure that can be considered (e.g., counts), to study
statistically significant changes in the trend and their
locations within the model time [7]. We performed two
models: in the first, the dependent variable was the CDI
rate per 10,000 patient-days without log transformation
and the independent variable was the time (months); in
the second, the dependent variable was “crude rate x
100” (CDI/requests x 100) without log transformation
and the independent variable was the time (months).
We assumed that the random errors in the regression
model were Poisson, and we estimated the regression
coefficients by weighted least squares for the model
y = xb, using the Joinpoint Regression Program (version
4.77.0.0 https://surveillance.cancer.gov/joinpoint).

Results

From January 2016 to December 2018, 1994 stool
samples were tested for CD and 248 (12.4%) were
positive. Positive tests corresponded to 186 CDI
episodes, regarding 149 persons. Patient characteristics
are summarized in Table L.

The number of stool samples tested increased from
597 in 2016 to 846 in 2017, then decreased to 551 in
2018. The numbers of infections were 70 in 2016, 85 in
2017, and 31 in 2018. The proportion of these samples
tested as positive was stable in 2016 (11.7%) and 2017
(10.1%), then it was halved in 2018 (5.6%). The highest
proportion of CDI episodes on tested samples was
observed in surgical wards (10%), closely followed by
medical wards (9.4%), whereas Intensive Care Units
showed the lowest proportion (4.5%). However, the
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Tab. I. Patient characteristics.

2016, N(%) 2017, n(%) 2018, n(%) Total, n(%)
Sex
Male 25 (43.1%) 28 (37.9%) 16 (64%) 69 (46.3%)
Female 33 (56.9%) 38 (62.1%) 9 (36%) 80 (53.7%)
Average length of stay (days) 25.0 23.8 304 254
Ward
Surgical 10 (17.2%) 14 (21.2%) 0 24 (16.1%)
Medical 48 (82.8%) 50 (75.8%) 24 (96%) 122 (81.9%)
Intensive care 0 2 (3%) 1 (94%) 3(2%)
Age
< 60 years 10 (17.2%) 4 (6.1%) 3(12%) 17 (11.4%)
60 -75 years 18 (31.1%) 16 (24.2%) 6 (24%) 40 (26.8%)
> 75 years 30 (51.7%) 46 (69.7%) 16 (64%) 92 (61.8%)

raw number of cases in medical wards far outpaced
others with a total of 157 CDI cases (84%). 84% of CDI
occurred in medical ward, followed by Surgical (14%)
and by Intensive Care Unit (2%).

The incidence during the considered period was
5.53/10,000 patient-days (95% CI: 4.73-6.32). During
2016, CDI/10,000 patient-days was 6.27 and increased
to 7.71 in 2017, then drastically decreased to 2.76 in
2018, as shown in Figure 1.

The Joinpoint regression analysis identified three
Joinpoints in the first model: sep-2016, jan-2017, and
sep-2017 (Fig. 2). These points divided the trend line
into four linear segments, each with a different slope.
There was a moderate reduction during the time range
2016/01-2016/09 (slope = -1.44; p = 0.67), then there
was an increase from September 2016 to February
2017 (slope = 30.01; p = 0.29), both statistically not
significant. Therefore, there was an important decrement
from February 2017 to September 2017, statistically
significant (slope = -15.84; p = 0.012). Finally, in the
last segment, the trend was fairly stationary with a not
significant slope = 0.16 (p = 0.78).

In the second model, the Joinpoint regression analysis
identified two Joinpoints: feb-17 and oct-17 (Fig. 3).
These points divided the trend line into three linear
segments, each with a different slope. There was an
increment during the time range January 2016 - February
2017 (slope =0.86; p=0.043), then there was a decrement
from February 2017 to October 2017 (slope = -1.54;
p = 0.039), both statistically significant. Finally, in the
last segment, the trend was fairly stationary with a not
significant slope = 0.10 (p = 0.57).

Discussion

Several studies reported that the incidence and severity of
CDI have been increasing in recent years across the United
States, Canada, and Europe. It is now considered the
most common cause of healthcare-associated infection:
therefore, it requires continuous active surveillance. Public
health surveillance is the ongoing systematic collection,
analysis, and interpretation of data, closely integrated with
the timely dissemination of these data to those responsible

Fig. 1. Incidence CDI/10,000 patient-days by month.
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Fig. 2. Distribution of CDI/10,000 patient-days by month.
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Fig. 3. Distribution of CDI/request x 100 by month.
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for preventing and controlling disease and injury.[9] In
particular, a laboratory-based surveillance system is an
important cornerstone in the control of CDI: it allows
for the detection of changes in local epidemiology and
to provides information to guide decisions. Thanks to
the surveillance activity it was possible to manage the
outbreak that occurred between October 2016 and April
2017 by implementing new preventive strategies.
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In particular, during 2016 and 2017 we reported an
incidence of CDI episodes per 10,000 patient-days equal
t06.27 (C195%: 4.81-7.74) and 7.71 (C195%: 6.06-9.34)
respectively. The increase in 2017 is mainly due to the
high number of cases observed in the first three months
of the year. These data are greater than those reported
in the ECDC report, both for Europe and Italy, 3.98
(CI95%: 3.45-4.51) and 2.76 respectively [8]. However,
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the comparison with the reported Italian mean is not
significant due to the poor adherence of Italian hospitals
to the ECDC project (only two participants). Regardless,
the episodes of CDI in San Salvatore Hospital were higher
than the European average not only during the outbreak
but also in the previous period. This situation has made
it necessary to reaffirm the importance of prevention as
a means of combating the spread of CDI and the need
for a multidisciplinary approach in the management of
CDI in hospitals. A previous study by Weiss et al. [9]
showed that a multi-pronged intervention strategy is
most effective in reducing the rate of healthcare CDI.
Implementation of behavioral protocols, environmental
sanitation, and antibiotic stewardship is considered
the most effective strategies for the prevention and
control of C. difficile infections. These interventions
are aimed at identifying, isolating, and efficaciously
treating patients affected by CDI to prevent the spread of
infection [10]. The transmission of C. difficile and other
pathogens particularly depends in particular, on the
presence of other patients with infections, contaminated
surfaces and hand carriage transmission by medical
staff, that are the major route of the transmission of
the infection [11-14]. An infected patient occupying
the room can disseminate microorganisms and rapidly
contaminate frequently touched surfaces in near-patient
areas and these surfaces may remain contaminated for
extended periods [15]. Consequently, C. difficile can be
found on bedrails, bedsheets, commodes, call buttons,
toilets, windowsills, blood pressure cuffs, electronic
thermometers, floors, and any other surface that comes
into contact with contaminated hands [16]. Indeed, there
is a close correlation between hand contamination and
the degree of environmental contamination, for this
reason, proper hand hygiene is a crucial point in the
prevention of nosocomial infections. Therefore, the use
of hospital decontamination protocols and the correct
disinfection of the contaminated surfaces and medical
devices is essential to prevent the transmission of
nosocomial infections [17].

According to a multi-pronged intervention scheme,
the Hospital Management drew the attention of health
professionals implementing behavioral protocols
including hand hygiene, glove, and protective clothing
use, and management of medical devices, linen, dishes,
and waste. Moreover, particular attention has been paid
to environmental cleaning, instructing cleaning staff,
and strengthening communication between them and
nursing staff. Those visiting infected patients were also
taught to wash their hands and to limit contact only to the
patient being visited. Indeed, the training of healthcare
personnel, visitors, caregivers, and patients represents the
best way to get adherence to the guidelines. Through this
approach, numerous sessions of instruction/training for
nursing staff and healthcare providers were developed.
By modifying risk behaviors, these interventions
certainly helped to control the outbreak: they were
introduced on 1 January 2017 and both Joinpoint models
show a statistically significant decrease in CDI since
February. Such reduction remained constant until the

last trimester of 2017. Both Joinpoint regression models
suggest that the strategies implemented achieved good
results, as shown by the trend of the last segment in the
regressions: the regressions showed steady maintenance
of the rates in the last segment with lower levels than the
first segment for more than a year. The success of these
measures has also led the company management to draft
a new protocol to be adopted in all hospital facilities
of the Local Health Unit 1 of Abruzzo. It is necessary
to monitor the progress of these good practices and to
implement new preventive techniques [18].

Moreover, our study indicates that reports based on
routine laboratory data can accurately measure the
population burden of CDI with limited surveillance
resources. This activity can help target prevention
programs and evaluate their effectiveness. Healthcare
professionals assisting patients with CDI face the risk
of infection in their facilities. In addition, we will use
surveillance data to evaluate antibiotic stewardship and
CDI prevention.

Cconclusions

In conclusion, epidemiological surveillance for infection
control is a very useful tool to identify sudden outbreak.
However, in order to combat the spread of CDI, a
continuous joint effort by all health professionals,
caregivers and patients is needed. Our study shows not
only the importance of a good surveillance system,
but also the importance of keeping high attention on
preventive measures of this type of infection.
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