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SUMMARY

Toxigenic Clostridium difficile is responsible for anti-
biotic-associated diarrhoea and other diseases. The
increasing frequency and severity is attributed to
highly-virulent ribotypes such as 027. The aim of the
study was to collect epidemiological and molecular
data for C. difficile isolates during 2009-13 in the Cen-
tral Hospital of Bolzano, Northern Italy. Stool sam-
ples from inpatients of the Bolzano Central Hospital
were screened for toxins A and B, and C. difficile was
cultured and tested for antibiotic susceptibility. PCRs
were performed for genes of toxin A, toxin B, binary
toxin and ribotyping. During the period 2009-13 from
320 patients (9% of patients tested) at least one stool
sample proved positive for C. difficile toxins, and in-
cidences for all hospital inpatients per 10,000 patient
days (per 1,000 admissions) varied between 2.2 (1.5)

B INTRODUCTION

oxigenic Clostridium difficile is recognized as
the primary pathogen of antibiotic-associat-
ed clinical manifestations, especially in geriatric
patients, with diseases ranging from diarrhoea to

Corresponding author
Richard Aschbacher
E-mail: richard.aschbacher@sabes.it

and 4.3 (3.0). Out of 138 isolates (43% of total isolates
were studied), 24 different ribotypes were identified.
Isolates with ribotype 027 were predominant (38%),
followed by 018 (13%) and 607 (10%). Whereas for ri-
botype 018 a significant decrease was seen during the
five-year period, ribotype 027 increased significantly
from 0% in 2009 to 64% in 2012, decreasing then to
10% in 2013. Isolates were sensitive to metronidazole
and vancomycin, whereas isolates of the three major
ribotypes were resistant to moxifloxacin. Our data in-
dicates a significant change in C. difficile incidence rates
and ribotype frequencies during the five-year period
in the Central Hospital in Bolzano.

Keywords: Clostridium difficile, ribotype 027, ribotype
018, ribotype 607.

fulminant and sometimes fatal pseudomembra-
nous colitis, bowel perforation or toxic megaco-
lon [1-3]. Important virulence factors of C. difficile
are toxins A and B responsible for intestinal fluid
secretion, mucosal injury and inflammation [4].
The observed increase in frequency and severity
of C. difficile infection (CDI) during the last years
is generally attributed to the emergence of C. dif-
ficile ribotype 027, both in North America and in
Europe [5-8]. Higher levels of toxins, expression
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of binary toxin and other virulence factors in this
strain are associated with a more severe course
of infection, higher risk of relapse and mortality
[9, 10]; ribotype 078 has molecular characteristics
like ribotype 027 (both contain the binary tox-
in gene cdt and frameshift deletions in the gene
tcdC), but CDI due to type 078 is more frequently
community associated [11].

The purpose of this study was to provide data
on epidemiological surveillance, ribotyping
and antibiotic susceptibility for C. difficile stool
isolates from inpatients of the Bolzano Central
Hospital, Northern Italy, during the five-year
period 2009-13.

B PATIENTS AND METHODS

The study population included inpatients >2
years of age in the Central Hospital in Bolzano,
an 800-bed tertiary care reference hospital in
the Province of Bolzano, Northern Italy, with a
catchment area of 220,000 people and centralized
trauma and neurosurgery services for about half
a million inhabitants as well as an active bone
marrow transplantation program. Stool samples
were sent to the Hospital Laboratory of Microbi-
ology and Virology from inpatients with diarrhea,
defined as passage of 3 or more unformed stools,
according to Bristol stool chart types 6-7, in 24
consecutive hours, following the guidelines of the
Society of Healthcare Epidemiology of America
(SHEA) and Infectious Diseases Society of Amer-
ica (IDSA) [2, 12]. During the study period 2009-
13, all stool samples were screened for C. difficile
toxins A and B by immunoassay (Vidas® C. difficile
A&B, bioMérieux, Marcy 1'Etoile, France). C. diffi-
cile toxin positive samples were cultured on cefox-
itin, cycloserine, fructose agar (bioMérieux, Marcy
I’Etoile, France) at 37°C for 48 h under anaerobic
conditions for isolates coming from the Depart-
ments of Internal Medicine, Urology and Geriat-
rics in 2009-10, extended to stool samples from all
hospital units after 2010. Presumptive C. difficile
isolates were identified morphologically, sub-
cultured on Columbia blood agar (bioMérieux),
identified by matrix-assisted laser desorption/
ionization - time of flight - mass spectrometry
(MALDI-TOF Vitek-MS; bioMérieux) and stored
at -80°C using the Microbank microbial preserva-
tion system (Pro-Labs Diagnostics, Ontario, Can-

ada). The routine testing algorithm for C. difficile
has been modified in 2016 (after the study peri-
od); the new algorithm is based on a glutamate
dehydrogenase (GDH) stool screening test (VI-
DAS C. difficile GDH, bioMérieux) and TECHLAB
C. DIFF QUIK CHEK COMPLETE® (Alere), com-
bined in positive samples with a molecular assay
(Xpert® C. difficile, Cepheid) detecting the genes
TCDB (coding for toxin B), CDT (coding for bina-
ry toxin) and the deletion TCDCA117 (markers for
presumptive identification of ribotype 027).
Ribotyping was performed as described elsewhere
[13]. In short, after DN A extraction, a fluorescence
marked primer was used for PCR amplification.
PCR products were mixed with an internal size
standard and analyzed using an automated capil-
lary gel electrophoresis system (ABI3130, Thermo
Fisher). PCR-Ribotypes were identified using AG-
ES-WEBRIBO (webribo.ages.at).

In vitro susceptibility testing was performed as
described previously [14]. Briefly, agar-diffusion
testing was performed on Brucella agar plates
supplemented with hemin (5 pg/ml), vitamin
K1 (1 pg/ml), and lysed sheep blood (5% v/v)
using the epsilometer test (Etest®) (AB-Biodisk,
Solna, Schweden) and the respective European
Committee on Antimicrobial Susceptibility Test-
ing (EUCAST) minimal inhibitory concentration
(MIC) breakpoints for metronidazole and vanco-
mycin, Clinical and Laboratory Standards Insti-
tute (CLSI) MIC breakpoints for clindamycin and
moxifloxacin, and the suggested MIC breakpoints
for rifampicin and an in-house disc (40 pg) diffu-
sion test for rifaximin, as described by Huhulescu
et al. [14].

Statistical analysis of data was performed using
the software MedCalc version 13.1.2.0 (MedCalc
Software, bvba). For trend analysis, the Chi-
squared test for trends was used, the level of sig-
nificance was set as p<0.01.

The study was approved by the Ethics Committee
of the Bolzano Central Hospital and procedures
followed were in accordance with the ethical
standards of the Ethical Principles for Medical
Research Involving Human Subjects [15].

B RESULTS

During the period from January 2009 to Decem-
ber 2013 screening tests for C. difficile toxins A/B
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from patients hospitalized in the Bolzano Central
Hospital were requested for stool samples from
a total of 3,400 patients >2 years of age, their
mean age was 69 years (range 3 to 101 years) and
48% of these were females. For 320 patients (9%
of tested patients; 90% hospitalized for >2 days)
at least one stool sample resulted positive for C.
difficile toxins, with a fluctuating monthly trend
during the five-year study period (Figure 1); 4.2%
of toxin positive patients were aged >2-20 years,
2.2% were aged >20-40 years, 13.2% were aged
>40-60 years, 40.0% were aged >60-80 years and
40.4% were aged >80 years. Mean hospital wide
incidence rates of C. difficile toxin A /B positive in-
patients per 10,000 patient-days (per 1,000 admis-
sions) varied between 1.8 (1.2) and 4.3 (3.0); 70%
of patients were from Internal Medicine, Urology,
Geriatrics, Pneumology or Nephrology/Hemo-
dialysis units. Incidence rates ranging from 4.0-
5.0/10,000 patient days, remaining constant over
the five-year period, were found for the Geriatrics

unit, whereas highly variable (1.1-29.6/10,000 pa-
tient days) and fluctuating incidence rates were
observed in the Internal Medicine, Urology, Pneu-
mology and Nephrology/Hemodialysis units
(Table 1). During the years 2014-15, following the
five-year study period, we found hospital wide
incidence rates of C. difficile toxin A/B positive
inpatients per 10,000 patient days (per 1,000 ad-
missions) of 2.9 (1.7) in 2014 and 2.6 (1.8) in 2015.
First non-replicate C. difficile isolates from 138
(43% of total first isolates) toxin A /B positive stool
samples from inpatients in the Bolzano Central
Hospital were PCR-ribotyped (Table 2); further 9
isolates from long-term care facilities in the Bol-
zano health district and 6 isolates from a neigh-
boring hospital (Bressanone) were also typed. In
total, 24 different ribotypes were identified. In the
Bolzano Central Hospital isolates with ribotype
027 were predominant (38%), followed by 018
(13%), 607 (10%) and 014/020 (8%). Ribotype 027
increased significantly (p=0.003) during the peri-
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Figure 1 - Monthly trend of first C. difficile toxin A/B positive hospital inpatients.
Table 1 - Prevalence and incidence of C. difficile toxin A/B positive patients during 2009-13.
L Internal L Nephrology/
Year All inpatients Medicine Urology Geriatrics Pneumology Hemodialysis
Cases per 10,000 2009 43 (3.0) 4.8 (3.6) 32.1 (15.1) 40 (3.3) 14.0 (16.8) 16.6 (16.5)
patient-days 2010 2.2 (1.5) 2.5 (1.9) 2.6 (1.1) 4.0 (3.0) 2.5 (3.0) 27.4 (29.6)
(ias?s iz T 2011 3.6 (2.5) 9.3 (6.9) 57 (2.3) 40 (3.5) 2.5 (2.6) 7.6 (8.3)
admissions) 2012 3.8 (2.6) 8.5 (6.7) 152 (6.4) 5.0 (4.5) 8.9 (9.5) 2.5 (2.6)
2013 1.8 (1.2) 3.0 (2.3) 2.6 (1.1) 44 (4.0) 12 (1.3) 10.0 (10.4)
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Table 2 - Clostridium difficile ribotypes during 2009-13.
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od 2009-12 (2009: 0%; 2010: 33%,; 2011: 53%; 2012:
64%), decreasing then again (p<0.001) to 10% in
2013 (Figure 2); 51% of patients with ribotype
027 were females (vs 52% of patients with non-
027 ribotypes). Ribotype 027 was isolated main-
ly from patients of the Internal Medicine (44%),
followed by Geriatrics (10%), Urology (10%),
Pneumology (8%), Infectious Diseases (7%), Ne-
phrology (5%) and the Intensive Care unit (5%),
with low isolate numbers coming from patients
of other units. The mean age was 80 years (range
47-101 years) for hospitalized patients with CDI
by ribotype 027 and 75 years (range 3-99 years)

for patients with infections by non-027 ribotypes.
On the other hand, during the five-year period
a significant decrease (p<0.001) was registered
for ribotype 018, highly prevalent in 2009 (2009:
58%; 2010: 28%; 2011: 0%; 2012: 2%; 2013: 6%).
Five out of 6 ribotype 017 isolates were PCR-posi-
tive for toxin B and negative for toxin A, all other
isolates were PCR-positive for both toxin genes.
All ribotype 027, 078, 126 and 033 isolates were
PCR-positive for binary toxin. Moreover, 2/9 C.
difficile isolated during the same five-year period
from long-term care facility residents in the Bolza-
no health district and 5/6 isolates from a hospital
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serving a neighboring health district (Bressanone)
had ribotype 027. On the other hand, in 2016, by
direct molecular testing of 41 GDH and toxin B
gene positive stools from patients of the Bolzano
Central Hospital, no sample positive for cdt and
deletion tcdCA117 (markers for ribotype 027) has
been found.

Antimicrobial susceptibility testing was done for
all isolates from 2011-13 and all were susceptible
to metronidazole and vancomycin. All isolates be-
longing to ribotypes 027, 607,017, 018, 126 and the
single isolate with ribotype AI-8/0 were resistant
to moxifloxacin, whereas 5/6 ribotype 014/020
isolates and all belonging to other ribotypes were
susceptible to moxifloxacin. The 10 isolates with
ribotype 607 were also tested for rifampicin and
rifaximin, all but one resulting resistant to both
antibiotics.

B DISCUSSION

The present study describes the incidence of
CDI from hospitalized patients and the distribu-
tion of ribotypes from first stool isolates during
2009-13 in the Bolzano Central Hospital. In a
previous study in the same hospital, consider-
ing data collected during 2007 from the Internal
Medicine unit, 16.9% of patients with nosocomial
diarrhoea were detected to be positive, with an
overall CDI incidence rate of 6.2 cases /10,000 pa-
tient days and 5 cases/1,000 patient admissions
[16]. In the present study, similar incidence rates
of 2.5-9.3 cases /10,000 patient days and 1.9 to 6.7
cases/1,000 patient admissions were found for
the period 2009-13 in the same unit, with highest
incidence rates in 2011-12. In four Internal Medi-
cine wards of another hospital in Northern Italy
higher incidence rates of 23.3/10,000 patient days
or 25.6/1,000 hospitalizations were found in 2008-
09 [17]. Another Italian study in five hospitals in
Rome reported increasing incidence of CDI ep-
isodes from 0.3 in 2006 to 2.3 per 10,000 patient
days in 2011; 80% of episodes occurred in medi-
cal wards [18]. A study over four months during
2013-14 in 40 Italian Internal Medicine wards, en-
rolling 10,780 patients, found an overall CDI in-
cidence rate of 5.3/10,000 patient-days [19]. In a
teaching hospital in Liguria the annual incidence
rate of CDI/10,000 patient days significantly in-
creased from 0.5 in 2010 to 3.0 in 2014 [20].

A European study in 2014-15, including 60 hos-
pitals in 3 European countries (Italy, France,
UK), found a mean annual CDI rate per hospital
of 2.5/10,000 patient days, with the highest rate
present in Italy (4.7 cases/10,000 patient days)
[21]. Anetwork of 106 laboratories in 34 European
countries in 2008 found a mean incidence rate of
4.1 cases per 10,000 patient days (range 0.0-36.3)
[22], whereas a European study involving 482
hospitals across 20 countries in 2012-13 reported
a mean incidence rate of 7.0 cases/10,000 patient
days (range 0.7-28.7) [23]. In the last study in Ita-
ly, CDI rates of 9.5/10,000 and 8.3/10,000 patient
days were reported in 2012 and 2013, respectively
[24]. Thus, incidence rates of CDI (identified by
C. difficile toxin positivity) found in our study are
in the mean range of Italian and other European
hospitals.

Fifty-three out of 138 typed isolates (38%), collect-
ed during 2009-13 from patients hospitalized in
the Bolzano Central Hospital, had ribotype 027;
moreover, 7 isolates collected from long-term care
facilities in the Bolzano health district or from a
hospital serving a neighboring health district had
also ribotype 027. On the other hand, a previous
study, testing 44 toxin A /B positive C. difficile iso-
lates collected during 2007 in the Bolzano health
district (Internal Medicine, Geriatrics, Nephrol-
ogy/Hemodialysis, other hospital wards, long-
term-care facilities or outpatients), did not find
ribotype 027 and in 2016 out of 41 GDH and tox-
in B gene positive stool samples no ribotype 027
isolate was identified [25]. Previously, in two hos-
pitals in Northern Italy, authors found C. difficile
ribotype 027 in 8 CDI cases and ribotype 078 in
26 cases of generally younger patients [26]. Oth-
er authors found ribotype 027 in stool samples
collected in 2011-12 from 41% (10/24) of patients
with severe CDI admitted to 7 hospitals in Rome,
Italy [27]. Another multicentre study in 2014 in six
tertiary care hospitals in Rome found that, out of
563 patients, 47.9% had CDI caused by ribotype
027, showing statistically significant association
with residence in nursing homes [28]. A European
study in 2012-13, typing 1,196 C. difficile isolates
from 482 hospitals among 19 countries, identified
027 as the most common ribotype (19%), with
88% of occurrences recorded in only 4 countries
(Germany, Hungary, Poland and Romania); 3% of
the isolates belonged to ribotype 078 [7,23]. Ribo-
types 078 and 033, found in our strain collection (3
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and 1 isolates, respectively), have been previous-
ly associated with domestic animals such as pigs
and calves [22, 29, 30].

In the present study 42% (16/38) of isolates from
2009-10 had ribotype 018, highly prevalent in
2009 (58%) but rarely found in 2011-13. This ribo-
type has been found to be prevalent in Italy and to
frequently express fluoroquinolone resistance; the
three ribotype 018 isolates collected in our hospi-
tal in 2011-13 (strains isolated in 2009-10 were not
tested) were also resistant to moxifloxacin [31, 32].
The third most frequent ribotype, found in 11%
(15/129) of our isolates, was 607. Typing of 103
Italian C. difficile isolates from 2012-13 identified
31 ribotypes and the predominant were 607 (27%)
and 018 (12%); PCR-ribotypes 027 and 078 repre-
sented 8% and 4% of the strains, respectively [33].
A European study in 2012-13 commonly identi-
fied ribotypes 018 and 607 in Italy (22% and 17%
prevalence, respectively), whereas these ribo-
types were rarely isolated in other countries [7].
In a 2008 survey, including 389 toxigenic C. difficile
isolates from 34 European countries, the 4 most
frequent PCR-ribotypes were 014/020 (16%), 001
(10%), 078 (8%) and 018 (6%; because of high prev-
alence in 3 Italian hospitals), whereas 027 (5%)
was the sixth most frequent ribotype [22]. In a Eu-
ropean study in 2012-13, out of 1,196 isolates, the
following 4 most prevalent ribotypes were iden-
tified: 027 (19%), 001/072 (11%), 014/020 (10%),
140 (4%) [7]. The 4 most frequent ribotypes in the
two European studies include three (027, 018 and
014/020) out of the 4 most frequent ribotypes in
our strain collection.

Antimicrobial susceptibility of our C. difficile iso-
lates to metronidazole and vancomycin confirms
data from a European study, finding rare resis-
tance to metronidazole (0.1%) and vancomycin
(0.8%) [34]. Resistance to moxifloxacin of preva-
lent ribotypes in our hospital during 2009-12 (027,
607, 018, 126) has been described by other authors
[32, 34].

The higher prevalence of CDI in 2009 (4.3/10,000
patient days) compared to following years could
be explained by healthcare associated transmis-
sion of the epidemic Italian ribotype 018 [31-32],
replaced in following years by 027. Compared
with 2011-12 in 2013 we noticed decreasing CDI
incidence rates (1.8/10,000 in 2013 vs 3.6 and
3.8/10,000 patient days in 2011 and 2012, respec-
tively), decreasing prevalence of ribotype 027

(10% in 2013 vs 53% and 64% in 2011 and 2012,
respectively) and increasing ribotype diversity
(14 ribotypes in 2013 vs 5 and 6 ribotypes in 2011
and 2012, respectively). Similarly, a European
study found that ribotype diversity decreased as
the prevalence of ribotype 027 increased and this
might be explained by more healthcare associated
transmission of dominant ribotypes [7]. Incidence
rates 2014-15 in our hospital were 2.9 and 2.6 cas-
es/10,000 patient days in 2014 and 2015, respec-
tively, and no ribotype 027 isolate has been iden-
tified out of 41 C. difficile toxin B positive stools
tested in 2016.

Low level but highly variable and fluctuating in-
cidence rates in different wards in the Bolzano
Central Hospital probably indicates low-level en-
demic presence of C. difficile in the hospital and
local epidemics in particular wards.

To conclude, the high prevalence of pathogenic C.
difficile ribotypes in the hospital environment in
2010-12 and their rapid decrease in 2013 confirms
the important role of epidemiological surveil-
lance by molecular typing. Moreover, because of
suboptimal laboratory diagnostic methods such
as only toxin A/B testing, stool samples positive
for CDI may not be diagnosed, and the possible
overestimation of the 027 frequency by immu-
noenzymatic methods could bias the relative fre-
quency of different ribotypes (7,35). Therefore, in
2016 we have optimized our testing algorithm for
C. difficile infection by introduction of molecular
methods with real-time PCR identification of tox-
in genes and presumptive hypervirulent strains,
together with a GDH assay, combined with a tox-
in A/B test and a culture method for C. difficile,
allowing conservation of isolates for further ge-
notyping studies.

Funding. There were no sources of funding that
could have influenced the outcome of this work.

Conflict of interest. The authors have no conflicts
of interest to disclose.

ACKNOWLEDGEMENTS

The authors are grateful to the personnel of the
wards involved in the study, the staff of the Lab-
oratory of Microbiology and Virology, Bolzano
Central Hospital, and the Laboratory of the Aus-
trian Agency for Health & Food Safety, Vienna,
for valuable advice and assistance.



Predominance of Clostridium difficile 027 during a five-year period in Bolzano | 19

B REFERENCES

[1] Bartlett J.G. Clostridium difficile: progress and chal-
lenges. Ann. N. Y. Acad. Sci. 1213, 62-69, 2010.

[2] Cohen S.H., Gerding D.N., Johnson S., et al. Clinical
practice guidelines for Clostridium difficile infection in
adults: 2010 update by the Society of Healthcare Epi-
demiology of America (SHEA) and the Infectious Dis-
eases Society of America (IDSA). Infect. Control Hosp.
Epidemiol. 31, 431-455, 2010.

[3] Di Bella S., Capone A., Musso M., et al. Clostridium
difficile infection in the elderly. Infez. Med. 2, 93-102,
2013.

[4] Awad M.M., Johanesen P.A., Carter G.P,, Rose E., Ly-
ras D. Clostridium difficile virulence factors: Insights into
an anaerobic spore-forming pathogen. Gut Microbes. 5,
579-593, 2014.

[5] Abou Chakra C.N., McGeer A., Labbé A.C., et al.
Factors associated with complications of Clostridium
difficile infection in a multicenter prospective cohort.
Clin. Infect. Dis. 61, 1781-1788, 2015.

[6] Tickler I.A., Goering R.V., Whitmore ].D., et al. Strain
types and antimicrobial resistance patterns of Clostridi-
um difficile isolates from the United States, 2011 to 2013.
Antimicrob. Agents Chemother. 58, 4214-4218, 2014.

[7] Davies K.A., Ashwin H., Longshaw C.M., Burns
D.A., Davis G.L., Wilcox M.H. Diversity of Clostridium
difficile PCR ribotypes in Europe: results from the Euro-
pean, multicentre, prospective, biannual, point-preva-
lence study of Clostridium difficile infection in hospital-
ised patients with diarrhoea (EUCLID), 2012 and 2013.
Eur. Surveill. 21, 29, 2016.

[8] van Dorp S.M., Kinross P., Gastmeier P, et al. Stan-
dardized surveillance of Clostridium difficile infection in
European acute care hospitals: a pilot study, 2013. Euro.
Surveill. 21, 29, 2016.

[9] Cloud J., Kelly C.P. Update on Clostridium difficile as-
sociated disease. Curr. Opin. Gastroenterol. 23, 4-9, 2007.
[10] McDonald L.C., Killgore G.E., Thompson A, et al.
An epidemic, toxin gene-variant strain of Clostridium
difficile. N. Engl. ]. Med. 353, 2433-2441, 2005.

[11] Goorhuis A., Bakker D., Corver J., et al. Emergence
of Clostridium difficile infection due to a new hypervir-
ulent strain, polymerase chain reaction ribotype 078.
Clin. Infect. Dis. 47, 1162-1170, 2008.

[12] Lewis S.J., Heaton K.W. Stool form scale as a useful
guide to intestinal transit time. Scand. J. Gastroenterol.
32,9,920-924, 1997.

[13] Indra A., Huhulescu S., Schneeweis M., et al. Char-
acterization of Clostridium difficile isolates using capil-
lary gel electrophoresis-based PCR ribotyping. J. Med.
Microbiol. 57, 1377-1382, 2008.

[14] Huhulescu S., Sagel U., Fiedler A., et al. Rifaximin
disc diffusion test for in vitro susceptibility testing of
Clostridium difficile. ]. Med. Microbiol. 60, 1206-1212, 2011.
[15] World Medical Association (WMA) Declaration of

Helsinki - Ethical Principles for Medical Research In-
volving Human Subjects. Retrieved from http:/ /www.
wma.net/en/30publications/10policie/b3/index.
html. Last accessed March 2, 2016.

[16] Sansone S., Aschbacher R., Staffler M., et al. Noso-
comial diarrhoea in adult medical patients: the role of
Clostridium difficile in a North Italian acute care teaching
hospital. J. Prev. Med. Hyg. 50, 117-120, 2009.

[17] Mellace L., Consonni D., Jacchetti G., et al. Epide-
miology of Clostridium difficile-associated disease in in-
ternal medicine wards in northern Italy. Intern. Emerg.
Med. 8,717-723, 2012.

[18] Di Bella S., Musso M., Cataldo M.A., et al. Clos-
tridium difficile infection in Italian urban hospitals: data
from 2006 through 2011. BMC Infect. Dis. 13, 146, 2013.
[19] Cioni G., Viale P.,, Frasson S., et al. Epidemiology
and outcome of Clostridium difficile infections in pa-
tients hospitalized in Internal Medicine: findings from
the nationwide FADOI-PRACTICE study. BMC Infect.
Dis. 8, 16, 656, 2016.

[20] Alicino C., Giacobbe D.R., Durando P, et al. In-
creasing incidence of Clostridium difficile infections: re-
sults from a 5-year retrospective study in a large teach-
ing hospital in the Italian region with the oldest popu-
lation. Epidemiol. Infect. 144, 2517-2526, 2016.

[21] Davies K., Davis G., Barbut F., Eckert C., Petrosillo
N., Wilcox M.H. Variability in testing policies and im-
pact on reported Clostridium difficile infection rates: re-
sults from the pilot Longitudinal European Clostridium
difficile Infection Diagnosis surveillance study (LuCID).
Eur. ]. Clin. Microbiol. Infect. Dis. 12, 1949-1956, 2016.
[22] Bauer M.P., Notermans D.W., van Benthem B.H.,
et al. Clostridium difficile infection in Europe: a hospi-
tal-based survey. Lancet 377, 63-73, 2011.

[23] Davies K.A., Longshaw C.M., Davis G.L., et al.
Underdiagnosis of Clostridium difficile across Europe:
the European, multicentre, prospective, biannual,
point-prevalence study of Clostridium difficile infection
in hospitalised patients with diarrhoea (EUCLID). Lan-
cet Infect. Dis.. 14, 1208-1219, 2014.

[24] Spigaglia P., Barbanti F., Wasels F., Mastrantonio
P. Clinical epidemiology of nosocomial infections.
Emergence of Clostridium difficile PCR-ribotypes 027
and 607 in Italy. R483. Congress ECCMID, Barcelona,
Spain, 2014.

[25] Grasso E, Manicardi G., Pagani E. Tipizzazione
molecolare di Clostridium difficile. Thesis project 2006-
2007, Universita degli Studi di Modena e Reggio Emil-
ia, 2007.

[26] Baldan R., Cavallerio P., Tuscano A., et al. First re-
port of hypervirulent strains polymerase chain reaction
ribotypes 027 and 078 causing severe Clostridium diffi-
cile infection in Italy. Clin. Infect. Dis. 50, 126-127, 2010.
[27] Di Bella S., Paglia M.G., Johnson E., Petrosillo N.
Clostridium difficile 027 infection in Central Italy. BMC
Infect. Dis. 12, 370, 2012.



20 | R. Aschbacher, et al.

[28] Falcone M., Iraci E,, Raponi G,, et al. Nursing home
residence is associated with spread of Clostridium diffi-
cile ribotype 027 in central Italy. J. Hosp. Infect. 94, 201-
203, 2016.

[29] Keel K., Brazier J.S., Post KW., Weese S., Songer
J.G. Prevalence of PCR ribotypes among Clostridium dif-
ficile isolates from pigs, calves, and other species. J. Clin.
Microbiol. 45, 1963-1964, 2007.

[30] Schneeberg A., Neubauer H., Schmoock G., Gross-
mann E., Seyboldt C.J. Presence of Clostridium diffi-
cile PCR ribotype clusters related to 033, 078 and 045
in diarrhoeic calves in Germany. ]. Med. Microbiol. 62,
1190-1198, 2013.

[31] Baldan R., Trovato A., Bianchini V., et al. Clostrid-
ium difficile PCR ribotype 018, a successful epidemic
genotype. J. Clin. Microbiol. 53, 2575-2580, 2015.

[32] Spigaglia P., Barbanti F., Dionisi A.M., Mastran-
tonio P. Clostridium difficile isolates resistant to fluoro-
quinolones in Italy: emergence of PCR ribotype 018. J.
Clin. Microbiol. 48, 2892-2896, 2010.

[33] Spigaglia P, Barbanti F.,, Morandi M., Moro M.L., Mas-
trantonio P. Diagnostic testing for Clostridium difficile in Ital-
ian microbiological laboratories. Anaerobes. 37,29-33, 2016.
[34] Freeman J., Vernon J., Morris K., et al. Pan-Euro-
pean longitudinal surveillance of antibiotic resistance
among prevalent Clostridium difficile ribotypes. Clin.
Microbiol. Infect. 21, 3, 248.€9-248.e16, 2015.

[35] Tenover F.C., Novak-Weekley S., Woods C.W., et
al. Impact of strain type on detection of toxigenic Clos-
tridium difficile: comparison of molecular diagnostic and
enzyme immunoassay approaches. J. Clin. Microbiol. 48,
3719-3724, 2010.



