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WELCOME

Dear friends and colleagues,

It is a great pleasure to welcome you to the 5th International Clostridium difficile Symposium. 

In the 3 years since ICDS 2012, the importance of Clostridium difficile as a human health-
care associated pathogen has again increased, and its role in community-associated
infections and animal disease has become clearer.

We hope that the programme for the 5th ICDS reflects the range of current hot topics and
recent developments in the C. difficile research, epidemiology, control and treatment. We
have included an additional session called ‘Industry meets science’ with the aim of
presenting the most important C. difficile topics from an industry perspective that remain
to be addressed. Finally, despite more of 30 years of development, the laboratory diagnosis
of C. difficile infection still has many unanswered questions and these will be addressed in
a Roundtable Discussion.

Many different scientific meetings now include a broad range of C. difficile associated topics,
but ICDS is established as the traditional international C. difficile meeting and the venue is
now permanently in Bled, Slovenia. The Organizing Committee hopes that you will enjoy
the meeting and that it will stimulate new ideas and new collaborations.

On behalf of the Organizing Committee

Maja Rupnik
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GENERAL INFORMATION

Congress venue
Hotel Golf, Bled, Slovenia

Registration and information desk opening hours
Monday, 18th May 17.00 to 18.00

Tuesday 19th May 10.00 to 14.00

Wednesday 20th May 8.30 to 9.00 and during lunch break and coffee breaks 

Thursday 21st May 8.30 to 9.00 and during lunch break and coffee breaks

Meals and Social Events
Lunches on Wednesday, 20th May, and Thursday, 21st May and Dinner Wednesday, 20th May
are included in the Registration. Meals will be served in the Restaurant of the Hotel Golf.
Coffee Breaks will be served in front of the lecture hall and in the poster area. Welcome
reception, on Tuesday 19th May, is included in Registration and will be held in the area in
front of Hall Jupiter. Congress dinner on Thursday 21st May is included in Registration and
will be held in Grand Hotel Toplice.

Trip
We would like to invite you to take part at our trip to Partisan hospital Franja and to UNESCO
protected sites of Idrija mercury mine region on Friday 22nd May (departure at 9.00; arrival
around 18.00). You can sign up for the trip at the registration desk until 19th May.
Price 69 EUR.

Badges
Name badges are requested during all congress scientific sessions as well as during social
events.

For Speakers
Speakers are kindly requested to upload their presentation to the computer in the lecture
hall. Technical assistance will be provided. Use of own computers is not encouraged.

For poster presenters
Posters will be displayed during entire meeting. Poster numbers are listed in the poster
overview table. Posters can be displayed from Tuesday, 19th May and should be removed
after the Poster session on Thursday 21th May.

9





5th

11

Invited
Speakers

5th
International
Clostridium
difficile

Symposium

19 / 21
May 2015



5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
Abstracts of poster presentations

12



INVITED SPEAKERS

Barbut, Frédéric (Centre Hospitalier Universitaire Saint Antoine, Paris, France)

Bouza, Emilio (Hospital Gregorio Maranon, University of Madrid, Madrid, Spain)

Dubberke, Erik (Washington University School of Medicine, St Louis, USA)

Fitzpatrick, Fidelma (Royal College of Surgeons in Ireland and Beaumont Hospital Dublin, Ireland)

Gerding, Dale (Loyola University Chicago, Chicago, USA)

Guery, Benoit (Université de Lille 2, Lille, France)

Janoir, Claire (Faculty of Pharmacy - Universite Paris Sud, Chatenay-Malabry, France)

Louie, Thomas (The University of Calgary, Calgary, Canada)

McBride, Shonna (Emory University School of Medicine, Atlanta, USA)

Riley, Thomas (The University of Western Australia, Nedlands, Australia)

Spigaglia, Patrizia (Istituto Superiore di Sanità, Rome, Italy)

Wilcox, Mark (University of Leeds, Leeds Teaching Hospitals, Leeds, United Kingdom)

Young, Vincent (University of Michigan, Ann Arbor, USA)
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ICDS Attendance Grants

Andrés Lasheras, Sara (University of Zaragoza, Zaragoza, Spain)

Anwar, Saba (Royal Holloway University of London, Surrey, United Kingdom)

Batah, Jameel (University of Paris Sud 11, Chatenay-Malabry, France)

Carlucci, Christian (University of Guelph, Guelph, Canada)

Di Bella, Stefano (National Institute for Infectious Diseases "L. Spallanzani", Rome, Italy)

Hutton, Melanie (Monash University, Melbourne, Australia)

Jovanović, Milica (Clinical Center of Serbia, Belgrade, Serbia)

Kint, Nicolas (Institut Pasteur, Paris, France)

Kirk, Joseph (University of Sheffield, Sheffield, United Kingdom)

Lawry, Beth (Newcastle University, Newcastle upon Tyne, United Kingdom)

Moono, Peter (The University of Western Australia, Perth, Australia)

Norman, Keri (Texas A&M University, College Station, USA)

Pavic, Sladjana (General Hospital Uzice, Uzice, Serbia)

Peng, Yibing (Shanghai Jiaotong University School of Medicine, Shanghai, China)

Reigadas Ramírez, Elena (Hospital Gregorio Marañón, Madrid, Spain)

Richards, Emma (Imperial College London, London, United Kingdom)

Sekulovic, Ognjen (Université de Sherbrooke, Sherbrooke, Canada)

Slater, Ross (The University of Warwick, Burntwood, United Kingdom)

Trajkovska-Dokic, Elena (Medical faculty, Skopje, Republic of Macedonia)

Wang, Qiong (The Rockefeller University, New York, USA)

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
ICDS Attendance grants

17



5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
ICDS Attendance grants

18



5th

19

ICDS
Programme

5th
International
Clostridium
difficile

Symposium

19 / 21
May 2015



Thursday, 20th September 

14:45-16:30 SESSION I: IMMUNOLOGY I
Chair: P. Mastrantonio

14:45 Rupnik, M. OPENING

15:00 INV1 Sansonetti, P. LEARNING FROM PATHOGENS ORIGINAL STRATEGIES
OF IMMUNOMANIPULATION

15:30 O1 Heinrichs, J. H. DESIGN, PRODUCTION AND PRE-CLINICAL EVALUATION
OF A NOVEL TOXIN-BASED VACCINE FOR THE
PREVENTION OF Clostridium difficile DISEASE

15:50 O2 Jansen, K. U. A NOVEL APPROACH TO A C. difficile TOXOID VACCINE:
IMMUNOGENICITY AND PRECLINICAL EFFICACY 

16:10 O3 Anosova, N. TOXIN A AND TOXIN B SPECIFIC SYSTEMIC ANTIBODY
LEVELS CORRELATE WITH PROTECTION AGAINST C.
difficile ASSOCIATED DISEASE IN HAMSTERS

16:30-17:00 COFFEE BREAK

17:00-18:30 SESSION II: SPORULATION AND GERMINATION
Chair: N. Minton

17:00 INV2 Henriques, A. O. SPORE DEVELOPMENT IN RELATION TO PATHOGENESIS
IN Clostridium difficile

17:30 O4 Dembek, M. TRANSCRIPTIONAL ANALYSIS OF GERMINATON IN
Clostridium difficile 630 ENDOSPORES

17:50 O5 Sorg, J. A. IDENTIFYING FACTORS THAT INFLUENCE Clostridium
difficile SPORE GERMINATION

18:10 O6 Cutting, S. M. THE SPORE COATS OF C. difficile

19:00 WELCOME RECEPTION (Hotel Golf)

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
Abstracts of poster presentations
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Tuesday, 19th May

14:00-15:30 SESSION I: Chair: Riley T.

14:00 Rupnik, M. OPENING

14:15 INV1 Gerding, D. KEYNOTE LECTURE - MILESTONES IN C. difficile
RESEARCH

15:00 INV2 Bouza, E. THE SPECTRUM OF C. difficile INFECTION (CDI) IN A
GENERAL HOSPITAL. CASES AND SITUATIONS FROM
THE REAL LIFE

15:30-16:00 COFFEE BREAK / posters to be displayed

16:00-17:30 SESSION II: EPIDEMIOLOGY
Chair: Delmee, M.

16.00 INV3 Riley, T. THE “ONE HEALTH” PARADIGM AND C. difficile

16.30 OP1 Martín-Burriel, I. COMPARATIVE GENOME ANALYSIS OF Clostridium
difficile STRAINS ISOLATED FROM DOMESTIC AND WILD
ANIMALS REVEALS HIGH SIMILARITY WITH HUMAN
STRAINS 

16.50 OP2 Banks, A. COMMUNITY ASSOCIATED Clostridium difficile
INFECTION (CDI) IN SCOTLAND – A SENTINEL STUDY

17.10 OP3 Cairns, M. THE GLOBAL PHYLOGENY OF Clostridium difficile
TOXIN A-B+ PCR RIBOTYPE 017

17:30-18:00 BREAK / refreshments served in poster area 

18:00-19:10 SESSION III: SPORULATION/GERMINATION
Chair: Kuehne, S.

18.00 INV4 McBride, S. NOVEL REGULATORY MECHANISMS CONTROL
SPORULATION INITIATION IN C. difficile

18.30 OP4 Salgado, P. THE MOTHER CELL TO FORESPORE CHANNEL HAS A
CENTRAL ROLE IN SPORE MORPHOGENESIS, PROTEIN
LOCALISATION AND PEPTIDOGLYCAN REMODELING

18.50 OP5 Sorg, J. SPORE CORTEX HYDROLYSIS PRECEDES DPA RELEASE
DURING C. difficile SPORE GERMINATION

19:30 WELCOME RECEPTION (Hotel Golf)

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
ICDS Programme
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Wednesday, 20th May

9:00-10:40 SESSION IV: IMMUNOLOGY
Chair: Kato, H.

9.00 OP6 Pedneault, L. A PHASE 1 STUDY TO EVALUATE THE SAFETY,
TOLERABILITY, AND IMMUNOGENICITY OF A
Clostridium difficile VACCINE ADMINISTERED WITH OR
WITHOUT ALUMINUM HYDROXIDE, IN A 3-DOSE
REGIMEN IN HEALTHY ADULTS AGED 50 TO 85 YEARS 

9.20 OP7 Therien, A. EPITOPES AND MECHANISMS OF ACTION OF THE
Clostridium difficile TOXIN-NEUTRALIZING ANTIBODIES
ACTOXUMAB AND BEZLOTOXUMAB

9.40 OP8 Quemeneur, L. Clostridium difficile TOXOID VACCINE CONFERS
CROSS- PROTECTION AGAINST PREVALENT
CIRCULATING C. difficile VARIANT STRAINS IN NON-
CLINICAL SETTINGS

10.00 OP9 von Eichel-Streibe DIFFERENTIAL SYSTEMIC AND MUCOSAL ANTI-TOXIN
RESPONSES AMONG PATIENTS INFECTED WITH THE
EPIDEMIC 027 STRAIN OF C. difficile

10.20 OP10 Bajaj-Elliott, M. Clostridium difficile-INDUCED ER STRESS PROMOTES
MACROPHAGE NLRP3 MEDIATED INFLAMMASOME
ACTIVATION 

10:40-11:15 COFFEE BREAK

11:15-12:15 SESSION V: CLINICAL ASPECTS/TREATMENT AND
DIAGNOSTICS
Chair: Dubberke, E.

11.15 INV5 Guery, B. TREATMENT OF CDI - PRESENT AND FUTURE

11.45 INV6 Louie, T. PRACTICAL ASPECTS OF FECAL MICROFLORA
TRANSPLANTATION (FMT) FOR CDI

12:15-14:00 LUNCH (Hotel Golf)

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
ICDS Programme
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14:00-15:40 SESSION VI: CLINICAL ASPECTS/PREVENTION
Chair: Johnson, S.

14.00 INV7 Fitzpatrick, F. THE CARROT OR STICK? USING HEALTHCARE-
ASSOCITED C. difficile INFECTION RATES AS A
PERFORMANCE MANAGEMENT TOOL

14.30 INV8 Dubberke, E. TRANSMISSION AND FUTURE PREVENTION STRATEGIES

15.00 OP11 Khanafer, N. FACTORS ASSOCIATED WITH SEVERE Clostridium
difficile INFECTION ACCORDING TO 4 DIFFERENT
SEVERITY DEFINITIONS

15.20 OP12 Ivarsson, M. THERAPEUTIC POTENTIAL OF SMALL MOLECULE
TRIGGERS OF PRE-EMPTIVE C. difficile TOXIN B AUTO-
PROTEOLYSIS

15:40-17:00 POSTER SESSION I (coffee served in poster area)

17:00-18:30 ROUND TABLE: DIAGNOSTICS

17.00 INV9 Barbut, F. DIAGNOSIS OF Clostridium difficile INFECTIONS: WHEN
AND HOW?

17.20 Barbut, F. ROUND TABLE DISCUSSION
(moderator)

19:00 DINNER (Hotel Golf)

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
ICDS Programme
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Thursday, 21st May

9:00-10:30 SESSION VII: PATHOGENESIS AND VIRULENCE
FACTORS
Chair: Collignon, A.

9.00 INV10 Janoir, C. C. difficile VIRULENCE FACTORS

9.30 OP13 Corver, J. A NOVEL SECRETED METALLOPROTEASE (CD2830)
FROM Clostridium difficile CLEAVES SPECIFIC PROLINE
SEQUENCES IN LPXTG CELL SURFACE PROTEINS

9.50 OP14 Kirk, J.A. THE Clostridium difficile S-LAYER: A MULTI-
FUNCTIONAL VIRULENCE FACTOR AND ANTI-
BACTERIAL TARGET

10.10 OP15 Sekulovic, O. THE PHASE-VARIABLE CELL WALL PROTEIN CwpV
CONFERS PHAGE RESISTANCE TO Clostridium difficile

10:30-11:00 COFFEE BREAK

11:00-12:30 SESSION VIII: INDUSTRY MEETS SCIENCE
Chair: Wilcox, M. H.

12:30-14:00 LUNCH

14:00-15:10 SESSION IX: PHYSIOLOGY
Chair: Mastrantonio, P.

14.00 INV11 Spigaglia, P. ANTIBIOTIC RESISTANCE IN C. difficile – RECENT
ADVANCES

14.30 OP16 Faulds-Pain, A. INVESTIGATING THE POST-TRANSLATIONAL
MODIFICATION OF THE Clostridium difficile FLAGELLIN

14.50 OP17 Peltier, J. CYCLIC-DI-GMP REGULATES PRODUCTION OF
SORTASE B SUBSTRATES OF Clostridium difficile AND
THEIR SURFACE EXPOSURE THROUGH ZMPI
PROTEASE-MEDIATED CLEAVAGE

15:10-16:30 POSTER SESSION II (coffee served in poster area)

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
ICDS Programme
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16:30-18:00 SESSION X: MICROBIOTA
Chair: Rupnik, M.

16.30 INV12 Young V. Clostridium difficile INFECTION: THE TANGLED WEB OF
EPITHELIUM, MICROBIOTA AND PATHOGEN

17.00 OP18 Carlucci, C. CHARACTERIZATION OF A DEFINED MICROBIAL
ECOSYSTEM THERAPEUTIC FOR THE TREATMENT OF
Clostridium difficile INFECTION

17.20 OP19 Govoni, G. AVIDOCIN-CDs: TARGETABLE, MICROBIOTA-FRIENDLY
BACTERICIDAL AGENTS FOR TREATMENT AND
PREVENTION OF CDI 

17.40 OP20 Chilton, C. POSSIBLE FAECAL MICROBIOTA MEDIATED INHIBITION
OF THE BIOACTIVITY OF Clostridium difficile INFECTION
(CDI) ANTIBIOTIC TREATMENT AGENTS

19.30 CONGRESS DINNER (Grand Hotel Toplice)

Friday, 22st May

TRIP TO FRANJA PARTISAN HOSPITAL
(attendance confirmation by May 19th, at the registration desk)

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
ICDS Programme
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INV1

MILESTONES IN Clostridium difficile RESEARCH

Dale N. Gerding, MD

Pseudomembranous colitis (PMC) was first described in 1893 and Clostridium difficile was
discovered in 1935. C. difficile was not identified as etiologic of PMC until 1978 when it was
found to be the cause of “clindamycin colitis” which was first described in 1974, linking
specific antibiotic exposure and subsequent PMC. The need for both prior antibiotic
exposure and exposure to C. difficile was demonstrated in the hamster model (1980).
Diagnosis was established by cell cytotoxin testing of stool in 1978, by culture of stool on
selective media in 1979, and by enzyme immunoassay for toxin A in 1983. Hospital
environmental contamination was identified in 1979 and hand contamination of healthcare
worker hands and home environments in 1981. Vancomycin was quickly identified as a
treatment agent through use of the hamster animal model (1977). Human trials also
identified metronidazole as effective treatment (1983). Serum antibody to toxin A was found
in 64% and to toxin B in 66% of adults (1983). Recovery from CDI and absence of relapse
was found to correlate with serum antitoxin B antibody and neutralization (1985). Early
purified toxin experiments suggested toxin A was more important in pathogenesis than toxin
B based on oral administration of the toxins to hamsters (1985). A 1986 case-control study
in hospitalized patients identified clindamycin and receipt of multiple treatment antibiotics
as risk factors for nosocomial (87% of all cases) C. difficile associated disease (CDAD,).
Hospital acquisition of C. difficile occurred in 21% of all patients, but 63% were
asymptomatic (1989). In 1990 the toxin A and B genes were cloned and sequenced and in
1995 the toxin mechanism of action; glycosylation of small GTP-binding proteins (Rho
subfamily) involved in cell cytoskeleton organization was described. In 1998 a system of
toxinotyping based on genetic variations in the pathogenicity locus was described.
Prevention of CDAD was shown by restriction of clindamycin in 1994, by cephalosporin
control in 1997, and by use of sporicidal environmental bleaching in 2000. In the 21st
century the term CDAD was converted to C. difficile infection (CDI), and a rise in anti-toxin
A serum antibodies was associated with protection from symptomatic CDI (2000) and
prevention of CDI recurrence (2001). The major research developments of the 21st century
have been the reports of the NAP1/BI/027 epidemics (2005) and their rapid spread (2013),
the description of a mouse model for CDI (2008), waning efficacy of metronidazole
treatment (2007,2014), fidaxomicin, the first new treatment antibiotic for CDI (2011),
potential for recurrence prevention with monoclonal antibodies (2010), commercial
development of PCR diagnostic testing, development of toxin mutants of C. difficile to test
pathogenesis (2009, 2010) and rising interest in fecal microbiome therapy for recurrent CDI
(2013). 

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
Abstracts of invited and selected oral presentations
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INV2

THE SPECTRUM OF Clostridium difficile INFECTION (CDI)
IN A GENERAL HOSPITAL. CASES AND SITUATIONS FROM
THE REAL LIFE.

Emilio Bouza

Department of Clinical Microbiology and Infectious Diseases, Hospital Gregorio Maranon, University
of Madrid, Spain.

The real spectrum of CDI requires a policy of systematic search for toxigenic C. difficile in
all diarrhoeic stools received from hospitalized and non-hospitalized patients. Overall, in a
large hospital area serving a population of approximately 715.000 inhabitants, we increased
12.7% the CDI episodes detected with this policy. A second enteric pathogen was present
in 2.5% of the patients with CDI. Determination of the origin of the episodes requires a
direct interview with the patients. In our institution, 74.5% were Health-Care Related, 18,6%
had a Community Onset and in 6.9% the origin cound not be clearly determined.
Community-Acquired cases can go more easely undetected because they occur in a
younger population with less “classic” predisposinng conditions.

Overall, 83.8% of our episodes had a moderate presentation, 14,7% were severe and 1.5%
were severe-complicated. Recurrences occurred in 16.2% of the whole population and non-
response in 4%. (Overall Poor Outcome 20.2%).

Prediction of a PO (either due to evolution or recurrence) at the beginning of the first
episode was particularly difficult on the basis of clinical data but the prediction can be
improved including in the prediction models data on the toxigenic load of the patients
measured either by colony counts, toxin levels or cycles of amplificación in molecular tests
in stools.

The problema of CDI in different populations will be discussed including CDI in Intensive
Care Units, Pediatric patients, Solid Organ Transplant Patients and the HIV infected
populations. In our own data, the episodes of CDI occurring in ICU’s represent less tan 5%
of the episodes and those not present on admission have severity and evolution
comparable to the episodes occurring outside ICU’s. Reports of a high increase of episodes
in the pediatric population my represent more a better policy of clinical awareness and
microbiological searching than a real increase of this condition.

Regarding management we will discuss the approach to patients presenting in outbreaks,
particularly those of ribotype 027, and the potential need for more prolonged treatment
with oral vancomycin.

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
Abstracts of invited and selected oral presentations
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INV3

THE “ONE HEALTH” PARADIGM AND Clostridium difficile

Thomas V Riley

Microbiology & Immunology, School of Pathology & Laboratory Medicine, The University of Western
Australia, and Division of Microbiology & Infectious Diseases, PathWest Laboratory Medicine, Queen
Elizabeth II Medical Centre, Nedlands 6009, Western Australia.

The One Health concept is a worldwide strategy for interdisciplinary collaboration and
communication in all aspects of healthcare for humans, animals and the environment. In
recent years, 70% of emerging or re-emerging infections have been vector-borne or
zoonoses - animal diseases that are transmissible to humans. Most attention has focused
on viral infections because of highly publicised outbreaks; SARS, avian influenza, “swine-
flu” and ebola. However, disease associated with Clostridium difficile infection (CDI) has
killed more people world-wide in the last 15 years than all these viral infections combined!
CDI should always have been considered a zoonosis, either direct or indirect. In some
definitions of zoonoses, non-human animal hosts play an essential role in maintaining the
infection in nature and humans are only incidental hosts. In CDI, all animals (human and
non-human) are likely hosts; the wide variety of animals from which C. difficile has already
been isolated suggests this. What then is the natural history of CDI? C. difficile is ubiquitous
in the environment. It would appear that C. difficile colonises the gastrointestinal tracts of
all animals during the neonatal period, multiplies and is excreted, but cannot/does not
compete well when other bacterial species start to colonise. The exact timing of this change
is unclear but it is probably linked to changes in diet in human babies, i.e. weaning. Adult
humans treated with antibiotics fool C. difficile into thinking it is colonising a neonatal gut.
When those antibiotics were cephalosporins in the 1980s and 90s, antibiotics to which C.
difficile is intrinsically resistant, there was an expansion of CDI in hospitals that continues
today. Since 1990 in North America, cephalosporins have been licensed for use in food
animals. Thus there has been amplification of C. difficile in food animals, with subsequent
contamination of meat, and vegetables grown in soil containing animal faeces. In some
animals such as piglets, there is overt disease with significant impact on industry. Animal
strains of C. difficile are now infecting humans. C. difficile RT 027 probably moved from
animals to humans in North America in the early 1990s, initially causing infections in the
community at a time when community-acquired (CA) CDI was thought rare. Mutation to FQ
resistance at about this time and excessive use of FQs drove RT 027 spread, in North
America and later Europe, once it entered the hospital system. This is now occurring with
RT 078, another animal strain. C. difficile continues to expand in food animal populations,
driven by cephalosporin use, and animal strains of C. difficile are driving the world-wide
epidemic of CA-CDI. It is essential that a One Health approach is used to solve this problem.

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
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INV4

NOVEL REGULATORY MECHANISMS CONTROL
SPORULATION INITIATION IN Clostridium difficile

Adrianne N. Edwards and Shonna M. McBride

Emory University School of Medicine, Atlanta, GA, USA

To survive in aerobic environments and be transmitted from host to host, C. difficile must
undertake a complex developmental process to form a dormant spore. Evidence suggests
that like many spore-formers, C. difficile initiates sporulation as cells transition from
exponential to stationary growth phase. The entry into stationary phase marks a critical
decision point, whereby gene expression shifts to allow cells to produce toxins, obtain more
nutrients and transform into dormant spores. Despite the importance of spores for C.
difficile transmission, very little is understood about the regulatory mechanisms by which
C. difficile initiates and controls the decision to sporulate. Genome analysis has revealed
that C. difficile lacks many key genes necessary for spore initiation in other spore-forming
bacteria. But, the C. difficile genome does encode the master regulator of sporulation
initiation, Spo0A. Spo0A activation is a tightly regulated process in spore-forming bacteria
because it represents the focal point of initiation. Once Spo0A is expressed and
phosphorylated, sporulation-specific gene expression begins. Our data indicate that C.
difficile has unique genes and regulatory mechanisms to control Spo0A activation that are
not found in the early sporulation systems of other bacteria. Here we report on a novel
regulatory protein that controls sporulation initiation, as well as toxin expression in C.
difficile. This protein, which we termed RstA (i.e., Regulator of sporulation and toxins, A),
positively influences sporulation by inhibiting the transcription of a repressor of Spo0A
activation. In addition, RstA represses toxin production by inhibiting transcription of the
alternative sigma factor, SigD, which transcribes the toxin regulator, TcdR. These results
provide the first evidence of a mechanism for dual control of sporulation initiation and toxin
expression in C. difficile.
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INV5

TREATMENT OF CDI - PRESENT AND FUTURE

Benoit Guery, Professor of infectious diseases

Infectious Diseases Unit-Hopital Huriez, Pavillon Fourrier-CHRU Lille, 59045, Lille-France
EA 7366 Host pathogen translational research, Lille 2 University

During the last decade, Clostridium difficile emerged as a major enteropathogen. Until
recently, two molecules were proposed as a treatment: metronidazole and vancomycin.
Over the last few years there was a considerable amount of work focused on the definition
of Clostridium difficile infection (CDI) to be able to correctly classify the patients based on
severity or the potential for recurrence, and at the same time a large number of new
therapeutic approaches with new molecules but also more physiopathological hypotheses.
From these recent data we can now propose for each clinical situations a specific treatment
summarized in the ECCMID guidelines. Basically metronidazole, vancomycin and fidaxomicin
were clearly chosen as the reference molecules. Other potential candidates are currently
evaluated like cadazolid, rifaximin, nitazoxanide or thuricin. Although interesting on a
research point of view, neutralization of cytotoxin does not seem very promising, Tolevamer
did not show a potent efficacy compared to vancomycin. Focusing on the immunological
hypothesis, immunoglobulins remains marginally indicated with a very low level of proof.
Human monoclonal antibodies and toxin directed vaccine data, on the contrary, look very
promising; the main problem to solve will be to choose the best patients to indicate these
molecules. Beside the pharmaceutical approaches we have a limited number of positive
data on probiotics with, to date, no clear indication in CDI. The challenge we will face in the
near future will be to find a balance between a pharmaceutical approaches, including the
newer molecules, the immunological theory with antibodies and vaccine, and of course the
intestinal microbiota transplantation which is associated to very impressive results. CDI
remains a highly moving subject with major innovations requiring a major reactivity to adapt
our clinical practice. 
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INV6

PRACTICAL ASPECTS OF FECAL MICROFLORA
TRANSPLANTATION (FMT) FOR CDI

Thomas J. Louie, MD, FRCPC, Clinical Professor of Medicine

Departments of Medicine and Microbiology Immunology and Infectious Diseases, The University of
Calgary, Calgary, Canada. 

Multiple recurrences of Clostridium difficile infection (CDI) remain frustratingly common in
clinical practice following metronidazole, vancomycin or even fidaxomicin as standard
treatments. Due to high response rates, fecal microflora transplantation is becoming more
widely accepted as the method of choice to arrest the cycle of recurrent Clostridium difficile
infection. Donor selection has shifted from family members to treat individual cases to
unrelated donors to treat multiple recipients due to costs of donor screening and a shift to
hospital programs using ‘universal donors’. Whereas donor screening has become more
standardized, additional safety testing and monitoring is being considered for commercial
application. Longer term follow up for adverse events is also recommended by the FDA. A
multinational registry of patients receiving FMT to track long term outcomes is desirable.
Health regulators have recently lifted the restrictions to a clinical trial format for provision
of FMT so that access to FMT is more widely available. Various methods of delivery of the
microbial inoculum into the intestinal tract have all resulted in similar high rates of
effectiveness and apparent low rates of adverse events, such that there is now an
evolutionary process where the most effective and efficient methodologies are being
evaluated. This process is an indirect approach at the discovery of how components of the
microbiome contribute to the concept of “colonization resistance” against C. difficile. FMT
variables currently being evaluated include a) prior treatment of CDI to attain control of
symptoms and bowel cleansing prior to procedures; b) routes of administration [enema,
colonoscopic delivery, nasogastric/duodenal-jejunal tubes, oral capsules]; c) inoculum
source/type: unmodified microbes from human donors; modified human donor material to
select for components of the microbiome to increase safety and retain effectiveness; d)
combinations of selected microbial species grown and harvested in fermentation systems
and assembled in various combinations without and with guidance based on serial
metagenomic fecal flora studies from samples obtained from fecal transplantation
recipients/donor pairs and/or supported by animal model studies; e) inoculum effect based
on fresh or frozen storage , volume and microbial density; f) expanded indications for FMT
to include inflammatory bowel disease and antibiotic resistant organism carriage in
association with concurrent CDI infection. Higher relative costs and complexity for invasive
delivery systems would favor oral delivery systems, and which could allow for both
therapeutic treatment and repeat treatments as necessary to re-complement the intestinal
microbiome, and also to be a platform for preventative strategies following broad-spectrum
antibiotic therapy for at-risk patients. 
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INV7

THE CARROT OR STICK? USING HEALTHCARE-ASSOCITED
Clostridium difficile INFECTION RATES AS A
PERFORMANCE MANAGEMENT TOOL

Fidelma Fitzpatrick1,2,

1 Senior Lecturer, Royal College of Surgeons in Ireland, Dublin, Ireland and 2 Consultant Microbiologist,
Beaumont Hospital, Dublin, Ireland

In recent times there has been increased media interest, public and political pressure for
healthcare systems to monitor indicators of patient safety and quality, especially healthcare-
associated infection (HAI). A variety of infection prevention and control indicators (process,
structure and outcome) are used internationally for this purpose with a wide range of
reporting strategies. These range from mandatory public reporting with financial penalties if
government-set targets are breached to confidential composite process indicator reporting. 

Traditionally Clostridium difficile infection (CDI) surveillance has been the domain of
‘infection experts’ including epidemiologists, microbiologists and infection prevention and
control practitioners. Detailed surveillance reports would be circulated among experts,
however, few non infection experts, specifically healthcare management took note and/or
believed that these figures were relevant to them. 

HAI rates including healthcare –acquired Clostridium difficile infection (HA-CDI) rates are
increasingly being used for performance management of hospital senior management teams
as indicators of patient safety. In this context, HA-CDI rates are usually integrated into a
hospital performance management scorecard or quality dashboard in conjuction with
financial and other (e.g. access ) indicators. A variety of performance management
approaches are used worldwide including public reporting, target setting and financial
penalties. 

In this presentation the ‘carrot’ versus ‘stick’ approach to using HA-CDI for performance
management will be reviewed. Using HA-CDI presents opportunities for infection specialists
to highlight the importance of CDI as a HAI to those with the financial and political power
to implement prevention and control strategies. It is therefore important that key decision
makers for healthcare policy and strategy (e.g., healthcare senior management teams,
politicians) understand the significance of HA- CDI rates, how to interpret them in conjuction
with other infection prevention and control/antimicrobial stewardship indicators and the
various caveats in data interpretation. The author will present her experience as the Irish
national clinical lead for HAI prevention including lessons learnt from communicating with
a range of healthcare managers and senior politicans.
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INV8

TRANSMISSION AND FUTURE PREVENTION STRATEGIES

Erik R. Dubberke, MD, MSPH

The two primary strategies to prevent Clostridium difficile infection (CDI) in healthcare
facilities are to prevent C. difficile transmission from patients with CDI and to improve
antimicrobial prescribing (in order to decrease risk of CDI if transmission occurs). Although
these methods are effective at preventing CDI, there are inherent limitations to these
approaches. Limitations to preventing C. difficile transmission from patients with CDI include
the period of greatest risk for transmission from patients with CDI is the window from onset
of symptoms until diagnosis and the need for healthcare worker adherence to contact
precautions and environment disinfection. The greatest limitation to preventing transmission
from patients with CDI is there are likely more transmission events from asymptomatic C.
difficile carriers, a population that is currently ignored. Improved antimicrobial prescribing
will decrease the number of patients who receive antimicrobials but do not have a bacterial
infection. However, approximately 75% of people on antimicrobials do have an infection
that requires an antimicrobial, so there will always be a large population of people at risk
for CDI in healthcare settings. In addition, efforts to improve antimicrobial prescribing have
been modest at best. Fortunately, there are several potential methods to improve upon
current prevention practices. One such method would be to prevent C. difficile transmission
from asymptomatic carriers. Preventing transmission from asymptomatic carriers should
decrease new C. difficile acquisitions, and thus CDI. There are several potential approaches
that may decrease risk of CDI if transmission occurs. One would be to focus antimicrobial
stewardship program efforts on infections that account for a large proportion of CDI cases
and where antimicrobials are first started. Another approach may be through manipulation
of the enteric microbiome of patients who need antimicrobials. A third approach that may
soon be available is vaccination against C. difficile toxins. 
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INV9

DIAGNOSIS OF Clostridium difficile INFECTIONS: WHEN
AND HOW?

Frédéric Barbut1,2

1National Reference Laboratory for Clostridium difficile, Paris, France ; 2 Groupe de recherche clinique
N°2 EPIDIFF, Centre Hospitalier Universitaire Pierre et Marie Curie (Paris VI), Paris, France

Clostridium difficile is recognized as the most frequent etiologic agent of healthcare-
associated diarrhoea in hospitalized adult patients. It can also be responsible for antibiotic-
associated diarrhoea in nursing home and in the community. The main virulence factors
are assumed to be the TcdA and TcdB toxins which both exhibit enterotoxic and cytotoxic
activities whereas non toxigenic strains are considered as non-virulent.

The diagnosis of Clostridium difficile infection (CDI) is based on clinical presentation and
laboratory tests, confirming the presence of a toxigenic strain or toxins in stools. In the
context of recent increases in the incidence and severity of CDI worldwide, a rapid diagnosis
is essential for optimal treatment and implementation of contact precautions, but continues
to be challenging. An accurate diagnosis is also essential to get reliable data for surveillance,
in order to assess the efficacy of intervention measures to reduce CDI.

There are currently two reference assays for the diagnosis of CDI with different targets: the
cytotoxicity assay which detects free toxins in the stools and the toxigenic culture which
detects the organism with the potential to produce toxins in vitro. A recent multicenter study
has shown that detection of free toxins in patients’ fecal samples, compared with detection
of a toxigenic strain without detectable toxins in stools, correlates with the disease severity
and mortality.

Other tests used for the diagnosis include Enzyme immunoassays (EIA) targeting toxins A
and B in stools, Nucleic acid amplification tests (NAATs) and EIA for glutamate
dehydrogenase (GDH). EIA are still widely used, but current guidelines recommend that
these assays not be used as standalone tests for CDI, primarily because they lack sensitivity.
NAATs that target tcdA and/or tcdB genes are sensitive and rapid, but, like toxigenic culture,
may lack specificity because they cannot differentiate between active infection and
asymptomatic carriage. GDH is an enzyme produced by both toxigenic and non-toxigenic
strains but has a high negative predictive value.

To overcome the suboptimal performance of standalone tests, two-step algorithms were
recommended by the European Society of Clinical Microbiology and Infectious Diseases
(ESCMID) in 2009. Although it was reported in literature that accurate and rapid diagnostics
for CDI are essential for clinical care as well as for national and international CDI surveillance
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to guide infection control, a consensus on testing practice was not established. More
recently, algorithms were categorized by experts involved in revision of the European
diagnostics guideline as ‘optimal’ when they meet the terms of a rapid turnaround time, a
high sensitivity and specificity and free toxin detection in the faeces. ‘Acceptable’ algorithms
met the same criteria but without detecting free toxins in the faeces. Other algorithms were
designated as ‘incomplete’. In Europe, a survey performed in 2014 indicated that 46 % of
labs only use an ’optimal’ CDI testing algorithm whereas 15% and 40% used an ’acceptable’
or ‘incomplete’ strategy, respectively that could lead to a misdiagnosis of CDI. 

In addition, in a recent European multicenter point prevalence study where all the diarrheal
stool samples were systematically tested for C. difficile, 23% of patients with CDI were
underdiagnosed by the participating hospitals because of the absence of clinical suspicion.

The wide variation of testing strategy for C. difficile and the lack of clinical suspicion can
hinder patients’ care and skew the epidemiological data, leading to an underestimation of
the true burden of the disease.
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Clostridium difficile VIRULENCE FACTORS

Claire Janoir1

1 EA4043, Faculté de Pharmacie, Université Paris-Sud, Châtenay Malabry, France, 

Clostridium difficile (CD) is the prominent etiological agent of healthcare-associated
diarrhoea in adults with an imbalanced gut microbiota. The disease symptoms range from
mild diarrhoea to life-threatening pseudomembranous colitis and are mainly due to the two
large toxins TcdA and TcdB, which are readily essential for the disease manifestations.
However, importance of each toxin seems to differ according to strains and experimental
conditions. The role of the additional binary toxin expressed by some strains, among which
epidemic 027 strains, is not clearly established, although it has been related to higher
morbidity and mortality. This toxin promotes bacterial adhesion to the host by modulating
the cell cytoskeleton. After germination, CD vegetative cells are able to adhere to gut tissues.
The ensuing dissemination within the gut environment associated with the bacterial
resistance to the host response governs the colonisation process, which is undoubtedly a
prerequisite for CDI. To date, several putative adhesins have been identified, most of them
displaying MSCRAMM function, but studies of adhesin mutants clearly underlined the multi-
factorial feature of CD adhesion to the host. Interestingly, a knock-out mutant of a lipoprotein
gene (CD0873) lost nearly completely the capacity to adhere to Caco2 cells, suggesting this
component to be one of the main CD adhesin. Flagella have also been involved in the
colonisation process, but their role depend on the strain tested. In the 630 background,
flagella are not essential for virulence and colonisation in animal models. In contrast, the
wild type 027 strain R20291 clearly out-competed a flagellin mutant in a competitive dixenic
mouse experiment. This difference in strain behaviour is also true regarding the regulation
of toxin expression by the flagellar operon: in the 630 strain, it modulates toxin expression
probably by the way of the sigD sigma factor. Two factors involved in resistance to host
innate response have been characterized to date and rely on modification of surface
components: deacetylation of peptidoglycan and D-alanylation of teichoic acids, which
mediate resistance to lyzozyme and to cationic antimicrobial peptides, respectively. Several
studies using knock-out mutants suggest that CD may undergo a switch between the
adhesion phenotype and the motility phenotype during the course of infection, regulated
by the c-di-GMP intracellular level. In particular, high c-di-GMP levels induced CD aggregation
by the mean of type IV pili expression; in vivo, this could result in biofilm formation that,
associated with persistence of spores, could promote the occurrence of relapses observed
in at least 20% of patients.
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INV11

ANTIBIOTIC RESISTANCE IN Clostridium difficile – RECENT
ADVANCES

Patrizia Spigaglia 

Department of Infectious, Parasitic and Immuno-mediated Diseases, Istituto Superiore di Sanità, Rome,
Italy 

Antibiotic therapy play a central role in the development of Clostridium difficile infection
(CDI) and the risk is higher if C. difficile strains are resistant to antimicrobial agents used.
Antibiotic resistant C. difficile isolates are increasing and most of them are currently
multidrug resistant (MDR). Beside to the historical resistance to MLSB antibiotics (e.g.
erythromycin and clindamycin), resistance to fluoroquinolones and rifamycins have recently
emerged and spread in C. difficile population. Although the majority of strains is still
susceptible to the antibiotics commonly used for the treatment of CDI, higher treatment
failure and recurrence rates have been reported. In particular, a rising incidence of C. difficile
isolates with increased metronidazole MICs has been observed.

The presence of C. difficile subpopulations with reduced susceptibility to metronidazole in
the human intestine may be one of the factors responsible for reduced antibiotic efficacy
in vivo. Exposure to metronidazole can induce in vitro resistance to this antibiotic. This
phenomenon has been observed also for vancomycin and fidaxomycin, even if strains with
reduced susceptibility to these antibiotics are still rarely found. Mobile genetic elements
(MGEs) have a central role of in the acquisition of antibiotic resistance genes and in their
persistence and spread among C. difficile strains. Together with the well-known Tn5398
(conferring resistance to MLSB) and Tn5397 (conferring resistance to tetracycline) several
new elements, mostly belonging to the Tn916 and Tn1549 conjugative families, have been
identified. C. difficile shows an inherent ability to acquire MGEs and different mechanisms
(conjugation, transduction, transformation) are involved in the transfer of these elements
between strains. MGEs can co-localized together forming complex chimeric structures
containing not only antibiotic resistance determinants but also other factors that allow the
bacterium to adapt challenging environments. Mutations in the antibiotic target genes gyr
and rpoB have been demonstrated responsible of resistance to fluoroquinolones and
rifamycins.

Preliminary studies in vitro also suggest that reduced susceptibility to fidaxomicin and
vancomycin could be associated with mutations mediating target modifications. Increasing
evidences indicate that antibiotic resistance in C. difficile can be multifactorial. C. difficile
resistance to metronidazole, in which different mechanisms (e.g. alterations of metabolic
pathways and biofilm formation) seem involved, is an example of the possible complexity
of this phenomenon. The genetic plasticity of C. difficile and its propensity to acquire new
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resistance determinants may dramatically complicate prevention and treatment of CDI. More
effective antibiotic stewardship programs, together with a constant monitoring of MIC levels
and characterization of strains, are necessary to minimize this risk.
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INV12

Clostridium difficile INFECTION: THE TANGLED WEB OF
EPITHELIUM, MICROBIOTA AND PATHOGEN.

Vincent B. Young, MD/PhD

Department of Internal Medicine/Infectious Diseases Division
Department of Microbiology & Immunology
University of Michigan Medical School
Ann Arbor, MI, USA

It is clear that the complex community of bacteria that inhabits the human gut plays a key
role in maintaining health. Disturbances of the gut microbiota play an important role in the
pathogenesis of Clostridium difficile infection (CDI). While it is clear that disruption of the
gut microbiota by antibiotics underlies the majority of cases of CDI, pathogen characteristics
and the epithelial response is also central to the development of colitis. I will review how
studies of the dynamics and function of the gut microbiota influences the development of
CDI via interactions with the pathogen and the host epithelium.

A key node in the interactions between a host and its gut microbial community is
metabolism. The gut bacterial community is integral to the metabolic potential of the host.
Disruption of the microbiota can also shift host metabolic profiles towards one that supports
the growth of bacterial pathogens such as C. difficile. We have shown that communities that
are drastically different in terms of membership can provide equivalent resistance to
colonization by C. difficile. Rather than similarities in the community structure, the
commonality between these resistant communities was their metabolic profile. A number
of investigators have recognized the central role that bile acid metabolism has in influencing
the physiology of C. difficile in the intestinal tract. Disruption of the microbiome can shift
the bile acid pool to create an environment that supports both the germination of C. difficile
spores as well as vegetative outgrowth and toxin production.

C. difficile interactions with the microbiota do not occur in a vacuum however. The host
epithelium plays a key role in the pathogenesis of C. difficile colitis. Until recently, much of
our understanding of this role has come from studies of human patients and the use of
animal models. We have recently started to use human intestinal organoids derived from
pluripotent stem cells to examine epithelium/microbiota and epithelium/pathogen
interactions. This system allows us to examine interactions at physical and temporal scales
that are impractical in human or animal systems. The combination of microbial ecology,
molecular epidemiology and tissue engineering approaches coupled with clinical studies is
providing a greater understanding of the etiopathogenesis of CDI that will hopefully lead
the way to novel means to prevent and treat this important healthcare-associated infection.
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COMPARATIVE GENOME ANALYSIS OF Clostridium difficile
STRAINS ISOLATED FROM DOMESTIC AND WILD ANIMALS
REVEALS HIGH SIMILARITY WITH HUMAN STRAINS 

Martín-Burriel Inmaculada1, Andrés Lasheras Sara2, Harders Frank3, Bolea Rosa2, Mainar-Jaime Raúl
Carlos2, Zaragoza Pilar1, Bossers Alex3, Chirino-Trejo Juan Manuel4

1Biochemical Genetics Laboratory (LAGENBIO), Faculty of Veterinary, University of Zaragoza, Spain;
2Microbiology Area, Faculty of Veterinary, University of Zaragoza, Spain; 3Central Veterinary Institute
part for Wageningen UR (CVI), Lelystad, the Netherlands; 4Western College of Veterinary Medicine,
University of Saskatchewan, Canada;

Although Clostridium difficile is pathogenic to both humans and animals, there is no
conclusive evidence of zoonosis. Next Generation Sequencing provides sufficient resolution
to analyze which strains found in animals could be related with human pathogens. So far
there are few sequenced genomes of strains isolated from domestic animals and to our
knowledge, genomes of strains obtained in wild animals have not been reported. We report
the genomic analysis of four strains isolated from different biological samples obtained
within the environment of four fattening pig farms: a sow vagina (5754), two environmental
rat (Rattus spp.) faeces (PHRT4 and PHRT17) and rat intestinal content (RT10).Whole genome
sequencing of the isolates 5754 and PHRT17 displayed high similarity between the genome
of these strains and the around 4 Mbase genome of the highly virulent M120 strain isolated
from humans, with which these strains showed only 29 and 36 single nucleotide variants
(SNVs) after covering with reads 99.93% and 99.77% of the bases respectively.

The sequencing of the other strain obtained from environmental rat faeces revealed the
presence of a mixture of two different strains, one similar to M120 (PHRT4a), which displayed
21 SNVs with this strain, and the other one closer to the reference human strain CD630
(ribotype 012), displaying 1,399 SNVs with a 99.06% of the bases covered. The best
alignment for RT10 was observed with QCD63q42, covering 94.71% of bases with 0.9%
mismatch that was translate into 11,808 SNVs. 

The analysis of the PaLoc region and an in silico MLST assigned the toxinotype V and the
sequence type 11 (ST11) to 5754, PHRT17 and PHRT4a strains, confirming their inclusion in
clade 5, which corresponds to ribotype 078, and the toxinotype 0 and sequence types
ST54 for PHRT4b (corresponding to ribotype 012) and ST6 (ribotype 5) for RT10, both
included in clade 1. The analysis of genomes has also revealed the presence of intact
phages phiCD38-2, phiC2, phiMMP02 and phiCD27 in RT10 and phiCD119 and phiCD6356
in PHRT4b. In addition, the analyzed genomes harbored different transposons carrying
antibiotic resistance genes, including the transposon linked with virulence Tn6164. Plasmids
were not detected in any strain.
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The effect of carrying these genes was evaluated analyzing the susceptibility of these strains
to different antibiotics. Although, rearrangements and large insertions or duplications are
easily missed with mapping short reads, this study confirms the presence of ribotype 078
strains in pigs highly similar to those isolated in humans and supports the possible role of
Rattus spp. as a reservoir for toxigenic C. difficile strains for humans, livestock and
environment.
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COMMUNITY ASSOCIATED Clostridium difficile INFECTION
(CDI) IN SCOTLAND – A SENTINEL STUDY

Banks A-Lan1, Brown Derek2, Mather Henry2, Coia John2, Wiuff Camilla1

1Health Protection Scotland, 2Scottish Salmonella, Shigella and Clostridium difficile Reference
Laboratory, Glasgow, Scotland

Surveillance of Clostridium difficile infection (CDI) in Scotland does not currently distinguish
between CDI cases from hospitals and the community. Therefore, the incidence of CDI in
the community is unknown, and the burden of disease and the relationship with the
hospital/healthcare setting is not well understood.

A one-year sentinel community surveillance programme was initiated in collaboration with
five Scottish health boards (representing 36% of all CDI cases reported in Scotland) in 2013.
Inclusion criteria were all cases aged ≥15 years with a CDI diagnosis in the community or
within 48 h following admission to hospital. CDI cases were categorised according to
definitions adapted from Kuijper et al.

256 CDI cases met the inclusion criteria, of which 158 (62%) were true community-
associated cases (CA-CDI). This represented 26% of all cases reported during the
surveillance period by the participating health boards (n=614). The overall CA-CDI incidence
rate was 9.9 per 100 000 population per year. CA-CDI cases were more likely to be female
and younger, compared to hospital acquired. The total proportion of cases that had onset
in the community was 27%. Ribotypes 015, 002, 078 and 005 were the most common types
isolated from both CA-CDI and HA-CDI cases. There were no statistically significant
differences between the proportion of types that were either CA-CDI or HA-CDI. Of the CA-
CDI cases, 37% had not received antibiotics in the 12 weeks preceding CDI diagnosis,
incidence in care homes was low (4%) and the case-fatality rate for CA-CDI cases was 5.6%
(with a 30-day mortality rate for CA-CDI of 0.44 per 100 000 population per year).

This study has shown that a substantial proportion of CDI cases reported in Scotland are
community associated and that there are close links between the community and
healthcare settings. It is therefore essential to monitor the trends in CDI in the community
at a national level. The study also provides evidence for the need to examine the feasibility
for development of interventions to reduce the burden in the community in addition to
hospitals.
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THE GLOBAL PHYLOGENY OF Clostridium difficile TOXIN
A-B+ PCR RIBOTYPE 017.

M. D. Cairns1,2,3, M .D. Preston1, R. A. Stabler1, and B. Wren1*.

Department of Pathogen Molecular Biology, London School of Hygiene and Tropical Medicine, Keppel
Street, London, WC1E 7HT, UK. 2) UCL Centre for Clinical Microbiology, University College London,
Royal Free Campus, Rowland Hill Street, London, NW3 2PF, UK. 3) Public Health Laboratory London,
Health Protection Agency, Division of Infection, The Royal London Hospital, London, E1 2ES, UK.

Over the last decade, the global emergence of PCR (RT) 027 has been responsible for
multiple outbreaks and increased disease severity. The subsequent decline in RT027 in the
UK has occurred simultaneously with an increase in a variety of other RTs. Multi-locus
sequence typing and whole genome sequencing studies have confirmed the existence of
at least five C. difficile clonal lineages, one of which, lineage 4 includes RT017 strains. RT017
strains invariable lack tcdA (A-B+) yet like RT027 (A+B+), are still able to cause significant
disease. Additionally, the epidemiology of C. difficile in the Asia/Pacific regions and eastern
parts of Europe appears to differ from elsewhere where the prevalence of toxin A-B+ strains
are higher. 

We have sequenced the genomes of a collection of 343 C. difficile isolates from diverse
sources and geographical locations using Illumina whole genome sequencing (WGS)
technology. 

By investigating these WGS data at the global level, we will 1) define a population structure
for RT017 2) identify genetic determinants involved in the spread of this PCR RT and their
characteristic geographical incidence 3) identify sub-lineages within lineage 4 and 4)
determine how this PCR RT is evolving.

This is the first study that has investigated the global phylogeny of C. difficile, toxin A-B+
PCR RT017.
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THE MOTHER CELL TO FORESPORE CHANNEL HAS A
CENTRAL ROLE IN SPORE MORPHOGENESIS, PROTEIN
LOCALISATION AND PEPTIDOGLYCAN REMODELING

Mónica Serrano1, Adam D. Crawshaw2, Marcin Dembek2,3, Fátima Pereira1, João Monteiro1, Mariana G.
Pinho1, Neil F. Fairweather3, Joe Gray2, Waldemar Vollmer2, Adriano O. Henriques1, Paula S. Salgado2

1Instituto de Tecnologia Química e Biológica, Universidade Nova de Lisboa, Portugal,
2Institute for Cell and Molecular Biosciences, Faculty of Medical Sciences, Newcastle University, UK,
3Centre for Molecular Bacteriology and Infection, Imperial College London, UK

Early steps in Clostridium difficile spore formation involve an asymmetric cell division that
forms a larger mother cell and a smaller forespore, or future spore. The mother cell then
engulfs the forespore releasing the forespore as a protoplast within the mother cell
cytoplasm, surrounded by a double membrane system, and isolated from the surrounding
medium. Communication between mother cell and the isolated forespore involves a
specialised connection system that allows nurturing of the forespore and continued
macromolecular synthesis, required to finalise spore maturation. This channel is formed by
the spoIIIA-encoded SpoIIIAH protein on the mother cell membrane and SpoIIQ, which
localises to the forespore inner membrane. Here we will present our recent work on the
characterisation of this channel in C. difficile and the interesting enzymatic activity
associated with its function in sporulation.

We have identified the presence of both proteins in C. difficile. Deletion of either gene stalls
sporulation at an early engulfment stage. While supporting the view that the SpoIIIAH-SpoIIQ
channel is an essential feature of endosporulation, our analysis suggests a more central
role for the channel in the control of C. difficile spore morphogenesis, relative to the B.
subtilis model. Using a SNAP-based fluorescence system, we have established the sub-
cellular localisation of the two proteins, and we have shown their interaction in vivo and in
vitro. Thus, formation of the complex is essential for successful sporulation. 

Our recent bioinformatics analysis indicates that SpoIIIAH and SpoIIQ orthologues are
present in all endosporeformers. Interestingly, unlike the B. subtilis and most Bacilli
orthologues, C. difficile and most other clostridial SpoIIQ proteins seem to contain a
functional endopeptidase catalytic site. We therefore investigated the potential activity of
SpoIIQ in the hydrolysis of peptidoglycan. Importantly, our preliminary work indicates that
not only is the protein enzymatically active, but that endopeptidase activity is required for
effective sporulation.
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SPORE CORTEX HYDROLYSIS PRECEDES DPA RELEASE
DURING Clostridium difficile SPORE GERMINATION

Michael B. Francis and Joseph A. Sorg 

Department of Biology, Texas A&M University, College Station, TX 77843, USA

Bacterial spore germination is a process whereby a dormant spore returns to active,
vegetative growth and this process has largely been studied in the model organism, Bacillus
subtilis. In B. subtilis, the initiation of spore germination is divided into two, genetically
separable, stages. Stage I is characterized by the release of DPA from the spore core. Stage
II is characterized by cortex degradation and stage II is activated by the DPA released during
stage I. Thus, DPA release precedes cortex hydrolysis during B. subtilis spore germination.
Here, we investigated the timing of DPA release and cortex hydrolysis during Clostridium
difficile spore germination and find that cortex hydrolysis precedes DPA release. Inactivation
of either the bile acid germinant receptor, cspC, or the cortex hydrolase, sleC, prevented
both cortex hydrolysis and DPA release. Because both cortex hydrolysis and DPA release
during C. difficile spore germination are dependent on the presence of the germinant
receptor and the cortex hydrolase, the release of DPA from the core may rely on the osmotic
swelling of the core upon cortex hydrolysis. These results suggest that the initiation of C.
difficile spore germination proceeds through a novel germination pathway.
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A PHASE 1 STUDY TO EVALUATE THE SAFETY,
TOLERABILITY, AND IMMUNOGENICITY OF A Clostridium
difficile VACCINE ADMINISTERED WITH OR WITHOUT
ALUMINUM HYDROXIDE, IN A 3-DOSE REGIMEN IN
HEALTHY ADULTS AGED 50 TO 85 YEARS 

Pedneault Louise1, Sheldon Eric2, Kitchin Nicholas3, Peng Yahong 4, Eiden Joseph1, Gruber William1,
Johnson Erik1, Jansen Kathrin U.1, Pride Michael1

1Pfizer Vaccine Research Unit, Pearl River, NY, USA, 2Miami Research Associates, Miami, FL, USA, 3Pfizer
Vaccine Research Unit, Maidenhead, UK, 4Pfizer Vaccine Research Unit, Collegeville, PA, USA

Background: Clostridium difficile ( C. difficile) is the main cause of nosocomial infectious
diarrhea in industrialized countries. C. difficile-associated disease (CDAD) represents a
significant unmet medical need and, to date, there is no vaccine available to prevent CDAD. 

Methods: This First-in-Human (FIH) study was a phase 1, placebo-controlled, randomized,
observer-blinded study to assess the safety, tolerability, and immunogenicity of 3 ascending
dose levels (50, 100 and 200 mcg of toxoids) of a C. difficile vaccine administered alone or
with an aluminum-based adjuvant (Alhydrogel, aluminum hydroxide) in a three-dose regimen
(0, 1, and 6 months) in healthy adults aged 50-85 years. A total of 192 healthy adults,
comprised of 2 age cohorts (50-64 and 65-85 years old), were enrolled in the United States.
Subjects from each age cohort were randomly assigned in a 3:1 ratio (vaccine/placebo) to
ascending dose levels of adjuvanted or non-adjuvanted C. difficile vaccine or placebo
(normal saline). Safety information collected included local reactions and systemic events
reported on an eDiary for 7 days after each vaccination, acute reactions within 30 minutes
of vaccination, adverse events, serious adverse events and hematology and blood chemistry
assessments. Safety stopping rules were also in effect throughout the trial. Serum samples
taken before and at multiple time points after vaccination were tested using a neutralization
assay developed at Pfizer, measuring neutralizing antibody (Nt Ab) responses against C.
difficile toxins A and B. Immunogenicity results will be presented as geometric mean
concentrations (GMC) and geometric mean fold rises (GMFR) from baseline. 

Results: Overall, both formulations and all 3 dose levels were generally safe and well
tolerated. The local reactions reported were predominantly mild and comprised mostly of
injection site pain. The systemic events reported were predominantly mild or moderate and
comprised mostly of headache and fatigue. In all vaccine groups, marked increases in GMCs
for toxins A and B were observed post-Dose 2, with a substantial booster response evident
post-Dose 3. The increased GMCs were sustained up to at least 6 months post–Dose 3.
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Conclusion: The robust immune response and favorable safety profile reported in this FIH
study warrant further study of Pfizer’s investigational C. difficile vaccine.
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EPITOPES AND MECHANISMS OF ACTION OF THE
Clostridium difficile TOXIN-NEUTRALIZING ANTIBODIES
ACTOXUMAB AND BEZLOTOXUMAB

Lorraine Hernandez1, Maribel Beaumont2, Payal Sheth1, Xiaoyu Yang1, Edward DiNunzio1, Nick Murgolo1,
Li Xiao1, Edward Hsieh2, Grigori Ermakov2, Alex Therien1

1Merck & Co., Inc, Kenilworth, NJ, USA; 2Merck & Co., Inc, Palo Alto, CA, USA

The symptoms of C. difficile infection (CDI) are caused by two exotoxins, TcdA and TcdB.
These toxins target the epithelial cells of the gut by binding to specific cell-surface receptors
at least in part via their C-terminal domains, the so-called combined repetitive oligopeptide
(CROP) domains. The antitoxin antibodies actoxumab and bezlotoxumab, which bind to and
neutralize TcdA and TcdB respectively, are currently in clinical development for the
prevention of recurrent CDI. In this study, we demonstrate that both antibodies bind to the
CROP domains of their respective toxins, more specifically to regions that partially overlap
with the putative receptor/carbohydrate-binding pockets. Using a combination of
biophysical approaches including surface plasmon resonance, hydrogen-deuterium
exchange – mass spectrometry, and size exclusion chromatography coupled with multi-
angle laser light scattering, we showed that while a single molecule of bezlotoxumab binds
to two distinct epitopes within TcdB (via its two Fab domains), there exist at least 2, and
possibly up to 5, distinct homologous actoxumab epitopes within the CROP domain of TcdA.
Furthermore, actoxumab caused aggregation, or “daisy-chaining”, of TcdA, the extent of
which was dependent on the antibody:toxin concentration ratio. In the case of
bezlotoxumab and TcdB, large immune complexes were not observed and the antibody-to-
toxin stoichiometry remained constant at different antibody:toxin concentration ratios.
Despite these differences between the two antibodies, the mechanisms of neutralization
are similar, with each antibody blocking binding of their respective toxin to target cells,
thereby preventing the cytotoxic/cytopathic effects of the toxins. This mechanism of
neutralization likely underlies the protective effects of the antibodies in vivo, including in
various pre-clinical models of CDI and potentially in human patients.
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Clostridium difficile TOXOID VACCINE CONFERS CROSS-
PROTECTION AGAINST PREVALENT CIRCULATING
C.DIFFICILE VARIANT STRAINS IN NON-CLINICAL SETTINGS

Quemeneur Laurence1, Cangialosi Arnaud1, Petiot Nadine1, Wittmann Gaëlle1, Luxemburger Christine2,
Pietrobon Patricia J.3, Londoño-Hayes Patricia1

SANOFI PASTEUR 1R&D Marcy l’Etoile, France, 2CMO, Lyon France 3R&D, Swiftwater, PA, USA, 

Sanofi Pasteur is currently developing a Clostridium difficile Toxoid Vaccine for the
prevention of symptomatic C. difficile infection (CDI). The vaccine, based on formalin-
inactivated toxins A (TcdA) and B (TcdB) purified from anaerobic cultures of C.difficile, is
undergoing Phase 3 clinical testing. C.difficile is a widely distributed pathogen with multiple
strain toxinotypes / PCR-ribotypes (RT).

A number of molecular epidemiology studies conducted across several countries have been
published over the last five years. Results demonstrated that circulating strains encoding
several toxin variants are prevalent as the cause of human CDI, including toxinotypes 0, III,
IV, V and VIII. To evaluate the breadth of protection conferred by the C. difficile Toxoid
Vaccine, an in vitro cross-neutralization study was conducted using sera from vaccinated
hamsters on 124 clinical isolates recently collected in Europe, North America and Latin
America. Strain distribution was representative of the current molecular epidemiology. Two
complementary toxin neutralization assays were used: one based on cell rounding
measurement on IMR90 cells, one based on epithelium permeability measurement on T84
cells. Results suggest that anti-toxin antibodies generated against Toxoids A and B from the
vaccine strain can cross-neutralize the toxin activity of the different prevalent strains
circulating worldwide and expressing varying toxin types.

In vivo studies were also conducted in order to investigate whether the C. difficile Toxoid
Vaccine can confer cross-protection against heterologous strains of the prevalent
toxinotypes. For this purpose, Syrian gold hamsters were vaccinated with the C. difficile
Toxoid Vaccine and then challenged with lethal doses of enriched spore preparation of C.
difficile prototype strains. Testing was performed using prototype strains representative of
the five prevalent toxinotypes. We evaluated the kinetics of onset of CDI-associated
symptoms, lethality and hence the protection levels induced by the C. difficile Toxoid
Vaccine. The survival rate reached 100% in the vaccine groups compared to 0% in the
placebo groups for toxinotypes 0/ RT 012, toxinotype IV / RT 023 and toxinotype V / 078
strains. With toxinotype III / RT 027 strains, the survival rate ranged between 58% and 100%
in the vaccine groups and between 0% and 8 % in the placebo groups.
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With toxinotype VIII / RT 017 strain, 100% survival was observed in the vaccine groups
compared to 44% in the placebo groups. The results demonstrate that the C. difficile Toxoid
Vaccine induces significant cross-protection against death and disease symptoms after
challenge with the tested strains. Altogether, these results suggest that the C. difficile Toxoid
Vaccine confers cross-protection against clinically relevant strains representative of the
prevalent C. difficile toxinotypes in the hamster model. 
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DIFFERENTIAL SYSTEMIC AND MUCOSAL ANTI-TOXIN
RESPONSES AMONG PATIENTS INFECTED WITH THE
EPDIEMIC 027 STRAIN OF Clostridium difficile

von Eichel-Streiber Alice1,2, Paik Wonbeom2, Knight Katherine2, Karolina Nadjafi1, Johnson Stuart2,3, von
Eichel-Steiber Christoph1

1tgcBIOMICS, Bingen, Germany, 2Loyola University Stritch School of Medicine, Chicago, IL, USA, 3Hines
VA Hospital, Chicago, IL, USA 

Antibody responses to C. difficile toxins are thought to confer protection against clinical
disease but may also suggest a role for the specific toxins in the pathogenesis of C. difficile
infection (CDI). We collected paired stool and plasma specimens from a convenience
sample of 25 patients at the time of presentation with clinical illness (CDI). Using a well-
established commercial immunoassay, IgG and IgA antibodies to C. difficile toxins A (TcdA)
and B (TcdB) were determined in these specimens. 

Overall, fourteen (of 25) plasma specimens and thirteen (of 25) of the stool specimens had
positive levels of IgG or IgA anti-toxin antibodies. Among the antibody-positive plasma
specimens, anti-TcdB levels (median ODs: IgG, 1,67; IgA, 1,52) were higher than anti-TcdA
levels (IgG, 0.96; IgA, 1.09). Among the antibody-positive stool specimens, IgA anti-TcdA and
anti-TcdB levels were similar (Median ODs: IgA anti-TcdA, 1,21; IgA anti-TcdB, 1,13). Six of
patients (24%) were infected with the epidemic 027 strain of C. difficile as determined by
multiplex PCR amplification of both toxin genes (tcdA & tcdB), the binary toxin genes
(cdtA/B), and a marker gene for the 027 directly from the stool specimens. Plasma and stool
antibody profiles were strikingly different for patients infected with the 027 versus the non-
027 specimens. A ~2-fold higher level was seen for plasma IgG anti-TcdA between these
groups (anti-TcdA: 027: IgG, 1,63; IgA, 1,13; non-027: IgG, 0,76; IgA, 1,13). Comparison of
absolute anti-TcdA- versus anti-TcdB-values reveals that anti-TcdB-values were generally
higher. Plasma levels of IgG&IgA-anti-TcdB were both ~2-fold higher for 027 strain-infected
patients (Median ODs: IgG-anti-TcdB, 2,35; IgA-anti-TcdB, 1,95) compared to those infected
with other strains (IgG-anti-TcdB, 1,13; IgA-anti-TcdB, 1,10). In contrast, stool IgA-anti-TcdA
levels were not higher but lower for 027 strain-infected patients (Median OD: 0,93) compared
to non-027 strain infected patients (Median OD: 1,34). Stool IgA-anti-TcdB levels were about
opposite to IgA-anti-TcdA in these groups (Median OD for 027 strain infections: 1,27; for
non-027 strain infections: 0,99). In conclusion, patients infected with the epidemic 027 strain
of C. difficile had high systemic IgG responses to TcdB but relatively lower mucosal IgA
responses to TcdA. This dichotomy of systemic and local anti-toxin responses may suggest
differential roles for toxins A and B and/or host responses among patients infected with
this strain that has been noted for outbreaks of severe CDI in North America and Europe.
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Clostridium difficile - INDUCED ER STRESS PROMOTES
MACROPHAGE NLRP3 MEDIATED INFLAMMASOME
ACTIVATION 
1Mario Songane, 2Sarah Kuehne, 3Ralf Gerhard, 2Nigel Minton, 1Nigel Klein, 4Elaine Allan and 1Mona
Bajaj-Elliott 

1Infection, Immunity, Inflammation and Physiological Medicine, Institute of Child Health, University
College London, London, UK
2Clostridia Research Group, Centre for Biomolecular Sciences, School of Molecular Medical Sciences,
Nottingham Digestive Diseases Centre, NIHR Biomedical Research Unit, University of Nottingham,
Nottingham, UK
3Department of Toxicology, Hannover Medical School, 30625 Hannover, Germany
4Department of Microbial Diseases, UCL Eastman Dental Institute, University College London, London,
UK

Macrophages are critically involved in neutrophil recruitment, the cell-type largely
responsible for the epithelial tissue damage and necrosis seen in C. difficile infected
patients. It is now well established that C. difficile toxins TcdA and TcdB trigger NLRP3-
mediated inflammasome activation contributing to macrophage pyroptosis (a form of
inflammatory cell death) and IL-1� release, a cytokine crucial for neutrophil recruitment.
Blocking toxin-driven inflammasome function offers an attractive therapeutic target for CDI.
Extensive studies suggest that the NLRP3 inflammasome complex can be activated by a
diverse range of exogenous and endogenous signals. Surprisingly, upstream signals involved
in C. difficile mediated NLRP3 inflammasome activation currently remain ill-defined. 

In the present study, we investigated the potential role of C. difficile induced ER stress and
mitochondrial damage in initiating NLRP3 inflammasome activation in a human macrophage
cell-line (THP-1) and in primary peripheral blood mononuclear cells (PBMCs) obtained from
healthy volunteers. Co-culture studies with wild-type R20291, the non-epidemic strain
630�erm and their respective toxin isogenic mutants were performed. The effect of
recombinant TcdA was also studied in parallel. We confirmed equipotent effects of TcdA
and TcdB on inflammasome activation and IL-1� release. Herein, we report for the first time
that the binary toxin CDT can also activate the inflammasome with potency similar to that
observed in response to TcdA and TcdB. We also identified ER stress via IRE1�-mediated
XBP-1 activation, increase in intracellular Ca2+ and K+ efflux as critical mechanism(s) that
may partly explain how C. difficile toxins promote NLRP3-mediated host immunity.
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FACTORS ASSOCIATED WITH SEVERE Clostridium difficile
INFECTION ACCORDING TO 4 DIFFERENT SEVERITY
DEFINITIONS

Nagham Khanafer1,2, Frédéric Barbut 3,4, Catherine Eckert 3,4, Michel Perraud1, Clarisse Demont 5,
Christine Luxemburger 5, Philippe Vanhems1,2

1Epidemiology and Infection Control Unit, Eduard Herriot Hospital, Hospices Civils de Lyon, Lyon,
France
2University of Lyon, University of Lyon1, Lyon, France
3Pierre and Marie Curie University, Paris VI, GRC n°2 EPIDIFF, 75012 Paris, France
4National Reference Laboratory for C. difficile, Saint Antoine Hospital, AP-HP, Paris, France
5Sanofi Pasteur, France

Context: C. difficile produces a variable clinical course ranging from mild diarrhea to severe
infection with fulminant colitis, septic shock and death. Over the past decade, the
emergence of the BI/NAP1/027 strain has been linked to increased prevalence and severity
of C. difficile infection (CDI). The guidelines to treat patients with CDI were based on severity
factors identified in the literature and expert opinion and, to our knowledge, have not been
systematically evaluated. Objective: One objective of this study was to identify factors
associated with severe CDI according to 4 different severity definitions (Def): #Def1 2010
SHEA/IDSA guidelines, #Def2 2014 ESCMID guidelines, #Def3 complicated CDI at the end
of diarrhea, and #Def4 our hospital-specific guidelines (White blood cells (WBC)
≥15,000x109/L, serum creatinine level >50% above the baseline, PMC, megacolon, intestinal
perforation, septic shock requiring intensive care unit admission). 

Methods: A three years cohort study was conducted in a University Hospital at Lyon, France.
All hospitalized (≥48 hours) patients ≥18 years, suffering from CDI and accepting to
participate were included. Patients were followed up to 60 days after CDI diagnosis. After
bivariate regression analyses, factors associated with severe CDI during the course of
disease were identified by a multivariate logistic regression. Statistical significance was
reached with a two-sided p-value <0.05. Results: 233 CDI patients diagnosed between 2011
and 2014 were included, with a mean incidence rate of 2.15 cases/1,000 hospitalized-
patients. The mean of age was 65.3 years and 52.5% were men. Death occurred in 37
patients (15.9%) within 60 days of diagnosis. Death was related to CDI in 16 patients (43.2%).
Factors independently associated with severe CDI were: age ≥68 years, male gender, renal
disease, and serum albumin > 30g/L according to #Def1 (n=106, 45.5%); exposure to
antivirals in the last 4 weeks, renal disease, and blood neutrophils >7,500x109/L in patients
with #Def2 (n=138, 59.2%); abdominal pain, serum albumin >30 g/L, and WBC
>10,000x109/L according to #Def3 (n=27, 11.6%); age ≥68 years, renal disease, serum
albumin >30 g/L, serum LDH >248 IU/L and blood neutrophils >7,500x109/L were associated
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with severe CDI in patients with criteria #Def4 (n=113, 48.5%).

Conclusions: Our results indicate that appropriate case definition is essential to characterise
patients at risk to develop severe CDI. Renal disease was associated with severe
presentation in 3 definitions. In clinical practice, early identification of patients at risk for
severe disease remains crucial in assessing management options. A large, multi-center study
would be required to offer a widely acceptable definition of severe CDI and would be helpful
to identify additional predictors of severe disease.
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THERAPEUTIC POTENTIAL OF SMALL MOLECULE TRIGGERS
OF PRE-EMPTIVE Clostridium difficile TOXIN B AUTO-
PROTEOLYSIS

Mattias E. Ivarsson1, Estelle Durantie1, Corina Hueberli1, Samuel Huwiler1, Jun Lu2, Elena F. Verdu2,
Premysl Bercik2, Jean-Christophe Leroux1, Bastien Castagner3

1Institute of Pharmaceutical Sciences, Department of Chemistry and Applied Biosciences, ETH Zurich,
Zurich, Switzerland. 2Farncombe Family Digestive Health Research Institute, Department of Medicine,
McMaster University, Hamilton, Ontario, Canada. 3Department of Pharmacology and Therapeutics,
McGill University, Montreal, Quebec, Canada

Clostridium difficile infection (CDI) is one of the most frequent cause of hospital-acquired
diarrhea and can cause life-threatening symptoms. Currently recommended treatments
consist of antibiotics, which are harmful to the endogenous gut microbiota and are
associated with high relapse rates. Toxins secreted by the bacteria once they have colonized
the colon largely mediate disease symptoms. Targeting these toxins could be a viable
therapeutic approach to alleviate the burden of CDI. Inositol hexakisphosphate (IP6) binds
to the cysteine protease domain (CPD) of C. difficile toxins A and B once they have been
endocytosed by colonocytes and thereby induces auto-proteolysis to release the enzymatic
warhead into the cytosol. Triggering this self-cleavage step in the colon lumen before the
toxin is taken up has the potential to significantly reduce its toxicity. We have observed that
at the high concentrations of calcium found in the colon, cleavage activity of the holotoxin
is abolished due to chelation of IP6. With the aim of obtaining molecules capable of
activating toxin cleavage in high calcium concentrations, we synthesized analogs of IP6 with
sulphate groups replacing 3 (IP3S3), 4 (IP2S4) and 5 (IP1S5) of the phosphate groups
respectively. We found that molecules with fewer phosphates had significantly weaker
affinities for calcium ions. Substituting phosphates for sulphates only lead to a small loss in
activity, as long as at least one phosphate remained. Holotoxin B cleavage assays in 10 mM
Ca2+ showed that IP2S4 induced 50 % cleavage of the toxin whereas IP6 only induced 5
%. Quantitative measurements of cell rounding of 3T3-L1 fibroblasts exposed to cleaved
and non-cleaved toxin using an impedance-monitoring system confirmed that cleaved toxin
reduces cell rounding and therefore cytopathy. A significant reduction in colitis was
observed in germ-free mice colonized and infected with stool from a CDI patient when they
were orally gavaged with IP2S4, as measured by a myeloperoxidase assay of colon sections.
Further studies are ongoing. We have developed what are to our knowledge the first IP6
analogs capable of activating holotoxin cleavage at high calcium ion concentrations similar
to those found in the human colon. These molecules could therefore have therapeutic
potential in the treatment of CDI. We are grateful for funding from the Swiss National Science
Foundation and an HAHSO Innovation grant.
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A NOVEL SECRETED METALLOPROTEASE (CD2830) FROM
Clostridium difficile CLEAVES SPECIFIC PROLINE
SEQUENCES IN LPXTG CELL SURFACE PROTEINS

Paul J. Hensbergen1, Oleg I. Klychnikov1, Dennis Bakker2, Vincent J. C. van Winden2, Nienke Ras2, Arjan
C. Kemp2, Robert A. Cordfunke3, Irina Dragan1, Andre´ M. Deelder1, Ed J. Kuijper2, Jeroen Corver2, Jan
W. Drijfhout3, and Hans C. van Leeuwen2

1Center for Proteomics and Metabolomics, Leiden University Medical Center, PO Box 9600, 2300 RC
Leiden, The Netherlands;
2Department of Medical Microbiology, Section Experimental Microbiology, Leiden University Medical
Center, PO Box 9600, 2300RC Leiden, The Netherlands;
3Department of Immunohematology and Blood Transfusion, Leiden University Medical Center, PO Box
9600, 2300 RC Leiden, The Netherlands

Bacterial secreted proteins constitute a biologically important subset of proteins involved
in key processes related to infection such as adhesion, colonization, and dissemination.
Bacterial extracellular proteases, in particular, have attracted considerable attention, as they
have been shown to be indispensable for bacterial virulence. Here, we analyzed the
extracellular subproteome of Clostridium difficile and identified a hypothetical protein,
CD2830, as a novel secreted metalloprotease. Following the identification of a CD2830
cleavage site in human HSP90, a series of synthetic peptide substrates was used to identify
the favorable CD2830 cleavage motif. This motif was characterized by a high prevalence of
proline residues. Intriguingly, CD2830 has a preference for cleaving Pro–Pro bonds, unique
among all hitherto described proteases. Strikingly, within the C. difficile proteome two
putative adhesion molecules, CD2831 and CD3246, were identified that contain multiple
CD2830 cleavage sites (13 in total). We subsequently found that CD2830 efficiently cleaves
CD2831 between two prolines at all predicted cleavage sites. Moreover, native CD2830,
secreted by live cells, cleaves endogenous CD2831 and CD3246. These findings highlight
CD2830 as a highly specific endoproteinase with a preference for proline residues
surrounding the scissile bond. Moreover, the efficient cleavage of two putative surface
adhesion proteins points to a possible role of CD2830 in the regulation of C. difficile
adhesion.
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THE Clostridium difficile S-LAYER: A MULTI-FUNCTIONAL
VIRULENCE FACTOR AND ANTI-BACTERIAL TARGET

Joseph A. Kirk1, Dana Gebhart2, Anthony M. Buckley3, Stephen Lok2, Dean Scholl2, Gillian R. Douce3,
Gregory R. Govoni2, Robert P. Fagan1

1Department of Molecular Biology and Biotechnology, University of Sheffield, Sheffield, UK
2 AvidBiotics Corp., California, USA;
3Institute of Infection, Immunity and Inflammation, University of Glasgow, Glasgow, UK; 

Clostridium difficile infection usually occurs after the gut microbiota has been disturbed,
most commonly due to the use of antibiotics. Current treatments for C. difficile infections
cause further insult to the microbiota, thus making the patient susceptible to recurrent
infections. C. difficile cells are entirely covered by a paracrystalline, proteinacious array: the
S-layer. The S-layer is largely composed of two post-translational cleavage products of the
preprotein SlpA, which spontaneously assemble to form a heterodimeric complex bound
to the cell wall. Previous attempts to knock-out slpA have been unsuccessful and saturating
transposon mutagenesis suggests slpA is essential for cell viability. However, the exact
function of the S-layer has remained elusive.

Recently, modified R-type bacteriocins (Avidocin-CDs) have been developed that specifically
target C. difficile and have no adverse effect on the intestinal microbiota. We have
conclusively demonstrated that these Avidocin-CDs bind specifically to the S-layer. Rare
spontaneous mutants that are completely resistant to Avidocin-CD killing were selected in
vitro. These mutants have no detectable S-layer and were found to have mutations near
the start of the slpA gene. We have restored wild type slpA to the chromosome of these
mutants, creating a powerful toolbox for studying S-layer function in C. difficile.

Preliminary characterisation of these strains has identified differences in cell growth and
morphology and increased sensitivity to killing by innate immune effectors, including
lysozyme and antimicrobial peptides. Surprisingly, the spores produced by the mutants
display altered morphology and are significantly fewer in number than wild type. This is the
first time that the S-layer of any organism has been linked to spore production. Using the
hamster infection model we have also demonstrated that the S-layer mutants are
completely avirulent. This finding strengthens the theory that SlpA is an essential virulence
factor, and also supports further development of Avidocin-CDs for clinical use.
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THE PHASE-VARIABLE CELL WALL PROTEIN CwpV
CONFERS PHAGE RESISTANCE TO Clostridium difficile

Sekulovic Ognjen1, Ospina Bedoya Maicol1, Amanda S Fivian-Hughes2, Fairweather Neil 2, Fortier Louis-
Charles1

1Department of microbiology and infectious diseases, faculty of medicine and health sciences,
Université de Sherbrooke, Sherbrooke, QC, Canada;
2Faculty of Natural Sciences, Department of Life Sciences, Imperial College London, London, UK

Historically, temperate phages have been frequently associated with bacterial virulence.
Recent findings suggest that phage resistance is also an important aspect of bacterial fitness
during colonization. Variation of surface components including phase-variable expression
of cell wall proteins is a common stratagem used by bacteria to avoid phage predation,
however the functional characterization of an antiphage system in C. difficile has yet to be
done. Interestingly, C. difficile encodes 5 different types of a phase-variable cell wall protein,
CwpV (types I-V). The functional role of CwpV is still unclear, therefore we sought to
determine whether it has some role to play in phage infection.

The cwpV expression is controlled by site-specific, RecV-dependent inversion of a genomic
region upstream of cwpV. By inactivating recV in C. difficile R20291 using ClosTron, we were
able to isolate stable clones in which the expression of cwpV was locked either in the “ON”
(R20291ON) or “OFF” (R20291OFF) configuration. We also expressed independently all 5
types of CwpV from a plasmid in the R20291OFF strain. We next assessed susceptibility to
phage infection using 5 different phages representing two morphologically distinct families.
All 5 types of CwpV demonstrated strong protective effect against infection by three different
phages from the Siphoviridae family, i.e. phiCD38-2, phiCD111 and phiCD146 (efficiency of
plaquing, EOP <10-7). Furthermore, in bacterial survival assays, CwpV-II protected from
infection by phiCD38-2 when expressed from a plasmid (96.2 ± 18.5% survival) or from the
chromosome in R20291ON (76.7 ± 10.8% survival) as opposed to wild type R20291 (20.8
± 2.5% survival) or R20291OFF (13.3 ± 6.8 survival). On the other hand, the expression of
CwpV type I, III and V in a different strain (CD384) provided only partial protection against
infection by phiMMP01 and phiCD52, two phages of the Myoviridae family. Variable C-
terminal domain of CwpV-II was found to be essential for antiphage phenotype since its
deletion restored bacterial susceptibility to infection. Phage adsorption was not impaired
by the presence of CwpV-II, but phage DNA replication was prevented. Moreover, preventing
CwpV-II export to the cell surface through deletion of the signal peptide completely
abolished the antiphage activity. In conclusion, our study is the first to provide strong
evidence for a role of CwpV in phage resistance in C. difficile. In addition, our data suggest
that CwpV functions as a superinfection exclusion (Sie) system.
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INVESTIGATING THE POST-TRANSLATIONAL MODIFICATION
OF THE Clostridium difficile FLAGELLIN

Alexandra Faulds-Pain1, E. Valiente1, S. Twine2, E. Vinogradov2, P. Strong2, P. Hitchen3, A. Dell3, L. Dawson1,
E. Donahue1, A. Buckley4, G. Douce4, M. Songane5, M. Bajaj-Elliott5, S. Logan2 and B. Wren1

1 London School of Hygiene and Tropical Medicine, Keppel Street, London; 2 Vaccine Program, Human
Health Therapeutics Portfolio, National Research Council, Ottawa, Canada; 3 Department of Life
Sciences, Imperial College, London, UK; 4 Institute of Infection, Immunity and Inflammation, Glasgow
Biomedical Research Centre, University of Glasgow, Glasgow, UK; 5Infectious Diseases and
Microbiology Unit, Institute of Child Health, University College London, London, UK

Bacterial surface-associated proteins are often involved in host colonisation and immune
evasion. C. difficile produes many such proteins including multiple peritrichous flagella.
Flagellin is the main protein component of the flagella and in C. difficile this is encoded by
a single gene fliC. The flagellin is post-translationally modified at up to seven sites with at
least two alternative oligosaccharide structures, which we term type A and type B for clarity.
These structural variations are strain specific and attributed to two alternative modification
gene loci encoded immediately downstream of fliC. 

We have investigated the flagella type A modifications in the strain 630 and the epidemic
ribotype (RT) 017 strain M68 and the type B modification in the hypervirulent RT027 strain
R20291 and strain CD1426 from the emerging RT023 lineage. We were able to solve the
structure of the type A modification by NMR and to further elucidate the type B structure
by LC-MS/MS.

We undertook a reverse genetics approach to characterise both the type A and type B
modification gene loci. Knockout mutations of both type A and type B putative modification
genes caused the flagellin to be modified with truncated oligosaccharides. Paired with
bioinformatic analysis this allowed us to hypothesise as to the specific function of the
enzymes encoded within the modification gene loci. Phenotypic analysis of the mutants
revealed that some mutations affected motility and caused cells to aggregate to each other
and abiotic surfaces, this could be restored upon complementation and could be
reproduced in other strains of C. difficile. We also found that altering the structure of the
flagellin modification impacted on colonisation and disease recurrence in a murine model
of infection, showing that alterations in the surface architecture of C. difficile vegetative cells
can play a significant role in disease. We show that motility is not a requirement for
colonisation, but that colonisation was compromised when the glycan structure was
incomplete.
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CYCLIC-DI-GMP REGULATES PRODUCTION OF SORTASE B
SUBSTRATES OF Clostridium difficile AND THEIR SURFACE
EXPOSURE THROUGH ZMPI PROTEASE-MEDIATED
CLEAVAGE.

Johann Peltier1,2, H. Alexandra Shaw1, Edward C. Couchman1, Lisa F. Dawson3, Volkhard Kaever 4,
Brendan W. Wren3, Jyoti S. Choudhari5 and Neil F. Fairweather1

1Center for Molecular Bacteriology and Infection, Imperial College London, London, UK, 2Laboratoire
Pathogenese des Bacteries Anaerobies, Institut Pasteur, Paris, France, 3Department of Pathogen
Molecular Biology, London School of Hygiene and Tropical Medicine, London, UK, 4Research Core Unit
Metabolomics, Hannover Medical School, Hannover, Germany, 5Wellcome Trust Sanger Institute,
Hinxton, UK, 

In Gram-positive pathogens, surface proteins are essential for adhesion, colonization and
during the infection process. Many surface proteins are covalently anchored to the bacterial
peptidoglycan by a cysteine transpeptidase enzyme, called sortase 1. In contrast to other
Gram positive bacteria, only one single sortase enzyme, SrtB, is conserved between strains
of Clostridium difficile. The SrtB recognition motif has been reported in-vitro and seven
potential SrtB substrates have been identified 2,3.

In this work, we demonstrate for the first time the functionality of SrtB in live cells of C.
difficile. We identified CD2831 and CD3246, both annotated as putative adhesins, as targets
for SrtB. We show that SrtB is required for the cell wall anchoring of CD2831 and CD3246,
and the covalent anchoring of CD2831 to the peptidoglycan is demonstrated. The PPKTG
sorting motif of CD2831 is cleaved between the threonine and glycine residues and the
carboxyl group of threonine is amide-linked to the side chain amino group of diaminopimelic
acid within the peptidoglycan peptide stem. We also confirm here that CD2831 protein
levels are elevated in presence of high intracellular c-di-GMP concentrations, in agreement
with the control of CD2831 expression by a c-di-GMP-dependent type I riboswitch 4.
Furthermore, we establish that low c-di-GMP levels induce the release of SrtB substrate
CD2831, and presumably CD3246, from the surface of cells. We demonstrate that this
regulation is mediated by the proteolytic cleavage of CD2831 and CD3246 by the zinc
metalloprotease ZmpI, whose expression is controlled by a type I c-di-GMP riboswitch 4-6.

Thus, these data reveal a novel method of regulation of expression and surface attachment
of sortase substrates by the second messenger c-di-GMP.
1. Schneewind, O., and Missiakas, D., Biochim Biophys Acta (2014) 1843 
2. Donahue, E. H., et al., BMC Microbiol (2014) 14
3. van Leeuwen, H. C., et al., FEBS Lett (2014) 
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4. Soutourina, O. A., et al., PLoS Genet (2013) 9 
5. Cafardi, V., et al., PLoS One (2013) 8 
6. Hensbergen, P. J., et al., Mol Cell Proteomics (2014) 13 
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CHARACTERIZATION OF A DEFINED MICROBIAL
ECOSYSTEM THERAPEUTIC FOR THE TREATMENT OF
Clostridium difficile INFECTION

Carlucci Christian1, Metcalf Devon2, Weese Scott2, Petrof Elaine3, Schroeter Kathleen1, Daigneault
Michelle1, Rousseau Joyce2, Allen-Vercoe Emma1

1Department of Molecular and Cellular Biology, University of Guelph, Guelph, Canada; 2Department
of Pathobiology, Ontario Veterinary College, University of Guelph, Guelph Canada; 3Department of
Medicine, Queen's University, Kingston, Canada

Many Clostridium difficile infection (CDI) cases are non-responsive to traditional antibiotic
treatments, and often patients suffer from recurrent infections characterized by severe
diarrhea and inflammation. Fecal bacteriotherapy has emerged as an alternative, highly
effective treatment for recurrent CDI, however it is not without risk, and is typically reserved
for debilitating cases. To circumvent safety issues associated with administration of
undefined microbial populations from donor stool, we have developed a defined microbial
ecosystem therapeutic (MET-1), which has been used to cure two patients of recurrent CDI
in a proof-of-principle trial. The precise mechanisms through which health is restored in
recurrent CDI patients after MET-1 treatment are unknown. The present study aims to
determine the effects that MET-1 and its component microbes have on C. difficile viability,
toxin gene expression, germination, and sporulation. Two C. difficile strains, sourced from
two individual patient stool samples from our study, have been characterized by ribotyping
and toxinotyping. Using single-stage chemostat models, we have preliminarily assessed the
behaviour of C. difficile when in the presence of MET-1 culture, its secreted metabolites, or
individual constituents. We have shown that MET-1 decreases C. difficile spore recovery in
a chemostat model supporting the growth of MET-1, and have shown that secreted
metabolites of MET-1 influence C. difficile germination. No direct inhibitory activity against
C. difficile vegetative cell growth has been observed by individual MET-1 constituents,
however reverse-transcriptase quantitative PCR assays have been developed to accurately
assess C. difficile tcdA, tcdB, and cdtA gene expression in response to these components.
Full characterization of the antagonistic mechanisms of MET-1 against these virulence factors
of C. difficile, will provide us with valued insight into the therapeutic benefits of our
approach, and will indicate research directions through which the efficacy of this treatment
may be enhanced.
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AVIDOCIN-CDs: TARGETABLE, MICROBIOTA-FRIENDLY
BACTERICIDAL AGENTS FOR TREATMENT AND
PREVENTION OF CDI 

Dana Gebhart1, Stephen Lok1, Myreen Tomas2,3, Joseph A. Kirk4, Mark Stares5, Hilary Browne5, Simone
Clare5, Dean Scholl1, Robert P. Fagan4, Trevor D. Lawley5, Curtis Donskey2,3, and Gregory R. Govoni1

1AvidBiotics Corp., California, USA; 2Geriatric Research Education & Clinical Center, Louis Stokes
Cleveland Department of Veterans Affairs Medical Center, Ohio, USA; 3Division of Infectious Diseases
& HIV Medicine, Department of Medicine, Case Western Reserve University School of Medicine, Ohio,
USA; 4Department of Molecular Biology and Biotechnology, University of Sheffield, Sheffield, UK;
5Wellcome Trust Sanger Institute Hinxton, UK

Clostridium difficile is an opportunistic pathogen that can take advantage of antibiotic-
induced damage to the gut microbiota in order to proliferate, release toxins and cause life-
threatening colitis. Development of anti-bacterial agents capable of specifically eliminating
C. difficile without disturbing beneficial microflora or spreading antibiotic resistance has
become of paramount importance. We have identified novel, R-type bacteriocins that derive
from and specifically target C. difficile strains. These R-type bacteriocins have contractile,
phage tail-like structures similar to the high-molecular weight, R-type bacteriocins first
identified in Pseudomonas aeruginosa. Specificity of killing is determined by Receptor
Binding Proteins (RBPs) located at the tips of the tail fibers. Cloning and expression of a C.
difficile bacteriocin gene cluster in a modified B. subtilis strain resulted in the production of
functional R-type bacteriocin.

To more easily target the predominant C. difficile clinical isolates, modified R-type
bacteriocins, or “Avidocin-CDs”, were constructed by replacing the bacteriocin RBPs with
novel RBPs from C. difficile bacteriophages and prophages. More than 50 clinical C. difficile
isolates were screened for sensitivity to each of 15 Avidocin-CDs constructed. A perfect
correlation between Avidocin-CD sensitivity and slpA allele variant-type was observed with
strains expressing 11 of the 13 known slpA allele variants showing sensitivity. Rare mutants
of R20291 (ribotype 027) resistant to Av-CD291.2, an Avidocin-CD targeting ribotype 027
isolates, were isolated in vitro and found to lack an S-layer. Experiments demonstrating
complementation of the mutants with a wild-type slpA allele restored Av-CD291.2 sensitivity
and expression of non-027 slpA allele variants make the R20291 mutants sensitive to other
Avidocin-CDs confirmed SlpA as the receptor for all 8 of the Avidocin-CD tested. Animal
data indicate Avidocin-CDs are effective in vivo. Av-CD291.2 administered in drinking water
prevented colonization of mice exposed to ribotype 027 spores in a murine transmission
model for C. difficile.
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Preliminary experiments also indicate Av-CD291.2 can block antibiotic-induced outgrowth
of C. difficile in low-level, ribotype 027 colonized mice. When given at an effective dose to
naïve healthy mice for 4 days, Av-CD291.2 did not detectably alter the gut microbiota nor
disrupt natural colonization resistance to either C. difficile or to vancomycin-resistant
Enterococcus faecium (VRE). Avidocin-CDs represent a prototype of an anti-bacterial
platform capable of producing targetable, precision anti- C. difficile agents that can prevent
or treat CDIs without disrupting indigenous microbiota. 
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POSSIBLE FAECAL MICROBIOTA MEDIATED INHIBITION OF
THE BIOACTIVITY OF Clostridium difficile INFECTION (CDI)
ANTIBIOTIC TREATMENT AGENTS.

Chilton CH1, Crowther GS1, Mascio C2, Chesnel L2, Wilcox MH1

1University of Leeds, Leeds, UK,
2Cubist Pharmaceuticals, Lexington, MA 02421, USA

Introduction: Current approved CDI antimicrobial treatment agents are limited to
metronidazole, vancomycin and fidaxomicin. The site of antimicrobial activity, the distal
colon, harbours a highly complex microbial population. It has been reported that low faecal
levels of metronidazole in vivo may be exacerbated by local inactivation by the gut
microbiota. We have investigated the effect of faeces on antimicrobial activity of
vancomycin, metronidazole, fidaxomicin, and surotomycin (a novel CDI treatment agent)
both in general, and specifically against C. difficile.
Methods: Faeces from 3 healthy volunteers (age >60) were used to prepare 20% (w/v)
slurries, each of which was incubated anaerobically with metronidazole, vancomycin or
surotomycin (all 128mg/L) or fidaxomicin (80mg/L) for 24 h. Samples were centrifuged and
filtered, and antimicrobial activity of each filtrate was measured by in-house bioassay.
Specific anti- C. difficile activity with and without faecal slurry incubation was measured by
broth micro-dilution MIC for 10 clinical isolates. Composition of gut microbiota in each slurry
was determined by culture.
Results: Incubation with faecal slurry had a profound effect on the bioactivity of
metronidazole (~21-76-fold decrease) and surotomycin (3.6-48-fold decrease), but a lesser
effect on fidaxomicin (2.7-5.3-fold decrease) and vancomycin (1.5-3-fold decrease).
Antimicrobial inhibition varied markedly between faecal samples. Faeces with the greatest
diversity caused the greatest inhibition, and vice versa. Change in anti- C. difficile activity
following incubation with faecal slurry correlated with change in active antimicrobial
concentration as measured by bioassay; thus, when the measured antimicrobial
concentration was greatly reduced by incubation with faecal slurry, there was a
corresponding increase in MIC for C. difficile (vancomycin 1.1-2.2-fold; metronidazole 21-
332-fold; fidaxomicin 7.9-93-fold); surotomycin 5.7-408-fold). 
Conclusion: Incubation with faeces can have a profound effect on detectable activity of CDI
treatment agents. The magnitude of this effect varies and may correlate broadly with
microbiota diversity. This suggests that in some individuals, activity of CDI agents in the
colon may be markedly reduced, potentially impacting on treatment success. This may be
particularly relevant for metronidazole, where observed faecal levels are typically only ~2
fold >MIC. Further investigation of the extent and mechanisms of inhibition are warranted.
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Presenting author # Title

Stevenson, Emma P1 MULTIPLE RELAPSES WITH CO-INFECTION OF TWO Clostridium difficile
RIBOTYPES- A CASE STUDY

Matsumoto, Asami P2 COMPARISON OF CLINICAL SEVERITY, GENOTYPE AND TOXIN GENE
EXPRESSION OF BINARY TOXIN-PRODUCIND Clostridium difficile
CLINICAL ISOLETES IN JAPAN

Moorhead, Sian P3 SYNGERGISTIC EFFICACY OF 405 NM LIGHT AND HOSPITAL
DISINFECTANTS FOR THE ENHANCED DECONTAMINATION OF C. difficile
ON CLINICALLY RELEVANT SURFACES

Murabata, Mayumi P4 ENVIRONMENTAL CONTAMINATION OF Clostridium difficile IN THE
PEDIATRIC WARD OF A HOSPITAL IN JAPAN

Lawry, Beth P5 CHARACTERISING DIAGNOSTIC BIOMARKERS FOR Clostridium difficile

Pai, Hyunjoo P6 CLINICAL CHARACTERISTICS OF Clostridium difficile RIBOTYPE 017 AND
018 INFECTIONS

Miyajima, Fabio P7 PREDICTING POOR DISEASE OUTCOMES OF Clostridium difficile
INFECTION: THE QUEST FOR MORE ANSWERS?

Lister, Michelle P8 PREVALENCE OF PATIENTS INFECTED WITH MULTIPLE Clostridium difficile
RIBOTYPES AT THE UNIVERSITY OF NOTTINGHAM HOSPITALS TRUST
2013/14. IS THIS A PRECURSOR FOR RELAPSE?

Reigadas, Elena P9 CLINICAL SIGNIFICANCE OF CYTOTOXICITY AND TOXIGENIC CULTURE IN
C. difficile INFECTION

Hell, Markus P10 CLINICAL EVALUATION OF A NOVEL Clostridium difficile MOLECULAR
ONE STEP TEST SYSTEM

Roberts, Paul P11 TOXIGENICITY OF Clostridium difficile STRAINS ISOLATED FROM GDH-
POSITIVE FAECAL SAMPLES

Alcalá, Luis P12 COMPARISON OF TWO MULTI-STEP ALGORITHMS FOR DIAGNOSIS OF
Clostridium difficile INFECTION

Banz, Alice P13 DEVELOPMENT OF AN ULTRA-SENSITIVE Clostridium difficile TOXINS A
AND B ASSAY USING A DIGITAL TECHNOLOGY

Casari, Erminia P14 THE IMPLEMENTATION OF A RT-PCR STANDALONE TEST MAINTAINS
STABLE THE NUMBER OF Clostridium difficile INFECTION EPISODES IN A
TERTIARY RESEARCH HOSPITAL

Kirveskari, Juha P15 DIFFERENTIATING VIRULENT 027 AND NON-027 C. difficile BY
MOLECULAR METHODS 

Matero, Pirjo P16 A MULTI-CENTRE PERFORMANCE EVALUATION STUDY OF THE ORION
GENREAD® C. difficile TEST
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Longshaw, Chris P17 THE IMPACT OF THE INTRODUCTION OF FIDAXOMICIN ON THE
MANAGEMENT OF Clostridium difficile INFECTION IN 7 NHS SECONDARY
CARE TRUSTS IN ENGLAND

Lombardo, P18 SER-109, AN ORAL THERAPEUTIC COMPOSED OF BACTERIAL SPORES,
Mary-Jane CATALYZED DIVERSIFICATION OF THE GUT MICROBIOTA AND

PREVENTION OF RECURRENT Clostridium difficile INFECTION

Hell, Markus P19 HIGH PREVALENCE OF BINARY TOXIN PRODUCING Clostridium difficile
AMONG HOSPITALIZED SYMPTOMATIC PATIENTS IN WESTERN AUSTRIA
2014

Rupnik, Maja P20 C. difficile INFECTION IN SLOVENIAN HOSPITALS – A POINT PREVALENCE
STUDY

Di Bella, Stefano P21 Clostridium difficile INFECTION AMONG HOSPITALIZED HIV-INFECTED
INDIVIDUALS IN ITALY: EPIDEMIOLOGY AND RISK FACTORS (2002-2013)

Goswami, Cosmika P22 UNDERSTANDING MOLECULAR EPIDEMIOLOGY OF Clostridium difficile IN
SCOTLAND

Hong, Hsueh-En P23 EMERGING Clostridium difficile PCR RIBOTYPE 251 INFECTION IN
WESTERN AUSTRALIA

Ito, Yoichiro P24 MOLECULAR EPIDEMIOLOGY OF Clostridium difficile AT A HOSPITAL IN
JAPAN: SHIFTS IN THE PREDOMINANT PCR RIBOTYPE OVER A NINE-YEAR
PERIOD

Kato, Haru P25 PREVALENCE OF TWO PCR RIBOTYPES, SMZ (018) AND TRF (369) OF
Clostridium difficile IN JAPAN

Niwa, Hidekazu P26 GENOTYPE TRANSITION OF Clostridium difficile AT A THOROUGHBRED
RACEHORSE CLINIC IN JAPAN FROM 2010– 2014

Kim, Heejung P27 DIAGNOSTIC PERFORMANCE OF Clostridium difficile INFECTION AND C.
difficile EPIDEMIOLOGY IN A TERTIARY CARE HOSPITAL IN SOUTH KOREA
IN 2014

Pai, Hyunjoo P28 CLONALITY OF Clostridium difficile PCR RIBOTYPE 018 STRAINS IN A
TERTIARY HOSPITAL ANALYZED BY MLVA (MULTILOCUS VARIABLE-
NUMBER TANDEM REPEAT ANALYSIS)

Pavic, Sladjana P29 MONITORING OF Clostridium difficile INFECTIONS IN REGION OF
WESTERN SERBIA

Jovanović, Milica P30 Clostridium difficile AT TWO HEALTH INSTITUTIONS IN BELGRADE -
INCREASING AWARENESS OF THE INFECTION

Trajkovska-Dokic, P31 TOXIGENIC Clostridium difficile STRAINS IN HOSPITALIZED PATIENTS
Elena
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Rodriguez, Cristina P32 CARRIAGE OF Clostridium difficile IN HOSPITAL PATIENTS IN SPAIN,
INCLUDING MOLECULAR CHARACTERIZATION, ANTIMICROBIAL
SUSCEPTIBILITY AND MULTILOCUS SEQUENCE TYPING COMPARAISON
WITH BELGIAN BACTERIAL ISOLATES

Van Broeck, Johan P33 DISTRIBUTION OF RIBOTYPES OF Clostridium difficile IN A BELGIAN
UNIVERSITY HOSPITAL : SURVEILLANCE DATA 2011-2014 

Van Broeck, Johan P34 DISTRIBUTION OF RIBOTYPES OF Clostridium difficile IN BELGIAN ACUTE
HOSPITALS : SURVEILLANCE DATA 2009-2013 

Neely, Fiona P35 SURVEILLANCE OF Clostridium difficile INFECTION IN BELGIAN
HOSPITALS 2013: DIVERSITY OF RIBOTYPES AND HIGHEST INCIDENCE
SINCE 2009 

Stein, Katharina P36 ANALYSIS OF THE EPIDEMIOLOGY OF Clostridium difficile INFECTION IN
IRELAND 2014

Carman, Robert P37 Clostridium difficile RIBOTYPES IN SOUTH WESTERN VIRGINIA 2007-
2014: FITNESS AND VIRULENCE

Golding, George P38 MOLECULAR AND EPIDEMIOLOGICAL CHARACTERIZATION OF
HEALTHCARE-ASSOCIATED Clostridium difficile INFECTIONS 2007-2013,
CANADA

Collins, Deirdre P39 MONITORING AND EXAMINATION OF Clostridium difficile TESTING
REQUESTS IN WESTERN AUSTRALIA

Garneau, Julian P40 RELATIONSHIP BETWEEN MLVA GENETIC TYPES AND CLINICAL
OUTCOMES FOLLOWING INFECTION BY Clostridium difficile RIBOTYPE
027

Androga, Grace P41 CO-INFECTION INVOLVING TOXIN A-NEGATIVE, TOXIN B-NEGATIVE,
BINARY TOXIN-POSITIVE Clostridium difficile

Mallia, Gabriella P42 EVALUATION OF THE EPIDEMIOLOGY AND MICROBIOLOGY OF
Clostridium difficile IN LONG TERM CARE FACILITY RESIDENTS 

Beigot Glaser, Sara P43 METHODS FOR Clostridium difficile ISOLATION FROM ENVIRONMENTAL
SAMPLES

Janezic, Sandra P44 STABLE TREND OF OVERLAPPING Clostridium difficile PCR-RIBOTYPES
BETWEEN HUMAN, ANIMAL AND ENVIRONMENTAL ISLATES IN SLOVENIA,
DURING 2008-2014

Andrés-Lasheras, P45 CARRIAGE OF Clostridium difficile BY WILD ANIMAL SPECIES RELATED
Sara TO PIG FARMS IN SPAIN

Avberšek, Jana P46 Clostridium difficile IN ANIMALS IN SLOVENIA : AN OVERVIEW FOR
YEARS 2005 – 2014 
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Corver, Jeroen P47 WHOLE GENOME SEQUENCING REVEALS POTENTIAL SPREAD OF
Clostridium difficile BETWEEN HUMANS AND FARM ANIMALS IN THE
NETHERLANDS, 2002 TO 2011

Elliott, Briony P48 COMPARATIVE GENOMICS AND ANTIMICROBIAL SUSCEPTIBILITY OF
Clostridium difficile PCR RIBOTYPE 014 ISOLATED FROM HUMANS AND
PIGLETS IN AUSTRALIA 

Garcia, Marta E. P49 ISOLATION OF Clostridium difficile FROM DOGS IN A VETERINARY
CLINICAL HOSPITAL

Ocepek, Matjaž P50 ANTIMICROBIAL SUSCEPTIBILITY PATTERNS OF Clostridium difficile
ISOLATES FROM FAMILY DAIRY FARMS

Moono, Peter P51 PERSISTENCE OF Clostridium difficile PCR RIBOTYPE 237 IN A WESTERN
AUSTRALIAN COMMERCIAL PIGGERY

Norman, Keri P52 USE OF NEXT GENERATION SEQUENCING TO EXPLORE THE DIVERSITY
OF TOXINOTYPE V STRAINS ORIGINATING FROM A CLOSED POPULATION
OF HUMANS AND SWINE

Usui, Masaru P53 DISTRIBUTION AND CHARACTERIZATION OF C. difficile DERIVED FROM
DOGS IN JAPAN, AND THEIR RISK ASSOCIATED WITH HUMAN HEALTH

Blanco, Jose L. P54 METRONIDAZOLE (HETERO)RESISTANT Clostridium difficile ISOLATES OF
ANIMAL ORIGIN: AN OVERVIEW FROM SPAIN

Lim, Su-Chen P55 SUSCEPTIBILITY OF Clostridium difficile TO FOOD PRESERVATIVES
SODIUM METABISULPHITE, SODIUM NITRATE AND SODIUM NITRITE

Wang, Qiong P56 THE DEVELOPMENT OF A NOVEL C. difficile LYSIN TO CONTROL C.
difficile INFECTION IN A MURINE MODEL

Arnaud-Barbe, P57 SEQUENCE CONSERVATION AND VARIABILITY OF C.DIFFICILE TOXINS
Nadège TcdA AND TcdB FROM PREVALENT VARIANT STRAINS AS COMPARED TO

REFERENCE STRAIN USED IN SANOFI PASTEUR'S Clostridium difficile
TOXOID VACCINE 

Anosova, Natalie P58 COCKTAIL OF FULLY HUMAN RECOMBINANT MONOCLONAL ANTIBODIES
AGAINST Clostridium difficile ASSOCIATED DISEASE

Fühner, Viola P59 DEVELPOMENT OF ANTIBODIES TARGETING TcdA AND TcdB OF
Clostiridium difficile

Hutton, Melanie P60 BOVINE COLOSTRUM ANTIBODIES FOR THE PREVENTION AND
TREATMENT OF C. difficile INFECTION AND DISEASE

Batah, Jameel P61 Clostridium difficile FLAGELLIN FLIC PREDOMINANTLY ACTIVATES TLR5-
LINKED NF-KB PATHWAY IN EPITHELIAL CELLS
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Batah, Jameel P62 C. difficile FLAGELLA INDUCE A PRO-INFLAMMATORY RESPONSE IN
INTESTINAL EPITHELIUM IN SYNERGY WITH TOXINS TCDA AND TCDB IN A
CDI MOUSE MODEL.

Lees, Emily P63 CHARACTERISATION OF CIRCULATING Clostridium difficile STRAINS AND
MUCOSAL INFLAMMATORY RESPONSE IN CHILDREN WITH DIARRHOEA IN
MERSEYSIDE, UK 

Patel, Dhaval P64 COMPARISON OF TOXIN NEUTRALIZATION ASSAYS (TNA) FOR
QUANTIFICATION OF C. difficile TOXIN A and B SPECIFIC NEUTRALIZING
ANTIBODIES IN HUMAN SERUM

Janoir, Claire P65 IMMUNOGENIC PROPERTIES OF THE SURFACE LAYER PROTEIN (SLPA) OF
Clostridium difficile AND IMMUNIZATION ASSAYS IN ANIMAL MODELS

Monaghan, Tanya P66 PROFILING HUMORAL IMMUNE RESPONSES TO C. difficile-SPECIFIC
ANTIGENS BY PROTEIN MICROARRAY

Monaghan, Tanya P67 EFFECTS OF BOVINE LACTOFERRIN IN AN IN VITRO HUMAN GUT MODEL
OF C. difficile INFECTION

Gerhard, Ralf P68 THE GLUCOSYLTRANSFERASE OF TOXIN B ACTIVATES NEUTROPHILS

Therien, Alex P69 MECHANISMS OF PROTECTION BY THE ANTITOXIN ANTIBODIES
ACTOXUMAB AND BEZLOTOXUMAB IN RODENT MODELS OF Clostridium
difficile INFECTION

Peng, Yibing P70 INSIGHT INTO ALTERATION OF GUT MICROBIOTA IN C. difficile INFECTION
AND ASYMPTOMATIC C. difficile COLONIZATION

Jukes, Caitlin P71 THE IMPACT OF BILE ACID MODIFICATION ON Clostridium difficile
COLONISATION

Mahnic, Aleksander P72 EFFECT OF C. difficile SPENT MEDIUM ON FECAL MICRIOBIOTA
COMMUNITY STRUCTURE IN A SIMPLE IN VITRO MODEL

Yuille, Samantha P73 UNDERSTANDING GUT INSTINCT: OPTIMISING GUT COLONISATION
RESISTANCE AGAINST Clostridium difficile INFECTION

Janezic, Sandra P74 COMPARATIVE GENOMICS OF Clostridium difficile TOXINOTYPES

Keseler, Ingrid P75 A MODEL-ORGANISM DATABASE FOR Clostridium difficile 630

Slater, Ross P76 CHARACTERIZATION OF LuxS DEPENDENT BIOFILM FORMATION BY
Clostridium difficile
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P1

MULTIPLE RELAPSES WITH CO-INFECTION OF TWO
Clostridium difficile RIBOTYPES- A CASE STUDY

E. Stevenson1, S. Kuehne2, G. Major3, R. Spiller4 and. N. Minton5,

1,2,5Centre for Biomolecular Sciences, School of Life Sciences, University of Nottingham, University
Park, Nottingham, NG7 2RD, UK 3,4Nottingham Digestive Diseases Centre, NIHR Biomedical Research
Unit, QMC West Block E Floor, Queen's Medical Centre, Nottingham, NG7 2UH, UK

Around 20% of patients presenting with initial C. difficile infection (CDI) will suffer from
recurrence, increasing up to 65%, if patients have had prior history of CDI. Patients with CDI
are often elderly and present with multiple co-morbidities, therefore recurrent CDI poses a
significant strain on the healthcare system as it often involves re-admission to hospital. The
financial burden of recurrent CDI is exacerbated due to the costs of re-administrating
diagnostic tests and antibiotics to treat the disease again.

Understanding both the clinical and bacterial factors that contribute to the course of
recurrent infection could contribute to broader knowledge pertaining to the reduction of
recurrence. In this individual case study a patient has presented with two recurrent
infections whilst enrolled on a clinical trial, and thus the strains identified from specimen
samples gathered throughout the trial were obtained to characterise further. Eight stool
samples from the trial participant were collected and up to 20 colonies of C. difficile were
isolated from each sample. Samples were ribotyped in house and via the Clostridium
difficile ribotyping network (CDRN) service in Leeds. Ribotyping revealed the presence of
two C. difficile types (RT002 & RT014) present during the course of recurrent disease. All
isolated strains were tested for antibiotic resistance to metronidazole (MET), vancomycin
(VAN), levofloxacin (LEV); differences in growth in two different media, and differences in
toxin A and B titres as quantified by a toxin A/B ELISA. No isolate was resistant to MET or
VAN but all showed intermediate resistance to LEV. There were also no differences in toxin
A/B titres between any isolate at 24hr or 48hrs. However, there were in vitro growth
differences between isolates of the same ribotype in TY and BHIS broth.

Future work will see characterisation of sporulation profiles to deduce if there are any
differences which could account for predominance of a particular ribotype. Whole genome
sequencing will be used to establish if genetic differences between isolates of the same
ribotype have emerged during the recurrent infection, which could explain the intra-ribotype
growth differences observed. Coupled with this, detailed patient background data will be
used to establish any clinical reasons for CDI recurrence. The overall aim would be to apply
these techniques to a wider panel of trial participants to deduce host and clinical factors
contributing to recurrent CDI.
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P2

COMPARISON OF CLINICAL SEVERITY, GENOTYPE AND
TOXIN GENE EXPRESSION OF BINARY TOXIN-PRODUCIND
Clostridium difficile CLINICAL ISOLETES IN JAPAN

Asami Matsumoto1,2, Kentaro Miyamoto2, Kentaro Oka2, Motomichi Takahashi 2 Yuka Yamagishi1,
Hiroshige Mikamo1

1Department of Clinical Infectious Diseases, Aichi Medical University Graduate School of Medicine,
Aichi, Japan, 2Tokyo R&D Center, Miyarisan Pharmaceutical Co., Ltd., Saitama, Japan

An emerging hyper virulent binary toxin-producing C. difficile strain, BI/NAP1/027, has been
reported in North America and Europe, and has brought a difficult clinical problem. It has
been associated with more severe clinical symptoms and higher mortality rates. However,
recent studies suggest that this may not always be the cases. In this study, we analysed
genotype and toxin gene expression level of binary toxin-producing C. difficile strains
isolated in Japan, to evaluate a correlation with clinical severity.

Eight binary toxin-producing C. difficile strains clinically isolated from 8 inpatients in Aichi
Medical University hospital, Aichi, Japan were used. Identification (16S rDNA), toxin genes
detection (tcdA, tcdB and cdtB) and in-flame deletion typing (18, 39 and 54bp) of tcdC were
analysed using multiplex PCR. Toxin gene expressions (tcdA, tcdB and cdtB) were quantified
by RT-qPCR. For a clinical severity assessment, duration of diarrhoea, duration of
hospitalisation, age, body temperature, blood albumin and WBC counts were retrospectively
investigated using medical chart. Clinical severity score (0 - 4) was calculated by Modified
University of Illinois index.

All of 8 strains were tcdA positive, tcdB positive and cdtB positive. Six strains have 18bp
and 2 have 54bp in-flame deletion in tcdC. All of 8 strains were resolved into 6 PCR
ribotypes (2 strains, ribotype 027; 6 strains, other than 027/078). Toxin gene expression
levels were different among strains (tcdA/rpoA, 0.24±0.04 - 0.73±0.03; tcdB/rpoA, 0.08±0.02
- 0.80±0.10; cdtB/rpoA, 0.30±0.09 - 0.77±0.15). Correlations among tcdA, tcdB and cdtB
were observed except 1 strain, which shows low expression level only in tcdB. Five of 8
patients were classified as severe case (severity score 2 - 4). Although 2 PCR ribotype 027
strains showed relatively high toxin genes expression level, correlation between clinical
severity and toxin genes expression level was not observed.

These results indicate that the possession of binary toxin gene might be not related to high
toxigenicity of C. difficile and clinical severity. The in-flame deletion of tcdC, which is
generally assumed as a negative regulator of tcdA and tcdB, might be also not correlated
with high toxin production of C. difficile. Furthermore, a toxin gene expression level might
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be not necessarily related to clinical symptoms, although it is possible that the underlying
diseases affected the results of severity assessment. Quantification of toxin protein and/or
toxin activity is necessary for a further investigation.
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P3

SYNGERGISTIC EFFICACY OF 405 NM LIGHT AND
HOSPITAL DISINFECTANTS FOR THE ENHANCED
DECONTAMINATION OF Clostridium difficile ON
CLINICALLY RELEVANT SURFACES

Sian Moorhead1, Michelle Maclean1, John E Coia2, Scott J MacGregor1, John G Anderson1

1The Robertson Trust Laboratory for Electronic Sterilisation Technologies (ROLEST), University of
Strathclyde, Glasgow, Scotland ; 2Department of Clinical Microbiology, Glasgow Royal Infirmary,
Glasgow, Scotland ;

The ability of Clostridium difficile to form highly infectious and resilient spores which can
survive in the environment for prolonged periods causes major contamination problems. 
Antimicrobial 405 nm light is capable of inactivating a wide range of organisms, including
endospore-forming bacteria, and is being developed for environmental decontamination
within hospitals, however further information relating to its efficacy against spores is
required. This study aims to establish the efficacy of 405 nm light for inactivation of C.
difficile vegetative cells and spores, and to establish whether spore susceptibility can be
enhanced by the combined use of 405 nm light with low concentration chlorinated and
non-chlorinated disinfectants, in both liquid suspension and on surfaces.

C. difficile vegetative cells and spore suspensions were exposed to increasing doses of 405
nm light (using irradiances of 70-225 mW/cm2) to establish sensitivity. Exposures were
repeated with spores suspended in a range of routine hospital disinfectants at varying
concentrations. Controls were exposed to 405 nm light in the absence of disinfectants, and
disinfectants in the absence of 405 nm light, to establish the sporicidal activity of each
agent alone, and to demonstrate the synergistic effect when combined. These experiments
were repeated with spores seeded onto a range of relevant inert surfaces. A 99.9% reduction
in vegetative cell population was demonstrated with a dose of 252J/cm2, however spores
demonstrated higher resilience, with a 10-fold increase in dose required. Enhanced
sporicidal activity was achieved when spores were exposed to 405 nm light in the presence
of low concentration disinfectants, with a 50% increase in susceptibility when exposed in
the presence of 0.1% sodium hypochlorite. Synergy was also noted with the other
disinfectants used.

In conclusion, C. difficile vegetative cells and spores can be successfully inactivated using
405nm light, and the sporicidal efficacy can be significantly enhanced when exposed in the
presence of low concentrations of disinfectants. Further research may lead to potential use
of 405nm light decontamination in combination with selected hospital disinfectants to
enhance C. difficile cleaning and infection control procedures.
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P4

ENVIRONMENTAL CONTAMINATION OF Clostridium difficile
IN THE PEDIATRIC WARD OF A HOSPITAL IN JAPAN

Murabata Mayumi 1,2, Kato Haru 3, Oinishi Kazuki4, Yano Hisako 5

1School of Nursing, Faculty of Medicine, Mie University, Mie, 2Institute for Clinical Research, Mie National
Hospital, Mie, 3National Institute of Infectious Diseases, Tokyo, 4Nissui Pharamaceutica Co.,Ltd., Tokyo
and 5Nagoya City University, Graduate School of Nursing, Aichi

Clostridium difficile is increasingly recognized as an important pathogen in children
particularly with cancer or inflammatory bowel disease. Contaminated environmental
surfaces may play an important role in transmission of the organism. Especially in pediatric
wards in Japanese hospitals, toilet support such as changing diapers is performed by
mothers of patients not by medical staffs, which may cause more environmental
contamination with C. difficile. In this study, inanimate environments of a pediatric ward
were examined for C. difficile.

A total of 113 environmental sites commonly touched by patients, their families, and
medical staffs at the pediatric ward and the classroom for hospitalized children (e.g. sinks,
toilet seats, bed frames, call buttons, bedside tables, commodes, floors, and toy box) were
cultured. Environmental sampling was repeated five times.

C. difficile was detected from 28 (25%) of 113 sites examined at least once. Of 39 isolates
recovered, 13 were toxin A-negative, toxin B-positive and identified as PCR ribotype trf. The
type trf was recovered from environmental sites of patient rooms, utility room, toilet,
playroom, and classroom, indicating that type trf spread out over the ward and the
classroom, which located in a different building. The second frequent type was PCR ribotype
002, which contaminated the utility room and toilet. PCR ribotype smz was detected from
stool specimens of a child with leukemia as well as from environmental surface of his
bedside (personal belongs, curtain, and bedside commode) and toilet for wheelchair users. 

These results indicate that education for standard precaution including hand hygiene to
children and their families in addition to proper and careful environmental cleaning are
necessary for control of C. difficile infection in pediatric ward. 
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P5

CHARACTERISING DIAGNOSTIC BIOMARKERS FOR
Clostridium difficile

Lawry Beth1, McNeil Calum1, Anil Wipat2, Neil Keegan1

1Institute of Cellular Medicine, Diagnostic & Therapeutic Technologies, Newcastle University, Newcastle
upon Tyne, NE2 4HH, UK 
2School of Computing Science, ICOS, Newcastle University, Newcastle upon Tyne, NE1 7RU, UK 

Clostridium difficile infection (CDI) is the leading cause of nosocomial diarrhoea in the
developed world. The prevalence of community-acquired infection, especially in elderly
care homes, is increasing. The current ‘gold standard’ for diagnosing CDI is stool culture,
followed by a cell cytotoxicity neutralisation assay. However, these methods are labour
intensive and time consuming therefore, they are seldom used. More rapid means of
diagnosing CDI, for example, toxin enzyme immunoassays, are less sensitive and/or specific.
Accurate and early detection of CDI is crucial for the successful treatment of, and minimising
transmission between, patients. In current ESCMID guidelines, a two-step algorithm is
recommended for more effective diagnosis. The initial step screens for the presence of C.
difficile and the second test determines toxigenic infection. 

In this current study, bioinformatics, a novel database, and cloud computing were utilised
to identify unique biomarkers which, could be exploited for the initial C. difficile screen. It
was imperative that these targets were within proteins expressed on the surface of the
bacteria. The biomarker also needed to be exposed on the surface of the protein itself,
making it accessible even when the cell is intact. This biomarker position will allow for rapid
detection, as it removes the need for time consuming pre-treatment of cells. 

Several biomarkers were identified. The most promising target was predicted to be, located
on the surface of the S-Layer, unique to C. difficile, and found within all searched strains of
the organism. The S-Layer is a paracrystalline structure that envelops the cell. Unlike other
bacteria, the C. difficile S-Layer is made up of two post-translationally cleaved proteins, the
high- and low-molecular weight surface layer proteins, HMW SLP and LMW SLP. The
identified biomarker is situated on the surface of the HMW SLP.

Monoclonal antibodies were produced using this unique biomarker as the epitope.
Laboratory techniques, such as Western blot and ELISA, showed that these antibodies were
specific to C. difficile and do not bind to other bacteria, including closely related species.
Also, these antibodies successfully bind to whole C. difficile cells and therefore, could be
integrated in to a rapid detection system. This sensitive and specific sensor could be used
as the initial screen in the two-step algorithm to diagnose CDI. 
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P6

CLINICAL CHARACTERISTICS OF Clostridium difficile
RIBOTYPE 017 AND 018 INFECTIONS

Yeon-Jae Kim, Jieun Kim, Mi-Ran Seo, Jung Oak Kang 1, Hyunjoo Pai

Division of Infectious Diseases, Clinical Microbiology1, College of Medicine, Hanyang University, Seoul,
Korea

Background: Epidemics of Clostridium difficile infection (CDI) have occurred in North
America and Europe over recent decades, largely attributed to spread of ribotype 027
strains. In Asian countries, different ribotype strains such as toxin A-negative/toxin B-positive
ribotype 017 and PCR ribotype 018 are circulating, but clinical characteristics of CDI caused
by these strains are not clearly recognized. Objective of this study was to clarify the clinical
characteristics of CDI caused by PCR ribotype 017 and 018.

Materials & Methods: From February 2010 through January 2013, all CDI patients were
enrolled. PCR ribotypes of C. difficile isolates were characterized using reference strains,
and clinical information was collected through retrospective review of the medical records.
Results: Among 513 cases of toxigenic culture positive CDI enrolled during the period, 136
(26.5%) were caused by ribotype 017, 156 (30.4%) by ribotype 018, and 221 (43.0%) by
other ribotypes, respectively. Clinical characteristics of CDI by ribotype 017, ribotype 018
and others were compared. Compared to CDIs by other ribotypes, mean age was higher
(69.0 vs. 64.9, P=0.006), more patients had a history of antibiotics within previous 2 months
(92.3% vs. 85.5%, P=0.043), blood WBC count was higher (median, *103/mm3, 9.8 vs. 8.7,
P=0.013), and severity index score was higher (mean±SD, 1.2±0.8 vs. 0.9±0.7, P<0.001) in
ribotype 018 group. However, treatment failure rate and mortality at the 30th day from CDI
episode (30-day mortality) were not different between the two groups. Comparing clinical
characteristics between ribotype 017 group and other ribotypes groups, ribotype 017 group
had more chronic illness (Charlson comorbidity index score mean±SD, 3.7±2.6 vs. 3.0±2.6,
P=0.010), lower albumin level (mean±SD, 3.0±0.6 vs. 3.2±0.5, P=0.003), and longer
hospitalization before this episode (median day, 25.0 vs. 15.0, P=0.001). As for clinical
outcome, there was no difference in treatment failure or improvement within 3 days of
treatment, however, the 30-day mortality was significantly higher in ribotype 017 group than
other ribotypes group (9.6% vs. 3.6%, P=0.021). Logistic regression analysis for the 30-day
mortality was performed; significant risk factor for the 30-day mortality was WBC count in
blood ≥ 10,000 mm3 (OR 3.158, CI 1.331-7.492, P=0.008) and albumin level in blood ≤2.5
mg/dL (OR 3.974, CI 1.749-9.028, P=0.001).

Conclusion: CDI by ribotype 017 resulted in a higher 30-day mortality in univariate analysis,
but in logistic regression model, risk factor for the 30-day mortality was WBC ≥10,000/mm3
and albumin level ≤2.5mg/dL.
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PREDICTING POOR DISEASE OUTCOMES OF Clostridium
difficile INFECTION: THE QUEST FOR MORE ANSWERS?

Fabio Miyajima1,2, Andrew Swale1,3, Paul Roberts2, Carina Nakamura1, Margaret Little1,2, Nick Beeching2,4,
Mike Beadsworth2, Tracey Farragher5, Christopher Parry2,6, Munir Pirmohamed1,2

1The Wolfson Centre for Personalised Medicine, University of Liverpool, Liverpool, UK; 2Royal Liverpool
and Broadgreen University Hospitals Trust, Liverpool, UK; 3Liverpool Women’s Hospital, Liverpool, UK;
4Liverpool School of Tropical Medicine, Liverpool, UK; 5Leeds Institute of Health Sciences, University
of Leeds, Leeds, UK; London School of Hygiene and Tropical Medicine, London, UK 

Clostridium difficile infection (CDI) is associated with high rates of complications, death and
prolonged bed utilisation but such outcomes albeit common, are very difficult to predict.
As a multi-faceted condition, CDI poses difficulties for the development of a robust
framework for adequately phenotyping and stratifying patients. A multitude of studies
attempted to determine key risk factors using routine clinical and microbiological parameters
for the prediction of unfavourable patient outcomes, yet with inconclusive results. Critically
there is limited understanding of how host factors interact and account for variability in
patient response to Clostridium difficile infection (CDI). 

Using a prospective cohort of 450 well-characterised consecutive inpatients (300 cases
and 150 diarrhoea controls). we sought to: a) determine independent risk predictors of
previously adopted CDI outcomes (severe-complicated disease, recurrence and mortality),
as well as prolonged disease symptoms; b) Investigate a panel of faecal and serological host
biomarkers in relation to CDI, including previously reported associations with genetic
polymorphisms (IL8 -251A/T), faecal biomarkers (Lactoferrin and Calprotectin) and adaptive
immune response against C.difficile toxins (immunoglobulins against tcdA and tcdB). Where
commercial tests were available, experimental work was conducted following manufacturer’s
instructions; for the remaining parameters, biomarker assays were developed and optimised
using appropriate technologies. Case-control and sub-group analyses of cases were
conducted using both bivariate and multivariate regression models employing parameters
previously described in the literature, and their performance and robustness assessed using
cross-validation techniques. 

Our results demonstrated that whilst bivariate associations were observed between a
number of previously described risk factors and the outcomes of this study, comparative
statistical assessment of the multivariate models revealed that these models were unlikely
to be generalisable and therefore difficult to be translated to the bedside. Similarly,
examination of previously described host biomarkers rendered mixed results and limited
utility for most of them.
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Before advancements can be made, there is a need for standardisation across multiple
areas in future studies and further collaborative efforts for the recruitment of large and well-
defined prospective cohorts are required to circumvent study heterogeneities. Global
approaches for the identification of novel, more predictive host response factors are also
warranted to aid the development of robust prediction rules and tailor interventional
strategies. 
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P8

PREVALENCE OF PATIENTS INFECTED WITH MULTIPLE
Clostridium difficile RIBOTYPES AT THE UNIVERSITY OF
NOTTINGHAM HOSPITALS TRUST 2013/14. IS THIS A
PRECURSOR FOR RELAPSE?

Michelle M. Lister1, Emma Stevenson1, Giles Major2, Mathew Diggle3, Robin Spiller2, Nigel P. Minton1,
Sarah A. Kuehne1.

1Clostridia Research Group, Centre for Biomolecular Sciences, School of Life Sciences, The University
of Nottingham, Nottingham, United Kingdom. 2NIHR Nottingham Digestive Diseases Biomedical
Research Unit at Nottingham University Hospitals NHS Trust and the University of Nottingham,
Nottingham, United Kingdom. 3Department of Microbiology, Queens Medical Centre, Nottingham
University Hospitals Trust, Nottingham.

Clostridium difficile associated diarrhoea (CDAD) cases within the United Kingdom have
been falling since 2007, however they still cost the National Health Service (NHS) £100,000s
every year. It is estimated that 19-35% of patients with CDAD will relapse, of these relapses
up to 50% will relapse for a second time. Relapse may occur with either the same strain or
a new strain (reinfection). The reasons for relapse are not well understood. We hypothesise
that a patient who is co-infected with two or more ribotypes is at a higher risk. All patients
at the University Of Nottingham Hospitals Trust during the period 1st November 2013 to
31st October 2014 were considered for this study. The first 100 consecutive patients who
provided a C. difficile toxin positive stool sample without a recorded episode of CDAD within
the preceding year were identified and included in the study. Per patient up to 20 individual
C. difficile isolates were ribotyped and patterns compared to assess co-infection. These
patients were also monitored for future episodes of CDAD until 31st December 2014. In
total 13 patients relapsed (mean days 49), with one patient relapsing twice and another
patient relapsing four times. A total of 113 patient stool samples were cultured resulting in
2209 individual isolates for ribotyping. Of the analysed patient stool samples to date (N=67),
eight have shown two distinct ribotype patterns (11.94%). Ribotype numbers have been
assigned by the Clostridium difficile Research Network (CDRN) to 33 isolates from 29 patient
samples. Ribotype 023 (N=6) is the most common, followed by 002 (N=5) and 005 & 015
(both N=3). Two of the 13 relapsing patients were confirmed to have the same ribotype
during both episodes of CDAD (PT05 – RT005 & PT12 – RT023) but were not co-infected. 

In summary the prevalence of >2 ribotypes in a single patient sample is higher than reported
in the current published literature. However, data so far does not suggest that co-infection
facilitates relapsing infection. Further typing of the remaining cohort may reveal ribotype
specific relapsing patterns and is currently underway.
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CLINICAL SIGNIFICANCE OF CYTOTOXICITY AND
TOXIGENIC CULTURE IN Clostridium difficile INFECTION

Reigadas E.1, Alcalá L.1, Marín M.1, Catalán P1. and Bouza E1.

1Department of Clinical Microbiology and Infectious Diseases, Hospital General Universitario Gregorio
Marañón, Madrid, Spain

Background: Clostridium difficile infection (CDI) is the leading cause of hospital-acquired
diarrhoea in developed countries. Although an optimal diagnosis is crucial, laboratory
diagnostics remain challenging. Currently, the reference methods are direct cytotoxicity
assay and toxigenic culture, however there is controversy in the interpretation of discordant
results of these tests. Identifying the clinical implications of these two methods is critical
for infection control and treatment of CDI. 

Objective: The aim of our study was to determine the clinical significance of detecting C.
difficile alone by toxigenic culture. 

Methods: We conducted a prospective study in which patients aged >2 years with diarrhea
and detection of toxigenic C. difficile by either direct cytotoxicity, toxigenic culture or both
(CDI) were enrolled and monitored at least 2 months after their last episode. 

Results: During the 6-month study period, we identified 169 episodes meeting CDI criteria
that had been tested by both assays, out of which 115 were positive for both cytotoxicity
assay and toxigenic culture, and 54 CDI episodes (31.9%) were positive only by toxigenic
culture. Overall, patients median age was 71.3, 50.9% were male and the most frequent
underlying disease was malignancy. The comparison of CDI episodes positive for both
assays and by toxigenic culture alone revealed the following: other enteropathogens present
(0.9% vs 1.9%; p=0.538), mild to moderate CDI (77.4% vs 94.4%; p=0.008), severe CDI
(21.7% vs 5.6%; p=0.008), severe complicated (0.9% vs 0.0%; p=1.000), pseudombranous
colitis (1.7% vs 1.9% p=1.000), recurrence (17.4% vs 14.8%; p=0.825), overall mortality (8.7%
vs 7.4%; p=1.000) and CDI related mortality (2.6% vs 0%; p=0.552).

Conclusion: CDI episodes positive by cytotoxicity assay were more severe than those
positive only by toxigenic culture, however there were a significant proportion of CDI cases
(31.9%) that would have been missed if only cytotoxicity had been considered, including
10% of severe CDI cases and one third of patients with pseudombranous colitis. A diarrheic
episode with a positive test by toxigenic culture and a negative result for cytotoxicity should
not be ruled out as colonization without clinical assessment.
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P10

CLINICAL EVALUATION OF A NOVEL Clostridium difficile
MOLECULAR ONE STEP TEST SYSTEM

M. Hell1, R. Brunauer²

1Paracelsus Medical University, Salzburg, Austria
2Private Laboratories, Dr. Georg Mustafa/Dr. Hans Richter, Salzburg, Austria 

Objectives: Many laboratories and hospitals are following ESCMID guidelines for the
diagnosis of C. difficile infections (CDI) and carry out a two- or three-step algorithm. Those
guidelines promote nucleic acid amplification test (NAAT) as being superior to toxins A/B
enzyme immunoassay (EIA) as a standard diagnostic test for CDI, however, stating that false
positives are of concern. We tested a new NAAT system that combines C. difficile-specific
GDH gene amplification with toxin A, B and binary toxin gene amplification to provide a one-
step method with a computed algorithm to prevent false positive results. 

Methods: The GENSPEED® C.diff OneStep test kit was used to evaluate fresh stool samples.
The test kit comes with a simple pre-analytics protocol and ready to use multiplex PCR mix.
PCR products are then hybridized onto the test chip containing gene-specific probes and
controls. Measurement and analysis of the chemi-luminescence signals are performed by
the GENSPEED® Reader and Report Software. An overall of 199 stool samples were analysed
by the routine method as well as by GENSPEED® C.diff OneStep and another molecular
biological test system (both two-step algorithms) in 2-months-period. Inclusion criteria were
liquid or semi-liquid stool samples and suspected CDI. Samples were first tested by the
routine, culture-based method before they were evaluated by GENSPEED® C.diff OneStep
and illumigene® C. difficile test system.

Results: After analysis of discrepancy among the 199 samples 12 were rated positive for
CDI representing a prevalence of 6 %. The GENSPEED® C.diff OneStep test showed a
sensitivity of 83,3 %, a specificity of 100 % resulting a positive predictive value (PPV) of
100 % and a negative predictive value (NPV) of 98,9 %. All tests performed using the
GENSPEED® C.diff OneStep Test System gave valid results.

Conclusion: This easy to handle, new single step, high-speed, molecular test-system
provides promising results with a high specificity and an acceptable sensitivity.
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TOXIGENICITY OF Clostridium difficile STRAINS ISOLATED
FROM GDH-POSITIVE FAECAL SAMPLES

Paul Roberts1, Leandro Carneiro2, Tim Neal1, Munir Pirmohamed3, Fabio Miyajima3

1Liverpool Clinical Laboratories, Royal Liverpool and Broadgreen University Hospitals Trust, Liverpool,
United Kingdom, 2Federal University of Rio de Janeiro, Rio de Janeiro, Brazil, 3The Wolfson Centre for
Personalised Medicine, University of Liverpool , Liverpool, United Kingdom

Background: Recent studies suggest that C.difficile carriers may be an important reservoir
in both healthcare settings and in the community. Since the introduction of multi-step
testing algorithms, there is an increased epidemiological role for individuals testing positive
for the presence of C.difficile antigen GDH but negative for toxin EIA (TOX), so-called
potential C. difficile ‘excretors’, as an important source of transmission of Clostridium difficile
infection (CDI). We aimed to investigate the proportion of these individuals in relation to
CDI cases and the molecular profile of the strains in a consecutive group of patients from
a large hospital setting in Liverpool.

Methods: For a two year period between May 2012 and April 2014 faecal samples were
tested with a combined GDH and toxin EIA (TOX) test (Techlab C.diff Quik Chek Complete)
as part of a two-step algorithm for CDI testing. All GDH+ samples were cultured, regardless
of the TOX result. Isolates were tested for the presence of toxin genes by multiplex PCR
and PCR-ribotyping was performed according to established methods.

Results: A total of 357 GDH+, TOX- and 240 GDH+, TOX+ samples were cultured, yielding
298 and 233 isolates, respectively. Of the 298 GDH+, TOX- isolates, 193 (65%) were found
to carry genes for toxin A and/or B, whilst 105 (35%) were deemed non-toxigenic. Among
the 193 toxigenic isolates, PCR-ribotype 014 (18%) was the most frequently identified,
followed by RT002 (12%), RT015 (11%), RT020 (8%), RT005 (7%) and RT078 (5%). This
distribution was similar to that of isolates cultured from CDI patients who were found to be
TOX+, except for an increased incidence of RT027 in the latter.

Conclusions: While 35% of faecal samples testing GDH+/TOX- in our setting yielded a non-
toxigenic isolate, the majority of samples contained an isolate possessing toxin genes that
could potentially cause CDI. This reinforces the potential contribution of these individuals
as a reservoir for nosocomial transmission of CDI and provides basis for incorporation of a
confirmatory nucleic acid amplification test (NAAT) for real-time detection of toxin genes
into current diagnostic algorithms. 
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COMPARISON OF TWO MULTI-STEP ALGORITHMS FOR
DIAGNOSIS OF Clostridium difficile INFECTION

Alcalá Luis1, 3, 4, Reigadas Elena1, 3, Marín Mercedes1, 3, 4, Martín Adoración1, Catalán Pilar1, 3, 4, and Bouza
Emilio1, 2, 3, 4

1Department of Clinical Microbiology and Infectious Diseases, Hospital General Universitario Gregorio
Marañón, Madrid, Spain; 2Medicine Department, School of Medicine, Universidad Complutense de
Madrid, Madrid, Spainb; Instituto de Investigación Sanitaria Gregorio Marañón, Madrid, Spainc; Centro
de Investigación Biomédica en Red de Enfermedades Respiratorias (CIBERES CB06/06/0058), Madrid,
Spaind

Rapid diagnosis of Clostridium difficile infection (CDI) is crucial for an adequate infection
control strategy. Multi-step algorithms based on the detection of glutamate dehydrogenase
by EIA and confirmation of positive results by a toxin A or B gene amplification test (TGAT)
with or without the use of detection of toxins A+B by EIA as an intermediate test have
recently emerged as the most used procedure for rapid CDI detection. The purpose of this
study was to compare two EIAs detecting both GDH and toxins A+B (C. Diff Quik-Chek
Complete, QC, TechLab; and CERTEST Clostridium difficile GDH+Toxin A+B, CER, Certest)
used as stand-alone assays and in combination with a TGAT (Xpert C. difficile assay, Xpert,
Cepheid) as confirmatory test within a multi-step algorithm. 

During a two month-period, all stool specimens received in our laboratory for CDI diagnosis
were tested upon reception or after overnight storage at 4ºC in parallel with direct
cytotoxicity assay, toxigenic culture, QC and CER as stand-alone tests and QC- and CER-
based algorithms. The gold standard was the combination of direct cytotoxicity assay with
stool specimens and cytotoxicity assay with isolates. 

A total of 278 stool specimens were included in the study. The gold standard detected
toxigenic C. difficile in 41 stool specimens (14.7%). Validity values of QC and CER used as
stand-alone tests, and QC- and CER-based algorithms were, respectively, as follows (%):
sensitivity (53.7/39.0/87.8/82.9), specificity (99.2/96.2/98.7/95.8), positive predictive value
(91.7/64.0/92.3/77.3), and negative predictive value (92.5/90.1/97.9/97.0). Xpert testing was
required in 9.4% of specimens in the QC-based algorithm and in 11.5% of specimens in
the CER-based algorithm. Estimated time to perform a batch of 5 specimens by both EIAs
was of 30 mn for QC and 12 mn for CER. Used as stand-alone assays, both EIAs showed to
be highly insensitive to diagnose CDI and, therefore, they should always be used together
with molecular procedures within multi-step diagnostic algorithms. In this sense, QC-based
algorithm showed better results than that obtained by the CER-based algorithm due,
especially, to a greater specificity and positive predictive value.
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DEVELOPMENT OF AN ULTRA-SENSITIVE Clostridium
difficile TOXINS A AND B ASSAY USING A DIGITAL
TECHNOLOGY

Banz Alice1, Riou Brigitte1, Lantz1 Aude, Pease Camille1, Foussadier Agnes1

1BioMérieux, Marcy L’Etoile, France

Detection of Clostridium (C.) difficile toxins A&B in fecal sample of the patient for the
diagnosis of C. difficile infection (CDI) is challenging as immunoassays lack sensitivity. For
these reasons, many laboratories are using molecular assays for toxin gene detection.
Nevertheless, the presence of genes not always correlate with the presence of functional
toxins. The objective of this study was to evaluate a new technology, the Simoa digital
technology, to develop an automated assay able of quantitative detection of very low
quantity of toxins A&B in the fecal sample.

Several antibodies (Abs) were tested with purified native and recombinant toxins A&B
(coming from hyper-virulent and non-hyper-virulent strains), with several C. difficile strains
(30 toxigenic strains A+/B+ and A-/B+, 6 non-toxigenic strains A-/B-) and 10 potential
interfering bacteria. Abs with the broader pattern of detection and showing discrimination
between toxigenic and non-toxigenic strains were selected. These Abs were then evaluated
with 40 clinical samples characterized for the detection of C. difficile glutamate
deshydrogenase (GDH) and toxins. All samples positive for the detection of C. difficile toxins
A&B were detected with both assays (A&B), except two samples which gave a negative result
with the toxin A assay. One of these two samples was confirmed as A-negative B-positive
sample. Two samples positive for toxin B gene and negative for C. difficile toxins by
immunoassay gave a negative toxins A&B result on Simoa technology. Finally, the
optimization of the raw materials and assay format on the Simoa technology was done to
achieve a limit of detection of 0.06 and 0.8 pg/ml for native toxin B and A, respectively, with
a detection up to 1000 pg/ml. 

In conclusion preliminary results are encouraging allowing the detection of very low quantity
of toxins A and B in fecal samples. The opportunity to improve the sensitivity of the current
ELISA assays for CDI diagnosis and the specificity by toxin detection instead of gene
detection is now possible with this new Simoa technology. Further studies will be required
to determine specific cut-offs on this assay for toxin A&B detection. 
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THE IMPLEMENTATION OF A RT-PCR STANDALONE TEST
MAINTAINS STABLE THE NUMBER OF Clostridium difficile
INFECTION EPISODES IN A TERTIARY RESEARCH HOSPITAL

Erminia Casari, Marilena Calabrò, Cristina Daleno, Concetta De Luca, Antonella Ferrario, Cristina
Scuderi.

Humanitas Research Hospital, via Manzoni,56 20090 Rozzano, Italia

In the last years a great deal of effort has been directed towards the economic aspects of
Clostridium difficile infections in the hospital setting and to the best diagnostic algorithm to
reduce time for diagnoses and to obtain best performance in terms of sensitivity and
specificity. In 2012 we decided to introduce a commercial RT-PCR test for diagnosis of
Clostridium difficile infection as a standalone test prescribing stringent rejection policies
for specimen acceptance, in particular, no formed stools were analyzed, no repeat tests
was performed till 7 days in case of a previous negative result and till 15 days in case of a
previous positive result. The purpose of this particular approach is to demonstrate a
consistent reduction in Clostridium difficile infections do to the short time to obtain the
result, the great sensitivity of the test implemented and the consequent rapidity in the
starting of PCR-positive patient isolation procedures.

In these last 3 years we analyzed 2255 unformed fecal specimens coming from the different
wards of our Hospital only with Xpert ® C.difficile assay (Cepheid, Sunnyvale, CA) with a
time to complete test of 40 minutes. The test has been performed from Monday to Sunday
as soon as the stool sample arrived in the laboratory and in case of a positive result the
patient’s physicians are warned as soon as possible by a phone call and the patient is placed
in a single room alone or cohorted in a double room with another PCR- positive patient.
Metronidazole or vancomycin for 10-14 days was administered. After patient discharge
environmental cleaning and disinfection of the entire room has been arranged before the
next patient occupied the same room.

We performed a total of 678 RT-PCR tests in 2012, 769 in 2013 and 808 in 2014. The
number of Clostridium difficile infection episodes expressed in terms of 1000 days of
admissions has been 4,3, 4,37 and 4,21 in 2012, 2013 and 2014 respectively and in terms
of 10000 days of hospital stay has been 2,90, 3,02 and 2,85 in the same year

The possibility of implement a rapid reporting time test with optimal specificity and
sensitivity characteristics in conjunction with epidemiological control procedures like patient
isolation and room disinfection maintain stable in our hospital setting the number of
Clostridium difficile infection during the last three years. 

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
Abstracts of poster presentations

94



P15

DIFFERENTIATING VIRULENT 027 AND NON-027
Clostridium difficile BY MOLECULAR METHODS 

Silja Mentula1, Sanna Laakso2, Outi Lyytikäinen1, Juha Kirveskari2

1Department of Infectious Diseases, National Institute for Health and Welfare (THL), Helsinki, Finland,
2Mobidiag Ltd., Espoo, Finland

Hypervirulent Clostridium difficile strains were first believed to be genetically homogenous
clade, but has later been shown to include not only several lineages of ribotype 027 but
also other ribotypes. We present data on additional non-027 strains, identified as
presumptive 027 by two commercial molecular C. difficile assays and compare the results
with in-house PCR for toxin genes, and ribotype profiles. 

The 18 tested clinical isolates were selected from national reference laboratory collection
on the basis of close resemblance of their ribotype (banding pattern) and/or toxin gene
profile (Paloc + CDT PCR products) to those of ribotype 027. 

Xpert®C.difficile/Epi assay misclassified five ribotypes (016, 019, 080, 176 and Finnish type
67, resembling type 046) as presumptive 027 and Amplidiag™ C. difficile+027 assay two
ribotypes (016, 176). The Finnish type unk. 67 ribotype profile is identical to ribotype 046,
but the strain differs from the reference strain by producing binary toxin and having a small
deletion in tcdC instead of no deletion. The ribotype profiles of types 016 and 176 differ
from 027 by a single band, and 080, 019 and unk. 67 by 3-4 bands.

Our findings confirm the concept that there are closely related outliers to hypervirulent 027
clones that can be misclassified as 027, and that these comprise of numerous ribotypes,
including previously reported four ribotypes (198, 176, 244, 019), and additional three (016,
080, Finnish type 67) identified in the present study. All of these misclassified strains carry
binary toxin gene and a deletion in tcdC gene. Commercial tests are useful in classifying or
grouping strains, but surveillance and typing are needed to stay updated in the changing
epidemiology and challenges. Strains closely related to 027 are emerging and awareness of
them and understanding of their relevance is gradually building-up.
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A MULTI-CENTRE PERFORMANCE EVALUATION STUDY OF
THE ORION GENREAD® Clostridium difficile TEST

Boisset Sandrine1, Matero Pirjo2, Vuento Risto3, Tuokko Hanna4, Kauppila Jaana4, Venho Liisa3, Huttu
Marika3, Ansaranta Sari 4, Malila Tiina4, Maurin Max1, Siebert Claire1, Sjöblom Solveig 2, Elgh Johanna2,
Mäki Minna2 and Hirvonen Jari 3

1Grenoble University Hospital Centre, Laboratoire de Bactériologie, CHU de Grenoble CS 10217, 38
043 Grenoble Cedex, France; 2Orion Diagnostica Oy, P.O.Box 83, 02101 Espoo, Finland; 3Fimlab
Laboratories, PL 66, 33101 Tampere, Finland; 4Nordlab Oulu, Kajaanintie 50, 90220 Oulu, Finland

The Orion GenRead® C. difficile test is an isothermal, qualitative DNA amplification assay
intended for in vitro diagnostic identification of toxigenic Clostridium difficile directly from
unformed faecal samples collected from patients suspected of having C. difficile infection
(CDI). The test targets the toxin B gene (tcdB) of C. difficile pathogenicity locus (PaLoc). 
A multi-centre performance evaluation study was carried out to evaluate the performance
of the Orion GenRead C. difficile test in three testing sites in Northern and Central Europe.
The accuracy of the test was evaluated by a method comparison study where a total of
1160 faecal samples from patients suspected of having CDI were analysed prospectively
using the Orion GenRead C. difficile test and comparative methods. The comparative
methods were the isothermal amplification based assay illumigene® C. difficile (Meridian
Bioscience), the real-time PCR based assay IMDx C. difficile (Abbott Laboratories) and the
C. difficile glutamate dehydrogenase (GDH) antigen based assay C. DIFF QUIK CHEK®
(TechLab) and a combination of the GDH assay and the real-time PCR based assay Xpert®
C. difficile (Cepheid). On the basis of the compiled data, when faecal patient specimens
collected in conventional specimen containers were used, the overall agreement between
the Orion GenRead C. difficile test versus illumigene C. difficile was 97% (397 samples
analysed), versus IMDx C. difficile 99% (170 samples analysed) and versus the combination
of C. DIFF QUIK CHEK® assay and Xpert® C. difficile the overall agreement was 97% (156
samples analysed). The overall agreement between Orion GenRead C. difficile test and IMDx
C. difficile was 98% when analysed with 437 faecal patient specimens collected in
FecalswabsTM (Copan Italia Spa). 

The precision of the Orion GenRead C. difficile test was evaluated by a reproducibility study
where the same set of blind coded samples was tested at the manufacturer’s site and at
two participating laboratories. Only one sample out of the 450 tested samples was reported
as false positive due to contamination caused by an operator error. The total percent
agreement between the three laboratories was 99.8%. Based on these results, the Orion
GenRead C. difficile test is a robust, sensitive and specific method for detecting toxigenic
C. difficile in faeces.
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THE IMPACT OF THE INTRODUCTION OF FIDAXOMICIN ON
THE MANAGEMENT OF Clostridium difficile INFECTION IN 7
NHS SECONDARY CARE TRUSTS IN ENGLAND

Philip Howard 1, Stuart Brown2, Leslene Edwards3, Deborah Gnanarajah4, Simon Goldenberg 5, David
Jenkins3, Deepa Nayar3, Monika Pasztor 6, Tim Planche7, Jonathan Sandoe1, Paul Wade5, Laura Whitney7

1Leeds Teaching Hospitals NHS Trust, Leeds, UK; 2County Durham & Darlington NHS Foundation
Trust,Durham, UK; 3University Hospitals of Leicester NHS Trust, Leicester, UK;4Derby Hospitals NHS
Foundation Trust,Derby, UK; 5Guy's and St Thomas' NHS Foundation Trust, London, UK; 6University
Hospitals of Morecambe Bay - NHS Foundation Trust, Kendal, UK; 7St George's Healthcare NHS Trust,
London, UK

Objectives: C. difficile infection (CDI) is associated with high mortality. Reducing incidence
is a priority for clinicians, payers and Public Health England alike. In June 2012 fidaxomicin
(FDX), was launched for the treatment of adults with CDI. The objective of this evaluation
was to collect robust real world data to understand the cost-effectiveness of fidaxomicin
when introduced in routine practice. 

Methods: Local service evaluations were conducted between September 2013-September
2014 in 7 centres introducing FDX between July 2012-July 2013. Data were collected
retrospectively from medical records on CDI episodes occurring 12 months before (Pre-
FDX) and after the introduction of FDX (post-FDX). Pre-FDX patients were treated with
vancomycin or metronidazole. All hospitalised patients aged ≥18yrs with primary CDI
(diarrhoea with the presence of toxin A/B without a previous CDI in the past 3 months) were
included. Recurrence was defined as in-patient diarrhoea re-emergence requiring treatment
anytime within 3 months. The dataset included; patient characteristics, CDI severity,
treatment, place of acquisition, date of onset/resolution, resource use and cost utilisation
(length of stay, procedures, re-admissions).

Results: Where FDX was used for all episodes (pre/post periods comparable), there was a
significant reduction in 28-day mortality from 18.2% to 3.1% (P<0.001) and 17.3% to 6.3%
(P<0.05) for centres A and B respectively. Cost effectiveness was calculated in these centres
using; recurrence=£20,249, FDX=£1620, vancomycin=£61.84, overall recurrence rates of
12.1% and 23.5% pre-FDX for centre A and B and 3.1% in both centres post-FDX. Treating
50 patients with FDX would result in 4 and 10 less recurrences with a cost saving of £19,490
and £121,144 for centre A and B respectively. 

Conclusion: Fidaxomicin was adopted for different use and in different types of patients
across centres, however, when used first-line it was associated with a significant reduction
in recurrence rates. The pattern of adoption of FDX appears to affect its impact on CDI
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outcomes, with the best recurrence, all-cause mortality and cost effectiveness seen where
it was used as the first line treatment rather than in selected patients only. This is
increasingly important as infection control measures reduce the incidence of CDI, leaving
within-patient recurrence as the remaining challenge to be met.
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SER-109, AN ORAL THERAPEUTIC COMPOSED OF
BACTERIAL SPORES, CATALYZED DIVERSIFICATION OF THE
GUT MICROBIOTA AND PREVENTION OF RECURRENT
Clostridium difficile INFECTION 

Sahil Khanna1, Darrell S. Pardi 1, Colleen R. Kelly2, Collen S. Kraft3, Tanvi Dhere3, Matthew R. Henn4,
Mary-Jane Lombardo4, Marin Vulic4, Toshiro Ohsumi4, Jonathan Winkler4, Christina Pindar5, Roger J.
Pomerantz4, John G. Aunins4, David N. Cook4, Elizabeth L. Hohmann5

1Mayo Clinic, Rochester MN; 2The Miriam Hospital, Women’s Medicine Collaborative, Providence RI;
3Emory University School of Medicine, Atlanta GA; 4Seres Health, Inc., Cambridge MA; 5Massachusetts
General Hospital, Boston MA

Abstract: Clostridium difficile infection (CDI) is a debilitating condition characterized by
persistent diarrhea and pseudomembranous colitis, and is responsible for at least 29,000
deaths annually in the U.S. After antibiotic treatment, approximately 25% of patients develop
recurrent CDI. After a patient has recurred twice, the likelihood of further recurrences rises
as high as 60-80%. Subsequent courses of antibiotics have poor efficacy for recurrent
disease, and their use reduces the diversity of the gut microbiota. Fecal microbiota
transplant (FMT) has emerged as an efficacious treatment for recurrent CDI. This therapy
introduces a diverse mix of bacterial species into the gut that likely outcompete C. difficile
for resources; however, FMT is not ideal due to a variety of factors, including non-
standardized preparation, an invasive delivery method, and the potential for transmission
of pathogens. We hypothesized that a subset of the gut microbiota, spore-forming members
of the order Clostridiales, may be sufficient to prevent re-colonization of C. difficile in
infected patients. Therefore, we developed a preparation of bacterial spores derived from
the stool of healthy donors, called SER-109. In Study No. SERES-001, a Phase I/II clinical
trial, thirty patients with recurrent CDI (at least 3 CDI episodes in the previous 12 months)
received SER-109 oral capsules. 86.7% (26/30) of patients met the protocol-defined primary
efficacy endpoint (absence of diarrhea with a positive C. difficile test through week 8). The
overall clinical cure rate, defined as the absence of CDI requiring antibiotic treatment during
the 8-week period after SER-109 dosing, was 96.7% (29/30). The clinical cure rate included
3 patients with diarrhea and a positive C. difficile test between Days 5 and 9; diarrhea
resolved without antibiotic therapy and stool samples were C. difficile negative at week 8.
No patient experienced a drug-related serious adverse event over the 24-week period
following treatment. Stool samples were collected prior to treatment with SER-109 and post-
treatment on days 0 and 4, and at weeks 1, 2, 4, 8, and 24 for analysis by sequence- and
culture-based methods in order to detect changes in the composition of the gut microbiota.
Next-generation amplicon sequencing of the bacterial 16S rRNA gene revealed a rapid and
significant increase in microbial diversity. Increased diversity resulted in part from durable
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engraftment of species found in SER-109, which were detectable up to 24 weeks after
treatment. We also observed outgrowth of non-SER-109 species, e.g. Bacteroides spp. and
Parabacteroides spp., which were undetectable in several patients prior to treatment, but
are commonly found in the gut of healthy individuals. Culture-based methods additionally
demonstrated a 102 to 106-fold reduction in colonization by vancomycin-resistant
Enterococcus sp. (VRE) in 8 patients with detectable VRE at baseline, as well as decreased
titers of opportunistic pathogens belonging to the family Enterobacteriaceae. In the 27
patients carrying Klebsiella spp. at baseline, titer decreased in 25/27 (93%) by 4 weeks after
SER-109 treatment, and in 18/27 (67%), the titer decreased more than 100-fold. In this
exploratory trial, SER-109, a first-in-field microbiome therapeutic, led to increased diversity
of the microbiome, reduced carriage of pathobionts in the gut, and prevention of recurrent
CDI with a favorable safety profile in a high-risk patient population.
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HIGH PREVALENCE OF BINARY TOXIN PRODUCING
Clostridium difficile AMONG HOSPITALIZED SYMPTOMATIC
PATIENTS IN WESTERN AUSTRIA 2014

Lenka Baskova1, Markus Hell 2, Andreas Jungwirth1, Christa Bernhofer2, Patrick Stalzer2, Monika Bender1,
Alexander Indra3 and Franz Allerberger3. 

1Division of Medical Microbiology, Institute of Laboratory Medicine, Salzburg, Austria,, 2Department of
Infection Control and Hospital Epidemiology, Salzburg, Austria;
1 and 2: University Hospital Salzburg, Paracelsus Medical University , Salzburg, Austria.
3National Reference Centre for Clostridium difficile, Agency for Health and Food Safety, Vienna, Austria
and Paracelsus Medical University, Salzburg, Austria.

Several prevalence studies in Austria during the last years demonstrated a rising number of
binary toxin producing C. diff in hospitalized patient due to ribotype 027 in eastern Austria
but not in the western parts of the country. Therefore we set up a small regional prospective
study from December 2013 to August 2014 characterizing molecular pattern of 110
detected C.diff strains isolated from stool specimen originating from 6 hospitals (including
our university hospital). Ribotyping and detection of the genes for toxin A, toxin B and binary
toxin were performed. In addition, three most abundant deletions in tcdC gene were parallel
investigated and correlated with binary toxin production and ribotype. 

In 19 isolates (17,3% of all 110 samples) the binary toxin gene was detected. Ribotype 078
belonged with in total 11 isolates to the most frequent ribotype in the study. Four next
binary toxin positive isolates were derived from a single patient with recurrent disease and
detected as ribotype 027. The remaining four isolates of binary toxin positives belonged to
other various ribotypes. The second most common ribotype found was ribotype 001 (10
isolates, 9%). Moreover, detecting the tcdC deletions we have found 9 isolates with 18 bp
deletion not associated with ribotype 027. Those isolates were tested as binary toxin
positive or negative and belonged to different ribotypes (001, 081, AI-84, 080, 235). Within
the ribotype 078 - or 001 patient group no clinical-epidemiological link or suspected
transmission has been demonstrated suggesting the prevalence derived from the
community.

Considerably high prevalence of binary toxin producing C. diff was found for the first time
in a patient cohort in Austria. Due to laboratory diagnostics lacking routine detection of the
binary toxin gene until now the number of CDI patients with ribotype 078 and others was
underestimated inadvertently in the community in western Austria. These observations urge
to further alterations in the routine laboratory diagnostics and broader clinical and
epidemiological investigations.
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Clostridium difficile INFECTION IN SLOVENIAN HOSPITALS
– A POINT PREVALENCE STUDY

Rupnik Maja 1,2, 3, Černelč Peter4, Kerin Povšič Milena6, Kotnik Kevorkijan Bozena5, Lešničar Gorazd8,
Muzlovič Igor4, Smrke Dragica4, Štabuc Borut4, Tomič Viktorija7, Lejko Zupanc Tatjana4

1University of Maribor, Faculty of Medicine, Maribor, Slovenia; 2National Laboratory for Health,
Environment and Food; Maribor, Slovenia; 3Centre of excellence Cipkebip, Ljubljana, Slovenia;
4University Clinical Centre Ljubljana; 5University Clinical Centre Maribor; 6Institute of Oncology ;
7University clinic of respiratory and allergic diseases Golnik; 8General hospital Celje

This point prevalence study aimed to determine incidence and epidemiology of C. difficile
infection (CDI)/colonization in Slovenian hospitals, and frequency of CDI at different hospital
departments. Different types of hospitals were selected including two large University
teaching hospitals, a larger general hospital and two specialized hospitals (oncology and
pulmonary diseases). Daily and weekly samplings were performed in 2013. Each patient
with diarrhoea at the day of sampling point was included and a stool sample was collected
irrespective of other stool samples for routine diagnostics. In all hospitals, paediatric wards
and psychiatry wards were excluded from the study. An electronic version of questionnaires
was put in place including data on clinical status at the sampling point, after one month
and after three months, as well as microbiological analysis. Only the results for
microbiological analysis will be presented here.

Detection was performed with GDH testing combined with toxin test (C. DIFF QUIK CHEK
COMPLETE® test, Alere), molecular detection of toxin gene (illumigene® C. difficile, Meridian),
direct isolation on commercial selective medium (chromID® C. difficile, bioMerieux) and
enrichment in selective broth (Oxoid C. difficile broth with Oxoid supplement SR0096E,
lysozyme (5 mg/l) and sodium cholate (1 %). During the daily sampling 42 diarrheic patients
were tested; 6 (13,6%) had toxigenic C. difficile and 9 (20,4%) were C. difficile positive
(toxinogenic or non-toxinogenic). During the weekly sampling 32 diarrheic patients were
tested and 8 (25%) were positive for toxinogenic C. difficile and 10 (31,2%) were positive
for C. difficile irrespective of toxin status. 

According to the daily sampling results the percentage of diarrheic patients in Slovenian
hospitals/wards ranged from 0,6% to 5,6% and the proportion of diarrheic patients with C.
difficile ranged from 0,1 % to 1%. In non-outbreak situation this percentage was highest in
oncological patients.

Nineteen strains were distributed into 15 ribotypes indicating non-outbreak situation during
the study period.
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Clostridium difficile INFECTION AMONG HOSPITALIZED
HIV-INFECTED INDIVIDUALS IN ITALY: EPIDEMIOLOGY AND
RISK FACTORS (2002-2013).

Di Bella Stefano1, García-Almodóvar Esther2, Gallone Maria Serena3, Taglietti Fabrizio1, Topino Simone1,
Galati Vincenzo1, Johnson Emma4, Stella Maria Carmen1, D’Arezzo Silvia1, Petrosillo Nicola1

1National Institute for Infectious Diseases “L. Spallanzani”, Rome, Italy; 2Son Espases University Hospital.
Palma of Majorca, Spain; 3Aldo Moro University of Bari, Italy; 4University of Sheffield, UK

Background: Immunosuppression is a known risk factor for C. difficile infection (CDI). The
immune deficiency predisposing to CDI among HIV-infected individuals is not well
understood, despite an increasing incidence of CDI among such individuals. Our aim was
to estimate the incidence and to evaluate the risk factors of CDI among a population of HIV
infected individuals.

Methods: We conducted a retrospective case-control (1:2) study. Clinical records of HIV
positive inpatients admitted to the National Institute for Infectious Disease “L. Spallanzani”,
Rome, Italy were reviewed, from January 2002 to December 2013. Cases, i.e. HIV positive
hospitalized patients with CDI, and controls, i.e. HIV positive hospitalized patients without
CDI were matched by gender and age. Only healthcare facility (HCF)-onset, HCF-associated
(HO-HCFA) CDI were included. A CDI episode was considered as a positive C. difficile toxin
assay.

Results: From 2002 to 2013, 15 537 HIV-infected patients were admitted to our Institute
(Fig. 1). We found 79 episodes of HO-HCFA CDI (5.1 per 1000 HIV hospital admissions, 3.4
per 10000 HIV patient-days) (Fig. 2). The mean age of patients was 46 years. CDI occurred
12.7 days after admission (Fig. 3). Length of hospital stay was 2.3 times more for cases
compared to controls. Eleven patients (13.9%) among cases and 10 patients (6.3%) among
controls died during the hospital stay (p = 0.05). A risk factor analysis was performed. At
multivariate analysis, lower serum immunoglobulin G level at admission was independently
associated with CDI infection among HIV patients (Table 3). 

Conclusions: We found an increasing incidence in CDI cases among HIV infected patients
admitted to our Institute from 2008 to 2013. Low serum immunoglobulin G levels at
admission are associated with an increased risk of developing CDI among HIV-infected
patients. A deficiency in humoral immunity appears to play a major role in the development
of CDI among HIV-infected patients. 
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UNDERSTANDING MOLECULAR EPIDEMIOLOGY OF
Clostridium difficile IN SCOTLAND

C.Goswami 1, U. Z. Ijaz1, D.J.Brown2, C.A.Marwick3, C. Wiuff4, A-Lan Banks4 , J.E Coia2, G.R.Douce1

1Institute of Infection, Immunity and Inflammation, University of Glasgow, Glasgow, UK; 2Scottish
Microbiology Reference Laboratories, Glasgow Royal Infirmary, Glasgow, Scotland, UK; 3Medical
Research Institute, University of Dundee, Dundee, UK; 4Health Protection Scotland, Glasgow, Scotland,
UK.

Clostridium difficile infection (CDI) is a leading cause of healthcare-associated diarrhoea
and since 2007 in Scotland marked changes to intervention strategies including infection
control and antibiotic stewardship contributed to an overall 70% reduction in infection rates.
In parallel, there has been a shift in the prevalence of particular ribotypes from those which
were fluoroquinolone resistant (001, 027, 106) to other ribotypes such as 005, 014, 015,
078. The reason why these new PCR-ribotypes are becoming dominant is unclear at present
although the increased rates of C. difficile being diagnosed within the community rather
than a healthcare setting rather have a role in the increasing prevalence of these strains. 

To study this hypothesis in more detail, whole genome sequencing is being used to examine
the evolutionary relationships between these isolates. At present, DNA has been isolated
from a collection of 299 isolates of C. difficile from patients whose infections can be defined
as community or hospital associated. The collection includes strains isolated over a seven
year period (2007-14) from a number of geographical regions. 

Genomic samples have been sequenced on Illumina MiSeq at the University of Glasgow
Polyomics facility to obtain 300bp long pair-end reads. These were quality trimmed and
subsequently mapped against the fully annotated 630 genome. From the mapped
alignments the single best alignment for each read was screened and reads discarded that
aligned with low identity or to multiple (ambiguous) locations in the reference sequence. In
addition, SNPs appearing in tight clusters suggesting recent recombination events were
excluded as they could mask the true phylogenetic signal. Variants detected in multiple
reads were then combined together to generate a unique sequence of SNPs and indels to
which each sequence was compared using a fully automated SNP calling pipeline. Data
generated as a consequence were then employed to generate phylogenetic trees. Using
PERMANOVA, geographical origins of different strains were found to be significant (p<0.01)
at both fine and mesoscopic scale indicating localized transmission. Furthermore, time of
isolation also appeared significant suggesting discrimination of evolutionary events maybe
possible. Further refinement of this pipeline is ongoing but the findings will inform the design
of new infection control interventions for C. difficile in the future. 
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EMERGING Clostridium difficile PCR RIBOTYPE 251
INFECTION IN WESTERN AUSTRALIA

Hsueh-En Hong1, Daniel R Knight1, David W Eyre2,3 Derrick W Crook2,3, Lauren Tracey4 and Thomas V
Riley1,5

1School of Pathology and Laboratory Medicine, The University of Western Australia, Queen Elizabeth
II Medical Centre, Nedlands, Western Australia; 2Nuffield Department of Clinical Medicine, University
of Oxford, Oxford, United Kingdom; 3National Institute for Health Research, Oxford Biomedical Research
Centre, Oxford, United Kingdom; 4Western Australia Department of Health, Perth, Western Australia;
5PathWest Laboratory Medicine, Queen Elizabeth II Medical Centre, Nedlands, Western Australia.

Introduction: Recently, there have been reports from some regions of the world of a decline
in Clostridium difficile infection (CDI) caused by PCR ribotype (RT) 027 and an increase in
frequency of CDI due to related strain types belonging to clade 2 (RTs 176, 198 and 244).
All states in Australia have reported a significant increase in rates of CDI since mid-2011. In
Western Australia (WA), all isolates of C. difficile are ribotyped, allowing us to document the
emergence of new strains. One such strain that has increased in frequency Australia-wide
is RT251 - a strain seen rarely outside North America. The reasons for the emergence of
RT251 in Australia remain unclear. Herein, we report the results of some preliminary studies
looking at RT251 prevalence, genetic background and clinical significance in WA. 

Methods: RT 251 strains (n=15) were isolated from 12 patients in WA between 2011 and
2014. Genetic characterisation of two isolates of RT251 from two different hospitals in WA
in 2012 (one in Perth and one a regional hospital 450 km from Perth) was carried using a
variety of techniques including; toxin profiling, whole genome sequencing (WGS), in silico
multilocus sequence typing (MLST), microevolutionary analysis by ClonalFrame and
comparison of single-nucleotide variants (SNVs) between isolates. For comparative
purposes, a RT251 strain isolated from a patient in Brisbane, Australia in 2012 (some 4,400
km from Perth), was also studied.

Results: Five of the 12 cases of RT251 infection were community-associated. All isolates
carried the virulence genes tcdA/tcdB and cdtA/B. MLST showed RT251 to belong to ST231,
which resides within MLST clade 2. ST phylogeny revealed ST231 clusters with ST41 (RT244
- single loci variant) and is different at four loci from ST1 (RT027). Notably, comparison of
the genomes of three geographically and temporarily distinct isolates of RT251 showed
them to be indistinguishable (zero single nucleotide variants). 

Conclusions: The genetic similarities between RT251 and other hypervirulent clade 2 RTs
indicate its potential to cause severe disease. Moreover, the finding of indistinguishable
strains recovered from independent CDI cases, hundreds and thousands of km apart, is
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significant and suggests all patients were exposed to a common source, most likely in the
community. Further surveillance and comparative genomic analyses are required to
determine the significance of RT251 in Australia and elsewhere. 
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MOLECULAR EPIDEMIOLOGY OF Clostridium difficile AT A
HOSPITAL IN JAPAN: SHIFTS IN THE PREDOMINANT PCR
RIBOTYPE OVER A NINE-YEAR PERIOD

Ito Yoichiro 1, Kato Haru 2, Senoh Mitsutoshi 2, Fukuda Tadashi 2, Sugie Takehiko 1, Ogawa Kengo 1,
Matsushita Tomomichi 1, Takahashi Yuuji 1, Nagura Kazuo 1, Hatano Yuuji 3, Morita Eri 3

1Department of Internal Medicine, Japanese Red Cross Gifu Hospital, Gifu, Japan 
2Department of Bacteriology II, National Institute of Infectious Diseases, Tokyo, Japan
3Clinical Laboratories, Japanese Red Cross Gifu Hospital, Gifu, Japan

Objectives: In North America and Northern Europe, the emergence of Clostridium difficile
PCR ribotype 027 has been noted, but on the other side, regional variation has been
reported. The aim of this study was to investigate the prevalent PCR ribotypes in a hospital
in Japan and to know nosocomial transmission of specific strains of C. difficile.

Methods: Subjects were 108 patients who suffered from Clostridium difficile infection (CDI)
from January 2005 to December 2013 in Gifu Red Cross hospital, a general hospital with
311 beds. Patients with diarrhea, whose stool specimens were positive for toxigenic culture
were defined as having CDI. C. difficile isolates were analyzed by the PCR ribotyping
technique.

Results: A total of 135 isolates of C. difficile recovered from 135 episodes of 108 patients
were available for analysis. Of the 135 isolates, 87 (64.4%) were toxin A-positive, toxin B-
positive, and binary toxin-negative (A+B+CDT-), 15 (11.1%) were toxin A-positive, toxin B-
positive, and binary toxin-positive (A+B+CDT+), and 33 (24.4%) were toxin A-negative, toxin
B-positive, and binary toxin-negative (A-B+CDT-). The most predominant type was PCR
ribotype trf (A-B+CDT-) (24.4%), followed by PCR ribotype smz (A+B+CDT-) (22.2%), and PCR
ribotype 002 (A+B+CDT-) (14.1%). While PCR ribotype smz was most frequently isolated in
2005, the predominant type was shifted to PCR ribotype trf in 2006 and 2007. PCR ribotype
002 has been identified since 2008 and was the most frequent type in 2009. The increase
of PCR ribotype smz was observed in 2010 and this type was most prevalent again in 2011.
Of 15 A+B+CDT+ isolates, 6 from 3 patients were identified as type 027, although CDI due
to 027 occurred sporadically. Of 21 patients with recurrent CDI, 19 patients relapsed with
the original PCR ribotype strain and 2 patients acquired another PCR ribotype strain.

Conclusions: The molecular epidemiology of CDI in our hospital was characterized by
changing the dominance of specific C. difficile PCR ribotypes three times over a nine-year
period.
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PREVALENCE OF TWO PCR RIBOTYPES, SMZ (018) AND
TRF (369) OF Clostridium difficile IN JAPAN

Haru Kato,1Mitsutoshi Senoh,1 Tadashi Fukuda,1Paul Roberts,2 Fabio Miyajima,2 Keigo Shibayama1

1Department of Bacteriology II, National Institute of Infectious Diseases, Tokyo, Japan, 
2Royal Liverpool and Broadgreen University Hospitals NHS Trust, Liverpool, UK.

The recent decades have been characterized by an epidemic of Clostridium difficile
infection due to PCR ribotype 027 (BI/NAP1/027) that is resistant to new fluoroquinolones.
However, in Japan, no outbreaks caused by 027 have been reported so far. In contrast, we
have reported that a specific type, PCR ribotype smz was dominant at multiple hospitals in
Japan since the 1990s. 

In this study, a total of 120 C. difficile isolates recently recovered from 15 hospitals in non-
outbreak settings and 39 isolates from outbreaks at two hospitals in Japan were examined.
Among the 120 isolates collected in non-outbreak settings, PCR ribotype smz (toxin A-
positive, toxin B-positive, binary toxin-negative) was most frequently identified (34.2%),
followed by PCR ribotype trf (toxin A-negative, toxin B-positive, binary toxin-negative)
(15.8%), PCR ribotype 002 (13.3%) and PCR ribotype 014 (10.8%). We found only 5 binary
toxin-positive isolates, of which PCR ribotype 027 and PCR ribotype 078 were identified in
each one. Among 21 isolates from a hospital in an outbreak setting, PCR ribotypes smz, trf
and 014 were prevalent. At another hospital, type ysmz, whose band pattern was nearly
identical to that of smz, and type trf concurrently caused an outbreak. PCR ribotype smz
was found to correspond to type 018 using Cardiff-nomenclature, which was reported to
be prevalent in Italy and Korea. PCR ribotype trf was identified as Cardiff-type 369 but not
as type 017, while the emergence of 017 C. difficile was reported in Poland, Ireland, Korea
and China. High rate of resistance against gatifloxacin, moxifloxacin, erythromycin, and
clindamycin was observed in PCR ribotype smz /ysmz isolates and all isolates typed as PCR
ribotype trf here were highly resistant to erythromycin and clindamycin. 

In conclusion, PCR ribotype smz (018)/ysmz with resistance against all four antibiotics
tested, and PCR ribotype trf (369) resistant to erythromycin and clindamycin were identified
as major types not only circulating but causing outbreaks in Japan.
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GENOTYPE TRANSITION OF Clostridium difficile AT A
THOROUGHBRED RACEHORSE CLINIC IN JAPAN FROM
2010– 2014

Hidekazu Niwa1, Haru Kato2, Mitsutoshi Senoh2, Tadashi Fukuda2, Yuta Kinoshita1, Taisuke Kuroda1,
Takanori Ueno1, Akihito Ochi1, Yoshinari Katayama1

1Equine Research Institute, Japan Racing Association, Japan,
2Department of bacteriology II, National Institute of Infectious Diseases, Japan

Clostridium difficile has been recognized as an important cause of acute enterocolitis in
horses. At the 4th ICDS we reported the sequential occurrences of C. difficile infection (CDI)
by PCR ribotype 078 at a racehorse clinic in Japan from 2010 to 2011. Although all of the
CDI cases at the clinic occurred postoperatively in hospitalized horses, the numbers of
community-associated (CA) cases or cases not associated with surgery have increased in
the last few years. Here, we investigated the relationship between C. difficile isolate
characterization and the recent transition of CDI at the clinic. We examined 19 C. difficile
isolates obtained from 17 horses. The isolates were obtained from the feces or intestinal
contents of horses either hospitalized at the clinic or visited but not hospitalized between
May 2010 and May 2014 because of intestinal disorders. PCR detecting tcdA, tcdB, and cdtA
was performed to confirm the toxigenicity of the isolates. PCR ribotyping and slpA
sequencing were also performed on isolates found to be toxigenic. All 6 cases from 2010
to 2011 occurred after surgery, and 5 of them were in hospitalized horses. All 6 were fatal.
PCR ribotype 078 was isolated from every horse including a mixed infection in one horse
with 2 PCR ribotypes (2 slpA sequence types). All of the ribotype 078 isolates from these
cases were A+B+CDT+. The other PCR ribotype, hnc08162, was A+B+CDT-. In contrast, only
3 of the 11 cases from 2012 to 2014 occurred in hospitalized horses. Two of the 3 were
fatal. Ribotype 078 was isolated from 2 of the hospitalized horses and ribotype 014 from
the remaining hospitalized horse. The remaining 8 horses had not been hospitalized but
had previously been given antimicrobials at the stables for primary illnesses such as
transport fever, pneumonia, or cellulitis. Seven out of the 8 cases in the unhospitalized
horses were fatal. Seven different PCR ribotypes (8 slpA sequence types) were observed in
the 8 unhospitalized horses. Mixed infection with 2 PCR ribotype was observed in one
unhospitalized horse. Three of the PCR ribotypes (078, 027, rh13124) were A+B+CDT+ and
1 was A-B+CDT-. The remaining isolates were A+B+CDT-. The incidence of CA-CDI in this
racehorse clinic has therefore increased dramatically, with the emergence of a variety of
PCR ribotypes, in the last few years. Most of the nosocomial CDI cases at the clinic involved
ribotype 078, whereas the CA-CDI cases were caused by a variety of PCR ribotypes. Fatality
rates were extremely high, regardless of the ribotype, the kind of toxin produced, or the use
of metronidazole.
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DIAGNOSTIC PERFORMANCE OF Clostridium difficile
INFECTION AND Clostridium difficile EPIDEMIOLOGY IN A
TERTIARY CARE HOSPITAL IN SOUTH KOREA IN 2014

Kim Heejung, Kim Wan Hee, Kim Myungsook, Lee Kyungwon

Department of Laboratory Medicine and Research Institute of Bacterial Resistance, Yonsei University
College of Medicine, Seoul, Korea

We evaluated the performance of routine diagnostic test of Clostridium difficile infection
(CDI) and the change of epidemiology of C. difficile isolates in our hospital in 2014. 

A total of 4,155 loose stool specimens were collected from suspected CDI patients from
January to October, 2014. Xpert C. difficile assay (Xpert CD assay; Cepheid, USA) and
toxigenic culture using tcdB PCR were routinely performed for the diagnosis of CDI. Of the
746 isolates tested, 548 (73.5%) were toxigenic. The rate of toxigenic C. difficile isolation
was 13.2%. In comparison to toxigenic cultures, the sensitivity, specificity, and positive and
negative predictive values were 82.9%, 96.6%, 80.1%, and 97.2%, respectively, for the Xpert
CD assay. 

PCR was used to detect toxin A, B, and binary toxin genes. PCR ribotyping was performed
on unduplicated toxigenic strains. The proportion of A-B+ isolates was 7.6% and all showed
the same banding pattern in ribotyping, which was identical to the pattern of C. difficile
1470 strain (UK017). The proportion of binary toxin-positive strains was 4.4% and all were
toxin A+ B+. Among them, UK078 was prevalent (47.3%). The most common ribotype was
UK018 (30.0%), followed by UK014/020 (10.8%), UK017 (7.6%), UK002 (7.2%), UK015 (5.8%),
UK012 (5.3%), and UK001 (3.7%). 

In conclusion, the sensitivity of Xpert CD assay was decreased than previous our study,
100% in 2012 (Shin et al, Ann Lab Med, 2012). The proportion of A-B+ isolates decreased
and most common ribotype was switched over from UK017 in 2011 to UK018 in 2014.
However, the proportion of binary toxin-positive strains showed no remarkable change for
the past 10 years. 

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
Abstracts of poster presentations

110



P28

CLONALITY OF Clostridium difficile PCR RIBOTYPE 018
STRAINS IN A TERTIARY HOSPITAL ANALYZED BY MLVA
(MULTILOCUS VARIABLE-NUMBER TANDEM REPEAT
ANALYSIS)

Mi-Ran Seo, Jieun Kim, Jung Oak Kang 1, Yeon-Jae Kim, Hyunjoo Pai

Division of Infectious Diseases, Clinical Microbiology1, College of Medicine, Hanyang University, Seoul,
Korea

Background: C. difficile PCR ribotype 018 is the most prevalent strain in Korea and Japan.
Although more than 30% of the hospital-acquired C. difficile infection (CDI) was caused by
ribotype 018 strains in our hospital, information for the clonality of those strains was limited.
We analyzed the clonality of PCR ribotype 018 strains collected from hospital-acquired CDI
patients over 3 years using MLVA. 

Materials & Methods: 149 strains of PCR ribotype 018 strains were selected from 487
isolates of C. difficile from January 2009 to December 2011. MLVA was performed using the
6 variable-number tandem repeat (VNTR) loci: CDR4, CDR5, CDR9, CDR48, CDR49, and
CDR60. The genetic relationships among the genotypes were determined by clustering them
according to MLVA type using the number of differing loci and the summed absolute
distance as coefficients for calculating the minimum spanning tree (MST).

Results: Thirty-five of 140 (25%) isolates were PCR ribotype 018 in 2009, 59 of 177 (33.3%)
in 2010 and 55 of 170 (32/4%) in 2011. A total of 68 MLVA types were identified from 149
PCR ribotype 018 strains: 18 types in 2009, 30 types in 2010 and 34 types in 2011. Based
on the summed tandem-repeat distance (STRD) ≤2, 68 MLVA types were categorized into 4
clonal complexes, including 2 major clonal complex of CC-I and CC-II. CC-I was composed
of 45 MLVA types from 109 isolates, and distributed mostly in 2009 and 2010: 88.6% (31/35)
in 2009, 94.9% (56/59) in 2010, and 40% (22/55) in 2011. On the other hand, CC-II
composed of 13 MLVA types from 29 isolates mostly distributed in 2011: 0 in 2009, 3.4%
(2/59) in 2010, and 49.1% (27/55) in 2011.

Conclusion: PCR ribotype 018 strains from a tertiary hospital over 3 years showed a close
clonal relationship. However, predominant clonal complex in a hospital looked changing
over the years.
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MONITORING OF Clostridium difficile INFECTIONS IN
REGION OF WESTERN SERBIA

Sladjana Pavic1, Milica Jovanovic2

1General Hospital Uzice, Uzice, Serbia
2Clinic for Infectious and Tropical Diseases, Belgrade, Serbia

A Clostridium difficile infection (CDI) is a type of bacterial infection that can affect the
digestive system. It most commonly affects people who have been treated with antibiotics.
In recent years, Clostridium difficile has become the main cause of bacterial infectious
diarrhea in nosocomial settings. CDI can range from mild to life-threatening. 

We prospectively investigated patients with CDI in General Hospital Uzice, between 01.01.
2009 and 31.12. 2014. Demographic data, information about the clinical course and
evaluation of disease were obtained from hospital records. Clinical diagnosis was confirmed
by Clostridium difficile toxins A and B using immunochromatographic rapid test. 

The total of 294 patients (172 male, 122 female) were diagnosed for CDI. The incidence rate
of CDI was 0.1% in 2009, 0.2% in 2010, 0.3% in 2011, 0.9% in 2012, 1.1% in 2013, 0.9% in
2014. Mean age at onset was 68.4+/-9.1 (range: 20-89), and 262 (89.1%) patients were older
then 65yr. Before onset of CDI, 279 (95.3%) patients were treated by antibiotics: 118 (40%)
were treated by ciprofloxacin, 91 (31%) by clindamycin, and 74 (25%) by cephtriaxon, 182
(62%) were treated by two or more antibiotics. Median duration of antibiotic treatment was
14 days. Comorbidity (diabetes mellitus, liver cirrhosis, heart diseases, chronic dialysis,
hematological diseases, immunocompromised status) were notified in 268 (91.2%) patients.
The complications of the diseases (dehydratation and acute kudney failure, perforated colon
and peritonitis, toxic megacolon) were notified in 144 (49%) patients. The case fatality was
5 (1.7%). Age, comorbidity, duration of diarrhoea, are evaluated as predicting factors for the
development of complications of CDI. Multivariate linear regression analysis revealed
comorbidity as the most important positive variable (B 0.278; S.E.0.094; P 0.004).

In conclusion, patients with CDI are older aged, have comorbidity, and significantly more
frequently were treated by antibiotics. Associated diseases are the most important
predicting factor for the development of complications of CDI. The increases in CDI
incidence and severity make Clostridium difficile one of the most important healthcare-
associated pathogens.
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Clostridium difficile AT TWO HEALTH INSTITUTIONS IN
BELGRADE - INCREASING AWARENESS OF THE INFECTION

M. Jovanović1, T. Tošić1, B. Stošović1, Z. Stojanović Varagić1, G. Lazarević2, N. Indjić3, S. Jovanović1

1Clinical Center of Serbia, Belgrade, Serbia, 2University Children’s Clinic, Belgrade, Serbia, 3Center for
Preventive Medical Care Belgrade, Belgrade, Serbia

BACKGROUND: Infection with toxin-producing Clostridium difficile (CD) strains is a common
cause of diarrhoea and pseudo-membranous colitis in the hospital setting. Nowadays it is
becoming a growing problem in Serbia.

GOALS: We aimed to study the frequency of CD isolates from Clinical Center of Serbia
(CCS) and another healthcare institution, Specialized Hospital for Cerebrovascular Diseases
Sveti Sava (SS), both of them from Belgrade. 

METHODS: Stool samples from all patients of CCS and SS with symptoms of CDI are
processed at the Bacteriology laboratory of Clinic for Infectious and Tropical Diseases, which
is a part of CCS. The laboratory database was queried from January 1, 2009 to December
31, 2014. Samples were considered positive either if immunochromatographic toxin A
and/or toxin B stool testing was positive or if it was the culture for CD. Data collected
included location of patients where they were hospitalized.

RESULTS. The total number of stool samples was increasing from 2009 to 2014, displaying
linear trend of growth. The number or positive samples rose from 2009-2012 (20, 43, 204,
752), then slightly decreased (719 and 691). Compared to the total number of analyses, the
decrease of positive samples was significant (p<0.01). Although in the majority of clinics the
number of positive samples was decreased from 2012 to 2014, it was increased in Clinic
for Cardiology, Cardiosurgery and Cardiovascular Diseases; Clinic for Gastro-Enterology and
Clinic for Pulmonary Diseases and Tuberculosis. The greatest number of positive results in
the whole period is obtained from Clinic for Infectious and Tropical Diseases (37.9%), either
from Admission department (16.3%) or Inpatients departments (21.6%).

CONCLUSION. After the initial increase of positive samples yielding CD, in the last two years
that number slightly decreased, despite of steady increase of total number of analyses,
indicating the increased awareness of CD infection. Clinic for Infectious and Tropical
Diseases serves all cases suspicious for CD infection, no mater if the patients have been
hospitalized before and discharged or if they came from the community. It explains the
37.9% of all positive samples obtained from that Clinic.
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TOXIGENIC Clostridium difficile STRAINS IN HOSPITALIZED
PATIENTS 
1E. Trajkovska-Dokic, 1K. Popovska, 1K. Mihajlov, 2N. Jankulovski 

1Institute for Microbiology, Medical faculty, Skopje, R. Macedonia
2University clinic for abdominal surgery, Skopje, R. Macedonia

Background: Clostridium difficile - associated diarrhea (CDAD) is a common nosocomial
infection and in some cases it may lead to pseudomembranous colitis (PMC). The impact
of toxigenic Clostridium difficile colonization (tCDC) in hospitalized patients is still undefined.
The aim of the study was to analyse the significance of tCDC in hospitalized patients. 

Material and methods: In the period from October 2013 to September 2014 was performed
a prospective study at four surgical wards. In the study were included 50 and 15 adult
patients, with AAD and non-AAD, respectively. All of them were between 35 and 70 years
of age. Stool specimens of all subjects were inoculated on cycloserin-cefoxitin fructose agar
(CCFA) and incubated anaerobicaly, at 37oC for 48 hours to isolate C. difficile. They also
were tested for the presence of CD toxin A/B, by immunochromatographic test for the
qualitative detection of C. difficile toxin A and toxin B (Mascia Bruinelli, Italy). 

Results: C. difficile was isolated in 11 out of 50 (22 %) stool specimens, while 14 of them
(28 %) were positive for CD toxin A/B. C. difficile was isolated in two out of 25 control stool
specimens only, but none was positive for the CD toxins. 

Conclusions The isolation of C. difficile in patients with diarrhoea could represent a small
part of their intestinal microflora, or be a feco-oral contamination, but isolation of toxigenic
C. difficile showed that patients are suffering from C. difficile associated disease, like AAD.
Our study revealed that 28% of the examined adult patients with AAD hospitalized at surgery
ward were infected with toxigenic C. difficile strains. 
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CARRIAGE OF Clostridium difficile IN HOSPITAL PATIENTS
IN SPAIN, INCLUDING MOLECULAR CHARACTERIZATION,
ANTIMICROBIAL SUSCEPTIBILITY AND MULTILOCUS
SEQUENCE TYPING COMPARAISON WITH BELGIAN
BACTERIAL ISOLATES

Rodriguez Cristina1, Delmée Michel2, Avesani Véronique2, Taminiau Bernard1, Van Broeck Johan2,
Fernandez Jonatan3, Boga Jose Antonio3, Vazquez Fernandez3, Daube Georges1.

1Food Science Department, FARAH, Faculty of Veterinary Medicine, University of Liège, Liège, Belgium.
2Microbiology Unit, Faculty of Medicine, Catholic University of Louvain, Brussels, Belgium.
3Service of Microbiology, Hospital Universitario Central de Asturias, Oviedo, Spain.

Increasing age, several co-morbidities, environmental contamination, antibiotic exposure
and other intestinal perturbations appear to be the greatest risk factors for C. difficile
infection (CDI). Therefore, hospitalized patients are considered particularly vulnerable to
CDI. The main objective of this study was to evaluate the prevalence of C. difficile in a
Spanish hospital and to characterize the isolates with respect to the PCR-ribotype, antibiotic
resistance and toxin activity. In addition, multilocus sequence typing (MLST) was performed
in order to study clonal relationships between C. difficile isolates obtained from two different
countries. Culture of samples was performed in a selective medium cycloserine cefoxitin
fructose cholate. An identification of the isolated colonies was done by PCR detection of
tpi, tcdA, tcdB and cdtA genes. Toxic activity was confirmed by a cytotoxic immunoassay.
Further characterization was performed by PCR ribotyping. MLST was used in order to
determine genetic relationships between Spanish and Belgian C. difficile isolates recovered
from hospital patients in both countries. 

C. difficile was frequently detected in hospitalized patients. The isolates belonged to different
PCR ribotypes, including type 027. Most of the strains obtained harboured tcdA and tcdB
genes. The number of positive faecal samples considerably increased among elderly
patients over 65 years old. The multi-locus sequence typing (MLST) analysis showed that
some Spanish and Belgian isolates cluster in the same lineage. This study reveals the
circulation of toxigenic C. difficile in a Spanish hospital. The relatedness between Belgian
and Spanish isolates indicate a common source or a lack of diversity from some PCR-
ribotypes. Moreover, data obtained suggest that the combination of ribotyping and MLST is
a good tool for the inter-laboratory comparison of strains among different countries.
Continuous inter-country surveillance is suitable to understand the spread of C. difficile
isolates among hospitalized patients.
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DISTRIBUTION OF RIBOTYPES OF Clostridium difficile IN A
BELGIAN UNIVERSITY HOSPITAL : SURVEILLANCE DATA
2011-2014 

Van Broeck Johan , Avesani Véronique, Ngyuvula Mantu Eléonore and Delmée Michel

Belgian Reference Centre for Clostridium difficile, Pôle de microbiologie médicale, Université
Catholique de Louvain, Brussels, Belgium

Introduction: By ribotyping all Clostridium difficile strains since 4 years our aim was to make
a cartography of the ribotype distribution at the St Luc University hospital, an academic
acute hospital (1000 beds). Here we compare the results of the 2011-2014 period with
those of the Belgian surveillance program of Clostridium difficile infection (CDI) which has
been compulsory in Belgian hospitals since 2007.

Methods: Between Feb 2011 and Dec 2014 we analyzed 10413 stools received in the
routine laboratory of the St Luc University hospital. Toxigenic culture was performed on all
samples. All strains were ribotyped as described by Barbut et al. Amplicon sizes were
analysed by capillary electrophoresis. Profiles were analyzed by comparison with those of
reference strains from the European collection (Brazier classification) and with our own
database. Binary toxin genes were detected by C. difficile Xpert (Cepheid, USA) and C.
difficile Genotyping (Hain, Germany). We compared the ribotype distribution of diarrhoeal
samples with those of non-diarrhoeal ones and the distribution in the different wards. 
Results: Culture was positive in 1325 stools from 845 patients (prevalence 8.1%) and a
toxigenic isolate was identified for 534 patients (63%). We could differentiate 114 toxigenic
ribotypes. 63 patients (12%) had a second episode of CDI and 44 (70%) relapsed with the
same ribotype whereas 30% were reinfected with another ribotype. In 26 patients (4.5%)
we could detect several different ribotypes within one month. The 20 most prevalent
ribotypes represent 67%. The 5 most frequent ribotypes were 014(13%), 020(7.5%),
002(6.4%), 078(6%), 106(3.6%) and these top 5 were exactly the same as those in the
Belgian surveillance top 5. Ribotype 027 was present in 1.1% of all isolates (vs 3.6 % in the
surveillance program). 18% of all toxigenic strains were binary toxin gene positive. 311
patients (37%) had a non-toxigenic strain. We could differentiate 44 non-toxigenic ribotypes.
The 20 most prevalent ribotypes represent 91%. We could not demonstrate any difference
in ribotype-distribution between diarrhoeal and non-diarrhoeal samples nor any clonal
spread within any ward of the hospital.

Discussion and conclusion: A four-year survey of the epidemiology of C. difficile in a 1000-
bed academic hospital reveals :
1. A wide heterogeneity of the ribotypes; 
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2. That most frequent ribotypes mirror those found in the surveillance program which
collects samples of strains from all Belgian hospitals;

3. The absence of clonal spread within wards. 
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DISTRIBUTION OF RIBOTYPES OF Clostridium difficile IN
BELGIAN ACUTE HOSPITALS : SURVEILLANCE DATA 2009-
2013 

Van Broeck Johan1, Avesani Véronique1, Ngyuvula Mantu Eléonore1, Neely Fiona2 and Delmée Michel1

1Belgian Reference Centre for Clostridium difficile (NRC), Pôle de microbiologie médicale, Université
Catholique de Louvain, Brussels, Belgium
2Scientific Institute for Public Health (WIV-ISP), Department of Healthcare Associated Infection and
Antibiotic Resistance, Brussels, Belgium 

National surveillance of Clostridium difficile infection (CDI) has been undertaken in Belgian
hospitals since 2007 by the Scientific Institute of Public Health (WIV-ISP) and the C. difficile
National Reference Center (NRC). Every six months each hospital laboratory is mandated to
send to the NRC the first five strains isolated in the routine bacteriology laboratory. All strains
are ribotyped. Here we reported on the last five years trends in ribotype incidence. Method.
The identification of all strains received at the NRC is confirmed and the toxigencity is
checked. For ribotyping, DNA are extracted with chelex and 16S-23S rRNA intergenic spacer
regions are amplified using primers as described by Barbut et al (J. Clin. Microbiol. 2000).
Amplicon size are analysed by capillary electrophoresis using an automatic sequencer (ABI
3100 Automated Capillary DNA Sequencer) and GeneMapper Analysis (Applied Biosystems,
Inc.). A 35–500 bp ROX ladder (ABI) is used as internal marker. Profiles are analyzed by
comparison with those of reference strains from the European collection (Brazier
classification) and with our own database. Toxin genes (A, B and binary), deletion in tcdC
and moxifloxacin resistance mutation were tested using GenoType CDiff (Hain Lifescience).
Results. From 2009 to 2013, we received respectively 389, 505, 462, 648 and 585 strains
in the frame of our national surveillance. An average of 101 hospital laboratories (range : 84
– 111) participated. Among the 2594 isolates, a total of 433 different ribotypes were
identified but 335 of them were only seen once. A constant decrease of the proportion of
ribotype 027 was observed from 18,5% of the strains and 35% of the laboratories in 2009
to respectively 3.8% and 15% in 2013. Since 2011, the ribotype 014 has become the most
frequent one (range 12 to 9 % of the strains) and was found in 33 to 41% of the hospitals,
followed by ribotypes 020, 002 and 078. In 2013, a marked increase of ribotype 070 (5%
of the strains and 23 % of the laboratories) and of ribotype 106 (3% and 12%) was noted.
Conclusions. Participation of the laboratories to the national surveillance program has been
excellent. This allows a good monitoring of the evolution of the epidemiology of C. difficile
in Belgium. Over the last five years, a major decrease of ribotype 027 was observed as well
as a stable presence of ribotypes 014, 020, 002 and 078 and the emergence of ribotypes
070 and 106.

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
Abstracts of poster presentations

118



P35

SURVEILLANCE OF Clostridium difficile INFECTION IN
BELGIAN HOSPITALS 2013: DIVERSITY OF RIBOTYPES AND
HIGHEST INCIDENCE SINCE 2009 

Fiona Neely1, Michel Delmée2, Johan Van Broeck2, Avesani Véronique2, Marie-Laurence Lambert1

1Scientific Institute for Public Health (WIV-ISP), Department of Healthcare Associated Infection and
Antibiotic Resistance, Brussels, Belgium
2Belgian Reference Centre for Clostridium difficile for Clostridium difficile, Pôle de microbiologie
médicale, Université Catholique de Louvain, Brussels, Belgium

Introduction: Significant increases in the incidence of Clostridium difficile infection (CDI)
were noted in Belgium (as in many other countries) in the early 2000s, followed by a
decrease between the years 2008-2011. This paper describes subsequent changes in
epidemiology. Methods: Case-based reporting of CDI in hospitalized patients has been
mandatory by law in Belgian acute care hospitals since 2007. For a minimum period of at
least 6 months per year, every acute hospital must report online all symptomatic, toxin-
positive cases and send five consecutive isolates to the national reference laboratory for
typing.

Results: In 2013, 141 hospitals reported 2658 CDI episodes in 2528 patients; 59% of these
episodes occurred two days or more after admission in the declaring hospital and were
classified as hospital-associated-CDI (HA-CDI), compared with 65% in 2007. Median age of
patients was 80 years for HA-CDI and 74 for other episodes. In 2013, 4% patients died
within 30 days of the onset of CDI, from a death thought to be directly or indirectly related
to CDI – down from 11% in 2007. The mean CDI incidence for 105 hospitals contributing
data the whole year (2013) was 1.65 episodes / 1000 admissions, the highest since 2009
(1.83 episodes / 1000 admissions). This incidence shows high variation between hospitals
and regions but with a consistency in trends. Seasonality (with a peak in March-April) is
observed both for HA and non-HA episodes. 

Ribotyping of 585 CDI strains from 103 different hospitals in 2013 identified 133 different
ribotypes, 72 of them isolated only once, 60 never identified before in Belgium. The
ribotypes most frequently isolated were ribotypes 014 (9% of total strains typed in 2013)
and 020 (7%) whereas ribotype 027 accounted for only 3.8 % down from 19 % in 2009 The
proportion of hospitals with ribotype 027 decreased from 34% in 2009 to 15% in 2013. 
Discussion and conclusion: CDI incidence has once again been increasing in Belgium in
recent years, although this might be partly explained by the more frequent use of more
sensitive (molecular) diagnostic tools. In contrast, the proportion of episodes with
complications and deaths related to CDI has diminished markedly since the beginning of
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the surveillance, maybe linked to the decrease of the ribotype 027. The high number of
different strains isolated illustrates the multiplicity of sources of transmission. The large
variability of incidences across hospitals and regions is indicative of the potential for
prevention. Surveillance in Belgium provides a remarkably exhaustive picture of the
epidemiology of CDI in the country. 
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ANALYSIS OF THE EPIDEMIOLOGY OF Clostridium difficile
INFECTION IN IRELAND 2014

Stein, Katharina1,2. Harmanus, Céline6. FitzGerald, Susan1,2. Roche, Fiona3. Drudy, Denise4. Kyne,
Lorraine1,5. McDermott, Sinead 8.Burns, Karen8.Fitzpatrick, Fidelma7,8. Kuijper, Ed6. Fenelon, Lynda1,2

1University College Dublin, Ireland; 2St. Vincent’s University Hospital, Dublin, Ireland; 3Health Protection
Surveillance Centre, Ireland; 4DIT Dublin Institute of Technology, Ireland; 5Mater Misericordiae University
Hospital, Dublin, Ireland ; 6Leiden University Medical Centre, the Netherlands; 7Royal College of
Surgeons in Ireland Dublin; 8Beaumont Hospital Dublin, Ireland

In 2009, the first Irish national enhanced Clostridium difficile infection (CDI) surveillance,
typing and antimicrobial susceptibility study was carried out to determine the epidemiology
of CDI and the ribotype distribution of the isolated strains (2). At this time the most common
ribotypes were 027 (19%), 001 (16%), 106 (13%) and 078 (10%). 

As there is no C.difficile reference laboratory in Ireland and therefore changing patterns of
ribotype distribution over time is unknown. A second study was commenced in 2014 which
aimed to examine the epidemiology, ribotype distribution, antimicrobial susceptibility and
presence of toxin genes of all CDI cases in Irish healthcare-facilities over the same three-
month period in 2014 and 2015. Preliminary 2014 results are presented here. In March to
June 2014, 449 faecal samples from 42 different hospitals were analysed. C. difficile was
isolated from 381 (85%) of samples and identified using MALDI-TOF. The total DNA was
extracted using a standard procedure and genes encoding for 16SrRNA and 23SrRNA were
amplified in order to perform the PCR-ribotyping (1). Ribotypes were assigned by
comparison with fingerprint patterns of representatives obtained from the Leiden University
Medical Centre Library, the Netherlands. To identify the entero pathogenic properties of
different strains and to identify C. difficile genetically a 5-plex PCR was used to detect the
presence of the genes encoding for TcdA, TcdB, CDT, GluD and 16S rDNA (3). Of the first 49
samples (12%), ribotypes were assigned to 37 samples, resulting in 15 different ribotypes.
RT078 was the most frequently detected strain (22%), the other strains detected were:
RT015 and RT014 (14%), RT216, 137, 023, 012, 010, 005 and RT001 (5%) and RT351, 054,
027, 026, 018 (3%). This differs from the 2009 study where the most common ribotypes
were RT027 (19%), RT106 (13%), RT078 (9%), RT044 (9%), RT014 (8%) and RT001 (7%). For
all samples entero- and cytotoxin was detected and 24% of the samples were binary toxin
positive. 

In conclusion, preliminary data indicates that Irish C. difficile ribotypes have changed
significantly in the last 5 years. Of note, there has been a large increase in RT078, and a
decrease in RT027. We are currently examining the remaining 2014 isolates to evaluate if
these trends are representative of national trends. 
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Clostridium difficile RIBOTYPES IN SOUTH WESTERN
VIRGINIA 2007-2014: FITNESS AND VIRULENCE 

Carman RJ, Lyerly DM, Boone JH

TechLab, Inc., Blacksburg, Virginia, USA

We typed 2660 isolates (122 ribotypes) from anonymous and unlinked stool samples
submitted for routine C. difficile testing. 2190 isolates (110 ribotypes) were from diarrheal
stool (Bristol stool chart 4 to 7). 470 isolates and 63 ribotypes were from non-diarrheal
samples (Bristol 1 to 3). Moxifloxacin resistant 027 (MR027) was 32% of all isolates and, as
the most abundant, it was the fittest ribotype in this clinical ecosystem. At 1% of all isolates
and ranked 20th, MS027, sensitive to moxifloxacin and lacking either transposon
characteristic of the otherwise almost identical MR027, was less fit. Because all 027 share
an enhanced virulence potential, a point mutation in tcdC permitting early production of
toxins A and B augmented by CDT toxin production, it was likely the acquisition of MR and/or
transposons that increased the fitness of MS027. At 10% of isolates, 053 ranked 2nd was
the fittest A+B+CDT- ribotype, with MR053 fitter than MS053. 014/020 (A+B+CDT- and
historically common) was 9% of isolates and 3rd fittest but while MR was high, ~98% for
both 027 and 053, only 13% of 014/020 was resistant. Lacking widespread MR, 9% and 3rd
may be a legacy from before the use of fluoroquinolones, when 014/020 prospered
independently of MR and when other factors, including resistance to other antibiotics, may
have been important. 039, the most common non-toxigenic ribotype, ranked 4th and was
4% of isolates. Below the ~5th rank, the frequency of MR tailed off. The occurrence of three
non-toxigenic ribotypes unable to cause diarrhea in the top 10 is evidence that toxins were
not essential for fitness. Although toxigenic isolates do not always cause diarrhea, stool
toxin and diarrheal stool reflect severity. Virulent ribotypes, regardless of fitness, will thus
be more common in toxin positive and in diarrheal stool. MR027 was both fit and virulent.
It was in 48% of toxin positive samples but only 17% of toxin negative (p=0.0001); it was
34% of isolates from diarrheal samples and only 22% of those from solid samples (p=0.001).
MR053 was similarly both fit and virulent. While 014/020 was relatively fit it was not highly
virulent. It was more common in toxin negative than positive samples (11% and 6%
respectively, p=0.0001) and more common in solid than diarrheal samples (13% and 8%,
p=0.004). 002, also more abundant in non-diarrheal and in toxin-free samples (p=0.006 and
p=0.02 respectively), was likewise fit but with low virulence. Non-toxigenic ribotypes, fit but
not virulent, were associated with toxin negative (p=0.0001) and non-diarrheal samples
(p=0.004) supporting the validity of our approach. In conclusion, based on their distribution
in all, in diarrheal and in toxin positive samples, MR027 was fit and virulent. 
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MOLECULAR AND EPIDEMIOLOGICAL CHARACTERIZATION
OF HEALTHCARE-ASSOCIATED Clostridium difficile
INFECTIONS 2007-2013, CANADA

George Golding1, Tim Du1, Romeo Hizon1, Kevin Katz2, Allison McGeer3, Dorothy Moore4, Andy Simor5,
Geoff Taylor 6, Charles Frenette7, Pamela Kibsey 8, Kathy Suh9, Gerald Evans10, Alice Wong11, Denise
Gravel12, Michael Mulvey1, Canadian Nosocomial Infection Surveillance Program 

1National Microbiology Laboratory, Winnipeg, MB, 2North York General Hospital, Toronto, ON, 3Mount
Sinai Hospital, Toronto, ON, 4Montreal Children’s Hospital, McGill University Health Center, Montreal,
QC, 5Sunnybrook Health Sciences Centre, Toronto, ON, 6University of Alberta Hospital, Edmonton, AB,
7McGill University Health Centre, Montreal, QC, 8Royal Jubilee Hospital, Victoria, BC, 9The Ottawa
Hospital, Ottawa, ON, 10Kingston General Hospital, Kingston, ON, 11Royal University Hospital, Saskatoon,
SK, 12Public Health Agency Canada, Ottawa, ON

Information on patients admitted in Canadian hospitals acquiring healthcare-associated
Clostridium difficile infections (HA-CDI) has been collected by a network of hospitals
participating in the Canadian Nosocomial Infection Surveillance Program (CNISP) since 2007.
This study describes the molecular epidemiology of HA-CDI in CNISP from 2007 to 2013.

There were 3239 cases with completed laboratory and epidemiological data included in
this study. Overall, 51% of the cases were male. The majority of CDI cases were observed
in patients >64 (59.3%) years of age, followed by patients aged 18-64 (26.6%) and <18
(14.1%). By PFGE, NAP-1 was the predominant strain type, accounting for 38.7% of the total
C. difficile isolates available for testing, followed by NAP-4 (13.3%) and NAP-2 (8.5%).
Regionally, NAP-1 was the predominant strain type in Central (46.5%) and Western (30.5%)
Canada, but NAP-4 (20.9%) was the predominant strain type in the East. The proportion of
NAP-1 identified in patients aged >64, 18-64, and <18 years of age were 47.0%, 34.8%, and
11.0%, respectively. In patients <18 years of age, NAP-4 (27.9%) was the predominant strain
type. Significant changes in C. difficile strain types were observed over the surveillance
period, including a decrease in NAP-1 and NAP-2 and increases in NAP-4 and NAP-11.
Antimicrobial susceptibility testing using Etest revealed overall resistance rates of 0.03% to
vancomycin (MIC50/90=0.75/1 µg/mL; range 0.094-24 µg/mL), 48.8% to moxifloxacin
(MIC50/90=2/>32 µg/mL; range 0.19->32 µg/mL), and 35.1% clindamycin (MIC50/90=2/>256;
range 0.016->256 µg/mL). Resistance was not observed for metronidazole (MIC50/90=0.38/1
µg/mL; range 0.016-8 µg/mL) or tigecycline (MIC50/90=0.094/0.125 µg/mL; range 0.016-1.5
µg/mL). 

The rates for HA-CDI in CNISP hospitals have remained relatively stable, ranging by year
from 4.25-5.84 cases per 1,000 admissions. The 30 day all-cause and attributable mortality
was 12.2% and 4.0%, respectively. As a result of CDI, 1.5% and 1.4% of patients were
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admitted to an ICU or required colectomy, respectively. A disproportionate frequency of
NAP-1 was identified in patients who died (67%), required a colectomy (46.5%), and in
patients admitted to an ICU (62.2%) as a result of CDI.

In conclusion, despite the changing molecular epidemiology of C. difficile, the overall rates
have remained relatively stable. NAP-1 remains the predominant strain type in Canada, but
its prevalence varies by region and patient age. The higher proportion of NAP-1 isolates in
patients with severe outcomes in this study may be confounded by the older age of patients. 
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MONITORING AND EXAMINATION OF Clostridium difficile
TESTING REQUESTS IN WESTERN AUSTRALIA

Collins, Deirdre,1 Riley Thomas V 1,2

1School of Pathology and Laboratory Medicine, University of Western Australia, Perth, Australia;
2Department of Microbiology, PathWest Laboratory Medicine (WA), Perth, Australia

Clostridium difficile infection (CDI) has been causing increasing concern in Australia in recent
years. Despite this increasing frequency, C. difficile is not currently routinely tested for in all
diarrhoeal faecal specimens in Australia. In July 2014, an enteric diagnostic laboratory
processing specimens collected all around Western Australia was surveyed. The aim of the
study was to examine the prevalence of C. difficile in diarrhoeal patients where CDI is not
considered by the requesting physician. 

In total, 1013 diarrhoeal non-duplicate faecal specimens were received and processed by
the diagnostic laboratory. C. difficile testing was requested on 681 of these specimens, and
these were investigated by PCR for the tcdB gene. Positive specimens were cultured on C.
difficile ChromID™ agar. The remaining 332 specimens, where no C. difficile test request
was made, were screened by direct culture on C. difficile ChromID™ agar. DNA was extracted
using CHELEX-100 resin and PCR ribotyping was performed. The median age in the routine
testing group was 64.9 years; 61.4% of the routine samples were collected from hospital
inpatients, while the remaining specimens were collected in day surgery and outpatient
clinic patients. In the screened group, the median age was 29.8 years and the majority of
specimens (91.3%) were collected from day surgery and outpatient clinic patients. The
prevalence of C. difficile among all 1013 samples was 7.4%; 7.2% among the routine tested
group, and 7.8% among the screened group. After exclusion of specimens where another
pathogen was identified in addition to C. difficile, the prevalence in the screened group was
4.8%. The age range in CDI patients in the routine group was 0.6-96.6 years (median 71.9),
compared to 0.2-2.3 years (median 0.8) in the screened, C. difficile-only group. The most
common ribotypes in the routine group (45 isolates) were RT 014/020 (35.6%), RT 002
(8.9%), RT 056 (6.7%) and RT 018 (4.4%). In the screened C. difficile-only group (16 isolates),
RT 014/020 was most commonly identified (25.0%), followed by RT 010 (18.8%) and QX
077 (12.5%).

While the routine testing group and the screened group differed markedly in age and patient
classification, the prevalence of CDI in the screened group was still high. In the screened
group RT 014/020, a toxigenic strain, was most common. RT 010 and QX 077 were non-
toxigenic strains, indicating these patients were most likely to be colonized only. CDI may
be under-recognised in paediatric and community patients in Western Australia.
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RELATIONSHIP BETWEEN MLVA GENETIC TYPES AND
CLINICAL OUTCOMES FOLLOWING INFECTION BY
Clostridium difficile RIBOTYPE 027

Julian R. Garneau1, Claire Nour Abou Chakra1, Louis Valiquette1, Annie-Claude Labbé2, Allison McGeer3,
Andrew E. Simor4, Wayne Gold5, Roslyn Devlin6, Kevin Katz7, Jeff Powis8, Matthew P. Muller6, Jacques
Pepin1, Louis-Charles Fortier1

1Department of Microbiology and Infectious Diseases, Université de Sherbrooke, Sherbrooke, Canada,
2Hôpital Maisonneuve-Rosemont, Montréal, Canada, 3Department of Microbiology, University of
Toronto, Toronto, Canada, 4Department of Microbiology, Sunnybrook Health Sciences Centre, Toronto,
Canada, 5Toronto General Hospital, Toronto, Canada, 6St. Michael's Hospital, Toronto, Canada, 7Infection
Prevention & Control, North York General Hospital, Toronto, Canada, 8Infectious Disease, Toronto East
General Hospital, Toronto, Canada

Introduction: In numerous Canadian healthcare centers, the NAP1/027 strains are still found
in > 50% of patients diagnosed with an infection by Clostridium difficile (CDI). However, the
association of this ribotype with complicated (cCDI) or recurrent disease (rCDI) is still a
matter of debate.

Objective: Determine if sub-groups of NAP1/027 strains established by MLVA, a highly
resolutive genetic typing technique, are associated with relevant clinical outcomes.

Methodology: Ribotype profiling was previously carried out for 922 (78%) patients from a
multicentric and prospective cohort, taking place in 10 different Canadian hospitals (2005-
2008). MLVA typing was conducted on the R027 strains by PCR amplification of 5 conserved
loci. Loci values were compared and MLVA genetic types were assigned. Clustering of types
in MLVA complexes was done with a minimum spanning tree constructed using the
Manhattan coefficient (Bionumerics software). A severe episode included a leukocytosis
(15x103/�L) and/or serum creatinine ≥ 200uMol/L. The definition of a cCDI was: admission
to intensive care unit, megacolon, perforation, colectomy or death within 30 days of initial
diagnosis. An episode of diarrhea needing a treatment inside 90 days of the initial diagnostic
was considered a rCDI.

Results: A total of 483 patients (52%) had the ribotype 027 strain (72% in the Quebec
province and 43% in Ontario). MLVA typing was achieved for 451 strains and resulted in the
formation of 3 major complexes: MLVA-S1 (n = 69; 15,3%), MLVA-S3 (n = 53; 11,8%) and
MLVA-S10 (n = 50; 11,1%). Eleven other groups were formed but represented < 3% of the
total in strain number. The S1 and S3 complexes were exclusively found in the Quebec
area, whereas S10 was exclusive to hospitals from Ontario. In Quebec, S3 was distributed
among 2 centers (CHUS 40% and HMR 60%), and S1 was present in only one center (HMR).
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In Ontario, S10 was distributed within all the eight centers (4-42%). The frequency of severe
cases was similar across all MLVA groups and ranged from 31% to 36% but the S1 complex
was associated with decreased frequency of cCDI (7%).

Conclusions: MLVA analysis shows a resolutive spatiotemporal discrimination of R027 sub-
groups. Statistical analyses suggest that the S1 complex is significantly less associated with
complicated outcomes (cCDI), suggesting that there are significant differences among
ribotype 027 isolates. 
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CO-INFECTION INVOLVING TOXIN A-NEGATIVE, TOXIN B-
NEGATIVE, BINARY TOXIN-POSITIVE Clostridium difficile 

Grace O. Androga1, Julie Hart2, Niki F. Foster1, David Forbes3, Thomas V. Riley1,2

1School of Pathology and Laboratory Medicine, The University of Western Australia, Perth, Australia ;
2Department of Microbiology, PathWest Laboratory Medicine, Queen Elizabeth II Medical Centre,
Nedlands 6009, Western Australia ; 3Princess Margaret Hospital for Children, Roberts Road Subiaco,
WA 6008 Australia.

Background: Large clostridial toxin-negative, binary toxin-positive (A-B-CDT+) strains of C.
difficile are almost never associated with clinically significant C. difficile infection (CDI),
possibly because such strains are not targeted by most diagnostic methods. We report the
isolation of A-B-CDT+ C. difficile RT 033 from a young patient experiencing severe diarrhoea.
Case Report: A 15-year-old boy with a 4-week history of diarrhoea and weight loss was
unsuccessfully managed with metronidazole and norfloxacin by his general practitioner. A
stool specimen was negative for C. difficile and all other enteric pathogens tested including
norovirus, rotavirus, adenovirus, salmonella, shigella, cryptosporidia and parasitic ova and
cysts. A week later the patient’s condition deteriorated and he was admitted to the
gastroenterology ward at Princess Margaret Hospital with approximately 15 bowel
movements a day, abdominal pain, a cumulative weight loss of 8-9kg, fever and lethargy.
Endoscopic investigation revealed erythematous, friable mucosa with superficial ulceration
indicative of moderate-severe colitis. Histology results were characteristic of inflammatory
bowel disease (IBD). Two stool specimens were culture-positive for C. difficile but negative
for stool cytotoxin. The patient was treated for ulcerative colitis with prednisone and
mesalazine and showed signs of improvement. Consistent with laboratory diagnostic tests,
C. difficile RT 033, which was negative for toxins A and B but positive for binary toxin (A-B-
CDT+), was identified from the specimens. A week later, the patient’s symptoms recurred.
Another stool sample was tested for C. difficile with the Cepheid Xpert® C. difficile/Epi and
both tcdB and cdtA/B were detected, however, only C. difficile RT 014/020 was cultured.
This result suggests possible infection by two different RTs of C. difficile, RT 033 and RT
014/020. After several further recurrences and 9 months since the patient first presented,
he represented with severe diarrhoea. By this time, the risk of bowel perforation and sepsis
was high and thus a colectomy was performed. Histopathology of the colon showed
destruction of crypt architecture, focal crypt abscesses, inflammatory infiltrate in lamina
propria and focal multinucleated giant cells but no granulomas, in keeping with ulcerative
colitis.

Conclusions: The role of either strain of C. difficile in this case may be debatable, however,
this case does highlight three possible issues : 1) increasing severe CDI in patients with IBD,
2) the isolation of strains of possible animal origin, and 3) the lack of diagnostic tests to
detect A-B- strains of C.difficile.
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EVALUATION OF THE EPIDEMIOLOGY AND MICROBIOLOGY
OF Clostridium difficile IN LONG TERM CARE FACILITY
RESIDENTS 

Mallia Gabriella1, Weese Scott 1

1Department of Pathobiology, Ontario Veterinary College, University Guelph, Guelph, Ontario, Canada 

While Clostridium difficile is an important pathogen in Canadian healthcare facilities (HCFs)
and has been extensively studied in acute care facilities, there is comparatively limited
information about longterm care facilities (LTCFs). Because of their age, frequent
antimicrobial exposure, frequent contact with the acute care system and the commonness
of comorbidities, residents of LTCFs should be at particularly high risk of CDI, yet objective
data are rather sparse. The objectives of the study were to determine the prevalence of C.
difficile, the incidence of CDI, and risk factors for infection and colonization in elderly
patients and residents from one Ontario healthcare facility (HCF) and associated LTCF. 

Rectal swabs were collected in a cross-sectional manner from 691 non-diarrheic LTCF and
elderly (>65 yr) hospital patients (>65). C. difficile was isolated from 62/270 (23%) hospital
samples and 80/421 (19%) LTCF samples (P=0.21). From initial PCR toxin gene
characterization and ribotype analysis, 87/142 (61%) C. difficile positive samples were
A+B+CDT-, and 31/142 (22%) were A+B+CDT+. Five Ribotypes have been identified, however
there are a dozen different types. 

C. difficile shedding by non-diarrheic elderly HCF and LTCF residents is common.
Identification of risk factors for colonization, the impact of colonization of development of
CDI and the role of the microbiota in both colonization and CDI, could lead to early
interventions and preventive measures that could improve patient outcomes and decrease
cost associated with treatment.
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METHODS FOR ISOLATION OF Clostridium difficile FROM
ENVIRONMENTAL SAMPLES

Potočnik Mojca1, Beigot Glaser Sara1, Rupnik Maja1,2,3

1National Laboratory of Health, Environment and Food, Maribor, Slovenia; 2University of Maribor, Faculty
of Medicine, Maribor, Slovenia; 3Centre of Excellence Cipkebip, Ljubljana, Slovenia

The aim of this study was to optimize a method to obtain the highest variety of Clostridium
difficile isolates from environment using waste water treatment plant effluent (WWTP) and
soil as model samples.

For isolation of Clostridium difficile from WWTP effluent four methods were tested. All
included filtration through a 0.2-µm pore size membrane filter (Whatman) but differ in
sample volume and combination of temperature or alcohol shock used during the entire
procedure. All filters were cultured on chromIDTM C. difficile agar (bioMérieux). The highest
ribotype variability (7-13 ribotypes per sample) was obtained with temperature shock.

For isolation of C. difficile from soil samples we have initially used different enrichment
media combined with alcohol or temperature shock but with limited success. Subsequently,
method where soil sample is resuspended and the suspension is treated as previously
described for water sample was adopted. Additionally, resuspended soil samples were either
processed immediately or incubated for five days before further processing (soaking). Out
of 29 C. difficile positive samples 15 (51,7 %) were positive only without prior soaking, 4
(13,8 %) were positive only with soaking and 10 (34,5 %) samples were positive with both
approaches. According to these results we currently use both approaches in parallel for C.
difficile isolation from soil samples.
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STABLE TREND OF OVERLAPPING Clostridium difficile
PCR-RIBOTYPES BETWEEN HUMAN, ANIMAL AND
ENVIRONMENTAL ISLATES IN SLOVENIA, DURING 2008-
2014

Janezic, Sandra1,2, Kocuvan, Aleksander2, Ocepek, Matjaz3, Rupnik Maja1,2,4

1National Laboratory for Health, Environment and Food, Maribor, Slovenia; 2University of Maribor,
Faculty of Medicine, Maribor, Slovenia; 3University of Ljubljana, Veterinary Faculty, Ljubljana, Slovenia
4Centre of Excellence for Integrated Approaches in Chemistry and Biology of Proteins, Ljubljana,
Slovenia; 

Ubiquity of C. difficile and recent increase in reports of community-acquired C. difficile
infections and infections in animals imply that non-hospital environment could represent
an important reservoir of C. difficile for humans as well as animals. Our first study (Janezic
et al., 2012; BMC Micro), covering the period from 2008 to 2010, demonstrated relatively
large overlap of PCR-ribotypes isolated from humans and animals but less with different
non-hospital environments (water, soil). Here we describe a further comparison of
distribution and trends in overlap of C. difficile PCR-ribotypes isolated in years 2008-2014
from different host and non-hospital environments in Slovenia. 

Altogether 2585 C. difficile isolates (1310 from humans, 522 from animals and 753 from
different environments) were included in the comparison. Human isolates were recovered
in routine diagnostic laboratories throughout Slovenia. Animal isolates originated from
different domestic animals including calves, piglets, horses, poultry, birds, goats, sheep, dogs
and cats. Environmental isolates were obtained from puddles and soil from rural and urban
areas, compost and manure, water from rivers, ponds and wastewater treatment plant
effluents and drinking water from stables. Isolates were characterized by PCR-ribotyping
and toxinotyping. 

All isolates were grouped into 148 different PCR-ribotypes (96 ribotypes were found in
humans, 51 in animals and 91 in the environment) and 34 (23%) were shared between all
three reservoirs. Forty-five (30,4%) identified PCR-ribotypes were found to be non-toxigenic
and were mainly found in the environment (37,4%), predominating in soil and puddles which
seem to represent an autonomous environment. When only toxigenic strains were included
in the comparison, the percentage of ribotypes shared between all three reservoirs
increased to 29% (30 out of 103). A relatively stable trend of overlapping strains was
observed between the two time periods 2008-10 and 2011-14, 25% (17 of 67 ribotypes)
and 22% (18 of 82 ribotypes), respectively; considering only toxigenic PCR-ribotypes. PCR-
ribotypes 014/020 and 002 were among the top three ribotypes in all three reservoirs.
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Our results show that heterogeneity of PCR-ribotypes in humans, animals and the
environment is high. PCR-ribotypes that are commonly isolated from humans and animals
can be also isolated from different environments, indicating that non-hospital environment
could represent an emerging reservoir. 
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CARRIAGE OF Clostridium difficile BY WILD ANIMAL
SPECIES RELATED TO PIG FARMS IN SPAIN

Andrés-Lasheras Sara1, Mainar-Jaime Raúl Carlos1, Martín-Burriel Inmaculada2, Chirino-Trejo Juan
Manuel3, Bolea Rosa1.

1Microbiology Area, Faculty of Veterinary, University of Zaragoza, Spain; 2Biochemical Genetics
Laboratory (LAGENBIO), Faculty of Veterinary, University of Zaragoza, Spain; 3Western College of
Veterinary Medicine, University of Saskatchewan, Canada;

The epidemiology of Clostridium difficile has changed resulting in an emerging pathogen
for humans. Cases of community-acquired infections are increasing and the infections in
health-care dependencies are becoming more severe. Concerns about the role of livestock
and companion animals as a potential source of this bacterium are growing.

The main aim of this study was to determine the presence of this microorganism from
samples from different pest species living within the environment of fattening pig farms. In
addition, through the characterization of isolated bacterial strains, we assess the possible
role of these wild animals as vectors of toxigenic C. difficile strains for humans, pigs and
other animal species and environments. A total of 211 environmental fecal samples and
gut content from rats (Rattus spp.), house mice (Mus musculus), pigeons (Columba livia),
voles (Microtus duodecimcostatus and Microtus arvalis) and fattening pigs (Sus scrofa
domestica) belonging to 29 different farms were tested for the presence of C. difficile by
bacteriological culture. Isolates were tested for tpi, tcdA, tcdB and cdtB genes by
conventional PCR, and their minimal inhibitory concentrations values to 6 antimicrobial
agents were determined using the Etest. A total of 27 C. difficile isolates were obtained from
10 different farms and species: 14 out of 56 from rats (25%), 6 out of 62 from mice (9.68%),
2 out of 11 from pigeons (18.19%) and 5 out of 77 from pigs (6.49%). All of them yielded a
positive result for tpi PCR. Twenty five out of 27 C. difficile strains were toxigenic. None of
the isolates were resistant to metronidazole or vancomycin and no metronidazole
heteroresistants were observed. The susceptibility to clindamycin, erythromycin,
moxifloxacin and tetracycline was variable. Only a small proportion of the isolates were
multidrug resistant (14.81%).

The isolation of C. difficile from rats (intestinal content and environmental faeces), pigeons
(intestinal content) and pig faeces (floor pool) from fattening pig farms may represent a
potential risk factor for the further contamination of the food chain. In order to assess the
true risk posed by the presence of C. difficile on these animal species and establish all
critical stages where food chain may get contaminated, farm-to-fork and surveillance drug
resistance studies should be implemented. Prevention strategies could then been designed
and applied to avoid contamination.
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Clostridium difficile IN ANIMALS IN SLOVENIA : AN
OVERVIEW FOR YEARS 2005 – 2014 

Jana Avberšek1 and Tina Pirš1, Petra Bandelj1, Maja Rupnik2,3,4, Matjaž Ocepek1

1University of Ljubljana, Veterinary Faculty, Ljubljana, Slovenia; 2University of Maribor, Faculty of
Medicine, Maribor, Slovenia; 3National Laboratory of Health, Environment and Food, Maribor, Slovenia;
4Centre of Excellence for Integrated Approaches in Chemistry and Biology of Proteins, Ljubljana,
Slovenia

Clostridium difficile is known as an important cause of nosocomial infections. In numerous
animals C. difficile infections or subclinical carriage has been described. An increased
number of community-acquired cases and zoonotic potential of C. difficile required the
investigation of animals as an emerging reservoir of the bacteria for humans. This overview
addresses the presence and diversity of animal isolates obtained in years 2005 – 2014. 

A total of 3158 faecal samples or rectal swabs from different animals (pigs, n=849; cows,
n=113; horses, n=76; poultry, n=891; turkeys, n=75; wild passerine birds, n=465; sheep,
n=105; goats, n=119; dogs, n=196; cats, n=39; barn swallows, n= 195; flies, n=20; donkeys,
n=5; other animals, n=10) were subjected to bacteriological cultivation for C. difficile. The
isolates were confirmed by PCR and characterized by toxinotyping and PCR-ribotyping. C.
difficile was isolated from 46.6 % pigs, 4.4 % cows, 1.3 % horses, 22.1 % poultry, 5.9 %
goats, 1.9 % sheep, 3.6 % barn swallows, 10 % flies and 3.1 % dogs. Also three samples
from donkeys were positive. Other animals were C. difficile negative. Isolates belonged to
six toxinotypes (0, V, XIa, XIc, XII and XXIV) and 34 PCR-ribotypes. Non-toxigenic strains
were detected in goat, dog, piglet, donkeys, barn swallows and poultry and belonged to 12
PCR-riboypes (010, 009, 032 (CE), 084 (CE)...). Most of the toxigenic PCR-ribotypes (001/072,
002, 005, 011/049, 012, 014/020, 015, 018, 029, 046, 070, 078, 150, SLO 034, 013 (CE),
045, 033, 056, 131) were found also in Slovenian human patients, except five PCR-ribotypes
isolated from goats, barn swallows and poultry. Nine of these PCR-ribotypes (010, SLO 080,
002, 011/049, 012, 014/020, 045, 033, 056) were found in different animal species.
Furthermore, PCR-ribotypes 010, 002, 014/020, 045 and 033 were isolated from more than
three hosts. In two out of five farms, where the problems with diarrhoea were detected,
significant differences of C. difficile presence between piglets with or without diarrhoea were
observed. Almost in all animal species the number of positive samples was higher in young
animals, while in poultry it was also dependent from the farm. However, only 3.3 % animals
from breeding flock were C. difficile positive. Only in poultry vast variety of PCR-ribotypes
was observed, many times in the same animal. This is an overview of C. difficile
epizootiological situation in Slovenia. It suggests the interspecies transmission of C. difficile,
although it seems that some of the PCR-ribotypes have better ability of spreading and
colonizing/infecting different hosts.

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
Abstracts of poster presentations

135



P47

WHOLE GENOME SEQUENCING REVEALS POTENTIAL
SPREAD OF Clostridium difficile BETWEEN HUMANS AND
FARM ANIMALS IN THE NETHERLANDS, 2002 TO 2011

C.W. Knetsch1, T.R. Connor2, A.Mutreja3, S.M. van Dorp1, I.M. Sanders1, H.P. Browne3, D. Harris3, L. Lipman4,
E.C. Keessen4, J. Corver1, E. J. Kuijper1 and, T. D. Lawley3

1Section Experimental Bacteriology, Department of Medical Microbiology, Leiden University Medical
Center, Leiden, the Netherlands. 
2Cardiff School of Biosciences, Sir Martin Evans Building, Museum Avenue, Cardiff CF10 3AX, United
Kingdom. 
3Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Hinxton, Cambridge CB10 1SA,
United Kingdom
4Institute for Risk Assessment Sciences, Division of Veterinary Public Health, Veterinary medicine,
University Utrecht, Utrecht, the Netherlands.

Farm animals are a potential reservoir for human Clostridium difficile infection (CDI),
particularly PCR ribotype 078 which is frequently found in animals and humans. Here, whole
genome single-nucleotide polymorphism (SNP) analysis was used to study the evolutionary
relatedness of C. difficile 078 isolated from humans and animals on Dutch pig farms. All
sequenced genomes were surveyed for potential anti-microbial resistance determinants
and linked to an antimicrobial resistance phenotype. We sequenced the whole genome of
65 C. difficile 078 isolates collected between 2002 and 2011 from pigs (n = 19),
asymptomatic farmers (n=15) and hospitalised patients (n=31) in the Netherlands. The
collection included 12 pairs of human and pig isolates from 2011 collected at 12 different
pig farms. A mutation rate of 1.1 SNPs per genome per year was determined for C. difficile
078. Importantly, we demonstrate that farmers and pigs were colonised with identical (no
SNP differences) and nearly identical (less than two SNP differences) C. difficile clones.
Identical tetracycline and streptomycin resistance determinants were present in human and
animal C. difficile 078 isolates. Our observation that farmers and pigs share identical C.
difficile strains suggests transmission between these populations, although we cannot
exclude the possibility of transmission from a common environmental source.
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COMPARATIVE GENOMICS AND ANTIMICROBIAL
SUSCEPTIBILITY OF Clostridium difficile PCR RIBOTYPE
014 ISOLATED FROM HUMANS AND PIGLETS IN AUSTRALIA 

Daniel R Knight1, Timothy T Perkins1, Adam J Merritt2, Fanny Peters1, Alfred C Y Tay1, Barbara J Chang1,
Briony Elliott1 and Thomas V Riley1,2

1School of Pathology and Laboratory Medicine, The University of Western Australia, Queen Elizabeth
II Medical Centre, Nedlands, Western Australia. 2PathWest Laboratory Medicine, Queen Elizabeth II
Medical Centre, Nedlands, Western Australia

Background and Aims: Clostridium difficile is a formidable enteric pathogen of humans and
production animals, and C. difficile infection (CDI) has emerged in recent years as an
important One Health issue. In North America and Europe, C. difficile is being increasingly
isolated from food of animal origin highlighting a potential for zoonotic transmission. PCR
ribotype (RT) 014 is the most common RT found in humans worldwide and recently RT014
has emerged as a prominent RT in neonatal pigs in Australia. The aim of this project was to
compare the genomes of RT014 isolates from humans and pigs in Australia.

Methods: RT014 isolates were obtained from humans with CDI (n=9) and scouring piglets
aged <7 days (n=9) from Victoria, Australia, in 2013. Whole genome shotgun sequencing
(WGS) was performed using an illumina MiSeq platform (2x250bp paired-end chemistry).
Raw sequence data was interrogated bioinformatically for multi-locus sequence type (MLST)
and antimicrobial resistance genes using the pubMLST and ARG-Annot databases,
respectively, and compiled within the command line software SRST2. For corroboration of
sequence type (ST) and detection of toxin and S-layer allele-types, sequence data was also
assembled de novo using SPAdes and contigs interrogated using pubMLST.org. Prophage
detection was performed using PHAST, and ST phylogeny inferred using ClonalFrame. 

Results: Three different STs were identified (ST2, ST49 and ST13), belonging to the
heterogeneous MLST clade I, congruent with RT014. STs differed from each other by 1-2
single loci variants (tpi and dxr) and microevolutionary analysis showed ST2 and ST49 were
highly similar. Surprisingly, distribution of STs 2 and 49 appeared species specific: ST2 was
found exclusively in humans (8/9 isolates) and ST49 exclusively in pigs (7/9) (p<0.05). ST13
was present in both humans (1/9) and pigs (2/9). Antibiotic resistance genes ermB and tetW
were identified in all isolates of ST49, but absent from ST2 and ST13, possibly reflecting
antimicrobial selection pressures in the piggery environment. Genetic diversity in the three
STs was observed in clinically relevant loci including the cell wall protein (cwp) gene cluster
(slpA and S-layer cassette), aminoglycoside resistance genes (Sat4a, Aph3-III and Ant6-Ia),
binary toxin cdtA/B pseudogenes, toxin regulator (tcdC) and RNA polymerase (rpoB).
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Moreover, significant diversity was seen in prophages belonging to Siphoviridae and
Myoviridae. 

Summary: WGS provided fine scale differentiation of C. difficile RT014 circulating in humans
and neonatal pigs in Australia. ST diversity included differences in clinically important genes
which may reflect ST species specificity.
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ISOLATION OF Clostridium difficile FROM DOGS IN A
VETERINARY CLINICAL HOSPITAL

Orden C.1, Blanco J.L.1, Alvarez-Perez S.1, Garcia-Sancho M.1, Rodriguez-Franco F.1, Sainz A.1, Villaescusa
A.1, Harmanus C.2, Kuijper E.2, Garcia M.E.1.

1Veterinary Faculty, Universidad Complutense, Madrid, Spain. 2Center of Infectious Diseases, Leiden
University Medical Center, Leiden, The Netherlands. 

Clostridium difficile (CD) is a ubiquitous bacterium in the environment and has been
recognised as an important emerging pathogen in both humans and animals. Veterinary
medicine has highlighted the role of animals as reservoirs for C. difficile, as well as its
zoonotic implications and its pathogenicity in different animal species.

The aim of this work was to study the prevalence of CD in dogs from different sources which
attended the service of Digestive Medicine Veterinary Hospital of the University
Complutense of Madrid. Specifically, 107 animals were tested with different types of
gastrointestinal disease, of whom 80 also had diarrhea.

In all cases, fecal samples were taken with a sterile cotton swab. Fecal samples were
processed in the usual way in our laboratory. Briefly, were subjected to a shock in ethanol
to select spore forms. Later they were incubated in liquid enrichment medium for CD for 7
days, and subsequent plating on a solid selective medium, also for CD. Incubation of all
bacterial cultures in liquid and solid medium were performed at 37 ° C under anaerobic
conditions.

A total of 14 positive CD samples were obtained, 11 of which were obtained from dogs with
diarrhea. The study of these isolates concluded that it was 9 toxigenic strains belonging to
ribotypes 010, 078 and 106, and 5 non-toxigenic strain belonging to ribotype 010. In regard
to antibiotic sensibility should be remarked the stable resistance to Metronidazole of 4
isolates. The antibiotic susceptibility profile was performed to all the isolates.

These results show a very similar proportion of CD in dogs with diarrhea and dogs without
diarrhea but with digestive disease, suggesting that the presence of CD is not necessarily
linked to the presence of diarrhea in dogs.

This study was supported by grant AGL2013-46116-R from the Spanish Ministry of Economy
and Competitiveness.
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ANTIMICROBIAL SUSCEPTIBILITY PATTERNS OF Clostridium
difficile ISOLATES FROM FAMILY DAIRY FARMS

Bandelj Petra1, Golob Majda1, Ocepek Matjaž1, Zdovc Irena1, Vengušt Modest1

1Veterinary Faculty, University of Ljubljana, Ljubljana, Slovenia

Clostridium difficile (CD) is known to be resistant to certain antimicrobials and takes
advantage when other bacteria in the gut microbiota decrease in number. Indeed, one of
the major risk factors for developing CD infection (CDI) in humans is associated with
antimicrobial use. Antimicrobials are also often used on dairy cattle farms and many are
similar to those used in human medicine. Most CD studies for antimicrobial susceptibility
in cattle were performed on CD isolates from large scale intensive dairy or beef farms, which
is the opposite of the most common operating farming model in European Union, family
farming. Handling of diseased animals on family dairy farms is daily and treatment is
individual. Any antimicrobial resistance of CD isolates in such environment is likely to spread
within the family and local community and would have a major impact on the treatment of
human community acquired CDI. A total of 159 CD isolates deriving from 20 family dairy
farms (103 CD isolates from cattle, 56 CD isolates from the environment) were tested with
a customized broth microdilution plate (Micronaut-S CD MIC plate, Merlin diagnostics GmbH,
Germany) for 17 antimicrobials that are used in veterinary medicine, in human medicine
for treatment of CDI and in epidemiological studies. The antimicrobials tested were:
amoxicillin, ceftriaxone, clindamycin, daptomycin, erythromycin, fusidic acid, imipenem,
levofloxacin, linezolid, metronidazole, moxifloxacin, oxacillin, rifampicin, tetracycline,
tigecycline, trimethoprim/sulfamethoxazole and vancomycin. Results were interpreted based
on epidemiological cut off values according to EUCAST guidelines. All CD isolates were
susceptible to antimicrobials that are used for CDI treatment in humans (metronidazole,
vancomycin, fusidic acid, tigecycline, linezolid) and to moxifloxacin. Most CD isolates were
above the recommended values for erythromycin (93.1%) and daptomycin (69.2%), and
46.5% for clindamycin. High resistance or high MIC values against erythromycin, clindamycin,
rifampicin, tetracycline, ceftriaxone and trimethoprim/sulfamethoxazole belonged to CD
isolates ribotype 012 (n=5), whereas low resistance against clindamycin, rifampicin,
erythromycin and daptomycin belonged to ribotype SLO 060 (n=4). In this study we found
that, with the exception of tetracycline and trimethoprim/sulfamethoxazole, the presence
of antimicrobial resistance in CD isolates from family dairy farms was against antimicrobials
used only in human medicine. Also, multiple-resistance was linked to ribotypes and not to
the origin of CD isolates. The low prevalence of these ribotypes makes family dairy farms a
possible, but unlikely source of CD with multiple-resistance to antimicrobials.
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PERSISTENCE OF Clostridium difficile PCR RIBOTYPE 237
IN A WESTERN AUSTRALIAN COMMERCIAL PIGGERY

Moono Peter1., Putsathit Papanin 1., Foster Niki, F.1., Hampson David, J.3., Riley Thomas, V. 1,2.

1Microbiology & Immunology, School of Pathology and Laboratory Medicine, The University of Western
Australia, Nedlands, Western Australia; 2Division of Microbiology and Infectious Diseases, PathWest,
Queen Elizabeth II Medical Centre, Nedlands, Western Australia, Australia; 3School of Veterinary and
Life Sciences, Murdoch University, Murdoch, Western Australia, Australia. 

INTRODUCTION: Clostridium difficile is the leading cause of antibiotic associated diarrhoea
and colitis in hospitalised patients. It is also recognised as an aetiological agent of piglet
enteritis. Piglets infected with C. difficile can be underweight by10-15% and infection can
delay weaning. In a cross-sectional study conducted in a Western Australian piggery in 2009,
the prevalence of C. difficile was 62% (114/185) in 5-7 day old piglets. At the time of the
study, nearly 80% of litters were experiencing diarrhoea. All the isolates were an unusual
PCR ribotype (RT) (RT 237, tcdA-, tcdB+ cdtA/B+) which belongs to multilocus sequence
type (11) and clade V as do RT 078 strains. RT 078 is well established as an animal pathogen,
especially in piglets, and has increasingly been isolated from humans, especially those living
near pig farms in Europe. In a mouse infection model, those orogastrically infected with a
RT 237 strain showed more weight loss than those infected with a RT 078 strain. 

OBJECTIVES: The main objective of this study was to determine if C. difficile RT 237 had
persisted in piglets at the same commercial pig farm and to investigate if there was temporal
change of C. difficile diversity. Secondly, we wanted to see if there was a difference of C.
difficile carriage between litters with and without diarrhoea. 

MATERIAL AND METHODS: Faecal samples (n=43) were randomly obtained from 4 or 5
piglets from each of 9 litters aged 1-14 days in a farrowing shed at the pig farm in October,
2014. A litter was classified diarrhoeic if one or more piglets had clinical disease. Briefly,
faeces were cultured directly on C. difficile ChromID™ agar and in an enrichment broth. All
isolates were screened by PCR for the presence of toxin A, B, cdt genes, and for changes in
the repetitive region of the toxin A gene. PCR ribotyping was undertaken using our previously
described methods and RTs identified by comparison with banding patterns in our reference
library of animal and human C. difficile strains. 

RESULTS: C. difficile was isolated from 19/43 (44.2%, 95% CI 29.3% to 59.1%) faecal swabs
by direct culture and 29/43 (67.4%, 95% CI 53.39 to 81.41) on enrichment. C. difficile was
isolated from piglets in 7 of 9 pens (77.9%). A total of 20 of the 24 (83.3%) diarrhoeic piglets
were C. difficile culture positive compared to 9 of 19 (47.4 %) non-diarrhoeic piglets (p<
0.0172, Chi-square test). PCR RT 237 was the only strain identified in piglets. 
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CONCLUSIONS: PCR RT 237 remained the predominant RT in piglets sampled at this site,
and has persisted for 5 years since 2009. There remains a need to institute further control
measures in the piggery environment as RT 237 has been isolated from patients in Australia. 
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USE OF NEXT GENERATION SEQUENCING TO EXPLORE
THE DIVERSITY OF TOXINOTYPE V STRAINS ORIGINATING
FROM A CLOSED POPULATION OF HUMANS AND SWINE

Norman Keri1, Harvey Roger2, Bono James3, Clawson Michael3, Scott H. Morgan1

1Department of Veterinary Pathobiology, Texas A&M University, College Station, TX, USA; USDA, Food
and Feed Safety Research Unit, College Station, TX, USA; 3ARS, USDA, Meat Animal Research Center,
Clay Center, NE, USA

Clostridium difficile typically causes nosocomial infections; however, there have been
increasing reports of community-acquired C. difficile infection (CA-CDI). These community-
acquired cases have no recent history of hospitalization. Researchers have been
investigating possible sources of CA-CDI including the use of proton pump inhibitors to
reduce gastric acid production, food, and animal exposure. The finding of similar strains in
humans and animals, as well as retail meat, has raised concern that C. difficile is a potential
foodborne pathogen. Previously we isolated C. difficile from a closed population of humans
and swine to investigate the potential for C. difficile to transfer from swine to humans through
occupational exposure. We found that there was not a significance difference in the
prevalence of C. difficile in wastewater from humans who worked with swine versus humans
who did not work with swine. Interestingly, the majority of strains isolated from both the
human wastewater and swine fecal samples were classified as toxinotype V, North American
Pulsed-field type 7 (NAP7). Pulsed-field gel electrophoresis (PFGE) and ribotyping are the
standard methods used to differentiate between C. difficile strains; however these typing
methods may not be the best suited methods for C. difficile, particularly in regards to
toxinotype V strains. Typing of C. difficile is further complicated because PFGE is generally
used in the United States, while ribotyping is commonly used in Europe, making
comparisons between strains and studies difficult. Next generation sequencing may provide
a more discriminatory method to differentiate between strains and will also provide
evolutionary information about the strains. We are conducting whole genome sequencing
on 100 swine and 100 human epidemiologically related, toxinotype V, NAP7 strains isolated
from the closed population on the Illumina MiSeq sequencing platform. Library preparation
will be performed using Nextera XT DNA sample prep kits and each strain will be individually
indexed. MiSeq Reporter and Geneious Pro Software will be used to assemble and align
sequences, identify potential nucleotide polymorphisms, and facilitate phylogenetic
analyses. Whole genome sequencing data will facilitate the comparison between PFGE-
derived and genome sequencing-derived diversity. The diversity and evolution of toxinotype
V, NAP7 strains are especially important because these strains are commonly found in both
food animals and humans and many questions still remain about the potential role of food
animals in CA-CDI. Understanding the true diversity within C. difficile toxinotypes and North
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American Pulsed-field types is also essential for discussions regarding appropriate and
standardized typing methods.
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DISTRIBUTION AND CHARACTERIZATION OF Clostridium
difficile DERIVED FROM DOGS IN JAPAN, AND THEIR RISK
ASSOCIATED WITH HUMAN HEALTH

Masaru Usui1, Kaname Suzuki1, Kentaro Oka2, Motomichi Takahashi 2,3, Takashi Inamatsu4, Shigeru
Kamiya3, Yutaka Tamura1

1Laboratory of Food Microbiology and Food safety, School of Veterinary Medicine, Rakuno Gakuen
University, Hokkaido, Japan; 2Miyarisan Pharmaceutical Co., Ltd., Tokyo, Japan; 3Department of
Infectious Diseases, Kyorin University School of Medicine, Tokyo, Japan; 4Department of infectious
Diseases, Tokyo Metropolitan Geriatric Hospital, Tokyo, Japan.

Clostridium difficile is a Gram-positive spore-forming anaerobic bacterium that causes
antibiotic-associated diarrhoea and pseudomembranous colitis in humans. It has been
reported that C. difficile in dogs were often indistinguishable from those found in humans.
In Japan, most of dogs were kept in house. Therefore, due to close contact between the
owners and dogs, the potential for transmission of C. difficile from dogs to humans would
be high. We analysed C. difficile prevalence among dogs in Japan to clarify their associated
risk by using molecular and microbiological methods for both canine and human clinical
isolates.

C. difficile were isolated from 204 dog fecal samples. Toxin gene profile, antimicrobial
susceptibilities, PCR ribotype, and pulsed-field gel electrophoresis (PFGE) pattern of canine
isolates were determined and compared with those of human clinical isolates.

Sixty-eight C. difficile strains were isolated from 30% of samples (62/204), and 32 isolates
(47%) were toxin gene-positive. Some isolates were resistant to antimicrobials, contributing
to antibiotic-associated diarrhoea by C. difficile (CPFX, 100%; CLDM, 90%; CTRX, 59%; EM,
24%). Canine clinical isolates comprised 30 PCR ribotypes, and the most frequently isolated
ribotypes (n=16, 24%) were toxin-gene positive. These results suggest that C. difficile, among
Japanese dogs, is a potential risk for antibiotic-associated diarrhea.

In this study PCR ribotype 001, 010, 014, and 027 were not identified. These results suggest
that the distribution of PCR ribotypes of canine isolates in Japan was unique.

While the most human PCR ribotype was not identified in dog isolates, some human clinical
isolates (n=3, 4%) were indistinguishable from those found in the fourth frequently canine
isolated ribotype (n=4, 6%). In addition, the PFGE patterns were the same among the same
PCR ribotype isolates. These results suggest that the transmission of C. difficile between
dogs and humans is occurred in Japan. 
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METRONIDAZOLE (HETERO)RESISTANT Clostridium difficile
ISOLATES OF ANIMAL ORIGIN: AN OVERVIEW FROM SPAIN

Blanco J.L.1, Álvarez-Perez S.1, Orden C.1, Peláez T.2, García M.E.1

1Dpto. Sanidad Animal, Facultad de Veterinaria, UCM, 2Hospital General Universitario Gregorio Marañón

The emergence of epidemic Clostridium difficile (CD) strains of animal origin showing
resistance to multiple antimicrobial drugs has prompted considerable effort in elucidating
the epidemiology and resistance patterns of this anaerobe in the veterinary setting.

Although most animal isolates of CD exhibit high in vitro susceptibility to metronidazole
(MTZ), resistant isolates have been detected in different countries such as the USA, Sweden,
Italy and Spain. In addition, some CD strains are heteroresistant to MTZ, a phenomenon
which can be detected by the Etest and manifests as the growth of metronidazole resistant
subpopulations inside the inhibition zone of the MTZ strip at a MIC ≥32 mg/L, generally
after prolonged incubation (for 5-7 days at 37ºC in an anaerobic atmosphere) of the test
plates [1]. Notably, a considerable proportion of the MTZ-(hetero)resistant isolates of animal
origin detected to date were from Spain. In particular, we have reported so far the isolation
of 18 ribotype 078 CD strains (17 from swine and 1 from a dog) displaying MTZ-
heteroresistance. Furthermore, a ribotype 078 isolate recovered in our laboratory from the
faeces of a male zebra foal initially exhibited high-level resistance to MTZ (MIC ≥ 256 mg/L),
but lost the trait after subculturing on non-selective media (MIC values fall to 0.25 mg/L on
the second passage on Brucella agar with supplements). Finally, we have recently identified
4 non-toxigenic ribotype 010 isolates of CD from canine origin which manifest a MTZ-
resistant phenotype that seems to be stable (unpublished data).

In conclusion, although MTZ-resistance in CD can be highly unstable in some cases, there
seems to be a risk for the emergence of strains highly resistant to this drug. In this context,
the current widespread use of MTZ should be revised, and stewardship programmes should
be implemented both in human and animal medical institutions.

This study was supported by grant AGL2013-46116-R from the Spanish Ministry of Economy
and Competitiveness.

References:
[1] Peláez et al., 2008. J Clin Microbiol. 46(9):3028-32.
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SUSCEPTIBILITY OF Clostridium difficile TO FOOD
PRESERVATIVES SODIUM METABISULPHITE, SODIUM
NITRATE AND SODIUM NITRITE.

Su-Chen Lim1, Niki F Foster1, 2and Thomas V Riley1,2

1Microbiology & Immunology, The University of Western Australia, Nedlands, Western Australia.
2Department of Microbiology, PathWest Laboratory Medicine, Nedlands, Western Australia. 

Background: Clostridium difficile is an important enteric pathogen of humans and food
animals. Recently it has been isolated from retail foods with prevalences ranging from 0-
42%, prompting concern that contaminated foods might be the cause of increased
community-acquired Clostridium difficile infection (CA-CDI).

Methods: We investigated the in vitro susceptibility of 11 C. difficile isolated from food
animals and retail foods to three food preservatives, sodium metabisulphite, sodium nitrate
and sodium nitrite. Broth microdilution was used to determine their minimum inhibitory
concentrations (MICs) and minimum bactericidal concentrations (MBCs). Checkerboard
assays were used to investigate the combined effect of sodium nitrate and sodium nitrite,
which are commonly used in combination as preservatives in retail meats. 

Results: The MICs of sodium metabisulphite, sodium nitrate and sodium nitrite were 500-
1000 µg/ml, 2000 to >4000 µg/ml and 125-500 µg/ml, respectively. No bactericidal activity
was observed for any of the three preservatives. The sodium nitrate/sodium nitrite
combination showed indifferent interaction against C. difficile, however, the lack of synergy
may be due to the absence of commensal bacteria in both the broth microdilution and
checkerboard assays to reduce nitrate to nitrite. 

Conclusions: This study is the first to investigate the susceptibility of C. difficile to food
preservatives. It provides evidence that C. difficile can survive in the presence of these
agents. Although foodborne transmission of C. difficile to humans has not been proven, this
study highlights the possibility of preserved food contaminated with C. difficile acting as a
source of CA-CDI. Further studies in foods are needed to validate this hypothesis.
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THE DEVELOPMENT OF A NOVEL Clostridium difficile
LYSIN TO CONTROL C. DIFFICILE INFECTION IN A MURINE
MODEL

QIONG WANG, CHAD EULER, VINCENT FISCHETTI

The Rockefeller University, Laboratory of Pathogenesis and Immunology, New York, United State of
America 

Gastrointestinal infection with Clostridium difficile, an anaerobic gram-positive spore forming
bacterium, is the leading cause of nosocomial diarrhea and colitis in the United States as a
result of excessive antibiotic use. C. difficile infection rates and severity are rising, with few
treatment options. In this study, we propose using recombinant C. difficile bacteriophage
endolysins (lysins) as novel agents for the prophylactic and therapeutic treatment of C.
difficile infection and colitis. Phage lysins are proteins that attack the bacterial cell wall
peptidoglycan causing rapid lysis and death of the organism. A C. difficile lysin and its
catalytic domain, namely plyCD1 and plyCD1-cat, were expressed in E. coli and their lytic
activity characterized against a variety of C. difficile strains and other gram-positive bacteria.
We found that the catalytic domain of this lysin, PlyCD1-cat, displayed greater lytic activity
again C. difficile strains than the full-length molecule, and that PlyCD1-cat has a high degree
of specificity for killing C. difficile strains compared to other Clostridia or gram-positive
bacteria found as part of the natural flora of the digestive system. In a mouse model of C.
difficile intestinal infection, we show that PlyCD1-cat lysin had a protective role. Mice
infected with C. difficile exhibited an extended life span and better survival rate when given
PlyCD1-cat intra-rectally compared to controls. Together, these data suggest that PlyCD1-
cat has potential as a novel therapeutic for clinical application in the prevention and
treatment of colitis and diarrhea caused by C. difficile.
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SEQUENCE CONSERVATION AND VARIABILITY OF
Clostridium difficile TOXINS TcdA AND TcdB FROM
PREVALENT VARIANT STRAINS AS COMPARED TO
REFERENCE STRAIN USED IN SANOFI PASTEUR'S
Clostridium difficile TOXOID VACCINE 

Arnaud-Barbe Nadège1, Wittmann Gaëlle1, Barzu Simona1, Pietrobon Patricia J.2, Londoño-Hayes
Patricia 1, Quemeneur Laurence1

SANOFI PASTEUR 1R&D Marcy l’Etoile, FRANCE 2R&D, Swiftwater, PA, USA

C.difficile is a widely distributed pathogen with multiple strain toxinotypes / PCR-ribotypes
(RT). A number of molecular epidemiology studies conducted across several countries have
been published over the last five years. Results demonstrated that circulating strains
encoding several toxin variants are the prevalent cause of human C. difficile infection (CDI),
including toxinotypes 0, III, IV, V and VIII. In order to evaluate sequence conservation of
TcdA and TcdB among the prevalent variant strains, sequences were retrieved from public
database UniprotKB. We performed multiple sequence alignments and pairwise
comparisons. We compared the amino acid sequence variation to the strain used in the
current Phase III vaccine and evaluated representativeness of each variation. For TcdA, ~200
sequences were retrieved with worldwide distribution: ~10 sequences from Europe, ~30
from North America, ~50 from China and ~5 from Japan. More than 20 sequences were of
unknown origin. The PCR-ribotype was not supplied for more than 54% of the sequences,
nevertheless RT 001, 012, 013, 020, 027, 033, 078, 087 and 126 were represented. The
analysis showed at least 98% protein sequence identity with the reference strain sequence.
Domain B was the most variable. For each polymorphous position, the reference strain
sequence was present in more than 90% of the sequences except 3 positions in Domain
B. Sequences from RT 027 and 078 are the most distant ones from the reference strain
sequence. For TcdB, ~300 sequences were retrieved with worldwide distribution: ~30
sequences from Europe, ~140 from North America, ~60 from China, and ~5 from Japan.
More than 50 sequences were of unknown origin. The PCR-ribotype was not supplied for
more than 83% of the sequences; however RT 001, 012, 014, 017, 023, 027, 078, 087, 106,
126 and others were represented. The analysis showed more than 85% protein sequence
identity with the reference strain sequence. Domain A was the most variable. For each
polymorphous position, the reference strain sequence was present in more than 80% of
the sequences except for 2 positions in Domain D and 2 positions in Domain B. Sequences
from RT 027, 017 and 078 are the most distant ones from the reference strain sequence.
In addition, toxin protein sequence identity from the prototype strains representative of the
prevalent toxinotypes was evaluated against the reference strain sequence, using sequences
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obtained by high throughput sequencing. The results demonstrated that toxin sequence
identity to the reference strain sequence was more than 90% for toxinotype/RT 0/001,
0/002, III/027 and IV/023, for both TcdA and TcdB. Of note, the toxin activity of those
prototype strains was described to be cross-neutralized by anti-toxin antibodies generated
in Syrian gold hamsters vaccinated with the Clostridium difficile Toxoid Vaccine.
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COCKTAIL OF FULLY HUMAN RECOMBINANT
MONOCLONAL ANTIBODIES AGAINST Clostridium difficile
ASSOCIATED DISEASE 

Natalie G. Anosova1, Leah E. Cole1, Lu Li1, Jinrong Zhang1, Anna M. Brown1, Sophia Mundle1, Jianxin
Zhang1, Satyajit Ray1, Fuqin Ma1, Pierre Garrone2, Nicola Bertraminelli2, Harry Kleanthous1, and Stephen
F. Anderson1

1Sanofi Pasteur Biologics, 38 Sidney Street, Cambridge, MA 02139 USA
2VALNEVA SE, Gerland Plaza Techsud, 70, rue Saint Jean de Dieu 69007 Lyon, France

Clostridium difficile infection (CDI) is the principal cause of nosocomial diarrhea and
pseudomembranous colitis associated with antibiotic therapy. Recent increases in the
number of outbreaks attributed to highly-virulent antibiotic-resistant strains underscore the
importance of identifying efficacious alternatives to antibiotics to control CDI. 

CDI is mediated by two large exotoxins, toxin A and toxin B. Strong humoral toxin-specific
immune responses are associated with recovery and lack of disease recurrence, whereas
insufficient humoral responses are associated with recurrent CDI. Multiple approaches
targeting these toxins including intravenous immunoglobulin, neutralizing polymers, active
vaccines and, most recently, monoclonal antibodies have been explored with varying
degrees of success. 

We have generated recombinant monoclonal antibodies (mAbs) to C. difficile toxin A and
toxin B isolated from healthy human donors using a high-throughput B cell cloning strategy.
The mAbs were selected based on their ability to inhibit the actions of toxins A and B from
most prevalent toxinotypes in the cell-based assays in vitro and on their efficacy in a
hamster challenge model. A potent 2-mAb cocktail was identified and then further
potentiated by addition of a second anti-toxin B mAb. This 3-mAb combination protected
animals against mortality and also severity and duration of diarrhea associated with
challenge with highly virulent strains of C. difficile toxinotypes 0 and III. This highly efficacious
cocktail consists of one mAb specific to a receptor binding domain of toxin A and two mAbs
specific to non-overlapping regions of the glucosyltransferase domain of toxin B. This mAb
combination offers great potential as a non-antibiotic treatment for the prevention of
recurrent CDI.
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DEVELPOMENT OF ANTIBODIES TARGETING TcdA AND
TcdB OF Clostridium difficile 

Viola Fühner1, Sebastian Goy2, Stefan Dübel1, Ralf Gerhard 2, Michael Hust1

1Institute for Biochemistry, Biotechnology and Bioinformatics, Department Biotechnology, Technische
Universität Braunschweig, Germany;
2Institute for Toxicology, Hannover Medical School, Hannover, Germany

During the last years the incidence of Clostridium difficile infection (CDI) has increased
rapidly. Therefore, it is critical to develop new therapy strategies to fight CDI. The symptoms
associated with CDI are primarily induced by the 2 large exotoxins, TcdA and TcdB. The
exact mechanism of cellular uptake and intoxication is still elusive. However, these toxins
are targets for new therapeutics.

Antibody phage display is a proven tool to generate tailor-made monoclonal human
antibodies to neutralise pathogens. In particular, due to the in vitro selection process
completely avoiding the need for immunisation and the use of animals, selection on
bacterial toxins is uncomplicated.

In this study, we used a large universal human antibody phage display library to isolate a
significant number of monoclonal human antibodies against several different domains of
TcdA and TcdB. By characterizing these antibodies and their toxin neutralizing potential we
will gather information about the role of individual domains, regions or even epitopes for
the various aspects of toxin function, helping to further elucidate the molecular mechanisms
of intoxication. Due to the human genetic origin of the isolated monoclonal antibodies,
further applications for these antibodies in therapy and diagnostics are easily conceivable.
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BOVINE COLOSTRUM ANTIBODIES FOR THE PREVENTION
AND TREATMENT OF Clostridium difficile INFECTION AND
DISEASE

Melanie L. Hutton 1, Bliss Cunningham1, Lucy Li1, Kate E. Mackin1, Anjana Chakravorty1, Shelley Lyon1,
Grant Rawlin2, Julian I. Rood1, Glen P. Carter 1, and Dena Lyras1

1Department of Microbiology, Monash University, Victoria, Australia; 2Immuron Ltd, Victoria, Australia

The lifecycle of C. difficile is complex and involves ingestion and germination of spores
followed by vegetative cell colonisation and toxin production. Primary treatment for infection
includes the administration of vancomycin or metronidazole, which target the vegetative
cells. Paradoxically, this continued use of antibiotics increases patient susceptibility to
relapse as they prevent re-establishment of the gut microbiota. Thus, the development of
antibiotic-free therapies that target the various stages of the infectious cycle is desirable.
To address this need, we have developed and evaluated the use of colostrum-derived
antibodies for the prevention and treatment of Clostridium difficile infections.

Bovine colostrum is a pre-milk secretion, containing large quantities of immunoglobulins
and protective compounds, which can be administered to patients orally. Bovine colostrum
can be engineered to contain high levels of antigen-specific antibodies through
immunisation of cows during pregnancy. Importantly, preliminary studies have shown that
C. difficile derived colostrum can neutralise toxin and prevent disease relapse. However,
further studies are required to determine whether bovine colostrum can be used
prophylactically to prevent or treat fulminant disease.

This study examined the use of spore-, vegetative cell- or toxin-specific colostrum for the
prevention and treatment of CDI in a mouse model of infection. Oral administration of
colostrum to mice was shown to be protective against C. difficile disease. Mice that received
spore-specific antibodies prior to infection exhibited delayed weight loss and increased
survival compared to mice that received colostrum from unvaccinated cows, whereas mice
that were administered vegetative cell colostrum did not survive the infection. Mice that
received toxin- specific antibodies showed increased weight gain and a survival rate of 80%,
compared to no survival in mice that received colostrum from an unvaccinated cow.
Furthermore, when administered post-infection, toxin-specific antibodies were able to halt
disease progression. Collectively, these results indicate that colostrum may be used
successfully as a passive immunotherapeutic strategy for the prevention or treatment of C.
difficile infection.
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Clostridium difficile FLAGELLIN FLIC PREDOMINANTLY
ACTIVATES TLR5-LINKED NF-KB PATHWAY IN EPITHELIAL
CELLS.

J. Batah, C. Denève-Larrazet, J-C Marvaud, A. Collignon, and I. Kansau.

EA 4043 “Unité Bactéries Pathogènes et Santé” (UBaPS), Faculté de Pharmacie, Université Paris Sud,
92296 Châtenay-Malabry, France.

Clostridium difficile (CD) has become the most common pathogen responsible for intestinal
nosocomial post-antibiotic infections. CD pathogenicity is mainly due to the toxins TcdA
and TcdB. However, colonization factors are considered as a prerequisite to infection
following disruption of the intestinal microbiota barrier and could contribute to the
pathogenic process. Little is known about the role of CD flagella in the inflammatory host
response which contributes to the outcome of infection. We previously showed that
flagellated CD 027 (R20291) strain and its recombinant flagellin (FliC) activate the ERK1/2
MAPK through the Toll-Like Receptor-5 (TLR-5), in a TLR5-expressing Madin-Derby canin
kidney cell line (MDCK-TLR5) thus suggesting that the CD flagellin might play a role in the
initiation of an innate immune response and contribute to the pathogenesis of the
bacterium. In order to define the role of the CD FliC and flagella in the TLR5-stimulation
and in the induction of a host inflammatory immune response, we analyzed the FliC-
mediated TLR5 stimulation in MDCK- TLR5 and human Caco-2 epithelial cell lines. Cell lines
were incubated with the recombinant FliC from R20291 strain. The activation of MAPKs and
NF-B (degradation of IB-) in presence of specific MAPKs and NF-B inhibitors was analyzed
in cell lysates by western blot and pro-inflammatory cytokines were quantified in culture
supernatants. We also analyzed the TLR5-related gene expression in Caco-2 epithelial cells
using PCR array technology in CD FliC-stimulated cells. We showed that CD FliC triggers NF-
B and MAPKs (ERK1/2, JNK and p38) activation in both TLR5-expressing MDCK and Caco-
2 cell models. By measuring the impact of chemical MAPK and NF-B inhibitors, we observed
a greater impact of NF-B inhibitor in IL-8 synthesis in both cell models. This predominant
role for NF-B was also observed for IL-6 and MCP-1 in Caco-2 cells. According to these
results, siRNA interfering in the MDCK-TLR5 model confirmed the predominant impact of
NF-B inhibition in the FliC- induced IL-8 production, strongly suggesting a preponderant
role for NF-B signaling cascade following the CD FliC-TLR5 interaction. Moreover, the analysis
of the expression of 84 genes involved in TLR-mediated signal transduction showed that
18 over 84 analyzed genes were up- regulated in FliC-stimulated Caco-2 cells, including
pro-inflammatory cytokine IL-8, TNF, MCP-1, CSF3, IL-1, IL-1, IL-6 genes. Altogether, our
results indicate that CD flagellin induces a strong pro-inflammatory epithelial response that
could contribute to the epithelial damage during CDI.
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Clostridium difficile FLAGELLA INDUCE A PRO-
INFLAMMATORY RESPONSE IN INTESTINAL EPITHELIUM IN
SYNERGY WITH TOXINS TCDA AND TCDB IN A CDI MOUSE
MODEL.
1J. Batah, 1P.T. Bui Pham, 1C. Denève-Larrazet, 1J-C Marvaud, 2S. Kuehne, 1A. Collignon, and 1I. Kansau.

1EA 4043 “Unité Bactéries Pathogènes et Santé” (UBaPS), Faculté de Pharmacie, Université Paris Sud,
92296 Châtenay-Malabry, France ; 2Clostridia Research Group, Centre for Biomolecular Sciences,
School of Life Sciences, University of Nottingham, Nottingham, UK.

Clostridium difficile (CD) is responsible for 15-25% of antibiotic-associated-diarrhea and
95% of pseudomembranous colitis cases. Although the large clostridial toxins contribute
directly to CD infection (CDI)-associated mucosal lesions, other factors appear to be
involved in the pathogenic process too. The role of flagella in CD pathogenesis remains to
be demonstrated. We previously showed that recombinant flagellin FliC from CD R20291
activates the MAPKs and NF-κB through the Toll-Like Receptor-5 (TLR5), and induces pro-
inflammatory cytokine synthesis in epithelial cells, thus suggesting a role for CD FliC in
playing a role in the host immune response. To study the role of CD flagella in the intestinal
inflammatory response in vivo, we used a CDI mouse model. Groups of 6 conventional mice
were orally challenged with

105 spores of the flagellated WT R20291 strain (positive control) or fliC (unflagellated but
toxigenic) and A-B- (flagellated and non-toxigenic) isogenic mutants. Non-infected animals
were used as a negative control. After infection, animals were followed clinically for 2 days,
then euthanized for collection of caeca. The degree of caecal mucosa inflammation was
measured by a histological score (submucosa edema, inflammatory cell infiltration, epithelial
injury and loss of goblet cells). The changes in the transcription of pro-inflammatory cytokine
encoding genes in the intestinal mucosa of mice were determined by qRT-PCR. As expected,
the WT strain R20291-infected mice developed CDI with diarrhea on the first day post-
infection and a mortality rate of 50% at day 2 post-infection with strong colitis (caecal
dilatation, luminal liquid accumulation and wall hyperemia). Caecal sections from these mice
showed the highest inflammation score (12) compared to sections of uninfected mice (score
0). In contrast, mice infected with the fliC mutant presented only soft stools at day 2 post-
infection and survived the challenge. Non-toxigenic A-B- mutant-infected mice did not
develop CDI at all. Mild or no macroscopic and histological caecal inflammation were
observed in the fliC and A-B- mutant-infected mice (scores 8 and 6 respectively) compared
to uninfected mice. Moreover, a strong up-regulation of pro-inflammatory cytokines KC
(equivalent of hIL-8 in the mouse), IL-1β, IL-6, IL-22, TNF-α and CXCL-10 encoding genes
was observed in WT- infected mice compared to the control. In contrast, a much lower

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
Abstracts of poster presentations

155



over-expression of these cytokine genes was observed in the fliC and A-B- mutant-infected
mice. These observations suggest that in presence of toxins TcdA and TcdB, the CD R20291
flagella plays an important role in triggering the intestinal inflammatory response during CDI
in the mouse model.
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CHARACTERISATION OF CIRCULATING Clostridium difficile
STRAINS AND MUCOSAL INFLAMMATORY RESPONSE IN
CHILDREN WITH DIARRHOEA IN MERSEYSIDE, UK

Emily A Lees 1,3, Fabio Miyajima 1,2, Paul Roberts 2,Christine Gerrard 3, Nigel A Cunliffe 4, Nicholas AF
Ellaby 5, Munir Pirmohamed 1,2and Enitan D Carrol 3,4

1The Wolfson Centre for Personalised Medicine, University of Liverpool, United Kingdom. 2Royal
Liverpool and Broadgreen University Hospitals, Liverpool, United Kingdom. 3Alder Hey Children’s
Hospital, Liverpool, United Kingdom.4Department of Clinical Infection, Microbiology & Immunology,
University of Liverpool, United Kingdom.5Department of Functional & Comparative Genomics,
University of Liverpool, United Kingdom

The prevalence of Clostridium difficile (C. difficile) is increasing amongst ‘low risk’ groups,
such as children. Neonates and infants may carry C. difficile in their bowel flora without
adverse effects, but the mechanism by which this occurs remains unclear. We aimed to
characterise the epidemiology and host response of C. difficile in diarrhoeal children. A
total of 147 samples were selected from stored, anonymised inpatient and outpatient
diarrhoeal faecal samples (51 children under 2yrs and 96 children 2-16yrs). A total of 50
samples were collected from diarrhoeal inpatients recruited prospectively (27 children
under 2yrs and 23 children 2-16yrs). Faecal samples were prepared with alcohol-shock
treatment and cultured on Brazier’s CCEY agar under anaerobic conditions. Characteristic
scent, morphology and UV fluorescence were used to identify isolates as C. difficile.
Samples were tested for the presence of C. difficile antigen (GDH) and toxin, using lateral
flow assays (Quik Chek Complete). Isolates underwent PCR for ribotyping. Stool supernatants
underwent MSD VPLEX faecal cytokine assays, and matched plasma samples were tested
for IgG to Toxin B by ELISA. A total of 20 samples (26%) from <2yr and 12 samples (11%)
from >2yr group were culture and antigen positive for C. difficile. Of these, 10 (50%) of the
<2yr samples and 9 (75%) of the >2yr samples were toxigenic. Most common ribotypes
were: 020(7 isolates), non-typeable 1 (10 isolates), 014 and 017 (2 isolates). Compared with
circulating adult strains from the same area, greatest overlap was seen between hospitalised
adults and children >2yrs. Current proton pump inhibitor use was associated with C. difficile
carriage (OR 2.3; 95% CI 1.01-5.17). Mean Th1/Th2 ratios (IFNγ,IL12,IL2/IL13,IL4,IL6) and
plasma Toxin B IgG(inverse log optical density) were increased in children >2yrs; 0.70 versus
0.004, 3.27 versus 1.35, respectively. Mean Th1/Th2 ratios were also increased in stool
bacterial co-infection (6.40 versus 0.22). Diarrhoeal children frequently harboured toxigenic
isolates of C. difficile. Overlap of ribotypes with those in adults in the same area raises the
possibility of children as a community reservoir for C. difficile. Th1/2 was markedly raised
in those with bacterial co-infection.
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COMPARISON OF TOXIN NEUTRALIZATION ASSAYS (TNA)
FOR QUANTIFICATION OF C. difficile TOXIN A and B
SPECIFIC NEUTRALIZING ANTIBODIES IN HUMAN SERUM.

Dhaval M. Patel1, Timothy S. Vincent1, Laurence Quemeneur2, Natalie Anosova3, Lingyi Zheng1, Patricia
J. Pietrobon1, Victor Hou1, Stephen W. Hildreth1

1Sanofi Pasteur, Swiftwater, PA, USA, 2Sanofi Pasteur, Marcy l’Etoile, France,
3Sanofi Pasteur, Cambridge, MA, USA

Clostridium difficile is a spore-forming pathogenic bacterium which produces two major
virulence toxins, toxin A (TcdA) and toxin B (TcdB). Quantification of serum neutralization of
C. difficile TcdA and TcdB is fundamental in assessing functional antibody responses to C.
difficile vaccines and for evaluation of immunotherapies for C. difficile Infection (CDI).
Traditionally, labor intensive and subjective microscopic evaluation of the cytopathic effect
(CPE) of cell rounding using IMR-90 cells has been utilized to assess toxin-specific
neutralizing antibodies. Recently, three additional rapid, sensitive, and high-throughput toxin
neutralization assays (TNAs) have been developed using various cell lines and readouts. In
this study, performance of these TNA was compared to the traditional CPE TNA.

Compared to IMR-90 CPE TNA, a Vero cell micrometabolic inhibition test-based TNA is
longer in duration (6 days vs 24 hrs.) and has a different endpoint read-out (change in
metabolism as measured spectrophotometrically with the presence of a pH indicator).
Although duration of toxin exposure, cell line, and assay endpoints are different, both assays
performed comparably as demonstrated by concordance slope and percent agreement for
serostatus (within ± 2-fold between the two assays). Similarly, a T-84 cell paracellular
permeability-based TNA using Fluorescein- labeled reagent as an indicator of permeability
was compared to the traditional CPE TNA. Both assays had roughly the same duration of
toxin exposure (24 vs 29 hrs.) and performed comparably. Rather than subjective visual
readout, one can use a commercially available electronic sensing system to measure change
in impedance as a measure of cell rounding. As impedance measurements are continuous,
both early (5-hr toxin exposure) as well as late (21-hr toxin exposure) readings were
compared to the traditional CPE TNA. Based on the concordance slope, both early and late
readouts performed comparably to the traditional IMR-90 CPE TNA. However, percent
agreement for serostatus was much better when compared at 5 hrs. rather than at 21 hrs.
Overall, various TNA using different cell lines and cell readout methods appeared to be
comparable though sensitivity may be different depending on the length of the assay. As
all of the C. difficile TNA were comparable, better alternatives to the labor intensive and
subjective CPE TNA methods are now available.
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IMMUNOGENIC PROPERTIES OF THE SURFACE LAYER
PROTEIN (SLPA) OF Clostridium difficile AND
IMMUNIZATION ASSAYS IN ANIMAL MODELS.

J-F. Bruxelle, A. Mizrahi, S. Hoys, A. Collignon, C. Janoir and S. Péchiné.

EA 4043 “Unité Bactéries Pathogènes et Santé” (UBaPS), Univ Paris-Sud, Châtenay-Malabry, France

Clostridium difficile is an opportunistic pathogen causing gut inflammation generally
associated with an intestinal dysbiosis due to antibiotics. Several virulence factors have
been identified playing a key role in gut colonization and the most abundant on C. difficile
surface are the surface layer proteins. The S-layer of C. difficile is composed by two proteins,
the high molecular weight SlpA (HMW-SlpA) and the low molecular weight SlpA (LMW-SlpA).
These two proteins are derived from Cwp84-mediated cleavage of a single precursor protein
SlpA. In this study, we assessed the immunogenic properties of a recombinant SlpA
precursor derived from a toxigenic C. difficile strain (630) and its protective effect as a
vaccine antigen co- administred with Cholera toxin as adjuvant in both hamster and mouse
models.

First, we confirmed the immunogenicity of SlpA in humans. Sera from patients with C. difficile
infection were analyzed by ELISA to detect antibodies directed against the recombinant
SlpA. The SlpA immunoglobulin levels were higher in infected patient sera compared to
non-infected patient sera. Then, immunization assays were performed in both conventional
hamsters and mice. After three rectal immunizations with the recombinant SlpA precursor
with Cholera toxin, hamsters and mice received different antibiotic treatment according to
the model. Then, they were challenged by the toxigenic C. difficile 630 strain. Animal’s sera
were sampled before and after immunization and were analyzed by ELISA. Serum antibody
levels directed against SlpA were significantly higher in both immunized animals compared
to controls. In addition, in the mouse model, feces were sampled after immunization and
IgA directed against SlpA were detected by ELISA only in immunized mice.

In mouse and hamster models, the intestinal colonization was evaluated by fecal bacterial
count after challenge.

Despite production of specific systemic and local antibodies, these immunizations did not
induce a significant decrease of C. difficile intestinal colonization.
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PROFILING HUMORAL IMMUNE RESPONSES TO Clostridium
difficile-SPECIFIC ANTIGENS BY PROTEIN MICROARRAY

Negm Ola1, Hamed Mohammed1, Abbott Elizabeth1, Tighe Paddy1, Shone Clifford 2, Loscher Christine3,
Wilcox Mark4, Monaghan Tanya5

1School of Life Sciences, University of Nottingham, Nottingham UK; 2Public Health England, Porton
Down, Salisbury, UK; 3Immunomodulation Research Group, School of Biotechnology, Dublin City
University, Ireland; 4Leeds Institute for Molecular Medicine, University of Leeds, Leeds UK; 5Nottingham
Digestive Diseases Biomedical Research Unit and University of Nottingham, Nottingham UK

Protein microarray technology can be used to profile the antigen-specific humoral immune
response from vaccinated or infected humans and animals. This assay format incorporates
key features such as miniaturization and true parallelism that may have potentially important
advantages in terms of high throughput, convenience and cost. Here we show the
development, validation, and implementation of a novel in-house customised microarray
platform to enable the simultaneous quantification of systemic IgG immune responses to a
7- plex panel of C. difficile-specific virulence factors: whole toxins A and B (027 ribotype),
recombinant fragments of toxin A (TxA4), toxin B (TxB4) and surface layer proteins (SLP)
purified from 001, 002 and 027 ribotypes. We analysed human sera from patients with C.
difficile infection (CDI; n=150), cystic fibrosis (CF; n=17) and healthy controls (HC; n= 68) for
antibody immunoreactivities. Grouped data were analysed using the Kruskall-Wallis test with
Dunn’s post-test and p values of < 0.05 were considered statistically significant. We
demonstrate that C. difficile antigen-specific IgG responses can be measured using this
platform. Patients with CF showed significantly (p=<0.01) higher levels of specific antibody
responses across all antigens tested compared with aged-matched HC, and versus an older
population of patients with CDI. These observations suggest that the ability of the host to
mount a robust antibody response to C. difficile antigens may confer protection from
developing symptomatic CDI, which is rarely seen in CF patients despite the presence of
multiple risk factors for infection. Highest serum immunoreactivities were detected against
both recombinant toxins. In the CDI group, antibody responses to whole and recombinant
toxins A and B did not differ compared with those in HC, but infected patients did exhibit
significantly lower anti-SLP IgG (all ribotypes). In conclusion, we detail a protein microarray
system that allows accurate, precise, and reproducible C. difficile antigen-specific antibody
quantification. Variation in immunoreactivity to C. difficile antigens has potential implication
both for understanding host response and vaccine design. Additional modifications of this
method could be employed to investigate multiple isotype specificities and
cytokine/chemokine repertoires in response to infection or vaccination. This technology
may also provide useful diagnostic and prognostic information, which could find beneficial
applications in large-scale seroepidemiological, longitudinal and serosurveillance analyses,
which are not possible or impractical with other methods.
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EFFECTS OF BOVINE LACTOFERRIN IN AN IN VITRO HUMAN
GUT MODEL OF Clostridium difficile INFECTION

Monaghan Tanya1, Chilton Caroline2, Crowther Grace2, Śpiewak Klaudyna3, Brindell Malgorzata3, Singh
Gulzar1, Wakabayashi Hiroyuki4, Abe Fumiaki4, Wilcox Mark2

1Nottingham Digestive Diseases Biomedical Research Unit and University of Nottingham, Nottingham
UK; 2Leeds Institute for Molecular Medicine, University of Leeds, Leeds UK; 3Department of Inorganic
Chemistry, Faculty of Chemistry, Jagiellonian University Medical College, Krakow, Poland; 4Food Science
and Technology Institute, Morinaga Milk Industry Co., Ltd, Zama, Kanagawa, 252-8583, Japan

C. difficile infection (CDI) is a global health care problem. Recurring infections and increasing
antibiotic resistance have complicated treatment of CDI. There is now, therefore, an urgent
need for the development of novel non-antibiotic therapeutic and preventative strategies.
Recent evidence suggests that the availability of iron may be important for C. difficile growth.
Lactoferrin (Lf) is a multifunctional iron-binding glycoprotein present in milk, other exocrine
secretions and neutrophils. In its iron-free state, lactoferrin exhibits bacteriostatic activity
due to its ability to sequester iron, thereby depriving potential pathogens of this essential
nutrient. As Lf has been shown to exhibit sporicidal activity against a wide spectrum of
fungal spores, it may also exert a negative impact on the transmissibility of CDI. The
development of pharmaceutical agents that can block access to iron may help prevent and
possibly treat CDI.

We have evaluated the comparative effects of iron-depleted (1% saturated) bovine
apolactoferrin (apo-bLf) and iron-saturated (84% saturated) bovine hololactoferrin (holo-bLf)
in an in vitro gut model that is predictive of CDI. Two parallel triple-stage chemostat gut
models designed to facilitate the formation of intestinal biofilms were primed with human
faecal emulsions and spiked with C. difficile spores (~10(7) cfu/ml, PCR ribotype 027).
Bacterial populations were allowed to equilibrate before simulated CDI was induced by
instillation of Clindamycin (33.9mg/L, four times daily for 7 days). Microflora populations, C.
difficile vegetative cells and spores, cytotoxin titres, short chain fatty acids, lactoferrin, iron
and % iron saturation of Lf were determined at multiple time points.

We detected no differences in biofilm formation in the two models. Both apo- and holo-
bLf appeared to have little effect on microflora populations or C. difficile during control
periods pre-antimicrobial instillation. Two major differences were observed in C. difficile
populations post-antibiotic: germination was seen 6 days post-clindamycin instillation in
the apo-bLf model, but not until 15 days post clindamycin in the holo-bLf model; no toxin
was detected in the holo-bLf model for the duration of the experiment whereas toxin was
rapidly detected in the apo-bLf model (1 day post germination).
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In conclusion, we have shown for the first time that disrupting iron homeostasis has major
effects on C. difficile growth and development in a human gut model. As the clinical effects
of C. difficile infection are mediated through toxin production, it may be that iron toxicity
(rather than iron deprivation) has the greater potential as a novel treatment strategy.

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
Abstracts of poster presentations

162



P68

THE GLUCOSYLTRANSFERASE OF TOXIN B ACTIVATES
NEUTROPHILS

Goy Sebastian1, Olling Alexandra1, Fühner Viola2, Hust Michael 2, Gerhard Ralf1

1Institute of Toxicology, Hannover Medical School, Hannover, Germany 2Institute for Biochemistry,
Biotechnology and Bioinformatics, Department Biotechnology, Technische Universität Braunschweig,
Germany

Pathogenic Clostridium difficile infection (CDI) and especially CDI-induced pseudo-
membranous colitis are accompanied by tremendous neutrophil infiltration into the colon.
The pathogenicity factors toxin A (TcdA) and toxin B (TcdB) support neutrophil infiltration by
inducing IL-8 synthesis in any affected cells. A direct effect of TcdA or TcdB on neutrophils
has been poorly described so far.

In this work we show that TcdA and TcdB bind to human neutrophils independently of their
C-terminal receptor binding domains. Fluorescent labelled N-terminal toxin fragments TcdA
1-1101 and TcdB 1-1128 which are not cytotoxic in classical cell rounding assay bound to
neutrophil surface as shown by flow cytometry. We found that TcdB 1-1128 potently
activated neutrophils in terms of Ca2+ influx, degranulation and production of reactive
oxygen species (ROS). The isolated glucosyltransferase domain of TcdB (AA 1-542) was
sufficient for activation. Even limited tryptic digest of TcdB or the glucosyltransferase
generated toxin fragments that potently activated neutrophils. Since pretreatment of
neutrophils with cyclosporine H strongly reduced TcdB-induced Ca2+ influx and ROS
production we suggested activation of the formyl peptide receptor 1. Desensitization assays
and transfection experiments in HEK293 cells further supported activation of FPR1 by TcdB.
Interestingly, TcdB did not compete with fMLF (FPR1 agonist) for binding, indicating other
binding site or other mode of action of FPR1 activation. Since TcdB activated neutrophils
only at concentrations at least 1,000 fold higher than necessary for the classical cytotoxic
effect, we analyzed culture supernatants of C. difficile for the abundance of further N-
terminal cleavage products.

Therefore we generated highly specific antibody against the glucosyltransferase domains of
TcdA and TcdB that were detected by immunoblot analyses.

Our study therefore describes binding of the N-terminal part of TcdA or TcdB to human
neutrophils. Furthermore, we provide strong evidence for FPR1 as cell surface protein
interacting with TcdB, and we present ligand effect of non-cytotoxic TcdB fragments as a
potentially new mechanism in CDI-induced inflammatory processes.
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MECHANISMS OF PROTECTION BY THE ANTITOXIN
ANTIBODIES ACTOXUMAB AND BEZLOTOXUMAB IN
RODENT MODELS OF Clostridium difficile INFECTION

Amy Flattery1, Philip Lipari1, Peter Warn2, Pia Thommes2, Abdul Sattar2, Susanne Kramer1, MaryAnn
Powles1, Jon Polishook1, Zhiyong Yang3, Jeremy Ramsey3, Hanping Feng3, Lorraine Hernandez1, Alex
Therien1

1Merck & Co., Inc, Kenilworth, NJ, USA; 2Evotec (UK) Ltd., Manchester, UK; 3University of Maryland Dental
School, Baltimore, MD, USA

Clostridium difficile is an anaerobic, Gram-positive, spore-forming bacterium that colonizes
and infects patients whose normal gut microbiota has been disrupted by treatment with
broad- spectrum antibiotics. The symptoms of C. difficile infection (CDI) include mild to
severe diarrhea, pseudomembranous colitis and colonic rupture, and are caused by toxins
A (TcdA) and B (TcdB), released by the bacterium. A combination of monoclonal antibodies
consisting of the anti-TcdA antibody actoxumab and the anti-TcdB antibody bezlotoxumab,
has previously been shown to reduce the rate of recurrent CDI in patients treated with the
standard of care medications vancomycin and/or metronidazole. The antibody combination
is also efficacious in a number of animal models of disease. In this study, we explored the
mechanisms of protection of actoxumab/bezlotoxumab in the context of C. difficile infection
in mice and hamsters. Treatment with the antibodies decreased mortality and morbidity
and attenuated the damage and inflammation that is associated with CDI in these models.
The antibodies had limited impact on C. difficile colonization and toxin levels in the gut, but
protected the animals during the period of active infection that is normally associated with
severe symptoms and in many cases, death. While some antibody-treated animals, in
particular in the hamster model, showed a degree of morbidity associated with CDI, the
severity of disease was markedly reduced compared to vehicle-treated animals.
Furthermore, antibody-treated animals that survived the C. difficile challenge eventually
recovered fully from disease, showing reduced to undetectable colonization by C. difficile
and re-establishment of a normalized gut microbiota. The data are consistent with a model
wherein actoxumab/bezlotoxumab protects the host from the symptoms of CDI, allowing
the normal gut microbiota, the host’s natural defense against C. difficile, to recover and
prevent further colonization/infection.
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INSIGHT INTO ALTERATION OF GUT MICROBIOTA IN
Clostridium difficile INFECTION AND ASYMPTOMATIC C.
difficile COLONIZATION

Yibing Peng, Lihua Zhang, Danfeng Dong, Cen Jiang, Zhen Li, Xuefeng Wang

Department of Laboratory Medicine, Ruijin Hospital, Shanghai Jiaotong University School of Medicine,
197 Ruijin No.2 Road, Shanghai, China

Clostridium difficile is well recognized as the common pathogen of nosocomial diarrhea,
meanwhile, asymptomatic colonization with C. difficile in part of the population has also
drawn public attention. Although gut microbiota is known to play an important role in the
pathogenesis of C. difficile infection (CDI), whether there is any alteration of gut microbial
composition in asymptomatic C. difficile carriers hasn’t been clearly described. The purpose
of this study was to explore the differences in gut microbiome among CDI patients,
asymptomatic C. difficile carriers and healthy individuals.

We performed fecal microbiota analysis on the samples of eight CDI patients, eight
asymptomatic C. difficile carriers and nine healthy subjects using 16S rRNA gene
pyrosequencing. CDI patients and asymptomatic carriers showed reduced microbial
richness and diversity compared with healthy subjects, accompanied with a paucity of
phylum Bacteroidetes and Firmicutes as well as an overabundance of Proteobacteria. Some
normally commensal bacteria, especially butyrate producers, were significantly depleted in
CDI patients and asymptomatic carriers. Furthermore, marked differences were observed
in microbial community structure between CDI patients and asymptomatic carriers,
suggesting that the changes of gut microbiota in asymptomatic C. difficile carriers may not
directly lead to C. difficile-associated diseases.

Our study demonstrates the characterization of gut microbiota in CDI and asymptomatic C.
difficile colonization, which will provide a basis for future functional studies of specific
intestinal probiotics and development of new microbiota-targeted agents for CDI prevention
and treatment.
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THE IMPACT OF BILE ACID MODIFICATION ON Clostridium
difficile COLONISATION

Caitlin Jukes, Anthony Buckley, Janice Spencer & Gillian Douce

Institute of Infection, Immunology & Inflammation, University of Glasgow, Glasgow, United Kingdom

Dysbiosis is essential for C. difficile infection as growth is inhibited by other members of
the microflora. Two mouse models of this infection have recently been established in which
disease severity is dependent on the extent and spectrum of the antibiotics used to treat
the animals prior to infection. One model uses an antibiotic cocktail in conjunction with
clindamycin to induce severe disease (Chen et al., 2008) and the other clindamycin only to
induce colonisation (Lawley et al,. 2009).

Bile salts are produced by all mammals and are involved in the emulsification of fats. Recent
research has shown that primary bile salts, such as taurocholate, are involved in C. difficile
spore germination broadly acting as inducers whereas secondary bile salts are less potent
inducers and inhibit outgrowth. Bile salt hydrolases (BSH) produced by the microbiota are
enzymes involved in bile modification starting the conversion of bile salts from primary to
secondary form and act as potential markers of bile metabolism in the gut. We propose
that disturbance of bile metabolising bacteria is essential in order to create an environment
that is optimum for spore germination and vegetative cell outgrowth.

Mice were infected with C. difficile BI-7 using the two models described above. Microbiome
samples were taken from each treatment group during the course of antibiotic treatment
and infection. PCRs directed to BSH genes showed that BSH were lost after clindamycin
was administered indicating a loss of BSH producing bacterial from the microbiota. Caecum
samples sent for mass spectrometer analysis indicate that both antibiotic regimes lead to
a significant increase in primary bile salts compared to controls creating an environment
ideal for germination and outgrowth. Subsequently we have shown treatment with
clindamycin was essential for loss of bacteria expressing BSH and a role for BSH producing
bacteria in colonisation resistance. In addition to this, potential BSH producing bacteria have
been shown to inhibit C. difficile spore germination in vitro. Interestingly, the loss of these
BSH producing bacteria did not correlate with increased severity of symptoms. Further work
is ongoing to determine whether severe disease can be linked to other changes in the
bacterial community or through activation of host inflammation.
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EFFECT OF Clostridium difficile SPENT MEDIUM ON FECAL
MICRIOBIOTA COMMUNITY STRUCTURE IN A SIMPLE IN
VITRO MODEL

Sabina Zalig1, Aleksander Mahnic2, Maja Rupnik1,2,3

1University of Maribor, Faculty of Medicine, Maribor, Slovenia; 2National Laboratory for Health,
Environment and Food; Maribor, Slovenia; 3Centre of excellence Cipkebip, Ljubljana, Slovenia

Crucial for the development of C. difficile infection (CDI) is disturbance of the normal gut
microbiota, which is usually due to treatment with antibiotics. Individuals colonized with C.
difficile have lower diversity of gut microbiota, with the general decrease of anaerobic
bacterial species and an increased proportion of facultative anaerobes. During colonization
C. difficile could influence the gut microenvironment, e.g. via excreted metabolites. To
observe the impact of C. difficile on growth of common gut bacteria we analyzed the
differences in bacterial community structure of fecal microbiota after in vitro growth in spent
medium from C. difficile.

Six different C. difficile strains, corresponding to two ribotypes (014/020, 027), were
incubated for 2 days in two different culture media (Wilkins Chalgren Anaerobe Broth- WCAB,
Anaerobe Basal Broth-ABB). The spent medium was subsequently used for culturing of fecal
microbiota.

Samples were taken after 3 and 5 day incubation period and total bacterial DNA was
extracted. Bacterial community composition was determined by paired-end sequencing on
Illumina MiSeq platform, targeting V3-V4 hypervariable region of the 16S rRNA gene. Results
showed increased proportion of bacterial species Bacteroides caccae, Colinsella
aerofaciens, Colinsella intestinalis, Dorea formicigenerans and Eubacterium biforme in both
used media. On the other hand, a decreased proportion of Streptococcus vestibularis and
Lactobacillus mucosae species was observed. Numerous trends seem to be medium
specific, such as decrease of Veillonella genus members in ABB and decrease of Clostridium
genus members in WCAB while increase in ABB.

Although previous studies reported possible deleterious effects of 027 ribotype on gut
microbiota, we did not observe any significant differences between microbiota changes in
spent medium of strains from different PCR ribotypes.
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UNDERSTANDING GUT INSTINCT: OPTIMISING GUT
COLONISATION RESISTANCE AGAINST Clostridium difficile
INFECTION

Yuille Samantha1, Tedford M. Catriona1, Morrison Douglas J.2, Mackay W. Gordon1

1University of the West of Scotland, Scotland, 2Scottish Universities Environmental Research Centre,
Glasgow, Scotland and Glasgow University, Scotland.

Clostridium difficile infection (CDI) remains the leading cause of hospital acquired, antibiotic-
associated colitis in the elderly (>65). Current CDI treatments, such as metronidazole and
vancomycin bare recurrence risks and faecal transplantation is an arduous, last resort
treatment. Prebiotic carbohydrates, such as inulin, are fermented in the colon producing
short chain fatty acids (SCFA) which lower luminal pH. The role of luminal environmental
factors such as pH in protecting against CDI is largely unknown in the clinical setting.

In this study, in vitro batch culture was used to investigate three potential environmental
mediators of CDI; pH, SCFA and oxidation-reduction potentials (ORP).

C. difficile is strongly inhibited by pH within a physiological range of 4 – 5, whilst optimum
growth occurs at 5.8 and above within 48 hours. Interestingly, no significant sensitivity was
found towards SCFA whilst pH was controlled. Chemical manipulation of ORP across a range
of pH has no effect on C. difficile growth.

In conclusion there is strong evidence of sensitivity of C. difficile to intestinal pH,
independent of other environmental mediators within the intestine. This finding suggests a
potential role for manipulating pH as a way of modulating C. difficile. Clinical investigations
with dietary prebiotics are now warranted to determine whether manipulation of intestinal
pH plays a role in prevention or treatment of CDI.

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
Abstracts of poster presentations

168



P74

COMPARATIVE GENOMICS OF Clostridium difficile
TOXINOTYPES

Janezic, Sandra1,2, Dingle, Kate3, Didelot, Xavier4, Rikanovic, Tanja5, Crook, W. Derrick3, Rupnik, Maja1,2,5

1National Laboratory for Health, Environment and Food; Maribor, Slovenia; 2University of Maribor,
Faculty of Medicine, Maribor, Slovenia; 3Oxford University, John Radcliffe Hospital, Oxford, UK; 4Imperial
College London, London, UK; 5Centre of Excellence CIPKeBIP, Ljubljana, Slovenia

Two main virulence factors, responsible for pathogenicity of Clostridium difficile, toxin A
(TcdA) and B (TcdB), are encoded within a 19-kbp pathogenicity locus (PaLoc). Genetic
variation of the PaLoc has been exploited in toxinotyping, a typing method in which,
according to PCR-RFLP differences in the PaLoc, when compared to reference strain
VPI10463 (toxinotype 0), strains are grouped into 35 variant toxinotypes (I-XXXV). In addition
to TcdB and TcdA, some strains produce also a third toxin, binary toxin CDT. Recently,
different authors have reported a horizontal transfer of the PaLoc and emergence of some
new PaLoc variants. Here we report comparative genomic analysis of all major variant C.
difficile toxinotypes. Our aim was to 1) study evolutionary relationship of toxinotypes, 2)
identify possible novel phylogenetic lineages and 3) investigate phylogeny of toxin genes in
different toxinotypes.

Whole genome sequences (WGS) were determined for 25 variant toxinotypes and additional
42 isolates, representatives of all six phylogenetic clades so far described for C. difficile
(Dingle et al., 2014; GBE). Phylogenetic analysis based on WGS demonstrated that
toxinotypes are distributed across all five toxigenic clades, and are therefore good
representatives of the C. difficile population. Only one strain, toxinotype XXXII, formed a
distinct branch and was therefore designated as a putative novel lineage. Further analysis
revealed that toxinotype XXXII has altered PaLoc and is characterized by an atypical PaLoc
integration site. Phylogenetic analysis demonstrated almost congruent relationship of tcdB
and the clade. Exchange of the PaLoc by recombination could explain the rare cases of
deviation between phylogenetic trees. Congruent evolutionary relationships were observed
also for cdtA, cdtB and WGS. Single nucleotide polymorphism (SNP) analysis showed that
SNPs are more common in tcdB and that tcdA and cdtA/B are more conserved.
Furthermore, analysis of mutation distribution in tcdB (and TcdB) demonstrated four different
patterns (SNPs mainly accumulated in catalytic and/or binding domain and SNPs equally
distributed throughout the whole gene), which correlated well with phylogenetic lineages
and type of cytopathic effect on cultured cells, suggesting evolution of TcdB and other large
clostridial toxins from two independent glycosyltransferase ancestors.
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A MODEL-ORGANISM DATABASE FOR Clostridium difficile
630

Ingrid M. Keseler1, Peter D. Karp1

1SRI International, Menlo Park, CA, USA

We introduce a new database resource for C. difficile 630, CdiffCyc. We combined the most
recent genome sequence and annotation from RefSeq with updated gene function
annotations from MicroScope to build a database within the Pathway Tools software
environment. The database was further improved by manual curation of the predicted
metabolic network. We will validate the metabolic network by building an FBA model of
metabolism and comparing it to existing experimental data.

CdiffCyc is freely available as part of the BioCyc collection of databases at
cdifficile.biocyc.org. Its integration within BioCyc provides a large number of tools and
resources for navigating, visualizing, and analyzing the database contents as well as user-
supplied data. The genome browser and metabolic overview diagram enable searching and
browsing genes, proteins, metabolic pathways, and more. Protein and nucleotide sequences
can be searched via BLAST. Data pages for each gene/protein, pathway, metabolite, and
reaction contain additional information and links to other resources, e.g. UniProt.

Users can visualize and analyse large-scale datasets such as gene expression,
metabolomics, and ChIP-Chip data by painting them on the metabolic overview diagram,
the genome overview, or as a track for the genome browser.

Within BioCyc, C. difficile can be compared to a large number of other organisms. For
example, orthologous genes in a user-defined set of organisms can be visualized within
their genome context, and the metabolic networks and transporter complements of sets of
organisms can be compared.

Users can generate, analyze and store lists of genes, proteins, pathways or other database
objects as SmartTables. SmartTable tools include table transformations that allow, for
example, a list of metabolic pathways to be transformed into a list of enzymes that catalyze
reactions in these pathways or a list of metabolites participating in the pathway. Users can
choose whether their saved SmartTables are private, shared, or public.

Future enhancements of CdiffCyc will include addition of phenotype microarray and gene
essentiality data.
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CHARACTERIZATION OF LuxS DEPENDENT BIOFILM
FORMATION BY Clostridium difficile 

Ross Slater, Meera Unnikrishnan

Warwick Medical School, The University of Warwick, United Kingdom

Multicellular bacterial communities or biofilms abound in nature, with their successful
formation and persistence requiring cell-cell communication. Cells within a biofilm
communicate through quorum sensing, a process mediated by small signaling molecules
that accumulate in the extracellular environment. In several bacteria, LuxS, a metabolic
enzyme that produces the signaling molecule autoinducer-2 (AI-2), plays a key role in
quorum sensing. For many of these species, LuxS has been demonstrated to be a key
regulator of biofilm formation and development.

The anaerobic gut pathogen, Clostridium difficile, is capable of forming composite, adherent
biofilms in vitro. In vitro biofilms provide the bacteria within increased resistance to antibiotic
and oxygen stress. The mechanisms underlying C. difficile community formation and inter-
bacterial interactions are poorly understood.

C. difficile contains LuxS that is capable of inducing luminescence in a Vibrio harveyi
reporter strain that responds to AI-2. LuxS mutants are defective in biofilm development in
vitro, as measured by crystal violet staining and microscopy. We have shown that addition
of chemically synthesized AI-2 can restore biofilm formation by luxS mutants. Furthermore
in vitro adhesion assays demonstrate a reduction in the ability of luxS mutants to adhere
to intestinal epithelial cells. We are currently studying the luxS mutants using RNA-seq to
decipher the LuxS-dependent pathways in C. difficile and understand the role of LuxS in
metabolism and signaling.

Our data suggest an important role for LuxS in C. difficile community formation and
pathogenesis, possibly by orchestrating events through cell signaling pathways.
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GENOME WIDE ANALYSIS OF GENE EXPRESSION IN
Clostridium difficile BIOFILMS

Isabelle Poquet 1,2, Alexis Canette 1, Marc Monot 2, Laure Saujet 2, Jean-Marc Ghigo 2, Romain Briandet1,
Isabelle Martin Verstraete 2 & Bruno Dupuy 2

1INRA, Micalis UMR1319, Domaine de Vilvert, 78352 Jouy-en-Josas cedex
2Institut Pasteur, LPBA, 25 rue du Dr Roux, 75015 Paris

Clostridium difficile pathogenesis essentially relies on two well-known toxins targeting the
intestinal epithelium, but earlier infection steps are not completely understood°. Biofilm
growth is thus receiving more and more attention* because of its possible in vivo
contribution to infection, in particular to colonization and/or to relapse.

Anaerobic biofilm growth of C. difficile was set up in vitro on an abiotic surface (glass) in
microfermentors. Under those conditions, the model laboratory strain CD630erm was able
to form biofilm in a medium known to favor toxin production. A genome wide analysis of
expression after biofilm growth revealed a huge 'biofilm regulon' of 748 genes (20% of the
genome). Interestingly, this regulon and the regulon controlled by CD2214, a SinRBs like
protein, were found to be highly overlapping. A very high number (>100) of genes
differentially expressed after biofilm growth are known or predicted to be involved in several
metabolic functions suggesting a complete change in metabolism under biofilm growth.
Genes involved in membrane transport (67), in cell wall biogenesis (54) and of unknown
functions (64) are also highly represented. On the contrary, only few sporulation genes are
differentially expressed (12), suggesting that the observed biofilm was early to mature rather
than old and disassembling. The most up-regulated genes are involved in sugar uptake (PTS
systems). Interestingly, genes encoding exported proteins or involved in protein export were
found to be up-regulated.

Mutagenesis of several up-regulated genes representative of different functions (sugar PTS
uptake systems, cell wall biogenesis, ...) is in progress by the Clostron method. Constructed
and available mutants (oligopeptide ABC uptake systems …) are characterized by confocal
microscopy for their ability to form biofilms. Because of up-regulation of PTS genes, the
effect of sugar addition on biofilm morphology is also studied by confocal microscopy. This
study should give insights on the molecular mechanisms used by C. difficile to form biofilm
in vitro, and open perspectives to study their role in vivo.

References
• Carroll and Bartlett 2011 Ann Rev Microbiol
• Dawson et al 2012 Plos One, Dapa et al. 2013 J Bact, Semenyuk et al 2014 PlosOne,

Crowther et al. 2014 Plos One
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THE SIGMA FACTOR, SigB, CONTROLS SURVIVAL IN
STATIONARY PHASE, SPORULATION, MOTILITY AND
METABOLISM IN Clostridium difficile 

N. Kint1,2, M. Monot1, O. Soutourina1,2, B. Dupuy1 and I. Martin-Verstraete1,2

1Laboratoire de Pathogénèse des Bactéries Anaérobies, Institut Pasteur, 25 rue du Docteur Roux,
75015 Paris, 2Université Paris 7-Denis Diderot, 75013 Paris, France

In several gram-positive bacteria, the alternative sigma factor, SigB, plays a central role in
stationary-phase and general stress responses1. The sigB gene usually forms an operon
with genes involved in the control of SigB activity by a partner switching mechanism. During
exponential growth phase, the anti-sigma factor RsbW sequesters and inactivates SigB. When
bacteria are exposed to a stress or in stationary phase, the anti-anti-sigma factor, RsbV, is
dephosphorylated by phosphatase(s) and can interact with RsbW allowing the release of
SigB and the expression of its targets. Interestingly, the rsbV, rsbW and sigB genes are present
in the genome of C. difficile but absent in most clostridia. We first showed that the sigB
gene is the last gene of an operon (CD0007-11), which is transcribed from a SigA-dependent
promoter. We inactivated the sigB gene in C. difficile. We showed that the growth of the sigB
mutant was similar to that of strain 630∆erm while its survival during stationary phase was
reduced. We then compared the expression profiles of the 630∆erm strain and the sigB
mutant at the onset of stationary phase. SigB positively or negatively controls about 20 %
of the genes in C. difficile including genes involved in sporulation, motility and metabolism
(carbon, nitrogen, fermentation and cell wall). Some genes, which probably participate in
the stress management and several regulators were also regulated by SigB while SigB did
not control toxin synthesis. Using our recent genome-wide identification of transcriptionnal
start sites2 and the consensus sequence recognized by SigB in Bacillus subtilis and Listeria
monocytogenes, we found a SigB-dependent promoter upstream of about 20 operons
positively controlled by SigB in transcriptome and we defined a consensus sequence
recognized by SigB in C. difficile. Finally, sigB inactivation led to an increase of sporulation
rate in agreement with the transcriptome data showing an up-regulation of more than 100
sporulation genes in the sigB mutant. Phenotypic tests are currently in progress to determine
the possible role of SigB in the management of stress response, in motility behavior or in
the ability to form biofilm.

1. Hecker, M., J. Pane-Farre, and U. Volker, SigB-dependent general stress response in
Bacillus subtilis and related gram-positive bacteria. Annu Rev Microbiol, 2007. 61: 215-
36.

2. Soutourina, O.A., et al., Genome-wide Identification of Regulatory RNAs in the Human
Pathogen Clostridium difficile. PLoS Genet, 2013. 9(5): p. e1003493.
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HIGH-THROUGHPUT ANALYSIS OF SPORULATION-
RELATED GENES IN Clostridium difficile R20291

Marcin Dembek1,4, Lars Barquist2, Christine J. Boinett3, Amy K. Cain3, Matthew Mayho3, Trevor D. Lawley3,
Neil F. Fairweather1 and Robert P. Fagan5

MRC Centre for Molecular Bacteriology and Infection, Imperial College London, London, United
Kingdom1, Institute for Molecular Infection Biology, University of Würzburg, Germany2, Wellcome Trust
Sanger Institute, Hinxton, United Kingdom3, Institute for Cell and Molecular Biosciences, Newcastle
University, Newcastle upon Tyne, United Kingdom4, Department of Molecular Biology and
Biotechnology, University of Sheffield, Sheffield, United Kingdom5

Clostridium difficile is the most common cause of antibiotic-associated intestinal infections
in humans and a significant cause of morbidity and mortality worldwide. Under conditions
that are not favourable for growth C. difficile sporulates, producing metabolically dormant
endospores that are resistant to most physical and chemical insults. These are thought to
be the primary infective agent and represent an attractive target for intervention. A detailed
understanding of the essential cellular processes that underpin C. difficile sporulation could
thus aid in the development of effective therapeutics. A number of methods for directed
gene inactivation in C. difficile are now available, allowing for reverse genetic studies, in
which the exact role of a gene, hypothesized to be important in a particular phenotype, can
be elucidated experimentally. However, forward genetic studies aimed at identifying the
genetic basis of a particular phenotype without making any assumptions about the genes
involved have been hampered by a lack of suitable genetic tools.

We have developed a method for rapidly generating large numbers of transposon mutants
in clinically important strains of C. difficile, demonstrating for the first time that forward
genetic screens are possible in this generally difficult-to-study organism. We validated our
transposon mutagenesis approach in a model strain of C. difficile and then generated a
comprehensive transposon library in the highly virulent epidemic strain R20291
(027/BI/NAP1) containing over 70,000 unique mutants. Using transposon-directed insertion
site sequencing (TraDIS) we have identified a core set of 404 essential genes, required for
growth in vitro. We then applied this technique to the process of sporulation, identifying
798 genes that are likely to impact spore production. These included a number of previously
uncharacterised genes that are currently being investigated in more detail.
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CODY-DEPENDENT REGULATION OF SPORULATION
INITIATION IN Clostridium difficile 

Kathryn L. Nawrocki1, Adrianne N. Edwards1, Laurent Bouillaut2 and Shonna M. McBride1

1Department of Microbiology and Immunology, Emory University School of Medicine, Atlanta, Georgia,
USA
2Department of Molecular Biology and Microbiology, Tufts University School of Medicine, Boston, MA,
USA.

The Gram-positive anaerobe, Clostridium difficile, must form a dormant spore to survive
outside of the gastrointestinal tract and be transmitted between hosts. Even though the
process of sporulation is essential for survival, the molecular pathways and regulatory
factors that control the initiation of sporulation in C. difficile remain to be fully elucidated.
Previous studies have suggested that a link exists between nutritional status and sporulation
initiation in C. difficile. To explore this link, we have examined the global nutritional regulator,
CodY, and its impact on sporulation in C. difficile. CodY functions as a nutritional state
monitor and regulator in C. difficile by repressing alternate means of nutrient acquisition
and synthesis in a nutrient rich environment. We generated codY null mutants in both
630Δerm, a well-studied strain, and UK1, a current epidemic isolate. Overall sporulation
efficiency was increased in both backgrounds, but the UK1 codY null mutant exhibited a
>40,000-fold increase in sporulation efficiency, while the 630Δerm codY null mutant
exhibited only a 6-fold increase in sporulation efficiency. These results suggest a difference
in CodY-dependent regulation of sporulation initiation factors in C. difficile strains. We
further examined the expression of known and putative effectors of sporulation initiation
in C. difficile. We found that appA and sinRI transcription are differentially regulated in the
630Δerm and UK1 codY mutants. The App peptide permease has been shown to indirectly
modulate sporulation in C. difficile through a possible SinRI mechanism. SinR likely functions
as a transcriptional repressor of sporulation, while SinI functions as a putative inhibitor of
SinR in C. difficile. These differences in expression of appA between the 630Δerm and UK1
strains may be due to a single base pair change in a putative CodY binding site in the appA
promoter region. Although a putative CodY binding is present in the promoter region of
sinRI, the differences in expression are not due to any alterations in the promoter region, as
the promoter sequences are identical between 630Δerm and UK1. It is possible that CodY
directly and indirectly regulates sinRI expression through additional unknown factors. Our
data also suggest that although CodY represses sporulation in all C. difficile strains, the
CodY-dependent regulatory pathways are altered in various C. difficile isolates. The variability
of CodY-mediated gene regulation is likely one of many regulatory differences present
between C. difficile isolates. This study emphasizes the importance of examining other strain
backgrounds when unraveling complex regulatory mechanisms in C. difficile.
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THE STRUCTURE OF CWP84, A CYSTEINE PROTEASE
REQUIRED FOR THE MATURATION OF THE S-LAYER OF
Clostridium difficile 

William J. Bradshaw1,2, Jonathan M. Kirby2, Nethaji Thiyagarajan1, Christopher J. Chambers1,2, Abigail H.
Davies1,2, April K. Roberts2, Clifford C. Shone2 & K. Ravi Acharya1

1Department of Biology and Biochemistry, University of Bath, Claverton Down, Bath, BA2 7AY, UK
2Public Health England, Porton Down, Salisbury, SP4 0JG, UK.

Clostridium difficile presents a paracrystalline protein layer known as an S-layer (surface
layer) as its outermost surface. S-layers have been suggested to perform functions relating
to cellular shape, molecular sieving, adhesion to and invasion of host cells, phage fixation,
protection from the host immune system and many others. Combined with their inherent
accessibility, this makes S-layers a potentially important antibacterial target. The S-layer of
C. difficile is primarily composed of a high molecular weight S-layer protein (HMW SLP) and
a low molecular weight S-layer protein (LMW SLP), which are derived from the cleavage of
the S- layer precursor protein SlpA by another S-layer protein, Cwp84, a cysteine protease.
We have previously shown that Cwp84 knockouts present a compromised S-layer, have an
unusual colony morphology, and display growth defects. Here we present the structure of
a truncated active site mutant of Cwp84 at 1.4 Å, comprising the cysteine protease domain,
the propeptide and the newly identified “lectin-like” domain. The cysteine protease domain
assumes a cathepsin L-like fold with notable differences in the proregion binding loop and
occluding loop regions, while the propeptide assumes a partially novel fold interacting with
the active site and wrapping around the lectin like domain. We also present two structures
of Cwp84 after propeptide cleavage, which exhibit two conformational changes within the
active site and one on the surface of the lectin like domain. These structures provide the
first pieces of information on the role of Cwp84 in the maturation of the S-layer of C. difficile
at an atomic resolution.
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DISASSEMBLY OF BACTERIAL BIOFILMS

Ian Passmore1, Johann Peltier1, Aleksandra Agapova2, Brendan W. Wren1 and Lisa F. Dawson1

1Department of Pathogen Molecular Biology, London School of Hygiene and Tropical Medicine, Keppel
Street, London, WC1E 7HT, UK. 2Mycobacterial Research, NIMR, The Ridgeway, Mill Hill, London, NW7
1AA.

Clostridium difficile is the leading cause of nosocomial diarrhoea worldwide, yet relatively
little is known about colonisation of the intestinal tract and relapse of C. difficile. Many
pathogenic bacteria aggregate and form biofilms which enable them to colonise and persist,
whilst evading the immune response. C. difficle forms mats and aggregates in mouse models
of Clostridium difficile infection (CDI), and exogenously expressed c-di-GMP has been shown
to enhance aggregate and promote biofilm formation in both B. subtilis and C. difficile. Here,
we demonstrate that C. difficile forms biofilms in vitro and forms an extracellular polymeric
substance (EPS) comprised of nucleic acid and protein. Biofilm formation can be inhibited,
and mature biofilms can be disassembled, by the addition of DNase, indicating that DNA
forms an integral part of the EPS matrix. Mature biofilms can also be disassembled with the
addition of alginate lyase.

However, we observed that the addition of excess non-specific protein (Bovine serum
albumin) can also result in this disassembly phenotype, suggesting that this may not be a
consequence of alginate lyase activity. Certain known inhibitors of biofilm formation in other
species, such as certain D-amino acids, norspermidine and antimicrobial peptides actually
promote biofilm formation in C. difficile. Our findings indicate the complexity of biofilm
formation and disassembly, as well as highlighting potential attributes of C. difficile biofilms,
which could be further exploited in treatment of CDI.
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THE PROTEOME OF HUMAN CELLS IS ALTERED BY TOXINS
A AND B OF Clostridium difficile 

Erdmann Jelena, Juneman Johannes, Zeiser Johannes, Jochim Nelli, Just Ingo, Gerhard Ralf, Pich Andreas

Institute of Toxicology Hannover Medical School, Hannover, Germany

The anaerobe Clostridium difficile is one of the most common nosocomial pathogens and
triggers antibiotic-associated gastrointestinal infections ranging from mild diarrhea to life-
threatening pseudomembranous colitis. Toxins TcdA and TcdB are the two major virulence
factors of C. difficile that specifically glucosylate and inactivate small GTPases. The
consequences are reorganization of the cytoskeleton, loss of cell-cell contacts, and finally
cell death.

Comprehensive proteome analyses were conducted using data-dependent shotgun
proteomics and human epithelial cell lines that had been treated with wild type or mutant
toxins. Protein quantification was done by the SILAC technique. Long (24 h) and short term
(5 h) effects of TcdA on the colonic proteome in Caco-2 cells were analyzed. The impact of
TcdB was investigated in HEp-2 cells after 8 h of intoxication. Proteins were analysed by
gel-LC-MS and results were verified by western blot and MRM analyses. The activity of
clostridial glycosylating toxins was evaluated in vivo by determining the glucosylation rate
of target GTPases.

Wild type toxins induced considerable changes in the protein profile of epithelial cells. In
case of TcdA more than 800 proteins of the over 6000 identified proteins were altered in
their abundance. Regulated proteins were primarily involved in regulation, metabolic
processes, endocytosis, organelle function, cell-cycle and cytoskeleton organisation.
Glucosyltransferase deficient TcdA induces only changes after short incubation periods.
After treatment with TcdB 183 of 5320 identified proteins were affected. These proteins are
involved in signal transduction, cytoskeleton organisation, cell-cycle and cell death. The
mutant TcdB revealed a pyknotic effect, which is glucosyltransferase independent but
triggered the response of 129 proteins. Besides known targets of TcdA, glucosylation was
additionally identified in Rap1(A/B), Rap2(A/B/C), Ral(A/B), and (H/K/N)Ras which had not
been identified as TcdA targets before. This proteome analysis demonstrates that clostridial
glucosylating toxins affect several cellular processes that have not been considered before.
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BIOFILM FORMATION IN Clostridium difficile 

Anthony Buckley1, Janice Spencer1, Caitlin Jukes1, Denise Candlish1, June Irvine1

& Gillian Douce1

1Institute of Infection, Immunology & Inflammation, College of Medical, Veterinary & Life Sciences,
University of Glasgow, Glasgow G12 8TA U.K.

Clostridium difficile is a Gram positive anaerobic bacillus and an important cause of
antibiotic associated disease world-wide. Treatment of C. difficile infections are becoming
increasingly complex as failed therapies and relapse rates are becoming more prevalent.
The formation of biofilms during colonisation of the gastrointestinal tract represents a viable
antibiotic resistance mechanism that could contribute towards patient relapse/chronic
recurrent infections. We sort to characterise the biofilm formation of C. difficile strain
R20291 using molecular and microscopy approaches.

Using scanning electron microscopy (SEM) and immunohistochemistry we show that C.
difficile cells aggregate together in the gastrointestinal tract of hamsters challenged with C.
difficile R20291. To further understand the molecular events leading to mature biofilm
formation we performed RNAseq experiments on in vitro-grown biofilms. Compared to in
vitro-grown shaking cultures, bacterial cells in a biofilm showed pleotropic transcriptional
differences, such as upregulation of spo0A & the various cell wall proteins. Comparing
elements of biofilm formation in the well characterized Bacillus subtilis with those of C.
difficile, we have identified upregulated putative genes involved with extracellular matrix
production. By constructing defined in-frame chromosomal mutants we will characterise
their role in biofilm maturation in vitro and in vivo.

Together these data will help understand the molecular events controlling biofilm formation
and the role biofilms play in C. difficile pathogenesis.
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THE HTRA-LIKE PROTEASE CD3284 MODULATES
VIRULENCE OF Clostridium difficile 

Dennis Bakker1, Anthony M. Buckley2, Anne de Jong3, Vincent J. C. van Winden1, Joost P. A. Verhoeks1,
Oscar P. Kuipers3, Gillian R. Douce2, Ed J. Kuijper1, Wiep Klaas Smits1, and Jeroen Corver1

1Department of Medical Microbiology, Section Experimental Bacteriology, Leiden University Medical
Center, Leiden, The Netherlands, 2Institute of Infection, Immunity and Inflammation, University of
Glasgow, Glasgow, United Kingdom, 3Department of Molecular Genetics, University of Groningen,
Groningen, The Netherlands

In the past decade, Clostridium difficile has emerged as an important gut pathogen.
Symptoms of C. difficile infection range from mild diarrhea to pseudomembranous colitis.
Besides the two main virulence factors toxin A and toxin B, other virulence factors are likely
to play a role in the pathogenesis of the disease. In other Gram-positive and Gram-negative
pathogenic bacteria, conserved high-temperature requirement A (HtrA)-like proteases have
been shown to have a role in protein homeostasis and quality control. This affects the
functionality of virulence factors and the resistance of bacteria to (host-induced)
environmental stresses. We found that the C. difficile 630 genome encodes a single HtrA-
like protease (CD3284; HtrA) and have analyzed its role in vivo and in vitro through the
creation of an isogenic ClosTron-based htrA mutant of C. difficile strain 630∆erm (wild type).
In contrast to the attenuated phenotype seen with htrA deletion in other pathogens, this
mutant showed enhanced virulence in the Golden Syrian hamster model of acute C. difficile
infection. Microarray data analysis showed a pleiotropic effect of htrA on the transcriptome
of C. difficile, including upregulation of the toxin A gene. In addition, the htrA mutant showed
reduced spore formation and adherence to colonic cells. Together, our data show that htrA
can modulate virulence in C. difficile.
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TYPE IV PILI OF Clostridium difficile 

Edward Couchman, Neil Fairweather

Imperial College London, London, UK

Type IV pili (T4P) are a uniquely retractable type of pili, found in both Gram-negative and
Gram- positive species. They are known to be important/essential virulence factors in
several Gram- negative species, in particular Pseudomonas aeruginosa and Neisseria
meningitidis, where they have been extensively studied. They promote bacterial colonisation
by adhering directly to host tissue and/or by mediating interbacterial interactions, promoting
biofilm formation. T4P are formed of pilin proteins. The major pilin, the primary constituent
of the pilus, is known as PilA while others are known as minor pilins (the putative minor
pilins of C. difficile are PilJ, PilK, PilU, PilV and PilW). Pilins are synthesised as immature pre-
pilins, which are processed by PilD proteases into mature pilins. Pili are assembled and
retracted by the ATPases PilB and PilT respectively. C. difficile has two gene clusters
encoding T4P: a major, primary cluster which contains all genes necessary to form functional
T4P, and a smaller, secondary cluster, which contains only pilB, pilC, pilM, and pilA and is
therefore not alone expected to synthesise a complete pilus.

We have shown that the primary T4P cluster is transcribed as an operon, with a partial
terminator between the first gene (pilA1) and the second (pilB1). Using a plasmid expressing
diguanylate cyclase, we have shown that increasing the levels of intracellular cyclic-di-GMP
induces T4P production by up-regulating transcription of the operon, while the presence of
the partial terminator ensures pilA1 is expressed at far higher levels than the remainder of
the operon. This demonstrates a novel method of producing the major pilin at an
appropriate ratio to other proteins encoded within the operon. This is consistent with the
presence of a cyclic-di-GMP-binding riboswitch upstream of the primary cluster. We have
investigated which genes are essential for T4P production by mutation of several genes in
the primary cluster, and have also investigated the effect of the loss of T4P on bacterial
aggregation which may reflect virulence of the species. These data will be presented.

5th INTERNATIONAL CLOSTRIDIUM DIFFICILE SYMPOSIUM
Abstracts of poster presentations

181



P87

STRUCTURAL STUDIES OF TYPE IV PILI PROTEINS IN
Clostridium difficile 

Carys Davies1, Adam D. Crawshaw1, Edward Couchman2, Neil F. Fairweather2, Paula S. Salgado1

1Institute for Cell and Molecular Biosciences, Faculty of Medical Sciences, Newcastle University, UK;
2MRC Centre for Molecular Bacteriology and Infection, Imperial College London, UK.

Clostridium difficile is a leading hospital acquired infection in the developed world, however,
the mechanisms of surface adhesion and colonization are still poorly understood. Type IV
Pili (TFP), a recognisable feature of Gram-negative bacteria, enabling cell-surface adhesion
and motility have only recently have TFP been identified in Gram-positive bacteria. In
Clostridium perfringens, the best studied example, pili proteins have been shown to be
required for motility and biofilm formation.

In C. difficile, two clusters of TFP orthologues have been identified, indicating that TFP may
be an important virulence factor. The primary cluster includes all the required components
of a functional type IV pili: pilA, the pilins that form the pili, ATPases pilT and pilB, secretion
protein pilM and a prepilin peptidase, pilD. Interestingly, the secondary cluster contains a
minimal version, lacking only the retraction ATPase pilT and extra genes of yet unknown
function. Recently, a further pilin homologue, pilJ has been described in a distant region
lacking any other TFP orthologue and its biological relevance is therefore still unclear.

In order to further understand TFP in C. difficile, we have focused on the pilin from the main
cluster, pilA1 from the model strain 630 and the highly virulent epidemic strain R20291
(027/BI/NAP1). We have successfully expressed, purified and crystallised a truncated form
of pilA1 from the 630 strain, lacking a hydrophobic N-terminal domain presumed to be
involved in pilin assembly. Surprisingly, structural determination had to rely on obtaining
heavy atom derivatives, as current pilin models proved unable to provide a good initial
molecular replacement solution. However, analysis of the final structure shows some similar
features to other known pilins, particularly from Neisseria gonorrhoeae. Current work is
focused on the structural characterisation of the full length pilins from both 630 and R20291
strains in order to further understand pili assembly.
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THE ROLE OF THE AGR LOCUS IN THE EXPRESSION OF
VIRULENCE FACTORS IN Clostridium difficile 

Jorge M. Montfort-Gardeazabal1, Manisha Patel1, Sarah A. Kuehne1 and Nigel P. Minton1

1Clostridia Research Group, Centre for Biomolecular Sciences, School of Life Sciences, University of
Nottingham, Nottingham, United Kingdom

Clostridium difficile has become the most frequent cause of hospital-acquired diarrhoea
worldwide. The infection is transmitted via spores and the disease is mediated by two large
toxins. In order to develop effective countermeasures it is imperative to understand the
regulation of these two crucial components in C. difficile.

Several clostridia species have putative agr quorum sensing systems resembling that in
Staphyloccocus aureus. In S. aureus this system regulates the expression of virulence factors
based on the cell density. In some clostridia species, including Clostridium botulinum,
Clostridium acetobutylicum and Clostridium perfringens, it has been shown that an agr
system is present and that it plays an important role in sporulation and toxin production.
Most Clostridium difficile strains have only putative agrB and agrC regions, known as agrBD1.
However, ribotype 027 strains have an additional complete operon, known as agr2, encoding
for the four putative staphyloccocical genes. These strains have a higher production of
toxins and spores compared to the 630 strain lacking this operon.

In this study, the effect of the additional agr operon on sporulation and toxin production is
evaluated. ClosTron technology (insertional mutagenesis) was used to produce agrB1 and
agrB2 mutants in C. difficile R20291; additionally, a plasmid containing the agr2 operon was
introduced in C. difficile 630 to evaluate the effects on sporulation and toxin production.
The sporulation time and the amount of toxin produced in the agrB mutants showed
variations compared to the R20291 wild type whilst the 630 mutant containing the agr2
operon showed no difference compared to the 630 wild type. The agrB mutants
complemented with their respective gene on a plasmid returned to the wild type phenotype.
This suggests that the agrB genes play an important role in the regulation of these virulence
factors (toxin production and sporulation) in R20291 whereas the 630 strain regulates them
in a different way.
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INVESTIGATION OF A NOVEL, PUTATIVE S-LAYER
GLYCOSYLATION CLUSTER IN Clostridium difficile 

Emma Richards, Laura Bouche, Ana Arbeloa, Howard Morris, Maria Panico, Anne Dell and Neil
Fairweather

Imperial College London, London, UK

The cell wall of C. difficile is likely to play a key role in host-cell interactions and colonization
of host tissues. The Surface layer (S-layer) of the cell wall is a two- dimensional array
composed of the high molecular weight (HMW) and low molecular weight (LMW) S-layer
proteins (SLPs), derived by post-translational cleavage of the SlpA precursor protein.
Previous studies have determined that SlpA in strains 630 and R20291 is not glycosylated.
SlpA can vary in sequence between strains and 12 distinct slpA cassettes have been
described (1). Cassette type 11 strains contain, adjacent to slpA, a cluster of genes similar
to those found in other species which glycosylate surface proteins.

Using a combination of mass spectrometry and genetic analysis, we have analysed SlpA in
the type 11 cassette strain Ox247 and demonstrate that the protein is glycosylated. The
putative structure of the Ox247 glycan was established using electrospray ionisation mass
spectrometry. Further, we have shown that glycosylation occurs only on the LMW SLP, which
has a predicted MW without modification of 20 kDa. Glycosylation of the LMW SLP is evident
by altered mobility of this protein on SDS-PAGE, with several protein species bearing glycans,
as shown by mass spectrometry, migrating at apparent MWs of 30 - 40 kDa. Insertional
mutants were constructed in Ox247 in genes within the glycosylation cluster and their
phenotypes analysed. Inactivation of genes predicted to initiate glycosylation (orf2) and to
ligate the complete glycan to the protein (orf19) resulted in the complete absence of
glycosylation and migration of the LMW SLP at its predicted MW of 20 kDa. Other mutants
within the cluster have been constructed and their phenotypes will be discussed. Our data
is consistent with the model of S-layer glycosylation described in Geobacillus
stearothermphilus (2) where the glycan is formed within the cell, translocated through the
membrane via an ABC transporter and finally ligated to the protein via an O-linkage.

The significance of S-layer glycosylation to the lifestyle and pathogenesis of C. difficile is
being investigated using a range of in vitro experiments including antibiotic resistance,
sporulation, biofilm formation, toxin production and adhesion to mammalian cells, coupled
with in vivo analysis.

References
(1) Dingle, et al (2013). The Journal of Infectious Diseases. 207 (4), 675-686.
(2) Steiner, et al (2008). The Journal of Biological Chemistry. 283 (30), 21120-21133
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CONTROL OF SURFACE PROTEINS IN Clostridium difficile 

H. Alexandra Shaw1, Lisa F. Dawson1, Alexandra Faulds-Payne1, Ian Passmore1, Mark Preston1, Johann
Peltier2, Elizabeth Donahue1, Neil Fairweather2 and Brendan Wren1

1London School of Hygiene and Tropical Medicine, London, UK, 2Imperial College London, London, UK

The surface of C. difficile is a complex array of proteins. Many of these have been implicated
in or hypothesized to be involved in colonization and infection. These proteins are tightly
regulated and C. difficile has both non-covalently anchored S-layer proteins and covalently
anchored cell wall proteins. Sortase is a membrane anchored enzyme which covalently
anchors specific proteins to the peptidoglycan cell wall. We are only now beginning to
understand the regulation of these two groups of surface proteins, their role in the
pathogenesis of C. difficile and how we can combat infection.

A number of putative surface proteins have been shown to be targets for cleavage by a
single functional sortase in C. difficile. In many pathogenic Gram-positive bacteria the
substrates of sortase are involved in colonization or virulence. The surface protein CD3392
is a predicted sortase substrate, antibodies against which have been found in human patient
sera from Clostridium difficile infection (CDI) positive patients. We have analyzed the
regulation of this key surface protein using RNAseq data from two predicted transcriptional
regulatory proteins CD2214 and CD2215, both of which have a HTH DNA binding motif.
Analysis of the regulon of these transcriptional regulators identified a significant increase in
expression of CD3392. We used electromobility shift assays to determine a potential DNA
binding site upstream of CD3392 by the transcriptional regulators CD2214 and CD2215.
Western blotting confirmed that expression of CD3392 was suppressed by expression of
these regulators.

Dissecting the regulation and understanding the processing of this immunogenic sorted
surface protein could provide a target for the development of novel C. difficile
biotherapeutics. To that end, we have previously identified 4 candidate small molecule
inhibitors, which inhibit the cleavage reaction of putative sortase substrates by the C. difficile
sortase. CD3392 has been confirmed to be anchored to the cell wall by the C. difficile
sortase. We have used these inhibitors in vitro to show that the sortase can be inhibited to
prevent the covalent anchoring of CD3392 to the peptidoglycan cell wall of C. difficile. This
provides the potential to prevent or reduce colonization by this bacterium in the host.
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NOVEL CELL-BASED ASSAYS MEASURING EARLY AND LATE
EFFECTS OF Clostridium difficile TOXINS

Mary Ann Cox-Hipkin, Zuo Zhang, Fred Racine, Lorraine Hernandez, and Alex Therien Merck & Co., Inc,
Kenilworth, NJ, USA

Clostridium difficile infections are the leading cause of hospital-acquired infectious diarrhea
and are caused primarily by two exotoxins, TcdA and TcdB. Both toxins have similar
structural and functional characteristics: they bind to specific receptors on the surface of
gut epithelial cells, are internalized through endocytosis, translocate to the cytoplasm, and
inactivate rho-type GTPases via covalent glucosylation. This leads to downstream events
that include morphological changes associated with disruption of the actin cytoskeleton
and of epithelial tight junctions, release of pro-inflammatory mediators, and eventually cell
death. Historically, assays used to assess the effects of toxins on cells have relied on
evaluation of cell rounding or quantitation of ATP levels to estimate cell death,
measurements which are either largely qualitative (cell rounding) or variable (ATP levels). In
this study, several in vitro assays are described that robustly and quantitatively measure
both early and late TcdA- and TcdB- dependent events in cells, including: (i) Rac1
glucosylation, (ii) changes in cellular morphology (measured as dynamic mass redistribution,
DMR) (iii) loss of epithelial integrity (measured by monitoring transepithelial electrical
resistance, TER), and (iv) cell death (measured as total cellular protein using a sulforhodamine
B colorimetric assay). The assays were validated using the highly specific monoclonal
antitoxin antibodies actoxumab and bezlotoxumab, which neutralize TcdA and TcdB,
respectively. Differences in the potencies of the antibodies against toxins of different C.
difficile ribotypes are consistent across various assay endpoints and different cell types,
validating the pharmacological utility of the assays. The panel of assays described herein
provide a useful toolset for characterizing the effects of existing and emerging toxin-targeted
therapies on early- and late-stage cellular effects of the toxins.
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ROLE OF ADHESION IN Clostridium difficile INFECTION

Saba Anwar and Simon M. Cutting

School of Biological Sciences, Royal Holloway University of London, Egham, Surrey, TW20 0EX, U.K.

Clostridium difficile is a Gram positive, anaerobic spore-forming bacterium, which is
estimated to be responsible for about one-quarter of hospital acquired infections. C. difficle
is the main cause of pseudomembranous colitis (PMC) and antibiotic associated colitis and
diarrhea known as C. difficile associated disease (CDAD). CDAD is difficult to treat and
contain due to the ability of C. difficile to form robust spores that can persist and be easily
transferred from one individual to another in a hospital environment.

Spores are formed when the vegetative organism is subjected to stress such as nutrient
limitation that causes the vegetative organism to survive in a dormant state outside the
anaerobic environment of the gut. More than 90% of C. difficile infection occurs after or
during antibiotic treatment. Antibiotics act by disrupting the normal colonic flora allowing
the germinating C. difficile spore to outgrow and colonize the host’s intestinal tract. Before
C. difficile infection develops it is assumed that the spore may play a role, probably by
attaching to the gut mucosa and it is this aspect that has interested us. CotE and the putative
exosporial proteins BclA1, BclA2, BclA3 and the isogenic wild type strain 630Δerm have
been assessed for their binding efficiency to monolayers of HT29 cells, a colo-rectal
epithelial cell line and HT29-MTX cells, a mucus secreting cell line. Adherence of spores to
major components of the extracellular matrix (ECM) of the gut such as collagen and
fibronectin has also been investigated. We have examined the adherence of both purified
and unpurified C. difficile spores to monolayers of HT29 cells and components of the ECM.
This is because during C. difficile preparation in the laboratory, spores undergo a purification
step to remove germinating cells and other impurities. It is thought that this purification
step removes much of the outermost layer of the spore, the exosporium and the surface
exposed coat proteins. Therefore spores, which have not undergone a purification step,
have also been assessed for adherence to see whether these coat proteins and impurities
affect adhesion. This work highlights the importance of C. difficile coat proteins and the
exosporium in adhesion to components of the ECM and HT29 cells.
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ROLE OF TYPE 4 PILI IN THE Clostridium difficile
PATHOGENIC PROGRAM

Martinez de la Pena, Claudia F1, Kitova, Elena2, Li, Yang1, Maldarelli, Grace3, Klassen John2, Donnenberg,
Michael3, Armstrong, Glen D1

1Department of Microbiology, Immunology, and Infectious Diseases, University of Calgary, Calgary,
Canada, 2Department of Chemistry, University of Alberta, Edmonton, Canada, 3Department of Medicine,
University of Maryland School of Medicine, Baltimore, USA

Clostridium difficile is an anaerobic Gram-positive microorganism responsible for causing
C. difficile infections, or CDI. CDI varies from mild diarrhoea to life-threatening inflammation
of the colon. CDI has been associated with changes in the normal intestinal microflora
mainly due to antibiotic therapy affecting especially hospitalized elderly people. The main
virulence factors of Clostridium difficile are TcdA and TcdB toxins. However, our recent
discoveries demonstrated that C. difficile can express and assemble Type 4 pili (T4P). T4P
are filamentous structures expressed on the surface many Gram-negative bacteria where
they play an important role in colonization, adherence, biofilm formation and twitching
motility. Many T4P also possess the ability to bind to complex glycan sequences of the
surface of host cells; a property which factors in their colonization strategy. Objective: To
investigate the capacity of C. difficile T4P to bind to host cell-derived complex glycan
sequences. Methods: We used the hyper-sensitive electrospray ionization mass
spectrometry technique to screen a panel of host cell-derived complex glycan sequences
for potential receptors for the C. difficile T4P structural pilin subunits. Results: This analysis
revealed that one of the C. difficile T4P structural pilins (PilA1) displayed a preference for
binding to glycan sequences incorporating the GlcNac(1- 3)Gal(1-4) disaccharide.
Conclusions: Our results reveal that binding to complex glycan sequences on host cell
surfaces may factor in the C. difficile pathogenic program.
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VARIABILITY OF BIOFILMS FORMED IN VITRO BY
Clostridium difficile STRAINS

Véronique Pantaléon1, Marc Monot2, Catherine Eckert3,4, Thomas Candela1, Anne Collignon1, Claire
Janoir1

1EA4043, Faculté de Pharmacie, Université Paris-Sud, France, 2Laboratoire Pathogenèse des Bactéries
Anaérobies, Institut Pasteur, Paris, France, 3Laboratoire associé Clostridium difficile, AP-HP Hôpital
Saint Antoine, Paris, France, 4GRC n°2 EPIDIFF, UPMC, Paris, France

Biofilm is the main bacterial way of life. Biofilm is a microbial community that synthesizes
and is embedded in a matrix. Clostridium difficile forms a biofilm on abiotic surfaces and
led to cell-surface modifications. We showed that the mutant cwp84 in the 630Derm strain
displays an 11 fold increased hydrophobicity and forms a more robust biofilm (OD x72)
compared to the parental strain (Pantaléon et al., submitted). The aim of this study was to
test the variability of biofilms formed by different C. difficile strains.

Biofilm formation and properties of thirty-one C. difficile strains were tested including the
epidemic 027 R20291 strain. The strains were characterized: adherence, motility, PCR-
ribotyping and MLST, WGS (21 isolates). All the tested strains formed a biofilm whose
biomass was variable. The biomass, after violet crystal staining, ranged from OD 0.218 to
10.759. The strains were divided artificially in three groups: thin biofilm (OD< 1.1),
intermediate biofilm (1.1<OD<3.5) and thick biofilm (OD> 3.5). The biofilm biomass was not
correlated with the PCR-ribotype and sequence type. Among the sequenced strains, three
not motile strains formed a thin biofilm. Analysis of the genome of these strains showed
the absence of thirty genes involved in the synthesis of the basal body of the flagellum and
the motor. These strains are not motile and form a thin biofilm, suggesting that motility may
be involved in biofilm formation. Four other strains were chosen according to their ability
to adhere to Vero cells or to colonize the mouse gut. Among them, P30, 4684/08 and 1064
strains with strong adherence and colonizing properties formed a thick biofilm. In contrast,
the strain IT1106 with weak adherence properties formed a thin biofilm. These results
suggest that adherence properties are linked to biofilm formation.
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SPATIAL ORGANIZATION OF TISSUE-ASSOCIATED
BACTERIA IN A Clostridium difficile MONOXENIC MOUSE
MODEL

Soavelomandroso AP1, Bouttier S1, Hoys S1, Candela.T1, Janoir C1.

1EA4043, Faculté de Pharmacie, Université Paris Sud, 5 Rue Jean Baptiste Clément, 92296 Châtenay-
Malabry Cedex, France.

The obligate anaerobe Clostridium difficile is the leading cause of nosocomial diarrhea and
C. difficile infections (CDI) are associated with a high rate of recurrences, which could be re-
infections or relapses. Occurrence of relapses could be explained either by the persistence
of resistant spores in gut and/or by the ability of vegetative cells to persist within a biofilm
in vivo. Indeed, some studies have shown the ability of different strains of C. difficile to form
a biofilm on inert surfaces after 3 days of incubation. Therefore, the objective of this study
was to assess the ability of C. difficile to form a biofilm in vivo. As a first step, we chose the
germ free mouse, a simplified animal model that lacks the complex microbiota of the host.
Three strains able to form a biofilm on polystyrene plates were tested for their ability to
form a biofilm on mouse gut tissues: two clinical isolates 630∆erm and R20291 and one
strain isolated from poultry P30. Axenic mice were fed with culture broth of these strains.
Seven days post infection, mice were sacrificed and the ceaca and colons were sampled.
C. difficile colonization was monitored by enumeration of both luminal and adherent
bacteria and by microscopy. Tissues, after washing, were stained with the Film Tracer™
LIVE/DEAD® biofilm viability kit in order to visualize C. difficile in gut tissues by confocal
scanning laser microscopy (CSLM). The level of C. difficile colonization in caecum and colon
was similar for the three strains. The number of luminal bacteria was about hundred times
higher than that of adherent bacteria.

Examination of intestinal tissues by CSLM showed that in both caecum and colon, there
was no direct contact between C. difficile and epithelial cells. Bacteria localization may
correspond to the upper layer of mucus epithelium. Whatever the strain, bacteria
organization was similar either forming clusters or being isolated along the studied tissues.
However, compared to the strains R20291 and P30, the bacteria-associated tissue for the
630∆erm are less abundant and more dispersed. Further investigations should be
performed to determine if the observed clusters are microcolonies that could evolved into
a biofilm structure.
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