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WELCOME
International C. difficile Symposium (ICDS) is the main venue where the C. difficile community
meet regularly every two or three years. It is organized by an international committee and
traditionally hosted in Bled, Slovenia. Well into the preparations for ICDS 2020, in the spring
of 2020, it became clear that this year the meeting would have to be canceled. However, a
couple of weeks later, the Organizing committee decided to move the meeting online. The
decision was made at a time when this was not yet an established practice.
The 7th ICDS was exceptional.
Good morning, good afternoon, and good evening. This is how we started our weekly ICDS
sessions.
To accommodate ICDS international audience from various time zones, we run ICDS as a
weekly series with a two-hour session per week for six weeks, which turned out as a very good
model. For some participants (and speakers), sessions started early in the morning, for others
in the afternoon or late in the evening. Most sessions had two invited talks and one short
selected presentation followed by poster sessions. The program has also this year covered
various aspects from both the research and the clinical side. Registration was required but free
of charge. The use of Zoom platform was generously provided by Newcastle University and
managed by Dr. Paula Salgado, one of the OC members.
As the Abstract book is also being finalized after the meeting, we can summarize that 7th ICDS
was the biggest ever with 448 participants from 39 countries from all continents, so the online
version of the meeting has increased the audience and the number of represented countries.
The C. difficile community found the virtual meeting very useful and informative. Many thanks
again to everyone for their contributions.
On the behalf of Organizing Committee
Maja Rupnik and Paula Salgado
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APPLICATION OF POULTRY MANURE FOR
AGRICULTURAL FERTILIZATION CAUSES
PERSISTENT ENVIRONMENTAL CONTAMINATION
WITH CLOSTRIDIOIDES DIFFICILE SPORES AND
POTENTIAL AIRBORNE SPREAD
Martinique Frentrup1, Nadine Thiel1, Vera Junker1, Wiebke Behrens1, Steffen Münch2, Paul Siller3, Tina Kabelitz4,
Matthias Faust5, Kerstin Schepanski5, Thomas Amon4, Uwe Rösler3, Roger Funk2, Ulrich Nübel1,6,7
Leibniz-Institute DSMZ - German Collection of Microorganisms and Cell Cultures, Braunschweig
2
Leibniz Centre for Agricultural Landscape Research (ZALF)
3
Institute for Animal Hygiene and Environmental Health (ITU), FU Berlin
4
Leibniz Institute for Agricultural Engineering and Bioeconomy (ATB)
5
Leibniz-Institute for Tropospheric Research (TROPOS)
6
German Center for Infection Research (DZIF), Partner Site Braunschweig-Hannover, Braunschweig, Germany
7
Braunschweig Integrated Center of Systems Biology (BRICS), Technical University, Braunschweig, Germany
1

Background and aims: Clostridioides difficile can be found at high abundance in the intestinal
tract of livestock animals, including chickens. Consequently, fertilization of agricultural land
with livestock manure may cause environmental contamination with C. difficile spores. Our
aims were to test for the presence and survival of manure-derived C. difficile in fertilized
soil and to investigate the risk of aerogenic spread of viable C. difficile in association with
agricultural dust.
Methods: We conducted a field experiment, where 12 tons of manure from broiler fattening
facilities in Germany was spread on 2.1 hectars of agricultural land1. C. difficile was isolated
from manure, from fertilized soil, and from dust particles that were captured during the
experiment. Genomes of these isolates were sequenced and analyzed using the platform
EnteroBase2.
Results: We detected a high diversity of C. difficile isolates in broiler manure samples, including
12 clonal complexes (corresponding to different PCR ribotypes2). The most frequently isolated
strain was CC3 (Ribotype 001). Isolates genomically indistinguishable from manure isolates
were recovered from fertilized soil up to two years after fertilization, and they were also found
in dust samples collected at the application site.
Conclusions: We present the first evidence of long-term contamination of manurefertilized agricultural soil with C. difficile spores. Moreover, aerogenic spread of C. difficile
isolates originating from applied manure was detected. Our results demonstrate a potential
spreading route of C. difficile in the environment that -- to our best knowledge -- had not been
documented in the past.
1. Thiel N, Münch S, Behrens W, et al. Airborne bacterial emission fluxes from manure-fertilized agricultural
soil. Microb Biotechnol. 13(5): 1631-1647.
2. Frentrup M, Zhou Z, Steglich M, et al. A publicly accessible database for Clostridioides difficile genome
sequences supports tracing of transmission chains and epidemics. Microb Genomics. 2020;6(8):e000410.
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KEY DIFFERENCES IN DIAGNOSIS AND PATIENT
POPULATIONS BETWEEN COMMUNITY AND
INPATIENT C. DIFFICILE INFECTIONS: RESULTS
FROM THE COMBATTING BACTERIAL RESISTANCE
IN EUROPE CDI (COMBACTE-CDI)
Kerrie Davies1, Virginie Viprey1, Duncan Ewin1, William Spittal1, Jon Vernon1, Anthony Benson1, Georgina Davis1,
Mark Wilcox1, on behalf of the COMBACTE-CDI consortium
1. Healthcare Associated Infections Research group, University of Leeds, Leeds, UK

Background: There is a paucity of data on community C. difficile infections and how these
compare with in-patient CDI.
Methods: Sites testing both inpatient and community faecal samples were recruited from
12 European countries (1 site/3 million population). On two days, all diarrhoeal samples
(regardless of tests requested, n=3163) were sent to a central laboratory for C. difficile toxin
detection (cell-cytotoxin neutralisation assay, CCNA) and cytotoxigenic culture (TC). CDIs
were defined as CCNA positive (n=76 inpatient/18 community), TCs were positive for the
organism alone (CCNA negative/TC positive, n=18 inpatient/16 community), controls were
negative by all tests (n=301 inpatient/143 community). Data collected on patient outcomes and
risk factors were compared in both settings.
Results: Inpatient CDIs were older (74 years vs 59, p=0.018), had higher white cell counts
(15.2x109/L vs 9.5x109/L, p=0.063) and recurrence (10.9% vs 5.6%, p=0.678) compared with
community CDIs respectively. Mortality rate was higher for inpatient CDIs versus community
CDIs (18.6% vs 5.6%, p=0.284) and controls (18.6% vs 8.6%, p=0.015). Community CDIs had
more days of diarrhoea before a sample was taken (median 10 vs 2 days, p=0.01). No risk
factors were identified for the presence of the organism alone in either settings (TCs). Similar
significant risk factors for CDI in both settings were ≥1antibiotic in the preceding 12 weeks
(inpatient OR=2.1 [1.1-3.8], p=0.02; community OR=4.0 [1.2-13.4], p=0.03), and high Charlson
score (inpatient OR=2.6 [1.4-4.9], p=0.001; community OR=4.2 [1.2-15.0], p=0.03). Risk factors
for inpatients were cephalosporins (OR=2.0 [1.1-3.7], p=0.02), fluoroquinolones (OR=2.2 [1.24.3], p=0.01), ≥2 co-morbidities (OR=2.0 [1.2-3.3], p=0.01), and contact with healthcare facility
(OR=3.6 [1.8-5.4], p<0.0001). Risk factors for community were broad spectrum penicillins
(OR=8.1 [1.8-35.6], p=0.01), and more than one antibiotic (OR=14.1 [2.1-94.6], p=0.01).
Conclusion: While there are similarities between inpatient and community CDIs there are
also key differences (age, severity of infection and recurrence rate). Exposure to antibiotics
is a risk factor for the development of toxin positive CDI in both settings, but is associated
with different classes of antibiotic. No risk factors were identified for the acquisition of the
organism itself in either settings.
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HEME IS CRUCIAL FOR MEDIUM-DEPENDENT
METRONIZOLE RESISTANCE IN CLINICAL ISOLATES
OF C. DIFFICILE
Ilse M. Boekhoud1,2, Igor Sidorov1, Virginie Virpey3, Bill Spittal3, Emma Clark3, Kerrie Davies3, Jane Freeman3, Ed
J. Kuijper1,4, Wiep Klaas Smits1,2 On behalf of the COMBACTE-CDI Consortium
Leiden University Medical Center, Department of Microbiology, Leiden, The Netherlands;
2
Netherlands Centre for One Health, The Netherlands;
3
University of Leeds, Healthcare Associated Infections Research Group, School of Medicine, Leeds, United
Kingdom;
4
National Institute for Public Health and the Environment, Bilthoven, The Netherlands
1

Until recently, metronidazole was considered as a first-line therapy for Clostridioides difficile
infections (CDI) and despite a change in treatment guidelines in favor of vancomycin (McDonald
et al, 2018) it is still commonly used for this purpose (Clancy et al, 2020). Additionally,
metronidazole is used as a treatment for parasitic and anaerobic bacterial infections, and used
as a prophylactic to prevent infections in routine surgery.
The molecular basis of metronidazole resistance of C. difficile is only partially understood. In
particular, low level resistance is poorly characterized. We have previously described a strain
that demonstrated medium-dependent metronidazole resistance (MIC=4 mg/L), but was
independent of the metronidazole resistance-associated plasmids pCD-METRO that generally
results in higher MICs (Boekhoud et al, 2020).
Here, we leveraged the potential of a collection of C. difficile strains gathered in a project to
develop a detailed understanding of the epidemiology and clinical impact of CDI across Europe
(COMBACTE-CDI). We identified strains (n=4) that were resistant to metronidazole (MIC>2
mg/L) in agar dilution experiments according to CLSI guidelines. These strains lacked pCDMETRO and showed medium-dependent resistance, being susceptible to metronidazole
(MIC<0.5 mg/L) on Brain Heart Infusion broth (BHI) agar plates. We found that the addition of
5 mg/L hemin allowed us to recapitulate a resistant phenotype on BHI for metronidazole, but
not for vancomycin. Moreover, we find that hemin also increases the MIC 5-20 fold for some
strains typed as susceptible to metronidazole. Analysis of the whole genome sequence of the
strains demonstrated distinct signatures in the recently identified heme-responsive cluster
hsmRA (Knippel et al, 2020), at least one of which appears to be associated with an increased
MIC for metronidazole. Together, our results suggest that heme is a crucial determinant for
medium-dependent resistance in clinical isolates of C. difficile.
Boekhoud et al (2020), Nat Commun 11(1):598.
Clancy et al (2020), Clin Infect Dis: ciaa484.
Knippel et al (2020), Cell Host Microbe: S1931-3128(20)30297-3.
McDonald et al (2018), Clin Infect Dis 19;66(7):e1-e48.
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PEPTIDOGLYCAN DEACETYLASES IN C. DIFFICILE
Abigail Kelly1,2, Anna Barwinska-Sendra1, Joe Gray1, Waldemar Vollmer3, Paula S Salgado1
1
Biosciences institute, Newcastle University, UK
Department of Biosciences, Durham University, UK
3
CBCB, Biosciences institute, Newcastle University, UK
2

Background: C. difficile peptidoglycan (PG) is notably deacetylated (1,2). Deacetylation is
associated with increased resistance to lysozyme (3,4), evasion of the host immune response
(5,6) and increased virulence (7). Whilst C. difficile PG biogenesis has yet to be thoroughly
elucidated, PG is expected to be synthesised in an acetylated form and later specifically
deacetylated during a maturation phase (1). During engulfment of the forespore by the mother
cell (MC) at early stages of sporulation, it is thought newly synthesized PG is preferentially
digested, allowing advancement of the MC membrane (8).
Methods: Using in silico methods, we identified several putative deacetylases potentially
involved in PG maturation and we characterized two; CD1319 & CD1522. As CD1319 belongs to
the σE regulon, we hypothesised this is a sporulation-specific deacetylase.
Results: Using in vitro PG digestion assays we demonstrated that CD1319 and CD1522 have PG
deacetylase activity. We also demonstrated that the sporulation associated enzymes SpoIID
and SpoIIP preferentially digest acetylated PG.
Conclusions: With this preliminary work, we have identified two PG deacetylases that may
be involved in PG biosynthesis in C. difficile. We hypothesise that the targeted digestion of PG,
proposed by Ojkic et al to be the driving force of engulfment, may be achieved by the preferential
digestion of acetylated PG by SpoIID/SpoIIP; thus allowing advancement of the MC membrane
whilst maintaining the integrity of the lateral cell wall. Considering the successful attempts
at targeting deacetylases as drug targets in the past (9), this opens an exciting avenue in the
pursuit of novel anti-C. difficile pharmaceuticals.
References:
1. Peltier J et al. J Biol Chem, 2011
2. Bern M et al. Anal Bioanal Chem, 2016
3. Ho TD et al. Infect Immun, 2014
4. Psylinakis E et al. J Biol Chem.. 2005
5. Girardin SE et al. Science, 2003
6. Boneca IG et al.PNAS, 2007
7. Vollmer W, Tomasz A. J Biol Chem, 2000
8. Ojkic N et al. Elife 2016
9. Balomenou S et al. Bioorg Med Chem 2018
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ACCESSORY GENOMIC ELEMENTS MAY
CONTRIBUTE TO THE VIRULENCE OF
HYPERVIRULENT CLOSTRIDIOIDES DIFFICILE
ISOLATES (BI/NAP/027) IN COLONIZED MICE

OP5

Qiwen Dong1, Huaiying Lin2, Jonathan K. Sia3, Eric R. Littmann2, Sayantoni
Mukhopadhyay2, Rita C. Smith2, Fidel Haro2, Claire E. Kohout2, Eric G. Pamer1,2
Departments of Medicine-Infectious Disease, University of Chicago, Chicago, IL, USA;
2
Duchossois Family Institute, University of Chicago, Chicago, IL, USA;
3
Immunology Program, Sloan Kettering Institute, Memorial Sloan Kettering Cancer Center, New York, NY, USA
1

Clostridioides difficile (C. difficile) clinical isolates, those closely related to the hypervirulent
strain BI/NAP/027, have identical pathogenicity locus (PaLoc) yet cause a wide range of
pathogenicity outcomes in mice. This suggests alternative virulence mechanisms are involved.
We characterized 18 strains that belong to the same multi-locus sequencing type family as
BI/NAP/027 by in vitro and in vivo experiments. No severe growth defect of any isolate was
observed upon culturing in liquid broth anaerobically. However, using a mouse model, we were
able to classify 8 isolates into high virulence (high mortality, major weight loss, high disease
score) and 9 isolates into low virulence phenotype (no mortality, minor weight loss, low
disease score). Interestingly, neither the initial colonization nor toxin production measured in
fecal pellets strongly correlates with the virulence phenotype in mice.
Whole-genome sequencing of these isolates demonstrated the presence of identical PaLoc
in each isolate, and interestingly, an enrichment of two putative integrative conjugative
elements (ICE) in low virulent isolates. Both ICEs contain antibiotic resistant genes and one
ICE also contains a type II toxin-antitoxin system. The mechanistic correlation between the
presence of ICE and the virulence phenotype is currently under investigation. Additionally, we
discovered one strain that does not cause diarrhea or morbidity in the infected mice, despite
high colonization in colon with comparable toxin expression. The non-virulence phenotype
holds true in innate immune deficient (Myd88-/-) and germ-free mice, suggesting that neither
host immunity nor the colonization resistance by preset gut microbiome affects the phenotype.
Genomic comparison finds an intact prophage in the genome that was not discovered in other
previously described C. difficile isolates. Our study strongly suggests that C. difficile toxins,
which are believed to be the major contributors to the bacterial virulence, do not explain the
virulence variations in the hypervirulence strains. Instead, the versatile genomes of C. difficile,
harboring accessory genomic elements such as ICE or prophage, may serve as alternative
mechanisms.
Our investigation on the virulence mechanisms will boost our knowledge on hypervirulence C.
difficile and future clinical evaluation and interventions of C. difficile infection.

23

7th INTERNATIONAL C. difficile SYMPOSIUM
Abstracts of Short oral presentations

OP6

GUT MICROBIOTA DERIVED LITHOCHOLATE
DERIVATIVES INHIBITS THE PATHOGEN C. DIFFICILE
WHILE SPARING COMMENSAL GUT MICROBES
Rajani Thanissery1, Anna G Vestal1, Matthew H Foley1, Casey M Theriot1
1

North Carolina State University, Population Health and Pathobiology, Raleigh, NC.

Clostridioides difficile is the leading cause of healthcare-associated diarrhea in humans.
Current treatment paradigm includes administration of antibiotics that are also considered as
risk factors contributing to recurrent C. difficile infection (CDI), thus necessitating the need for
novel non-antibiotic therapeutics. Disruption of the indigenous gut microbiota and the loss
of microbial derived secondary bile acids is associated with increased susceptibility to CDI.
We previously showed that secondary bile acid isolithocholate (iLCA), a lithocholate (LCA)
derived isomer had broad inhibitory activity against 7 clinically relevant C. difficile strains. The
inhibitory concentrations for the different strains of C. difficile varied from 0.027 – 0.054 mM.
Our objective was to determine if other LCA derivates can inhibit C. difficile and other members
of the gut microbiota.
We next tested the inhibitory activity of three LCA derivatives iLCA, 3-oxo-LCA, and iso-alloLCA (iaLCA) with C. difficile strain R20291 and a commensal gut microbiota panel (C. scindens, C.
hylemonae, C. hiranonis, B. thetaiotaomicron, L. acidophilus, L. gasseri, B. fragelis, B. stercoris,
B. thetaiotaomicron, E. coli, and B. longum subsp infantis). To define the mechanism of action
of the most potent derivatives against C. difficile we performed a series of in vitro assays to
test minimum inhibitory concentration (MIC), killing, and membrane integrity. The MIC for
C. difficile was 0.05 mM, 0.1 mM, and 0.02 mM with iLCA, 3-oxo-LCA, and iaLCA respectively.
A majority of gut microbes tested from the panel were not inhibited in high concentrations of
the bile acids (1.25 mM). iLCA had bactericidal activity against C. difficile, causing over a 2-log
reduction of a late exponential phase population within 2 hr of treatment, which was superior
to vancomycin which resulted in a 1-log reduction. iaLCA significantly damaged the bacterial
membrane integrity of C. difficile at 0.5X MIC.
In conclusion, both iLCA and iaLCA had potent activity against C. difficile while sparing
other members of the gut microbiota panel. Although iLCA and iaLCA are both products of
epimerization of LCA, they have distinct mechanisms for inhibiting C. difficile. Secondary
bile acids iLCA and iaLCA represent novel compounds that can target C. difficile while causing
minimal damage to other gut commensals that are important for colonization resistance.
Future studies include further defining the mechanism of action, microbial enzymes
responsible for epimerization of LCA, and conducting efficacy studies in a mouse model of CDI.
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ROLE OF DIETARY ZINC IN CLOSTRIDIOIDES
DIFFICILE INFECTION

P1

Loureiro Andrea V1, Costa Deiziane VS1,2, Martins Conceição S¹, Brito Gerly AC¹.
1

Federal ¹University of Ceará, Faculty of Medicine, Department of Morphology;
2
University of Virginia.

Background and objective: Clostridioides difficile (C. difficile) infection (CDI) is associated to
nosocomial diarrhea. Zinc (Zn) is an essential micronutrient acquired through the diet and is
recommended by the World Health Organization (WHO) in cases of acute diarrhea. This review
aimed to verify the association between zinc and CDI.
Method: A search was performed in the PubMed database for studies that investigated the
association between dietary zinc and C. difficile. Six publications were included in the review
published from December 2016 to July 2020.
Results: Three studies were performed in humans through a case study and two retrospective
cohort studies. The case study reported low serum zinc levels (36 µg / dL) in an adult patient
with recurrent CDI receiving vancomycin and zinc supplementation, which in turn prevented
new recurrent CDI episodes. In a retrospective cohort study performed with 113 patients, Zinc
was the most common micronutrient deficiency in patients with CDI. In another retrospective
cohort study performed with 127 patients, low zinc levels were associated with higher rates of
CDI recurrence after fecal microbiota transplantation (FMT) when controlling for risk factors
for FMT failure, and zinc supplementation in the setting of zinc deficiency was associated with a
reduced recurrence rate. In contrast, a preclinical study using CDI model in mice demonstrated
that high zinc levels in the diet (1000 mg / kg) increased the severity of the disease, increasing
the activity of the toxin and altering the immune response in mice. The protein calprotectin
(CP), a heterodimeric protein that has the ability to bind to zinc and is an important indicator
of inflammation, was also investigated for the limitation of Zn to C. difficile. It was observed
that mice with CP deficiency were unable to contain the growth of C. difficile. Other research
has shown that a putative zinc transporter, ZupT, is employed by C. difficile as a strategy to
survive CP-mediated metal limitation and also compete for essential nutrients in the CDI.
Conclusion: In human with CDI, zinc supplementation showed to plays an important role in
reducing recurrence of CDI. While in mice, zinc has been associated to increase the severity of
disease induced by CDI. Future work is needed to better understand the response of C. difficile
to zinc.
Keywords: Clostridium difficile; Clostridioides difficile; Zinc; CDI.
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ANTIMICROBIAL ACTIVITY OF PLANT EXTRACTS
OF TRADITIONAL USE IN MEXICO AGAINST
CLOSTRIDIOIDES DIFFICILE

P2

Jacqueline Estefany Martínez Alvaa, Nancy Carolina Ruiz Pérezc, Yuli Bayonac, Emilio Espinoza Simóna, Javier
Torresb, Mariana Romo Castillob*
a

Universidad del Valle de México, campus Chapultepec, b CONACYT-IMSS, Unidad de Investigación Médica en
Enfermedades Infecciosas y Parasitarias, Hospital de Pediatría, Centro Médico Nacional Siglo XXI, IMSS.
c
Universidad Juárez Autónoma de Tabasco, División Académica de Ciencias de la Salud* Cuauhtémoc 330,
Doctores, 06720 Ciudad de México, México

Antibiotic resistance is a growing problem globally. The presence of various strains resistant
to 3rd and 4th generation cephalosporins, piperacillin, and ciprofloxacin has been reported in
various public hospitals in Mexico. A pharmacological alternative for the treatment of some
infections is the use of plant extracts with antimicrobial activity. Previous reports have shown
the antimicrobial activity of Rosmarinus officinalis against gram-positive and gram-negative
bacteria and yeasts.
In this work, the antimicrobial activity of extracts of Artemisia absinthium, Artemisia
ludoviciana, Dysphania ambrosioides, Mentha piperita, Rosmarinus officinalis and Ruta
graveolans against Clostridioides difficile was evaluated, using the Kirby-Bauer method. Once
the inhibitory concentration of the extracts had been established, their effect on membrane
integrity was assessed by quantifying the concentration of proteins and DNA in the supernatant.
On the other hand, qualitative tests were carried out on the plants to determine the presence of
alkaloids, polyphenols, and saponins.
The results obtained so far show us a greater sensitivity to Rosmarinus officinali since when
its inhibition halo was compared with the halo formed by the antibiotic, a statistical similarity
of 98% with that of the antibiotic was shown.
During the experiments carried out, it can be indicated that the extracts can be an excellent
alternative to generate natural bactericides that can be used in the medical area or they
can also be used as a natural alternative with curative purposes for the treatment of some
infections, having the advantage that plant-derived products are safer, less toxic, and more
environmentally friendly than traditional medicines.
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THE NON-TOXIGENIC STRAIN Z31 CAN PREVENT
NEONATAL DIARRHEA IN PIGLETS CAUSED BY
CLOSTRIDIOIDES (CLOSTRIDIUM) DIFFICILE
Carlos Augusto de Oliveira Júnior1,2, Diogo Soares Gonçalves Cruz1, Henrique César Pereira Figueiredo1, Roberto
Maurício Carvalho Guedes1, Rodrigo Otávio Silveira Silva1, Francisco Carlos Faria Lobato1
1

Federal University of Minas Gerais, Veterinary School, Belo Horizonte, Brazil;
2
Federal University of West of Bahia, Veterinary School, Barra, Brazil.

Neonatal porcine diarrhea is a current problem on pig farms and is caused by several
enteropathogens. Among them, Clostridioides (Clostridium) difficile stands out due to its
high prevalence in piglets and its zoonotic potential. Despite the importance of this pathogen,
there are no specific measures for the prevention or control of C. difficile infection (CDI) in
pigs. Thus, the aim of the present study was to characterize genotypically, phenotypically and
evaluate the protective potential of a non-toxigenic C. difficile strain, named Z31, against CDI
in piglets. First, it was performed the complete genome sequence of Z31 strain. The next step
was the evaluation of the preventive capacity of Z31 strain against CDI, which was performed
in hamsters, in an experimental pig model and in a commercial pig farm. Finally, Z31 growth
and sporulation was evaluated in five culture media as well as the temporal viability of its
spores in two different temperatures (4°C and 25°C). Genomic sequencing revealed that Z31
strain has a circular chromosome of 4,298,263 base pairs (bp) containing genes responsible
for spore production and stability (spo0A), intestinal adhesion (slpA) and biofilm formation
(fliD), but absence of toxins encoding genes. In hamsters, the Z31 strain was able protect all
animals against death and lesions associated with CDI. In the experimental model in neonatal
pigs, the Z31 strain prevented CDI, reduced clinical signs, macro and microscopic lesions
and fecal elimination of toxigenic C. difficile. In a commercial farm, even in the presence of
other enteropathogens, the Z31 administration reduced the occurrence of CDI, the fecal
shedding of toxigenic C. difficile and the occurrence of neonatal piglet diarrhea. The BHI and
RCM media provided the highest in vitro growth rates, reaching concentrations of 6.57 × 106
CFU/ml with spore ratio greater than 98%. After lyophilization, the Z31 strain maintained
acceptable viability after 2 years of storage under both temperature conditions. In conclusion,
the strain Z31 was able to prevent CDI in piglets, reducing toxigenic C. difficile spreading and
demonstrated desirable characteristics for its potential commercial use.
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THE EFFECT OF BEE PRODUCTS ON GROWTH AND
ADHESION OF CLOSTRIDIOIDES DIFFICILE STRAINS
Dorota Wultańska1, Bohdan Paterczyk2, Julita Nowakowska2, Hanna Pituch1
1

Department of Medical Microbiology, Medical University of Warsaw, Warsaw, Poland,
2
Faculty of Biology, University of Warsaw, Warsaw, Poland

Background and aims: Metronidazole and vancomycin are the drugs of choice for the
treatment of Clostridioides difficile infection (CDI); however, they are associated with a high
incidence of relapse. Increase in therapeutic failures in treating C. difficile requires the need
for development of alternative therapeutic approaches. This study aims to investigate the
antimicrobial and anti-adhesion activity of bee products against C. difficile strains.
Material and Methods: Twelve C. difficile strains were used in this study: two reference
strains (C. difficile 630 (RT012) and ATCC 9689 (RT001)), one control strain (C. difficile M120
(RT078), and nine clinical strains belonging to the PCR ribotypes: RT027 (n=2), RT023 (n=2)
and RT176 (n=5). The minimal inhibitory concentrations (MICs) of Manuka honey (550+),
goldenrod honey, pine honey and bee bread for the strains were determined using the broth
microdilution method. The effect of bee products on adhesive properties of C. difficile to three
human epithelial cell lines (HT29, HT29 MTX and CCD 841 CoN) was assessed.
Results: The MICs of Manuka honey for C. difficile strains 630, ATCC 9689 and M120, were
6.25; 6.25; 1.56 (%) (v/v), respectively; for goldenrod honey 50; 50; 12.5 (%); for pine honey 25;
25; 25 (%) and for bee bread 100; 50; 100 (mg/l), respectively. The MIC value of clinical strains
with given ribotypes was different for the bee products tested and ranged from 1.56 to 6.25
(%) for Manuka honey, from 1.56 to 50 (%) for goldenrod honey, from 1.56 to 25 (%) for pine
honey and from 25 to 100 (mg/l) for bee bread. Manuka honey (1%) increased the adhesion
to the CCD841 cell line of RT176 strains and one strain RT023. Pine honey (1%) increased the
adhesion of RT027 to the HT29 cell line. Bee bread (1%) increased the adhesion of M120 strain
to HT29 cell line (p <0.05).
Conclusions: Bee products showed activity against the tested C. difficile strains. Further studies
are needed to confirm our results.
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FECAL MICROBIOTA TRANSPLANTATION DOES NOT
ERADICATE CLOSTRIDIOIDES DIFFICILE FROM THE
INTESTINAL TRACT OF PATIENTS WITH MULTIPLE
RECURRENT INFECTIONS
E.M. Terveer1 , Emilie van Lingen1,2, Karuna E.W. Vendrik1,3, Eline Boeije-Koppenol1, Eric Berssenbrugge1, Ingrid
M.J.G. Sanders3 and Ed J. Kuijper1,3 on behalf of the Study Group of the Netherlands Donor Feces Bank.

2

1
Netherlands Donor Feces Bank (NDFB), Leiden University Medical Centre; Netherlands;
Department of Gastroenterology, LUMC; 3Reference Laboratory for C. difficile, LUMC and RIVM, Netherlands;

Background and Aims: Since 2016, the NDFB provides standardized ready-to-use donor fecal
suspensions for fecal microbiota transplantation (FMT) treatment of patients with multiple
recurrent Clostridioides difficile infection (rCDI). The high success rate of 89% is attributed to
recovery of the disturbed microbiota and concomitant eradication of C. difficile, but appropriate
microbiologial studies have not been performed. The aim of this study was to culture patient
samples before and after FMT for the presence of C. difficile isolates.
Patients and methods: Patients who undergo FMT are treated for their CDI episode with either
metronidazole or vancomycin for ten days. Four days before FMT, vancomycin is prescribed
to increase the engraftment of the FMT. A pre-treatment (during anti-CDI treatment) and
a post-treatment (three weeks after FMT) fecal sample is sent to the Reference Laboratory
at the LUMC. and stored in 10% glycerol at - 80°C. For culture, a 10 µL sample is suspended
in C. difficile specific enrichment broth and incubated for 6 days at 35°C. The suspension is
then subcultured on selective CLO agar (Biomerieux) and incubated for 6 nights at 35°C
anaerobically. C. difficile isolates are investigated by PCR for the presence of (binary) toxin
genes and plasmid-mediated metronidazole resistance and isolates are typed by capillary
electrophoresis PCR ribotyping.
Results: Of 71 patients who underwent FMT, three patients were culture-positive for toxigenic
C. difficle (RT002, RT078 and RT131 both before and after FMT RT 002, RT 078 and RT 020).
Eight patients (11%) carried toxigenic C. difficle isolates before FMT but became culturenegative after FMT; two of these patients carried strains that were binary toxin-positive
(RT045, RT126). Twenty patients (28%) were during anti-CDI treatment culture-negative
before FMT and positive after FMT with toxigenic isolates, 6 of which were binary toxinpositive (RT078, two RT126, RT027, RT244, unknown RT). There was no difference in the
distribution of the various PCR ribotypes and clades between patients who were only positive
before or after FMT, except for RT027 and RT244 (clade 2), which were only found after FMT
Conclusion. Of 71 patients with rCDI who were treated with FMT, 23 (32%) had toxigenic C.
difficile in their intestinal tract after treatment, indicating that FMT does not always eradicate
C. difficile.
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SCREENING OF MEDICINAL PLANT EXTRACTS FOR
ANTIBACTERIAL ACTIVITY AGAINST CLOSTRIDIUM
DIFFICILE INFECTION
Ruiz-Pérez Nancy C.1, Bayona-Pérez Yuli C.1, Romo-Castillo Mariana2, Torres Javier3.
1
Universidad Juárez Autónoma de Tabasco, División Académica de Ciencias de la Salud;
CONACYT-IMSS, Unidad de Investigación Médica en Enfermedades Infecciosas y Parasitarias, Hospital de
Pediatría, Centro Médico Nacional Siglo XXI, IMSS, Mexico City, Mexico ;
3
Unidad de Investigación Médica en Enfermedades Infecciosas y Parasitarias, Hospital de Pediatría, Centro
Médico Nacional Siglo XXI, IMSS, Mexico City, Mexico.
2

The prolonged use of antibiotics is closely related to the infection by Clostridium difficile,
Mexico is a country with incredible biodiversity of plants, and an alternative treatment is
natural compounds with antibacterial properties. The main objective of this study was to
analyze the effect of medicinal plants with an antibacterial action against toxigenic clinical
strains of Clostridium difficile.
The products were selected for previous plant-based research that had evidence of use by
rural communities in Mexico throughout history. A total of 24 different extracts were tested
against toxigenic strains of Clostridium difficile (MX046, JT127, JT128, JT153, JT343, MX300,
and reference strain 027). The antibacterial activity, synergy, and antagonism of the extracts
and the synergy between the extracts and antibiotics were evaluated using the Kirby Bauer
disk diffusion method. The diameters of the zones of inhibition were measured in mm. Each
test was performed in triplicate. The results were subjected to a one-way Anova analysis of
variance, and mean comparisons were made by Tukey’s multiple range test using the ASTATSA
software (https://astatsa.com).
We identified six plant extracts that have an effective action (inhibition index ≥ 15 mm) against
all strains of C. difficile: HiS-F-Et (Roselle flower), MaC-F-Et (chamomile flower), CaO -FEt (Calendula flower), LaOs-F-Et (lavender flower), TaE-L-Et (marigold leaves) and TaE-FEt (marigold flower). Interestingly, we found synergy only with three mixtures: MaC-F-Et
/ CaO-F-Et, MaC-F-Et / LaOs-F-Et, and CaO-F-Et / LaOs-F-Et; identifying an increase of
up to double its activity. Our results showed that vancomycin has synergy with chamomile,
calendula, and cempasuchitl leaves, while metronidazole has synergy with rose flower,
chamomile, lavender, calendula, and cempasuchitl. By themselves, 6 of the 24 extracts show
statistically significant inhibition of bacterial growth, while in the synergy between extracts 3
of the mixtures increase the activity of each extract up to double. Also, the extracts potentiate
the effect of antibiotics.
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DAV132 PROTECTS INTESTINAL MICROBIOTA OF
PATIENTS TREATED WITH FLUOROQUINOLONES, A
EUROPEAN PHASE II RANDOMIZED CONTROLLED
TRIAL (SHIELD)
Annie Ducher*1, Maria Vehreschild*2, Thomas Louie3 Oliver Cornely4, Céline Féger1, Caroline Chilton5, Aaron
Dane6, Marina Varastet1, Jean de Gunzburg1, Antoine Andremont1,7, France Mentré7, Mark Wilcox5
*Annie Ducher and Maria Vehreschild contributed equally to the work
1
Da Volterra, Paris, France; 2 Department of Internal Medicine, Infectious Diseases, University Hospital
Frankfurt, Goethe University Frankfurt, Frankfurt am Main, Germany and German Centre for Infection Research
(DZIF), partner site Bonn-Cologne, Germany; 3 Cumming School of Medicine, University of Calgary, Calgary,
Canada; 4 University of Cologne, Faculty of Medicine, Department I of Internal Medicine, Cologne Excellence
Cluster on Cellular Stress Responses in Aging-Associated Diseases (CECAD), Clinical Trials Centre Cologne (ZKS
Köln), Cologne, Germany; 5 Leeds Teaching Hospitals & University of Leeds, Leeds, United Kingdom; 6 Danestat
Consulting Ltd, Macclesfield, United Kingdom; 7 Paris University, IAME, INSERM U1137, Paris, France.

Background: Antibiotics elicit intestinal dysbiosis with short and long-term deleterious
effects such as Clostridioides difficile (Cd) infections. A colon-targeted adsorbent, DAV132,
prevents dysbiosis in healthy humans and may protect antibiotic-treated patients.
Methods: Hospitalized patients receiving oral/iv fluoroquinolones (FQ) for the treatment of
acute infections or prophylaxis of febrile neutropenia were randomized to receive DAV132
(7.5g tid orally), or not, during FQ receipt and followed up 51d. Plasma FQ levels were assessed
at D4 (LC-MS/MS). Feces were collected during and up to 30d after FQ receipt for assessment
of free fecal FQ levels (LC-MS/MS), gut microbiome α/β diversity (16S rRNA gene sequencing),
resistance to colonization by C. difficile (Cd; ex-vivo proliferation). Relatedness of adverse
events (AEs) to drugs was adjudicated by blinded independent experts.
Results: 243 patients from 23 sites, median age 71y, ≥1 chronic comorbidity 95%, received
levofloxacin (43%), ciprofloxacin (40%) or moxifloxacin (18%) for (79% iv). During receipt,
fecal FQ levels were lowered by >97% with DAV132 vs. No DAV132 (p< 0.0001), whilst plasma
levels did not change significantly. Microbiome diversity was significantly protected with
DAV132 using all metrics, e.g. the change from D1 of Shannon index at End-of-FQ (difference
of means at End-of-FQ 0.42, 95% CI: 0.085; 0.752). The proportions of patients with DAV132and/or FQ-related AEs (primary endpoint) did not differ significantly (14.8 vs. 10.8%,
difference of proportions: 3.9%; 95% CI: -4.7; 12.6). No Cd infection occurred. Resistance to
colonization by Cd in stools of patients was evaluated by an in vitro assay; it was reduced in
feces of patients receiving FQ only, but was maintained in those of patients who also received
DAV132 (p=0.035). The acquisition of fecal carriage of vancomycin-resistant enterococci (VRE)
was reduced with DAV132 (p=0.019).
Conclusion: DAV132 was well tolerated in elderly hospitalized patients with comorbidities. It
neither altered antibiotic plasma levels nor elicited changes in concomitant drugs regimens.
Intestinal microbiota diversity was protected, acquisition of fecal carriage of VRE was reduced,
and resistance to colonization of feces by Cd was preserved. DAV132 is a promising, novel
product to prevent antibiotic-induced intestinal dysbiosis and Cd infections.
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PREVALENCE OF CLOSTRIDIUM DIFFICILE
INFECTION IN PATIENTS WITH BLOODY DIARRHEA
IN NORTH-WESTERN REGION OF RUSSIA
Konstantin Ermolenko1, Yuri Lobzin1, Juha Koskinen2,3
1

Pediatric Research and Clinical Center for Infectious Diseases, Saint-Petersburg, Russia
2
ArcDia International Ltd., Turku, Finland
3
Faculty of Medicine, University of Turku, Turku, Finland

Background: Bloody diarrhea is one of the most severe forms of intestinal infections. Among
all causative agents of bloody diarrhea Clostridium difficile infection (CDI) is one of the most
difficult in both treatment and diagnostics. Moreover CDI is the most common causative
pathogen of health care-associated gastrointestinal infections;
Aim: The purpose of the study was to establish the prevalence of CDI in children with Bloody
diarrhea.
Material and methods: 50 patients aged 1 to 17 with bloody diarrhea were observed in 2019
in department of intestinal infections of Pediatric Research and Clinical Center for Infectious
Diseases. The study included patients with severe and moderate forms (Vesicari score >12) of
intestinal infection, with a stool frequency of at least 5 times a day in the presence of blood
impurities in each sample.
50 stool samples requested for CDI testing were examined using the mariPOC CDI and Gastro
test (ArcDia), which allows the detection of C.difficile glutamate dehydrogenase (GDH) and
toxin A/B, norovirus genogroups GI and GII.4, rotavirus, adenovirus, and Campylobacter spp.
In parallel, the C. difficile PCR test and PCR TOX A/B test (Interlabservice) was used as a routine
diagnostic assay, and C. difficile toxigenic culture was used as a reference method. Moreover
diagnosis of the etiology of acute intestinal infections was carried out by PCR (Interlabservice)
and bacterial seeding.
Results: A high concentration of C. difficile GDH was found in samples from 14 children.
Among them toxin producing strains of C. difficile were identified in 4 patients. 3 of them had
an association of C. difficile and viruses: Rotaviruses (n=2) and Adenoviruses (n=1). The most
common causative agent of bloody diarrhea according to PCR were Salmonella spp (n=14),
Campylobacter spp. (n=12) and Shigella/EIEC (n=5). Pathogenic viruses were found in 9
samples. 6 of this samples contained also high level of C. difficile GDH.14 samples positive for
C. difficile GDH were also positive in C. difficile PCR test and 2 in seeding. All tests positive for
toxins of C. difficile with mariPOC CDI test have been positive with PCR.
Conclusion: The frequency of detection of C. difficile toxigenic strains in children with bloody
diarrhea in North-Western Region of Russia not less than 8%. The application of mariPOC CDI
and Gastro test tests is a highly accurate, fast diagnostic tool. The frequent association of viral
pathogens and C. difficile in patients with bloody diarrhea may indicate a possible triggering
role for Rotaviruses and Adenoviruses in the initiation of CDI.
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CLOSTRIDIOIDES DIFFICILE ON RETAIL MEAT
SAMPLES. A POSSIBLE SOURCE OF HUMAN
CLINICAL INFECTIONS?
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Derek Tan1,2, Michael Mulvey1,2, George Zhanel1, Denice Bay1, Richard Reid-Smith3, George Golding1,2
1
University of Manitoba, Faculty of Medical Microbiology, Canada
National Microbiology Laboratory, Public Health Agency of Canada, Winnipeg, MB, Canada
3
Center for Food-borne, Environmental and Zoonotic Infectious Disease, Public Health Agency of Canada,
Guelph, ON, Canada.
2

Introduction: Clostridioides difficile is a spore forming anaerobic bacteria most commonly
known for being a nosocomial pathogen. However, C. difficile spores can be found dispersed
throughout the environment. Since C. difficile can also infect animals, the pathogen may be
disseminating in retail meat products purchased in Canada. Previous studies have shown that
C. difficile spores can be isolated from commercially available beef, veal, pork, vegetables, and
seafood. However, a definitive link has yet to been made between food contamination and
hospitalized cases. This study aims to isolate C. difficile from retail meat cuts and compare
them to human clinical isolates.
Methods: Frozen retail pork, beef and veal samples were obtained from the Canadian
Integrated Program for Antimicrobial Resistance Surveillance (CIPARS) program. Defrosted
samples were hand massaged for 60 seconds with 50mL of added PBS. A 0.1mL sample of rinse
was plated on C. difficile moxalactam norfloxacin (CDMN) agar and incubated anaerobically
at 37°C for 5-7 days. Additionally, 1mL of rinse was added to CDMN enrichment broth before
being incubated anaerobically at 37°C for 5-7 days. Post incubation, a 2mL broth sample was
subjected to an ethanol shock treatment before being centrifuged, spread on brucella blood
agar, and incubated at 37°C for 5-7 days. Growth on agar plates were inspected manually with
any suspected C. difficile colonies confirmed by C. difficile multiplex PCR. Positive toxigenic
isolates were molecularly characterized by ribotyping.
Results: To date, 9 of 603 meat samples (1.5%) have tested positive for toxigenic C. difficile.
Of the 603 samples: no isolates were obtained from 28 beef samples, 4 isolates were obtained
from 116 veal samples (3.4%), and 5 isolates were isolated from 458 pork samples (1.1%). All
9 isolates were A/B toxigenic positive with 1 being binary positive. The types of isolates were
identified as ribotypes NS110 (n=3), rt106 (n=3), rt131 (n=1), NS195 (n=1) and for 1 isolate the
ribotype is pending.

Conclusion: A low percentage of retail meat samples were contaminated by C. difficile spores.
All ribotypes of C. difficile retail meat isolates have been identified in human clinical isolates.
Future work includes the use of whole genome sequencing to genetically compare retail meat
isolates from human clinical isolates.
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DYNAMIC, WHOLEGENOME SEQUENCING
CHARACTERIZATION AND ANTIMICROBIAL
RESISTANCE PROFILES OF CLOSTRIDIOIDES
DIFFICILE IN A PIG FARM FROM FARROWING TO
WEANING
Abad-Fau A1,2, Sevilla E2, Moreno B1,2, Kuijper E3, Mainar-Jaime R2, Bolea R1,2
Centro de Encefalopatias y Enfermedades Transmisibles Emergentes (CEETE), Facultad de Veterinaria,
Universidad de Zaragoza, Zaragoza, Spain
2
Departamento de Patología Animal, Facultad de Veterinaria, Instituto Agroalimentario de Aragon - IA2 (Universidad de Zaragoza-CITA), Zaragoza, Spain
3
Department of Medical Microbiology, Centre of Infectious Diseases, Leiden University Medical Centre, Leiden,
The Netherlands
1

Clostridioides difficile is a zoonotic pathogen associated with neonatal diarrhea in pigs and high
antibiotic resistance. This study describes the prevalence of C. difficile in a pig farm over the
lactation period and the genetic and antimicrobial resistance characterization of the strains
isolated.
Digestive swabs were collected: 8 farrowed sows, 5 piglets from each litter and from the
environment. Samples were collected before farrowing, within 24-48h after parturition, and
weekly during the following 3 weeks. C. difficile was isolated by a selective method. Detection of
toxins’ genes was conducted by a multiplex PCR. C. difficile isolates were further characterized
by capillary ribotyping and PCR-ribotypes were designated using the Leeds-Leiden database.
The antimicrobial susceptibility testing was carried out against seven antimicrobials by the
Etest method. WGS was performed to assess the genetic relatedness. Fecal samples before
farrowing were all negative and C. difficile was firstly detected in week one. The detection
decreased during the following sampling periods and was not detected at weaning. The overall
prevalence was 34.4% (95%; 29.4-39.4). The prevalence was high at farrowing, increased in
the first week and decreased in the consecutive weeks. The proportion of piglets with diarrhea
and C. difficile was similar to those infected but without symptoms (p=0.64). The WholeGenome
Sequencing (WGS) analysis showed clustering of isolates regardless the sample’s origin.
All isolates (28/28) showed resistance against erythromycin and fluoroquinolones, whereas
42.9% were highly resistant to clindamycin. All isolates were susceptible to tetracycline,
although most showed intermediate susceptibility. No antimicrobial resistance was
detected for metronidazole and vancomycin. A MDR profile was found in 42.9% of isolates,
presenting all the same pattern (fluoroquinolones-lincosamides-macrolides). No differences
in antimicrobial resistance profiles were observed, regardless of the use of antimicrobial
treatment.
In conclusion, C. difficile spreads rapidly within a pig farm and farrowing seems to be a risk
factor. Piglets (diarrheic or not) would also play a significant role in its dissemination. The
high antibiotic resistance pattern among the isolates highlights the need to establish specific
control strategies to prevent its further dissemination.
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ANTIBIOTIC SUSCEPTIBILITY OF METRONIDAZOLESUSCEPTIBLE AND METRONIDAZOLE-(HETERO)
RESISTANT C. DIFFICILE RT078/126 ISOLATES FROM
SPAIN
B. Anega, S. Alvarez-Perez, J.L. Blanco, M.E. Garcia.
Universidad Complutense de Madrid, Faculty of Veterinary Medicine, Animal Health Department, Madrid, Spain

The toxigenic and hypervirulent PCR ribotype complex 078/126 (RT078/126) ranks among the
most common genotypes of Clostridioides difficile (CD) involved in human disease worldwide.
RT078/126 is also frequently isolated from animals, food products and the environment, which
has encouraged discussion about the ‘One Health’ nature of this ribotype complex. Notably,
RT078/126 isolates often show resistance to multiple antibiotics, including metronidazole
(MTZ). However, the relationship between MTZ-(hetero)resistance and susceptibility/
resistance to other antibiotic compounds remains unclear.
In this study, we reanalyzed the antibiotic susceptibility profiles (as determined by the Etest
method) and genotype data (ribotypes and AFLP types) of 96 RT078/126 CD isolates, 50 of
human and 46 of animal origin, obtained in Spain [1]. Statistical analysis and data visualization
were performed using R v.3.6.1.
Principal component analysis (PCA) of log transformed minimum inhibitory concentrations
(MICs) to clindamycin, ertapenem, erythromycin, levofloxacin, linezolid, moxifloxacin,
rifampicin, tetracycline, tigecycline and vancomycin, revealed clustering of isolates according
to their ribotype and AFLP genotypes, but not according to their source of origin (human vs.
animal) and susceptibility/(hetero)resistance to MTZ. The lack of association between MTZ
resistance and the susceptibility profiles to other compounds was confirmed after k-means
clustering (k = 3, Hartigan-Wong algorithm, using the first two principal components of the
PCA) of the in vitro susceptibility data (Bonferroni-corrected P = 1). In contrast, a statistically
significant link was found between the results of the unsupervised classification and the
ribotypes, AFLP groups (as determined in Ref. [1]) and the source of isolates (P < 0.001 in
all cases). Finally, MTZ MICs were weakly correlated to the MICs obtained for tigecycline
(Spearman’s ρ = 0.411, P = 0.002), but not to those of other tested compounds.
We conclude that, at least for the set of CD RT078/126 isolates under study, there is no link
between MTZ-(hetero)resistance and the susceptibility to other antibiotic compounds.
[1] Álvarez-Pérez S. et al. (2017) Vet. Microbiol. 199:15-22.
This study was supported by grant PID2019-108071RR-C22 from the Spanish Ministry of
Science and Innovation.
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MOLECULAR EPIDEMIOLOGY AND BIOGEOGRAPHIC
DISTRIBUTION OF CLOSTRIDIUM DIFFICILE STRAINS
IN SOILS OF WESTERN AUSTRALIA
Karla Cautivo-Reyes1, Thomas V. Riley1,2, and Daniel R. Knight1

2

1
Department of Medical, Molecular and Forensic Science, Murdoch University, Western Australia.
Department of Microbiology, PathWest Laboratory Medicine, Queen Elizabeth II Medical Centre, Western
Australia.

Background: Clostridium difficile infection (CDI) is a toxin-mediated disease affecting the
colon and C. difficile is the leading cause of infectious diarrhoea in humans worldwide. C. difficile
also causes diarrhoea in animals and CDI is an emerging One Health issue. Environmental
sources play an important role in C. difficile transmission, contributing to increasing rates
of community-acquired CDI (CA-CDI). The prevalence and diversity of C. difficile lineages in
Australian environmental sources, suggest Australia is the ancestral home of Clade 5, a lineage
of One Health importance.
Methods and Materials: A total of 150 soil samples from diverse and remote geographical
locations were used to determine the prevalence of C. difficile in soils from the eight health
regions Western Australia. Samples were cultured in enrichment media and on ChromID agar.
Isolates were characterised by PCR ribotyping and toxin gene profiling. Ribotypes (RTs) were
then mapped to determine their biogeographical distribution.
Results: C. difficile was isolated from 28.3% of samples (36/127). Overall, 30.6% (11/36) of
isolates were toxigenic (A+B+CDT-). In the 17 different RTs isolated, QX076 and QX518, both
toxigenic (A+B+CDT-), were the most prevalent, followed by non-toxigenic RTs QX601, 286
and 287. Seven novel strains were found, one of them with a toxigenic profile. C. difficile was
recovered from seven of the eight health service locations. The highest prevalence was found
in the Albany region (72.7%) followed by Perth Metropolitan (56.1%), Bunbury (42.1%) and
Kimberley (33.3%) regions. The Midwest and Wheatbelt regions had a similar prevalence
(~17%) while in the Goldfield it was 9.1%. The highest prevalence of toxigenic strains was
found in the Perth Metropolitan region (72.7%; n=8/11), and this included RT014/020, a
lineage of One Health significance in Australia.
Conclusion: The prevalence of diverse C. difficile strains in soils suggest that this environmental
source plays a role in transmission of CDI. The high prevalence of toxigenic strains of One
Health importance in urban soils may present a risk to the community. These findings provide
evidence to refute the concept that CDI is primarily a healthcare-associated disease.
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DETECTION AND CHARACTERIZATION OF
CLOSTRIDIOIDES DIFFICILE ISOLATED FROM
ANIMALS IN FRANCE
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Caroline Le Maréchal1, Laure Martin1, Cécile Gateau2, Typhaine Poezevara1, Jeanne Couturier2, Sandra Rouxel1,
Muriel Marault3, Rabab Syed-Zaidi2, Pauline Kooh4, Olivier Firmesse3, Frédéric Barbut2
ANSES (French Agency for Food, Environmental and Occupational Health and Safety), Ploufragan-PlouzanéNiort Laboratory, Hygiene and Quality of Poultry and Pig Products Unit, Ploufragan, France
2
National Reference Laboratory for Clostridium difficile, Saint-Antoine Hospital, Assistance Publique- Hôpitaux
de Paris, 34 rue Crozatier, 75012, Paris, France;
3
ANSES, Laboratory for Food Safety, Maisons-Alfort, France;
4
ANSES, Department of Risk Assessment, Maisons-Alfort, France.
1

Clostridioides difficile infection (CDI) is a major cause of nosocomial diarrhea in adults, and
has also been increasingly reported in the community in the past decade worldwide. The
origin of this raise in community-acquired CDI has been explored and several reservoirs of
C. difficile strains have been suggested. Similarities between strains isolated from animals,
food and environment and clinical isolates have indeed been reported . For this reason, CDI
is a One Health issue that requires a global approach considering all together the human
health, animal health and environmental contamination. While surveys have been conducted
in several countries to evaluate the prevalence of C. difficile in these reservoirs, little data is
available in France, in particular in animals. The objective of this study was to undertake an
initial survey of animal fecal samples to evaluate the presence of C. difficile and characterize
isolates found in this potential reservoir in France.
A total of 1033 samples from animal origin were tested for C. difficile (including 130 bovine, 567
pig, 83 pet, 190 poultry fecal samples and 63 other animal samples) using a cultural method. A
selection of C. difficile strains isolated from samples was further characterized (PCR ribotyping,
multiplex PCR targeting genes encoding for the main virulence factors and antimicrobial
susceptibility assays).
Among the 1033 samples, 218 were positive for C. difficile (0% in bovine, 24% in pig, 6% in
pet, and 26% in poultry fecal samples) and 99 isolates were characterized: tcdA gene was
detected in all, tcdB in 96 % and genes encoding for the binary toxin in 73 %. Twenty different
PCR-ribotypes were identified, including PCR-ribotypes involved in humans. It is noteworthy
that PCR-ribotypes 126 and 078 were predominant in pig isolates (81 %). All isolates were
susceptible to vancomycin and metronidazole, 38 % to erythromycin, 4 % to clindamycin, 81
% to moxifloxacin and 36 % to tetracyclin.
This study, which is the first one conducted in France in animals provides an overview of PCRribotypes and toxin genes profiles as well as antimicrobial susceptibilities of C. difficile isolates
in animal faeces. As reported in previous studies conducted in other European countries, it
shows that animals are significant reservoirs of C. difficile strains, including PCR-ribotypes
commonly involved in human CDI.
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ISOLATION OF CLOSTRIDIUM DIFFICILE FROM
SMOKED AND DRIED FRESHWATER FISH IN
CAMBODIA
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Department of Food Sciences, Faculty of Veterinary Medicine, University of Liege, Belgium
5
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Hippocrate 54, Bte B1. 5405, 1200 Brussels, Belgium
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Background and aims: In Cambodia, freshwater aquaculture is the most important source of
food production. Fresh fish meat is considered a highly perishable food, which needs the use of
different manipulations and preservation techniques to inhibit the development of undesirable
bacteria. These bacteria are naturally present in the raw products or could be acquired during
manipulation by cross-contamination.
Objectives: The objective of this study was to investigate the presence of C. difficile in one of
the main food supplies of this country, smoked fish, originated from five different Cambodian
provinces.
Methods: Twenty-five samples were collected from local markets. C. difficile was isolated by
direct and enrichment culture, using CCFAT selective medium. Confirmation was performed
by detection of the tpi gene and the toxin genes by classical PCR. PCR-ribotyping based on
capillary gel electrophoresis was also performed. Resistances to erythromycin, vancomycin,
clindamycin, tetracycline, metronidazole and moxifloxacin were tested.
Results: C. difficile was isolated from 4 samples with an overall recovery rate of 16%. Three
out of 4 isolates presented genes encoding for toxins A and B, and they were classified as rare
PCR-profiles, as they were never detected in our laboratory before. The non-toxigenic isolate
was associated with PCR-ribotype UCL36 (internal nomenclature). Using Webribo database
isolates were also identified as new ribotypes. All of them were resistant to clindamycin and
one toxigenic isolate presented further resistances to moxifloxacin-tetracycline. C. difficile
was detected before and after enrichment, with a spore load of 100 ufc/g.
Conclusions
: In this study we have detected viable spores of toxigenic C. difficile in ready-to-eat
smoked fish, which could indicate a contamination during handling, and/or a contamination
of the raw fish, followed by an insufficient heat treatment to kill the spores. In Cambodia there
are no previous studies about the presence of C. difficile in humans, nor in animals or food,
and therefore it is not possible to stablish further relationships between food and human
isolates. Further studies about the proportion of spore-forming bacteria in the gut microbiota
of humans and animals in Cambodian population could determine if there is a bacterium
adaptatively character in function of the levels of exposure.
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DETECTION OF UNUSUAL STRAINS OF
CLOSTRIDIUM DIFFICILE FROM THE ENVIRONMENT
IN WESTERN AUSTRALIA
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Australia; 4 PathWest Laboratory Medicine, Department of Microbiology, Nedlands, Western Australia, Australia;
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Edith Cowan University, School of Medical and Health Sciences, Joondalup, Western Australia, Australia
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Background and aims: Clostridium difficile clade 3 ribotype (RT) 023 strains that fail to
produce black colonies on ChromID agar (bioMerieux) have been reported, and an apparently
new variant strain of C. difficile that produces only toxin A was found in a patient with diarrhoea.
We have recently isolated strains of C. difficile from the environment in Western Australia
with similar characteristics. The objective of this study was to characterise these strains. We
hypothesized that a putative β-glucosidase gene might be lacking in these strains of C. difficile,
including RT023.
Methods: A total of 19 environmental isolates of C. difficile, from gardens, failed to produce
black colonies on ChromID agar. MALDI-TOF MS was used to confirm the identity of these
isolates. Isolates were characterised by toxin gene PCR and PCR ribotyping. A cell cytotoxicity
assay was used to detect a cytopathic effect (CPE) on Vero cells and the strains were tested
for susceptibility to erythromycin, vancomycin, clindamycin, moxifloxacin, amoxicillinclavulanate, rifampin, metronidazole and fidaxomicin. Motility was detected with a sloppy
agar stab culture. An esculin gene PCR was performed to identify the presence/absence of a
putative β-glucosidase gene. Whole-genome sequencing was performed on three selected
variant strains of C. difficile.
Results: MALDI-TOF MS analysis confirmed these strains as C. difficile. Five strains contained
only a tcdA gene (A+B-CDT-) and were a novel RT (QX597). No CPE was seen on Vero cells. All
isolates were susceptible to all antimicrobials tested except one was resistant to clindamycin
(MICM = 8 mg/L). The five tcdA positive strains were motile. All non-black colony producing
strains, and RT023, did not contain a putative β-glucosidase gene by PCR. The three sequenced
strains belonged to novel multi-locus sequence type 632, part of the evolutionarily divergent
clade C-III. All three genomes were positive for full-length tcdA but negative for tcdB and
binary toxin genes.
Conclusions: This study provided insights into the isolation and identification of apparently
esculin hydrolysis negative strains of C. difficile from environmental samples. White colonies
of C. difficile from environmental samples could be overlooked when using ChromID C. difficile
agar, leading to false-negative results.
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HIGH PREVALENCE OF CLOSTRIDIUM DIFFICILE IN
HOME GARDENS IN WESTERN AUSTRALIA
Shivaperumal Nirajmohan1, Chang Barbara J1, Riley Thomas V1, 2, 3, 4
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Australia; 2 Murdoch University, Medical, Molecular and Forensic Sciences, Murdoch, Western Australia,
Australia; 3 PathWest Laboratory Medicine, Department of Microbiology, Nedlands, Western Australia, Australia;
4
Edith Cowan University, School of Medical and Health Sciences, Joondalup, Western Australia, Australia
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Background and aims: In recent years, community-associated Clostridium difficile infection
(CA-CDI) has emerged as a significant problem, accounting for ~50% of all CDI cases. Possible
sources of CA-CDI are soil, food and water contaminated with C. difficile from animals. More
broadly, contaminated home gardens and shoe soles could contribute to the dissemination of
C. difficile spores in the community. This study aimed to determine the prevalence of C. difficile
in home gardens and on shoe soles in Western Australia (WA).
Methods: A total of 97 samples consisting of soil (n=48), compost (n=15), manure (n=12) and
shoe sole swabs (n= 22) were collected from 23 homes in 22 suburbs of Perth, WA, during 2018.
All samples were enriched in BHI broth supplemented with cycloserine and cefoxitin for 5 days,
followed by alcohol shock and culture anaerobically on ChromID agar plates (bioMerieux). All
isolates were characterised by toxin gene PCR and PCR ribotyping.
Results: Two-thirds (67%, 65/97) of home garden samples including 79% (38/48) of soil,
67% (10/15) of compost, 83% (10/12) of manure and 32% (7/22) of shoe sole samples were
positive for C. difficile. Among them, 38% (33/87) of the isolates were toxigenic; 18 different
PCR ribotypes (RTs) and 27 novel RTs were identified. The toxigenic C. difficile RT014/020 was
the most prevalent RT (20.7%) followed by RT054, RT051, RT056, RT103, RT106 and QX076
(all toxigenic) and non-toxigenic RTs such as QX393, RT010 and RT287. Interestingly, 19
esculin hydrolysis negative strains (21.8%) were identified on C. difficile ChromID agar, five of
which were novel toxigenic RTs that produced only toxin A (A+B-CDT-).
Conclusions: This report establishes the potential for transmission of C. difficile in the
community from home gardens. There were high rates of contamination with C. difficile in
home gardens and the RTs identified had been isolated from humans in WA with CDI. This
study showed that home gardens may be a key source for the dissemination of C. difficile spores
that subsequently cause CA-CDI.
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Background and aims: C. difficile is often found in animals and their environment, however,
not much has been reported on veterinary clinics environment in terms of the prevalence and
PCR ribotype diversity. The aim of the study was to assess the prevalence of C. difficile on shoe
soles of veterinary students to explore their potential role in C. difficile dissemination in the
environment of veterinary teaching clinics, hospitals and teaching rooms.
Methods: The swabs of shoe soles (n=24) were collected from the students at 5 different
locations of the Faculty of Veterinary Medicine in the north eastern Poland in February 2020.
Sampling was performed with sterile sponges. Putative C. difficile colonies were identified
by mass spectrometry. DNA of representative isolates was used for PCR ribotyping and
toxinotyping.
Results: The positivity rate of the swabs collected from students was 100 %. The 130 isolates
represented 15 different PCR ribotypes. Nontoxigenic and toxigenic strains (identified as
toxinotypes 0, IV and XIX) were found. PCR ribotypes 014/020 (n=12), 010 (n=5), 009 (n=5),
106 (n=4), 012 (n=3), and SLO259 (n=2) were the most common. PCR ribotypes 002, 005,
023, 046, SLO002, SLO69, SLO076, SLO150 and SLO210 were found in one sample each. PCR
ribotypes 010 and 014/020 were isolated from shoe soles sampled in 3 of 5 sampling locations.
The highest diversity of PCR ribotypes (7 of 15) was noted on the shoe soles of students
attending classes in the Department of Veterinary Public Health, followed by Department of
Surgery (6 of 15) and Department of Pathology (5 of 15) different PCR ribotypes.
Conclusions: Veterinary students contribute significantly to C. difficile spore transmissions
among veterinary teaching clinics, hospital and teaching rooms. Changing shoes for the
time spent in veterinary clinic/hospital should be considered as a main solution to reduce
transmission of different C. difficile ribotypes in this environment.
Research co-financed by the European Union under the European Social Fund (Operational Program
Knowledge Education Development), carried out in the project Development Program at the University of
Warmia and Mazury in Olsztyn (POWR.03.05. 00-00-Z310/17)
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C. difficile spores are ubiquitous and are commonly found in different natural environments,
animals, food and households. We have previously shown that compost has the highest
positivity rates in the domestic outdoor environment. The aim of this study was to explore the
spatial and temporal distribution of C. difficile PCR ribotypes in compost piles sampled at two
households from rural area.
From March 2018 to January 2019 composter A was sampled 5 times and composter B was
sampled 4 times. At each sampling time five samples from different locations within the
compost pile were collected; altogether, we tested 45 compost samples. C. difficile was isolated
without enrichment on ChromID C. difficile plates using combination of temperature and
alcohol chock and sonication. Up to 15 colonies from each sample were selected, identified as
C. difficile with MALDI-TOF and PCR ribotyped.

C. difficile was isolated from 38 compost samples (84.4%). In total, 906 isolates were obtained
which were distributed into 35 PCR ribotypes. The most common were 018, 014 and SLO 057.
Of the 35 PCR ribotypes, 29, 18 and 10 were already found in humans, animals and food,
respectively. From 3 to 16 different PCR ribotypes were found in a composter at different
sampling times and up to nine different PCR ribotypes were found within a single compost
sample. Only 5 PCR ribotypes were shared between the two composters; 001, 002, 011, 014
and 027. In some instances the same PCR ribotype could be found in multiple samples in the
composter, one of them is 001. To check if these are clonal isolates we selected 4 isolates from
composter A (from 4 samples) and one isolate from composter B for whole genome sequence
anaylsis. The four isolates from composter O differed from 0 to 6 SNVs (single nucleotide
variants) and were genetically unrelated to isolates from composter V.
Our result strongly suggest that C. difficile is commonly present in the domestic composters
and adds to existing knowledge of potential sources of C. difficile in domestic environment.
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CLOUD JAPAN: HIGH POPULATION-BASED
HOSPITALIZED CDI INCIDENCE IN OTA-KU, TOKYO,
JAPAN
Kazuhiro Tateda1, Shuhei Ito2, Elisa Gonzalez3, Satoshi Yoshizumi4, Pingping Zhang3, Jennifer Moisi3, Sharon
Gray3, Catia Ferreira3, Bennett Lee2, Luis Jodar3, Fred Angulo3
Toho University, Department of Microbiology, Tokyo, Japan;
2
Pifzer Japan, Vaccines Medical Affairs, Tokyo, Japan;
3
Pfizer Vaccines, Medical Development and Scientific/Clinical Affairs, Collegeville, Pennsylvania, USA;
4
Parexcel International Corporation, Tokyo, Japan.
1

Background: Clostridioides difficile is an important cause of morbidity and mortality. C. difficile
infection (CDI) risk factors include antibiotic use, hospitalization and age. Japan has an aging
population with a high hospitalization rate and antibiotic use. Although a multi-prefecture
study with 30 CDI tests/10,000 patient-days, found a hospital-based incidence of 7.4 CDI
cases/10,000 patient-days in 2015, estimates of the population-based hospitalized CDI
incidence in Japan are lacking.
Methods: CLOUD Japan conducted surveillance for new onset diarrhea (>3 stools with Bristol
scale 5-7 in 24 hours) in 9 hospitals in the Ota-ku (population 734,880) Tokyo beginning
in December 2018. Participating hospitals had 2,133 beds, representing 45% of the adult
hospital beds in Ota-ku. Ota-ku residents >50 years with new onset diarrhea were invited to
participate. After informed consent, a stool specimen was collected. Preliminary results are
based on QUIK CHEK Complete testing at LSI Medience in Tokyo; more sensitive PCR/CCNA
results are pending and will likely result in a higher incidence.
Results: Through December 6, 2019, there were 3,207 new onset diarrhea cases among 208,753
eligible patient-days (1.5 cases per 100 patient-days). Among patients with new onset diarrhea,
981 were enrolled (31%) and 815 had a stool specimen tested (83%); 39 CDI tests/10,000
patient-days. There were 37 QUIK CHEK complete CDI cases (4% of stools). When adjusted for
under-enrollment, the hospital-based incidence was 7.2 CDI cases/10,000 patient-days. When
adjusted for the Ota-ku hospitalization share of the participating hospitals, the populationbased incidence was 86 hospitalized CDI cases/100,000 persons >50 years per year and 124
hospitalized CDI cases/100,000 persons >65 years per year.
Conclusions: Preliminary CLOUD Japan results found a high population-based incidence of
hospitalized CDI; for comparison, the most recent reported incidence in the United States
was 163/100,000 persons >50 years in 2017. CLOUD Japan and the multi-prefecture CDI
study had a similar CDI test density and hospital-based incidence, supporting CLOUD Japan
generalizability. Preliminary CLOUD Japan data imply there are >50,000 hospitalized CDI
cases in persons >50 years of age (including >44,000 in persons >65 years of age) in Japan
each year. Interventions are needed to reduce this important CDI disease burden.
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PERFORMANCE OF CORE GENOME MULTILOCUS
SEQUENCE TYPING COMPARED TO CAPILLARYELECTROPHORESIS PCR RIBOTYPING AND SNP
ANALYSIS OF CLOSTRIDIOIDES DIFFICILE

P20

Baktash A1, Hornung BVH1, Corver J1, Harmanus C1,2, Smits WK1, Fawley W3, Wilcox MH4, Kumar N5, Eyre DW6,
Indra A7, Mellmann A8, Kuijper EJ1,2
Department of Medical Microbiology, Section Experimental Bacteriology, Leiden University Medical Center,
Leiden, the Netherlands;
2
National Reference Laboratory Clostridium difficile, National Institute of Public Health and the Environment,
Leiden University Medical Center, Leiden, the Netherlands;
3
National Infection Service, Public Health England, and University of Leeds, Leeds, United Kingdom;
4
Department of Microbiology, Leeds Teaching Hospitals & University of Leeds, Leeds, United Kingdom;
5
Microbiota Interactions Laboratory, Wellcome Sanger Institute, Hinxton, UK;
6
Big Data Institute, University of Oxford, Oxford, United Kingdom;
7
Institute of Medical Microbiology and Hygiene, Österreichische Agentur für Gesundheit und
Ernährungssicherheit (AGES), Vienna, Austria;
8
Institute of Hygiene, University Hospital Münster, and National Reference Center for C. difficile, Münster
Branch, Münster, Germany
1

Background and aims: Clostridioides difficile is the most common cause of antibiotic-associated
gastrointestinal infections. Capillary-electrophoresis (CE) PCR ribotyping is currently the
gold standard for C. difficile typing, but lacks sufficient discriminatory power to fully resolve
outbreaks. This study compares the performance of core genome (cg) and whole genome
(wg) multilocus sequence typing (MLST) with CE-PCR ribotyping and single nucleotide
polymorphism (SNP) analysis.
Methods: 541 sequenced C. difficile strains were obtained from the NCBI Sequence Read
Archive (Illumina sequencing platform). Additionally, 74 known ribotypes (RTs) from the
Leeds-Leiden reference collection and 21 sequenced outbreak strains were included, resulting
in 100 unique RTs. Two different cgMLST schemes (SeqSphere & Enterobase) and Enterobase
wgMLST scheme were used. Backward compatibility between CE-PCR ribotyping and cgMLST
were assessed. A neighbor-joining tree was produced (1 strain/RT). Average inter- and intraRT allele differences were calculated from produced distance matrices using the cg/wgMLST
schemes. Discriminatory power of cg/wgMLST in comparison with SNP analysis was assessed
in outbreak settings (RT078 & RT181; 21 strains) in Europe using a threshold of ≤ 6 targets to
define similarity.
Results: Of 100 RTs (n=636), 82 RTs had a unique profile, whereas 18 RTs clustered (≤ 6 targets)
with multiple RTs (ranging 1-3 RTs).These latter RTs belonged mainly to MLST Clades 2 and
5. Average intra-RT allele difference varied between different RTs, with RT056 (n=3) showing
highest average allele difference (376 with Seqsphere; 436,3 and 650,3 with Enterobase cg/
wgMLST, resp. and 2562,7 with SNP analysis), contrary to RT181 (n=3) (5,3 with SeqSphere;
6,7 and 11 with Enterobase cg-, wgMLST, resp. and 67,3 with SNP analysis). Application of cg/
wgMLST and SNP analysis in outbreak settings of RT078 and RT181 showed clustering of the
strains with unrelated control strains of the same RT.
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Conclusions: cgMLST has the potential to be an alternative to CE-PCR ribotyping for typing
C. difficile. The method is reproducible, easy to standardize and offers a higher discriminatory
power. However, there are logistical and cost considerations, noting in particular that in some
RTs additional epidemiologic information is necessary to fully resolve outbreaks of these
monomorphic strains.
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CLOSTRIDIOIDES DIFFICILE PCR RIBOTYPE
002 INFECTION IN THE NETHERLANDS IS NOT
ASSOCIATED WITH INCREASED DISEASE SEVERITY.
Baktash A1, Harmanus C1,2, Smits WK1, Corver J1, Kuijper EJ1,2
Department of Medical Microbiology, Section Experimental Bacteriology, Leiden University Medical Center,
Leiden, the Netherlands;
2
National Reference Laboratory Clostridium difficile, National Institute of Public Health and the Environment,
Leiden University Medical Center, Leiden, the Netherlands
1

Background and aims: Clostridioides difficile PCR ribotype (RT) 002 is the third most prevalent
RT in the Netherlands. In 2019, a sudden increase in C. difficile infections (CDI) with a clonal
strain of RT002 was reported in Ireland. In retrospect, a significant increase in CDI due to
RT002 was detected between May’16- May’17 and May’17- May’18 in the Netherlands (6.5%
of 865 to 11.9% of 683 cases). Our aim was to analyse and characterize CDI due to RT002 and to
compare the strains with the Irish data.
Methods: From the period May’09- May’19, the clinical presentation of CDI due to RT002
(n=495) was compared with CDI due to non-hypervirulent RTs (n=5372) and hypervirulent
(HV) RT027 (n=123) and HV RT078 (n=852), using the national C. difficile surveillance data
from the Netherlands. Of 495 RT002 strains, 29 isolated between 2016-2019 from different
Dutch hospitals were randomly selected and whole-genome sequenced for characterization
and similarity studies to one sequenced Irish clonal strain. All isolates were tested by E-testing
for metronidazole and vancomycin.
Results: Patients with CDI due to RT002 showed less severe CDI in comparison with HV RTs
(RT027 and RT078), similar as non-HV RTs (23%, 29%, 27% and 22%, respectively). CDI due
to RT002 was less associated with a complicated CDI course in comparison with RT027 (14%
vs. 22%), but similar as RT078 and non-HV RTs (16% and 13%). No significant difference was
found of CDI related mortality between RT002 with RT027, RT078 and non-HV RTs (4% vs.
3%, 5% and 4%, respectively). Compared to RT027, RT078 and non-HV RTs, patients with
CDI due to RT002 had more community onset (CO) (43% vs. 28%, 38% and 38%, respectively)
and less antibiotic usage (63% vs. 78%, 71% and 70%, respectively). Using core genome
MLST, no clonal expansion in the Netherlands and no genetic relatedness was found with the
Irish outbreak strain. Analysis of the trehalose metabolism showed no L172I mutation in treR
(RT027) and no 4 gene insertion (RT078). All strains were susceptible for metronidazole and
vancomycin (MIC of 0.06mg/L and <0.06-0.06mg/L, respectively).
Conclusions: The increase in CDI incidence due to RT002 in the Netherlands is not caused by
clonal expansion. Severity, complicated course and mortality of CDI due to RT 002 is similar
as non-HV strains.
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GENOTIPIC AND PHENOTIPIC CHARACTERIZATION
OF FOUR NOVELS CLADE 2 CLOSTRIDIUM DIFFICILE
BRAZILAN ISOLATES
Amanda Nadia Diniz1, Loren Nery Fontoura Moura1, Diogo Soares Gonçalves Cruz1, Henrique César Pereira
Figueiredo1, João Luis Reis Cunha1, Ed J. Kuijper2, Mark H. Wilcox3, Francisco Carlos Faria Lobato1, Rodrigo
Otávio Silveira Silva1
1
Federal University of Minas Gerais, Veterinary School, Belo Horizonte, Brazil,
Department of Medical Microbiology, Leiden University Medical Centre, Leiden,
3
Department of Microbiology, Leeds Teaching Hospitals, Old Medical School, Leeds, UK.
2

The epidemiology of CDI is highly dynamic and new strains continue to emerge worldwide. The
increased incidence and severity of disease at a global scale has been linked to the emergence
and spread of epidemic strains belonging to MLST clade 2 and 5, mostly ribotypes (RT) 027
and 078. In contrast with most countries, these classic epidemic strains seem rare in Brazilian
hospitals. On the other hand, isolation of novel strains from clade 2 has been reported in some
hospitals. Thus, to better understand the hypervirulent potential of some novel strains, the
present study aimed to characterize phenotypically and genotypically three new strains and
compare them to C. difficile RT027 (strain CD196).
These strains were isolated between 2012 and 2017 and were previously classified into new
ribotypes/sequence types (883/461, 884/462, 885/463). First, these strains were submitted to
WGS. Second, the following phenotypical characteristics were evaluated: A/B toxin production,
sporulation rates, swimming motility in culture medium and lethality in hamster model. The
WGS analysis revealed a high similarity among these strains and suggested that they emerged
from a common ancestor related to Clade 2 strains. New tcdB and tcdC alleles were identified,
while several virulence-related genes such as adhesins and flagellins were detected in these
stains. All strains showed motility and lethality in hamsters similar to those seen with the
RT027. RT883 showed spore production as higher as RT027, but the level of toxin production
of RT027 were higher than all tested Brazilian strains.
In conclusion, the present study shows that the novel clade 2 strains circulating in Brazil have
some phenotypic and genotypic hypervirulent characteristics and highlight the importance of
surveillance studies to better known the epidemiology of C. difficile in Brazil.
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LABORATORY-BASED SURVEILLANCE OF
CLOSTRIDIUM DIFFICILE INFECTION IN AUSTRALIAN
HEALTHCARE AND COMMUNITY SETTINGS,
2013–2018
Hong Stacey1,2, Putsathit Papanin3, George Narelle4, Hemphill Christine5, Huntington Peter G.6*, Korman Tony
M.7, Kotsanas Despina7, Lahra Monica8, McDougall Rodney9, Moore Casey V.10, Nimmo Graeme R.4, Prendergast
Louise5, Robson Jennifer9, Waring Lynette5, Wehrhahn Michael C.11, Weldhagen Gerhard F.10, Wilson Richard M.12,
Riley Thomas V.1,2,3,13, Knight Daniel R.2
The University of Western Australia, School of Biomedical Sciences, Faculty of Health and Medical Sciences,
Crawley, Western Australia, Australia; 2 Murdoch University, Medical, Molecular and Forensic Sciences,
Murdoch, Western Australia, Australia; 3 Edith Cowan University, School of Medical and Health Sciences,
Joondalup, Western Australia, Australia; 4 Pathology Queensland, Royal Brisbane and Women’s Hospital,
Queensland, Australia; 5 Melbourne Pathology, Collingwood, Victoria, Australia; 6 New South Wales Health
Pathology, Department of Microbiology, Royal North Shore Hospital, St Leonards, New South Wales, Australia;
7
Monash Infectious Diseases, Monash University and Monash Health, Monash Medical Centre, Clayton, Victoria,
Australia; 8 The Prince of Wales Hospital, Department of Microbiology, Randwick, New South Wales, Australia;
9
Sullivan Nicolaides Pathology, Taringa, Queensland, Australia; 10 South Australia Pathology, Microbiology
and Infectious Diseases Laboratories, Adelaide, South Australia, Australia; 11 Douglass Hanly Moir Pathology,
Macquarie Park, New South Wales, Australia; 12 Australian Clinical Labs, Microbiology Department, Wayville,
South Australia, Australia; 13 PathWest Laboratory Medicine, Department of Microbiology, Queen Elizabeth
II Medical Centre, Nedlands, Western Australia, Australia; *Current address: The Prince of Wales Hospital,
Department of Microbiology, Randwick, New South Wales, Australia.
1

Background and aims: In the early 2000s, a binary toxin (CDT)-producing strain of
Clostridium difficile, ribotype (RT) 027, caused extensive outbreaks of diarrhoeal disease in
North America and Europe. This strain has not established in Australia and there is a markedly
different repertoire of circulating strains compared to other regions of the world. The C. difficile
Antimicrobial Resistance Surveillance (CDARS) study is a nationwide longitudinal surveillance
study of C. difficile infection (CDI) in Australia. Here, we describe the molecular epidemiology
of CDI in Australian healthcare and community settings over the first 5 years of the study,
2013–2018.
Methods: Between 2013 and 2018, 10 diagnostic microbiology laboratories from five States in
Australia participated in the CDARS study. From each of five states, one private (representing
community) and one public (representing hospitals), submitted isolates of C. difficile or PCRpositive stool samples during two collection periods per year, February-March (summer/
autumn) and August-September (winter/spring). C. difficile was characterised by toxin gene
profiling and ribotyping.
Results: A total of 1675 eligible samples was received, of which 47% (n=633) were submitted
by private laboratories. Overall, 61% of cases were female and the majority (62%) were in
patients aged ≥65 years. From these samples, 1523 isolates of C. difficile [Western Australia,
n=265; Victoria, n=318; South Australia, n=268; Queensland, n=321; and New South Wales,
n=351] were recovered. PCR ribotyping yielded 203 different RTs, the most prevalent being
RT014/020 (n=449, 29.5%). The epidemic CDT+ RTs 027 (n=2) and 078 (n=6), and the recently
described RTs 251 (n=10) and 244 (n=6), were not common, while RT126 (n=17) was the most
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prevalent CDT+ strain with a majority (69%) clustered in Victoria. The vast majority (88%;
n=1361) of strains was positive for the major toxin genes tcdA/B, and 4% (n=63) were also
positive for genes encoding CDT (cdtA/B). These were mainly isolated from hospital-onset CDI
cases. In contrast, 4% (n=68) were non-toxigenic strains mainly from the community.
Conclusions: A heterogeneous C. difficile population was identified. C. difficile RT014/020 was
the most prevalent strain found in humans with CDI. Continued surveillance of CDI in Australia
remains important for the detection of emerging strain lineages.
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LABORATORY SURVEILLANCE OF PAEDIATRIC
CLOSTRIDIUM DIFFICILE INFECTIONS IN
HEALTHCARE AND COMMUNITY SETTINGS IN
AUSTRALIA, 2013-18

P24

Perumalsamy Sicilia¹, Hong Stacey1, 3, Riley Thomas V2, 3, 4, Knight Daniel R2
The University of Western Australia, School of Biomedical Sciences, Queen Elizabeth II Medical Centre,
Nedlands, Western Australia.
2
Medical, Molecular and Forensic Sciences, Murdoch University, Murdoch, Western Australia, Australia.
3
School of Medical and Health Sciences, Edith Cowan University, Joondalup, Western Australia, Australia.
4
PathWest Laboratory Medicine, Department of Microbiology, Queen Elizabeth II Medical Centre, Nedlands,
Western Australia, Australia.
1

Background: Increasing rates of hospital-identified (HI) and community-associated (CA) C.
difficile infection (CDI) in children have been recorded in many parts of the world, however,
research in Australia has been limited. The C. difficile Antimicrobial Resistance Surveillance
(CDARS) study is an ongoing longitudinal nationwide investigation of both the molecular
epidemiology and in vitro antimicrobial susceptibility of C. difficile isolated in Australia since
2013. Here we report the molecular characterisation of C. difficile isolated from paediatric
patients during the first five years of the study, 2013-2018.
Methods and materials: C. difficile isolates (or PCR positive stool samples) were sent from 10
laboratories (one private and one public laboratory) across five states in Australia. Isolates
were characterised by PCR for toxin genes and ribotyping.
Results: Of the 1542 isolates recovered throughout the study period (up to two phases per
calendar year), 127 (8.2%) were from paediatric patients with ages ranging from 1 to 17
years. Overall, 88.2% of isolates (n=112) were toxigenic (A+B+CDT-, n=104; A+B+CDT+,
n=6; A-B+CDT-, n=2). A total of 38 different RTs (ribotypes) were identified, of which two
were novel. The most common RTs isolated were toxigenic RTs 014/020, 002, 046 and 056.
Interestingly, RT 027 was isolated from an 11-year-old CDI patient in a public hospital in
Queensland.
Conclusions: There were highly diverse strains of C. difficile in paediatric patients from both
hospitals and the community, the majority of which were toxigenic. This suggests some
patients were acquiring C. difficile from sources/reservoirs external to the hospital contributing
to the rise in CA-CDIs in Australia in recent years. The presence of the well-established
toxigenic RT 014/020, with known links between humans and animals in Australia, is of
interest. Additional whole genome sequencing studies and antimicrobial resistance profiling
will enhance our understanding of the significance of isolating C. difficile from young children
(primarily toxigenic strains that are commonly found in other sources/reservoirs such as the
environment, food, animals and the elderly).
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INCIDENCE OF HOSPITAL-ONSET DIARRHEA AND
FREQUENCY OF CLOSTRIDIODES DIFFICILE TESTING
IN MUNSTER-COESFELD, GERMANY
Vera Schwierzeck1, Andrea Lücke1, Stefanie Kampmeier1, Catherine Martin2, Lutz von Müller,3, 4, Alexander
Mellmann*1,4
1
Institute of Hygiene, University Hospital Münster, Münster, Germany;
Medical Development and Scientific/Clinical Affairs, Pfizer Vaccines, Collegeville, PA, USA;
3
Institute for Laboratory Medicine, Microbiology and Hygiene, Christophorus Clinic, Coesfeld, Germany
4
National Reference Centre for Clostridioides difficile
*corresponding author: Alexander.Mellmann@ukmuenster.de
2

Background and aims:Hospital-onset diarrhea, particularly Clostridioides difficile (C. difficile)
infection (CDI), are a frequent complication in inpatients and associated with significant
morbidity and healthcare costs. Nevertheless, the CDI disease burden has not been fully
described in Germany.
Methods: During a 10-day period at each hospital from October 2019 until February 2020, data
were collected on 6,197 patients admitted to 7 of the 10 Munster-Coesfeld hospitals which
have demographics similar to the rest of Germany hospitals. Ward nurses were interviewed
daily to identify patients with new onset diarrhea (≥ 3 loose stools ≤ 24 hours). Information on
stool specimen collection, testing and results was recorded by chart review or nurse interviews.
Results: Among the 20,005 patient-days of surveillance, 401 patients were identified with
diarrhea (6.5%). The median age of patients with diarrhea was 70 years (IQR 61-80). Of the 401
patients with diarrhea, 166 (41%) received antibiotics and 254 (63%) had a presumed diarrhea
cause recorded; 73 (18%) had a presumed infectious and 181 (45%) a presumed non-infectious
etiology. Only 216 (54%) of diarrhea patients had diarrhea recorded in their charts, including
only 41 (56%) of diarrhea patients with a presumed infectious etiology Stool samples were
collected from 178 (44%) of diarrhea patients; 65 samples from patients with a presumed
infectious and 53 samples from a presumed non-infectious etiology. Of the 178 stool samples,
133 (75%) were tested for C. difficile; 15 were positive for C. difficile with five communityacquired and 10 hospital-acquired infections.
Conclusion: While a common symptom, diarrhea was frequently not recorded in patients’
charts; nurse interview was the most reliable method for identifying patients with diarrhea.
Furthermore, stool specimens were frequently not collected from patients with diarrhea, and
if collected, were not always tested for C. difficile, indicating that CDI may be under-diagnosed.
Further studies are needed to understand the extent of CDI under-diagnosis and to quantify
CDI burden.
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CLOSTRIDIOIDES DIFFICILE STRAINS EXPRESSING
BINARY TOXIN ARE ASSOCIATED WITH DECREASED
SUSCEPTIBILITY TO VANCOMYCIN AND
METRONIDAZOLE
Costa Deiziane VS1,2, Pham Natalie VS3, Hays Ann R4, Shin Jae H1, Poulter Melinda D5, Hoang Sook C6,
Wu Martin7, Warren Cirle A1
1
University of Virginia, Division of Infectious Diseases and International Health, Charlottesville, Virginia,
United States; 2 Federal University of Ceara, Department of morphology, Fortaleza, Ceara, Brazil; 3 University
of Virginia, School of Medicine, Charlottesville, Virginia, United States; 4 University of Virginia, Division of
Gastroenterology and Hepatology, Charlottesville, Virginia, United States; 5 University of Virginia, Department
of Pathology, Charlottesville, Virginia, United States; 6 University of Virginia, Department of Surgery,
Charlottesville, Virginia, United States; 7 University of Virginia, Department of Biology, Charlottesville, Virginia,
United States.

Background and aims: Clostridioides difficile (C. difficile) infection (CDI) is the fifth leading
cause of death from nonmalignant gastrointestinal disease in the US. After completing initial
antibiotic therapy, up to 35% of patients can have recurrent CDI. The aim of this study was
to evaluate the antimicrobial susceptibility of C. difficile isolates from patients in a US Health
System and identity the bacterial and clinical variables associated with antibiotic resistance.
Methods: Faecal samples from adult patients with suspected CDI were collected from
August 2018 to April 2019. C. difficile spores were isolated and the presence of genes encoding
C. difficile triose phosphate isomerase (tpi), toxin A (tcdA), toxin B (tcdB) and binary toxin
(cdtB) were analyzed by qPCR. C. difficile isolates were tested for susceptibility to tigecycline
(TGC), moxifloxacin (MXF), vancomycin (VAN), clindamycin (CLI), metronidazole (MTZ), and
fidaxomicin (FDX) using E-test strips (Biomerieux, France, and Liofilchem, Italy), microbroth
or agar dilution. The interpretation of minimum inhibitory concentration (MIC) was done
according to the recommendations of CLSI M11-A7 and EUCAST.
Results: 97 of 130 (75%) fecal samples grew toxigenic C. difficile in culture. 81% (79/97) of C.
difficile isolates were tcdA+tcdB+cdtB-, 18% (17/97) were tcdA+tcdB+cdtB+ and 1% (1/97) was
tcdA-tcdB+cdtB+. According to EUCAST, 96% (93/97), 94% (91/97) and 100% (97/97) were
susceptible to VAN, MTZ and TGC, respectively. Using CLSI, 8% (7/97) and 79% (78/97) were
susceptible to MXF and CLI, respectively. Among the C. difficile strains resistant to VAN and/
or MTZ (n=6), 83% of the patients were aged with multiple comorbidities and severe CDI, as
well as all the strains were binary positive (cdtB+). CLI MICs were positively correlated to MICs
for VAN, MTZ and TGC. C.difficile cdtB+ strains (n=18) exhibited higher median MICs for VAN
(p<0.0001), MTZ (p<0.0001), TGC (p<0.04), CLI (p<0.0005) and MXF (p<0.009) compared to
cdtB- strains. Patients with chronic renal diseases (OR: 8.2, 95% CI: 2.4 to 27.6, p<0.0009) or
severe disease (OR: 5.1, 95% CI: 1.5 to 17.0, p<0.007) are more likely to be infected with cdtB+
strains (n=79).
Conclusion: Our findings indicate that antimicrobial susceptibility of C. difficile is decreased in
strains expressing binary toxin, which in turn is associated with severe CDI.
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COMMUNITY-ACQUIRED CLOSTRIDIOIDES
DIFFICILE INFECTION: A PROSPECTIVE STUDY IN AN
UNSELECTED POPULATION
Laura Villar Gómara1,2 3, Silvia Noemí Vázquez Cuesta 1,3, Luis Alcalá 1,2,3, Mercedes Marín 1,2,3, Patricia Muñoz1,2,3,
Emilio Bouza1,2,3, Elena Reigadas Ramírez 1,2,3
Department of Clinical Microbiology and Infectious Diseases, Hospital General Universitario Gregorio
Marañón, Madrid, Spain,
2
Medicine Department, School of Medicine, Universidad Complutense de Madrid (UCM), Madrid, Spain,
3
Instituto de Investigación Sanitaria Gregorio Marañón, Madrid, Spain.
1

Increasing incidence of C. difficile infection (CDI) in the community evidence the changing
epidemiology of this commonly known cause of hospital acquire diarrhoea in developed
countries. These community-acquired CDI (CA-CDI) patients supposedly have less CDI risk
factors and are usually unrecognized, leading to a possible community spread. Characterization
of this population with prospective studies without selection bias are needed to identify
this new source of infection. The aim of this study was to describe epidemiology, clinical
characteristics and outcome of CA-CDI in an unselected population.
We prospectively classified CA-CDI cases from Jun 2018 (ongoing) from positive CDI cases
routinely diagnosed at our microbiology laboratory in every diarrhoeic stool sample. Samples
were analyzed from in and outpatients regardless clinical suspicion within our hospital
catchment area. CDI episodes were classified as community acquired following 2010 IDSA/
SHEA Guidelines. Adult patients (≥ 18 years) with CA-CDI criteria were included with a followup period of at least two months after their last episode. Clinical and epidemiological data were
recorded.
During the study period, 1016 samples were positive for toxigenic C. difficile, corresponding to
742 patients and 780 episodes. We identified 216 CA-CDI episodes (27.7%) corresponding to
212 patients, out of which 139 have completed the study and fulfilled CDI criteria. Mean age
was 57.6 years and 64% were female. Overall, 95% had community onset (CO-CA-CDI). 27.3%
of the episodes would have gone undiagnosed owing to lack of clinical suspicion. Overall, only
5.8% had no underlying disease, the most frequent underlying diseases were gastrointestinal
(54.7%), cardiovascular (47.5%), metabolic (46.8%), rheumatologic (32.4%) and neurological
(30.9%). The most frequent risk factors were having received antibiotic treatment (64%)
and having received PPI (63.3%). Most episodes were mild to moderate (76.3%). Recurrence
(R-CDI) occurred in 15% of patients. Overall mortality was 5.8% and mortality attributable to
CDI was 0.7%.
Conclusions: Even in a setting with optimal diagnostic tests, almost one third of CA-CDI cases
would have gone undiagnosed due to lack of clinical suspicion. Most CA-CDI episodes were
mild to moderate, however there was a significant proportion of R-CDI.
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ANTIMICROBIAL SUSCEPTIBILITY IN CLOSTRIDIUM
DIFFICILE VARIES ACCORDING TO EUROPEAN
REGION AND ISOLATE SOURCE
Jane Freeman1, Virginie Viprey1, Valerija Tkalec2, Duncan Ewin1, William Spittal1, Emma Clark1, Jon Vernon1,
Warren Fawley3, Anthony Benson1, Georgina Davis1, Maja Rupnik2, Mark Wilcox1, Kerrie Davies1 on behalf of the
COMBACTE-CDI consortium

2

1
University of Leeds, Healthcare Associated Infections Research group , Leeds, UK.
National Laboratory for Health, Environment and Food (NLZOH), Centre for Medical Microbiology, Maribor,
Slovenia.
3
Public Health England, C. difficile ribotyping network for England and Wales, Leeds, UK

Background: C. difficile (CD) epidemiology continues to evolve: recent studies have identified
emerging and resistant ribotypes (RT) that are country-associated. The COMBACTE-CDI
project provides an ideal opportunity to examine CD epidemiology and resistance across
Europe.
Method: All diarrhoeal faecal samples sent to 119 recruited testing facilities from 12 European
countries, on two sampling days, were collected. All samples were cultured for CD on CCEY
agar; isolates were typed by PCR-ribotyping and toxinotyping. Contemporaneous CD
isolates were collected from animals in the same countries. Metronidazole, vancomycin,
fidaxomicin, moxifloxacin, clindamycin, imipenem, tigecycline and rifampicin MICs for 215
clinical and 44 animal isolates were determined by Wilkins-Chalgren agar dilution. MICs for
each antimicrobial were scored as sensitive=0; intermediate=1; resistant=2 for each isolate
according to published breakpoints and added to generate a cumulative resistance score (CRS).
Results: Fidaxomicin was the most active treatment agent (geometric mean for both clinical
and animal isolates=0.03mg/L) but reduced susceptibility was observed in n=2 (RT181 &
RT066) clinical isolates (>1mg/L). Geometric mean metronidazole MICs (clinical isolates) were
0.3mg/L, but were elevated among predominating epidemic RT027 (2.17mg/L) and Eastern
European-associated RT181 (1.03mg/L). RT027 and RT181 also had elevated geometric mean
moxifloxacin MICs (16.95mg/L) and 14.75mg/L); clindamycin (9.6mg/L and 10.83mg/L) and
rifampicin (20.877mg/L and 0.40mg/L). Two -isolates (RT016 and RT002) were metronidazole
resistant (MIC=8mg/L) and 9 (8 RT027; 1 RT198) had intermediate resistance (4mg/L).
Elevated metronidazole MICs were not observed in animal isolates from Eastern Europe, and
no location-linked predominating RTs were observed. Increased geometric mean vancomycin
MICs were observed in RT078s, which were more commonly isolated from animals than
humans (22 vs 12 respectively), but there was no resistance (MIC>4mg/L). Moxifloxacin
and clindamycin resistance was seen in both clinical and animal isolates of multiple RTs. No
resistance to imipenem or tigecycline was observed. Average (mean) and median CRS showed
that resistance levels among clinical (but not animal) isolates were highest in Eastern Europe.
Conclusions: Epidemiology and resistance differs between clinical and animal CD isolates and
by geographic location. Epidemic CD RT027 and highly-related emerging RT181 have increased
levels of antimicrobial resistance and are associated with CD infections in Eastern Europe.
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CROSS-SECTIONAL SURVEY OF CLOSTRIDIOIDES
DIFFICILE INFECTION DIAGNOSTIC AND TYPING
CAPACITY IN 31 EUROPEAN COUNTRIES IN 2018.
Rada S1,2, Kanitz E1,2, Schmid D1,2, Carl Suetens3, Kuijper EJ2,4, Kinross P3,
on behalf of ECDIS-Net -2 participants and ECDC.

2

1
The Austrian Agency for Health and Food Safety; Vienna, Austria;
The 2nd European Clostridioides difficile Infection Surveillance Network (ECDIS-Net-2) Consortium;
3
European Centre for Disease Prevention and Control; Solna, Sweden;
4
Department of Medical Microbiology, Leiden University Medical Center, Leiden, the Netherlands;

Background: Suboptimal diagnostic testing for Clostridioides difficile infection (CDI) affects
patient management, surveillance and prevention. In 2016, following an open call for
tender, ECDC contracted the ECDIS-Net-2 consortium to provide microbiological support
services on CDI (contract ECDC/2016/016). In 2011 and 2014, ECDC ECDIS-Net surveys in 33
European countries recorded optimal diagnostic practices in 19% and 46% of the participating
laboratories, respectively. In 2014, 16/32 (50.0%) countries had capillary-based (CE) PCR
ribotyping capacity. This survey sought to describe European CDI diagnostic and typing
capacity in 2018.
Materials/methods: In December 2018, ECDIS-Net-2 sent a web-based questionnaire on
national CDI diagnostic practices, to national-level experts, designated by ECDC’s National
Focal Points for Healthcare-Associated Infections, in all 34 European countries. These
experts forwarded another web-based questionnaire on local CDI diagnostic practices to local
laboratories in their country. In countries with >20 responding laboratories, we randomly
selected 20 responses.
Results: By March 2019, 31/34 (91.2%) countries and 364 local laboratories had responded.
15/31 (48.4%) countries reported changes in national CDI diagnostic guidelines since 2014.
22/31 (71.0%) countries had diagnostic algorithm(s) in national guidelines, adopting ESCMID
algorithms fully (11/22) or partially (7/22). 22/31 (71.0%) countries with national guidelines and
two countries with guidelines in progress had stool selection criteria. 15/20 (75.0%) countries
tested on a physician’s request, including 11/15 (73.3%) only testing diarrhoeal samples and
4/15 (26.7%) testing all stool samples. In 5/20 (25.0%) countries, local laboratories defined
test criteria. 197/364 (54.1%) local laboratories in 24/29 (82.8%) countries had adopted
ESCMID algorithms. In the nine countries that fully adopted ESCMID algorithms and had
local laboratory responses, 93/132 (70.5%) laboratories had adopted ESCMID algorithms,
while 15/132 (11.4%) had adapted them. 25/31 (80.6%) countries had routine C. difficile typing
capacity, including 21 (84%) with CE PCR ribotyping and eight (32.0%) with next-generation
sequencing.
Conclusions: Europe has further improved its capacity to diagnose CDI, measure prevalence
and identify subtypes, thus permitting better targeting of local and national public health
actions.
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NEW FUNCTIONAL ASPECTS OF CLOSTRIDIUM
DIFFICILE CRISPR-CAS SYSTEM

P30

Maikova Anna1,2,3,4, Boudry Pierre2, Shiriaeva Anna4, Vasileva Aleksandra5, Boutserin Anaïs3, Medvedeva Sofia4,
Semenova Ekaterina6, Severinov Konstantin4,5,6, Soutourina Olga3,7
1
Peter the Great St. Petersburg Polytechnic University, Saint Petersburg, Russia; 2 Laboratoire Pathogenèse des
Bactéries Anaérobies, CNRS-2001, Institut Pasteur, Université de Paris, Paris, France; 3 Université Paris-Saclay,
CEA, CNRS, Institute for Integrative Biology of the Cell (I2BC), Gif-sur-Yvette, France; 4 Center of Life Sciences,
Skolkovo Institute of Science and Technology, Moscow, Russia; 5 Institute of Gene Biology, Russian Academy
of Sciences, Centre for Precision Genome Editing and Genetic Technologies for Biomedicine, Institute of Gene
Biology, Russian Academy of Sciences, Moscow, Russia; 6 Waksman Institute of Microbiology, Rutgers, The State
University of New Jersey, USA; 7 Institut Universitaire de France (IUF).

Clostridium difficile (the novel name – Clostridioides difficile) is an anaerobic spore-forming
bacterium that is one of the major pathogenic clostridia. Nosocomial diarrhoea caused
by C. difficile has become a key public health issue associated with antibiotic therapy in
industrialized countries. Many aspects of C. difficile pathogenesis remain poorly understood.
In particular, the molecular mechanisms of its adaptation to changing conditions inside the
host are to be scrutinized. During its infection cycle, C. difficile interacts with bacteriophages
and other mobile genetic elements, possibly by relying on special systems that control the
genetic exchange. During the last decade, CRISPR (clustered regularly interspaced short
palindromic repeats)-Cas (CRISPR-associated) systems of adaptive prokaryotic immunity
against exogenic genetic elements have become the center of interest among various antiinvader bacterial defense systems. Previous studies of our groups revealed the presence of an
active and original CRISPR-Cas system in C. difficile. C. difficile CRISPR-Cas system possesses
an unusually large set of CRISPR arrays (12 arrays in the laboratory 630Δerm strain and 9 ones
in the hypervirulent R20291 strain), some of which are localized in prophage regions, two or
three I-B type cas operons conserved in the majority of sequenced C. difficile genomes and the
toxin-antitoxin type I systems, linked to several arrays. However, the role CRISPR-Cas plays
in the physiology and infectious cycle of this important pathogen remains obscure. In the
present work we investigate the functionality of C. difficile CRISPR-Cas system. We determine
the general PAM consensus using PAM libraries experiments and confirm the functionality
of all PAM variants through plasmid conjugation efficiency assays in C. difficile. Additionally,
we demonstrate the defensive function of all 12 CRISPR arrays from laboratory 630 strain.
Finally, we show an adaptive function of C. difficile CRISPR-Cas system for the laboratory
strain and confirm PAM consensus through naïve adaptation experiments. Altogether, these
data highlight the original features of active C. difficile CRISPR system that might be important
for C. difficile survival during its infection cycle.
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INVESTIGATING CLOSTRIDIOIDES DIFFICILE
CYTOTOXICITY IN THE PHYSIOLOGICALLY
RELEVANT HUMAN INTESTINAL ENTEROID MODEL
Melinda A. Engevik1,2, Heather A. Danhof3,4, Alexandra L. Chang-Graham4, Kristen A. Engeivk, Jennifer K.
Spinler1,2, Joseph M. Hyser1,2, Robert A. Britton3,4, James Versalovic1,2
Department of Pathology & Immunology, Baylor College of Medicine, Houston, TX
2
Department of Pathology, Texas Children’s Hospital, Houston, TX
3
Alkek Center for Metagenomic and Microbiome Research, Baylor College of Medicine, Houston, TX
4
Department of Molecular Virology and Microbiology, Baylor College of Medicine, Houston, TX
1

Background: Clostridioides difficile is a nosocomial pathogen that produces toxins to cause
life threatening diarrhea and colitis. Toxins bind cell surface receptors, are endocytosed,
and inactivate GTP-binding proteins, leading to the collapse of the actin cytoskeleton. These
cytoskeletal alterations produce a cell rounding phenotype that has been used as a measure of
C. difficile toxin activity in a cancer-derived and immortalized cell lines. However, the biological
relevance of these model systems is limited. To date, few studies have examined the distribution
of C. difficile toxin receptors in the human small intestine or examined toxin sensitivity. We
hypothesized that human intestinal enteroids (HIEs), as the most physiologically relevant in
vitro model system available, expresses the native toxin receptors and provide a new model
to dissect C. difficile cytotoxicity in the small intestine, providing insights into CDI-enteritis.
Methods & Results: We generated biopsy-derived jejunal HIE and Vero cells which stably
express LifeAct-Ruby, a fluorescently label of F-actin, to monitor actin cytoskeleton
rearrangement by live-cell microscopy. Imaging analysis revealed that toxins from pathogenic
C. difficile strains (R20291, 630, M68) elicited cell rounding in a strain-dependent manner.
Interestingly, HIEs were tenfold more sensitive to toxin A (0.001 μg/ml) than toxin B (0.01 μg/
ml). HIEs were also less sensitive to toxins derived from several C. difficile strains (R20291, 630,
M68) or purified toxins when compared to Vero cells. By qPCR we paradoxically found that
jejunal HIEs expressed greater quantities of toxin receptor mRNA compared with Vero cells,
and yet exhibited decreased sensitivity to C. difficile toxins when compared to traditionally
used cell lines. We reasoned that these differences may be explained by components, such as
mucins, that are present in HIEs cultures that are absent in immortalized cell culture models.
Addition of human-derived mucin MUC2 to Vero cells delayed cell rounding, indicating the
mucus serves as a barrier to toxin-receptor binding.
Conclusions: This work highlights that investigation of C. difficile infection in the human
derived enteroid model can provide important insights into the intricate interactions between
toxins and the human intestinal epithelium.
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TYPE I TOXIN-ANTITOXIN SYSTEMS CONTRIBUTE
TO MOBILE GENETIC ELEMENTS MAINTENANCE IN
CLOSTRIDIOIDES DIFFICILE

P32

Peltier Johann1,2, Hamiot Audrey1, Garneau R. Julian3, Boudry Pierre1, Maikova Anna1,2,4, Hajnsdorf Eliane5,
Fortier Louis-Charles3, Dupuy Bruno1, Soutourina Olga1,2
1
Laboratoire Pathogenèse des Bactéries Anaérobies, Institut Pasteur, Université de Paris, Paris, France;
Université Paris-Saclay, CEA, CNRS, Institute for Integrative Biology of the Cell (I2BC), Gif-sur-Yvette, France;
3
Université de Sherbrooke, Faculty of medicine and health sciences, Department of microbiology and infectious
diseases, Sherbrooke, Canada;
4
Center of Life Sciences, Skolkovo Institute of Science and Technology, Moscow, Russia; 5UMR8261, CNRS,
Université de Paris, Institut de Biologie Physico-Chimique, Paris, France

2

Toxin-antitoxin (TA) systems are widespread on mobile genetic elements as well as in
bacterial chromosomes. According to the nature of the antitoxin and its mode of action for
toxin inhibition, TA systems are subdivided into different types. In type I TA, synthesis of the
toxin protein is prevented by the transcription of an antitoxin RNA during normal growth. The
first type I TA modules were recently identified in the human enteropathogen Clostridioides
(formerly Clostridium) difficile. Here, we report the characterization of five additional type
I TA systems present within phiCD630-1 and phiCD630-2 prophage regions of C. difficile
strain 630. Toxin genes encode 34 to 47 amino acid peptides and their ectopic expression in C.
difficile induces growth arrest. Growth is restored when the antitoxin RNAs, transcribed from
the opposite strand, are co-expressed together with the toxin genes. In addition, we show
that type I TA modules located within the phiCD630-1 prophage contribute to its stability and
mediate phiCD630-1 heritability. Type I TA systems were found to be widespread in genomes
of C. difficile phages, further suggesting their functional importance. We have made use of
a toxin gene from one of type I TA modules of C. difficile as a counter-selectable marker to
generate an efficient mutagenesis tool for this bacterium. This tool enabled us to delete all
identified toxin genes within the phiCD630-1 prophage, thus allowing investigation of the role
of TA in prophage maintenance.
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CLOSTRIDIOIDES DIFFICILE EXPLOITS TOXINMEDIATED INFLAMMATION TO ALTER THE
HOST NUTRITIONAL LANDSCAPE AND EXCLUDE
COMPETITORS FROM THE GUT MICROBIOTA
Colleen M Pike1, Joshua R Fletcher1, Ruth J Parsons1, Alissa J Rivera1, Matthew H Foley1, Michael R McClaren1,
Stephanie A Montgomery2, Casey M Theriot1
Department of Population Health and Pathobiology, College of Veterinary Medicine, North Carolina State
University, Raleigh, NC;
2
Department of Pathology and Laboratory Medicine, Lineberger Comprehensive Cancer Center, University of
North Carolina School of Medicine, Chapel Hill, NC
1

Clostridioides difficile is a bacterial pathogen that causes a range of clinical disease from
mild to moderate diarrhea, pseudomembranous colitis, and toxic megacolon. Typically, C.
difficile infections (CDIs) occur after antibiotic treatment, which alters the gut microbiota,
decreasing colonization resistance against C. difficile. Disease is mediated by two large toxins
and the expression of their genes is induced upon nutrient depletion via the alternative sigma
factor TcdR. Using tcdR mutants in two strains of C. difficile, we defined how toxin-induced
inflammation alters C. difficile metabolism, tissue gene expression, and the gut microbiota to
determine how inflammation by the host may be beneficial to C. difficile. Here we show that
C. difficile metabolism is significantly different in the face of inflammation, with changes in
many carbohydrate and amino acid uptake and utilization pathways. Host gene expression
signatures suggest that degradation of collagen and other components of the extracellular
matrix by matrix metalloproteinases is a major source of peptides and amino acids that
supports C. difficile growth in vivo. Lastly, the inflammation induced by C. difficile toxin activity
alters the gut microbiota, excluding members from the genus Bacteroides that are able to
compete against C. difficile for the same essential nutrients released from collagen degradation.
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MECHANISMS OF STRESS AVOIDANCE AND
SURVIVAL IN VEGETATIVE C. DIFFICILE

P34

Astha Pokhrel, Asia Poudel, Adenrele Oludiran, Erin B. Purcell
Old Dominion University, Norfolk, VA USA

The small molecule alarmones pppGpp and ppGpp mediate the bacterial stringent response
to stress in diverse bacterial clades. The intestinal pathogen Clostridioides difficile persists
in the environment and spreads to new hosts in the form of metabolically dormant spores,
but vegetative C. difficile must survive the innate immune system and often exposure to
antibiotics in order to establish an infection and secrete the diarrhea-causing toxins that
disperse spores into the environment. We have established that C. difficile activates conserved
stringent response enzymes when challenged with a broad array of pharmacological and
immune stimuli, and inhibition of clostridial (p)ppGpp synthetases reduces bacterial survival.
Historical and epidemic strains of C. difficile exhibit different activation patterns in response to
different stresses, possibly contributing to different antibiotic and oxygen tolerances observes
in vivo. C. difficile only emerged as a major public health threat in the 21st century and much
basic characterization of this organism remains to be done. Many aspects of the C. difficile life
cycle, such as sporulation, differ substantially from homologous processes in other organisms.
The clostridial (p)ppGpp synthetases, while highly conserved with those found in other Gram
positive bacteria, appear to diverge in function. Notably, they do not appear to utilize GTP
as a substrate, raising questions about the intersection of (p)ppGpp signaling and GTPregulated gene regulation by CodY in this organism. The nutrient-regulated synthetase RSH
is unexpectedly promiscuous in its use of metal cofactors, possibly to counteract immunemediated metal starvation within a mammalian host. A thorough understanding of (p)ppGpp
signaling in this organism opens new avenues of investigation for decreasing the survival of
this notoriously resilient pathogen.
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DIFFERENT PROBIOTIC STRAINS ALTER THE
RETURN OF COLONIZATION RESISTANCE AGAINST
CLOSTRIDIOIDES DIFFICILE AFTER ANTIBIOTICS
Matthew H. Foley1, Rajani Thanissery1, Sarah O’Flaherty2, Alissa J. Rivera1, Allison K. Stewart3, Rodolphe
Barrangou2, Casey M. Theriot1.
Department of Pathobiology and Population Health, College of Veterinary Medicine, North Carolina State
University, Raleigh, NC, USA.
2
Department of Food, Bioprocessing and Nutrition Sciences, North Carolina State University, Raleigh, NC, USA.
1

Background: Probiotics are increasingly used worldwide to promote health and reconstitute
the gut microbiota after antibiotic (abx) treatment. However, their effect on the abx-altered
microbiome is poorly understood and recent studies have raised concerns about probiotic
efficacy, safety, and the impact on the host. Clostridioides difficile is a public health threat and a
leading cause of abx-associated diarrhea. Colonization resistance (CR) against C. difficile often
occurs after abx perturb the gut microbiota and metabolome, allowing C. difficile to colonize
and establish an infection. Probiotic trials for the prevention or treatment of C. difficile have
had varied success, likely due to the unknown nature of the probiotic’s beneficial mechanisms
and interaction with the indigenous microbiome. The aim of this study is to determine the
mechanisms that drive popular probiotic lactobacilli to accelerate or prolong the return of CR
against C. difficile after abx.
Methods: Cefoperazone-treated mice were challenged with probiotic strains Lactobacillus
acidophilus NCFM or Lactobacillus gasseri NCK2638. After a one-time probiotic administration,
groups of mice were then challenged with C. difficile each consecutive week for four weeks. Mice
were monitored for clinical signs of disease, bacterial burden, and toxin activity. Using 16S
rRNA sequencing and targeted bile acid metabolomics, we defined how different Lactobacillus
strains were able to alter the return of the gut microbiota and bile acid metabolome after abx.
Results: Our results show that CR was restored in abx treated mice without probiotic
administration 4 weeks after abx cessation. L. gasseri administration accelerated the return
of CR by 1 week. The return of CR was associated with an increase in cecal bile acids that are
inhibitory to C. difficile, as well as a gut microbiota increased in alpha-diversity and enriched
in Bacteroidales. Alternatively, L. acidophilus delayed the return of CR at week 3, as evidenced
by an increase in C. difficile load and toxin activity in the cecum.
Conclusions: Probiotic lactobacilli can alter the return of the gut microbiota and bile acid
metabolome following abx treatment in a species-dependent manner. We are investigating
the mechanisms that underlie the restoration of CR to inform the engineering of probiotics
that accelerate the return of CR against C. difficile.
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DIVERSE EFFECTS ON IN VITRO COLONIZATION
RESISTANCE AGAINST CLOSTRIDIOIDES DIFFICILE
AFTER COMBINED ANTIBIOTIC/PROBIOTIC INTAKE
Sabina Horvat1, Maja Rupnik1,2, Aleksander Mahnič2

2

1
University of Maribor, Faculty of Medicine, Maribor, Slovenia;
National Laboratory of Health, Environment and Food, Maribor, Slovenia

Background: Antibiotic therapy disrupts gut microbiota and in our previous studies we have
shown that dysbiotic fecal microbiota in vitro enhances C. difficile growth and sporulation.
However, in these studies the dysbiotic and healthy microbiota originated from different
individuals and the reasons for dysbiosis were not known. In the present study we aimed to test
paired samples, collected from two individuals before and after the prophylactic rifampicin +
tetracycline therapy in combination with commercially available probiotic (OMNi BioTiC AAD).
Methods: Stool samples were inoculated with six C. difficile strains from three different
ribotypes (027, 176 and 078). After 3-day incubation in an in vitro batch model we assessed
C. difficile growth and sporulation frequency after plating on selective media with or without
ethanol shock.
Results: We have expected that post-treatment fecal samples will show features of the
dysbiotic microbiota, i.e. increased C. difficile growth and increased sporulation. Surprisingly,
many of the tested strains grew and sporulated better in the pre-treatment samples with some
differences between the individual strains. The post-treatment samples showed increased
colonization resistance against C. difficile in vitro.
Conclusions: Although we did not have individuals on antibiotic therapy without probiotics
and we did not test direct in vitro inhibitory effects of the used probiotic, we speculate that the
observed effect of increased colonization resistance of post-treatment fecal samples might be
the consequence of the consumed probiotic.
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MODULATORY EFFECT OF FECAL MICROBIOTA
TRANSPLANTATION ON PROCARCINOGENIC
COLIBACTIN-PRODUCING BACTERIA IN PATIENTS
WITH RECURRENT CLOSTRIDIOIDES DIFFICILE
INFECTION
Nooij Sam1,2,3, Ducarmon Quinten1,3, Laros Jeroen3,4,5,6, Zwittink Romy1,3, Verspaget Hein7,8, Keller Josbert7,9,
Terveer Elisabeth1,2,3, Kuijper Ed1,2,3 on behalf of the working group of the Netherlands Donor Feces Bank
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Fecal microbiota transplantation (FMT) is an established treatment for recurrent Clostridioides
difficile infections (rCDI). It was recently shown that the genotoxic colibactin from Escherichia
coli, encoded by the pks island with 19 clb genes, induces a specific mutational signature in
human colon cells associated with colorectal cancer. We investigated whether the pks island
is detectable in deep sequenced metagenomes of rCDI patients before and after FMT and if it
was moderated by their respective donor feces. Fecal metagenomes of 49 patients (pre- and
post-FMT) and nine donors (38 samples, collected at different timepoints, some of which
were used for multiple patients) were screened for the presence of clb genes. We employed
two complementary methods for clb genes detection: an assembly-based method and a direct
read mapping approach. A representative sequence for the pks island (AM229678.1) was used
as a reference.
E. coli only appeared in one donor assembly with a small genome fraction. None of the
assemblies had clb genes. Partial pks islands (<19 genes) could be detected in reads mapped
from 17 donor samples. Pre-FMT, a (near) complete E. coli genome assembly (>4Mb) could be
detected in 26 patients and in 5 assemblies the complete pks island (19 clb genes including 4
flanking regions) was found. One assembly had a partial pks island. Read mapping indicated
6 complete pks islands and 21 partial pks islands pre-FMT. After FMT, 18 samples of rCDI
patients contained a (near) complete E. coli genome assembly. Two assemblies contained
a complete pks island and six samples contained a partial pks island. Of these, two samples
were also (partially) positive before FMT based on the assemblies. Read mapping detected 10
complete and 8 partial pks islands after FMT. Including detection by read mapping, 15 out of 27
patients who had a partial pks island pre-FMT had no detectable colibactin post-FMT.
This study shows that colibactin-producing bacteria may be present in fecal metagenomes of up
to 55% (27/49) of rCDI patients, while barely detectable in healthy donors. Donor feces used for
FMT treatment were negative for the specific pks island. However, FMT did only eradicate these
presumably procarcinogenic E. coli bacteria in two out of five patients when looking at the (more
conservative) assembly, and 15 out of 27 (56%) when adding (more sensitive) read mapping.
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QUANTITATIVE CHARACTERIZATION OF
CLOSTRIDIOIDES DIFFICILE POPULATION IN THE
GUT MICROBIOME OF PATIENTS WITH C. DIFFICILE
INFECTION AND THEIR ASSOCIATION WITH
CLINICAL FACTORS
Jieun Kim1, Youna Cho3, Mi-Ran Seo1, Mi Hyun Bae2, Bongyong Kim1, Mina Roh3, Hyunjoo Pai1

2

1
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Department of Internal Medicine, Department of Laboratory Medicine, College of Medicine,
3
Department of Computer Science and Engineering, Hanyang University

Background: Objective was to analyse bacterial composition and abundance of C. difficile
in gut microbiome of patients with C. difficile infection (CDI) in association with clinical
characteristics.
Methods: Whole metagenome sequencing of gut microbiome of 26 CDI patients was
performed, and the relative abundance of C. difficile and its toxin genes was measured. Clinical
characteristics of the patients were obtained through medical records.
Results: A strong correlation between the abundance of C. difficile and tcdB genes in CDI
patients was found. The relative abundance of C. difficile in the gut microbiome ranged from
undetectable to 2.8% (median 0.089). Patients with fever exhibited low abundance of C.
difficile in their gut, and patients with fewer C. difficile organisms required long-term anti-CDI
treatment. Abundance of Bifidobacterium and Bacteroides negatively correlated with that of
C. difficile at the genus level. CDI patients were clustered using the bacterial composition of
the gut: one with high population of Enterococcus (cluster 1, n=12) and another of Bacteroides
or Lactobacillus (cluster 2, n=14). Cluster1 showed significantly lower bacterial diversity and
clinical cure at the end of treatment. Additionally, patients with CDI exhibited increased ARGs;
notably, blaTEM, blaSHV and blaCTX-M were enriched.
Conclusion: C. difficile existed in variable proportion of the gut microbiome in CDI patients.
CDI patients with Enterococcus-rich microbiome in the gut had lower bacterial diversity and
poorer clinical cure.
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BACTEROIDES STRAINS INHIBITS ADHERENCE OF
CLOSTRIDIOIDES DIFFICILE TO HUMAN COLON
CELLS AND BIOFILM FORMATION IN VITRO
Michał Piotrowski, Hanna Pituch, Dorota Wultańska
Department of Medical Microbiology, Medical University of Warsaw, Warsaw, Poland

Background and aims: Probiotics are defined as microorganisms that, when administered in
adequate amounts, confer a health benefit on the host. Probiotics act by inhibition of growth
or expression of bacterial virulence factors, preventing host from colonization by pathogenic
bacteria, improving gastrointestinal barrier and modulation of mucosal or/and systemic
immune response. There is some evidence that Bacteroides fragilis possess probiotic properties
and can prevent C. difficile infection (CDI) in mouse model and directly inhibit adhesion of
Clostridioides difficile to HT-29 cells. The aim of this study was to investigate the effects of
non-toxigenic B. fragilis (NTBF) and Bacteroides thetaiotaomicron on C. difficile adhesion to
various human epithelial cell lines and biofilm formation in vitro.
Material and Methods: Three reference strains were used in this study: B. thetaiotaomicron
ATCC29741, non-toxigenic B. fragilis (NTBF) IPL323 and C. difficile 630. Effect of Bacteroides
strains on C. difficile adhesion was assessed by co-culture with three different human epithelial
cells in vitro (HT-29, mucus-secreting HT-29 MTX and CCD 841 CoN cells). Influence of
Bacteroides on biofilm formation by C. difficile was assessed by co-culture those strains on
96 microplates and crystal violet staining, also confocal laser scanning microscopy (CLSM)
method was adapted to visualize biofilm formation.
Results: Two tested Bacteroides strains significantly inhibited adhesion of C. difficile 630
to the cells of three examined cell lines (p<0.05). Co-incubation of B. thetaiotaomicron and
NTBF with C. difficile resulted significantly higher biofilm amounts than C. difficile (p=0.0002)
and NTBF in monocultures (p=0.001). In monoculture average CFU of C. difficile was 14, coincubation with B. fragilis and B. thetaiotaomicron reduced C. difficile colonies within mixed
biofilm to 1,33 (p=0.0001) and 3,33 respectively (p=0.001). Images from CLSM showed that
co-culture C. difficile with Bacteroides stains resulted in increased biofilm formation compared
to monocultures.
Conclusions: Non-toxigenic B. fragilis and B. thetaiotaomicron had observable impact on
decreasing in vitro adhesion and biofilm formation by C. difficile. In this light those strains
seem to be a proper candidate for probiotic microorganisms which may help in treatment or
prophylaxis CDI. However, further examinations in this field are planned.
This work was supported by the National Science Centre, Poland (Grant number: UMO:2017/25/N/NZ6/01763)
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METAGENETIC APPROACH TO EXPLORE THE
COMPOSITION OF THE GUT MICROBIOTA AND
THEIR SECRETED EXTRACELLULAR MEMBRANE
VESICLES IN DIARRHEIC AND HEALTHY PATIENTS
Rodriguez C1,2, Taminiau B3, Martín-Reyes F1,2, Ho-Plágaro A1,2, Blanc P4, Alcaín-Martinez1,2, Daube G3,
García-Fuentes E1,2
UGC Aparato Digestivo, Hospital Universitario Virgen de la Victoria, Málaga Spain.
2
Instituto de Investigación Biomédica de Málaga (IBIMA), Málaga, Spain.
3
Laboratory of Food Microbiology, Fundamental and applied Research for Animals and Health center (FARAH),
Department of Food Sciences, Faculty of Veterinary Medicine, University of Liege, Belgium
4
UGC Microbiología, Hospital Universitario Virgen de la Victoria, Málaga, Spain.
1

Background and aims: Gram-positive and Gram-negative bacteria secrete extracellular
membrane vesicles (EMV) with important biological functions, including immune-response
regulation, long distance transport of virulence factors, lateral transfer of antibiotic resistance
genes, or RNA transfer agents, among others. For Clostridium difficile, these vesicles have been
associated with the infection (CDI), since they can induce the expression of pro-inflammatory
genes and epithelial cells cytotoxicity
Objectives: We aimed to evaluate the microbial diversity of feces and secreted EMV in healthy
patients, diarrheic patients and patients with CDI, as changes in taxa proportions could have
an important implication in the pathogenesis of the disease.
Methods: Fecal samples were tested for the presence of C. difficile using a chromatographic
immunoassay, rapid PCR and microbiological culture. Total DNA was directly extracted from
fresh feces and from the isolated EMV. Vesicles isolation was performed by fecal dilution and
centrifugations (5000 rpm 40 min 4°C n=3), filtrations (0.22 μm) and ultracentrifugations
(130.000g, 180 min, 4°C). The concentration and size were analyzed using the Nanosight
technology. Bacterial 16S rRNA gene amplification and barcoded pyrosequencing was
performed by targeting the V1-V3 hypervariable region.
Results: EMV were enriched in the 3 groups of patients, but their composition differed
significantly between them. Regarding global differences between feces and EMV,
Lachnoclostridium and Streptococcus were more abundant in feces, but their vesicles
production was limited and dominated by Faecalibacterium. At genus level, proportions of
Clostridioides, Staphylococcus, Escherichia-Shigella and Enterococcus were significantly
higher in vesicles from CDI patients than in the other groups.
Conclusions: These findings suggest that the increased production of EMV by these taxa could
be associated with the dysbiosis establishment, and therefore with the development of the
infectious disease. More extensive research to investigate the specific role of the identified
EMV in the CDI is now warranted. Study financially supported by ISCII (Spain) (PI18/01652).
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MICROBIOME PROFILE AND CALPROTECTIN
LEVELS AS RISK MARKERS OF RECURRENT
CLOSTRIDIOIDES DIFFICILE INFECTION.
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Váquez-Cuesta Silvia1,3, Lozano García Nuria, Fernández Ana I.3,5,6, Villar-Gómara Laura1,2,3, Alcalá Luis, Marín
Mercedes, Muñoz Patricia1,2,3,4, Bouza Emilio2,3,4 and Reigadas Elena1,2,3
Department of Clinical Microbiology and Infectious Diseases, Hospital General Universitario Gregorio
Marañón, Madrid, Spain,
2
Medicine Department, School of Medicine, Universidad Complutense de Madrid (UCM), Madrid, Spain,
3
Instituto de Investigación Sanitaria Gregorio Marañón, Madrid, Spain,
4
CIBER de Enfermedades Respiratorias (CIBERES CB06/06/0058), Madrid, Spain,
5
CIBER de Enfermedades Cardiovasculares, Madrid, Spain,
6
Department of Cardiology, Hospital General Universitario Gregorio Marañón, Madrid, Spain.
1

Background: One of the major risk factors for Clostridioides difficile infection (CDI) is the gut
microbiota dysbiosis. About 15-30% of CDI patients will have a recurrent CDI episode (R-CDI).
Identifying risk factors or biological markers for R-CDI is important for proper treatment
and prevention. Up to date, there are no objective markers that can predict the appearance
of R-CDI. Calprotectin is a known biomarker of inflammatory processes. The objective of this
study was to assess the role of the microbiome and calprotectin as biomarkers of R-CDI.
Materials/methods: Prospective study (Jan 2019-ongoing), patients positive for C. difficile were
enrolled. Clinical data and fecal samples were collected. The hypervariable V4 region of the 16s
rRNA gene was sequenced on an Illumina Miseq platform. Sequenced data preprocessing, OTU
clustering and taxonomic classification were done using MOTHUR software, RDP and SILVA
database. Alpha diversity analysis and statistical analysis were conducted by MOTHUR and
R software. Calprotectin levels were measured using EDITM Quantitative Fecal Calprotectin
ELISA (Epitope Diagnostics, Inc, San Diego, USA).
Results: A total of 191 subjects were enrolled, 191 samples belonging to primary episodes
were analyzed and classified as follows: those who afterwards didn’t develop a R-CDI episode
(no-R-CDI) (n=151) and those who did (R-CDI) (n=39). Alpha-diversity and evenness were
significantly higher in the R-CDI group (p<0.05;both). R-CDI patients had lower abundance
of Alistipes (p=0.001), and Akkermansia (p=0.003), and higher levels of Bifidobacterium
(p=0.012) and Anaerostipes (p=0.006). Calprotectin levels were analyzed in 60 of those
samples (30 R-CDI and 30 no-R-CDI). Calprotectin levels were significantly higher in R-CDI
than in no-R-CDI (140.17 vs 49.05 ug/mg, p<0.001).
Conclusions: We identified different microbiome profiles regarding levels of diversity and
abundance of specific gut microbiome groups at an early stage in patients that will develop
R-CDI. Also, we found that high levels of calprotectin in the primary episode were associated to
developing an R-CDI episode. Both microbiome and calprotectin characterization in primary
episodes could be helpful as early markers of R-CDI, which will enable to better stratify
patients for the implementation of appropriate treatment and prevention strategies.
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MICROBIOME CHARACTERIZATION OF PATIENTS
WITH CLOSTRIDIOIDES DIFFICILE INFECTION,
RECURRENT CLOSTRIDIOIDES DIFFICILE INFECTION
AND COLONIZED PATIENTS.
Váquez-Cuesta Silvia1,3, Lozano García Nuria, Fernández Ana I.3,5,6, Villar-Gómara Laura1,2,3, Alcalá Luis, Marín
Mercedes, Muñoz Patricia1,2,3,4, Bouza Emilio2,3,4 and Reigadas Elena1,2,3
Department of Clinical Microbiology and Infectious Diseases, Hospital General Universitario Gregorio
Marañón, Madrid, Spain,
2
Medicine Department, School of Medicine, Universidad Complutense de Madrid (UCM), Madrid, Spain,
3
Instituto de Investigación Sanitaria Gregorio Marañón, Madrid, Spain,
4
CIBER de Enfermedades Respiratorias (CIBERES CB06/06/0058), Madrid, Spain,
5
CIBER de Enfermedades Cardiovasculares, Madrid, Spain,
6
Department of Cardiology, Hospital General Universitario Gregorio Marañón, Madrid, Spain.
1

Background: Clostridioides difficile is the main cause of nosocomial diarrhea. The conditioning
factor for CDI is the loss of microbiota diversity due to, among others, antibiotic treatment.
Patient stratification according to risk for recurrence (R-CDI) is necessary to plan the proper
management, however, clinical criteria are insufficient and in addition, distinction between
colonization and infection is sometimes difficult. The objective of our study was to characterize
the microbiota profile of Healthy, CDI, R-CDI and colonized patients (CDC), in order to
establish possible differences that could be used in CDI identification and risk stratification.
Materials/methods: Prospective study (Jan 2019-ongoing), patients positive for C. difficile
and healthy controls were enrolled. Clinical data and fecal samples were collected. The
hypervariable V4 region of the 16s rRNA gene was sequenced on an Illumina Miseq platform.
Sequenced data preprocessing, OTU clustering and taxonomic classification were done using
MOTHUR software, RDP and SILVA database. Alpha diversity and statistical analysis were
conducted by MOTHUR and R software.
Results: A total of 321 subjects were enrolled, 308 (n=394 samples) were analyzed and classified
as follows: Healthy (57), CDI (223), R-CDI (74) and CDC (40). Alpha-diversity, richness and
evenness were significantly higher in the healthy group versus CDI and CDC (p<0.05;all).
Patients with previous CDI had lower diversity, richness and evenness (p<0.0;all). Those
patients with R-CDI had lower diversity and richness than CDI (p<0.01). R-CDI samples had
higher abundance of Clostridiaceae, Fusobacterium and Akkermansia (p<0.001;all), and lower
levels of Bacteroides, Collisnella, Prevotella, Alistipes, Parabacteroides, Blautia, Barnesiella,
Butyricimonas, and Oscillibacter (p<0.001;all). Colonized patients had higher abundance of
Blautia, and lower abundance of Bacteroides, Clostridiaceae, Clostridium_XlVa, Lactobacillus,
Romboutsia, Prevotella, Staphylococcus, Streptococcus and Veillonella (p<0.001;all)
Conclusions: We found significant differences in the microbiota profile between CDI and CDC
patients. Prior CDI episodes and R-CDI episodes had a cumulative impact in the microbiota,
traduced in less alpha-diversity, richness and evenness. We identified several groups of
microorganisms that may serve as microbiological markers of true CDI.
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MICROBIOTA-BASED MARKERS PREDICTIVE OF
DEVELOPMENT OF CLOSTRIDIOIDES DIFFICILE
INFECTION
Matilda Berkell1,*, Mohamed Mysara1,2*, Basil Britto Xavier1,*, Cornelis H. van Werkhoven3, Pieter Monsieurs2,#,
Christine Lammens1, Annie Ducher4, Maria J.G.T. Vehreschild5,6,7, Herman Goossens1, Jean de Gunzburg4, Marc
J.M. Bonten3,8, Surbhi Malhotra–Kumar1 ** on behalf of the ANTICIPATE study group
Laboratory of Medical Microbiology, Vaccine & Infectious Disease Institute, University of Antwerp, Belgium; 2
Microbiology Unit, Interdisciplinary Biosciences, Belgian Nuclear Research Centre, SCK–CEN, Belgium;
3
Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, Utrecht University, the
Netherlands; 4 Da Volterra, France; 5Department of Internal Medicine, Center for Integrated Oncology Aachen
Bonn Cologne Duesseldorf, University of Cologne, Germany; 6 German Centre for Infection Research (DZIF),
partner site Bonn–Cologne, Germany; 7 University Hospital Frankfurt, Department of Internal Medicine,
Infectious Diseases, Goethe University Frankfurt, Germany; 8 Department of Medical Microbiology, University
Medical Center Utrecht, Utrecht University, the Netherlands
1

Background: Clostridioides difficile infection (CDI) is the most common form of infectious
antibiotic-associated diarrhoea (AAD) causing considerable morbidity and mortality in acutecare facilities. Identification of early markers predictive of CDI in hospitalized patients could
substantially contribute to decreasing the CDI burden.
Materials & methods: In this European, prospective, longitudinal cohort-study including
1,007 patients aged ≥50 years receiving broad-spectrum antibiotic treatment with penicillins
+ beta- lactamase inhibitors, other beta-lactam antibiotics, or fluoroquinolones during
hospital stay, we characterized faecal samples using high-resolution, single-nucleotide 16S
rRNA gene profiling before (D1, n = 945) and after antibiotic treatment (D6, n = 737). CDI was
defined according to the ESCMID diagnostic guidelines.
Results: C. difficile carriage was observed in 51/945 (5.4%, D1) and 50/737 (6.8%, D6) patients.
Among patients who developed diarrhoea within 90 days, those with CDI (n=14) exhibited
significantly lower diversity (p≤0.016) and a distinctly different microbial composition at D1
compared to those with non-C. difficile AAD (n=64) and no diarrhoea (n=669, 198 lost to followup). At D1, the microbiota was enriched for Enterococcus spp. in patients who later developed
CDI, for Clostridiales Incertae Sedis XI, Blautia and Ruminococcus spp. in patients developing
non-C. difficile AAD, and for Blautia luti, Porphyromonas, Prevotella, and Bifidobacterium spp.
in non-diarrheic patients. Antibiotic treatment reduced microbial diversity and induced classspecific dysbiosis; beta-lactam treatment specifically increased enterococcal abundance, and
fluoroquinolone treatment depleted Prevotella spp.
Conclusions: Our findings of a distinct, low-diversity CDI-associated microbiota can be
exploited for enriching high-risk patients in prospective clinical trials and for the development
of predictive, microbiota-based diagnostics for clinical management of patients at high risk
of CDI.
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THE C-TERMINAL DOMAIN OF CLOSTRIDIOIDES
DIFFICILE TcdC IS EXPOSED ON THE BACTERIAL
CELL SURFACE

P44

Ana M. Oliveira Paiva1,2, Leen de Jong1, Annemieke H. Friggen1,2, Wiep Klaas Smits1,2, Jeroen Corver1
1

Department of Medical Microbiology, Section Experimental Bacteriology, Leiden University Medical Center,
Leiden, The Netherlands,
2
Center for Microbial Cell Biology, Leiden, The Netherlands

Clostridioides difficile is an anaerobic gram-positive bacterium that can produce the large
clostridial toxins, Toxin A and Toxin B, encoded within the pathogenicity locus (PaLoc). The
PaLoc also encodes the sigma factor TcdR, that positively regulates toxin gene expression, and
TcdC, a putative negative regulator of toxin expression. TcdC is proposed to be an anti-sigma
factor; however, several studies failed to show an association between tcdC genotype and toxin
production. Consequently, TcdC function is not yet fully understood. Previous studies have
characterized TcdC as a membrane-associated protein with the ability to bind G-quadruplex
structures. The binding to the DNA secondary structures is mediated through the OB-fold
domain present at the C-terminus of the protein. This domain was previously also proposed
to be responsible for the inhibitory effect on toxin gene expression, implicating a cytoplasmic
localization of the OB-fold.
In this study we aimed to obtain topological information on the C-terminus of TcdC and
demonstrate that the C-terminus of TcdC is located extracellularly. In addition, we show that
the membrane association of TcdC is dependent on a membrane-proximal cysteine residue
and mutating this residue results in release of TcdC from the bacterial cell. The extracellular
location of TcdC is not compatible with direct binding of the OB-fold domain to intracellular
nucleic acid or protein targets, and suggests a mechanism of action that is different from
characterized anti-sigma factors.
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ASSOCIATION BETWEEN MOTILITY, RESTRICTION
FRAGMENTS LENGTH POLYMORPHISM TYPE
OF FLAGELLAR GENE FLIC AND RIBOTYPES OF
CLOSTRIDIOIDES DIFFICILE
Paweł Karpiński1, Dorota Wultańska1, Michał Piotrowski1, Marie Brajerova2, Marcela Krutova2, Hanna Pituch 1

2

1
Department of Medical Microbiology, Medical University of Warsaw, Warsaw, Poland,
Department of Medical Microbiology, Charles University, 2nd Faculty of Medicine and Motol University
Hospital, Prague, Czech Republic

Background and aims: Clostridioides difficile is one of the most important hospital pathogens
of the 21st century. The reason for the increase in the number of C. difficile infections, among
others, was the appearance of ,,hypervirulent” strains as PCR-ribotype 027 (RT027). The
aim of this study was to investigate motility of hypervirulent strains and comparison with
other PCR-ribotypes (RTs) and to study the relationship with restriction patterns of fliC genes
(RFLP). Clonal relatedness of strains was also determined.
Material and Methods: Motility and presence of the flagellin gene fliC was studied in 82
C.difficile isolates, derived from non-duplicated patients hospitalized in different regions in
Poland, belonging to the RTs: 027 (n=41) and 176 (n=17), 023 (n=8) 017 (n=6) and 046 (n=10).
Two reference strains (C. difficile 630, RT012 and C. difficile M120, RT078) test were used as
controls for motility assay (motile and non-motile). The variability of fliC gene were further
studied by PCR-restriction fragment length polymorphism (RFLP) analysis. The Multiple
Locus Variable-number Tandem Repeat Analysis (MLVA) was used to study the genetic
relatedness of C. difficile strains belonging to the same RT.
Results: In motility assay, RT023 strains showed the highest motility (p <0.01). Strains of RTs
017 and 046 were less motile than ,,hypervirulent” strains (RTs 027, 176 and 023) or were
non-motile. The fliC gene was present in all clinical strains in both motile and non-motile.
Five RFLP groups were identified; three previously published by Tasteyre et al.,2000 (I, II, VII)
and two new RFLP groups X and XI. Among them, group VII corresponded to RT027 and RT176.
One strain RT027 belonged to new RFLP group X. All RT023 strains belonged to new group XI.
Among RT017 two RFLP groups was detected (I and II), the majority belonged to II group. All
strains of RT046 belonged to type I. MLVA showed genetic non-relatedness between majority
strains in the study.
Conclusions: “Presumably” hypervirulent RTs 023 and hypervirulent 027 and 176 showed to
be more motile compared to RTs 017 and 046 and controls. Interestingly, two RFLP patterns in
one RT were observed. Further studies on larger number of isolates and ribotypes are needed
to confirm our results.
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THE STRUCTURE OF CLOSTRIDIOIDES DIFFICILE
SecA2, AN ATPase IN CHARGE OF SURFACE
VIRULENCE FACTOR EXPORT, REVEALS REGIONS
IMPORTANT FOR DIFFERENTIAL PROTEIN TARGET
RECOGNITION OF THE SecA1 AND SecA2 EXPORT
SYSTEMS
Nataša Lindič1, Jure Loboda1, Aleksandra Usenik1, Robert Vidmar1 and Dušan Turk1,2
Department of biochemistry, molecular and structural biology, Jožef Stefan Institute, Jamova cesta 39, 1000
Ljubljana, Slovenia
2
Centre of Excellence for Integrated Approaches in Chemistry and Biology of Proteins (CIPKeBiP), Jamova cesta
39, 1000 Ljubljana, Slovenia
1

Background and aims:SecA proteins are the driving forces of bacterial protein export systems.
They couple ATP hydrolysis with protein translocation through the SecY transmembrane
channel. General SecA systems export proteins involved in cell wall maintenance, nutrient
acquisition and communication with the environment. In some Gram-positive pathogens,
like Clostridioides difficile, a second paralogue, SecA2, exists that is designated for the export
of a different set of substrates, usually virulence factors. To get an insight into the structural
determinants of SecA(1) and SecA2 systems that enable differential protein recognition, we
determined and analyzed the crystal structure of SecA2 from C. difficile (CDSecA2).
Methods: Structures of the whole length CDSecA2 in apo and ATP-bound form were determined
by X-ray crystallography at 2.3 Å and 2.6 Å, respectively. ATPase activity was determined
using a commercial kit. Modeling combined with structure-based sequence alignments and
conservational analysis was used to identify similarities and differences between the SecA(1)
and SecA2 systems and to determine and evaluate the regions involved in target protein
binding, SecY channel interaction and dimerization.
Results: The structures revealed a closed monomer with similar multidomain organization
to its SecA(1) homologues and conserved regions for nucleotide binding. We confirmed that
the CDSecA2 is an active ATPase with an average in vitro activity rate of 2.6 ± 0.1 µmolPi/min/
µmol. We found that the movement of CDSecA2 domains affects the conformation of the target
protein binding site and that an open conformation is necessary for CDSecA2 dimerization and
SecY channel binding. Finally, our conservational analysis indicated several sites responsible
for similar and different interactions of SecA1 and SecA2 with their substrate and the SecY
channel.
Conclusion: Our study supports a model whereby an open conformation of the CDSecA2
protein is required for target protein binding, thereby ensuring its movement through the
SecY channel. We suggest that dimerization of monomers plays a specific role in this process.
The identified differences between SecA(1) and SecA2 homologues are in agreement with the
unique adaptation of SecA2 proteins to a specific type of substrate. These exposed differences
will be addressed experimentally in further mechanistic studies.

80

7th INTERNATIONAL C. difficile SYMPOSIUM
Abstracts of poster presentations

ALLELIC DOMINANCE IN TCDC, THE ANTI-SIGMA
FACTOR OF THE PALOC IN CLOSTRIDIUM DIFFICILE
Romo-Castillo Mariana1,*, Torres Lopez Javier2
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Pediatría, Centro Médico Nacional Siglo XXI.
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Centro Médico Nacional Siglo XXI, IMSS * Cuauhtémoc 330, Doctores, 06720 Ciudad de México, México.

1

Recently, Clostridium difficile emerged as an important gut pathogen. This pathogen
is responsible for intestinal diseases which symptoms range from mild diarrhea to
pseudomembranous colitis. The main virulence factors of C. difficile are two toxins that are
codified in a pathogenesis locus called PaLoc. This island also contains a sigma factor (TcdR)
and an anti-sigma factor (TcdC). The activity of TcdC as an anti-sigma is not clear yet.
Previously reports identify that hypervirulent strains (strains that produce higher amount
of toxins) possess mutations that generate a truncated and unfunctional version of TcdC
denominated TcdC∆117A.
This supports the possibility that the lack of a functional TcdC allow the overproduction of
toxins making hypervirulent strains more aggressive. However, a later report demonstrated
that deletion of the gene tcdC in the 630∆erm strain do not affect toxin levels production.
The aim of this work is analyze the tcdC allele present in 41 clinical strains isolated from
patients in Mexico. We identified 5 different alleles, being the most common the truncated
version TcdC∆117A. After classification of the strains based in tcdC allele, we made in silico
TcdC models to identify the mutations present in each allele. We overproduce the TcdC∆117A
protein and analyzed the effect on toxin levels. After that, we analyzed the dominance of this
allele on a wild-type background. As a product of these, we may have elements to clarify the
role of TcdC∆117A as an anti-sigma factor.
Our preliminary results show a multicopy effect of the alle that codifies the truncate version
of the protein, affecting toxin production; and that this allele is dominant over the other three
alleles found in our strains.
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PROBING THE MOLECULAR MECHANISMS
THAT REGULATE SPORULATION INITIATION IN
CLOSTRIDIOIDES DIFFICILE

P48

Michael A. DiCandia1, Adrianne N. Edwards1, Joshua B. Jones1, Grace L. Swaim1, and Shonna M. McBride1
1

Department of Microbiology and Immunology and the Emory University Antibiotic Resistance Center, Emory
University School of Medicine, Atlanta GA, USA

Clostridioides difficile is an anaerobic, Gram-positive pathogen that is responsible for C. difficile
infection (CDI). To survive in the environment and spread to new hosts, C. difficile must form
metabolically-dormant spores. The highly conserved transcription factor, Spo0A, is the master
regulator of sporulation in all spore forming bacteria and is activated through phosphorylation
of a highly conserved aspartate residue in the Spo0A receiver domain. Though the sporulation
initiation pathway has been delineated in the model spore former Bacillus subtilis, the direct
regulators of Spo0A in C. difficile remain undefined.
To gain insight into the molecular mechanisms that govern sporulation initiation in C. difficile,
site-directed mutagenesis was performed at conserved Spo0A receiver domain residues, and
the effects on sporulation were examined. As Spo0A shares high sequence similarity between
B. subtilis and C. difficile, we chose to mutate conserved C, difficile Spo0A residues that are
functionally important for interaction with sporulation regulatory proteins in B. subtilis. We
show that mutation of conserved Spo0A residues significantly impacts sporulation, suggesting
these sites are likewise important for sporulation in C. difficile. From low-sporulating Spo0A
site-directed mutants, we have isolated suppressor mutants that display an increase in
sporulation. Identification of the suppressor mutations responsible for the increase in
sporulation frequency in these compensatory mutants is expected to reveal key regulators of
Spo0A and the C. difficile sporulation pathway.
Lastly, to identify Spo0A binding partners in an unbiased manner, we performed coimmunoprecipitation experiments of Spo0A-FLAG and identified both predicted and novel
Spo0A binding partners using LC/MS-MS. Altogether, our findings suggest multiple regulatory
proteins interact with Spo0A to control sporulation initiation in C. difficile.
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CLOSTRIDIOIDES DIFFICILE SPORULATION:
ENGULFMENT MACHINERIES AND MECHANISMS
Barwinska-Sendra Anna1, Kelly Abigail1, Crawshaw Adam1, Dembek Marcin1, Dounce Gillian2 and Salgado
Paula1.

2

1
Biosciences Institute, Faculty of Medical Sciences, Newcastle University, Newcastle upon Tyne NE2 4HH, UK
Institute of Infection, Immunity and Inflammation, College of Medical, Veterinary and Life Sciences, University
of Glasgow, Glasgow G12 8TA, UK

As a strict anaerobe, Clostridioides difficile produces dormant spores which allow it to survive in
the aerobic environment and transmit infection. Spore formation is a complex differentiation
programme, which begins with asymmetric cell division; the vegetative cell produces an
asymmetric septum, to which peptidoglycan hydrolase machinery SpoIID, SpoIIM and SpoIIP
(DMP) and the communication channel SpoIIQ, SpoIIIAH (Q:AH) are recruited. The larger
mother cell then engulfs the smaller compartment – the forespore to form a cell-withina-cell structure, which then matures into the spore. Effective engulfment requires the
coordinated, targeted synthesis and degradation of peptidoglycan (PG) at the leading edge
of the engulfing membrane to allow the mother cell to completely engulf the forespore. Once
the mature spore is formed, the mother cell lyses, releasing the spore into the environment.
Understanding the molecular details of the machineries enabling spore formation and their
relation to pathogenicity are essential for the development of more targeted, novel therapeutic
approaches to treating CDI.
We have previously shown that, in Clostridioides difficile, Q:AH proteins are essential for
engulfment. Our recent work has focussed on virulence of spoIIQ and spoIIIAH mutant strains
in order to explore this complex as a potential therapeutic target. We have also investigated
the interactions and a role the DP machinery and its interplay with Q:AH, showing that both
systems form a single engulfment machinery (engulfasome) to keep the mother cell and
forespore membranes together throughout engulfment.
Here we will report our efforts combining microbiology, biochemical and structural studies
with disease models, to show the localisation and interplay between the engulfasome proteins,
their physical organisation during engulfment, our preliminary results indicating structural
organisation of Q:AH complex, as well as impact of Q:AH on CDI in animal models.
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CURATED CLOSTRIDIOIDES DIFFICILE 630
DATABASE IN BIOCYC.ORG
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A. Mackie1, I. Keseler2, D. Weiss3, I. Paulsen1, and P. Karp2

2

1
Macquarie University, BioFocus Research Centre, Sydney Australia;
SRI International, Bioinformatics Research Group, Menlo Park, CA, USA;
3
University of Iowa, College of Medicine, Iowa City, IA, USA.

Background and Aims: BioCyc.org is a web portal that for 18,000 sequenced microbes,
including 14 Clostridioides difficile strains. BioCyc supports a variety of use cases including
information seeking, omics data analysis, and comparative analysis.
Results: A curated database for Clostridioides difficile 630 was included in BioCyc in 2015.
Enzymatic functions predicted in the genome annotation were computationally integrated
into a predicted metabolic pathway network, and predicted operons were included in the
database. Manual curation of the metabolic and regulatory networks was performed, including
the addition of mini-reviews, literature references, and Gene Ontology terms.
In the summer of 2020 we updated the Clostridioides difficile 630 database with curation of
peptidoglycan synthesis enzymes. For example, the text summaries and reactions catalyzed by
the lipid II flippase MurJ (CD630_27810), the bifunctional peptidoglycan glycosyltransferase/
peptidoglycan DD-transpeptidase (CD630_07810), the monofunctional peptidoglycan DDtranspeptidase SpoVD (CD630_26560), and the D-alanyl-D-alanine carboxypeptidase
(CD630_36010) were updated.
The BioCyc website provides extensive bioinformatics tools for searching and analyzing these
databases and leveraging them for analysis of omics datasets. Genome-related tools include
a genome browser, sequence search and alignment tools, and extraction of sequence regions.
Pathway-related tools include pathway diagrams, and navigation of zoomable organismspecific metabolic map diagrams. Operons, regulatory sites, and the full regulatory network
can be displayed. Comparative analysis tools enable comparisons of genome organization,
of orthologs, and of pathway complements. Omics data analysis tools support enrichment
analysis and painting of transcriptomics and metabolomics data onto individual pathways and
the full metabolic map diagrams. The Omics Dashboard tool enables hierarchical exploration
of omics datasets.
SmartTables enable users to construct and store tables of genes, metabolites, or pathways,
and to perform multiple analyses. Pre-generated “special” SmartTables enable browsing
and manipulation of complete lists of database objects, such as all transporters. SmartTable
transformations convert a list of genes (or metabolites) into a list of all pathways in which
those genes/metabolites participate.
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THE C. DIFFICILE’S S-LAYER STRUCTURE AND
ASSEMBLY
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Paola Lanzoni-Mangutchi, Anna Barwinska-Sendra, Oishik Banerji, Jason Wilson, Filipa Vaz, BugSlayer
Consortium, Paula S. Salgado

Background: The C. difficile cell, like most Archea and some bacteria, is completely covered
by a proteinaceous surface layer (S-layer), that primarily acts as a protective layer and a
molecular sieve which still enables cell growth and division (Sleytr et al, 2014). The S-layer
has been implicated in interactions with the host, including cell adhesion and host immune
response (Fagan & Fairweather, 2014) making it an important target to combat to infections.
In C. difficile, the S-layer lattice is formed by the main protein, S-layer protein A (SlpA) which
is expressed as a pro-peptide and processed into two S-layer proteins (SLP): the HMW SLP
(SLPH) and LMW SLP (SLPL). These two proteins interact forming the H/L complex, that
assembles into a paracrystalline S-layer arrangement.
Methods: Using protein crystallography, we determined the structure of the SlpA H/L complex
and provide insights into its assembly to form a mature S-layer.
Results: These structures revealed key structural features necessary for the H/L complex as
well as the main interactions involved in S-layer assembly. The interacting domains (LID
and HID) from the two SLPs form an intricate folding, essential for complex formation. The
assembly of H/L complex into an S-layer is broadly aided by salt bridges formed between
charged residues on the surface of SLPH. Electron microscopy reconstructions from intact
S-layer nicely fits the 2D layer formed in crystallo, indicating that the crystal lattice reflects
the in situ assembly. Our collaborative work also shows that a flexible, exposed domain of
SLPL is not required for overall complex formation or S-layer assembly but is directly involved
in disease severity.
Conclusions: This is the first complete X-ray model on a major S-layer protein from a human
pathogen. Our findings reveal the overall structure of the main component of the C. difficile
S-layer and shed light on how flexibility required for the cell to grow and divide is maintained
while having a protective, closely packed barrier.
Sleytr, U. B., Schuster, B., Egelseer, E. M., Pum, D. (2014) FEMS Microbiol. Rev. 38 (5), 823–864.
Fagan, R. P. & Fairweather, N. F. (2014) Nat. Rev. Microbiol. 12, 211–222.
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IDENTIFICATION OF THE UNWINDING REGION
IN THE C. DIFFICILE CHROMOSOMAL ORIGIN OF
REPLICATION
Ana M. Oliveira Paiva1,2, Erika van Eijk1, Annemieke H. Friggen1, Christoph Weigel3, Wiep Klaas Smits1,2
1

Leiden University Medical Center, Department of Microbiology, Leiden, The Netherlands;
2
Centre for Microbial Cell Biology, Leiden, The Netherlands;
3
Institute of Biotechnology, Technische Universität Berlin.

Faithful DNA replication is crucial for viability of cells across all kingdoms. Targeting DNA
replication is a viable strategy for the inhibition of bacterial pathogens (Van Eijk et al, 2017).

Clostridioides difficile is an important enteropathogen, that causes potentially fatal intestinal
inflammation. Knowledge about DNA replication in this organism is limited, but replication
inhibitors are being developed as a novel therapeutic (Van Eijk, Boekhoud et al, 2019). To date,
no information is available on the very first steps of DNA replication in C. difficile. In most
bacteria, replication of the chromosome starts with the assembly of the replication machinery
at the origin of replication (oriC) and proceeds bidirectionally. In the majority of bacteria,
replication is initiated by the DnaA protein, that binds to specific sequences in oriC and induces
origin unwinding (melting).
We used a combination of in silico predictions and in vitro experiments to demonstrate that
C. difficile employs a bipartite origin of replication that shows DnaA-dependent melting at
oriC2, located in the dnaA-dnaN intergenic region. Analysis of putative origins of replication
in different clostridia suggests that the main features of the origin architecture are conserved.
This study is the first to characterize aspects of the origin region of C. difficile and contributes
to our understanding of the initiation of DNA replication in clostridia.
1. Van Eijk et al (2017) J Antimicrob Chemother 72(5):1275-1284.
2. Van Eijk, Boekhoud et al (2019) Antimicrob Agents Chemother 63(2):e01363-18.
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SMALL RNAS, CRISPR, ANTITOXIN ANTISENSE RNAS,
RIBOSWITCHES AND HFQ AS MAIN COMPONENTS
OF REGULATORY RNA NETWORK IN CLOSTRIDIUM
DIFFICILE
Soutourina Olga1
1

Regulatory RNAs in Clostridia group, Microbiology department, Institute for Integrative Biology of the Cell
(I2BC), CEA, CNRS, University Paris-Saclay, Gif-sur-Yvette, France

During infection, bacteria reprogram their gene expression in response to environmental
constraints. Non-coding RNAs (ncRNAs) play key roles in the regulation of adaptive
responses. We are interested in the roles of ncRNAs in the pathophysiology of major human
enteropathogen Clostridium difficile (CD). We have previously identified a great number
(>200) and a large diversity of ncRNAs of different classes in CD. These ncRNAs might play
important roles in the control of gene expression during the CD infection including metabolic
adaptations, biofilm formation, stress responses, defence mechanisms and sporulation. A part
of these RNAs represents potential trans-encoded riboregulators that could require the RNA
chaperone protein Hfq for their action.
Recent phenotypic and transcriptomic analysis suggested pleiotropic role of Hfq protein in
C. difficile with the most pronounced effect on sporulation as a key process during infectious
cycle for the pathogen dissemination in the environment and persistence inside the host. We
performed RNA immunoprecipitation high-throughput sequencing (RIP-Seq) analysis to
identify Hfq-associated RNAs in C. difficile. Our work revealed a large set of Hfq-interacting
ncRNAs and mRNAs, including mRNA leaders and coding regions, known regulatory RNAs
and potential new ncRNAs. Among previously identified ncRNAs, in addition to trans-encoded
RNAs, a number of cis-antisense RNAs including antitoxins from all recently identified type
I toxin-antitoxin modules, numerous riboswitches and CRISPR RNAs have been enriched in
Hfq-associated samples constituting new categories of Hfq ligands. Possible interactions
between the identified partners including ncRNA-mRNA and ncRNA-ncRNA pairing were
postulated through computational target predictions. Detailed investigation of one of Hfqassociated ncRNAs, RCd1, suggests that this RNA contributes to the control of late stages of
sporulation in C. difficile.
Altogether, these data provide essential molecular basis for further studies on posttranscriptional regulatory network in this emerging enteropathogen.
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