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Risks associated with Clostridium perfringens

\
» C. perfringens : Gram+, rod-shaped and anaerobe (wiegel et a1 2006) K/’ -
~ -~
—— ’;"l\.,_ _
. UbiC]UitOUS (McClane et al. 2001) : ‘ Spore_forming

» Pathologies

Gas gangrene

Enterotoxemia

Necrotic enteritis

Causative agent of human food poisoning outbreaks (vcciane et a. 2013)

F gth

4045 S iy (2 Q
-
J* 5107 cels ; fpom ‘ ‘
.5"*17 -

food s *
ot N” <  8-12h
Toxin produc =74 5

o o S D
« Operators. oOoo
« Ingredients Oo ascending colon
* Processing Mother Cell
« Packaging materials Autoly

Abdominal pain ~ Nausea Diarrhea

v’ Caused by enterotoxin (CPE) producing strains (vicciane et a1 2013)

. . T anses‘
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= Current classification : 7 toxinotypes

Toxinotype a-toxin B-toxin  e-toxin 1-toxin CPE NetB
(plc or cpa) (cpb) (etx) (iap and ibp) | (cpe)| (netB)
A f - - - - -
B } } } - - -
C | | - - + -
D f - f - + -
E | - - + + -
L F | - - - | - |
G | - - - - }

(Rood et al. 2018)

Toxinotype F is associated to FPO

= 22 virulence factors are now described in the scientific literature (vatiewetar, 2013 : Liet ar,

2013 ; Gohari et al., 2015)

Ceee—— ANSES :_)
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Health impact of C. p(ﬂ'ingens FPO

EUROPEAN

(EFSA, 2018)

l l NATIONAL -

top 4 causes of bacterial FPO

* histamine, virus, Shigella, Campylobacter, autres...

Pathogen Confirmed Suspected Total i 38 confirmed
' = 108 reported FPO
295 779 1310 70 suspected
. = 2,324 people
Salmonella 89 32 121 i e
B. cereus 47 217 264 1 " 27 hospitalizations
C. perfringens 34 49 83
S. cereus 19 308 327 !
. Declared by only 7 EU Member States
. 106 173 279
Others !
Undetermined / / 236

implicated foods

H NN N —— ansesa
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Official method for detection and enumeration of

C. perfringens in FPO analysis

» NF EN ISO 7937 standard: horizontal method for the enumeration of C. perfringens

=
Reduction of iron sulphite
M Isolation of
) / * &, DSblack
Culture Y e .‘ colonies -
s 9 —_— E—
e o\ .
— > R ‘v W2 —
Direct platin e s . 2 —
on $SC ° Fs" i /] —> —>
\ . e 24h/37° C 48h/46° C
N\ ® % ' » anaerobic anaerobic
\\ = =
Food mother suspension “!*»»-»_!,_-.—" e
Tryptone-Sulfite- Thioglycolate (TG) Lactose-Sulfite
Cycloserine agar (TSC) medium (LS) medium
24h/37° C
anaerobic
L Enumeration of C. perfringens J
» Limit : pathogenicity ? (cfulg of food)
= S anses “)
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Molecular typing methods in use for C. perfringens

PCR-based typing method targeting major toxins encoding genes
PFGE

bison_TN_2004
caprine_TN_2004
chicken_MO
ground_turkey_MD_2003
equine_TN_2004 1
turkey_CO
frog_Vietnam
fish_Hong_Kong
] fish_Vietnam
equine TN 2004 2
swine_TX
cattle_NC_2003
chicken GA
cattle_AZ_2003
canine_AZ_2003
ground_turkey NM_2008
ground_beef_GA_2004
swine_|L_2001
shrimp_India
spinach_CO_2008
. cheese_Mexico
squid_Vietnam
pepper_Vietnam

Marker
NCTC10239
NCTC8239
NCTC8798
537-5
M26413
T34058
MR2-4
F4013
F5603

B40

F4969

538-1

452

pig_ear CA

(Maslanka et al., 1999 ; Schalch et al., 2003)

(Xiao et al., 2012)

MLST (8 housekeeping genes)

Lack of a standard typing method for C. perfringens

6 AM ABDELRAHIM - march 27th 2019
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Recent studies used WGS f

or analysis of the

genetic diversity of C. perfringens species

Front Microbiol. 2017; 8: 2485.

Published online 2017 Dec 12. doi: 10.3389/fmicb.2017.02485

? frontiers

in Microbiology

PMCID: PMC5733095
PMID: 29312194

Probing Genomic Aspects of the Multi-Host Pathogen Clostridium
perfringens Reveals Significant Pangenome Diversity, and a Diverse Array

of Virulence Factors

=4

> Interestin

ne

BATCC 3626
ATCC13124
NCTC13170
cre

FPTTL

Clade 4

0.001

FP727

Raymond Kiu, 12T Shabhonam Caim, T Sarah Alexander,? Purima Pachori,? and Lindsay J. Hall'-"

* Author information » Article notes » Copyright and License information Disclaimer
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BMC Genomics

Whole genome analysis reveals the
diversity and evolutionary relationships
between necrotic enteritis-causing strains
of Clostridium perfringens
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An original collection of 141 Cp strains

isolated from FPO related food samples

2207
2253
435
1601
1622
2370
529
538
2291
2318
2540
2606

2727
2773
2774
2987
2988
3803
3958
3863
4068
4092
4115
4127
4138
370
490
553
1781
1782
1923
3199
3566
4286
4430
4493
4755
274
759
762
1270

2013
2013
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2017
2017
2017
2017
2017
2017

Vegetable
Poultry
Other
Other
Other
Pork
Vegetable
Poultry
Pork
Poultry
Vegetable
Vegetable
NK
Pork
Poultry
Poultry
Poultry
Poultry
Pork
Pork
Vegetable
Other
Beef
Vegetable
Pork
Other
Vegetable
Poultry
NK
Vegetable
Vegetable
Vegetable
Vegetable
Vegetable
Vegetable
Beef
Vegetable
Vegetable
Beef
Beef
Beef
Beef

130
160
22
15
21
27
6
38
118
34
9
9
5
7
50
50
39
39
4
NK
20
2
30
2
26
1

40
4
28
28
13
5
51
2
2
2
120
2
31
31
41

3.7E+06
6.0E+06
3.0E+02
3.5E+05
1.1E+04
2.6E+03
3.0E+01
1.5E+04
4.0E+06
1.1E+03
4.0E+02
3.7E+02
NK
3.7E+03
1.5E+07
1.5E+07
3.6E+04
1.4E+02
1.3E+04
1.6E+02
2.2E+02
4.0E+04
1.2E+02
3.6E+01
5.8E+05
6.0E+02
4.0E+01
7.0E+01
8.0E+02
1.1E+05
4.0E+01
8.4E+04
4.0E+01
2.4E+06
4.0E+01
1.1E+03
3.6E+02
9.3E+02
4.0E+02
4.9E+06
7.0E+01
1.9E+03

1 -
1 -
1 -
1 BC
1 -
1 -
2 BC
7 -
5 -
1 -
2 BC
5 BC
5 NK
3 -
5 -
5 -
8 -
4 BC
4 SCP
5 -
5 -
2 -
4 -
2 -
4 -
3 -
1 BC
5 -
1 -
5 -
1 BC
5 -
1 -
5 -
1 BC
5 -
4 BC
5 -
1 -
5 -
4 -
5 -

2.7E+04
1.5E+03

8.0E+03
1.0E+05
NK

1.4E+05
4.0E+02

1.0E+03

5.5E+04

4.0E+03

1.5E+04

- L= ) I:lc_; :)
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Objectives

Explore the genetic diversity of FPO associated Cp strains

v’ Diversity of virulence gene profiles

----- — — L — QNS E5 ;_)
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Genomic analysis of the collection

¢

=  DNA extraction of 141 isolates @
ICM

Institut du Cerveau
et de la Moelle épiniére

= Sequencing (NextSeq) at ICM https://icm-institute.org

= |n home pipeline for QC, assembly and SNP calling
v' ARTWork (Durimel et al., 2017)

v IVARCall (relten et al, 2017

@ BAMmaker @ VCFmaker_SNP @ SNP-INDEL_merge % GAMGR genomlc database\,z.o

(O } GATK

Trimmomatic \~. -

SE and/or PE UsidedSenctyper &8 VCFtoMATRIX
Input: GATK

0

BWA VarlantFiltration Output: ’_ﬁ Pairwise distances
Q) Single- or paired I GATK GATK (SNPs / InDels / SNPs + InDels)
end reads o CombineVariants
> SelectVariants

Samtools

{8 VCFtoFASTA

@VARCB“. bl Output: @ ‘(_onm'.c’wt-:-d variants D e G ks oy TS RSy poy oo
Picard-tools @VCFmaker_lNDEL {SNPs + InDels) . -

MarkDuplicates wa

GATK Snpsift @VCFtoPseudoGenome ,,,,, ==
~ GATK UnifiedGenotyper b varType 7 -
RealignerTargetCreator Output: [E f’st-utji;.,:}'v'swus —

GATK (against reference genome)

GATK VariantFiltration
IndelRealigner GATK reportMaker
SelectVariants N wan o sow o
Output: Breath and depth e
Output: Output: Output: GNAgSs —

) 1saer [y [ Sy roes [
8 Storage of WGS data

analyses and traceability
= 24 virulence genes identified in the literature (revit-viiis et ar, 2015)

detection by blast approach : Identity of 90 % and Coverage of 85 %

anses s‘}
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Toxin- Number Genes detected
gene of
profile strains

 + |+ |+ | + | - |+ + | + |m 4genes detected in all strains:
w1 1L L L L+ L+ o5y co/A nanH and cadA
v |l 24 1 - ! -] - |+ { -] - [+ - ]|

v | 2 | - [ -] - | + [ - [ -] -|-]_ 1]

= 11 genes not detected: cpb,
etx, netBEFG, becAB, tpelL,

|5 - .| cpdandureABC

= 15 profiles identified

More discriminant than current classification system

F: 1 toxinotype vs 7
= 55% cpe+ and 45% cpe-

anses \._)
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Some unexpected characteristics of food

samples contamination by C perfringens

42_1270
47 762 —— @
40759 —
Ba7k8” ——
32123 Sm— — — —
3-4330 - m— —
i —— =
301923 - —H
3171782 - ——
J9.5s =  cper strains
28490 —
Al == —
284135 — =  cper stains
(@) §§:§6§§ . |
. —_ ]
0 5713363 — I
LL 20 3958 —
1938032 - E——
1872988 - [—
17-2987 -
185073C
W52 E— L —
T30 —
12_26T6 - 1
1172540 - —1
1072318 —
o = B
e —— .
04-1601 - —
03 _435- —
02 7253- ——
01-2207 - [E—

L 0o v VoVEoVIVIL

IX X Xl X Xl XIV XV

Virulence gene profile (pattern)

Heterogeneous contamination of food samples,

Contamination by only cpe- C. perfringens

12

} More than five isolates to be characterized
anses \._)
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Objectives

Explore the genetic diversity of FPO associated Cp strains

Genetic Relationship of FPO associated C. perfringens isolates

----- [ —— Cee—— A1SE5 ;}
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Phylogenomic analysis of FPO associated

C. perfringens strains (core genome SNPs)

Tree scale: 0.001 — = Two main clades:

55283228880 . . .
WALUEEHTTEEEEDY Clade 1 with 81 strains CPE+

Ty 323353897585
AU VAR L AR FF T H N TN
%% 5" TREEE T s - -
o, 0% TS e Clade 2 with 40 strains CPE-
w 2 %5 2 NS
T o2 TSELS,
%09(?3‘0 ‘)%:\;O) s,';(, 'f’& Qf"\? \?1_
(g »
0y B 0%
) %[7/; 2 «‘i’ o
@, 095' g » N
SR T e WP
For, 8 - A AS¥ oY 1 h th
o0y U LE43Y = = Clade 1 more homogeneous than
965, Vgt ’ 3\ " AN e
1090, " ) ® 1 387 ST
”?9750?9' N S \ ‘ﬁw-ﬁ“
P NN s, clade 2 (8k SNP vs 21k SNP)
9139591 / 155BOV -
929138331 ™ ‘655(15'
EEPTI0g Soy &6530_576
tf}:rn'_)gsgl 7 15S8CLY00
YErTIDES 51 . 1658QL575
TEFTI06SOT " r 18S8CLI73
GEFTIOBSOT TN \
asLt . m ‘.. . .
s b S=ns = Different reservoirs for Clade 1
0?9"-’9 "
g H
s and clade 2 isolates ?
g
C-L;

= Why are clade 1 isolates more

prone to acquire cpe gene ?

cpe+ strains -

cpe- strains
AM ABDELRAHIM - march 27th 2019
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Mosaicity of chromosomal cpe e gene organization

= Qrganization of the chromosomal cpe locus observed in our collection

151469

IS1470 / A

151469

151470 i B

IS1469

151470 / C

= A great diversity for the organization of the

cpe locus (clade 1)

— S G W W P = Always flanked by IS sequences indicating
=, TN, " . ., sy cpe gene acquisition by horizontal transfer
in clade 1 strains only

151469 IS1470 G
» QOrganization plasmid cpe locus

dem 151469 cpe 1S1470-like
__ _eem . EEEm I A

&~

What are the consequences on cpe expression?

To— L ——— QNS ES5 ;}
AM ABDELRAHIM — march 27th 2019

15



Objectives

Explore the genetic diversity of FPO associated Cp strains

v Plasmids carriage of FPO isolates

----- — — L — QNS E5 ;_)
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Distinct plasmid carriage between clade 1 and

""" clade 2 C. perfringens isolates

18 17

3 16 = 5 types of known plasmids:

o

g 1‘2‘ > pJIR3844 (cpb2) (viyamoto et al. 2008)

£ 10 > pCPF5603 (cpb2 and cpe) (i et o 2012)

o 8

3 6 » PCPF4969 (cpe) (Liet al. 2013; Miyamoto et al. 2006)
; 4 » PSM101 (shimizu et al. 2002)

gz I .

§ o » pCWa3 (tet resistance gene) (Adam et al. 2018)
Z pCPF4969 pCW3  pSM101 pCPF5603 pJIR3844

Type od plasmids

= 39 of 45 known plasmids were detected in clade 2 islates.

» 6 isolates of clade 1 contain plasmids pSM101 and pCW3

= |s pathogenicity in clade 2 linked to the presence of plasmids ?
» Does clade 1 strains carry unknown plasmids ?

= What is the (genetic/environmental) reason for this distinct pattern ?

anses s‘}
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Objectives

Explore the genetic diversity of FPO associated Cp strains

v

v’ Relationship between genetic clades and Food vehicles

----- -_— — Ce—— ASE5 :_)
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Conclusion and perspectives

Genomic analysis provides a new picture of C. perfringens associated FPOs

» Are cpe+ positive strains the only responsible of enteropathogenicity ? Role of cpe

isolates in enteropathogenicity ?

» Contaminations of food samples by distinct strains is common : A challenge for FPO

investigation

= The ISO method for Cp detection is inadequate to characterize the contamination >

Necessity to develop characterization method as complementary method
= Further on-field studies are required for an epidemiological insight on the origin of
the two clades

= Enlarge the collection to further explore an eventual food matrices-genomic link

» Impact of genetic organization on CPE production ?

————— ANSES ;)
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