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Duties of the National Reference Centre for E. coli, Shigella & Salmonella Q’
-~ @smruy
1. Microbiological expertise ASTEUR
" Rappor g
Identification BU'cNA pEsEscHERICHIAGOL A
Development of new typing methods (MLST + rfb + fiC + f(B) ELLA, SALMONELL .
2. Contril to the epi i ical surveillance
Follow evolutive and seasonal frends for the different serotypes =
Early detection of emerging epidemiological phenomena
Use state-of-the-art sub-typing methods (CRISPOL, cgMLST) for the investigation of outbreaks
3. Surveill of the resi: to antibiotiecs = e -
Genomic (Resistome) = ~—
Phenotypic (Antibiograms: MIC, DD)
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TAXONOMY: Who's Salmonella 2 HABITAT: SOURCE OF INFECTION
Gram negative rod, facultative anaerobe, mobile (flagella) Ubiquitous:
Family: Enterobacteriaceae Intestinal cariage in vertebrates:
Genus: saimonella & : S. e. enterica: hot-blooded animals (mammls, birds)
SrerrEl S COEiEE S ez K & Other subspecies: cold-blooded animals (reptiles)
& @i s ) L) .&\- Pathogenic for different animals:
s. enterica salamae (1) 5 .
5. enterica arizonae (i) Strictly humans:
5. enterica diarizonae (lib) Strictly other animals:
Subspecies:
5. enterica houtenae (IV)
s. enterica indica (Vi) Both: certain niche predilection
0 Poultry
Swine:
Bovine:
Serotype: Typhi, Dublin, Kentucky, Mbandaka, Arechavaleta.... (> 2 500)
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Habitat: source of infection

Habitat: source of infection

Source of infection: minor serotypes (nontyphoidal Salmonella, NTS)
Zooanthroponosis > Gastroenteritis
«+ Food poisoning
«  Contact with animals (pets, farms)

Indirectly through contamination of water and surfaces (- vegetables)
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Source of infection: major serotypes (typhoidal Salmonella, TS)

Human-to-human > or fever
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Dissemination of Salmonella in the kitchen Dissemination of Salmonella in the kitchen
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Dissemination of Salmonella in the kitchen Dissemination of Salmonella in the kitchen
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Dissemination of Salmonella in the kitchen

Dissemination of Salmonella in the kitchen
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Dissemination of Salmonella in the kitchen
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PATHOGENICITY

PATHOGENICITY

Faecal-oral fransmission:

Faecal-oral transmission:

a Nontyphoidal Saimonelia

Ingestion of bacteria in infective dose (~105— 10¢) » 2 P r.» Ingestion of bacteria in infective dose (~105-10¢) » 2 P »
- Escape gastric acid, bile and pancreatic enzymes \uraia Py BB Escape gastric acid, bile and pancreatic enzymes _— Py PR
K repicaton B Shedding Invade enferocytes and M cels in he smal infest repicaion B Shedding
+ Invade enterocytes and M cells in the smalll intestine 1 2 bt nvade enterocytes and M cells in the small infestine it 2 biudniim
i 0 > Gastroenteritis: TS serof o
Incubation: 12 - 24 hours
Bacteria invade intestinal mucosa
- Multiplication inside epithelial cells
Acute symptoms: 1 -7 days
- Inflammation in the submucosa (phagocytes) Macrophage
Uptake
5 Watery, somefimes mucoid, or even bloody diarhoea -
o Intense abdominal cramps, vomiting l
Limited dissemination
19101 PARODS F LA GANDARA - CHALES IoBlaR028 Quisnr 2011 PAROOS DF LA GANDARA - C 55 10838 Qusnyr
PATHOGENICITY Pathogenicity: Extraintestinal
Faecal-oral transmission: b Salmonella Typhi Complications
Ingestion of bacteria in infective dose (~105—- 10¢) ‘0 \) + Rare, but potentially all serotypes
Escape gastric acid, bile and pancreatic enzymes 9 o] . Llater:
. . - Shedding replicati .
Invade enterocytes and M cells in the small intestine v 0 :

- Typhoid fever: serotypes Typhi, Paratyphi A, B, C
Incubation: days 2 to 15
Multiplication inside lymph nodes
o Headache, asthenia, insomnia, arthralgia
o Paradoxical fever at 39-40 °C
Sever symptoms / sepsis: days 15 to 30
Bacteria disseminate through the bloodstream
o Fever in remission
o «Tuphos»: (“Torpor”) stupor, weakness, deliium

21 111ars PARDOS DE LA CANDARA - CNR-ESS | OMORIONE
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Bacteria reach the bloodstream

- Systemic dissemination

Qs
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Pathogenicity: Chronic infection

Pathogenicity: some figures

Healthy carrier
- Possible with all serotypes

= Most important for major serotypes (Typhi and Paratyphi A, B, C)

Bacteria form biofilm:
Cholelithiasis: on gallstones
Nephrolithiasis: on kidney stones

2310141s PARDOS DE LA GANDARA - CNR-ESS 08022024
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Estimations of annual number of symptomatic cases of foodborne infections
Metropolitan France, 2008-2013

Norovirus = 34,4% cases
12-16% foodborne

Campylobacter = 26,17 cases
73-86% foodborne

Salmonella = 12,27 cases

91-95% foodbome —— =
= i -
B I
- e e e o m -
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What to do?

What to do?

At the individual level:
Wash WELL hands and cooking tools

Use separated surfaces to prepare meat and vegetables

Cook well all types of meat

Avoid non-pasteurized/UHT milk

At the institutional level:
«  ldentify the pathogen
« Treat the patient

«  Epidemiological Surveillance measures

2511 PARDOS DF LA GANDARA - CNE 55 08B Quisnr 24 PARDOS DF LA GANDARA - C 55 108328 Qusnyr
What to do? IDENTIFICATION
At the institutional level: - I|dentification of genus, species and subspecies:
Identify the pathogen *  Phenotypic: Biochemistry
| & + Proteomic: MALDI-TOF
i «  Genetic: quantitative PCR
+ Serotyping:
« Phenotypic: Serotyping by plate agglutination
« Genotypic: Serotyping by sequencing: MLST + fiiC + f[jB
— Whole Genome Sequencing (WGS)
5711 PARDOS 02 LA GANGARA - Che 55 omBROE [Tt M1 PARGS D LA GANDARA - Ci 5 loNR OB [T
CULTURE Phenotypic identification
1. Search for Salmonella enterica 2. Genus and species: Salmonella enterica
+  Enriched media: . MUller-Kauffmann «  Biochemical (metabolic) general characteristics:
" . LDC + HS+ Gas/Glucose +  Indole
« Selective media: SSA, Hekfoen, XLT4 ONPG oDnC + ADH + DA
VP DNAse — Adonitol - Glycerol -
Gdlacturonate - Simmons Cifrate +
E B
B
E "
Lactose -
I pagy
<= e
2911 PARDOS D LA GANOARA - Cre 55 08gRRI QT 201 PARDOS D LA GANOARA - C£55 o8GR Qs




2/8/24

Phenotypic identification

Proteomic identification

Subspecies:

+  Biochemical (metabolic) specific characteristics:

MALDI-TOF: “Matrix Assisted Laser Desorption lonization - Time of Flight”
« Lysis of proteins and identification of peptide fragments: * " (PMF)

i i ia ™ w v (0dV)
S.e.enferica S.e.salamae .. arizonae S.e. diarizonae S.e. hovtence S.e.indica . bongorl
Duicito oul - - - - - a -
6—Golactosidase oNPG - - - - - a -
Maonate Mol = + - + - - =
Gelafinase [charcoa)  Gel = + - - - i -
Sorbitol Sod> - - - - - - -
Growih onkCN KN - - = - - = -
D—Tartate ot - = = = - = =
Golacturonate Galact - + - - - - -
y—Glutamilonsierase  g—GT - + = + - + - S
B—Glucuronidase b—Glu d d — + — d — I —
e ¥ . - - - - - -
Soicne E — B B = 5 > = T s —
Laciose lac - = = T - d = 8
Coniat sampls
410 PATDOS DF LA GANDATA - CHA 55 owba2026 [T Roms 210 PATDOS DF LA GANDARA - CrA 55 owbB028 Qusryr
Proteomic identification GENETIC IDENTIFICATION
Genwus, species, subspecies: Salmonella enterica enterica qPCR-based syndromic Kits:
* 510 10 peaks: species No culture needed (analysis directly from clinical sample)
Salmonella spp. would need over > 300 peaks for all serotypes Simuitaneous search for all suspected microorganisms: '
Newest generations manage to identify some serotypes v i
e e irus .
Bacteria .
o Ll
T —— Parasites ™
|
: I L J, il For the main infectious syndromes:
|
N | > Respiratory !
| e > Gasfrointestinal
I ol -—
Y= - Meningoencephalitis
s il l > Sepsis
S0 PARODS D LA CANDARA - R £5% ow0RRORE [Tt A1 PARDOS DE LA GANDARA - CR £55 WOLROZ4 [T
Genetic identification IDENTIFICATION
Genus: Salmonella spp.
« gPCR: quantification of copies for each target .
Identification of genetic targets: spaO (BDMax™), ttrA (Roche LightMix™), invA .
For Salmonella spp. only the genus can be detected .
No bacterial isolation: no antibiogram, no epidemiological surveillance (CNR)
- Serotyping:
\ « Phenotypic: Serotyping by plate agglutination
- White-Kauffmann-Le Minor Scheme (W-KLM)
« Genotypic: Serotyping by sequencing: MLST + fiiC + fjB
— Whole Genome Sequencing (WGS)
S8 PARODS DE LA CANDARA - CHR 5% 0w02R0RA [y 20101 PARDOS DF LA GANDARA - CHAE55 oWo22024 [y
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SEROTYPING BY AGGLUTINATION

Somatic antigen « O »

White-Kauffmann-Le Minor Scheme

Gold Standard technique for 90 years:
Agglutination on plate with polyclonal antibodies
19 polyvalent+ 151 monovalent

O-antigens
) W

H-antigens
Fgete

© ©

Virantigens
ety

. NsTITUT
7 1Mars PARDOS DF LA GANDARA - CNA.ESS 10822028 Qs

Antigen:

+ Hexoses, in the Lipopolysaccharide chain (LPS)

« ~20 genes (rfb region)

«  Agglutination with 7 polyvalent sera + 65 monovalent sera

8141371 PARDOS DE LA GANDARA - CNR-ESS 108022028 {!‘gﬁ‘g&;

Flagellar antigen(s) « H»

Capsular antfigen « Vin

Antigen:
«  Polymers of flagellin protein

Diphasic (H1, H2) "'
e = p
— eventually mono / friphasic 3
-+ Genes fiiC (50 alleles) and fijB (~30 alleles) ™
+  Agglutination with 12 polyvalent sera '
+ 85 monovalent sera L

Phase inversion on Sven-Gard agarose

”!’l ) (

Antigen:
- “Virulence" (invasive)
«  Polysaccharide:

S Typhimurium S. Typhi

Typhi +++

Paratyphi C . T
Dublin ¢ }_r.mmam_[
<

Type 3 secretion system

o

59101 PARDDS DE LA CANDARA - o £5% w0RRORA [Tt 401 PARDOS DE LA GANDARA - CR £55 owOLROZA [T
Serotyping by agglutination: WHO-CC Serotyping by agglutination
White-Kauffmann-Le Minor Scheme White-Kauffmann-Le Minor Scheme
- World Hedlth Organisation Collaborating Centre (1926 - 1965 - 2007):
« Institut Pasteur, Paris, France
- Center for Diseases Control and Prevention, Alanta, Etats Unis - - The evolution of serotype naming:
+ Institut fir Hygiene und Umwelt, Hambourg, Allemagne
- All serotypes of Salmonella (> 2 500) First — syndrome: Typhi, Typhimurium, Choleraesu
Then —  family name of person identifying for the first time: Virchow
Now  — geographic (first identification): Dubiin, Kentucky, Lutetia
« The serotype is determined by the combination of the antigenic formula:
Serotype Ago AgHI AgH2 Autres
Enterifici 9.12 am - -
Typhimuiom — 1,4[512 i 12 -
yphi 912 d - Vi
4110 PARODS D LA GANDARA - CH 55 owbzR0R [y B PARDOS DF LA GANDARA - CHA 55 oWo2R024 [y
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AGGLUTINATION > WGS

Serotyping by WGS

Adapting the White-Kauffmann-Le Minor Scheme in silico

@ Aggutination Sequencing

&
PCR (7g-MLsT)

® Agglutination

Adapting the White-Kauffmann-Le Minor Scheme in silico
Region rfb :
+ Genomic region encoding for the Somatic Anfigen « O »

+ Complex, eventually not specific enough

{

MLST:
+ Seven housekeeping genes: aroC, dnaN, hemD, hisD, pur, SucA, thrA

EnteroBase database (enferobase warwick

S
: =0

fiiC + i :

+ Genes encoding for for the flagellar phases H1 & H2

48101 PATDOS DF LA GANDATA - CHA 55 owbB2026 [T Roms A PATDOS DF LA GANDARA - CrA 55 owbBfa028 Qusryr
Serotyping by WGS What to do?
Adapting the White-Kauffmann-Le Minor Scheme in silico At the institutional level:
« The serotype is inferred from: MLST + « O » group (rfb region) + flagellar phases (fiC +fljB ) :
« Treat the patient
Sérotype MLsT AgO AgH1 Ag H2 Autres
Enteriidis 11,183 09 (D1) am - -
Typhi 1.2 09 (D1) d - Vi
Koessen 48 02 (A) Ly 15
Miami 48 09 (D1) a 15
Panama 48 09 (D1) Ly 15
\ e E CJ\\
4810 PARDDS D LA CANDARA - o £5% ow0RRORE [Tt M1 PARDOS D LA GANDARA - CR £55 owOLR024 [T
TREATMENT MECHANISM OF ACTION OF ANTIBIOTICS
+ Gastroenteritis
v Symptomatic support
v Hydration Joencs .
+ Typhoid Fever and Complications
+ 3d Generation Cephalosporins (3GC)
+ Fluoroguinolones
+ Azithromycin
[Goones]  [_rmwoman ]
47101 PARODS DE LA CANDARA - CHR 5% omb2ROE [y A8 PARDOS DE LA GANDARA - CHA 55 owb22024 [y
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Mechanism of action: beta-lactams

Mechanism of action: quinolones

Beta-lactams show ffinity for the franspeptidase « Penicillin-Binding-Protein » (PBP)
The binding befween BL + PEP blocks the pepfidoglycan cross-linking
and by doing so, the synthesis or reparation of a stable wall

©0000C
>000

0000

Quinolones show dffinity for the gyrase (GyrA) et la topoisomerase (parC) subunits
The binding befween FQ + G/TI stops DNA synihesis or repair:
© Quinolone

© Quinolones stabilse he topoisomerase-DNA cleavage
complex in which there is a double-sirand break.

@ Ifthe cleavage complexis not resolved,
(3 replication and transcripfion cannot happen,
which causes slow bacterial cell death.

@ i the topoisomerase is removed, the double-sirand

breakis free, but ifleft unrepaired 1o} o}
@ itleads fo the fragmentation of the chromosome P -
which causes rapid bacterial cell death
Slow death Rapid death
. . Y NsTITUT Y NsTITUT
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Mechanism of action: macrolides

Salmonella spp.

Azithromycin shows affinity for the 508 ribosomal subunit
The binding between AZl + 505 stops protein synthesis at the ribosome

Salmonella spp. is naturally SUSCEPTIBLE to all antibiotics

Antibietique
Raderoicn wi s
Aeoicine “1 s
PrOS Nascent polypeptid chain Athvomydne s s
o Ceotmime wox s
Cetasame «os s
Oloangpenic «s s
Goroonace w s
13 s : s
Gotamicne wos s
Wecpindne wom s
Sometrorade 2 s
INA Téracycne. <=2 s
- con s
Tamesopime eon s
308
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Salmonella spp. MECHANISMS OF RESISTANCE TO ATB
Salmonella spp. can become resistant to antibiotics P
\l > Periplasm e
Antibiotique. Aade naidosque. > = w I K
Adde nascoue P s —— be x| Target protection protein [ Emuxpump
Ampicine <1 s — s - 24 \ D Drug P
— . 2 —>c @R vcvioic «=
. b Cottneme e —— S, roet -
Cefotanme 025 S Coemimeiwianic s > 64 N — A——8
Cetasdime <wo0s s Gl o ow Beta-lactams e A
b P s o M (C30) s
Oprofiacne 03 s prvemmsetesn — fing R 4 D thesame metabolc
Casinn 2 s o e @ Chemi &
el -us @ o - i( 3 Tagasie
Méropénéne <om s o T 1 s Target bypass
S——c—. n 3 mpénéme. 0 s Inactivation Decreasedinflux )
Tisacine «z s N e T oot
Tigecydine: <= 025 S — - " A
Tinabopine “us s o e . t
— - - #-Porin
Tametoprime > u ® |
>% e
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Resistance to antibiotics: Salmonella

Resistance to antibiotics: Salmonella

Natural resistance:
Innate, stable, shared by all bacteria belonging to the same species:
= Vertical fransmission to the offspring
- "Wildtype" phenotype: the most susceptible observed among sirains of one species

Acquired resistance:
«  Due to a chromosomal mutation on the sequence of a gene or its regulatory system:
= Vertical fransmission to the offspring :

By horizontal fransfer between bacteria
= Possible transfer between different species

o Transformation : DNA fragments free in the environment <o) [ €=

o Transduction : Bacteriophages - Prophages N ) he ) O (=
o Conjugation : Plasmids [e) () [©) [©)
(@) (@) (e} (e}
S5 PARDOS DF LA GANDARA - CNE£55 08B0 Quisnr Ko PARDOS DF LA GANDARA - CN.£55 10032 Qusnyr
RESISTANCES IN SALMONELLA Resistance to beto-lactams
Acquired resistance:
+  blarem1, blacix-ms, blacmy-2, blaoxa-ss
«+ Resistance to beta-lactams Antibiotics Wildtype Penicillinase (o Cephamycinase | Carbapenemase
Amoricilin (A s ® ® ® ®
sec s s R R R
+ Resistance to quinolones Sehamyeins : > s z 2
Carbapenems s N N s R
- Resistance to azithromycin Blactaig )
open B-lactam ring
Q;..mmse O}J
e
B-lactam B-lactam degradation
Bt
T e S — [Tt T S — [T
Resistance to quinolones Resistance to azithromycin
Intrinsic resistance: Acquired resistance:
Point mutations on chromosomal *quinolone-resistance determining regions' (QRDR): mph(A) gene: macrolide 2-phosphotransferase
—  gyrA, gyrB, parC, parE
- Low fo high level resistance
Acquired resistance: B ) Macrolides .
s) Target-site gene mutations
) . — Q
Genes obtained by plasmid conjugation: v Mphs %
- qnr, gepA, accé'lb-cr, 0gxAB —
- Low-level resistance (d) Plasmid-mediated Phospho-modyfication
of antibiotc
Target protection
T, o
T R — Qs T S — Qs
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EVOLUTION OF RESISTANCE: Selective pressure

Selective pressure

Observed: Changes in the use of antibiotics per capita 2000-2010

Predicted: Deaths attributable to antibiotic resistance every year by 2050

Africa
4,150,000

‘ (- e—n
Latin 22,000
e

392,000 Tz

Mortality per 10,000 population

Moo l»-» W -- mber of desths =
61101 PARDOS DF LA GANDARA - CHA 55 owbB2026 [T Roms 6210 PATDOS DF LA GANDARA - CrA 55 owbBfa028 Qusryr
Selective pressure Selective pressure
Zooanthroponosis: Animals as reservoir for the spread of resistant bacterial strains Zooanthroponosis: Animals as reservoir for the spread of resistant bacterial strains
- Massive use of antibiotics as growth promoters
- Treatment of animals against zoonotic/ubiquitous infections - r——
2
% of resistant Salmonelia spp. i™
samples from poultry in the EU !‘ - - 7 S
i
il !
11 i
| i u I i .
Cprofioxacin  Nalidoic ~ Sufonamide Tetracycine  Ampiclin - Cefotaxime  Chioram-  Gentamicin.
=) phencol
G211 PARODS DE LA CANDARA - o £5% ow0RRORE [Tt 6410 PARDOS DE LA GANDARA - CR £55 wOLR024 [T
Increase of resistance to antibiotics EVOLUTION OF RESISTANCE
- Acquisition via conjugative plasmids: -
‘: Fluor-Quinolones (FQ) : " A A~ Chromosomal
= ~ QRDR:gyA +parC - 0 /\/ < Plasmidic
- ~ anrA, qnrs, aac(')-Ib-cr - - / Y
: = : :
© Extended-spectrum Betalactamases (ESBL) © w
» A /\' ~ blatews .., blasiv, ., blacixm, ., blaper, ..., blaves »— \/\'
e ., blaces, ., blases B °
mesn . B / (— Plosmidic
o boel catiacin ressnce WG 2 4mart) Cephamycinases lovel ciprtioracin restance (WiC » 4 mart) L
~ blacw..., blapat FESESSS LSS
Number of strains of Saimonelia spp. resistant to 3° Number of strains of Saimonella spp. resistant to 3 “FER Sl =R et -k
ger ion cephalosporins uinolones generation c¢ dosporins and to fiuoroguinolones
registered annually in France (Data source: Nafional registered annudlly in france (Data source: National
Reference Centre for Salmonelia, 2002-2010) Reference Centre for Salmonelia, 2002-2010)
681011 PARDDS DE LA GANDARA - CHR 5% 10m02R0RA [y 64101 PARDOS DE LA GANDARA - CHR 55 owb22024 [y
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EVOLUTION OF RESISTANCE: Selective pressure

EVOLUTION OF RESISTANCE

Cephalopornsales (ACD, /g bomass)
Article 49 of the LAAAF
. - oo Law for the future of agriculture, food
o oo s and forest
. I ame
A Alming 1o allow. 31/12/2016 the latest.
H h— - reduction of 25 % as compared fo 2013 repors,
e he use of anfibiotics belonging fo
am fluoroquinolones and third and fourth
generation cephalosporin familes, all
oo stakeholders are aware of fhe risks associated
— - fo antibiofic resistances: good practices in
. ) livestock and in prescribing and using these
4 e substances are preferred. as well as the
S o development of altematives allowing
R - preventing from their use. At the end of that
. period. an evaluation of he reduction will be
R . held, and a new objective will be defined.

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

. s ) INsTITUT
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o -

"o

- 0 Chromosomal
w Plasmidic

- 100

@ ®

» A /\

/ w
T N
€ ronoc

S8 S S
ro —-tabs =t

Number ofsiains of Saimoneda spp. resstont 1o 3%

Reference Cenire for Saimonela, 2002-2010)

y nsTiTuT
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EVOLUTION OF RESISTANCE: CIP-R S. Kentucky

CIP-R S. Kentucky

International Spread of an Epidemic Population
of Salmonella enterica Serotype Kentucky ST198
Resistant to Ciprofloxacin

iUt
010 P00 0 L SANDARA - 5 oo [ Toeny

- Before 2002:

Strains CIPS2: No Cip-R

FRANCE
o
m
w0
H
in s——oncon
3 =cra
I i
[} e p—y
o
ﬂ( .
il
00
isTiTUT
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CIP-R S. Kentucky

CIP-R S. Kentucky

- Before 2002:
Strains CIPE: No Cip-R - 2002-2005:
Travelers retuming from
~egypt
Eastern Afiica

FRANCS: (Tanzania, Kenya, Sudan)
o
H
iw —_ncish
3 =
3 e

2000 2002 2004

Qs
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- Before 2002
Strains CIPS%: No Cip-R

- Since 2006

Travelers returing from the

* 2002-2005

Travelers refurning from

~egypt Maghreb
~Easter Affica
FRANCE (Tanzania, Kenya, Sudan)
i
iw o G2
H —Cip-k
3w e Total
H it o -
0 w0z e e 2008
s
, o sTITUT
[T — OQuamr
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CIP-R S. Kentucky CIP-R S. Kentucky

Multidrug-resistant strains ( 5 -AM-TE-CIP)

- Before 2002

Strains CIPS®: No Cip-R + 2002-2005 - Since 2006 + Originin Egypt:
f';’;“j“ returning from: X‘Z,;i'?;i, retuming from the «  Infensive aquaculture in tanks infroduced in Egypt in the 1950s

Eastern Affica o Egypt produces 80% of farm-raised fish in Africa
PRANCE; (Tanzania, Kenya, Sudan) o Infegrative aquaculiure: fish fed with:

w0
. ~ Poullry residues

— Fish residues
— Mixed rice-fish culture

con
S ammn

AspB7As Asp8TTyr AspB7Gly

7811 PARDOS DF LA GANDARA - CNe 55 10828 isTIUT 24 s FARDOS DF LA GANDARA - CN.£55 1003028 Quisnyr
CIP-R S. Kentucky What to do?
Since 2013 in pouliry in France At the institutional level:
Epidemiological investigation of highly ciprofloxacin resistant Salmonella Kentucky
detected for the first time in French avian production
Investigation épidémiologique du premier foyer
S Tcrepnelanes SEtLcs a Hlovege ovcole en France + Epidemiclogical Surveilance measures
EPIDEMIOLOGICAL SURVEILLANCE Epidemiological surveillance
Pyramid of the foodborne infection surveillance in France:
oo i l)\n « Clinical outcomes inred
Laborarores atories E@ - Sources of information in blue g
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Epidemiological surveillance

Epidemiological surveillance: Compulsory Declaration

Salmonellosis number of cases and Incidence in France, 2021

. . isTiTuT
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Salmonellosis issue of a Compulsory Declaration:

Typhoid and Paratyphoid Fever

Collective food-poisoning (CFP, TIAC)

Fiévres typhoides ey
ou paratyphoides

Toxi-infection - == TT=3
alimentaire collective e 1

iNsTITUT
80101202 PARDOS D LA GANDARA - CHAE55 |oNR024 Qi

Epidemiological surveillance: Compulsory Declaration

Epidemiological surveillance: Compulsory Declaration

Typhoid and Paratyphoid Fever
Human to human contamination
Healthy carrier (~ Biofim)

Gallbladder
Kidneys
Anatomical abnormalities

Foreign bodies, prothesis

Qs
1 111ars PARDOS DE LA GANDARA - CNR-ESS 1 OMORIONE PASTEUR

Collective food-poisoning (CFP)
[ rRToxi-infection alimentaire collective, TIAC]

Identification of two or more cases having similar symptoms, generally gastroenteritis, for
which one common food source can be incriminated

Spur to launch investigations:
- Potential consequences for Health ©, Economy &, Society &
- Identify the sources (food. products at risk)

- Stop the transmission

- Guide the prevention measures and evaluate their impact

INSTITUT
B 13121s PARDOS DE LA GANDARA - CNR-£5S 1 OMOREORA PASTEUR

=» Compulsory declaration in France since€1987

Epidemiological surveillance: CFP (TIAC)

Epidemiological surveillance: CFP (TIAC)

Collective food-poisoning due to Salmonella in France: a recent history

ncdonca of typhod fover
3 incidence of nomyphod saimonetsis

e istruT
6200 A0S 0 AN - 5 oz [loauiny

international
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Epidemiological surveillance: Compulsory Declaration

Epidemiological surveillance: CFP (TIAC)

Collective food-poisoning (CFP, TIAC)
Salmonella as a zooanthroponosis:

Poultry:
Swine:
Cattle:

Also contamination of water and cross-contamination of surfaces, vegetables

. s ) INsTITUT
M8 1342 PARDOS DF LA GANDARA - CNA.ESS | ONR/A0Re [Pl

Sankey diagram of the distribution of the top five Salmonella serotypes causing
human salmonellosis in the EU, by food-animal source, 2020:

Enteritids,

nfantis

Bovine

i

) INsTITUT
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Epidemiological surveillance: CFP (TIAC)

Epidemiological surveillance: CFP (TIAC)

Yearly distribution of serotypes in humans in France

Rank 2017 2018 2019 20200 2021
1 Enteritdis 2 109) Enteriidis (2486) Entertdis (2212) Enteriids (1 880) Enteriidis (3 199)
2 14[5112i- 2101) 14[5112i- 2251) 145123 (1818) 14[5)12i: (1820) 14[5)12i:-(2086) )
3 919) dum (1 933) yph (1083) Typhimurium (1 044) | ) AN
4 Infantis 212) Newport (296) Infantis (296) Napol (169) Infantis (256)
5 Typhi (159) Infants (266) Typhi (214) Infants (162) Chester (156) A
6 Newport (154) Kentucky (177) Newport (186) Newport (144) Napoli (147) Wl J '—"V-\/
7 Kentucky (136) Napoli (165) Napoli (181) Detby (132) Derby (126) ! VYV VYV
s Derby (130) Typhi (159) Derby (138) Panama (106) Newport(101)
9 Chester (98) Chester (157) Panama (133) Dublin (91) Coeln (95) Lockdown 2020
10 Panama (100) Derby (135) Stanley (126) Typhi (84) Montevideo (93)
— Nof cases 2012-2021 — 12-month moving average 2017-2021
T e S — [Tt A S — [T

Seasonality of non-typhoidal salmonellosis
«  Confirmed human cases of non-typhoidal salmonellosis in Europe, 2011-2020

Epidemiological surveillance: CFP (TIAC)

MICROBIOLOGICAL SURVEILLANCE: methods

In October 1998, the French Government established a control program for Salmonella
Typhimurium and Enterificlis for BROILER.

(«JO LD 284, 18444, 18447, 18450, 18454 »)

This reduced in 33% the number of HUMAN cases of salmonellosis caused by those two serotypes

Intervention

Nommbre e cas pur o

1992 1993 1904 1995 199 1997 1998 1999 2000 2001 2002 2003

Qs
PASTEUR
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«  Phenotypic:

Immunoassays > Serotyping

*  Molecular:
Enzymatic restriction - Pulsed-Field Electrophoresis on Gel (PFGE)
PCR (amplification and sequencing) > Multi-Locus Variant Analysis (MLVA)
- CRISPOL-typing (CRISPR)
- Multi-Locus Sequence Typing (MLST)

«  Genomics:
Whole Genome Sequencing > Core genome MLST (cgMLST). Hierarchical Clustering of cgMLST (HiercC)
> SNP trees

Qs
PASTEUR

PO 1¥1ars PARDOS DE LA GANDARA - CNA-ESS 08022024
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MICROBIOLOGICAL SURVEILLANCE MICROBIOLOGICAL SURVEILLANCE

Phenotypic: *  Molecular:

“Immunoassays - Antigen-Antibody reaction (Serotyping) “Enzymatic restriction > Pulsed-Field Electrophoresis on Gel (PFGE)

Group 0:4 (B)

£ stain

d@eon W e
Laian i3 =
bt B
ot feld atemates 120° very 50
Soconds fo 161024 hours a1 149C.
#1101 PARDOS DF LA GANDARA - CHA 55 owba2026 [T Roms 98101 PATDOS DF LA GANDARA - CrA 55 owbB028 Qusryr
MICROBIOLOGICAL SURVEILLANCE MICROBIOLOGICAL SURVEILLANCE
Molecular : * Molecular:
*PCR (amplification and sequencing) - Multi-Locus Variant Analysis (MLVA) +PCR (amplification and sequencing) > CRISPOL-typing (CRISPR)
ity rumvor o s NTRS)
anacosgn rier 0 amoly oy TS I e e o mpe .
At TRz s o i i il il i i< i
- W 0 - - - omom - = = -
- Em e A
PO ansifatin TS PP 3 related cases + ood islate
g - B | macrme
svoen o= ——
£ " =—
= = 3000p
Anaasdata a0 TR 5
e e
- W R e mm=?§: -
. OE W e
PR PARDDS D LA CANDARA - CHR£5% 0W0RRORE [Tt 41 PARDOS DE LA GANDARA - CHR £55 WOLROZ4 [T
MICROBIOLOGICAL SURVEILLANCE MICROBIOLOGICAL SURVEILLANCE
Molecular : «  Genomics:
*PCR (amplification and sequencing) - Multi-Locus Sequence Typing (MLST) “Whole Genome Sequencing (WGS) - Core genome MLST (cgMLsT)
- Hierarchical Clustering of cgMLST (HierCC)
(e Nouselieeping o e SeavenceType @ aroC _dnaN _hemD hisD purE such thrA - Single nucleotide polimorfism (SNP)
4 TTTTTIT
M o O O R N O CH
= . — sm O T T —
. 7; o OB (N O O o
= 7 L
= . o N (O O A O
78101 PARODS DE LA CANDARA - CHRE5% 1002R0RA [y P61 PARDOS DE LA GANDARA - CHA£55 w0202 [y
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MICROBIOLOGICAL SURVEILLANCE

Microbiological surveillance: cgMLST

Microbiological surveillance by Genomics

Pan-genome S ¢
Pan-genome:

All genes present in at least one strain of the species

Core genome:

Those genes present in all strains of the species
Accessory Genome:

Genes present in some but not in all strains of the species

Core genome Accessory genome

. . isTiTuT
R —" [P

Microbiological surveillance by Genomics
CgMLST : core genome MLST
Allelic sequences for 3 002 genes

9 14131s PARDOS DE LA GANDARA - CNA.E55 10MI2/2024 Qusryr

Microbiological surveillance

Microbiological surveillance

Microbiological surveillance by Genomics
©  COMLST on 3002 genes :

srruT
0010 A0S 0 Lk SANDARA - 5 woraons [ Toeny

Microbiological surveillance by Genomics
- Hierarchical Clustering of cgMLST (HierCC) on 3002 genes :

- HC2850: < 2850 allel
L

L

Assigr
MST  Detach  Atach

@CQ@{

iUt
10011 PAROOS O 4 GANDARA -t 5 owoanEna [Yoxny

Microbiological surveillance

Microbiological surveillance

Microbiological surveillance by Genomics
Hierarchical Clustering of cgMLST (HierCC) on 3002 genes :

> HC2850: < 2850 alleles different between genomes (2 152 identical) = subspecies

=]
) £

Assign
MST  Detach Atach clusters

istruT
10 4 PAROS OF L GANDARA [Pl

Microbiological surveillance by Genomics
Hierarchical Clustering of cgMLST (HierCC) on 3002 genes :

> HC2850: < 2850 alleles different between genomes (2 152 identical) = subspecies

> HC2000: 2< 2000 dlleles diifferent between genomes (> 1 002 identical) = superlineage (~ serotype)

-] [

e e e e | ..}

Assion
> MST Detach  Atach  clusters

L] #
> HC5: <5 dlleles different between genomes (2 2 997 identical) = outbreak %\fﬁ'% - % ’% - ;
\ -
. e =

L

021 PARDOS BE LA GANOARA - Ci 255 1 OWBRA0R4 [lowing
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Microbiological surveillance

Microbiological surveillance

Microbiological surveillance by Genomics
«  Hierarchical Clustering of cgMLST (HierCC) on 3002 genes :
A

EnteroBase

0]
o
o
- @
wn @

. 1y nsTITUT
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Microbiological surveillance by Genomics
+ CgMLST on 3002 genes :

108 11srs PARDOS DF LA GANDARA - CHF-E55 10MD2A024

Qi

Microbiological surveillance

Microbiological surveillance

Microbiological surveillance by Genomics
« Hierarchical Clustering on cgMLST (HierCC) :

N wst , n.‘.i’ A‘:w» “* e ‘ c
GHELAS Sul

Microbiological surveillance by Genomics
- Hierarchical Clustering on cgMLST (HierCC) :

108 s ATOOS OF LA GANDATA - [Tt 108 14 PATDOS OF LA AN ARA - C1f 255 owOLADZ4 [T
Microbiological surveillance Microbiological surveillance
Microbiological surveillance by Genomics
- Single Nucleotide Polymorphism (SNP): E
- Any nucleotide difference on the core genome —E
o7, ,f"*/ Yt t 1< X
e
15, ',r_f/ ot .
e
107 Maris PARDOS OE LA GANDARA [y 108 11 PARDOS D LA GANDARA - 25 loVEZ0RA [y
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Microbiological surveillance

WGS and outbreaks: Poona

140
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§ 100
5 80
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0
21 21 219 22 221
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WGS is the first intention method in the NRC-ESS since July 2018.

The use of cgMLST in routine for the surveillance of salmonellae has been established in September 2018.

s
10011 PRS0 L GnDATA - [P

+ 18 January 2019: the NRC-ESS alerts SpF about a cluster of 4 infants infected by S. Poona
« Total: 33 cases > 13 admitted fo hospital
- 31 casesin france
= 1 casesin Belgium
- 1 case in Luxembourg
« Product withdrawal 6 days after alert
- Production in a plant in Spain, associated fo two previous outbreaks:
o §.Givein France, 2008 = é infants
o §. Poonain Spain, 2010-2011 = 280 infants affected

O aria PARDOS DF LA GANDARA - CNR.E55 1080212024 Qusnzurn

WGS and outbreaks: Poona

WGS and outbreaks: Poona

Outbreak of Salmonella enterica serotype Poona in
infants linked to persistent Salmonella contamination
St b e

August 2018 to February

of Salmonella

in an infant formula manufacturing facilty, France,

H August 2018 to February 2019
- [C8mnuan] 19 T
i
= idemilogcal & micrabilogcal investgations
= otifcation fnternationlauthorties
. = Produc raceback and control measures
0 ARDOS OE LA GANDARA - [ Toeny MR PARDOS OF LA GANOATA - Ci 255 1 OVBLA0R4 PRTEUR
WGS and outbreaks: Monophasic Typhimurium WGS and outbreaks: Monophasic Typhimurium
o comemcanon JOINT ECDC-EFSA RAPID OUTBREAK ASSESSMENT ;
Investigation of an international outbreak of multidrug- IGURE 1 FIGURE 3
sic S Disrbuion of confrmed and probabe saimonclois
resistant monophasic Salmonella Typhimurium outh deaumny and by Genomic c nmg.g#g‘r)\m monophic 5. Typhimurium |
associated with chocolate products, EU/EEA and United Ot R TR v 10 A 2035 o 150) isolates 2 available on Enterol
Kingdom, February to April 2022 """“’ to and UK, up to 13 April 2022 (n=99)
EEemaaaranstearaamey,  RAGK
R o R e R T > e
February 2022: the UKHSA alerts of a cluster of 8 children infected by §. Typhimurium (monophasic variant) -
- By 20 April 2022: 150 cases - at least 49 (43%) admitted to hospital Qi
- Ages ranging 8 months o 56 years, predominately under the age of 10 years (n=134; 89%)
> 10 countries in Europe
- Possible cases globally
+  First product recall on 2 April in the UK and Ireland and extended to other countries shortly affer
- On 8 April 2022, Belgian authorities stopped production at the facility in Belgium - X .
- European Rapid Alert System Food and Feed (RASFF) alert notifications (RASFF 2022.1799), E;‘t’v‘m’;‘:,‘"i“m :;j”‘
- The World Health Organization/Food and Agriculture Organization International Food Safety Authorities = R Source: EnteroBase (https://enterobase.warwick.ac.uk).
Network (INFOSAN) issued a global alert on 10 April notifying 77 countries and teritories s - N
1431 A1005 0 LA QT HR s PARDOS OF LA GANDARA - Chf 55 owBBRO24 Qs
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WGS and outbreaks: Monophasic Typhimurium

WGS and outbreaks: Monophasic Typhimurium

Cluster 1 Figure A1. Graphical testing and raw
materials and chocolate products from the Belgium Processing Plant B, as reported by the involved
o Orion countries under RASFF notification 2022.1799, 2022.2201, and 2022.2452
62D x} @Huw 2] Processing plant B of the Company A
> Orecom e it
=
Cluster 1 e —
- CQMLST HC5 296399 —CQMLST HC5_298160 IR
—~UKHSA SLC 15.7575 ~UKHSASLC 157643 Tt (Earaammimn|
. e ||
~MLVA 3-11-14-NA-0211 ’Z:VR'\ 3-8-10-NA-0211 e T
ZAMR: ~AMR: = =
o Amp (blare-1) o Amp (blaren ) ; —— <
o SSPKG (srA-B, aph(3)_la, aac(3)-id) o SSpK (strA-B, oph(3)_la) N = 81 samples et Bt [
o Sul (sui3) Tmp (dffrA12) o Sul(sui2) 3Dec — 25 Jan vt bt || it B2
o Tet(tefB tetM) o Tet(tetA/B) ec a e T ot
o Chl(cmiAl fioR) R
—Other genomic fraits: Cluster 1 = 4isolates i iean | S
o InufF) = Sisolates ==
o qacl froreborrt SV o orirk S
o SitABCD
148 i PARDOS OF L4 GANDARA - [T Roms 118 s PARDOS O L4 GANDARA - £55 oba02A Qusryr
&
Country = SNP free generated on 13/04/2022 on EnteroBase with:
Fi 138] . .
gu'r::':iwlm 50 + a selection of 2022 French human isolates at HC20_2
2;5:;:?"[131 + all HC5_296266 genomes in the database
4 .
@ Sweden [4] +all HC5_296180 genomes in the database
(© Netherlands [2]
@ Ireland 1] A" Groen arows point fo 5 genomes
uploaded fo EnteroBase on 21/03/2022, later confirme: Pst.. I's overl
@ Luxembourg [1] loaded I firmed
@ Spain 1] to belong to samples from processing plant B of
Missing (5] company A
Outbreak cluster #1
HC5.296366 — 157575 — MLVA 3-11-14-NA-0211
Outbreak cluster #2
- HCS_ 298160 — 15,7643 — MLVA 3-8-10-NA-0211
107 18 AR00S 0 LA GANDATA - [Tt 188 PARDOS OF LA GANDARA - C1f 255 WO [T

THANK YOU FOR YOUR ATTENTION !

ENRESESCHERICHIACOLI, SHIGELLA,
B SALMONELLA ¢
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