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Duties of the National Reference Centre for E. coli, Shigella & Salmonella

1. Microbiological expertise

• Identification 

• Development of new typing methods (MLST + rfb + fliC + fljB)

2. Contribute to the epidemiological surveillance

• Follow evolutive and seasonal trends 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. Surveillance of the resistance to antibiotics

• Genomic (Resistome)

• Phenotypic (Antibiograms: MIC, DD)

EPIDEMIOLOGICAL SURVEILLANCE: NRC-ESS
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EPIDEMIOLOGICAL SURVEILLANCE: NRC-ESS

https://www.pasteur.fr/fr/sante-publique/CNR/les-cnr/escherichia-coli-shigella-salmonella/rapports-d-activite
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Gram negative rod, facultative anaerobe, mobile (flagella)

TAXONOMY: Who’s Salmonella ?

Family: Enterobacteriaceae

Genus: Salmonella

Species: S. enterica S. bongori

Subspecies:

S. enterica enterica (I)

S. enterica salamae (II)

S. enterica arizonae (IIIa)

S. enterica diarizonae (IIIb)

S. enterica houtenae (IV)

S. enterica indica (VI)

S. enterica (VII)*

S. enterica (VIII)*

Serotype: Typhi, Dublin, Kentucky, Mbandaka, Arechavaleta,... (> 2 500)

* C risc uo lo  A , e t a l. M ic rob ia l G e n om ic s. 2019
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Ubiquitous:

• Intestinal carriage in vertebrates:

o S. e. enterica: hot-blooded animals (mammals, birds)

o Other subspecies: cold-blooded animals (reptiles)

• Pathogenic for different animals:

o Strictly humans: Typhi, Paratyphi A, B, C

o Strictly other animals: Abortusovis, Gallinarum, Abortusequi...

o Both: certain niche predilection

• Poultry: Enteritidis, Hadar, Virchow, Newport, Senftenberg, ...

• Swine: Derby, Typhimurium ...
• Bovine: Dublin, Panama, Montevideo, ...

HABITAT: SOURCE OF INFECTION
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Source of infection: minor serotypes (nontyphoidal Salmonella, NTS)

• Zooanthroponosis àGastroenteritis

• Food poisoning

• Contact with animals (pets, farms)
• Indirectly through contamination of water and surfaces (à vegetables)

Habitat: source of infection
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Source of infection: major serotypes (typhoidal Salmonella, TS)

• Human-to-human à Typhoid or Paratyphoid fever

• Healthy carrier

Habitat: source of infection

Th e  N e w  Y o rk T im e s. 1910
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Dissemination of Salmonella in the kitchen
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Dissemination of Salmonella in the kitchen
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Faecal-oral transmission: 

• Ingestion of bacteria in infective dose (~105 – 106)
• Escape gastric acid, bile and pancreatic enzymes 
• Invade enterocytes and M cells in the small intestine

PATHOGENICITY

D oug a n  G  &  Ba ke r S , e t a l. A n n u Re v M ic rob io l. 2014
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Faecal-oral transmission: 
• Ingestion of bacteria in infective dose (~105 – 106)

• Escape gastric acid, bile and pancreatic enzymes 
• Invade enterocytes and M cells in the small intestine

→ Gastroenteritis: NTS serotypes (most serotypes)

Incubation: 12 – 24 hours

• Bacteria invade intestinal mucosa 

➜ Multiplication inside epithelial cells

• Acute symptoms: 1 – 7 days

➜ Inflammation in the submucosa (phagocytes)

o Watery, sometimes mucoid, or even bloody diarrhoea 

o Intense abdominal cramps, vomiting

PATHOGENICITY

D oug a n  G  &  Ba ke r S , e t a l. A n n u Re v M ic rob io l. 2014
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Faecal-oral transmission: 

• Ingestion of bacteria in infective dose (~105 – 106)

• Escape gastric acid, bile and pancreatic enzymes 
• Invade enterocytes and M cells in the small intestine

→ 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 ºC

Sever symptoms / sepsis: days 15 to 30

• Bacteria disseminate through the bloodstream

o Fever in remission

o « Tuphos »: (“Torpor”) stupor, weakness, delirium

PATHOGENICITY

D oug a n  G  &  Ba ke r S , e t a l. A n n u Re v M ic rob io l. 2014
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Complications
• Rare, but potentially all serotypes

• Later: 

• Bacteria reach the bloodstream

➜ Systemic dissemination

Pathogenicity: Extraintestinal
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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

Pathogenicity: Chronic infection

G on za le z-Esc ob e d o G , e t a l. N a ture  Re v ie w s M ic rob io log y. 2011
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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 = 26,1% cases
- 73-86% foodborne

Salmonella = 12,2% cases
- 91-95% foodborne

Pathogenicity: some figures

V a n  C a ute re n D , e t a l. Bu lle tin  Ep id é m io log iq ue H e b d om a d a ire . 2018
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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

What to do?
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At the institutional level: 

• Identify the pathogen

• Treat the patient

• Epidemiological Surveillance measures

What to do?
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At the institutional level: 

• Identify the pathogen

What to do?
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• Identification of genus, species and subspecies:
• Phenotypic: Biochemistry

• Proteomic: MALDI-TOF

• Genetic: quantitative PCR

• Serotyping:
• Phenotypic: Serotyping by plate agglutination

• Genotypic: Serotyping by sequencing: MLST + fliC+ fljB
➜ Whole Genome Sequencing (WGS)

IDENTIFICATION
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1. Search for Salmonella enterica

• Enriched media: Selenite, Müller-Kauffmann

• Selective media: SSA, Hektoen, XLT4

CULTURE

30 | M aria  PA RD O S D E  LA  G A N D A RA  – C N R-ESS | 08/02/2024

2. Genus and species: Salmonella enterica

• Biochemical (metabolic) general characteristics:
Lactose – LDC + H2S + Gas/Glucose + Indole –
Urease – ONPG – ODC + ADH + TDA –
Gelatinase – VP – DNAse – Adonitol – Glycerol –
Galacturonate – Simmons Citrate +

Phenotypic identification

Gas +

H2S +

Lactose –

m d g sb .c om .m y

b io log .c om

Sa le m  B. e t a l. In Te c h . 2012

C N R-ESS 
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3. Subspecies:

• Biochemical (metabolic) specific characteristics:

Phenotypic identification

I II IIIa IIIb IV VI (old V)

S. e. enterica S. e. salamae S. e. arizonae S. e. diarizonae S. e. houtenae S. e. indica S. bongori

Dulcitol Dul + + — — — d +
ß—Galactosidase ONPG — — + + — d +
Malonate Mal — + + + — — —
Gelatinase (charcoal) Gel — + + + + + —
Sorbitol Sorb + + + + + — +
Growth on KCN KCN — — — — + — +
D—Tartrate dTar + — — — — — —
Galacturonate Galact — + — + + + +
γ—Glutamiltransferase g—GT + + — + + + +
ß—Glucuronidase b—Glu d d — + — d —
Mucate Muc + + + — — + +
Salicine Sal — — — — + — —
Lactose Lac — — — + — d —

W h ite -Ka uffm a n n -Le  M in o r Sc h e m e . 2007
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MALDI-TOF: “Matrix Assisted Laser Desorption Ionization – Time of Flight”
• Lysis of proteins and identification of peptide fragments: “Peptide Mass Fingerprint” (PMF)

Proteomic identification

Elb e h iry A , e t a l. V a c c in e s. 2022
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2. Genus, species, subspecies: Salmonella enterica enterica
• 5 to 10 peaks: species

→ Salmonella spp. would need over > 300 peaks for all serotypes

→ Newest generations manage to identify some serotypes

Proteomic identification

M a n g m e e S, e t a l. Food  C on tro l. 2020
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qPCR-based syndromic Kits:
• No culture needed (analysis directly from clinical sample)

• Simultaneous search for all suspected microorganisms:

o Virus

o Bacteria

o Parasites

→ For the main infectious syndromes:

→ Respiratory

→ Gastrointestinal

→ Meningoencephalitis

→ Sepsis

GENETIC IDENTIFICATION

c op a n usa .c om

b d .c om
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⇥Genus: Salmonella spp.
• qPCR: quantification of copies for each target

→ Identification of genetic targets: spaO (BDMaxTM), ttrA (Roche LightMixTM), invA

→ For Salmonella spp. only the genus can be detected

→ No bacterial isolation: no antibiogram, no epidemiological surveillance (CNR)

Genetic identification

BioFire D X .c om
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• Identification of genus, species and subspecies:
• Phenotypic: Biochemistry

• Proteomic: MALDI-TOF

• Genetic: quantitative PCR

• Serotyping:
• Phenotypic: Serotyping by plate agglutination

➜ White-Kauffmann-Le Minor Scheme (W-KLM)
• Genotypic: Serotyping by sequencing: MLST + fliC+ fljB

➜ Whole Genome Sequencing (WGS)

IDENTIFICATION
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White-Kauffmann-Le Minor Scheme

Gold Standard technique for 90 years:

• Agglutination on plate with polyclonal antibodies
• 19 polyvalent+ 151 monovalent 

SEROTYPING BY AGGLUTINATION

O-antisera
O-antigens

(LPS)

Vi-antigens
(Capsule)

Vi-antisera

H-antisera
(1st phase)

H-antigens
(Flagella)

H-antisera
(2nd phase)

W h ite -Ka uffm a n n -Le  M in o r Sc h e m e . 2007

h ttp s://w w w .oxfo rd b iosyste m s.c om /P orta ls/0/P D F/SS I-Sa lm on e lla -a n tise ra .p d f
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Antigen:
• Hexoses, in the Lipopolysaccharide chain (LPS)
• ~20 genes (rfb region)

• Agglutination with 7polyvalent sera + 65monovalent sera

Somatic antigen « O »

Se rra to  RV , e t a l. F ron tie rs in  C e llu la r M ic rob io log y a n d  In fe c tion . 2014
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Antigen:
• Polymers of flagellin protein

• Diphasic (H1, H2) 

— eventually mono / triphasic

• Genes fliC (50 alleles) and fljB (~30 alleles)

• Agglutination with 12 polyvalent sera 
+ 85 monovalent sera

• Phase inversion on Sven-Gard agarose

Flagellar antigen(s) « H »

H orstm a n n JA , e t a l. N a t C om m un . 2020mobile immobile
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Antigen:
• “Virulence” (invasive)
• Polysaccharide:

• Typhi +++

• Paratyphi C

• Dublin

Capsular antigen « Vi »

d e  Jon g  H K, e t a l. U itg e ve rij BO X P re ss. 2015
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White-Kauffmann-Le Minor Scheme
• World Health Organisation Collaborating Centre

• Institut Pasteur, Paris, France

• Center for Diseases Control and Prevention, Atlanta, États Unis
• Institut für Hygiene und Umwelt, Hambourg, Allemagne

• All serotypes of Salmonella (> 2 500)

Serotyping by agglutination: WHO-CC

White-Kauffmann-Le Minor Scheme. 2007
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White-Kauffmann-Le Minor Scheme
(1926 – 1965 ⇥ 2007):

• The evolution of serotype naming:

• First → syndrome: Typhi, Typhimurium, Choleraesuis

• Then → family name of person identifying for the first time: Virchow

• Now → geographic (first identification): Dublin, Kentucky, Lutetia

• The serotype is determined by the combination of the antigenic formula:

Serotyping by agglutination

Serotype Ag O Ag H1 Ag H2 Autres
Enteritidis 9,12 g,m - -

Typhimurium 1,4,[5],12 i 1,2 -

Typhi 9,12 d - Vi
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Adapting the White-Kauffmann-Le Minor Scheme in silico

AGGLUTINATION à WGS

Agglutination

Agglutination 

&
PCR (7g-MLST)

Whole

Genome

Sequencing

bacterial
core genome

7
housekeeping 

genes

gene
sequences

allele
assignment

Sequence Type 
(ST)
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Adapting the White-Kauffmann-Le Minor Scheme in silico

• Region rfb :

• Genomic region encoding for the Somatic Antigen « O »

• Complex, eventually not specific enough

• MLST :

• Seven housekeeping genes: aroC, dnaN, hemD, hisD, purE, sucA, thrA

• EnteroBase database (enterobase.warwick.ac.uk)

• fliC + fljB :

• Genes encoding for for the flagellar phases H1 & H2

Serotyping by WGS

HC50
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Adapting the White-Kauffmann-Le Minor Scheme in silico

• The serotype is inferred from: MLST + « O » group (rfb region) + flagellar phases (fliC + fljB ) : 

Serotyping by WGS

Sérotype MLST Ag O Ag H1 Ag H2 Autres
Enteritidis 11 , 183 O:9 (D1) g,m - -

Typhi 1 , 2 O:9 (D1) d - Vi
Koessen 48 O:2 (A) l,v 1,5 -
Miami 48 O:9 (D1) a 1,5 -

Panama 48 O:9 (D1) l,v 1,5 -
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At the institutional level: 

• Treat the patient

What to do?

47 | M aria  PA RD O S D E  LA  G A N D A RA  – C N R-ESS | 08/02/2024

• Gastroenteritis
ü Symptomatic support
ü Hydration

• Typhoid Fever and Complications
± 3rd Generation Cephalosporins (3GC)

± Fluoroquinolones

± Azithromycin

TREATMENT
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MECHANISM OF ACTION OF ANTIBIOTICS

M od ifie d  from : Le s m od e s d 'a c tion d e s a n tib io tiq ue s ©  In se rm /Kou liko ff, F ré d é riq ue : w w w .in se rm .fr/ in fo rm a tion -e n -sa n te /d ossie rs-in fo rm a tion /re sista n c e -a n tib io tiq ue s

Beta-lactams

AzithromycinQuinolones

Block Folic Acid

Cytoplasm ic
m em brane

Folic Acid 
producing enzym e

Bacterial
wall

Protein

Plasm id    

RNA

DNA

Inhibit the bacterial 
wall synthesis

Inhibit protein
synthesis

Inhibit DNA
synthesis

Destroy the 
cytoplasmic 
membrane
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Beta-lactams show affinity for the transpeptidase « Penicillin-Binding-Protein » (PBP)
• The binding between BL + PBP blocks the peptidoglycan cross-linking 

➜ and by doing so, the synthesis or reparation of a stable wall

Mechanism of action: beta-lactams

O sm osis.o rg

PBP
(transpeptidase)
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Quinolones show affinity for the gyrase (GyrA) et la topoisomerase (parC) subunits

• The binding between FQ + G/TI stops DNA synthesis or repair:

Quinolones stabilise the topoisomerase-DNA cleavage

complex in which there is a double-strand break.

If the cleavage complex is not resolved,

replication and transcription cannot happen, 

which causes slow bacterial cell death.

If the topoisomerase is removed, the double-strand

break is free, but if left unrepaired,

it leads to the fragmentation of the chromosome,

which causes rapid bacterial cell death.

Mechanism of action: quinolones

Bush  N . M o le c u le s. 2020

1

2

3

4

5
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Azithromycin shows affinity for the 50S ribosomal subunit
• The binding between AZI + 50S stops protein synthesis at the ribosome

Mechanism of action: macrolides

H e id a ry M , e t a l. J  C lin  La b A n a l. 2022
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Salmonella spp. is naturally SUSCEPTIBLE to all antibiotics

Salmonella spp.
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Salmonella spp. can become resistant to antibiotics

Salmonella spp.

Quinolones

Beta-lactams
(C3G)

Quinolones

Azithromycin
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MECHANISMS OF RESISTANCE TO ATB

D a rb y, EM , e t a l. N a t Re v M ic rob io l. 2023
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Natural resistance:
• Innate, stable, shared by all bacteria belonging to the same species:

➜ Vertical transmission to the offspring

➜ “Wildtype” phenotype: the most susceptible observed among strains of one species

Salmonella spp. !

Resistance to antibiotics: Salmonella
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Acquired resistance:
• Due to a chromosomal mutation on the sequence of a gene or its regulatory system:

➜ Vertical transmission to the offspring

• By horizontal transfer between bacteria
➜ Possible transfer between different species

o Transformation : DNA fragments free in the environment

o Transduction : Bacteriophages èProphages

o Conjugation : Plasmids

Resistance to antibiotics: Salmonella
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• Resistance to beta-lactams

• Resistance to quinolones

• Resistance to azithromycin

RESISTANCES IN SALMONELLA
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Resistance to beta-lactams

Antibiotics Wildtype Penicillinase ESBL Cephamycinase Carbapenemase

Amoxicilllin (Aminop.) S R R R R

3GC S S R R R

Cephamycins S S S R R

Carbapenems S S S S R

Bush  K , e t a l. C lin  M ic rob io l Re v. 2020

C ourva lin P , e t a l. A n tib iog ra m m e , EKSA . 2006

Ba ra n  A , e t a l. In t J  M o l Sc i. 2023

Acquired resistance:

• blaTEM-1, blaCTX-M-9, blaCMY-2, blaOXA-48
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Intrinsic resistance:

• Point mutations on chromosomal ‘quinolone-resistance determining regions’ (QRDR):
→ gyrA, gyrB, parC, parE

→ Low to high level resistance

Acquired resistance:

• Genes obtained by plasmid conjugation:

→ qnr, qepA, acc6’Ib-cr, oqxAB
→ Low-level resistance

Resistance to quinolones

A d a p te d  from  C orre ia  S , e t a l. Journ a l o f M e d ic a l M ic rob io log y. 2017
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Acquired resistance:

• mph(A) gene: macrolide 2'-phosphotransferase

Resistance to azithromycin

Ba ra n  A , e t a l. In t J  M o l Sc i. 2023



2/8/24

11

61 | M aria  PA RD O S D E  LA  G A N D A RA  – C N R-ESS | 08/02/2024

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

EVOLUTION OF RESISTANCE: Selective pressure

C e n te r fo r D ise a se  D yn a m ic s, Ec on om ic s &  P o lic y. 2015

2
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Predicted: Deaths attributable to antibiotic resistance every year by 2050

Selective pressure

Re vie w  on  A n tim ic rob ia l Re sista n c e . 2014
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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

Selective pressure

Stra tfo r. EFSA . 2016

% of resistant Salmonella spp. 
samples from poultry in the EU
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Zooanthroponosis: Animals as reservoir for the spread of resistant bacterial strains

Selective pressure

C IP A RS. 2016
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Increase of resistance to antibiotics

ESBL
C e p h a m yc in a se s
H ig h  le ve l c ip ro floxa c in  re sista n c e  (M IC  ≥  4  m g /L) 

Number of strains of Salmonella spp. resistant to 3rd

generation cephalosporins and to fluoroquinolones 
registered annually in France (Data source: National 
Reference Centre for Salmonella, 2002-2010)

Acquisition via conjugative plasmids:

Fluor-Quinolones (FQ)
→ QRDR: gyA + parC
→ qnrA, qnrS, aac(6’)-Ib-cr

Extended-spectrum Betalactamases (ESBL)
→ blaTEM-3, ..., blaSHV-1, ..., blaCTX-M-1, ..., blaPER-1, ..., blaVEB-1, 

..., blaGES-1, ..., blaBES-1, ...

Cephamycinases
→ blaCMY-1, ..., blaDHA-1, ...

Jourd a n -D a  S ilva  N , e t a l. Bu lle tin  Ep id é m io log iq ue  p our la  Sa n té  a n im a le  e t d e  l’a lim e n ta tion . 2010
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EVOLUTION OF RESISTANCE

Jourd a n -D a  S ilva  N , e t a l. Bu lle tin  Ép id é m io log iq ue  p our la  Sa n té  a n im a le  e t d e  l’a lim e n ta tion . 2010

Le  H e llo  S , e t a l. Journ a l d e s A n ti-in fe c tie ux. 2014

ESBL
C e p h a m yc in a se s
H ig h  le ve l c ip ro floxa c in  re sista n c e  (M IC  ≥  4  m g /L) 

Number of strains of Salmonella spp. resistant to 3rd

generation cephalosporins and to fluoroquinolones 
registered annually in France (Data source: National 
Reference Centre for Salmonella, 2002-2010)

Chromosomal
Plasmidic

Plasmidic
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EVOLUTION OF RESISTANCE: Selective pressure

V e rlia t F, e t a l. V e t M e d  Sc i. 2021

h ttp s://w w w .d oc trin e .fr/ l/te xts/lo is/JO RFTEX T000029573022

Article 49 of the LAAAF
Law for the future of agriculture, food 
and forest

Aiming to allow, 31/12/2016 the latest, a 
reduction of 25 % as compared to 2013 reports, 
the use of antibiotics belonging to 
fluoroquinolones and third and fourth 
generation cephalosporin families, all 
stakeholders are aware of the risks associated 
to antibiotic resistances; good practices in 
livestock and in prescribing and using these 
substances are preferred, as well as the 
development  of alternatives allowing 
preventing from their use. At the end of that 
period, an evaluation of the reduction will be 
held, and a new objective will be defined.
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EVOLUTION OF RESISTANCE

Jourd a n -D a  S ilva  N , e t a l. Bu lle tin  Ép id é m io log iq ue  p our la  Sa n té  a n im a le  e t d e  l’a lim e n ta tion . 2010

Le  H e llo  S , e t a l. Journ a l d e s A n ti-in fe c tie ux. 2014

ESBL
C e p h a m yc in a se s
H ig h  le ve l c ip ro floxa c in  re sista n c e  (M IC  ≥  4  m g /L) 

Number of strains of Salmonella spp. resistant to 3rd

generation cephalosporins and to fluoroquinolones 
registered annually in France (Data source: National 
Reference Centre for Salmonella, 2002-2010)

Chromosomal
Plasmidic

Plasmidic
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EVOLUTION OF RESISTANCE: CIP-R S. Kentucky

Le  H e llo  S , e t a l. Journ a l o f In fe c tious D ise a se s. 2011
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• Before 2002:
Strains CIPSD: No Cip-R

CIP-R S. Kentucky

Non Cip-R 
CMI = 0,125-1 mg/L 
 
Cip-R 
CMI = 8-16 mg/L 

Le  H e llo  S , e t a l. Journ a l o f In fe c tious D ise a se s. 2011
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• Before 2002:
Strains CIPSD: No Cip-R

CIP-R S. Kentucky

Non Cip-R 
CMI = 0,125-1 mg/L 
 
Cip-R 
CMI = 8-16 mg/L 

• 2002-2005: 
Travelers returning from:

- Egypt

- Eastern Africa

(Tanzania, Kenya, Sudan)

Le  H e llo  S , e t a l. Journ a l o f In fe c tious D ise a se s. 2011
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• Before 2002
Strains CIPSD: No Cip-R

CIP-R S. Kentucky

Non Cip-R 
CMI = 0,125-1 mg/L 
 
Cip-R 
CMI = 8-16 mg/L 

• 2002-2005
Travelers returning from:

- Egypt

- Eastern Africa

(Tanzania, Kenya, Sudan)

Le  H e llo  S , e t a l. Journ a l o f In fe c tious D ise a se s. 2011

• Since 2006
Travelers returning from the 
Maghreb
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• Before 2002
Strains CIPSD: No Cip-R

CIP-R S. Kentucky

Non Cip-R 
CMI = 0,125-1 mg/L 
 
Cip-R 
CMI = 8-16 mg/L 

• 2002-2005
Travelers returning from:

- Egypt

- Eastern Africa

(Tanzania, Kenya, Sudan)

W e ill FX , e t a l. Em e rg in g In fe c tious D ise a se s. 2006

Le  H e llo  S , e t a l. Journ a l o f In fe c tious D ise a se s. 2011

• Since 2006
Travelers returning from the 
Maghreb

Asp87As  Asp87Tyr   Asp87Gly 
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Multidrug-resistant strains ( BL-AM-TE-CIP)
• Origin in Egypt: 
• Intensive aquaculture in tanks introduced in Egypt in the 1950s

o Egypt produces 80% of farm-raised fish in Africa

o Integrative aquaculture: fish fed with:

→ Poultry residues

→ Fish residues

→ Mixed rice-fish culture

CIP-R S. Kentucky

Sa p kota  A , e t a l. En v iron m e n ta l In te rn a tion a l. 2008

E l-Sa ye d  A FM , e t a l. FA O . 2007

H a yse -G re g son  K  &  D ia n a  JS. Ea rth Sky.o rg . 2011
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Since 2013 in poultry in France
Epidemiological investigation of highly ciprofloxacin resistant Salmonella Kentucky 

detected for the first time in French avian production

CIP-R S. Kentucky

G uillon F, e t a l . Bu lle tin  Ep id e m io log iq ue p our la  Sa n té a n im a le e t d e  l’a lim e n ta tion . 2012
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At the institutional level: 

• Epidemiological Surveillance measures

What to do?
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EPIDEMIOLOGICAL SURVEILLANCE

NRC-ESSNRL DGAl
MINISTRY OF 
AGRICULTURE AND 
FOOD SOVEREIGNTY

SpF
M IN ISTRY  
O F H EA LTH
A N D  PREV EN TIO N

Food and 
Veterinarian 
Laboratories

Clinical
Laboratories

78 | M aria  PA RD O S D E  LA  G A N D A RA  – C N R-ESS | 08/02/2024

Pyramid of the foodborne infection surveillance in France:

• Clinical outcomes in red
• Sources of information in blue

Epidemiological surveillance

V a n  C a ute re n D , e t a l. Bu lle tin  Ep id é m io log iq ue  H e b d om a d a ire . 2018

CD: compulsory declaration ; NRC: National Reference Centre ; PMIS: Program for medicalisation of information systems

Infected cases

Symptomatic cases

Medical consultation

Search of a pathogen in 
the laboratory 

Diagnosed 
pathogenic

cases

Notified 
cases

Un
de

r-d
ec

lar
at

io
n

Un
de

r-d
iag

no
sis

CD (DO) / NRC

Specific studies

PMIS

Seroprevalence

Hospitalised cases

Deceased cases
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Salmonellosis number of cases and Incidence in France, 2021

Epidemiological surveillance

Ra p p ort d ’A c tiv ité  2021. N RC -ESS
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Salmonellosis issue of a Compulsory Declaration:

• Typhoid and Paratyphoid Fever

• Collective food-poisoning (CFP, TIAC)

Epidemiological surveillance: Compulsory Declaration

h ttp ://in vs.sa n te p ub liq ue fra n c e .fr/D ossie rs-th e m a tiq ue s/M a la d ie s-in fe c tie use s/M a la d ie s-a -d e c la ra tion -ob lig a to ire

Initiale du nom :

Code d’anonymat :

Code d’anonymat :

Prénom :

Remplir une fiche de notification pour chaque cas confirmé

Date de la notification :

Date de la notification :

(A établir par l’ARS)

(A établir par l’ARS)

Médecin ou biologiste déclarant (tampon)

Nom :

Hôpital/service :

Adresse :

Téléphone :

Télécopie :

Signature :

Médecin ou biologiste déclarant (tampon)
Nom :
Hôpital/service :
Adresse :
Téléphone :
Télécopie :
Signature :

Si notification par un biologiste

Nom du clinicien :

Hôpital/service :

Adresse : 

Téléphone :

Télécopie :

Si notification par un biologiste
Nom du clinicien :

Hôpital/service :
Adresse :
Téléphone :
Télécopie :

ARS (signature et tampon)

Important : cette maladie justifie une intervention 
urgente locale, nationale ou internationale. Vous 
devez la signaler par tout moyen approprié 
(téléphone, télécopie…) au médecin de l’ARS avant 
même confirmation par le CNR ou envoi de cette fiche.

Maladie à déclaration obligatoire (Art L 3113-1, R 3113-1, R 3113-2, R 3113-5, D 3113-7 du Code de la santé publique)
Information individuelle des personnes - Droit d’accès et de rectification pendant 6 mois par le médecin déclarant (loi du 6 janvier 1978) - Centralisation des informations à l’Institut de veille sanitaire

...........................................

........................................................

..............................................................................................................................................................................
...............................................................................................................................................

.............................................................................

Pays de naissance :Profession :

Année de naissance :

Fièvres typhoïdes
ou paratyphoïdes

Maladie à déclaration obligatoire

Si oui, nom du vaccin :

Isolement de : Site(s) de prélèvement(s) positif(s) :

Origine de la contamination :

Antécédents vaccinaux :

Confirmation microbiologique :

................................................................................................. ..................................................................

Fièvres typhoïdes ou paratyphoïdes

Critères de notification 
Tableau clinique évocateur de fièvres typhoïdes ou paratyphoïdes 
associé à un isolement de Salmonella Typhi, Paratyphi A,  
Paratyphi B ou Paratyphi C, quel que soit le site de l’isolement.  

Ne pas notifier les sérologies positives à Salmonella Typhi et 
Paratyphi ni les infections à d’autres sérotypes de Salmonella 
(Typhimurium, Enteritidis...) quel que soit le site d’isolement.

décèsencore malade

Salmonella Typhi sang

Salmonella Paratyphi A selles

Salmonella Paratyphi B autre, préciser :

Salmonella Paratyphi C

guérisonEvolution :

Le patient a-t-il séjourné dans un pays étranger au cours du mois précédant le début des symptômes :

Y a-t-il d’autres cas (confirmés par isolement ou cliniquement suspectés) dans l’entourage :

Si oui, quel pays :

Si oui, remplir ce tableau :

Origine supposée de la contamination :

Caractéristiques de la maladie :
Fièvre : oui

oui

oui

oui

oui

non

non

non

non

non

inconnu

inconnu

inconnu

inconnu

inconnu

jours

Date des 1ers signes cliniques :

Date de l’hospitalisation :

Date de la dernière injection :

Date du 1er prélèvement positif :

Hospitalisation :

Le patient a-t-il été vacciné contre la fièvre typhoïde :

Durée de l’hospitalisation :

Date du diagnosticAge (ans) Séjour étranger dans le mois
précédant les symptômes Pays du séjour Lien avec le cas

Département du domicile du patient :

M FSexe :

M FSexe :

Date de naissance :

    ou âge :

République française

12213

✂

✂

Initiale du nom :

Code d’anonymat :

Code d’anonymat :

Prénom :

Remplir une fiche de notification pour chaque cas confirmé

Date de la notification :

Date de la notification :

(A établir par l’ARS)

(A établir par l’ARS)

Médecin ou biologiste déclarant (tampon)

Nom :

Hôpital/service :

Adresse :

Téléphone :

Télécopie :

Signature :

Médecin ou biologiste déclarant (tampon)
Nom :
Hôpital/service :
Adresse :
Téléphone :
Télécopie :
Signature :

Si notification par un biologiste

Nom du clinicien :

Hôpital/service :

Adresse : 

Téléphone :

Télécopie :

Si notification par un biologiste
Nom du clinicien :

Hôpital/service :
Adresse :
Téléphone :
Télécopie :

ARS (signature et tampon)

Important : cette maladie justifie une intervention 
urgente locale, nationale ou internationale. Vous 
devez la signaler par tout moyen approprié 
(téléphone, télécopie…) au médecin de l’ARS avant 
même confirmation par le CNR ou envoi de cette fiche.

Maladie à déclaration obligatoire (Art L 3113-1, R 3113-1, R 3113-2, R 3113-5, D 3113-7 du Code de la santé publique)
Information individuelle des personnes - Droit d’accès et de rectification pendant 6 mois par le médecin déclarant (loi du 6 janvier 1978) - Centralisation des informations à l’Institut de veille sanitaire

...........................................

........................................................

..............................................................................................................................................................................
...............................................................................................................................................

.............................................................................

Pays de naissance :Profession :

Année de naissance :

Fièvres typhoïdes
ou paratyphoïdes

Maladie à déclaration obligatoire

Si oui, nom du vaccin :

Isolement de : Site(s) de prélèvement(s) positif(s) :

Origine de la contamination :

Antécédents vaccinaux :

Confirmation microbiologique :

................................................................................................. ..................................................................

Fièvres typhoïdes ou paratyphoïdes

Critères de notification 
Tableau clinique évocateur de fièvres typhoïdes ou paratyphoïdes 
associé à un isolement de Salmonella Typhi, Paratyphi A,  
Paratyphi B ou Paratyphi C, quel que soit le site de l’isolement.  

Ne pas notifier les sérologies positives à Salmonella Typhi et 
Paratyphi ni les infections à d’autres sérotypes de Salmonella 
(Typhimurium, Enteritidis...) quel que soit le site d’isolement.

décèsencore malade

Salmonella Typhi sang

Salmonella Paratyphi A selles

Salmonella Paratyphi B autre, préciser :

Salmonella Paratyphi C

guérisonEvolution :

Le patient a-t-il séjourné dans un pays étranger au cours du mois précédant le début des symptômes :

Y a-t-il d’autres cas (confirmés par isolement ou cliniquement suspectés) dans l’entourage :

Si oui, quel pays :

Si oui, remplir ce tableau :

Origine supposée de la contamination :

Caractéristiques de la maladie :
Fièvre : oui

oui

oui

oui

oui

non

non

non

non

non

inconnu

inconnu

inconnu

inconnu

inconnu

jours

Date des 1ers signes cliniques :

Date de l’hospitalisation :

Date de la dernière injection :

Date du 1er prélèvement positif :

Hospitalisation :

Le patient a-t-il été vacciné contre la fièvre typhoïde :

Durée de l’hospitalisation :

Date du diagnosticAge (ans) Séjour étranger dans le mois
précédant les symptômes Pays du séjour Lien avec le cas

Département du domicile du patient :

M FSexe :

M FSexe :

Date de naissance :

    ou âge :

République française

12213

✂

✂

familial

scolaire

Origine de l’intoxication :

Aliment(s) consommé(s) suspecté(s) :

Commentaires (circonstances) :

Origine de(s) aliment(s) suspecté(s) (ex. : supermarché, production locale, production familiale) :

positive négative non faite

collectivité :

restaurant d’entreprise

autre collectivité, préciser :

Heure du repas : Département du repas :h

restaurant

institut médico-social (hôpital, crèche, maisons de retraite, CAT, MAS)

Date de la notification :

Analyses microbiologiques dans les aliments (recherche de germes ou de toxines) :

Si analyses positives, préciser l’agent :

1/

2/

Si analyses négatives ou non faites chez les cas ou dans les aliments, 
quels sont les agents suspectés (le ou les 2 plus probables) ?

*N = nausées, D = diarrhée, F = fièvre, V = vomissements, A = douleurs abdominales

Date du repas :

Nombre de personnes ayant participé au repas :

Nombre de malades :

Caractéristiques du/des malade(s) :

Cas Age

31 42500 10/06/95 à 12 hM

Sexe Code postal
du domicile

Signes cliniques* Analyses
microbiologiques :

faite, non faite, inconnu

Résultats : négatif ou positif
(si +, préciser l’agent :

Salmonella, Staphylococcus,
Campylobacter…)

Complications :
DCD = décès

H = hospitalisation

 Date et heure de 
début des signes

cliniques

exemple V D F A faite S. Enteritidis H

  n° 1

  n° 2

  n° 3

  n° 4

  n° 5

  n° 8

  n° 6

  n° 9

  n° 7

n° 10

Lieu du repas :

Maladie à déclaration obligatoire (Art L 3113-1, R 3113-1, R 3113-2, R 3113-5, D 3113-7 du Code de la santé publique)
Information individuelle des personnes - Droit d’accès et de rectification pendant 6 mois par le médecin déclarant (loi du 6 janvier 1978) - Centralisation des informations à l’Institut de veille sanitaire

...........................................................................................................................................................................................................................

...............................................................................................................................................................

....................................................................................................................

..........................................................................................................................................................................

.............................................................................

...................................................................

Médecin ou biologiste déclarant (tampon)

Nom :

Hôpital/service :

Adresse :

Téléphone :

Télécopie :

Signature :

Si notification par un biologiste

Nom du clinicien :

Hôpital/service :

Adresse : 

Téléphone :

Télécopie :

Important : cette maladie justifie une intervention  
urgente locale, nationale ou internationale. Vous 
devez la signaler par tout moyen approprié  
(téléphone, télécopie…) au  médecin de l’ARS avant 
même confirmation par le CNR ou envoi de cette 
fiche.

Toxi-infection
alimentaire collective

Maladie à déclaration obligatoire

Toxi-infection alimentaire collective

Critères de notification : survenue d’au moins deux cas  
similaires d’une symptomatologie, en général gastrointestinale, 
dont on peut rapporter la cause à une même origine alimentaire.

Nombre de malades hospitalisés : Nombre de malades décédés :

...............................................................................................................................................................................................................

...............................................................................................................................................................................................................

République française

12211
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Typhoid and Paratyphoid Fever
• Human to human contamination

Healthy carrier (~ Biofilm)

• Gallbladder 

• Kidneys

• Anatomical abnormalities

• Foreign bodies, prothesis

Epidemiological surveillance: Compulsory Declaration

N e w  Y ork T im e s, 1910

Ste e n a c ke rs H , e t a l. Food  Re se a rc h In te rn a tion a l. 2012

M e llon  G , e t a l. M é d e c in e  e t M a la d ie s In fe c tie use s. 2017

H a rre ll JE , e t a l. F ron tie rs in  C e llu la r a n d  In fe c tion  M ic rob io log y. 2021
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Collective food-poisoning (CFP)  
[ FRToxi-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

è Compulsory declaration in France since 1987

Epidemiological surveillance: Compulsory Declaration

83 | M aria  PA RD O S D E  LA  G A N D A RA  – C N R-ESS | 08/02/2024

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

Epidemiological surveillance: CFP (TIAC)

C oh e n  M L a n d  Ta uxe RV . Sc ie n c e . 1986
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Epidemiological surveillance: CFP (TIAC)

international

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

• Poultry: Enteritidis, Hadar, Virchow, Newport, Senftenberg, ...
• Swine: Derby, ...
• Cattle: Dublin, Panama, Montevideo, ...

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

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

Epidemiological surveillance: CFP (TIAC)

EFSA  Journ a l 2021
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Epidemiological surveillance: CFP (TIAC)

Yearly distribution of serotypes in humans in France

Rank

Ra p p ort d ’A c tiv ité  2021. N RC -ESS
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Seasonality of non-typhoidal salmonellosis
• Confirmed human cases of non-typhoidal salmonellosis in Europe, 2011-2020

Epidemiological surveillance: CFP (TIAC)

EFSA  Journ a l 2022

Lockdown 2020
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In October 1998, the French Government established a control program for Salmonella
Typhimurium and Enteritidis 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

Epidemiological surveillance: CFP (TIAC)

Poirier E, et al. Epidemiology and Infection. 2008
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• Phenotypic:
• Immunoassays à Serotyping

• Molecular:
• Enzymatic restriction à Pulsed-Field Electrophoresis on Gel (PFGE)

• PCR (amplification and sequencing) à Multi-Locus Variant Analysis (MLVA)

à CRISPOL-typing (CRISPR)

à Multi-Locus Sequence Typing (MLST)

• Genomics:
• Whole Genome Sequencing à Core genome MLST (cgMLST), Hierarchical Clustering of cgMLST (HierCC)

à SNP trees

MICROBIOLOGICAL SURVEILLANCE: methods
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MICROBIOLOGICAL SURVEILLANCE 

• Phenotypic:

•Immunoassays à Antigen-Antibody reaction (Serotyping)
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MICROBIOLOGICAL SURVEILLANCE 

• Molecular :

•Enzymatic restriction à Pulsed-Field Electrophoresis on Gel (PFGE)

h ttp s://uvm g g .fa n d om .c om /w ik i/P u lse d _Fie ld _G e l_E le c trop h ore sis

93 | M aria  PA RD O S D E  LA  G A N D A RA  – C N R-ESS | 08/02/2024

MICROBIOLOGICAL SURVEILLANCE 

• Molecular :

•PCR (amplification and sequencing) à Multi-Locus Variant Analysis (MLVA)

V a n  Ste lte n A  &  K .K . N ig h tin g a le  KK. En c yc lop e d ia of M e a t Sc ie n c e s. A c a d e m ic  P re ss. 2014
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MICROBIOLOGICAL SURVEILLANCE 

• Molecular :

•PCR (amplification and sequencing) à CRISPOL-typing (CRISPR)

Fa b re  L, e t a l. P lo sO n e . 2012
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MICROBIOLOGICAL SURVEILLANCE 

• Molecular :

•PCR (amplification and sequencing) à Multi-Locus Sequence Typing (MLST)

h ttp s://w w w .h sp h .h a rva rd .e d u/w illia m -h a n a g e /h om e /m lst/
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MICROBIOLOGICAL SURVEILLANCE 

• Genomics:
•Whole Genome Sequencing (WGS) à Core genome MLST (cgMLST)

à Hierarchical Clustering of cgMLST (HierCC)

à Single nucleotide polimorfism (SNP)
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MICROBIOLOGICAL SURVEILLANCE

Microbiological surveillance by Genomics

• 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

Sib b a ld SJ, e t a l. Tre n d s in  P a ra sito log y. 2020
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Microbiological surveillance: cgMLST

Microbiological surveillance by Genomics
• cgMLST : core genome MLST

• Allelic sequences for 3 002 genes

M a id e n  M C J, e t a l. N a ture  Re v ie w s M ic rb io log y. 2013

A d a p te d from Zh ou Z, e t a l. G e n om e . 2020

[…]

99 | M aria  PA RD O S D E  LA  G A N D A RA  – C N R-ESS | 08/02/2024

Microbiological surveillance

Microbiological surveillance by Genomics
• cgMLST on 3002 genes :

A d a p te d from Zh ou Z, e t a l. G e n om e . 2020

h ttp s://e n te rob a se .w a rw ic k.a c .uk/
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Microbiological surveillance

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

→ HC2850: ≤ 2850 alleles different between genomes (≥ 152 identical) ≈ subspecies

A d a p te d from Zh ou Z, e t a l. G e n om e . 2020

Zh ou Z, e t a l. B io in fo rm a tic s. 2021

[…]
[…]

[…]
[…]
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Microbiological surveillance

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

→ HC2850: ≤ 2850 alleles different between genomes (≥ 152 identical) ≈ subspecies

→ HC2000: ≤ 2000 alleles different between genomes (≥ 1 002 identical) ≈ superlineage (~ serotype)

[…]
[…]

[…]
[…]

[…]
[…]

[…]
[…]

A d a p te d from Zh ou Z, e t a l. G e n om e . 2020

Zh ou Z, e t a l. B io in fo rm a tic s. 2021
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Microbiological surveillance

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

→ HC2850: ≤ 2850 alleles different between genomes (≥ 152 identical) ≈ subspecies

→ HC2000: z≤ 2000 alleles different between genomes (≥ 1 002 identical) ≈ superlineage (~ serotype)

→ …

→ HC5: ≤ 5 alleles different between genomes (≥ 2 997 identical) ≈ outbreak

[…]
[…]

[…]
[…]

[…]
[…]

[…]
[…]

[…]
[…]

[…]

[…] A d a p te d from Zh ou Z, e t a l. G e n om e . 2020

Zh ou Z, e t a l. B io in fo rm a tic s. 2021
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Microbiological surveillance

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

Zh ou Z, e t a l. G e n om e . 2020

*
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Microbiological surveillance

Microbiological surveillance by Genomics
• cgMLST on 3002 genes :

A d a p te d from Zh ou Z, e t a l. G e n om e . 2020

h ttp s://e n te rob a se .w a rw ic k.a c .uk/
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Microbiological surveillance

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

[…]
[…]

[…]
[…]

[…]
[…]

[…]

[…]
[…] […]

A d a p te d from Zh ou Z, e t a l. G e n om e . 2020

Zh ou Z, e t a l. B io in fo rm a tic s. 2021

h ttp s://e n te rob a se .w a rw ic k.a c .uk/
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Microbiological surveillance

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

[…]
[…]

[…]
[…]

[…]
[…]

[…]

[…]
[…] […]

A d a p te d from Zh ou Z, e t a l. G e n om e . 2020

h ttp s://e n te rob a se .w a rw ic k.a c .uk/
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Microbiological surveillance

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

A d a p te d from Zh ou Z, e t a l. G e n om e . 2020

h ttp s://e n te rob a se .w a rw ic k.a c .uk/

108 | M aria  PA RD O S D E  LA  G A N D A RA  – C N R-ESS | 08/02/2024

Microbiological surveillance

Microbiological surveillance by Genomics
• Single Nucleotide Polymorphism (SNP): 

→ Any nucleotide difference on the core genome

h ttp s://e n te rob a se .w a rw ic k.a c .uk/

h ttp s://w w w .d iffe re n c e b e tw e e n .c om /
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Microbiological surveillance

• 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.
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• 18 January 2019: the NRC-ESS alerts SpF about a cluster of 4 infants infected by S. Poona

• Total: 33 cases à 13 admitted to hospital

→ 31 cases in France

→ 1 cases in Belgium

→ 1 case in Luxembourg 

• Product withdrawal 6 days after alert

→ Production in a plant in Spain, associated to two previous outbreaks:

o S. Give in France, 2008 = 6 infants

o S. Poona in Spain, 2010-2011 = 280 infants affected

WGS and outbreaks: Poona

Jon e s G , e t a l. Eu rosurve illa n c e . 2019
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WGS and outbreaks: Poona

Jon e s G , e t a l. Eu rosurve illa n c e . 2019
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WGS and outbreaks: Poona

Jon e s G , e t a l. Eu rosurve illa n c e . 2019
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• February 2022: the UKHSA alerts of a cluster of 8 children infected by S. Typhimurium (monophasic variant)

• By 20 April 2022: 150 cases à at least 49 (43%) admitted to hospital

→ Ages ranging 8 months to 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 after

→ On 8 April 2022, Belgian authorities stopped production at the facility in Belgium

→ European Rapid Alert System Food and Feed (RASFF) alert notifications (RASFF 2022.1799), 

→ The World Health Organization/Food and Agriculture Organization International Food Safety Authorities 
Network (INFOSAN) issued a global alert on 10 April notifying 77 countries and territories

WGS and outbreaks: Monophasic Typhimurium 

La rkin  L , e t a l. Eu rosurve illa n c e . 2022

ECDC, EFSA. 2022 
ISSN: 2397-8325
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WGS and outbreaks: Monophasic Typhimurium 

2 www.eurosurveillance.org

through the exploratory interviews was used, confirm-
ing a strong signal for a specific brand of chocolate 
products.

Coordinated multi-country epidemiological 
investigations
Following the UK’s notification on the European Centre 
for Disease Prevention and Control (ECDC) EpiPulse 
Food and Waterborne Diseases (FWD) platform on 17 
February 2022, and an Early Warning and Response 
System (EWRS) alert on 25 March, Germany, Sweden, 
France, the Netherlands and subsequently Luxembourg, 
Norway, Ireland, Belgium and Spain reported con-
firmed or probable cases in their respective countries.

Case definition
The agreed European Union (EU) case definition for 
confirmed cases was laboratory-confirmed monopha-
sic  S.  Typhimurium with symptom onset on or after 
1 October 2021 and belonging to the same five SNP 
single linkage cluster by SNP typing or cases who 
clustered within five allelic differences of another 
confirmed outbreak strain by core genome multilocus 
sequence typing (cgMLST) analysis or shared the same 

HC5_296366 by the EnteroBase HierCC scheme [1]. This 
definition therefore depended on the whole genome 
sequencing (WGS) methodology used at the national 
level in each country (i.e SNP typing or cgMLST analy-
sis). Probable cases were those with laboratory confir-
mation of monophasic S.  Typhimurium with symptom 
onset on or after 1 October 2021 and phenotypic 
antimicrobial resistance (AMR) results consistent with 
the outbreak strain or a multilocus variable number tan-
dem repeat analysis (MLVA) profile 3–11–14-NA-0211.

Detected cases in the EU/EEA and United 
Kingdom
By 10 April 2022, a total of 150 confirmed and prob-
able cases were identified across nine EU/European 
Economic Area (EEA) countries and the UK, with case 
sampling dates ranging from 21 December 2021 (the 
first UK case) to 28 March 2022 (Figure 1). Descriptive 
epidemiological investigations demonstrated cases 
ranged in age from 8 months to 56 years, but were 
predominately under the age of 10 years (n = 134; 89%) 
and disproportionately female (n = 99; 66%) (Figure 2). 
The hospitalisation rate was 42% of cases for whom 
information was available (116 cases with 49 hospital-
ised) – higher than that usually reported in salmonel-
losis outbreaks [2] and for individual cases of infection 
with  S. Typhimurium [3]. While this is probably also 
influenced by the demographic characteristics of those 
affected, this is a possible indicator of increased clini-
cal severity of infection in this outbreak. 

Multi-country collaboration through teleconferences 
and sharing of information between public health agen-
cies and reference laboratories indicated that cases in 
affected countries commonly reported consumption 
of a specific brand of chocolate products. Overall, of 
101 case interviews carried out across the 10 affected 

Figure 1
Distribution of confirmed and probable salmonellosis 
outbreak cases by week and country and by date of 
onseta,b, EU/EEA and UK, up to 10 April 2022 (n = 150)
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United Kingdom (n = 65)
Sweden (n = 4)
Spain (n = 1)
Norway (n = 1)
Netherlands (n = 2)

Luxembourg (n = 1)

Ireland (n = 15)
Germany (n = 10)

France (n = 25)
Belgium (n = 26)

EEA: European Economic Area; EU: European Union; UK: United 
Kingdom.

a Case onset date (n=108) is not consistently available for all 
reported cases, therefore date of sampling has been used 
where case onset date is unavailable (n=39) or date of receipt at 
reference laboratory where both onset and sampling dates are 
unknown (n=3).

b Probable cases were reported by Belgium (n=19) and Germany 
(n=2) (data as of 13 April).

Figure 2
Distribution of confirmed and probable salmonellosis 
outbreak cases, by age group and sex, EU/EEA and UK, up 
to 10 April 2022 (n = 150)
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EEA: European Economic Area; EU: European Union; UK: United 
Kingdom.
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produced in the implicated production facility and 
extensive product recalls, supported by news alerts 
and advice for consumers, starting with the first recall 
on 2 April in the UK and Ireland and extended to other 
countries shortly after. Extended recalls were carried 
out from 7 April as the investigations in a number of 
countries progressed, resulting in further evidence to 
support these recalls. On 8 April 2022, Belgian authori-
ties stopped production at the facility in Belgium and, 
following the European Rapid Alert System Food and 
Feed (RASFF) alert notifications (RASFF 2022.1799), 
the World Health Organization/Food and Agriculture 
Organization International Food Safety Authorities 
Network (INFOSAN) also issued a global alert on 10 
April notifying 77 countries and territories to which dis-
tribution of the implicated products had been estab-
lished to initiate a global recall (see the Supplement for 
a non-exhaustive list of country-specific recall notices).

As at 10 April 2022, investigations are still ongoing to 
define specific national supply chains for the implicated 
products and common sourcing of raw ingredients. 
Root cause analysis for the outbreak is also ongoing 
to determine whether the outbreak was caused by a 
contaminated ingredient or another (potentially multi-
strain) source of contamination.

Discussion
Historically, chocolate-associated outbreaks have been 
protracted and usually of large scale, probably reflect-
ing both the long shelf life of chocolate and the long 
survival of  Salmonella  in these products, as well as 
difficulties in detecting and resolving such outbreaks 
[7-9]. Previous investigations have resulted in recov-
ery of only small amounts of  Salmonella  bacteria 
from sampling of chocolate products, suggesting that 
contamination in chocolate may be difficult to detect 
in product sampling, as well as difficult to mitigate 

through routine food hygiene procedures [7]. It has 
been suggested that the high fat content of chocolate 
may have a protective effect for the bacteria [10,11], 
including against gastric acid, and possibly altering 
the functional infective dose of  Salmonella,  resulting 
in clinically severe disease from exposure to only very 
low levels of contamination [12,13].

By 10 April, this outbreak involved at least 150 reported 
cases in nine EU/EEA countries and the UK. Owing to 
known under-reporting of  Salmonella  surveillance 
systems and the varying sensitivities of microbiological 
techniques used across countries, the scale of the 
outbreak is certainly underestimated, especially 
considering that very high volumes of the implicated 
chocolate products are consumed in the EU/EEA and the 
UK. However, while the period between initial detection 
of the outbreak in the UK and subsequent control 
measures taken at the international level spanned 
a duration of more than 2 months, once definitive 
epidemiological links with the implicated product 
were made, control actions followed rapidly. Indeed, 
compared with previous outbreaks of salmonellosis 
associated with chocolate products, the duration of 
this investigation was relatively short [7,14-16].

The field of infectious disease epidemiology 
for Salmonella has been considerably impacted by the 
adoption of next generation sequencing technologies 
combined with novel epidemiological approaches such 
as iterative open-ended interviewing [17]. The increas-
ing use of WGS enables us to detect and resolve 
outbreaks more quickly, especially where common 
serovars such as S. Typhimurium are involved, allow-
ing consolidation of evidence implicating specific food 
vehicles of infection at the international level [18-20].

Another notable aspect of this outbreak was the multi-
drug resistance profile of the outbreak strain and spe-
cifically resistance to kanamycin and gentamicin, and 
the presence of  lnu(F), a determinant of resistance to 
lincosamides, which are relatively rare for monopha-
sic  S. Typhimurium in Europe. While not of especial 
clinical significance as the outbreak strain is suscepti-
ble to fluoroquinolones, azithromycin and third-gener-
ation cephalosporins which provide effective treatment 
options for cases of bloodstream infection, the unusual 
AMR profile constituted an additional characteristic of 
the outbreak strain to be assessed by all countries in 
the early stages of investigation for case ascertain-
ment and possible hypothesis generation. This empha-
sises the usefulness of including more uncommon AMR 
profiles in early international communications and 
subsequent incorporation as part of the international 
outbreak case definitions, where this facilitates identi-
fication of possible or probable cases before the appli-
cation of WGS and/or epidemiological investigations to 
confirm outbreak cases.

Figure 3
Genomic clustering of the monophasic S. Typhimurium 
isolates (HC5_296366) available on EnteroBase, EU/EEA 
and UK, up to 13 April 2022 (n = 99)

United Kingdom (n = 45)
France (n = 30)
Germany (n = 8)
Belgium (n = 7)
Sweden (n = 4)
Netherlands (n = 2) 

Luxembourg (n = 1) 
Ireland (n = 1) 

Spain (n = 1)  

Country

Source: EnteroBase (https://enterobase.warwick.ac.uk).

La rk in  L , e t a l. Eu rosurve illa n c e . 2022
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WGS and outbreaks: Monophasic Typhimurium 

EC D C , EFSA . 2022. ISSN : 2397-8325

Cluster 1
– cgMLST HC5_296399
– UKHSA SLC t5.7575
– MLVA 3-11-14-NA-0211
– AMR:

o Amp (blaTEM -1) 
o SSpKG (strA-B, aph(3')_Ia, aac(3)-IId) 
o Sul (sul3) Tmp (dfrA12) 
o Tet (tetB, tetM) 
o Chl (cmlA1, floR)

– Other genomic traits:
o lnu(F)
o qacL
o sitABCD

Cluster 2
– cgMLST HC5_298160
– UKHSA SLC t5.7643
– MLVA: 3-8-10-NA-0211
– AMR:

o Amp (blaTEM -1)
o SSpK (strA-B, aph(3')_Ia) 
o Sul (sul2)
o Tet (tetA/B) 
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WGS and outbreaks: Monophasic Typhimurium 

EC D C , EFSA . 2022. ISSN : 2397-8325

N = 81 samples
3 Dec — 25 Jan

Cluster 1 = 4 isolates
Cluster 2 = 5 isolates
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Outbreak cluster #1 : 

HC5_296366 — t5.7575 — MLVA 3-11-14-NA-0211

SNP tree generated on 13/04/2022 on EnteroBase with:
+ a selection of 2022 French human isolates at HC20_2
+ all HC5_296266 genomes in the database
+ all HC5_296180 genomes in the database

Green arrows point to 5 genomes 
uploaded to EnteroBase on 21/03/2022, later confirmed 
to belong to samples from processing plant B of 
company A

Outbreak cluster #2 : 

HC5_298160 — t5.7643 — MLVA 3-8-10-NA-0211
h ttp s://e n te rob a se .w a rw ic k.a c .uk/

EC D C , EFSA . 2022. ISSN : 2397-8325
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Pst... It’s over!
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THANK YOU FOR YOUR ATTENTION !

mpardosd@pasteur.fr

mailto:mpardosd@pasteur.fr

