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Listeria monocytogenes is everywhere, and 

infects humans through food  



 

• ~ 300 human cases/year in France (1,600 in the USA) 

 

• Severity of invasive forms (hospitalization rate around 100%) 

 

• Mortality rate of 20 to 30 % (up to 45% in case of CNS infection) 

 

• Strict control procedures in food industry 

Listeria monocytogenes invasive infections 

• CNS infection 

 

• Bacteremia 

 

• Materno-neonatal infection 



Objectives 

Population structure 

 

Strain nomenclatures 

 

Databases 

 

Genome dynamics 

Phenotypic diversity 

 

Link genotype-phenotype 

 

Applications: diagnostic, epidemiology, risk assessment… 
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L. monocytogenes strain typing methods 

• Serotyping 

 

• Pulsed-field gel electrophoresis (PFGE) 

 

• Ribotyping 

 

• Amplified Fragment Length Polymorphism (AFLP)  

 

• Multilocus sequence typing (MLST) 

 

• Multi-virulence sequence typing (MvLST) 

 

• Multilocus VNTR Analysis (MLVA) 

 

• Single Nucleotide Polymorphisms (SNP) 

 

• Genome sequencing 

 



L. monocytogenes: four phylogenetic lineages, 

of which two are epidemiologically important 
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L. monocytogenes lineages ≈ distinct genomic species  

ANI among L. monocytogenes lineages:  
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•Allele • Sequence of one gene (lhkA, 480 bp) 

Listeria monocytogenes Multilocus Sequence Typing 

www.pasteur.fr/mlst 

~3,500 entries, > 1000 STs 

 

> 60 labs 

 

Common language / strains 
Salcedo et al. 2003 

Ragon et al. 2008 

http://www.pasteur.fr/mlst


MLST: major L. monocytogenes clones 
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Haase et al 2014 
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(No significant Fst) 

Chenal-Francisque et al., 2011  

MLST clones: Everything is Everywhere 
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L. monocytogenes MLST clones are old 
Haase et al., Env. Microbiol. 2014  
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10403S 

EGD 

08-5578, Canada, 2008 
 
 
TS4/F.6854, USA 1989 
J0161, USA 2000 
 
 
G6054, USA 1994 
 
 
CLIP 80459, France 1999 
 
 
H7550, USA 1998-99 
J1735, USA, 2002 
 
 
J0211, USA 2000-2001 
 
 
Scott A, USA, 1983 
Aureli97, Italy 1987 
TS38/L.3306, UK & Ireland 1987-89 
 
 
TS27/L.4738, Canada 1981 
TS60/L.4486b, Switzerland, 1983-87 
F2365, California, 1986-1987 

Outbreak strains: 

111 

17 

1 

62 

1 

2 

3 

4 

> 4 

Cantinelli et al., 2013 

 

See also: 

   Kathariou & coll. 

   Knabel & coll. 

Lineage II 

 

Lineage I 

‘Epidemic clones’ ≈ CCs  



IIa 

IIb 

IIc 

IVb 

Food isolates 

2006-2013 

Clinical isolates 

2006-2013 

Food isolates 

2006-2013 

Clinical isolates 

2006-2013 

Lineage II 

Lineage I 

Lineages Serogroups MLST clones 

Lineage I 

Lineage II 

Distribution in food vs. clinical samples 

Data from French National Reference Center 



NRC 

Quantification of MLST clones in sources 

2584 clinical 

4049 food 

6633 isolates 

PFGE ApaI, AscI 

CC1 CC4 CC6 

2005 – 2013 

NRC + NRL isolates 

M. Maury 



Unequal distribution of clones in food and clinical sources 

Maury, Tsai et al.  Nat Genet 2016 



Clinical-associated clones are hypervirulent 

Maury*, Tsai* et al.  Nat Gen 2016 

 811 infected patients, immunosuppressive comorbidities 

      (MonaLisa study, C. Charlier) 
 6 633 isolates, invasive infections 

R2 = 0.9995, P < 0.03 
Coll. lab 

M. Lecuit 



LLS 
LIPI-1 
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CC4 

CC9 

CC31 

CC121 

Truncation 
Internal deletion 

Absent 
Present / full length 

ST13 
CC193 

Lineage II 

Lineage I 

0.01 

Variation of conserved 
virulence factors 

Maury*, Tsai* et al.  Nat Gen 2016 
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104 genomes 

Novel putative virulence factors  

Maury*, Tsai* et al.   

Nat Gen 2016 



21 Listeria pathogenicity island 4 (LIPI-4) 

CC4 (LM09-00558) 

1 kb 
CC4∆PTS 

Maury*, Tsai* et al.  Nat Gen 2016 



Biodiversity of Listeria monocytogenes 

• Hypervirulent clones 

• Novel putative virulence factors 

• First CNS-associated virulence factor 

Nat Genet. March 2016 



Epidemiology 

Diagnostics 

Global diversity 

Population structure 

Ecology (patho)physiology 

Integration of public health and biological research 



Chenal-Francisque, Maury et al., J Clin Microbiol, 2015 

Clonogrouping: rapid multiplex PCR assay  

to identify major clones of L. monocytogenes 

95.6% of correct identification at clone level 



From: foodNetwork@ecdc.org 

Subject: type CT131 Denmark outbreak 

Body: Have you observed this type in your country? 

Talking the same language: 

How can we share nomenclatures of strains?  

1. Define genotypic groups and nomenclature designations 

2. Develop a nomenclature database 

3. Provide on-line genotyping tools 

mailto:foodNetwork@ecdc.org


Core-genome genotyping (cgMLST) 

Contig 1 Contig 3 Contig 2 

Gene 1 …. Gene 2000 

~ 2000 core genes 

BLAST 

~5 days 

~30 seconds /strain 

~30 seconds /strain 

~ few weeks 

Standard  

codes 



A nomenclature proposal for L. monocytogenes strains 

Lineage 

Sublineage 

CT 

Lineage  - Sublineage – ST – cgMLST type (CT) 

LII – SL7 – ST7 – CT932  



Nomenclature 

database 

Provenance data 

& genomes 

Isolates 

databases 

 Share nomenclature, not genomes or provenance data 

Confidentiality of data Standard nomenclature 



BIGSdb 

Jolley & Maiden 2010 

http://bigsdb.web.pasteur.fr/listeria 

http://bigsdb.web.pasteur.fr/listeria
http://bigsdb.web.pasteur.fr/listeria


• L. monocytogenes genotypic categories can be defined at 

different phylogenetic depths 

 

• Integration of epidemiological surveillance and fundamental 

biology research provides novel insights on pathophysiology, 

ecology 

 

• Standard genotyping strategy and public database for strain 

nomenclature: to be agreed upon 

 

• L. monocytogenes clones are everywhere; International 

transmission both at evolutionary and at epidemiological 

timescales 

 

• Need for internationally coordinated surveillance of 

L. monocytogenes 

Conclusions 
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