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group together : 

15 ± 4 SNPs. 
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infection occurred in 2016 

group together with 2 
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cheese : 16 ± 4 SNPs.
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Salmonella enterica subsp. enterica serovar Welikade doesn’t belong the most frequent isolated serovars and is underrepresented in public databases.

Besides, no complete genome is available on public database for this serovar. In France, since 1980, data from the French Salmonella Network (SN) shows

that S. Welikade is principally isolated from laying hens and breeding flocks of G. gallus and turkey (n= 82/132 801 isolates). From 2012 to 2015, according to

data of the National Reference Center for Salmonella (CNR), this serovar was responsible of only 3 cases. Astonishingly in 2016, 8 human cases, whose 5

reported in South of France (Midi-Pyrénées), were recorded by the French national public health agency. The aim of this study was to explore the diversity of

this serovar, determining the genomic distance of the clones circulating within human and non-human isolates and, through WGS approach, to confirm the

food source of the outbreak occurred in South of France in 2016.
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Table 1 : Panel of Salmonella enterica subsp. enterica Welikade analyzed in this study

Welikade strains collection

1905 1993 2012 2014 2015 2016 Total général

Animal 1 2 15 5 23

Gallus gallus 2 15 5 22

Animal - Gallus 2 15 5 22

Gull 1 1

Animal - Gull 1 1

Feed 2 1 3

By-products of sunflower 1 1

Feed 1 1

Final product for Gallus 1 1

Feed 1 1

Food consisted for poultry 1 1

Feed 1 1

Food 1 2 3

Cake 1 1

Food - Cake 1 1

Goat cheese 2 2

Food - Goat Cheese 2 2

Human 1 1 2 8 12

Blood 1 1

Human 1 1

Faeces 1 1 2 6 10

Human 1 1 2 6 10

Urine 1 1

Human 1 1

Total général 1 1 1 2 20 16 41

SNP and phylogenetic analyses realized on the 41 S. Welikade genomes suggest that this serovar is subdivided by at least three very distant clades.

The SNP analysis realized in this study has confirmed the source of contamination of human infection that occurred in 2016: goat cheese.

The SNP analysis also demonstrates a food and poultry sector contamination by feed sources: products for poultry and Gallus gallus.

This study improved the knowledge on this serovar, rarely described.

 Pangenome analysis (figure 1): 

 Salmonella enterica subsp. enterica Bredeney CFSAN001080 
(NCBI NZ_CP007533.1): best reference for SNP analysis 
(complete genome available).

 Gaminara: the closest serovar. No complete genome available 
on public database. 
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Genomic distance of the serovar Welikade whithin 

the Salmonella enterica

CONCLUSION AND PERSPECTIVE

 DNA was prepared with the Wizard® Genomic DNA Purification Kit (Promega, France).

 Genome were sequenced with the Illumina paired-end technology.

 Pan genome analysis by using ROARY [1] :

(investigation of the genomic distance of S. Welikade toward Salmonella enterica)

129 genomes belonging to 42 serovars (including the European top 25) were analyzed.

Phylogenetic tree (figure 1) was established on the gene presence/absence. 

 Core genome SNP analysis (figure 2) on strains collection (table 1):

 29 strains of S. Welikade collected by the French SN

 12 human strains from the CNR for Salmonella.

Genomes were analyzed by iVARCall2 [2] to generate the SNP matrix distance.

Phylogenetic inference based on the maximum-likehood method implemented in RAxML [3].

MLST [7] profiles were obtained by CGE service [8].

 Genome accessory analysis: research of phages by using PHASTER [9].

 Annotation of trees: R [4] with the package ape [5] and ggtree [6].

Single Nucleotide Polymorphism (SNP) analysis 

 SNP analysis using the S. Bredeney CFSAN001080 as reference (figure 2):

 Breath coverage of the reference: 96% on average.

 Historical strain WS1843, isolated in 1956 (MLST profile 2831): 
genetically distant of 20 247 ± 222 SNPs to the 2 other groups 
(MLST profile 3300): genetically distant of 2 655 ± 12 SNPs.

Figure 1 : Phylogenetic tree based on the binary presence and absence of accessory genes. The tree is rooted on the branch 

of the Salmonella enterica subsp. enterica Welikade strains.

Figure 2 : Phylogenetic core genome SNP tree constructed under the maximum likelihood criterion using the GTR-gamma model.

The phylogenetic inference converged after 750 bootstraps replicates. The tree is rooted on the branch of the historical strain WS1843 witch

is trunk for readability. Bootstraps higher than 80% are noted in brown. Average SNP distance are noted in blue for each clade. On the right

of the tree, a heatmap presenting the presence (in black) or absence (in beige) of phages.
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