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NRCCH Activities
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To survey

To alert

To validate

To advise



“French” Campylobacter species
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Table 1: Campylobacter species received and identified by the NRCCH in 2021.

sample type



Antimicrobial resistances in 2021
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Figure 1: AST performed on approximately 7,700 C. jejuni + C. coli isolates for ampicillin (AMP), acid clavulanic 

+ amoxicillin (AMC), ciprofloxacin (CIP), erythromycin (ERY), gentamicin (GEN) and tetracycline (TET).

Legends : % resistant - % susceptible
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4 days of analyses workflow

Microbiology
Day 1 & 2

Molecular Biology
Day 2 & 3

Bioinformatics
Day 4
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Day 1 and 2 - Growth, MALDI-TOF and Antimicrobial 
Susceptibility Testing

● Isolate growth : Columbia blood agar in microaerobic conditions for 24H at 37°C.

● Species identification : MALDI-TOF mass-spectrometry.

● AST : CASFM/EUCAST 2020 recommendations for AMP, CIP, ERY, TET and GEN. 

Mueller-Hinton growth in microaerobic conditions for 48H at 37°C. 

Fig2: C. jejuni on CBA.
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Fig3: Bruker MALDI-TOF. Fig4: Disk-diffusion AST.



Day 2 - DNA extraction

Figure 5: Picture of Roche’s MagNA Pure 96 

system.

- DNA is extracted from pure bacterial 

cultures using the MagNA Pure 6 DNA and 

viral NA SV kit

- DNA purification is performed by 

bacterial lysis on a MagNA Pure 96 system 

(Roche Applied Science).
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Day 2 - Library preparation
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Figure 6: Illumina DNA Flex Library Prep kits. 

- Library preparation is realized using 

Illumina kits from day 2 to day 3.

- We plan to use automatic preparation 

systems (such as Beckman NGeniuS) to 

improve both handling time and quality.



Day 3 - Whole Genome Sequencing (WGS)
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- Paired-end next-generation sequencing 

(NGS) is performed on ~24 DNA samples 

using Illumina Iseq 100.

- For larger runs, we send 96 samples 

plates to a third-party company 

(Integragen, Paris).

Figure 7: Illumina Iseq 100 sequencer.



Day 4 - Bioinformatics analyses
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Figure 8: Raw sequencing data (compressed .fastq files).



Day 4 - Bioinformatics pipeline preview
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Figure 9: The NRCCH bioinformatics pipeline can be run 

using Linux terminal giving the path to raw sequencing files 

and the output results directory.



Day 4 - Bioinformatics pipeline preview
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Figure 10: Illustration of the pipeline while running. Each 

sample, step and corresponding starting time are indicated 

in order to follow the progress.



Day 4 - Pipeline analyses workflow
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Day 4 - Pipeline analyses workflow

15



Day 4 - Pipeline analyses workflow
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Day 4 - Pipeline analyses workflow
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Day 4 - Pipeline analyses workflow
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Day 4 - Pipeline analyses workflow
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1 Jehanne et al. Genome-Wide Identification of Host-Segregating Single-Nucleotide Polymorphisms 
for Source Attribution of Clinical Campylobacter coli Isolates. Appl Environ Microbiol. 2020.
2 Thépault .et al. Genome-Wide Identification of Host-Segregating Epidemiological Markers for Source 
Attribution in Campylobacter jejuni. Appl Environ Microbiol. 2017.



Day 4 - Pipeline analyses workflow
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Day 4 - Pipeline analyses workflow
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Day 4 - How AMR finding works?

22



Day 4 - Home-made Python script and Blast
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1. (optional) Retrieve all AMR genes sequences from NRCCH, CARD, NCBI, 

RESFINDER, PLASMIDFINDER, VFDB and VIRULENCEFINDER databases. 

Pairwise comparison of all sequences to remove duplicates (ex. ant(6)-Ia = 

aadE).

2. Blastn or blastp of all sequences (n = 20,000) on fasta genome.

3. For multiple hits for one genomic region, it keeps the best score (similar genes 

are removed, ex. blaoxa).

4. Hits are aligned to references in order to identify any point mutations.



Day 4 - Home-made Python script : pros
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1. Blast is no resource-consuming (ex. ARIBA or similar can crash).

2. No duplicate results, specially about blaoxa and tet genes.

3. Gives information about chromosomal or plasmid resistance.

4. Gives information on positions and therefore resistance islands.

5. Perfect results for point mutations finding (issues occurred with PointFinder).

6. Take into account truncated genes.



Day 4 - Analyses report preview
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Day 4 - Analyses report preview
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Dates and

patient informations



Day 4 - Analyses report preview
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Species identification, 

MLST and source 

attribution



Day 4 - Analyses report preview
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AMR and virulence 

finding



Day 4 - Analyses report preview
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Raw data and genome 

informations



RT1-WGS-AMR Campylobacter isolates
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1. C. coli ST-832 (SRR21798666)

2. C. coli ST-8195 (SRR21798667)

3. C. jejuni ST-464 (SRR21798668)

4. C. jejuni ST-19 (SRR21798669)



C. jejuni ST-464 results 
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% participants



C. jejuni ST-464 results 
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% participants

Zeng et al. A single nucleotide in the promoter region modulates the expression of the β-lactamase 
OXA-61 in Campylobacter jejuni. J Antimicrob Chemother. 2014.



Resistances among +1300 Campylobacter isolates from 2017
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1. AMP

2. CIP

3. ERY

4. TET



Resistances among +1300 Campylobacter isolates from 2017
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Resistances among +1300 Campylobacter isolates from 2017
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Resistances among +1300 Campylobacter isolates from 2017
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Resistances among +1300 Campylobacter isolates from 2017
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Resistances among +1300 Campylobacter isolates from 2017
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Conclusion : since the workflow implementation …
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● It is used routinely and easily for every suspicious isolates (notably ERY-R and 

AMC-R Campylobacter).

● Reports are sent to every corresponding hospitals and medical laboratories.

● It helpeld to identify :

○ New resistance mechanisms 

○ New species
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Thanks for your attention



C. coli ST-832 results 
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% participants



C. coli ST-8195 results 
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% participants



C. jejuni ST-19 results 
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% participants



1,392 isolates sequenced since 2017
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Escherichia coli    4
Helicobacter burdigaliensis    4
Helicobacter sp.    4
Campylobacter sp.    3
Helicobacter caesarodunensis    3
Helicobacter canadensis    3
Aliarcobacter cryaerophilus    2
Campylobacter lanienae    2
Campylobacter lari    2
Helicobacter labetoulli    2
Helicobacter rapini    2
Mycoplasma hominis    2
Campylobacter showae    1
Campylobacter upsaliensis    1
Campylobacter ureolyticus    1
Helicobacter anseris    1
Helicobacter bizzozeronii    1
Helicobacter brantae    1
Helicobacter fenneliae    1
Helicobacter hepaticus    1
Helicobacter muridarum    1
Helicobacter nemestrinae    1
Helicobacter pametensis    1
Helicobacter valdiviensis    1

* *


