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European consensus: antigen sequence 
typing and MLST nomenclature 

B:P1.19,15:F5-1:ST-33(cc32) 
serogroup 

PorA VR1 and 2 
FetA VR 

Sequence type 
Clonal complex 

Jolley, Brehony, Maiden, FEMS Microbiol Rev 2007 



Use of genetic typing at the NRZMHi 
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Elias et al. EID 2006 
Reinhardt et al. IJHG 2008 



ECDC IBD Labnet 

• Coordination: M. Frosch 
• EQA 
• European Meningococcal 

strain collection 
• Agreement on TESSy coding 

definitions 
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European Meningococcal Disease 
Society (EMGM):  
EMERT database 
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LID 2013 
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Jolley & Maiden 2010, BMC Bioinformatics; Jolley & Maiden Eurosurv. 2013 



Ion Torrent PGM study 

• Explore the feasibility and accuracy of  Ion Torrent 
Personal Genome Machine™ (PGM™) sequencing 
for genomic typing of meningococci 

• Approach:  
– Comparison of known isolates from an outbreak 

• Analysis of previously established typing results (genetic and 
phenotypic) 

• Extended typing was evaluated under the assumption that 
strains are clonal 

– Validation of sequencing by analysis of a type strain 
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Vogel et al. JCM 2012 



Sequencing (Dag Harmsen and colleagues in 
Münster and Bielefeld) 

• PGM™ (Life Technologies, Germany).  
• Libraries were generated using 1 µg of the genomic DNA and the Ion 

Xpress™ Plus Fragment Library Kit comprising the Ion Shear™ chemistry  
• Clonal amplification on Ion Spheres™ particles during the emulsion PCR 

according to the Ion Xpress™ Template 200 Kit manual.  
• Ion 316™ chip  
• 105 sequencing cycles  
• Average reading length of 200 nucleotides.  
• Genome projects have been registered as NCBI Bioprojects PRJNA78229, 

PRJNA78227, and PRJNA78225. 
• MIRA (v. 3.4.0) was used for de novo assembly of all four genomes 
• Draft genomes were uploaded to the BIGSdb website 

(http://pubmlst.org/software/database/bigsdb/) 
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Strains 
• Serogroup B strains DE9622, 

DE9686, and DE9938  
• 2003 and 2004, Düren, Aachen 

and Heinsberg  
• Sequence type (ST)-42 (ST-

41/44 clonal complex [cc])  
• Highly similar to the New 

Zealand outbreak strain  (Elias 
et al. EID 2010) 

• MC58 (serogroup B, ST-74, 
ST-32 cc), reference strain 
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Category Locus DE9622  DE9938 DE9686 
MC58 
(outgroup)  

MLST (ref. 28) abcZ 10 10 10 4 
  adk 6 6 6 10 
  aroE 9 9 9 5 
  fumC 5 5 5 4 
  gdh 9 9 9 5 
  pdhC 6 6 6 3 
  pgm 9 9 9 2 
  ST 42 42 42 74 
  cc ST-41/44cc ST-41/44cc ST-41/44cc ST-32cc 
eMLST (ref. 9) aspA 8 8 8 1 
  carB 32 9 9 3 
  dhpS 11 11 11 5 
  glnA 3 3 3 8 
  gpm 7 7 7 4 
  mtgA 7 7 7 5 
  pilA 5 5 5 3 
  pip 4 4 4 2 
  ppk 3 3 3 9 
  pykA 9 9 9 6 
  rpiA 1 1 1 5 
  serC 4 4 4 3 
  talA 7 7 7 3 
AST (ref. 22, 
44) PorA VR1/VR2 7-2,4 7-2,4 7-2,4 7,16-2 
  porA partial 39 39 39 12 

  
porA full 
length 26 26 26 2 

  FetA 1-5 1-5 1-5 1-5 
  porB partial 3-1 3-1 3-1 3-24 

  
porB full 
length 42 42 42 10 

4CMenB (ref. 6) fhbp 14 14 14 1 
  FHBP 14 14 14 1 
AR (ref. 40, 41) penA 1 1 1 3 
  rpoB 18 18 18 2 

NOTE: MLST, multilocus sequence typing; ST, sequence type; cc, clonal complex; eMLST, extended 
MLST; AST, antigen sequence typing; VR, variable region; 4CMenB, Novartis investigational MenB 
vaccine; AR, antimicrobial resistance 

 



Confirmation of recombination 
event by Sanger sequencing 
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Genomic analysis reveals that sexual  
transmission may contribute to an outbreak  
of meningococcal disease among MSM 
(Manuscript in preparation) 
 
Muhamed-Kheir Taha1, Martin Lappann2, Frederic Veyrier1, Heike 
Claus2, Dag Harmsen5, Karola Prior5, Ala-Eddine Deghmane1, 
Andreas Otto4, Isabelle Parent du Châtelet1,  Wiebke Hellenbrand3, 
Dörte Becher4, Ulrich Vogel2 
 
1Institut Pasteur, 2University of Würzburg, 3Robert Koch-Institute, 
4University of Greifswald, 5University of Münster 



Originaldaten entfernt da 
unveröffentlich 

• Die Daten zeigten in Bezug auf NGS, dass 
die Genomsequierung erlaubt, eng 
verwandte Stämme, hier aus dem ST-11 cc, 
phylogenetisch sinnvoll und robust zu 
gruppieren und Hypothesen abzuleiten. 

• Des Weiteren wurde die NGS genutzt, um 
funktionelle Daten aus Proteomanalysen 
und biochemischen Tests genetisch zu 
validieren.  17 
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Summary 
• NGS is the future of meningococcal typing and will replace Sanger 

sequencing 
• BIGSdb provides a platform for retrieval of allele assignments 
• Ion Torrent performance was satisfying on the small set of strains with 

no need for further editing 
• MiSeq provided excellent genome sequences for closely related strains 

of the ST-11 / ET-15 clade 
• Each reference lab will need individual decisions about in- or 

outsourcing of sequencing capacities 
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