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Reservoirs and transmission of 
meningococci 

 Other reservoirs are mostly 
accidentally encountered 
•  (vagina, urethra, anus) 

Aerosol droplets 
Reservoir is the 
nasopharynx 
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Carriage isolates are different from invasive  
isolates 

Maiden et al., 2002 



Carriage isolates 
are different from 
invasive  
isolates 

Lemee et al., 2014 



 815 homosexual men over a 12-months period 

 Oropharyngeal carriage of N meningitidis 42.5%  

 Urethral detection* 0.7%  

 Rectal colonization 2.0% 

*mostly associated with discharge 

More recent reports also suggested sexual transmission: 
Hayakawa et al., 2014 
Taha et al., 2016 
Jannic et al., 2019 

 





Outbreaks of IMD in MSM 
Ref Location Cases  Year Serogroup  

Tsang et al. JCM 2003 Ontario 6 2001 C 

Schmink et al. JCM 2007 Chicago 6 2003 C 

MMWR 2013 New York 18* 2010-2012 C 

Marcus et al. Eurosurv 2013 Berlin 3* 2013 C 

Aubert et al. Eurosurv 2015 Paris 4* 2013-2014 C 

* At time of publication 

Serogroup C; PorA 5-1,10-8; FetA F3-6; Sequence type 11; ET-15 



Isolates from MSM form a new clade within the 
cc11 

The neighbor-joining tree was calculated from  
1,056 concatenated and multiple aligned core  
genome genes shared by all studied isolates. 
 
sequence data were analyzed  
through exactly the same pipeline   

Urethritis 

MSM 

Adolescents 

Taha et al., 2016 



Depuis 7 Nov 2014 à extension de la recommandation pour toute la France 
Arrêt en Mars 2017 



Urethritis cases among men 
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Serogroup C; PorA 5-1,10-8; FetA F3-6; Sequence type 11; ET-15 



Proteome analysis: isolates from MSM and 
urethritis positive for AniA expression 

MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQTAAETPTGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKP.PWKT--VWNT DE9168_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQTAAETPTGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKP.PWKT--VWNT DE9246_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQTAAETPTGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKP.PWKT--VWNT DE9260_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQTAAETPTGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKP.PWKT--VWNT DE9266_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQTAAETPTGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKP.PWKT--VWNT DE9273_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQTAAETPTGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKP.PWKT--VWNT DE9274_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQTAAETPTGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKP.PWKT--VWNT DE9301_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQTAAETPTGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKP.PWKT--VWNT DE9382_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQTAAETPTGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKP.PWKT--VWNT DE9425_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQTAAETPTGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKP.PWKT--VWNT LNP26948_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQTAAETPTGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKP.PWKT--VWNT NMC1549_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQAAAETPAGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKTMKMDDGVEYRY DE10776_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQAAAETPAGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKTMKMDDGVEYRY DE11870_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQAAAETPAGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKTMKMDDGVEYRY DE12128_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQAAAETPAGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKTMKMDDGVEYRY DE12665_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQAAAETPAGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKTMKMDDGVEYRY DE12747_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQAAAETPAGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKTMKMDDGVEYRY DE12840_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQAAAETPAGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKTMKMDDGVEYRY DE12845_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQAAAETPAGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKTMKMDDGVEYRY DE12939_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQAAAETPAGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKTMKMDDGVEYRY DE12957_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQAAAETPAGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKTMKMDDGVEYRY LNP28256_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAP----AASAEAASSAAQAAAETPAGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKTMKMDDGVEYRY LNP28257_aniA.pro
MKRQALAAMIASLFALAACGGEPAAQAPAETPAAAAEAASSAAQTAAETPSGELPVIDAVTTHAPEVPPAIDRDYPAKVRVKMETVEKTMTMEDGVEYRY NMB1623_aniA.pro

ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTCCGCGTAAAAATGGAAACTGTCGAAAAA-CCATG 169 DE9168_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTCCGCGTAAAAATGGAAACTGTCGAAAAA-CCATG 169 DE9246_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTCCGCGTAAAAATGGAAACTGTCGAAAAA-CCATG 169 DE9260_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTCCGCGTAAAAATGGAAACTGTCGAAAAA-CCATG 169 DE9266_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTCCGCGTAAAAATGGAAACTGTCGAAAAA-CCATG 169 DE9273_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTCCGCGTAAAAATGGAAACTGTCGAAAAA-CCATG 169 DE9274_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTCCGCGTAAAAATGGAAACTGTCGAAAAA-CCATG 169 DE9301_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTCCGCGTAAAAATGGAAACTGTCGAAAAA-CCATG 169 DE9382_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTCCGCGTAAAAATGGAAACTGTCGAAAAA-CCATG 169 DE9425_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTCCGCGTAAAAATGGAAACTGTCGAAAAA-CCATG 169 LNP26948_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTCCGCGTAAAAATGGAAACTGTCGAAAAA-CCATG 169 NMC1549.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTACGCGTAAAAATGGAAACCGTCGAAAAAACCATG 169 DE10776_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTACGCGTAAAAATGGAAACCGTCGAAAAAACCATG 169 DE11870_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTACGCGTAAAAATGGAAACCGTCGAAAAAACCATG 169 DE12128_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTACGCGTAAAAATGGAAACCGTCGAAAAAACCATG 169 DE12665_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTACGCGTAAAAATGGAAACCGTCGAAAAAACCATG 169 DE12747_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTACGCGTAAAAATGGAAACCGTCGAAAAAACCATG 169 DE12840_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTACGCGTAAAAATGGAAACCGTCGAAAAAACCATG 169 DE12845_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTACGCGTAAAAATGGAAACCGTCGAAAAAACCATG 169 DE12939_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTACGCGTAAAAATGGAAACCGTCGAAAAAACCATG 169 DE12957_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTACGCGTAAAAATGGAAACCGTCGAAAAAACCATG 169 LNP28256_aniA.seq
ACCACCCACGCTCCTGAAGTACCTCCCGCAATCGACCGCGACTATCCTGCCAAAGTACGCGTAAAAATGGAAACCGTCGAAAAAACCATG 169 LNP28257_aniA.seq
ACCACCCACGCTCCCGAAGTGCCTCCTGCAATCGACCGCGACTACCCCGCCAAAGTCCGCGTAAAAATGGAAACCGTCGAAAAAACCATG 181 NMB1623.seq

Deletion resulting in a pre-mature stop-codon 

ST-11c, ET-15 
•  adolescents 
•  urethritis, proctitis 
•  IMD in MSM 

Taha et al., 2016 



 Role  in adaptation to an acidic environment, low oxygen 
conditions, and nitrite availability. 

 Not  to correlate with the infective properties of Nm 

 The presence of a functional AniA is not essential for 
meningococcal survival 

 The aniA gene in meningococcal, but not gonococcal, strains 
frequently encodes a non-functional protein.  



fHbp discriminates between uro-genital and 
IMD isolates 

32kDa 

46kDa 

MSM invasive  
isolates 

isolates harboring  
allele fHbp669 

+      - Uro-genital 
isolates do 
not express 
fHbp 
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2 Uro-genital 
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IMD isolates 
Uro-genital isolates 

Uro-genital isolates show less  
survival in hfH transgenic mice 

Taha et al., 2016 
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Evolution of number of meningococcal 
isolates from uro-genital sites (n=167) 

Data CNR MK Taha WGS data for 38 isolates 
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Distribution according to gender of 
meningococcal isolates from uro-genital sites 
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Invasive isolates 

Uro-genital isolates 
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Urogenital isolates  are genetically divers by 
WGS 

cgMLST based tree 



NmC 

NmW 

Anglo-French-Hajj 

UK-2013 

Urogenital NmC and NmW isolates  belong to 
hyper invasive lineages within the cc11 

cgMLST based tree 

Data CNR MK Taha 

Invasive isolates 
MSM variant 

ET15 
ET37 



Meningococci with reduced susceptibly to 
third generation cephalosporins  

Period Phenoype  Nombre 
MIC90 
(PenG) MIC90 (CTX) 

2012 PenS 262 0.064 0.006 

PenI 95 0.250 0.008 

2013-2015 

PenS 1036 0.094 0.008 

PenI 346 0.380 0.012 
PenI 
(penA327) 25 0.380 0.094 

•  penA327 was acquired from gonococci 
 
•  penA327 was observed in MSM isolates and urethritis isolates 

Deghmane et al., 2017 



Expansion and concurrent acquisition of 
N. 
gonorrhoeae alleles 

Retchless et al., 2018, 

•  209 urogenital and rectal isolates submitted from January 2015 to 
September 2016. Those belonged to the new clade  

•  189/198 male urogenital isolates 
•  3/4 female urogenital isolates 
•  1/7 rectal isolates  

•  isolates were nongroupable 



Conclusions 
 The combination of genomics, proteomics and 

transgenic technologies allowed to establish a model for 
the spread of cc11/ET-15 meningococci in MSM. 

Several steps of micro-evolution of AniA and fHbp enabled the 
adaption to a new urogenital niche. 

 Neisseria meningitidis should be also considered as a 
sexually transmitted agent. 

 Neisseria meningitidis is responsible for sexually 
transmitted infections. 

 Concerns about horizontal DNA exchanges with Ng 

  vaccination against NmC and NmW of target populations 
might prevent further circulation. 

 

 


