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- Bennett JS etal. (2012) Microbiology 158(Pt 6):1570-80.  

- Diallo K et al. (2019) Sci Rep. 24;9(1):13742. 

N. meningitidis and N. gonorrhoea  
(the meningococcus and gonococcus) 

246 loci 1114 loci 



Meningococci Gonococci 

Primary site of infection Nasopharynx Ano-genitourinary tract 

Pathogenicity  Rarely pathogenic Always pathogenic 

Main disease  Meningitis and septicaemia Gonorrhoea - Urethritis, 

proctitis, discharge, pain, 

pelvic inflamatory disease, 

asymptomatic 

Outer capsule Yes (in pathogenic strains) No 

Vaccine preventable? Yes No (?!) 

Antibiotic resistance Rare  Common (Unemo and 

Shafer, 2014) 

Other disease Septic arthritis, epiglotitis, 

conjunctivitis, endocarditis, 

urethritis, proctitis, etc  

Conjunctivitis, pharyngitis, 

dermatitis-arthritis 

syndrome, meningitis, etc 

The pathogenic Neisseria 



• Diverse meningococci reported from ano-genitourinary site for decades, 

symptomatic and asymptomatic e.g. 

– Faur et al. 1981 – gonococcal screening program, New York City (USA) - n=964 

meningococcal cultures over a four-year period, various serogroups.  

– Ma et al. 2017 – convenience sample n=39 Nm urethritis isolates (8 countries, 

Europe, Asia, North America; 2002 to 2016) – 19 STs/7 clonal complexes. 

 

Urogenital Nm and invasive 

disease outbreaks among MSM 

Folaranmi TA et al. (2017) Clin Infect Dis. 65(5):756-763.     Aubert L et al. (2015) Euro Surveill. 20(3) 
Taha MK et al. (2016) PLoS One. 11(5):e0154047.     Marcus U et al. (2013) Euro Surveill. 18(28). 
Miglietta A et al. (2018) Euro Surveill. 23(34).     Lucidarme J et al. (2015) J Infect. 71(5):544-52. 
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Lineage 11.1 Lineage 11.2 (ET-15)
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Lineage 11.2 (red dot = MSM IMD isolate) 
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Blue  – MSM IMD 

Red  – Urethritis and proctitis 

 

Green  – Community IMD 

Evidence for sexual transmission 

component to MSM outbreaks? 

Taha MK et al. (2016) PLoS One. 11(5):e0154047 
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Blue  – MSM IMD 

Red  – Urethritis and proctitis 

 

Green  – Community IMD 

Disrupted aniA  

 No anaerobic growth 

(typical for cc11) 

Express AniA 

 Anaerobic growth 

(like gonococci) 

Taha MK et al. (2016) PLoS One. 11(5):e0154047 
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Blue  – MSM IMD 

Red  – Urethritis and proctitis 

 

Green  – Community IMD 
Express fHbp 

 Survival in bloodstream 

c

v 
fhbp disrupted 

(like gonococci) 

 Survival on mucosa? 

Taha MK et al. (2016) PLoS One. 11(5):e0154047 



• Increased Nm-associated urethritis at two GISPa sentinel clinics – Columbus, 

Ohio, and Oakland County, Michigan. 

• Columbus 

– January to November 2014 – no cases 

– December 2014 – 2 cases 

– January to September 2015 – 52 cases 

• Oakland County 

– 2013 – 2 cases 

– 2014 – 8 cases 

– January to October 2015 – 15 cases 

• Indianapolis 

– 2013 – 12/436 (2.8%) 

– 2014 – 8/552 (1.4%) 

– 2015 – 37/533 (6.9%) 

– 2016 (9 months) – 50/510 (9.8%) 

 
Bazan JA et al. (2016) MMWR Morb Mortal Wkly Rep. 65(21):550-2. 

Toh E et al. (2017) Emerg Infect Dis. 23(2):336-339. 

Increased meningococal urethritis in USA 

• Predominantly heterosexual males 

with recent oral sex 

• cc11, P1.5-1,10-8  

• non-groupable! 

aGonococcal Isolate Surveillance Project 



• U.S. NmNG from Columbus (n=52), 

Indianapolis (n=2), and Atlanta (n=2) 

vs geo-temporally diverse cc11 

isolates (Lucidarme et al., 2015). 

 

 

Tzeng YL et al. (2017) Proc Natl Acad Sci U S A. 114(16):4237-4242.  

A single, unique strain is responsible for 

increased reports of urethritis  
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• U.S. NmNG from Columbus (n=52), 

Indianapolis (n=2), and Atlanta (n=2) 

vs geo-temporally diverse cc11 

isolates (Lucidarme et al., 2015). 

 

 

Tzeng YL et al. (2017) Proc Natl Acad Sci U S A. 114(16):4237-4242.  

The U.S. 

NmNG 

urethritis 

clade 
...belongs to 

cc11 lineage 

11.2 

A single, unique strain is responsible for 

increased reports of urethritis  
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CDC Epidemic Information Exchange ‘Epi-X’ request 

(February, 2016)  

Report GNID-positive, Ng-PCR-negative urethritis cases and 

submit associated isolates for characterisation. 



- 209 Epi-X isolates  193 urethritis clade 

- 343 CDC strain collection cc11 isolates  12 urethritis clade 

- 4 existing urethritis clade genomes 

 

 

The US Strain is widespread 

 

Retchless AC et al. (2018) BMC Genomics. 19(1):176.  

State Year n 

Ohio 2015-2016 118 

Michigan 2014-2016 30 

Pennsylvania 2015-2016 22 

New York 2013-2016 17 

Georgia 2013-2016 7 

Indiana 2016 4 

Alabama 2015 3  

Kentucky 2015 2 

Missouri 2015 2 

Illinois 2015 1 

North Carolina 2015 1 

South Carolina 2013 1 

Wisconsin 2015 1 

Total 209 

2013 to 2016 (n=209) 



• Time-measured Bayesian phylogeny 

• U.S. NmNG (n=204), Closest isolates (n=8), complete C:cc11 genome (n=1) 

The US Strain emerged after 2011 

 

Retchless AC et al. (2018) BMC Genomics. 19(1):176.  



•Acquisition of gonococcal aniA (nitrite reductase) and norB (nitric oxide 

reductase) genes. 

– Gonococcal AniA is more efficient! 

 

 

The US Strain grows well anaerobically 

 

Tzeng YL et al. (2017) Proc Natl Acad Sci U S A. 114(16):4237-4242. 



 

 

 

 

 

 

 

 

 

 

• Gonococcal trait! 

• Enhance mucosal adherence? 

 

The US Strain is stably acapsulate 

 

Bazan JA et al. (2017) Clin Infect Dis. 65(1):92-99. 

Toh E et al. (2017) Emerg Infect Dis. 23(2):336-339. 



1. Invasive disease outbreaks among MSM  

Reasons for concern... 



1. Invasive disease outbreaks among MSM  

2. The US Strain has caused invasive disease (n=5) 

– Several states/years 

   - Georgia (2013 and 2015) 

   - South Carolina (2013) 

   - Wisconsin (2015) 

   - New York (2016) 

– Four males (two MSM), one female 

    

    likely to be immunocompromised? 

Retchless AC et al. (2018) BMC Genomics. 19(1):176.  

Reasons for concern... 



1. Invasive disease outbreaks among MSM  

2. The US Strain has caused invasive disease (n=5) 

3. Risk to immunocompromised patients 

•Terminal complement deficiencies 

• Inherited, rare  

• 7000-10000-fold higher risk of IMD 

• Eculizumab treatment for e.g. atypical haemolytic 

uraemic syndrome or paroxysmal nocturnal 

haemoglobinuria. 

 

Reasons for concern... 

Parikh SR et al. (2017) Pediatrics. 140(3). pii: e20162452. 
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3. Risk to immunocompromised patients 

•Terminal complement deficiencies 

• Inherited, rare  

• 7000-10000-fold higher risk of IMD 

• Eculizumab treatment for e.g. atypical haemolytic 

uraemic syndrome or paroxysmal nocturnal 

haemoglobinuria. 

 

Full vaccination and antibiotic prophylaxis! 

- Vaccine protection uncertain 

- Risk of antibiotic resistant strains 

Reasons for concern... 

Parikh SR et al. (2017) Pediatrics. 140(3). pii: e20162452. 

• Fully vaccinated patient 

• Vaccine-preventable, penicillin resistant MenB strain 

• Strain possessed penA gene of gonococcal origin! 



1. Invasive disease outbreaks among MSM  

2. The US Strain has caused invasive disease (n=5) 

3. Susceptible immunocompromised patients becoming more 

common 

4. GU meningococci may be at increased risk of acquiring 

antibiotic resistance from the gonococcus 

Reasons for concern... 

Retchless AC et al. (2018) BMC Genomics. 19(1):176.  

Bazan JA (2018) Sex Transm Dis. 45(2):e5-e6. 
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• 138 episodes of Ng DNA uptake in US strain 

• One involved mtrR sequence associated with decreased susceptibility to 

azithromycin! 



1. Invasive disease outbreaks among MSM  

2. The US Strain has caused invasive disease (n=5) 

3. Susceptible immunocompromised patients becoming more 

common 

4. GU Nm strains may be at increased risk of acquiring antibiotic 

resistance from the gonococcus 

5. GU Nm strains may facilitate transfer of gonococcal antibiotic 

resistance determinants to ‘typical’ pharyngeal meningococci 

Retchless AC et al. (2018) BMC Genomics. 19(1):176.  
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1. Invasive disease outbreaks among MSM  

2. The US Strain has caused invasive disease (n=5) 

3. Susceptible immunocompromised patients becoming more 

common 

4. GU Nm strains may be at increased risk of acquiring antibiotic 

resistance from the gonococcus 

5. GU Nm strains may facilitate transfer of gonococcal antibiotic 

resistance determinants to ‘typical’ pharyngeal meningococci 

6. Lineage 11.2 strains susceptible to vaccine escape 

Reasons for concern... 
MenB

Non-grouplable

MenW

MenY

Not known

MenC (no marker)

• Capsule switch  MenC to NG; MenC to MenB 

• 4CMenB coverage of lineage 11.2 

 - PorA – mismatch 

 - fhbp – dispensible ( MenB-fHbp will not cover) 

 - nadA – dispensible 

 - nhba – dispensible  

Lucidarme J et al. (2017) J Infect. 75(2):95-103. 



• Acapsulate  no glycoconjugate vaccines 

• Subcapsular vaccines: 

 

 

 

 

 

 

 

 

The U.S. NmNG urethritis clade 
...is potentially vaccine preventable 

 

Retchless AC et al. (2018) BMC Genomics. 19(1):176.  

Antigen Potentially covered Not covered 

fHbp (Bexsero & Trumenba) 

Peptide 1.896 (n=205) 

Peptide 1.456 (n=1) 

Peptide 1.915 (n=1)  

Frameshift (n=2) 

NHBA (Bexsero) Peptide 20 (n=209) n/a 

NadA (Bexsero) Peptide 2 (n=193) 
Insertion (n=13) 

Frameshift (n=3) 

PorA (Bexsero) n/a 

P1.10-8 (n=198) 

P1.10-1 (n=9) 

P1.10-22 (n=1) 

P1.9 (n=1) 

fhbp;nhba;NadA 
n=191
91.4%

fhbp;nhba
n=16
7.7%

nhba; NadA
2

1.0%

fhbp;nhba; NadA

fhbp;nhba

nhba; NadA

Bai X et al. (2019) J Infect. pii:S0163-4453(19)30332-9.  
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1. MSM serogroup C strain continues to cause invasive disease 

2. The US Strain has caused invasive disease (n=5) 

3. Susceptible immunocompromised patients becoming more 

common 

4. GU Nm strains may be at increased risk of acquiring antibiotic 

resistance from the gonococcus 

5. GU Nm strains may facilitate transfer of gonococcal antibiotic 

resistance determinants to ‘typical’ pharyngeal meningococci 

6. GU Nm strains may not be covered by available vaccines 

7. What will happen next??? 

 

Reasons for concern... 



 - PHE 

 - Charing Cross GUM 

 - Manchester GUM 

   Characterisation of GU meningococci 

   - Serogroup, strain (WGS) and antibiotic resistance 

  testing  

Enhanced Surveillance of genitourinary 

meningococci – Pilot 

 



Question: 

 Could this potentially be the end of the world? 

 

Answer: 

 probably not...  

   

  ...but it could be the end of the world as we  

  know it... 

 

Armageddon! 
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