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Overview 
 
• Microbiology and spectrum of GAS infections 

• What makes GAS a pathogen? 

• Why is GAS ‘always’ susceptible to penicillin? 

• Why do some people ‘fail’ treatment? 

• How do we classify GAS infections? 

• Are there ‘rheumatogenic’ GAS strains? 

 

 



GAS microbiology:  The basics 

• ‘Streptos’: twisted chain 

• ‘Cocci’: round bacteria 

• Sole member of Lancefield group A 

• Causes marked haemolysis on  

       blood agar 

• Incubation period in the laboratory  

       18-36 hours 

 



Spectrum of GAS infections 
• Superficial 

• Impetigo (>110 million cases per year) 
• Pharyngitis (>600 million cases per year) 
• Scarlet fever (speA) 

• Immune sequelae 
• ARF / RHD 
• Post-streptococcal glomerulonephritis (PSGN) 
• PANDAS 

• Invasive disease 
• Bacteraemia 
• Deep skin infection 
• Necrotising fasciitis 
• Septic arthritis  
• And others…… 

 
 
 



What makes GAS a pathogen? 

• Colonisation, adhesion and invasion of host epithelial cells 

• e.g. pilus; Fbp’s; Lbp 

• Evasion of immune system 

• E.g. M protein; SLO; capsule 

• Survival and growth in blood 

• e.g. SpeB 

• Secretion of virulence factors 

• E.g. SpeA 

 



Why is GAS always susceptible to penicillin? 



Why is GAS always susceptible to penicillin? 

• Inefficient mechanisms for genetic transfer 

• Barriers to DNA uptake 

• GAS produce at least 4 extracellular DNAase  

• Have RM systems 

• Not naturally competent 

• Beta-lactamase may not be expressed or may be toxic to GAS 

• Low affinity PBPs may impose a critical fitness cost 

 



Why is GAS always susceptible to penicillin? 
 
NZ, 2015:  



Why does GAS sometimes ‘fail’ treatment with 
penicillin? 

• Enters epithelial cells, which are poorly penetrated by penicillin 

• Forms a biofilm on the oropharynx 

• Another anatomical niche? 

• Protection by beta-lactamase production from other species  

    (never proven) 



Classifying GAS infections – emm typing 

Moreland et al., Vaccine, 2014 



Tissue tropism and GAS infection 



Tissue tropism and GAS infection, NZ 

Williamson et al., JCM, 2015 

Williamson et al., submitted 



Theoretical vaccine coverage (30-valent) 

 Pharyngeal GAS 

isolates, Auckland; 

n=246 

(95% CI) 

Skin GAS isolates, 

Auckland; n=104 

(95% CI) 

Pharyngeal GAS 

isolates, Dunedin; 

n=103 (95% CI) 

Theoretical 30-valent 

coverage 

48.4% 

(42.2% – 54.6%) 

33.7% 

(25.3%– 43.2%) 

93.2%  

(86.4% - 96.9%) 

Theoretical 

additional coverage 

with cross-opsonic 

effect 
a 

 

69.5% 

 (63.4% – 74.9%) 

54.8%  

(45.2% – 64.0%) 

95.1% 

(88.9% - 98.2) 

Proportion of isolates 

belonging to emm 

types not tested for 

cross-opsonic effect 
a 

27.6% 

(22.4% - 33.6%) 

38.5% 

(29.7% - 48.1%) 

2.9% 

(0.6% - 8.6%) 

 

Submitted 



Are there ‘rheumatogenic’ strains of GAS? 

n=2,999 

Williamson et al., JCM, 2015 



What does the future hold for GAS microbiology? 

Waleed Nasser et al. PNAS 2014;111:E1768-E1776 



Summary 

• GAS infections are due to a complex interplay between  

     host, bacteria and environment 

• Penicillin continues to be a first-line treatment 

• Classification of GAS infections is likely to undergo major changes in the  

    next 5 years 

• WGS promises new insights into the understanding of GAS disease 

 


