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Global public health impact –
a daunting prospect  



Measuring vaccine impact - Principles 

• Efficacy vs Effectiveness
• Direct vs Indirect effects 
• Vaccine-Preventable Disease Incidence (VPDI) 

• Syndromic diagnosis versus Laboratory-confirmed 
• “Vaccine Probe” 

• Disease severity 
• Impacts on health systems and the broader economy
• Negative or “trade-off” effects  



Measuring vaccine impact – Examples  

• Pertussis – declines in deaths pre-vaccine 

• Pneumococcus – invasive disease (IPD) vs pneumonia 

• Meningococcal disease – changes background incidence 

• Disease severity – COVID vaccines and variants 



Principles -1 

Dilemma: methodological perfection vs real-world translation 



Efficacy vs Effectiveness
Clemens JAMA 1996 

Limitations of efficacy trials 



Efficacy vs Effectiveness – conflicting RCT results
Clemens JAMA 1996 

Hib vaccine trial in low 
vs high incidence population  



Herd immunity



Indirect effects = disease incidence in unvaccinated 
typically can’t be assessed in a RCT

• Is disease incidence measured similarly in non-vaccinated? 
• Blood culture practice for pneumonia (IPD)? 
• Stool testing for pathogens (rotavirus)? 
• Clinical syndrome vs laboratory testing (varicella, zoster)? 

• May be very influential in cost-effectiveness considerations
• Pneumococcal conjugate vaccine 
• Meningococcal ACWY 



Vaccine-Preventable Disease Incidence
Vaccine efficacy =   Incidence in controls – Incidence in vaccinated   

Incidence in controls 
VPDI           =   VE x Incidence in controls 

ie takes into account disease incidence in the population
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Incidence of severe rotavirus diarrhoea and all cause gastroenteritis 
in Malawi and South Africa

Malawi South Africa

VE – severe Rota 
Malawi: 49% (19-68)
South Africa:  77% (56-88) 

VE – all GE 
Malawi: 25% (5-41) 
South Africa: 44% (20-61) 
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Severity and sequelae: comparing 5 VPDs
– US data (Black Vaccine 2013) 

Cost-effectiveness driven by overall incidence, not by rare severe outcomes 

Rare but severe

Common, rarely  severe



“Full” value of vaccination 



Pertussis
“It’s all due to improved living standards, vaccines have had no impact” 



Deaths from diphtheria and pertussis - Australia



Pertussis: reductions in deaths pre-immunisation
Chow et al Clin ID 2014 



Deaths and vaccine coverage 1903-1992
Netherlands (van Wijhe Lancet ID 2016)





Pneumococcal disease 
Disease burden measurement

Changes in serotypes – IPD and pneumonia 



How much pneumococcal disease? 

Invasive disease
(septicaemia and 

meningitis)

Otitis media

Pneumonia

Comparisons most valid for meningitis 



The 3+0 schedule 





The Incidence rate ratio 





Measuring waning immunity –
relative odds of vaccine serotype IPD  



Meningococcal disease 

Changes in diagnostics 
Changes in serotypes 



Vaccine impact on bacterial meningitis – US 

Page 27



Meningococcal disease - Australia 
by serogroup and year, 1999–2017
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Importance of disease severity 

SARS-CoV-2 “variants of concern” 
What do they mean for vaccines? 



Global Epidemiology – Cases and Deaths



Variants of concern
Concern =  

1. increased transmission
2. increased severity 

3. Escape from vaccine-induced immunity 



Current variants of concern



Vaccines preventing what? 
Importance of disease severity

Vaccine Cases/Total 
in placebo 

Severe Cases/Severe as % 
of Total Placebo

AZ simian adenovirus 101/5829 10 1.7%/0.17%

Janssen Adeno type 26 348/21888 29 1.6%/0.13% 

Pfizer BNT162b2 169/18846 9 0.9%/0.04%

Moderna mRNA 1273 269/15181 30 1.8%/0.19%

Pfizer trial placebo group had half as many cases 
as other trials and 1/3 to 1/5 severe cases



J&J Trial first to have data on the
South African and Brazilian variants 

Equivalent efficacy vs severe/critical disease for variants 



Summary 

• Issues in measuring vaccine impact 
• Direct vs Indirect effects 
• Vaccine-Preventable Disease Incidence (VPDI) 
• Disease severity 

• Case studies 
• Declines pre-vaccine:  pertussis, meningococcal disease 
• Changes in laboratory measures: meningococcal disease, IPD
• Importance of disease severity: COVID variants 
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