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Overview

• Thinking then and now

• Issues & responses

– Low OPV immunogenicity

– Chronic excretors of poliovirus & emergence of 
circulating vaccine-derived poliovirus

– Understanding IPV immunogenicity (especially 
mucosal immunity)

• Lessons learned

• Opportunities & needs



THINKING IN 1988

•Need to eradicate three wild 
polioviruses (WPV 1,2,3)

•Trivalent OPV would be adequate

•OPV could cause vaccine-associated 
polio in vaccine recipients or close 
contacts

•Acute flaccid paralysis (AFP) 
surveillance was adequate to find virus

THINKING IN 2018

•Need to eradicate six polioviruses 
(WPV 1,2,3 and Sabin vaccine viruses 
1,2,3)
•Need monovalent and bivalent OPV

•OPV, through mutations, could 
reacquire phenotypic characteristics of 
WPVs leading to outbreaks (cVDPVs)

•AFP surveillance is not enough; 
environmental surveillance offers 
much in detecting virus
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Thinking in 1988 when eradication goal 
adopted and what has been learned - II

•Primary immunodeficient chronic 
shedders (iVDPVs) of vaccine virus 
could develop polio but were not a 
danger to the community

•Inactivated Polio Vaccine (IPV) had 
no role in achieving eradication in 
developing countries with poor 
sanitation and hygiene

•iVDPVs could theoretically reseed 
a community and lead to cVDPVs
and polio outbreaks

•IPV may have a role in achieving 
eradication but will be very 
important in sustaining eradication 
as Sabin Vaccine Viruses are 
withdrawn
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•Sustaining eradication, with a 
major focus on containment, was 
not a part of decision-making

•Vaccination could be stopped once 
polio eradication was certified, as 
was done with smallpox

•Sustaining eradication, with the 
need to contain and collect or 
destroy specimens (such as virus-
containing stools), is an important 
part of current decision-making 

•There is a need to continue 
vaccination for some period and 
potentially indefinitely after WPV 
is eradicated and Sabin viruses are 
withdrawn
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•Everything needed for eradication 
was already known

•Continuing need for an extensive 
research program dealing with 
issues such as:
• Development of safer vaccines

• Development of vaccines that not 
only provide individual protection 
but community protection

• The role of IPV and the optimal 
schedule, and how to make it 
cheaper

• Detecting primary immunodeficient 
shedders and developing antivirals
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Low immunogenicity of trivalent oral poliovirus vaccine (OPV)



Quest for more immunogenic OPV

Product Initial 
license year

Country Initial study Comment

tOPV 1963 USA Control

mOPV1 2004, 2005 India, France 55% mOPV1 vs 
32% tOPV

Birth dose study in 
Egypt*

mOPV2 2007, 2008 India, Belgium 90% mOPV2 vs 
91% tOPV

2-dose study in India 
(birth + 30 days)+

mOPV3 2005 India 84% mOPV3 vs 
52% tOPV

+

bOPV
(types 1+3)

2009 India, Belgium bOPV 86% P1, 
74% P3

type 2 interference 
removed+

*El-Sayed N, et al. N Engl J Med 2008;359:1655-65. 
+Sutter RW, et al. Lancet 2010;376:1682-88
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Policy decisions

• Policy recommendations:

– Supplementary immunization activities (SIAs)

• mOPV1 or mOPV3 (or bOPV)

– Outbreak control

• type-specific mOPV

– Routine EPI schedule (after OPV2 withdrawal)

• bOPV (replaced tOPV)



Longterm excreters of poliovirus & vaccine-derived poliovirus

Macklin G, et al. Front Immunol 2017 (online)



Vaccine-associated paralytic poliomyelitis (VAPP) & 
circulating vaccine-derived poliovirus (cVDPV)

Attributes VAPP* cVDPV+

Occurrence Sporadic Epidemic (transmission)

Presentations Paralysis Paralysis

Risk factors Individual susceptibility +++ +++

Immunodeficiency +++ -

Species C NPEV prevalence - ++

Tropical enteropathy - ++

Virus Recombination Rare Typical

Sequence diversity in VP1 - >0.6% P2, >1% in P1 or P3

Control Prevent OPV exposure +++ -

High population immunity - +++

*Terry L. Report of the Surgeon General. Washington, DC: US Department of  Health, Education and Welfare,1962.
+Kew OM, et al, Science 2002;296:356-359.



Response & Policy decisions

• Research studies on VAPP

• WHO registry for iVDPV

• IOM 2006: Review

• Antiviral initiative in TFCH
– Single drug Pocapavir under IND

• SAGE 2017: Decision to screen 
individuals with signs of 
immunodeficiency disorders 
for poliovirus excretion



Understanding IPV immunity contributions

Tropical developing Industrialized

Immunogenicity Humoral +++ +++

Priming ++ ++

Mucosal - -

Risk factors Maternal antibodies +++ +++

Acute malnutrition + +

Boosting Humoral +++ +++

Mucosal (only OPV)* +++ +++

John J, et al. Lancet 2014;384:1505-12.Jafari H, et al. Science 2014;384:1505-12.

* *



One dose IPV

Resik S, et al. N Engl J Med
2013:368:416-24.



Policy decisions: The roadmap (WHA)

• Sequential removal of 
Sabin strains from OPV

• Starting with type 2 in 
2016

• bOPV replacing tOPV

• IPV introduced in 
routine EPI schedules as 
risk mitigation

WHO, Geneva, 2013

• 2 fractional IPV doses 
better than one full IPV 
dose (SAGE 2016)



Lessons learned

• Priority setting: "if you don't know where go, any road 
will get you there"

• Partnership: Agenda, priority, labour division

• Infrastructure: Ethical Review Committee, standing 
DSMB, Polio Research Committee (PRC)

• Public sector: CDC/FDA/NIH, NIBSC, NIID, GPLN, 
Academia

• Dedicated longterm funding support: Allow rapid 
implementation of priority research

• Collaboration: Long term relationship with capacity 
building  

• Licensing studies: Key studies sponsored / funded by GPEI



Opportunities / Needs

• Priming:
– Duration, efficacy in preventing paralytic disease

• One-dose IPV:
– Sufficient for long term immunity

• iVDPV surveillance:
– How to screen population (10 warning signs – J Modell Foundation)

• Containment:
– Replace neutralization assays
– Eliminate infectious processes for vaccine production (VLPs)

• Vaccine development:
– Mucosal immunity induced by inactivated vaccine ("holy grail")
– New genetically stable OPV
– Virus-like particles (VLPs)



Thank you for your attention!





Policy decisions

• Technical oversight committees:

– Before 2005: Technical Consultative Group (TCG) 
on the Global Eradication of Poliomyelitis

– 2005-2010: Advisory Committee for Polio 
Eradication (ACPE)

– After 2010: SAGE (with WG on Polio support)


