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Poliomyelitis: the virus 

• ssRNA enterovirus 

 

• Three distinct genetic 
types with no (very 
limited) cross immunity 
(1,2,3) 

 

• Humans are only known 
natural host 

 



Poliomyelitis: an ancient disease 

Egypt ~1500 BC  

Prodromal non-paralytic phase leads to 

acute flaccid paralysis (AFP) in about 1 in 

200 cases 

In approximately 1 in 10 AFP cases the 

brain stem is affected, leading to paralysis 

of breathing muscles and death 

Post-polio syndrome (PPS) – polio 

patients who recovered well due to re-

innervation may experience muscular 

problems in later life 

 



Pathogenesis 

ingested poliovirus 

mucosal surfaces in gut and pharynx 
(Peyer’s patches/tonsils) 

lymph nodes 
(cervical and mesenteric) 

blood 

central nervous system extraneural tissue 

images © Wellcome Trust 



Natural history of infection (1) 

• Incubation period average 16.5 
days  

 

• Around 3-5 days after exposure 
virus can be detected in faeces, 
blood and throat 

 

• Virus is detected in the faeces for 
on average 4-5 weeks after onset 
of symptoms, but for only c. 2 
weeks in the throat 

(Casey 1942) 



Natural history of infection (2) 

Risk of AFP increased for: 

 Age c. 5-15 yrs  

 Women at older ages, 

  men at younger ages 

 Bigger viral dose 

 Subtype (1>3>2) 
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Following infection long-lasting homologous humoral immunity 

occurs (e.g. eskimos) 

Mucosal immunity may wane, facilitating transmission without 

disease 

Limited evidence for short-lived heterotypic immunity 



Modes of transmission 

1. Droplet 

2. Fomite and direct contact 

3. Faecal oral 

Relative importance of transmission route depends on 

context and may have implications for dynamics e.g. 

faecal-oral probably less important in developed world 



Descriptive epidemiology 

• Pre-vaccination 
– Developing countries 

• Endemic disease 

• Most (>90%) children infected by 4 years of age 

– Industrialized countries 
• Epidemic polio with increasingly severe epidemics perhaps partly 

due to older average age at infection (e.g. early 1950s average age at 
infection in US 5-9 years, cf. <5 years in the 1916 epidemic) but also 
increased diagnosis and care (Anderson and May 1991) 

• Post-vaccination 
– Developing countries 

• Ongoing polio eradication efforts in Africa and South East Asia 

– Industrialized countries 
• Disease eradicated 



Increasing number of epidemics identified 

• Increasingly frequent outbreaks in early 20th century 

• Franklin D Roosevelt infected in 1921 

• Founded the March of Dimes in 1938 (originally called 

National Foundation for Infantile Paralysis) 

• “Great Race” for a vaccine began 



Inactivated Polio Vaccine (IPV) 

• First developed by Salk in 1952 by prolonged treatment of virus 
with formalin 

 

• Injected 

 

• Associated with ‘Cutter’ incident 

 

• Current preparation is through purification and concentration 
of inactivated wild poliovirus 

 

• Induces good ‘humoral’ immunity against paralysis  

 

• Much more limited impact on mucosal immunity against 
infection 

 

 



Oral Polio Vaccine (OPV) (1) 

• Developed by Sabin in 1962 

• Attenuated by passage through 
different host cells 

• Stability of attenuated form 
assessed empirically by 
inoculating monkeys 

• However, only a few mutations 
separate OPV strains from 
wildtype (particularly types 2 and 
3) 

• Vaccine Associated Paralytic 
Poliomyelitis (VAPP) occurs 
– 1 in 750,000 receiving 1st dose 

– 1 in 12 million receiving 2nd dose 

 

Reproduced from Minor 2004 



Oral Polio Vaccine (OPV) (2) 

• Trivalent and monovalent live virus vaccines have been licensed 

 

• Vaccine is infectious and may secondarily immunise household 
contacts of vaccinee (e.g. un-immunized gypsy populations in 
Europe have high levels of serum neutralising antibodies to 
polio types 1,2 and 3 probably due to infection with OPV) 

 

• With trivalent vaccine >95% seroconvert to each poliovirus type 
after 3 doses in developed countries 

 

• Typically only ~70-80% (or less) seroconvert to type 1 & 3 after 
3 or 4 doses in developing countries due to interference by 
other infections and diarrhoeal disease 

 

• Seroconversion is also associated with induction of good 
mucosal immunity against infection 



Which vaccine to use? 

• OPV cheaper, easier to 

administer, secondarily 

immunises contacts of 

vaccinees, protects 

against infection 

(mucosal immunity) 

 

• Majority of countries 

switched to OPV from 

IPV during the 1960s 

 

• Wealthy countries now 

switching back to IPV 

 

From Onorato et al. 1991 



Eradication - Justification 

• No natural non-human reservoir 

 

• Effective vaccine – lifelong serum immunity 

 

• Although vertical programme, can have positive impact on 
health services 

– e.g. eradication of smallpox (1958-1980) was basis of EPI 

– (failed) eradication initiative for yellow fever (1915-1977) led to first 
national administrative health systems in many countries 

 

• Governments of the world committed in 1988 with initial aim to 
eradicate disease by 2000, revised to 2005 

 

• Would be second infectious disease to be eradicated after 
smallpox 



Vaccination and herd immunity 

•Direct (individual) effect 

–vaccinee protected against infection 

•Indirect (population) effect  

–reduced force of infection leading to ‘herd 

immunity’ 
 

•Effective reproductive number R 

•     
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Eradication - challenges 

• More difficult than Smallpox eradication since 

– Need more than 1 dose of vaccine  

• (3 in developed countries with good sanitary conditions, 8 or more in 
countries with poor sanitation) 

– AFP may be caused by other enteroviruses or infections; therefore 
symptoms less specific 

– Larger R0 ? (variable estimates e.g. see Anderson and May 1991) 

– Bigger more mobile population (7 vs 4 billion) 

 

• Also 

– Expensive (US$6 billion external expenditure to date) 

– Diversion of resources? 

– Achievable? 

 



Global polio surveillance 

• Monitoring of AFP cases 

 

• Need to distinguish polio derived AFP from other causes 
(Guillain-Barré syndrome, trauma, transverse myelitis and other 
enterovirus infections) 

 

• >30,000 AFP cases now undergo clinical, epidemiologic and 
virologic investigation every year by a network of laboratories 
co-ordinated by CDC and WHO 

 

• Any wildtype polio viruses are sequenced to allow identification 
of origin of outbreak 

 

• But ‘silent spread’ can occur, since only 1 in 200 infected 
develop AFP 

 



Surveillance indicators, polio endemic regions 
 

Non-polio AFP rate 

< 1 

1 – 1.99 

>= 2 

< 50% 

50 – 79.99% 

>= 80% 

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever 

on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, or 

concerning the delimitation of its frontiers or boundaries.  Dotted lines on maps represent approximate border lines for which there 

may not yet be full agreement.  

@ WHO 2012. All rights reserved 

Adequate stool collection rate 

Data in WHO/HQ as of 02 Oct 2012 

March – August 2012 



Massive campaigns 

• Cuba first country to have a NID 
in 1963 

• e.g. in October 2004 during four 
day synchronised NIDs 100 
million OPV doses given across 
half of Africa 

• Type 2 has been eradicated 
globally (last detected in Aligarh, 
India 1999) 

NIDs Launch 

Nigeria 



Global polio eradication: end stages 

Reduction in incident cases of 

paralytic polio from 1000 per 

day in 1988 to 5 per day in 2006 

 

Stopped poliovirus transmission 

in the Americas, Western Pacific 

and Europe 

 



Global situation 2008 

 Wild virus type 1 

 Wild virus type 3 

Case or outbreak following importation in last 6 months 

Endemic countries 



Polio persistence in India 

Poliovirus Location Cases Matches Vaccine efficacy 

(95% CI) 

Type 1 

 

rest of India 1512 361 21 (15 - 27) 

Bihar 387 158 18 (9 - 26) 

Uttar 

Pradesh 

2522 1108 9 (6 - 13)** 

Type 3 

 

rest of India 221 79 21 (8 - 33) 

Bihar 136 53 22 (4 - 36) 

Uttar 

Pradesh 

847 342 9 (3 - 15) 

** significantly different from rest of India, p < 0.01 

Grassly et al. Science 2006 



New strategies 

• Type 2 wild poliovirus eradicated in 1999 and type 3 
transmission geographically limited 

 

• New high potency (106 CCID50/dose) monovalent type 1 
vaccine developed and licensed through extraordinary public-
private partnership in less than a year 2004-5  

• Potentially more efficacious since no 

interference between vaccine strains 

 

• First used in India and Egypt in 2005 

 

• Estimated field efficacy in India and Nigeria 

3-4 times that of the trivalent vaccine against 

paralytic type 1 poliovirus 



Bivalent OPV 

Non-inferiority and superiority assessments after a cumulative two-dose schedule 

of vaccines  (Sutter et al. Lancet 2010) 

 



Serotype 1 Serotype 3 

tOPV 18 

(15-22) 

19 

(12-24) 

mOPV 29 

(11-43) 

30 

(0-66) 

bOPV 41 

(0-87) 

45 

(0-99) 

Vaccine efficacy estimates % (95% CI) 

mOPV1 

introduction 

bOPV introduction 

Estimated proportion of children with non-polio AFP under two years old in Nigeria 

protected by vaccination against poliomyelitis caused by serotype 1 (red lines) or 

3 (green lines) poliovirus. These age-standardised estimates exclude the effect of 

natural exposure to wild-type or vaccine poliovirus and protection offered by 

maternal antibodies.  

 

Vaccine efficacy estimates are derived from analysis of 2001-2011 data from 

Nigeria.    
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Vaccine boycott in Nigeria 



Nigeria – strategies for improving vaccine 

uptake 

Reduction in transmission in 2009 

Immunisation Plus Days (IPDs) 

•Community dialogue  

 

•Improvements in coverage 



Pakistan & Afghanistan 

High Security Risk 

Variable Security Risk 

• Shared borders areas and populations 

• Security risks 

• Days of tranquillity 

President Karzai 

Announces Polio Action 

Group to Coordinate all 

Ministries 



Data at WHO/Geneva as of 2012 





SIA 

Round 1 
SIA 

Round 2 

SIA 

Round 3 

SIA 

Round 4 

Explosive new outbreaks due to int'l 

spread  

Tajikistan (Feb-Jul 2010) 

458 cases 

30% > 5 years of age 

Congo (Oct 2010-Jan 2011) 

476 cases 

80% > 15 years of age 

50% mortality 

AFP Cases at 22 Nov 2010 
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Data in WHO HQ as of 

15 Dec 2010 

 

2o spread - Central Asia & Caucasus 2010 

Polio case 

Infected area Russian Federation 
14 cases 

Kazakhstan 
1 case 

Turkmenistan 
3 cases 

Tajikistan 
458 cases 



China 2011 
 

 

 

21 cases between July-Oct 2011 

 

11 cases are in adults 19-53 years of age  

 

All cases from Xinjiang Uygur Autonomous Region of western China 

 

Genetic sequencing  related to wild polioviruses circulating in Pakistan 

 

Within 15 days:  

 a 'level two' public health emergency had been declared 

 both the Minister and Vice-Minister of Health had travelled to the affected region 

 almost 150 health professionals from around China had been deployed 

 five million doses of oral polio vaccine had been airlifted to the province 

 more than 200,000 hospital records had been reviewed for potential polio cases 

 

By October   9 million children and young adults had been vaccinated 

 

 

 

 

 



Eradication challenges – cVDPV (1) 

• About 30% of immunized 
subjects excrete partially 
revertant strains of OPV 
called VDPV 

 

• If immunization coverage is 
high, no problem 

 

• However, at low levels of 
immunity VDPV can spread 
(i.e. R0 > 1) and fully revert to 
wild type virulence (cVDPV) 

 

• Leads to outbreaks of 
paralytic polio 

 

From Kew et al. 2002 

Hispaniola 2000-1 



Madura Island, Indonesia - cVDPV (2005) 



Eradication challenges – cVDPV (2) 

• cVDPV outbreaks have now occurred in Hispaniola (2000-1), 
Philippines (2001), Madagascar (2001-2), China (2004), 
Indonesia (2005), Nigeria (2004-)… 

 

• Retrospective studies have also identified cVDPV in Egypt 
(1988-93) 

 

• Many cVDPV have been recombinants with wild enteroviruses 

 

• Will be an important problem as countries scale-down 
immunization after polio considered to have been eliminated 



Circulating Vaccine-derived Poliovirus*, Previous 6 Months** 
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**10 Apr – 09 Oct 2012 
*Circulating Vaccine-derived poliovirus (cVDPV) is associated with 2 or more cases of AFP. VDPV type 2 cases with greater than or equal 

to 6nt difference from sabin in VP1; VDPV types 1 and 3 cases with greater than or equal to 10nt difference from sabin in VP1 are reported 

here. Figures exclude VDPV from non-AFP source. Figures may include different chains of transmission. 

Monthly distribution of cases by country 

cVDPV2 (12 cases) 

cVDPV1 (0 cases) 

cVDPV3 (0 cases) 

Data in WHO HQ as of 09 October 2012 



Additional eradication challenges 

• Laboratory escape (esp. as present in stool sample etc. not 
collected for polio work) 

 

• Factory escape (during manufacture of IPV) 

 

• iVDPV - continued excretion of virus by vaccinated individuals  
immuno-compromised individuals 



Strategies for the cessation of OPV use (1) 

• Abrupt (global OPV cessation day) 
– Excretion ceases after <6 months – environmental VDPV should 

disappear before enough new susceptibles 

– But, many possible sources for wildtype or VDPV introduction 

– Stockpile 850 million doses of monovalent OPV owned by WHO to 
control outbreaks by localised high coverage repeat immunisation 

– mOPV may itself reintroduce cVDPV depending on population 
movement 

Environmental 

poliovirus following 

OPV cessation in 

New Zealand 

Huang et al. 2005 



A new 'Endgame' strategy: parallel instead of 
sequential risk management 

        0   2      4    6    8    10    12   

  

Years 

Last wild polio case trivalent OPV cessation 

VDPV elimination & 

validation 

Wild virus 

eradication 
Sequential risk 

management 

Post-OPV 

surveillance 

Certification & 

containment 

VDPV2 elimination & 

validation 

Post-OPV 

surveillance 

Wild virus 

eradication 

Parallel risk 

management 
Certification & 

containment 

OPV2 cessation 

& IPV introduction 
bivalent OPV 1&3 

(bOPV) cessation 

SAGE IPV WG 22 Sept 2011 



Strategies for the cessation of OPV use (2) 

• Potential role for IPV 

– becoming vaccine of choice in wealthier nations (e.g. since 2004 used in 
UK), since risk of VAPP now outweighs that of wild poliovirus 

– Manufacture from Sabin poliovirus now being developed 

• Problems 

– Must be injected 

– Low mucosal immunity (not yet demonstrated effective at preventing 
transmission in countries with poor sanitation) 

– Waning rather than life-long immunity in absence of circulating OPV? 

– Early vaccination schedule may have low seroconversion rates 

– Currently expensive, but enough to vaccinate all the world’s children 
could be produced within 5-7 years  
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http://www.polioeradication.org/

