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The Bumpy Road to Polio Eradication

The existence of poliomyelitis 
in the developing world was 

ignored for many years because 
epidemic polio was considered a 
disease of wealthier countries. In 
the 1960s and 1970s, however, 
“lameness surveys” of school-
children in more than 20 coun-
tries revealed lower-limb–paral-
ysis rates of 2 to 11 per 1000 
— higher than those of the peak 
polio-epidemic years in the Unit-
ed States.1 Inspired by the suc-
cess of global smallpox eradica-

tion and poliomyelitis control in 
the Americas, the World Health 
Assembly made a commitment in 
1988 to eradicate polio by 2000. 
Although this goal was not met, 
substantial gains were made 
through routine immunization 
of infants with trivalent oral po-
liovirus vaccine (tOPV), supple-
mental national or regional 
rounds of tOPV among young 
children, active surveillance for 
acute f laccid paralysis, and rapid 
response to disease outbreaks. 
By 2000, annual reports of po-
liomyelitis cases had fallen by 
more than 99%, to fewer than 
1000; continuous endemic trans-
mission was halted almost ev-
erywhere; and the extinction of 

infection with type 2 wild-type 
poliovirus (WPV) proved that 
eradication was possible.

In the past decade, however, 
persisting reservoirs of naturally 
occurring (wild-type) poliomy-
elitis have proven stubbornly re-
sistant to control, for various 
reasons — in Pakistan and Af-
ghanistan, because of interna-
tional conflict; in India, because 
of an overwhelming force of in-
fection and high rates of failure 
of oral poliovirus vaccine (OPV) 

associated with overcrowding, 
poor sanitation, and diarrheal 
disease; and in Nigeria, because 
of a poor public health infra-
structure and, until recently, lack 
of political will resulting in very 
low routine immunization rates 
and ineffective supplemental im-
munization activities. In 2003, 
polio-immunization activities were 
halted in northern Nigeria ow-
ing to false rumors about ad-
verse effects of OPV; the ensuing 
eruption of disease in a dense 
population with a high birth rate 
led to the spread of type 1 po-
lioviruses to about 20 previously 
polio-free countries in Africa, 
the Arabian peninsula, and Asia. 
Although immunization resumed 

about a year later and most in-
fection was contained, ongoing 
transmission of WPVs in north-
ern Nigeria and flares of disease 
elsewhere have led to periodic 
exportation of type 1 and type 3 
polioviruses to many locations in 
sub-Saharan Africa and Asia, 
where immunity levels are insuf-
ficient to prevent the spread of 
infection (see Figure 1). Endemic 
transmission has been re-estab-
lished in Chad and Angola, and 
the newest battlefront is central 
Asia, where a large outbreak of 
disease caused by type 1 poliovirus 
of Indian origin has erupted in 
western Tajikistan, causing more 
than 150 cases to date.

But perhaps the biggest bump 
in the road has been the emer-
gence of circulating vaccine- 
derived polioviruses (cVDPVs), 
genetically unstable Sabin-strain 
viruses that revert toward the 
genotypic and phenotypic profile 
of the virulent parent strain as 
they circulate for extended peri-
ods in a population with low 
immunity levels.2 By definition, 
cVDPVs have acquired mutations 
in more than 1.0% of the RNA 
genome coding for the viral capsid 
protein VP1, and most isolates 
have undergone recombination 
with other group C enteroviruses, 
which may enhance viral fitness. 
The existence of cVDPVs was dis-
covered in 2000 during an inves-
tigation of 21 cases of paralytic 
type 1 poliomyelitis on Hispan-
iola. Since that time, one or two 
cVDPV outbreaks have been re-
ported per year (Figure 2 shows 
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the location of recent cVDVP out-
breaks), isolated paralysis cases at-
tributed to cVDPV have occurred 
in both normal and immuno-
deficient persons, and cVDPVs un-
associated with disease have been 
detected with environmental sam-
pling.3

Most cVDPV outbreaks have 
been controlled relatively easily 
with focused supplemental im-
munization campaigns. The ex-
tensive type 2 cVDPV epidemic 
that began in Nigeria in 2006 — 
the subject of the report by Jen-
kins and colleagues in this issue 
of the Journal (pages 2360–2369) 
— is an exception. Multiple in-
dependent cVDPV lineages de-
veloped over several years, en-
abled by low tOPV-immunization 
rates and an emphasis on con-

trolling wild-type infection with 
type 1 and type 3 monovalent 
vaccines. The epidemic proved ex-
tremely difficult to control with 
tOPV. Fortunately, only a handful 
of type 2 cVDPV cases have been 
observed since the first half of 
2009, but Jenkins and colleagues 
verify that cVDPVs can be as in-
fectious and virulent as WPVs.

The emergence of cVDPVs 
forces us to accept the reality 
that we are fighting fire with fire 
and that once eradication of WPV 
is assured, the use of live poliovi-
rus vaccines will need to cease 
globally in a coordinated man-
ner. Because cVDPVs will proba-
bly continue to circulate for at 
least 1 to 3 years after WPVs are 
eradicated,4 and live polioviruses 
may be reintroduced from rare 

immunodeficient persons who 
continue to excrete virus,5 the 
world will need to rely on inacti-
vated poliovirus vaccine (IPV) in-
definitely to maintain immunity. 
Most economically advanced 
countries now use IPV exclusive-
ly. Infants and young children in 
developing countries can be pro-
vided with excellent protection if 
given two or more IPV doses, but 
as compared with OPV, IPV pro-
vides less protection to unim-
munized persons through herd 
immunity; it also requires an in-
jection and costs more than OPV 
to manufacture. Antigen-sparing 
techniques such as intradermal 
administration could reduce IPV 
costs significantly, making it 
more affordable for low-income 
countries that will probably bear 
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Figure 1. Global Distribution of Wild-Type Poliomyelitis Cases, January 1, 2010–June 1, 2010.

WPV1 and WPV3 denote cases of wild-type poliovirus types 1 and 3, respectively. The total number of cases is 254. Data are from 
the WHO Global Poliomyelitis Eradication Initiative.
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the burden of cVDPV outbreaks in 
a post-eradication environment.

The study reported on by Mo-
hammed and colleagues in this 
issue of the Journal (pages 2351–
2359) compared the effective-
ness of intradermal injection of 
one fifth the standard dose of 
IPV in infants 2, 4, and 6 months 
of age using an investigational 
needlefree device with the effec-
tiveness of intramuscular admin-
istration of the standard IPV 
doses for poliovirus types 1, 2, 
and 3. Intradermal administra-
tion of the fractional dose in-
duced seroconversion to each 
serotype in more than 95% of 
subjects, which compared well 
with the conversion rate associ-
ated with intramuscular injection 

of the standard dose. Ultimately, 
intradermal injection of a small-
er dose must be compared with 
other strategies designed to re-
duce the cost of IPV, such as re-
duction in the number of doses 
administered, use of adjuvants, 
combination with other routine 
infant vaccines, and development 
of more immunogenic vaccines.

In any case, however, the 
health ministers in developing 
countries will have little interest 
in adopting IPV until global 
eradication of WPV is in sight 
and large cVDPV outbreaks are 
under control. Meanwhile, the 
Global Poliomyelitis Eradication 
Initiative (GPEI) of the World 
Health Organization (WHO) and 
its partners face many challeng-

es. Virulent polioviruses contin-
ue to cause paralytic disease in 
approximately 15 countries in 
Africa and Asia. Critics challenge 
the feasibility of eradication and 
the wisdom of devoting hundreds 
of millions of dollars to a single 
disease, arguing for a more in-
tegrated approach to control of 
serious global health problems. 
Funding of the program, which 
has spent more than $8 billion 
over the past two decades, is pre-
carious, and donors are signaling 
that their patience is limited.

But there are reasons for hope. 
Widened use of monovalent and 
bivalent type 1 and 3 OPV formu-
lations that are more immuno-
genic than tOPV markedly reduced 
wild-type disease in Nigeria and 

The Bumpy Road to Polio Eradication

cVDPV2 Nigeria  — 3 cases

Oct. 2009–April 2010
16 cVDPV cases 

cVDPV2 Democratic Republic
of Congo — 2 cases
cVDPV2 Somalia  — 1 case
cVDPV2 India — 7 cases
cVDPV3 Ethiopia — 3 cases

Figure 2. Current Outbreaks of Circulating Vaccine-Derived Poliomyelitis.

The abbreviation cVDPV denotes circulating vaccine-derived poliovirus, and cVDPV2 and cVDPV3 denote types 1 and 3, respec-
tively. Data are from the WHO Global Poliomyelitis Eradication Initiative.
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India in 2009; only two cases of 
wild-type poliomyelitis have been 
reported in India since early Feb-
ruary 2010. Overall, according to 
the WHO, about half as many 
cases of wild-type polio have been 
reported globally in 2010 as dur-
ing the same period last year. 
The Bill and Melinda Gates Foun-
dation has entered the fray, con-
tributing $700 million, and Mr. 
Gates traveled to Nigeria in 2009 
to meet with governmental and 
religious leaders to support the 
eradication program. The GPEI 

team has developed a new strate-
gic plan designed to align polio 
eradication with other global 
health priorities and continues to 
apply new insights from labora-
tory advances, epidemiologic stud-
ies, and disease modeling. This 
team’s extraordinary dedication 
and determination to succeed 
should not be underestimated.

Disclosure forms provided by the author 
are available with the full text of this article 
at NEJM.org.
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