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Polio Today
Are We on the Verge of Global Eradication?

SUMMARY OF THE ORIGINAL ARTICLE

Studies in Human Subjects on Active Immunization
Against Poliomyelitis

Jonas E. Salk, MD; MAJ Byron L. Bennett, US Army (ret);
L. James Lewis, PhD; Elsie N. Ward, MA; J.S. Youngner, ScD

JAMA. 1953;151(13):1081-1098

In 1953 at the height of polio epidemics in the United States,
Salk and colleagues described preliminary findings that led to an
inactivated poliovirus vaccine. After review of the scientific
evidence favoring artificial immunization against polio, the
systematic experimental approach to vaccine development was
outlined in detail including the criteria for selection of the
vaccine strains, the choice of monkey kidney cells for vaccine
virus production in tissue culture, and the inactivation of
infectivity by incubation of clarified virus preparations in a
1:250 formalin at 1°C for 7 to 10 days.

Preliminary results were reported on the levels of neutralizing
serum antibodies induced in 161 human participants who had
been injected with the experimental vaccine just a few months
earlier. Antibody levels, measured in both tissue culture and in
mice, were higher when the vaccine was emulsified in a mineral
oil adjuvant and delivered intramuscularly than when the
vaccine was prepared in an aqueous suspension and delivered
intradermally. Antibody levels to each of the 3 poliovirus
serotypes induced by the inactivated vaccines compared
favorably with levels induced by natural infection. Formalin
inactivation of infectivity, measured by intracerebral inoculation
of cynomulgus monkeys, appeared to be irreversible and the
induction of neutralizing serum antibodies in human
participants appeared to be entirely attributable to the
noninfectious experimental vaccines.

See www.jama.com for full text of the original JAMA article.

Commentary by Stephen L. Cochi, MD, MPH,
and Olen Kew, PhD

THE MEDICAL WORLD HAS MADE MUCH PROGRESS

since the historic efforts in the 1950s of Dr Jonas
Salk to develop inactivated polio vaccine (IPV)
and of Dr Albert Sabin to develop oral polio vac-

cine (OPV). Global incidence of poliovirus cases has de-
clined more than 99% from an estimated 350 000 cases at
the beginning of the World Health Organization (WHO)
Global Polio Eradication Initiative in 1988 to 1315
cases in 2007 and to 866 cases at the time of this publica-
tion. 1 Poliovirus type 2 was eradicated in 1999. The
number of countries that have never interrupted wild
poliovirus transmission (ie, polio-endemic countries) has
been reduced from more than 125 in 1988 to 4: Afghani-
stan, India, Pakistan, and Nigeria. In this Commentary, we
review the historical basis for pursuing polio eradication
and assess the prospects for reaching the goal of a polio-
free world.

History and Background
of Polio Eradication Strategies
Mostcountries inEuropeandNorthAmericaeffectivelyelimi-
nated endemic transmission of wild poliovirus within a few
years after introduction of IPV in 1955. In the United States,
polio cases decreased more than 25-fold between 1955 and
1961, and some countries in northern Europe eliminated
polio using IPV alone. In the United States, OPV gradually
replaced IPV after 1961 and endemic circulation stopped in
the late 1960s. The strategy of routine childhood immuni-
zation, so successful in the developed world, was less suc-
cessful in thedevelopingworld in reachingelimination,which
led Sabin to argue for supplemental mass administration
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tration of OPV to supplement routine immunization.2 Strik-
ing results from well-organized national immunization days
in Cuba3 and later in Brazil,4 Mexico,5 and Costa Rica6 resulted
in the 1985 regional polio eradication initiative in the Ameri-
cas.7 Early successes in the Americas prompted the 1988 reso-
lution of the World Health Assembly to eradicate polio world-
wide by the year 2000 by targeting the disease burden in
developing countries through a global partnership spear-
headed by the WHO, the United Nations International Chil-
dren’s Emergency Fund, Rotary International, and the Cen-
ters for Disease Control and Prevention.8

In 1994, the Region of the Americas was certified as polio-
free. Cessation of poliovirus transmission was achieved
through 4 key strategies: surveillance for acute flaccid pa-
ralysis; strengthening of routine immunization systems; pro-
vision of supplemental doses of OPV through national im-
munization days and subnational targeted supplemental
immunization activities; and house-to-house “mopping up”
immunization rounds to eliminate the last foci of polio trans-
mission in affected countries. Successful application of these
basic strategies in the Western Pacific region was pio-
neered by China, which experienced an epidemic in 1989-
1990 that affected 10 000 children despite high routine OPV
coverage.9 By 2000, the 37 Western Pacific region coun-
tries were certified polio-free,10 followed in 2002 by the 51
countries of the European region.11 The 4 endemic coun-
tries have persistently delayed certification of the remain-
ing 3 WHO regions.

Polio Eradication Strategies
in the Developing World
Naturally acquired immunity through wild poliovirus cir-
culation exists only in the polio-endemic areas of the world
and those few previously polio-free countries experiencing
ongoing poliovirus transmission because of importation from
endemic areas. The remainder of the world relies solely on
immunization, whether OPV, IPV, or a combination of both.
Even when achievable, high rates of routine immunization
alone (�90%) have proven inadequate over the last 40 years
to prevent periodic epidemics in tropical countries with high
birth rates and poor sanitation.2 Thus, a consensus emerged
within the polio eradication initiative that any eradication
strategy in the developing world should consist of the 4 fun-
damental components that proved so successful in the Ameri-
cas: improved routine immunization, supplemental mass im-
munization, poliovirus surveillance, and outbreak response
capacity.

Improved Routine Immunization
For either eradication or control, improving the current level
of routine immunization against polio in developing coun-
tries is crucial. Unfortunately, current global routine im-
munization coverage is less than optimal. The WHO and
the United Nations International Children’s Emergency Fund
data for 2006 indicate that more than 26 million children

worldwide are not vaccinated with 3 doses of polio vaccine
through routine programs, and that average global cover-
age reached only 80% of children.12 Forty countries have
less than 80% coverage—the minimum level needed to sig-
nificantly reduce the risk of outbreaks following importa-
tions.13 These countries include 3 of the 10 most populous
countries in the world: India (58%), Indonesia (70%), and
Nigeria (61%). Seven of the 40 countries have coverage that
is lower than 50%. Closing this vaccine coverage gap by im-
proving the level of routine immunization will be a major
challenge. It is unlikely that the world will reach the 2010
global goal for all countries having at least 90% national vac-
cination coverage and 80% vaccination coverage in every
district.14

Supplemental Mass Immunization
In many tropical developing countries, pools of suscep-
tible individuals accumulate from both failure to reach chil-
dren through the routine program and failure of OPV to uni-
formly induce an adequate immune response despite the
recommended 3 to 4 routine doses. Even countries with rela-
tively high national immunization coverage are at risk for
periodic large polio outbreaks in the absence of supplemen-
tal immunization. Therefore, any strategy for developing
countries must also include the capacity to organize and de-
liver multiple supplemental doses of polio vaccine each year
to prevent large polio outbreaks.

Effective Poliovirus Surveillance
An integral component of global eradication is continua-
tion of nationwide acute flaccid paralysis surveillance, which
includes continued operation of the WHO Global Polio Labo-
ratory Network. The 145 laboratories of the Global Polio
Laboratory Network are essential for providing informa-
tion for programmatic action by identifying outbreaks early,
assessing the effectiveness of immunization strategies, and
guiding response efforts toward global control.

Adequate Outbreak-Response Capacity
Each country must have access to sufficient public health
infrastructure and vaccine supply for possible polio outbreak-
response. The vicissitudes of economic and political for-
tunes of low-income countries dictate that this response ca-
pacity must also exist at the WHO headquarters and regional
level, and rely on external funding.

Resurgence of Polio During 2003-2006
After reaching a record low of 483 reported polio cases glob-
ally in 2001, 2 events fueled debate about the feasibility of
polio eradication. The first circumstance was the cessation
of polio vaccination in northern Nigeria during 2003-
2004, which occurred because of unfounded fears about the
safety of OPV; the second was reductions in the number and
geographic extent of national immunization days and supple-
mental immunization days in India during 2001-2002, which
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resulted in the spread of polio from Nigeria and India dur-
ing 2003-2006 with importations into 27 previously polio-
free countries.13 At least 92 separate importations were docu-
mented by epidemiologic and genomic sequencing data.
Control of the ensuing outbreaks required additional supple-
mental immunization rounds with direct costs of more than
$500 million in external funds alone. Cessation of polio vac-
cination in northern Nigeria resulted in more than 5000 ad-
ditional paralyzed children during 2003-2006, both within
Nigeria and through the spread of poliovirus to 20 of the
27 polio-free countries from West and Central Africa to In-
donesia.

Recent Progress, Innovations, and Challenges
The year 2007 marked a turning point as intensified eradi-
cation activities in the remaining polio-endemic countries
reduced poliovirus spread. During this time, most of the out-
breaks in countries that were previously polio-free were suc-
cessfully stopped through intensified use of outbreak-
response guidelines endorsed by the World Health Assembly
in May 2006. As of June 2008, transmission continues in
the 4 polio-endemic countries but only 6 countries that were
previously polio-free have ongoing transmission (Angola,
Chad, the Democratic Republic of the Congo, Ethiopia, Ni-
ger, and Sudan).

New tools and tactics, in addition to more aggressive out-
break-response guidelines, have contributed greatly to re-
storing confidence that polio eradication can be achieved,
including large-scale use of monovalent OPV formulations
to enhance protective efficacy, particularly in tropical coun-
tries, compared with trivalent OPV; implementation in the
WHO Global Polio Laboratory Network of rapid virus cul-
ture techniques and the polymerase chain reaction to re-
duce the time for poliovirus identification by half, thereby
facilitating rapid response capacity; and intensified engage-
ment of national and local political leaders in polio-
affected countries.

In polio-endemic countries, type 1 monovalent OPV has
been used on a massive scale (�2.5 billion doses since 2005)
to prioritize eradication of type 1 poliovirus, which has a
greater capacity than type 3 poliovirus to cause paralytic dis-
ease, to cause large outbreaks, and to spread over wide geo-
graphic areas. Remarkable progress has occurred in India,
which has reported a record low of 8 cases of type 1 polio-
virus in 2008 and has interrupted indigenous transmission
for the first time ever in Uttar Pradesh—its largest state and
last remaining original “polio reservoir.” Whether this suc-
cess will be sustained through the 2008 summer high sea-
son for poliovirus transmission remains an open question.
Other challenges include a new type 1 poliovirus outbreak

in 2008 in northern Nigeria with renewed risk of interna-
tional spread, which is due to persistent failure to fully vac-
cinate children, and persistent low-level poliovirus trans-
mission in parts of Afghanistan, Pakistan, and a handful of
previously polio-free countries now dealing with ongoing
poliovirus transmissions due to importation.

In polio-free countries of North America, Europe, and Aus-
tralia, there has been a transition back to the use of IPV to
eliminate the rare adverse events associated with OPV.

More than 5 million children and young adults are walk-
ing today because of the efforts of the polio eradication ini-
tiative since 1988. After the many setbacks, will the prom-
ise of a polio-free world for future generations15—first
imagined by the availability of polio vaccine beginning in
the 1950s—finally be realized? While optimists would say
yes, the answer still is not clearly in sight, although it may
be just over the horizon.
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