
Poliovirus has been studied for many years and the
mechanisms of replication and the structure of the cap-
sid are well understood (BOX 1). Poliovirus pathogenesis
is not as well defined, but the events following infection
have been understood in general terms since the early
twentieth century (BOX 2). The broad history of the
eradication programme and its current status can be
obtained from the World Health Organization (WHO)
polio eradication web site (see the online links box).

Polio was recognized as a disease of developed coun-
tries in the twentieth century, particularly in the 1950s
when epidemics involving thousands of cases occurred
regularly in the United States and Europe. In the 1970s,
lameness surveys showed that polio was also a significant
disease in developing countries. Smallpox was eradicated
in 1979, and the WHO identified six other diseases that
seemed suited to control by worldwide vaccination —
diphtheria, tetanus, pertussis, measles, tuberculosis and
polio. For each of these diseases there is a reliable and sta-
ble vaccine against the causative agent. In addition, for
each of these diseases, there is no major animal reservoir
— unlike, for example, yellow fever — which makes con-
trol of the disease more likely through immunization of
the human population. These vaccination programmes
formed the core of the expanded programme on
immunization (EPI), which was established in 1974.

Progress in the eradication of poliovirus was rather
slow, except in the region overseen by the Pan
American Health Organization (PAHO), which
includes North, Central and South America
(TIMELINE). In 1985, the PAHO committed itself to the
eradication of polio by 1990 on the basis of their
progress at that time. The strategies used, and why
they were required, are discussed below, but in 1988,
the World Health Assembly, the governing body of the
WHO, committed the organization to the global erad-
ication of poliovirus by the year 2000 (41st World
Health Assembly Resolution 41-28). Several donors
have funded the eradication programme — including
the United Nations Childrens Fund (UNICEF), the
WHO, the Centers for Disease and Control (CDC),
various member states and Rotary International — and
this commitment to the programme has had an impor-
tant effect on its progress. The sums involved are 
substantial; Rotary International alone raised US $247 
million in 1988, and it is anticipated that the programme
will need US $975 million for 2003–20051.

The eradication programme has used the live atten-
uated vaccines that were developed by Sabin from cir-
culating wild-type strains of poliovirus (BOX 3). There
are three vaccine strains (one derived from each wild-
type poliovirus serotype). These vaccine strains are
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The poliovirus eradication programme coordinated by the World Health Organization mainly
involves immunization with a live attenuated vaccine. Only six countries — India, Pakistan,
Afghanistan, Egypt, Nigeria and Niger — still have endemic poliovirus. To tackle recent outbreaks
in India and Nigeria, eradication strategies have been refocused. It was hoped that complete
eradication of wild-type poliovirus would be achieved by the end of 2003, but during 2004 there
have been setbacks to polio immunization in Nigeria, and the number of poliomyelitis cases has
increased. It still seems possible that the virus could be eradicated — but should vaccination
continue when that goal has been achieved?
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Box 1 | Poliovirus — the basics

Poliovirus is a member of the picornavirus family, which also includes some common cold viruses, infectious hepatitis
(hepatitis A) and foot and mouth disease virus. Only higher primates and old world monkeys are infected by poliovirus
because other species lack the receptor that is required for its entry into cells. The poliovirus receptor (PVR) is a three-
domain protein of the immunoglobulin superfamily known as CD155 (REF. 45). Transgenic mice expressing CD155 in
neural and other tissues become susceptible to parenterally, but not orally, administered poliovirus. The genome (see
figure part a) is about 7,430 bases in length, depending on the strain. Poliovirus is a positive-strand virus, so the genome is
mRNA sense, and can be directly translated into protein. There is a single, large open reading frame that encodes the
structural proteins that make up the capsid (VP proteins), followed by the non-structural proteins that are involved in
replication. The product of the open reading frame — the polyprotein — is cleaved by virus-encoded proteases, such as
proteins 2A or 3C, to yield functional proteins. The genome is not capped and methylated, unlike most eukaryotic
messenger RNAs, but instead contains a 5′ non-coding region (5′NCR) of approximately 740 bases (depending on the
strain), which has a role as an internal ribosome entry site (IRES)46, which is a function that depends on its secondary
structure. The typical life cycle of poliovirus (see figure part b) in an infected cell involves attachment to CD155,
internalization, uncoating, translation and replication of the RNA, which is then encapsidated in viral structural proteins
in a process that requires membrane vesicle structures in the cell. The virus particle is ~27 nm in diameter and comprises
60 copies of each of four proteins — VP1,VP2,VP3 and VP4 — which are arranged with icosahedral symmetry to form a
capsid that contains a positive-sense single-strand RNA genome.

Picornaviruses are classified using genome-sequence comparisons. In the enterovirus genus — which includes
poliovirus — members have been clustered on the basis of genome sequence similarities. Using this classification scheme,
poliovirus should be placed in the human enterovirus C group with some coxsackie A viruses, and there is evidence that
poliovirus can exchange genetic information with other members of the enterovirus C group by recombination.
Nonetheless, the three serotypes of poliovirus are currently classified as a separate group owing to the characteristic
disease they cause and their unique receptor site usage.
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Routine immunization against poliovirus is a differ-
ent strategy that is focused on protecting the individual,
typically when a particular age is reached. For example,
in the United Kingdom OPV is given when a child
reaches two, three and four months of age, or in
response to a particular individual need, such as a visit
to a region where poliovirus is endemic. Routine immu-
nization specifically protects individuals, although cir-
culation of poliovirus can be interrupted by this method
using specific strategies — for example, high coverage of
routine vaccination. Unfortunately, in many parts of the
developing world routine immunization coverage is very
low. Routine immunization is also far less effective, in
principle, at blocking transmission in tropical countries.
This is likely to be due partly to the difficulties associated
with storage of the vaccine in hot climates, where it is
likely to lose potency unless expensive storage systems

excreted by recipients for several weeks after infection.
Oral (Sabin) polio vaccine (OPV) has been used in mass
vaccination programmes, in which very large popula-
tions are immunized over a short period of time, such as
a few days, whether the individuals are due for immu-
nization or not. These campaigns include national
immunization days (NIDS), in which millions of chil-
dren in a country are immunized in a single day, and
sub-national immunization days (SNIDS), in which an
area smaller than a whole country is covered2. NIDS and
SNIDS are designed to abruptly reduce the number of
susceptible individuals and therefore interrupt any
transmission of the virus in the population. The objec-
tive is to prevent all transmissions, even silent transmis-
sion that does not result in disease; the virus then dies
out. Eradication of the infectious agent is the only
means by which an infectious disease can be eradicated.
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be transmissable to
animals OPV licensed, USA

IPV licensed Expanded programme
of immunization (EPI)
set up by the WHO

Smallpox
eradicated

WHO commits to global
eradication of polio (caused
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Timeline | Important events in poliovirus eradication

IPV, inactivated polio vaccine; OPV, oral polio vaccine; PAHO, Pan American Health Organization; WHO, World Health Organization.

Box 2 | Poliomyelitis

Most poliovirus infections are asymptomatic, with virus growth restricted to the gut. Duration of infection is five to six
weeks in 50% of previously unexposed individuals, during which time poliovirus is excreted in the faeces. In a
proportion of cases, the virus escapes from the gut approximately a week after the initial infection through blood-borne
spread (viraemia) and causes a ‘minor disease’ with symptoms that are similar to any general viral infection, including
sore throat and fatigue. If the virus invades the central nervous system,‘major disease’ symptoms can occur 8–30 days
post-infection. Severe symptoms like these occur in less than 1% of infections and depend on the strain and type of
virus. There are three poliovirus serotypes (called types 1, 2 and 3); however, infection with one serotype does not
confer protection against a different serotype. Type 1 is the serotype that is most likely to cause paralysis after natural
infection and type 2 the least. Invasion of the lower spinal cord by poliovirus results in paralysis of the legs — known as
spinal poliomyelitis — whereas invasion of the upper spinal cord and medulla results in bulbar poliomyelitis and
paralysis of breathing. Poliovirus infects motor neurones, not sensory neurones. Aseptic meningitis, also known as
abortive poliomyelitis, and encephalitis can also occur. Approximately 80% of cases of severe disease result in
permanent paralysis, 10% result in death and the remaining 10% make a complete recovery.

Circulating antibodies — derived either from immunization, given passively as parenteral immunoglobulin of mixed
type, or from acquired maternal antibodies — prevent paralytic poliomyelitis by confining virus replication to the gut.
Virus transmission occurs most commonly by the faecal–oral route. In the twentieth century there were several
epidemics, which is in contrast to the rare cases of polio described in earlier times — the first major epidemic was
recorded in the early 1880s. Epidemics occurred because increased hygiene standards meant that babies were exposed to
the virus later in life when maternal antibody had declined to non-protective levels. When hygiene standards are high,
transmission of virus may be largely by the respiratory route after infection of the tonsils and pharynx. Infection of the
tonsils and pharynx usually occurs after gut infection and virus spread by blood-borne viraemia.The inactivated polio
vaccine (IPV), which induces serum immunity and prevents viraemia, could break disease transmission in countries
where standards of hygiene are high, even without a significant effect on the efficiency of oral transmission and gut
infection. For further details of poliovirus pathogenesis see REF 42.
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are in place, partly to the level of coverage that can be
consistently achieved over a period of several years, and
partly to the epidemiology of poliovirus circulation. In
temperate climates, poliovirus transmission is highly
seasonal, occurring mostly in the summer. Routine
immunization in the winter months can reduce the
number of susceptible individuals to such an extent that
virus transmission is restricted in the season of peak
transmission so that the virus eventually dies out. By
contrast, in tropical climates, poliovirus transmission
occurs throughout the year, albeit with some seasonal
peaks, so if routine immunization strategies are fol-
lowed it is more likely that an individual will become
infected with the wild-type poliovirus before that indi-
vidual is vaccinated. The pool of susceptible individuals
is therefore little reduced in tropical countries3 unless
routine immunization with high coverage is aggressively
targeted at the very young or newborn. Routine immu-
nization is used globally in conjunction with NIDS and
SNIDS and additional ‘mopping-up’ strategies, such as
intensive immunization — for example, by house to
house visits that target areas that are otherwise difficult
to reach for social, geographic or other reasons.
Although the combination of these strategies has eradi-
cated poliovirus from most of the world (FIG. 1), trans-
mission still occurs in six countries — India, Pakistan,
Afghanistan, Egypt, Niger and Nigeria. In 2003, the
most significant outbreaks were located in India and
Nigeria, but in 2004 significant resistance to immuniza-
tion programmes had developed in Nigeria, and
poliovirus began to re-emerge in areas that had previ-
ously been poliovirus-free (see the polio eradication
web site in the online links box). It is likely that the con-
siderable efforts that have been made to get the pro-
gramme back on track have been successful, but the
events in Nigeria illustrate the complexity of massive
long-term, global public-health programmes.

With the eradication of the wild-type poliovirus
underway we now need to consider whether it is possi-
ble to stop vaccination without environmental vaccine-
derived strains regaining the virulence of wild-type
strains, and the associated risks of transmissability and
the ability to cause paralysis. Mechanisms by which
poliovirus could persist, and possible counter-measures
that could be used should this virus re-emerge, are 
discussed in this review.

Vaccine-derived poliomyelitis cases
Vaccine-associated paralytic poliomyelitis. Cases of vac-
cine-associated paralytic poliomyelitis (VAPP) have
been reported in vaccine recipients of OPV and their
immediate contacts, and occur at low frequencies.
Primary vaccinees can become paralysed at 1 per
750,000 recipients of the vaccine4. The rate of paralysis
after two vaccine doses is 1 per 12 million recipients4.
VAPP frequencies are comparable in all countries in
which they have been measured4–8. VAPP patients dis-
play a typical poliomyelitis pathology, and the viruses
that are isolated from affected individuals are genetically
very similar to the vaccine strains used. VAPP develops
due to the genetic instability of the poliovirus when it

Box 3 | Vaccine development

The only live polio vaccines in widespread use are those developed by Albert Sabin in
1961 (REF. 43). They were developed from circulating strains that had been adapted to
laboratory conditions. Production of these vaccine strains was empirical — viruses were
grown using sub-optimal conditions and different host cells, and the resulting progeny
viruses were tested for virulence, usually using a monkey model. As well as virulence by
intracranial, intraspinal and subcutaneous routes, the viruses were assessed for stability
by re-inoculation of viruses that were isolated into naive animals. The studies were
focused on the virulence properties of the viruses, and the skill of the process lay in
identifying viruses with the best set of desirable qualities. The oral polio vaccine (OPV) is
a mixture of all three attenuated poliovirus serotypes, Sabin 1, 2 and 3, and is therefore a
trivalent vaccine. On rare occasions vaccine strains cause poliomyelitis in recipients or
their contacts, owing to reversion of mutations that attenuate virulence during growth in
the vaccinee. For vaccine-derived poliomyelitis, the type I vaccine strain accounts for
about 10% of the total cases, whereas the type 2 and type 3 vaccine strains each account
for 45% of cases. This contrasts with the situation for the wild-type serotypes, where the
most severe disease is caused by type 1 poliovirus strains.

The first licensed polio vaccine was the Salk inactivated-virus preparation (IPV).
This was produced by inactivation of live virus using prolonged treatment with
formalin to remove infectivity without destroying antigenicity44. The earliest Salk
vaccine preparations were produced by inactivation of unpurified tissue culture fluid.
The IPV that is currently in use is produced by purification and concentration of
inactivated poliovirus so that it is safe and of high potency. Although most countries
use the OPV to control poliomyelitis, IPV is increasingly used in countries that can
afford it.
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considered, or approximately 1% per year if all muta-
tions are taken into account, irrespective of serotype or
strain, it is possible to determine when two related
strains diverged. The extensive changes throughout the
sequence showed that the vaccine-derived strains had
been circulating unrecognized for at least two years.
Routine immunization coverage of the population in
the affected regions was low or patchy, although it is not
clear how low the coverage or how large the poorly cov-
ered population has to be before cVDPVs become a
serious hazard. In Haiti, the coverage was about 30%,
whereas in the Philippines the figure was closer to 80%
(REF. 11). Immunized individuals, most probably 
children, excreting a vaccine strain of the virus, are
thought to have transmitted poliovirus to susceptible,
non-immunized individuals. Routine immunization
programmes with poor coverage might persist for several
years, giving ample opportunity for cVDPVs to appear.

All cVDPV strains that have been characterized so
far are composed of the structural proteins of one of the
vaccine strains, whereas the rest of the virus derives
from so-far unidentified enteroviruses from the same
virus group as poliovirus12 (BOX 1). It is thought 
that recombination between the vaccine strain and 
an enterovirus is responsible for emergence of the
cVDPV strains that have been identified so far. For 
each cVDPV outbreak that has been analysed the
recombinant enterovirus partner is different9–11, and in
Haiti, the Dominican Republic and Madagascar there
was evidence for multiple recombination events with
different enterovirus partners9,11.

cVDPVs are defined by the criterion that they differ
from the relevant vaccine strain by more than 1%,
taking all nucleotide positions into account, and have
therefore been in circulation for more than a year. This
distinguishes them from most vaccine-derived
poliovirus isolates that are excreted by vaccine recipi-
ents, which are also likely to have accumulated some
sequence drift during the process of replication in the
vaccinee. Although viruses that have been circulating for
less than a year, and therefore differ by less than 1% in
sequence, exist, these viruses cannot be identified. In
addition, vaccine-derived viruses with significant
sequence drift are occasionally isolated from sewage or
healthy individuals in the absence of any outbreak 
or disease13–15. These cVDPVs are being transmitted
silently. It has been claimed that cVDPVs occur even in
regions where vaccine coverage is maintained at a high
level15. On the one hand, this seems unlikely as the 
vaccine is able to eradicate circulating wild-type
poliovirus, as shown by the observation that the wild-
type virus has not yet re-emerged in any area of the
world that has been certified as free of poliovirus. On
the other hand,the coverage that is required to prevent the
development of cVDPVs is not known, and silently 
circulating strains of the virus have been identified in
regions where vaccination was still taking place13,14. It is
also obvious that a non-immunized population of the
appropriate size in a region with otherwise very high cov-
erage might be sufficient to allow cVDPVs to arise; how-
ever, the population size that is required is unknown11.

replicates in the gut. The number of cases of VAPP in
recipients and contacts is approximately the same.VAPP
cases are rare, and cases in secondary contacts (known
contacts of known contacts of vaccinees) have not been
reported. Nonetheless, transmission must take place, with
or without causing disease, or circulating vaccine-derived
polioviruses (cVDPVs) could not be isolated.

Circulating vaccine-derived polioviruses. Several out-
breaks of poliomyelitis have occurred in regions where
poliovirus has been eradicated. Affected countries
include Haiti and the Dominican Republic (which
together form the island of Hispaniola)9, Egypt10, the
Philippines and Madagascar11. Determination of either
the complete sequence of the viral RNA genome 
isolated from infected individuals, or only the region of
the genome that encodes VP1 (capsid protein), enables
the relationship between poliovirus isolates to be deter-
mined. Sequence analyses indicate that the viruses that
are responsible for these outbreaks have evolved from
one of the live vaccine strains used in the eradication
programmes. In addition, as the rate of drift in the
sequence of the poliovirus RNA genome is constant at
approximately 3% per year, if silent mutations are 

a  Global status, 1988

b  Global status, 2004
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Certified polio free
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Figure 1 | Countries with endemic wild-type poliovirus transmission. a | The global status
in 1988. b | The global status in 2004. In April 2004 only six countries were known to have
endemic transmission — India, Pakistan, Afghanistan, Egypt, Nigeria and Niger.
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Strategies for the cessation of vaccination
Abrupt cessation. Poliovirus is labile in the environment
and persists only by infecting new hosts. Apart from the
rare cases of iVDPVs, excretion of virus by an infected
individual is not thought to persist for more than six
months22. If vaccination was stopped, there would be no
VAPP and new cVDPVs or iVDPVs would not emerge.

If cessation of vaccination was accompanied by a
mass immunization programme there would be few
susceptible individuals, and the relatively short period of
excretion in normal individuals should allow less time
for the selection of cVDPVs than a continuing pro-
gramme with low coverage. Theoretically, the vaccine
strain should die out more rapidly than susceptible
hosts can be born. The success of such a strategy would
need to be evaluated by thorough monitoring of virus
excretion — for example, through the examination of
sewage or other environmental samples13,22,23, possibly
for several years — and would involve abandoning 
routine immunization against poliovirus altogether.

The persistent excretion of virus poses a different
problem. There is no reliable treatment available for
existing cases of iVDPV infection that can prevent virus
excretion. As the precise number of iVDPV cases is not
known, iVDPV infection represents an undefined reser-
voir of vaccine-derived poliovirus. So far, no outbreaks
have been attributed to iVDPV, and it is possible that
they do not pose a risk of transmission, although this
seems unlikely. The iVDPV strains could be evaluated to
determine their environmental impact and potential
transmissibility, while protecting immediate contacts
with inactivated polio vaccine (IPV). This could prove
difficult in developing countries, but cases of iVDPV
have not been reported in these areas.

In short, abrupt cessation of vaccination could eradi-
cate poliovirus; however, this conclusion is based on
assumptions that remain uncertain.

Use of the inactivated polio vaccine. Discontinuing the
use of OPV and instead using the IPV (BOX 3) will pre-
vent VAPP in both vaccine recipients and their immedi-
ate contacts, and stop the generation of new cases of
iVDPV or cVDPV. Many developed countries, includ-
ing those of Europe and North America, have already
begun to use the IPV rather then the OPV for this rea-
son (see polio eradication web site in the online links
box). As a global strategy however, this could prove diffi-
cult to implement, owing to the current cost of the IPV
(which is about ten times that of the OPV if adminis-
tered on its own) and potential supply problems (at pre-
sent, the IPV is manufactured on a smaller scale than
the OPV). The main problem however, is that good cov-
erage is required, and it is not feasible to use IPV in
NIDS programmes (which have good coverage) because
it is administered by injection, which requires greater
skill than OPV administration. IPV could be used in
routine immunization programmes, possibly in combi-
nation with other vaccines such as diptheria, tetanus
and pertussis, but at present, the coverage achieved in
such programmes can be very low. In addition, it would
be necessary to prevent transmission of poliovirus. IPV

Immune-deficient vaccine-derived polioviruses.
Although vaccine-derived polioviruses are excreted for
several weeks after vaccination in healthy individuals,
excretion of the vaccine strain sometimes takes place for
prolonged periods of time in patients that have defective
humoral immunity (also known as immunodeficient
long-term excretors). Immune-deficient vaccine-
derived polioviruses (iVDPVs) were first identified
when immunodeficient patients were deliberately given
live polio vaccine in the late 1960s in an attempt to stim-
ulate immunity to poliovirus, or otherwise prevent
infection, in individuals who were at particular risk at a
time when wild-type poliovirus was a major hazard in
the United Kingdom16. Fewer than twenty cases of
iVDVP have been described17,18. iVDPV can be distin-
guished from VAPP by continued excretion of
poliovirus by a single individual, and by the sequence 
of the virus which, although related to the vaccine
strain, shows significant sequence drift. Some cases of
iVDPV have been identified serendipitously and were
not associated with paralysis, whereas in other cases
sequencing of the excreted iVDPV genome indicated
that the virus was excreted over a long period of time
before paralysis occurred19. In these examples the
patient probably remained healthy because they were
also treated with intravenously administered
immunoglobulin, which confines poliovirus to the gut
(BOX 2). Similar amounts of poliovirus are excreted by
both healthy vaccinees and iVDPV patients (about 4–5
log

10
infectious units per gram of stool) Poliovirus that

is excreted by iVPDV individuals is usually, but not
always, virulent in animal models20. Although there have
been no reports of iVPDV patients infecting people
with whom they come into contact, this could be due to
good standards of hygiene in those countries in which
iVDPV cases have been described. In contrast with out-
break cVDPVs, iVDPVs have not as yet been gener-
ated by recombination between a vaccine strain and
an unknown enterovirus. At present, no successful
treatment is available to prevent virus excretion 
by iVDPV patients21, although in many cases virus
excretion ceases spontaneously.

The occurrence of VAPP, iVDPVs and cVDPVs
indicates that vaccine strains can regain virulence,
transmit between individuals with low or high effi-
ciency, or persist in an individual without being recog-
nized for weeks to years. Once the wild-type virus is
eradicated, the only cause of paralytic polio disease will
be vaccine-derived strains.

Even if there are no competing health needs, it is
unlikely that immunization could be maintained indefi-
nitely against a non-existent disease at a level that is suf-
ficient to prevent vaccine-derived viruses evolving to
cause epidemics. This is due to the cost of administering
the vaccine and to the demands made on an infrastruc-
ture that could be used for other purposes compared
with the trivial likely benefit to the individual. Cessation
of vaccination therefore seems to be the only option, but
the use of the live vaccine makes this problematic. This
dilemma is a clear threat to the successful complete
eradication of polio.
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manufacturers starting new production processes.
Existing vaccine manufacturers may however, find the
logistics of integrating a new virus strain into their exist-
ing complex vaccine production too difficult. It is likely
to require many extensive clinical trials to show that a
new IPV is as effective as previous vaccines and does not
interfere with the other components (such as diphtheria,
tetanus and pertussis) that might be administered in the
same combination product. They are therefore likely to
choose to produce IPV in high containment. Even pro-
duction of IPV from vaccine strains will eventually have
to be carried out using high-containment laboratory
facilities, and the level of containment that would be
considered adequate is a matter for debate. Biological
safety level 3 (BSL3) containment is generally thought to
be suitable for the immediate future, although it is
unclear whether this level will be considered suitable
over a longer timescale. Poliovirus could also be deliber-
ately re-introduced — for example, by bioterrorism —
once herd immunity declines. Finally, there are plausible
scenarios in which a poliovirus could evolve from a
related virus, such as a coxsackievirus; however, these
scenarios are speculative27.

In response to these concerns it has been proposed
that stocks of OPV vaccine should be maintained for 
an unspecified period of time for use in the event of
re-emergence of poliovirus28,29. OPV would be chosen
because this vaccine has previously been successfully
used to stop transmission during epidemics28–30. The
stockpiled vaccine should be monovalent — vaccine
derived from a single serotype — because the vaccine will
be used after mass vaccination has ceased. Use of the
trivalent OPV would re-introduce all three serotypes
into the population, which would clearly be undesirable.
How, and when, the vaccine stocks would be used is
unclear. One problem with this strategy is that 
there could be a delay between the occurrence of a 
suspected poliomyelitis case and verification by isolation
of poliovirus, probably at least 60 days on the basis of
current expectations31. In the intervening 60-day period,
any circulating poliovirus could disseminate world-
wide, and could result in a requirement for a global 
vaccination day, which is unlikely to be practicable.

The development of new tools to fight polio
It is possible that the existing tools will be sufficient to
eradicate poliovirus completely if they are used in an
appropriate way. Researchers and clinicians have exten-
sive experience with the existing live vaccines, which,
despite the problems that they might present over a long
period of time, are very safe and effective. Any change in
vaccine usage poses scientific, clinical, manufacturing
and logistical problems, and must be carefully planned
and monitored. The problems that could arise are illus-
trated by the experience with the alternative vaccine
strain USOL-D-Bac.

Satisfactorily attenuated batches of the type 3 Sabin
vaccine strain are difficult to produce, and the proper-
ties of the virus change rapidly after excretion by 
vaccinees — within one week strains become more 
neurovirulent in animal models32. The USOL-D-Bac

has been shown to prevent transmission in developed
countries such as Holland and the Scandinavian coun-
tries. This is thought to have been possible because,
although IPV might not prevent infection of the gut, it
does prevent spread of the virus from the gut to the
throat by viraemia (BOX 2). As the main route of trans-
mission in developed countries with high levels of
hygiene is thought to be respiratory rather than
faecal–oral, IPV effectively prevents spread of the virus. It
is not known whether IPV use would prevent transmis-
sion in countries with reduced levels of hygiene — where
there is an increased chance of faecal–oral transmission
— and there could be extensive silent spread of the virus
with outbreaks of disease in unimmunized individuals.

Combination strategy. The strategy that is most likely to
be selected following the declaration of the eradication of
poliovirus will depend almost entirely on social, practical
and economic circumstances. Developed countries are
likely to continue immunizing against poliovirus as they
have done for many years in the absence of endemic dis-
ease, and will most likely use IPV, probably in combina-
tion with other vaccines used in paediatric vaccination
programmes. This will be justified owing to the uncer-
tainty surrounding poliovirus eradication and the con-
cerns raised by the identification of long-term excreters 
of the virus in developed countries. The additional cost of
IPV in such programmes is likely to be acceptable. By
contrast, developing countries are unlikely to be able to
afford IPV; currently much of the polio vaccine used in
these countries is purchased by international aid agencies
and following poliovirus eradication this supply of vac-
cine is likely to stop. In many developing countries, other
health problems, such as HIV, tuberculosis and malaria,
are more important public-health hazards than polio. So,
developing countries are likely to cease vaccinating
abruptly, whereas developed countries could continue to
vaccinate with IPV. Therefore, the global post-eradication
strategy will be a combination of these two approaches.

Re-emergence of poliovirus
It is possible that poliovirus could re-emerge after it has
been eradicated either because wild-type strains might
persist undetected or because the vaccine strains could
evolve and circulate in a population. Either wild-type
virus or vaccine-derived strains could ‘escape’ from clini-
cal or research laboratories, or from vaccine stocks that
are held by manufacturers. Clinical samples might con-
tain wild-type poliovirus — for example, samples that are
used to investigate gastrointestinal disease in a region that
has endemic poliovirus at the time when the specimens
were taken. It has been shown that laboratory stocks of
other viruses can become contaminated with
poliovirus24. OPV is a source of poliovirus infections and
currently the origin of limited outbreaks of disease. IPV is
manufactured by growing wild-type poliovirus to high
titre in cell culture before inactivation with formalin 
(BOX 3). The WHO has investigated several cases in which
poliovirus has escaped from an IPV-manufacturing facil-
ity25,26. Production of IPV from the live vaccine strains
could be less hazardous, and might be attractive to 
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acknowledging that, in the absence of an overwhelming
need, it will be very difficult to bring any vaccine or
therapy to a usable form for scientific, commercial,
clinical and legal reasons.

Considerations for polio vaccine design
The ideal polio vaccine would not cause VAPP, iVDPV
or cVDPV, would be phenotypically stable and would
be unable to transmit between individuals. In practice,
a vaccine strain that did not transmit between individ-
uals and that rarely reverted to virulence might be suf-
ficient. The existing live vaccines undergo extensive
genetic changes during replication in the normal
recipient. An attenuating mutation identified in the 
5′ non-coding region of the virus (BOX 1) reverts
rapidly during virus replication in the human gut36.
The mutation affects the stability of a base-paired
structure that is involved in the initiation of protein
synthesis, possibly in a tissue-specific manner. By
manipulating the base-pairing in this region, it is 
possible to generate a structure of the same thermody-
namic stability that requires multiple mutations to
revert to the wild-type and should therefore be more
stable. Viruses that have this structure are attenuated,
as predicted, and are stable during passage in vitro37.
Other approaches to generate more stable poliovirus
strains have involved exchange of the 5′ non-coding
region for that of a rhinovirus, a closely related virus
with a different tissue tropism38.

Other mutations in the capsid regions also revert,
or are suppressed at high frequency, but over a longer
period of time while the existing vaccine strains repli-
cate in the gut of recipients. The suppression of these
mutations can be extremely subtle39 and therefore dif-
ficult to counter through manipulation of the virus
genome. Introducing stable mutations into structural
proteins is likely to be more difficult than stabilizing
base-paired nucleic acid structures, as the rules that
govern nucleic acid stability are simpler. However, the
tissues in which poliovirus grows, and the disease that
it causes, are determined largely by the structure of
the virus particle, and therefore by the capsid region
of the genome. So, recombination with another
enterovirus could remove an attenuating mutation
outside the capsid region while maintaining the virus
as a poliovirus that is able to cause polio. In principle,
mutations in the capsid proteins are the only muta-
tions that can produce a stable, attenuated poliovirus
that is incapable of reversion. For example, mutations
in the 5′ non-coding region could be removed by
recombination, while maintaining the ability of the
virus to cause polio.

It might be possible to devise a vaccine that would
not depend on the growth of live virus. Although
peptide and subunit vaccines against poliovirus have
not been successful owing to the conformational
nature of the antigenic structure of the virus, it is
possible that DNA vaccines might be devised40. This
strategy has been used to develop foot and mouth disease
vaccines (which are targeted against a picornavirus)
with limited success41.

vaccine strain was an attractive alternative that was
under investigation in the late 1960s. It was highly
immunogenic and was more stable in vaccinees than
the Sabin type 3 strain33. However, a few months after a
trial of the USOL-D-Bac and the Sabin strains in Poland
there was an outbreak of poliomyelitis that was subse-
quently shown to be due to strains that were derived
from the USOL-D-Bac vaccine strain34,35. No reported
cases of polio were attributed to the clinical trial of the
Sabin strain. The epidemiological circumstances in
Poland were unusual because the authorities had been
using live type 1 and 2 vaccines together with inacti-
vated type 3 vaccine, but the results of the trial
severely inhibited any subsequent developments in
live vaccines, owing to the possible safety risks.

The scope of the eradication effort requires global
administration, and it will be extremely difficult to
change current practices, even if there is overwhelming
scientific evidence of the benefit. Currently, OPV is used
in campaigns such as NIDS, and both IPV and OPV are
used in routine immunization programmes. All polio
vaccines that are in current use are trivalent, and include
strains of each of the three serotypes. Even the introduc-
tion of a monovalent vaccine to deal with an outbreak
of a single serotype after eradication will be difficult. At
present, monovalent vaccines are not licensed, although
one monovalent vaccine was used in some countries
(such as South Africa) until relatively recently. Licensing
is likely to require trials of safety and efficacy and is
expensive and time-consuming, so manufacturers are
unlikely to attempt to license a vaccine if there is no
guarantee that there will be a market for the vaccine.

At the same time however, it is clear that the cur-
rent vaccines present potentially serious problems for
the final stages of the eradication of poliovirus. The
uncoordinated and patchy cessation of vaccination or
reintroduction of vaccination with OPV, caused 
significant problems in the 1960s in Russia with the
appearance of virulent transmissible strains15. In this
case, vaccination against poliovirus was stopped in
certain areas of Belarus where polio had been con-
trolled. Two final mass immunization programmes
were carried out, but two years later, poliovirus was
isolated from individuals. It was shown by sequence
analyses and assessing mutations that the viruses that
were isolated had been circulating for at least two
years and therefore had not been introduced from
other parts of Belarus where vaccination programmes
had continued. One isolate was a recombinant virus
that was comparable with the cVDPVs that have been
isolated in the recent past. Serological studies indi-
cated that many people had been infected with
poliovirus in the absence of vaccination, implying that
the virus was still circulating.

There is a danger that this type of infection event
could be repeated throughout the world following
cessation of vaccination. Poliovirus is one of the most
well-studied and best-understood viruses. It is worth
considering whether this knowledge should be exploited
to devise a new vaccine or intervention therapy that is
suitable for the final stages of eradication, while
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eradication. The simplest approach would be to use 
either OPV or IPV.

If poliovirus re-emerged, it is assumed that the 
available vaccines would prove safe and efficacious but,
although this is probably true, it is not certain. First, live
vaccines would re-introduce poliovirus to the environ-
ment. Second, it might not be possible to use IPV 
effectively. Finally, it is conceivable that the live vaccine
could have different safety issues if recipients lacked
maternal antibody to poliovirus, which would be the case
in a naive population, or are completely seronegative and
unprotected from revertant strains that are generated by
virus replication in the gut. The alternative to stopping
vaccination — a permanent vaccine programme — does
not seem likely.

Therefore, it might be prudent to consider other
options after eradication of poliovirus, such as new 
vaccines or other intervention strategies that are based on
an understanding of poliovirus pathogenesis and ecology.
Ideally, this should be carried out before poliovirus is
eradicated owing to the increasing difficulties of working
with the virus after the disease has been eliminated.

Failure to address the concerns surrounding 
the cessation of vaccination and its aftermath could
result in re-emergence of poliovirus and reverse the
global achievement of the eradication programme.

Vaccine development is an empirical science and is
dependent on clinical trials. Using a molecular approach
it is possible to devise plausible vaccine candidates and to
monitor their performance more readily and precisely
than in the past, especially in terms of the stability of a live
attenuated strain.With the difficulties that are associated
with introducing a new polio vaccination strategy, a new
vaccine against poliovirus is unlikely to be developed
unless there is an overwhelming need. On the other hand,
the research that is required to identify vaccine candidates
is relatively inexpensive and it would be a useful strategy
against poliovirus re-emergence.

Concluding remarks
Eradication of poliomyelitis disease will only be 
successful if the poliovirus is eradicated. The main
strategy that has been used so far is the live attenuated
poliovirus vaccine developed by Sabin, which is known
to revert to produce a virulent and transmissible virus
— albeit at low frequency. Eradication of vaccine
strains is also necessary for disease prevention. This is
complicated by the absence of intervention therapies
other than the existing licensed vaccines, the inherent
difficulties in changing widely adopted vaccination
practices and the lack of a commercial incentive to
develop new polio therapies with the prospect of disease
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