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Abstract Within the past 4 years, poliomyelitis outbreaks associated with circulating vaccine-derived polioviruses (cVDPVs) have
occurred in Hispaniola (2000-01), the Philippines (2001), and Madagascar (2001-02). Retrospective studies have also detected
the circulation of endemic cVDPV in Egypt (1988-93) and the likely localized spread of oral poliovirus vaccine (OPV)-derived virus
in Belarus (1965—66). Gaps in OPV coverage and the previous eradication of the corresponding serotype of indigenous wild
poliovirus were the critical risk factors for all cVDPV outbreaks. The cVDPV outbreaks were stopped by mass immunization
campaigns using OPV. To increase sensitivity for detecting vaccine-derived polioviruses (VDPVs), in 2001 the Global Polio Laboratory
Network implemented additional testing requirements for all poliovirus isolates under investigation. This approach quickly led to
the recognition of the Philippines and Madagascar cVDPV outbreaks, but of no other current outbreaks. The potential risk of cVDPV
emergence has increased dramatically in recent years as wild poliovirus circulation has ceased in most of the world. The risk
appears highest for the type 2 OPV strain because of its greater tendency to spread to contacts. The emergence of cVDPVs
underscores the critical importance of eliminating the last pockets of wild poliovirus circulation, maintaining universally high
levels of polio vaccine coverage, stopping OPV use as soon as it is safely possible to do so, and continuing sensitive poliovirus
surveillance into the foreseeable future. Particular attention must be given to areas where the risks for wild poliovirus circulation
have been highest, and where the highest rates of polio vaccine coverage must be maintained to suppress c¢VDPV emergence.
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Introduction

The oral poliovirus vaccine (OPV) of Albert Sabin is nearly ideal
for use in polio eradication (/—=3). OPV is easily administered by
mouth, facilitating its widespread use; it induces intestinal immu-
nity, making recent OPV recipients resistant to infection by wild
polioviruses and effectively blocking wild poliovirus transmission

when used in mass campaigns; and it provides long-term protec-
tion against polio through durable humoral immunity. OPV virus
can spread to and immunize unvaccinated contacts of vaccine
recipients, increasing the impact of OPV beyond those actually
immunized. Through effective use of this excellent vaccine, the
WHO Global Polio Eradication Initiative has nearly achieved its
goal of eradicating wild polioviruses (4, 5).
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Despite its many advantages, OPV use carries certain liabili-
ties (3, 6). Genetic stability was a prime concern during OPV
development, and a delicate balance was struck between attenu-
ation of neurovirulence, immunogenicity in humans, and genetic
stability (7, 8). The first evidence of the clinical consequences of
the genetic lability of OPV was the appearance of cases of vaccine-
associated paralytic poliomyelitis (VAPP) soon after licensure
and widespread use of OPV (7). The much higher incidence of
polio from wild poliovirus infections at the time, however, miti-
gated concern over the rare occurrence of VAPP (7), and it has
only been in recent years that VAPP has become an increasingly
significant proportion of the global polio burden (). Occasionally,
immunodeficient persons exposed to OPV become chronically
infected (9-11), excreting derivatives of the OPV strains for
many months or years (1, 12—14). Chronic OPV excretors,
however, seem to be very rare, and have so far been found only in
upper- and middle-income countries where appropriate clinical
management of immunodeficiency is available (15).

In retrospect, it is remarkable that OPV has attained such
an outstanding record of safety and efficacy over the four decades
of worldwide use (3, 6). It is now known that most RNA viruses
have highly mutable genomes that are potentially capable of
very rapid evolution, many orders of magnitude faster than the
genomes of DNA viruses or cellular organisms (16, 17), and
polioviruses are among the most rapidly evolving of all RNA
viruses (1, 12, 14, 18, 19). Moreover, the attenuating mutations
of the OPV strains are strongly selected against when the vac-
cine replicates in the intestinal tract of OPV recipients (20-22).
To counter the daunting challenges of delivering a live, at-
tenuated RNA virus vaccine via its natural route of infection,
immunization strategies were developed to minimize adverse
events (1, 23). In developed countries, OPV was first delivered
in mass campaigns to achieve high rates of coverage, and this was
followed by a strategy of comprehensive routine immunization.
Similar strategies were adopted in developing countries, with
mass OPV campaigns often playing a more prominent role than
routine immunization. In most instances, OPV was delivered in
the context of pre-existing high population immunity to polio-
virus, because of recent exposure to circulating wild polioviruses
or, as with developed countries in the early 1960s, from the
combination of immunity acquired from natural infection and
immunity acquired from several years of immunization with the
inactivated poliovirus vaccine (IPV). These strategies probably
minimized the epidemiological consequences of the frequent
phenotypic reversion of the OPV strains.

Recent years have seen a rapidly changing risk profile from
OPV exposure. In most of the world, population immunity to
poliovirus is maintained only by immunization. Where polio
vaccine coverage rates decline but OPV use continues, condi-
tions may arise that increase the likelihood of person-to-person
spread of vaccine-derived polioviruses (VDPVs). The duration
and extent of spread are dependent on the magnitude of the
immunity gap and the intensity of other risk factors favouring
poliovirus circulation. This long-discussed hypothetical concern
(6) has been realized by the recent occurrence of outbreaks of
paralytic polio associated with circulating VDPVs (cVDPVs).
Although several important themes are common to all of the
outbreaks, each outbreak has taught its own important lesson
about the parameters for the safe administration of OPVina
world free of circulating wild polioviruses.
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Recent cVDPV outbreaks

Hispaniola, 2000-01

The immediate public health importance of cVDPVs was under-
scored by the occurrence of a polio outbreak associated with type
1 cVDPVs on the Caribbean island of Hispaniola in 2000-01
(Fig. 1) (24). The first indication of an outbreak was the isola-
tion of poliovirus type 1 in the summer of 2000 from two
patients with acute flaccid paralysis (AFP) in the Dominican
Republic and Haiti. Because the indigenous wild poliovirus
type 1 had been eradicated by the late 1980s, imported wild
poliovirus was suspected. However, molecular characterization of
the two case isolates, comparing sequences encoding the major
capsid surface protein VP1 (900 nucleotides), showed that they
were unrelated to wild type 1 polioviruses previously endemic to
Hispaniola or to any wild poliovirus currently found in other
parts of the world (24). Instead, the Haitian and Dominican
isolates were closely related (- 97.7% VP1 sequence identity) to
the Sabin type 1 OPV strain, and to each other (98.0% VP1
sequence identity). The degree of VP1 sequence similarity to
the OPV strain was substantially lower than is normally observed
(>99.5%) in isolates from cases of AFP or VAPP.

Active search for AFP cases detected a total of 21 con-
firmed polio cases (13 in the Dominican Republic in 2000, and
eight in Haiti in 2000-01). It was possible to reconstruct the
patterns of cVDPV transmission from the sequence properties of
the isolates because of the rapid, stepwise evolution of poliovirus
genomes (about 1% nucleotide substitutions per site per year).
Relationships among VP1 sequences of the 31 type 1 VDPV
outbreak isolates suggested that they were derived from an OPV
dose given in late 1998 or early 1999 (24). The close sequence
relationships among isolates from the Dominican Republic in-
dicated that the outbreak there began with the importation of
cVDPYV from Haiti in the spring of 2000. By contrast, the Hai-
tian isolates were more diverse, and appeared to have diverged
into at least four separate lineages in 1999.

Circulation of VDPV occurred in an environment of low
OPV coverage throughout Haiti (<30% nationwide, and as
low as 7% in some areas) and in the affected communities of the
Dominican Republic (20-30%). All but one of the patients were
either unvaccinated children or incompletely vaccinated children.
No mass OPV immunization campaigns in the form of national
immunization days (NIDs) had been conducted in either country
within the past 5 years. The outbreak stopped in both countries
after mass administration of OPV in NIDs (24).

Philippines, 2001

The Hispaniola outbreak showed conclusively that low OPV
coverage carried a risk of cVDPV emergence and prompted a
reassessment by WHO of the strategies both for polio immuni-
zation and poliovirus surveillance. In 2001, the Global Polio
Laboratory Network implemented additional testing require-
ments for all polioviruses under investigation, in order to increase
sensitivity for detecting VDPVs (25). Soon thereafter, cVDPV
was detected in the Philippines (26, 27). Specimens from three
cases of AFD, reported during March to July 2001, tested posi-
tive for type 1 cVDPV. The isolates were closely related to the
Sabin 1 OPV strain (-97% VP1 sequence identity), but even
more so to each other (>99% VP1 sequence identity). The VP1
sequence relationships among the isolates suggested that the
VDPV circulation began with an OPV dose given in 1998.
Although the three cases occurred in separate communities (two
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Fig. 1. Location of the four polio outbreaks associated with circulating vaccine-derived polioviruses (cVDPVs). Shown are the
serotypes of the cVDPV isolates, the years of cVDPV virus isolation, and the number of reported polio cases associated with cVDPVs

Type 1
2000-01
21 cases

Note: In each of these areas, the spread of cVDPVs followed the elimination of the corresponding serotype of indigenous wild poliovirus,

but with the continued introduction of oral poliovirus vaccine into communities with growing immunity gaps.
All of the cVDPV outbreaks were detected first by the laboratory, using sequence data and evolutionary analyses.

in Luzon, one in Mindanao), the close sequence similarities
among the cVDPV isolates suggested that the virus had spread
via a single, minimally branched chain, in contrast to the pattern
of multichain transmission found in Hispaniola.

Wild poliovirus was last reported in the Philippines in
1993 (26), and no national immuniztion days (NIDs) had been
conducted since 1997, although subnational campaigns had
been conducted in 1998 and 1999 outside the affected areas.
Nationwide routine OPV coverage had been approximately 80%
during much of the 1990s; however, shortages of OPV in the 2
years before the appearance of cases probably led to gaps in
coverage, particularly in slum areas (26). An important new lesson
from the Philippines cases was that transient immunity gaps in
very densely populated areas with poor hygiene/sanitation
and tropical climates may permit cVDPV emergence.

Madagascar, 2001-02

Five cases of AFP associated with type 2 cVDPV were reported
from two different communities in the southern province of
Madagascar (28). The first case (onset in October 2001) was
from the urban district of Toliara, whereas the remaining four
cases (onsets in March to April 2002) were clustered in a rural
village ~400 km from Toliara. None of the patients had been
fully immunized against polio. The type 2 polioviruses isolated
from patients and contacts from the two areas represented two

geographically separate, genetically distinct, independent
cVDPV lineages (28). The urban isolates differed from the Sabin
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2 OPV strain at ~1% of VP1 nucleotides, whereas the rural
isolates differed from Sabin 2 at ~2.5% of VP1 nucleotides.

OPV coverage was <50% nationwide in Madagascar, and
wild poliovirus was last reported in 1997 (28). The detection of
two distinct VDPV lineages in Madagascar underscored the
point that cVDPVs can emerge independently in localities where
gaps in polio immunity arise.

Evidence of past circulation of VDPVs

Egypt, 1983-93
From 1988 to 1993, 30 cases of polio associated with type 2
cVDPV were found in seven governorates of Egypt. The cases
occurred at a time of low OPV coverage and after the apparent
eradication of the type 2 wild poliovirus indigenous to Egypt
(last known isolate, 1979) (29). The type 2 isolates were initially
thought to be wild polioviruses, but recent molecular studies have
shown them to be cVDPVs (29). The sequence properties of the
isolates suggested that VDPV circulation in Egypt started with
an OPV dose given in 1983, and that progeny from the initiat-
ing infection circulated for approximately a decade within Egypt.
Like wild polioviruses, the type 2 cVDPVs established indepen-
dent reservoirs of endemicity within the country. VDPV circula-
tion ceased with rising OPV coverage, and VDPVs were last
detected in Egypt in 1993.

The important lesson learned from the situation in Egypt
was that cVDPVs can circulate indefinitely in countries with
persistently low rates of polio vaccine coverage.
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Poland, 1968

In 1968, alarge polio outbreak in Poland immediately followed a
field trial of an experimental type 3 OPV strain, USOL-D-bac (30).
The environment in which the outbreak occurred was one of
low population immunity to poliovirus type 3, because the Sabin
type 3 component was never included in OPV and the replace-
ment type 3 IPV failed to induce high levels of immunity (30).
Although the epidemiological findings implicated a breach in
quarantine of USOL-D-bac recipients during the field trial (30),
conclusive evidence for the vaccine origin of the outbreak came
from retrospective oligonucleotide fingerprinting (37) and nucle-
otide sequencing (32, 33) studies of outbreak isolates.

The outbreak in Poland is of current importance because
it shows that vaccine virus progeny can circulate widely in
developed countries with temperate climates and moderate
population densities if immunity to at least one poliovirus sero-
type is low. Although the implicated vaccine virus was genetically
distinct from Sabin 3 (32, 33), the outbreak in Poland is the
only one known to be associated with any type 3 vaccine strain.

Other possible examples of VDPV circulation

A recent retrospective study found evidence for the circulation
of type 2 vaccine-related virus in Belarus following local cessation
of OPV use from 1963 to 1966 (34). In the months after the
limited reintroduction of OPV in 1965, type 2 vaccine-related
poliovirus was isolated from nine healthy unvaccinated children.
The sequence properties of three of the four available isolates
showed evidence of prolonged vaccine virus replication (6-9
months) (34). In Romania in 1980, a type 1 VDPV was iso-
lated from a patient with “community acquired” VAPP (35).
The patient was immunocompetent, but lived in a community
with low rates of OPV coverage and poor hygiene/sanitation.
In the Russian Federation in 1999, an immunocompetent 7-
month-old orphanage child contracted VAPP associated with a
type 1 VDPV (36). These findings reinforce the point that
uniformly high rates of polio vaccine coverage are necessary to
prevent the emergence of cVDPVs in industrialized countries
that continue to use OPV.

Other current (25, 37) and retrospective (unpublished
data) studies have found single VDPV isolates (all type 2) with
genetic properties similar to those of the well-documented
cVDPYV outbreak isolates in other tropical developing countries
in communities where the rates of OPV coverage were low.

Risk factors for cVDPV emergence and spread

The most significant risk factor for cVDPV outbreaks, like
wild poliovirus outbreaks, is insufficient population immunity.
The risk is also a function of other factors favouring poliovirus
circulation: the number and density of non-immune susceptible
persons, the birth rate, deficiencies in hygiene/sanitation, and
the seasonal duration of tropical conditions (38). The previous
elimination of indigenous wild poliovirus circulation increases
the risk because non-immune susceptibles will accumulate rap-
idly in the absence of high rates of polio vaccine coverage and
naturally acquired immunity. The cVDPV outbreaks are similar
to outbreaks from imported wild poliovirus, except that the
outbreak agents emerge endogenously. Virus excreted by OPV
recipients may frequently recover the capacity for spread beyond
immediate contacts, but spread is normally limited by popula-
tion immunity. Outbreaks occur when the density of non-immune
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susceptibles rises to the point where the chains of cVDPV trans-
mission can propagate (6, 38). The threshold point (per cent
susceptible) for sustained person-to-person transmission of
cVDPVs is probably lowest for type 2, and perhaps highest for
type 3. The size of a cVDPV outbreak is a function of the size of the
non-immune population and the potential for transport of out-
break virus to susceptible communities elsewhere. Countries that
were (or are) major reservoirs for wild poliovirus circulation, and
where the potential for person-to-person poliovirus transmission
is greatest, are at particularly high risk for cVDPV emergence,
and maintenance of high rates of polio vaccine coverage in these
settings is essential.

Insensitive surveillance is an additional risk factor for the
spread of cVDPV. Apart from the outbreaks in the Philippines
and Poland, VDPV circulation occurred in areas with very low
rates of AFP case reporting. VDPV circulation in Hispaniola,
Madagascar, and the Philippines apparently began 2-3 years
before the first cases were detected. The genetic diversity of the
cVDPV isolates from Egypt and Haiti suggested that the large
majority of polio cases went unreported (24, 29), and the case
counts probably seriously underestimate the impact of VDPV
circulation in the two countries.

Properties of known cVDPV isolates

The most important biological properties of cVDPV isolates
are their increased capacity to cause paralytic disease in people
and their capacity for sustained person-to-person transmission.
When tested experimentally, cVDPV isolates have been found to
be as neurovirulent as wild polioviruses for transgenic mice express-
ing the human receptor for poliovirus (24, 27, 29). Like wild
polioviruses, cVDPV isolates have been shown to replicate to
high titres in cell culture at supraoptimal temperatures (24, 29).
All cVDPYV isolates characterized so far have antigenic properties
that more closely resemble wild polioviruses than the original
Sabin strains (24, 29). The antigenic differences from the Sabin
strains are less pronounced for type 2 than for type 1 cVDPVs,
possibly because selection against the Sabin 2 antigenic sites is
less intense (39). Although these experimentally determined
properties may correlate with clinically relevant properties, they
are not unique to cVDPV isolates, as less highly evolved (OPV-
like) vaccine-related polioviruses isolated from healthy indi-
viduals and VAPP patients may share some or all of these traits
(20, 22, 39).

The extensive sequence divergence from the respective
OPV strain is a distinguishing feature of VDPVs (1214,
27-29). A vaccine-related isolate is considered a VDPV if it has
diverged by =1% of VP1 nucleotides from the reference OPV
strain (25, 37). The demarcation of 1% VP1 divergence implies
that replication of vaccine virus had occurred for ~1 year. It does
not imply that isolates having <1% divergence would lack the
capacity for person-to-person transmission in poorly immunized
populations, as it is likely that the critical attenuating mutations of
the Sabin strains generally revert well before nucleotide substitu-
tions accumulate to the level of 1% (20-22). By this definition,
nearly all minimally diverged “OPV-like” isolates would be ex-
cluded, and VDPVs that had replicated for at least 1 year would
be included (25, 37).

All cVDPVs, but none of the iVDPVs (VDPVs isolated
from immunodeficient chronic poliovirus excretors) described
thus far appear to be recombinants with enteroviruses closely
related to polioviruses (24, 27-29). The possible role of

19



Special Theme — Polio Eradication: End-Stage Challenges
Circulating vaccine-derived polioviruses

recombination in the phenotypic reversion of OPV is unclear.
Recombination with other enteroviruses appears to be an
indicator of circulation, as the cVDPVs in Hispaniola and Egypt
had participated in successive rounds of recombination during
the outbreaks (24, 29), as frequently occurs during the
circulation of wild polioviruses (40, 41).

Laboratory surveillance for VDPVs

The occurrence of cVDPV cases also highlights the need for
countries to maintain sensitive poliovirus surveillance into the
foreseeable future. Laboratory-based surveillance for VDPVs
began in 1997 in the Americas, with the sequencing of the VP1
genes of poliovirus isolates from AFP cases in the region (42).
Unfortunately, this approach did not provide an early warning
of the Hispaniola cVDPV outbreak because no polioviruses were
isolated in the 5 years preceding the outbreak (24). Following that
outbreak, intensive screening of recent poliovirus isolates for
cVDPVs was initiated by laboratories within the entire WHO
Global Polio Laboratory Network (25, 37). Since 2001, all vac-
cine-related poliovirus isolates from AFP cases have been screened
for evidence of prolonged replication or circulation (25, 37).
Poliovirus isolates are identified according to their genetic proper-
ties by probe hybridization (43), diagnostic polymerase chain
reaction (PCR) assays (44, 45), or PCR-restriction fragment poly-
morphism analysis (46). All isolates are also tested for antigenic
change by using specific cross-absorbed sera in an enzyme-linked
immunosorbent assay (ELISA) format (47) or panels of mono-
clonal antibodies in neutralization tests (4/). Alternatively, isolates
have been screened for recombinant sequences using PCR primers
targeting non-capsid region sequences characteristic for each Sabin
strain (D.R. Kilpatrick, unpublished observations). Any isolate
having “non-vaccine-like”, “double-reactive”, or “non-reactive”
antigenic properties or having a recombinant genome is further
characterized by VP1 sequencing (25, 37). WHO is notified of
any current isolates having =1% VP1 divergence, and both the
case and the associated isolate are investigated further.

To date, over 7300 vaccine-related isolates from 1999—
2003 AFP cases from all WHO regions have been screened for
VDPVs (25, 37). The large majority (>95%) of isolates had
“vaccine-like” antigenic properties and were usually not investi-
gated further. Of the remainder, 44 were cVDPVs (all from the
three recent outbreaks), 3 were iVDPVs isolated from
immunodeficient chronic poliovirus excretors, 11 were
uncategorized VDPVs, and 125 were antigenic variants of
OPV-like virus (25, 37). A subset (1980) of the vaccine-related
isolates was screened for the presence of recombinant non-capsid
sequences of non-Sabin origin. A small proportion (<1%) of the
isolates had non-Sabin sequences, and only one of these was an
uncategorized VDPV. None of the other VDPVs were associated
with more than one patient.

The potentially higher risk of type 2 cVDPV

Several observations indicate that the risk for emergence cVDPVs
may be highest for poliovirus type 2 (6). The type 2 OPV strain
appears to spread most readily to unimmunized people, as shown
by its more frequent association with contact cases of VAPP (1)
and by the much higher seroprevalence to poliovirus type 2
(relative to types 1 and 3) found among unvaccinated indi-
viduals in the United States and Europe (1, 6). Moreover, VP1
sequence comparisons (described above) found that vaccine-
related isolates with the more divergent genomes (>0.5%) were
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most frequently type 2 (42). Limited, localized spread of type 2
vaccine-related virus may occur in some areas. Because paralytic
attack rates for type 2 poliovirus infections are low (38), circula-
tion of type 2 VDPVs is the most difficult to detect by AFP
surveillance. Consequently, early detection of any future type 2
cVDPV outbreaks will require maintenance, and possible augmen-
tation in some countries, of the current very high global standard
for AFP and poliovirus surveillance (4, 25, 37, 48).

A changing risk profile for cVDPVs

Currently, the major risk for polio worldwide is from wild polio-
virus infection (4). Most of this risk is localized to a few reservoir
areas in Africa and Asia. In the rest of the world, the chief risk
derives from continued use of OPV. It has been estimated that
the global VAPP burden is 250-500 cases annually (1, 49), and
most VAPP cases occur outside of the remaining reservoir areas.
About half of all VAPP cases are associated with the type 2 OPV
strain (/), whose wild counterparts were eradicated in 1999 (4,
25, 37, 48). Itis likely thatall polio cases will soon be associated
with OPV use, causing the risk-benefit ratio for continued OPV
use to shift dramatically.

Considerations for transition away from OPV use have
focused largely on VAPD, for which the risk is quantifiable and
the cases dispersed (49). More difficult to assess is the risk of out-
breaks from cVDPVs. Here the potential risk may be very high.
Fortunately, the recent cVDPV outbreaks were restricted to
islands. However, if a cVDPV outbreak were to occur in a popu-
lous mainland country, the case burden could far outstrip that
from VAPP, and could be of the scale of the past wild polio-
virus outbreaks. Experience has shown that it becomes increasingly
difficult to maintain high levels of polio vaccine coverage in coun-
tries and regions that have been certified as polio free. Thus, it is
unlikely that the high rates of OPV coverage necessary to sup-
press cVDPV emergence in areas at greatest risk can be sustained
much past global certification. Because OPV is the vaccine of
choice for eradicating wild poliovirus, especially in tropical develop-
ing countries, its continued use in those settings is recommended
until wild poliovirus circulation ceases (48, 49). Thereafter, all
OPV use should be discontinued as soon as is safely possible (50).

Implications of cVDPVs to the “endgame
strategy” for global polio eradication

Currently, the most urgent priority is to eliminate the remaining
reservoirs of wild poliovirus endemicity (4, 5, 48, 50). In the
remaining polio-endemic countries, the mass immunization
campaigns currently under way to eliminate the last pockets of
poliovirus circulation will also effectively prevent dissemination
of cVDPVs. In polio-free areas with inadequate rates of routine
OPV coverage, it is crucial to close the immunity gap. To achieve
this, WHO has recommended maintenance or reinstatement of
mass immunization campaigns in such areas (48). The appro-
priate frequency of the mass campaigns follows from the rate of
accumulation of non-immune susceptibles in the highest risk
populations of each area (6).

Recognition of the risks posed by ¢VDPVs and other
VDPVs has prompted a reassessment of global strategies for
maintaining polio-free status after wild poliovirus circulation
has ceased (2, 3, 48, 50). The number of viable options for the
“endgame strategy” using the existing polio vaccines now appear
to be quite limited (2, 3, 48). WHO must develop a compre-
hensive strategy for the prompt cessation of OPV use as soon as
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possible after global certification (50). Cessation of OPV use should
be closely coordinated by WHO, as uncoordinated discontinua-
tion by countries is likely to create unacceptable risks for emergence
of cVDPVs. Synchronous cessation of OPV use immediately after
coordinated mass OPV campaigns (in countries that had continued
to use OPV) would maximize global immunity to polio at the time
of OPV cessation (3, 48). Transition to IPV should be encouraged
at the present time in developed countries in temperate zones where
IPV efficacy is known to be high and where high rates of IPV
coverage can be maintained through routine immunization (48,
49). The use of IPV in tropical developing countries presents special
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challenges because the rates of routine immunization are often
inadequate, IPV efficacy is uncertain, and logistical and financial
challenges persist (49). This option requires further, careful analysis
(50). Stockpiles of polio vaccine must be established at strategic
sites to enable a rapid response to the detection of any poliovirus
infection in the post-OPV era (3, 48). Finally, sensitive field and
laboratory surveillance must be maintained until there is compel-
ling evidence that the risk of any poliovirus re-emergence is negligible

(3,48, 50). A

Conflicts of interest: none declared.

Résumé

Poliovirus circulants dérivés de souches vaccinales :

Au cours des quatre derniéres années, on a observé des flambées
de poliomyélite associées aux poliovirus circulants dérivés de
souches vaccinales (PcDSV) sur I'lle d'Haiti (2000-2001), aux
Philippines (2001) et a Madagascar (2001-2002). Des études
rétrospectives ont également décelé la circulation d'un PcDSV
endémique en Egypte (1988-993) et une propagation localisée
probable d'un virus dérivé du vaccin antipoliomyélitique buccal
(VPO) en Biélorussie (1965-1966). Pour toutes les flambées dues
a des PcDSV, la couverture insuffisante par le VPO et |'éradication
préalable du poliovirus sauvage autochtone étaient les principaux
facteurs de risque. Des campagnes de vaccination de masse par
le VPO ont interrompu ces flambées. Pour améliorer la sensibilité
de la détection des PcDSV, le réseau mondial de laboratoires
pour la poliomyélite requiert désormais des tests
supplémentaires pour tous les poliovirus isolés. Cette démarche
a permis de reconnaftre rapidement les flambées des Philippines

état des connaissances

et de Madagascar, mais il n'y en a pas d'autres actuellement.
Linterruption de la circulation du poliovirus sauvage dans la
plupart des régions du monde ces derniéres années a entrainé
une augmentation spectaculaire du risque potentiel d'émergence
de PcDSV. Ce risque semble le plus élevé avec la souche de type
2 duVPQ, en raison de sa plus forte propension a se propager aux
sujets contacts. L'émergence de PcDSV souligne bien I'importance
cruciale d'éliminer le poliovirus sauvage dans les dernieres poches
ou il circule, de maintenir la couverture universelle de Ia
vaccination, d'arréter d'administrer le VPO dés que tout risque
est écarté et d'assurer une surveillance suffisamment sensible
des poliovirus dans un proche avenir. Les régions ou le risque de
circulation du poliovirus sauvage a été le plus élevé et ou les
couvertures vaccinales doivent étre les plus étendues pour
supprimer |'émergence de PcDSV doivent tout spécialement
retenir I'attention.

Resumen

Poliovirus circulantes de origen vacunal: estado actual de los conocimientos

En los dltimos cuatro afios se han declarado brotes de poliomielitis
asociados a poliovirus de origen vacunal circulantes (PVOVc) en
La Espafiola (2000-2001), Filipinas (2001) y Madagascar
(2001-2002). Estudios retrospectivos han detectado también Ia
circulacion de PVQOVc endémicos en Egipto (1988-1993) vy la
probable propagacion localizada del virus derivado de la vacuna
antipoliomielitica oral (OPV) en Bielorrusia (1965-1966). Las
lagunas existentes en la cobertura de OPV'y la previa erradicacién
del serotipo correspondiente al poliovirus salvaje autdctono
fueron los factores de riesgo criticos de todos los brotes de PVOVLc.
Estos fueron atajados mediante campafias de inmunizacion
masiva con OPV. A fin de aumentar la sensibilidad de deteccién
de los PYOVc, en 2001 la Red Mundial de Laboratorios para la
Poliomielitis implanté nuevos requisitos de analisis para todos
los aislados de poliovirus sometidos a investigacion. Este enfoque
permitié reconocer rapidamente los brotes de PYOVc de Filipinas
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y de Madagascar, pero no asi otros brotes recientes. El riesgo
potendial de aparicién de PVOVc ha aumentado extraordinariamente
en los Ultimos afios, debido al cese de la circulacion del poliovirus
salvaje en la mayor parte del mundo. La cepa OPV de tipo 2
parece ser la que mas riesgo plantea, debido a su mayor tendencia
a propagarse a los contactos. La aparicién de PVOVc subraya la
importancia que revisten la eliminacién de las Ultimas bolsas de
circulacién del poliovirus salvaje, el mantenimiento de unos
niveles universalmente altos de cobertura con vacuna
antipoliomielitica, la interrupcion del uso de OPV tan pronto como
la seguridad alcanzada lo permita, y el mantenimiento de sistemas
sensibles de vigilancia del poliovirus en un futuro proximo. Hay
que prestar especial atencion a las dreas que presenten el
maximo riesgo de circulacién del poliovirus salvaje, y a aquellas
donde deban mantenerse las mayores tasas de cobertura con
vacuna antipoliomielitica para evitar la aparicién de PVOVc.
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