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SUMMARY

Polio cases due to wild virus are reported by only three countries in the world. Poliovirus type 2
has been globally eradicated and the last detection of poliovirus type 3 dates to November 2012.
Poliovirus type 1 remains the only circulating wild strain; between January and September 2016
it caused 26 cases (nine in Afghanistan, 14 in Pakistan, three in Nigeria). The use of oral polio
vaccine (OPV) has been the key to success in the eradication effort. However, paradoxically,
moving towards global polio eradication, the burden caused by vaccine-derived polioviruses
(VDPVs) becomes increasingly important. In this paper circulation of both wild virus and
VDPVs is reviewed and implications for the polio eradication endgame are discussed. Between
April and May 2016 OPV2 cessation has been implemented globally, in a coordinated switch
from trivalent OPV to bivalent OPV. In order to decrease the risk for cVDPV2 re-emergence
inactivated polio vaccine (IPV) has been introduced in the routine vaccine schedule of all
countries. The likelihood of re-emergence of cVDPVs should markedly decrease with time after
OPV cessation, but silent circulation of polioviruses cannot be ruled out even a long time after
cessation. For this reason, immunity levels against polioviruses should be kept as high as possible
in the population by the use of IPV, and both clinical and environmental surveillance should be
maintained at a high level.
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Introduction

Polio eradication has never been so close to being
achieved. The last detected case of wild poliovirus
(WPV) type 2 dates to 1999 and the Global
Commission for the Certification of Poliomyelitis
Eradication (GCC), on 20 September 2015, officially
concluded that WPV type 2 had been globally eradi-
cated [1]. WPV type 3 was last detected in
November 2012 in Nigeria [1]. According to the latest

progress report, in 2015 only 74 paralytic cases due to
WPV type 1 were reported from Pakistan and
Afghanistan. Since 21 September 2016, 23 additional
cases have been reported by those two countries, com-
pared to 41 cases reported during the same period
in 2015. In addition, in August 2016, more than 2
years since the last case, three cases of paralytic dis-
ease were reported by the health authorities in
Nigeria. All the cases reported in 2016 were due to
WPV type 1, the only type currently circulating in
the endemic countries, meaning that those countries
never stopped indigenous WPV transmission [2].

Trivalent oral polio vaccine (tOPV) use has been
the pillar of the successes achieved so far. OPV is
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effective, relatively inexpensive, and does not require
either trained health workers or sterile injection equip-
ment to be administered. OPV consists of a mixture
of three poliovirus strains attenuated by serial tissue cul-
ture passages, and therefore, after oral administration, it
mimics natural infection and induces a local immune
response in the gut mucosa. Such a feature makes OPV
an excellent tool to establish and maintain herd immun-
ity. On the other hand, the capability of OPV viruses to
replicate and their transmissiblity becomes a disadvan-
tageduring the last phasesof theglobal eradicationeffort.

OPV viruses are subject to genetic variation
through continued mutation and recombination. The
attenuatingmutation, under selective pressure in the vac-
cinee’s gut, tends to revert towards thewild-typegenome,
thus potentially resulting in a neurovirulent strain [3]. In
fact,mutated vaccine virusesmay cause paralytic disease
(vaccine-associated paralytic poliomyelitis; VAPP) and
may theoretically persist in the environment for a vari-
able period depending on environmental factors [4].
Paradoxically, once the wild strain has been eradicated,
OPV viruses would remain the only polioviruses poten-
tially circulating in the world.

As a consequence of the official declaration of WPV
type 2 eradication, switching from tOPV to a bivalent
formulation not including the type 2 component
(bOPV), has occurred globally. Between 17 April
and 1 May 2016, 155 countries and territories globally
switched from tOPV to bOPV in a synchronized man-
ner. The scope of this paper is to review the current
situation on poliovirus circulation, highlighting poten-
tial challenges related to vaccination policy changes
during the polio eradication endgame.

Vaccine-derived polioviruses (VDPVs)

As mentioned above, OPV viruses replicate in the gut
of vaccinees. In immunocompetent children such rep-
lication is limited in time [5] and OPV virus may be
excreted for periods up to 30–60 days [6]. During rep-
lication cycles, both for stochastic processes and under
selection pressure, OPV viruses may progressively
mutate, acquire some neurovirulence, and potentially
circulate in the community. OPV is responsible for
rare cases of VAPP, whose frequency is estimated as
1 case per million births by the WHO [7]. A recent
review estimates that such risk is in the range of 2·9–
4·7 per million births [8]. VAPP is a rare adverse out-
come of polio vaccination occurring in OPV recip-
ients or their close contacts. Risk of VAPP is highest
after the first dose and sharply decreases with

administration of subsequent doses. There is little evi-
dence of virus circulation after VAPP cases [9]. On the
other hand, VDPVs are defined as OPV-derived polio-
viruses whose sequence divergence from the original
OPV strain is such as to indicate prolonged replication
or transmission. Since the ‘normal’ rate of nucleotide
substitution for polioviruses amounts to ∼1% per
year, poliovirus isolates that differ from the original
OPV strain by >1% of nucleotide sequence are
defined as VDPVs. This threshold has been lowered
to 0·6% for type 2 VDPVs (VDPV2) to increase sensi-
tivity for early detection of VDPV2 outbreaks [10].
VDPVs are categorized as ‘circulating’ (cVDPVs) when
there is evidence of community transmission in close con-
tacts. VDPVmay be isolated from persons with primary
immunodeficiency disorders with prolonged infection
after OPV administration. In that case VDPVs are
categorized as immunodeficiency-associated VDPVs
(iVDPVs). Finally, VDPVsmay be classified as ‘ambigu-
ous’ (aVDPVs)when theyareeither isolated frompersons
with no known immunodeficiency or sewage isolates
whose source is unknown (sporadic isolationwithnogen-
etically linked VDPVs found subsequently) [11].

Public health importance of iVDPVs and cVDPVs

iVDPVs and cVDPVs share most of their biological
characteristics, since both have a variable but signifi-
cant divergence from the originating OPV strain,
and are capable of causing paralytic disease. Genetic
differences between iVDPVs and cVDPVs reflect the
fact that iVDPVs are the result of prolonged infection
in the same individual while cVDPVs have been sub-
jected to the selective pressure during person-to-person
transmission. For this reason, vaccine/non-vaccine
recombination is very frequently observed in cVDPVs.
Recombination of WPVs with other human entero-
viruses of species C (HEV-C), in particular coxsackie
A viruses, is frequently the result of person-to-person
transmission [12, 13]. The presence of similar recombin-
ation between VDPVs and HEV-C seems to facilitate
the emergence of cVDPVs [14]. Although patients
infected with iVDPVs may develop paralytic disease
andhypothetically present a risk for community spread,
cVDPV outbreaks represent the highest public health
threat and require the same response as WPVs [7].

cVDPV outbreaks and WPV circulation

From 12 July 2000 to 12 July 2001, a total of 21 cases
of poliomyelitis were confirmed in the Caribbean
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island of Hispaniola. This outbreak was associated
with an OPV1-derived virus having 1·8–4·1% nucleo-
tide substitutions. Such cVDPV1 cases were both clin-
ically and biologically indistinguishable from WP1.
The outbreak occurred in an area with low OPV
coverage and was the first in the Americas since
1991 [15]. Prior to the Hispaniola outbreak, evidence
of circulation of cVDPV2 between 1988 and 1993
was found in Egypt. It was a cVDPV2 having 93–
97% nucleotide sequence identity to the Sabin OPV2
strain and was not related to the latest known isolate
of WP2 in Egypt that had occurred in 1979. Such evi-
dence was collected ex post and therefore the real
extent of the outbreak remains undetermined.
Considering several parameters, it is likely that
about 12 million children born during the decade
1983–1993 were infected [16]. However, due to
improvement in surveillance throughout the 1990s,
the absence of any VDPVs in clinical specimens
from acute flaccid paralysis (AFP) patients or in
environmental samples during the 9 years after
1993 strongly suggests that cVDPV2 spread was
stopped [17].

Since the Hispaniola outbreak in 2000–2001,
cVDPV outbreaks have been systematically moni-
tored. Figure 1 shows the number of cases globally
reported to WHO during the period 2000–2016.
Fewer than 90 cases per year are usually reported,
with the exception of 2009, when the number of
cases peaked, mainly due to a large outbreak in
Nigeria [18]. cVDPV2 is the most represented strain,
accounting for 85·8% of all reported cases. Figure 2
shows the geographical distribution of the cVDPV

outbreaks over the period. In 2015, circulation of
cVDPV2 was documented in Guinea, Myanmar,
and Nigeria. The latest cVDPV2 case occurred on
14 December 2015 and was reported from Guinea.
In addition, an environmental sample collected in
March 2016 in northeastern Nigeria, which recently
tested positive for cVDPV2, is an additional evidence
of prior circulation that had gone undetected [19]. A
total of seven cases were reported in Guinea in 2015,
all genetically related to a single case which occurred in
August 2014. cVDPV1 outbreaks have been recently
reported in Lao People’s Democratic Republic (Lao
PDR), Madagascar, and Ukraine. The latest cVDPV1
case was reported by Lao PDR on 11 January 2016.
Up to 21 September 2016 the total number of cVDPV1
cases in that country amounted to three in 2016 and
eight in 2015. No ongoing outbreaks of cVDPV3 have
been reported (latest case occurred in 2013) [20].

Ongoing transmission of WPV is currently detected
only in Afghanistan, Pakistan, and Nigeria. The total
number of WPV1 cases reported in Afghanistan in
2016 is nine. Environmental circulation of WPV1 has
also been established in more than one district in 2015.
Fourteen cases of WPV1 were reported in Pakistan in
2016, with the latest onset on 27 July. In Pakistan
WPV circulation was never interrupted. According to
WHO reports, the Federally Administered Tribal
Areas (FATA) is the regionwith highest virus circulation
[19]. After >2 years with no wild polio cases, three cases
due WP1 have been reported last August in Nigeria.
Genetic analysis on the virus suggested that those cases
were caused by a virus strain related to the one detected
in the northeastern part of the country in 2011, raising

Fig. 1. Number of cVDPV cases globally reported to WHO during the period 2000–2016. (Source: WHO HQ, data as of
21 September 2016.)
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the issue of silent circulation of the virus in that area for a
lengthy period of time. Figure 3 shows the number of
cases of WPV types 1 and 3 globally reported to the
WHO during the period 2001–2015, compared to

cVDPV2cases (theonly type2polioviruscurrentlycircu-
lating). Starting in 2009, a strong decrease of WP3 cases
has been observed globally, with the last case reported in
2012. Considering these three polio strains, since 2013

Fig. 2. cVDPV outbreaks, globally reported to WHO, country distribution, 2000–2016. (Source: WHO HQ, data as of 21
September 2016.)

Fig. 3. Number of cases of wild poliovirus types 1 and 3 and cVDPV2 globally reported to WHO during the period
2001–2015. (Source: WHO HQ, data as of 21 September 2016.)
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WP1andcVDPV2are the onlypolioviruses causing clin-
ical cases. During this period, cVDPV2 accounted for
about 13% of the globally reported cases (Fig. 4).

Public health importance of cVDPV2 after OPV2
cessation

The possibility of eradicating WPV by the end of 2016
is becoming a reality. Moving towards WPV eradica-
tion, the relative importance of cVDPV tends to
increase. In particular, after declaration of WPV2
eradication and subsequent OPV2 cessation, there
will be some challenges in the future.

Even if the quality of surveillance in the countries
with recently documented cVDPV2 circulation is
good, detection of either new cases or environmental
presence of cVDPV2 cannot be ruled out, even in
the absence of new OPV2 administration. Persistence
of cVDPV2 after OPV2 cessation will depend on
both person-to-person transmission in the under-
immunized population groups, and environmental
persistence. Persistence of polioviruses in the environ-
ment is limited in time – from about 1 week to 1
month – being rapidly inactivated, especially under
tropical conditions [4, 21]. Therefore, the main deter-
minants for continuous circulation of cVDPV2 are
linked to population characteristics such as popula-
tion clustering or population turnover [22], but pri-
marily to the proportion of susceptible individuals.

Following cessation, OPV2 needs to be replaced by
inactivated polio vaccine (IPV) use. According to
WHO guidelines on OPV2 cessation, countries switch-
ing from tOPV to bOPV, should have already intro-
duced at least one IPV dose into the routine
immunization schedule in order to keep high the
immunity against type 2 viruses immediately after
OPV2 cessation. On the other hand, effectiveness of
IPV in preventing gut replication and the shedding
of polioviruses is controversial. Mathematical model-
ling shows that use of one-dose IPV after OPV cessa-
tion in areas at higher risk of poliovirus circulation
has a modest effect on the risk of cVDPV outbreaks
[23]. In 2013, documented WP1 circulation in the
environment in a community of fully IPV-vaccinated
children in Israel [24] was interrupted only after vac-
cinating about 1 million children aged <10 years
with bOPV [25]. Therefore, even in the presence of rela-
tivelyhighpopulation immunity, useof IPValone failed
to prevent silent circulation ofWP1. By contrast, recent
experimental evidence collected in Latin America
shows some degree of intestinal immunity after mono-
valent OPV2 (mOPV2) trials in young children vacci-
nated with a sequential bOPV-two IPV schedule [26].
In developed countries using a full IPV schedule over
a lengthy period, neurovirulent poliovirusesmay be iso-
lated from the environment, but the immunity levels in
the population, together with high hygiene levels, pre-
vent the occurrence of continuous circulation and

Fig. 4. Proportion of cases of wild poliovirus types 1 and 3 and cVDPV2 globally reported to WHO during the period
2001–2015. (Source: WHO HQ, data as of 21 September 2016.)
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clinical cases [27, 28]. Similarly, during the polio out-
break that occurred in TheNetherlands in 1992, disease
was confined to unvaccinated communities and did not
spread in the rest of the country where a full IPV sched-
ule had been adopted [29]. Therefore, ifWPVs are intro-
duced into communities with good sanitation and
hygiene, high levels of coverage with IPV, in addition
to preventing polio cases, may potentially stop polio-
virus spread. It is very likely that wide use of IPV after
OPV2 cessationwill be able to control some residual cir-
culation of cVDPV2 in the population.

Conclusions

Assessing the risk of cVDPV2 re-emergence and fur-
ther circulation after OPV2 cessation is not an easy
task, and any attempt cannot be other than specula-
tive. Due to the interconnections and rapid movement
of people, long-lasting presence of cVDPV2 in a
specific network of people cannot be ruled out.
Silent virus circulation may occur and can be detected
only by the means of high-quality environmental sur-
veillance [24]. In fact, AFP surveillance alone is not
sufficient to detect early circulation of polioviruses
and to monitor the extent of environmental circula-
tion. Moreover, modelling suggests that silent circula-
tion of polioviruses may be ruled out, with an error of
5%, only after a case-free period of 3 years [30]. On the
other hand, in the presence of good levels of population
immunity, the risk of paralytic cases is believed to be
extremely low. In any case, contingency plans based
on stockpiling and deployment of mOPV2 are neces-
sary, since the response to a single cVDPV2 case should
be the same as to a WPV outbreak. It should be noted
that, according to the eradication programme, one sin-
gle polio case must be considered an outbreak.

Implementation of International Health Regula-
tions demonstrated an excellent efficacy in supporting
the polio endgame. In fact, the declaration that the
international spread of polio constituted a Public
Health Emergency of International Concern (PHEIC),
and the subsequent recommendation by the WHO in
2014, determined strong progress towards the interrup-
tion of WPV transmission [31]. Similarly, countries
detecting cVDPV cases should react by following the
same WHO temporary recommendations, declaring
theoutbreakanationalpublichealthemergencyandcon-
sidering vaccination of all international travellers [32].

Implemented measures and recommendations
should be stringent enough to prevent extensive spread
of cVDPVs until polio vaccination ends. Several years

after global cessation of vaccination, when several
fully susceptible birth cohorts will have accumulated,
a completely different situation might be encountered.
In that case the danger would be due to the accidental
release or long-term excretion of potential polioviruses
by immunocompromised individuals [33]. Accidental
release cannot be completely ruled out even in the
best virus-containment scenario. Recently, accidental
release of WPV3 in the environment occurred in
Belgium, close to the Dutch border. This has not
resulted in detectable levels of poliovirus in any of
the samples taken after the incident and no signs of
poliovirus circulation were found in the Dutch ‘Bible
belt’, well known as home to large underimmunized
communities [34]. In addition, inadvertent tOPV use
should be prevented especially in areas at higher risk
of cVDPV circulation by the means of tOPV with-
drawal from all OPV stocks [35].

In conclusion, the likelihood of re-emergence of
cVDPVs should markedly decrease with time after
OPV cessation. Immunity levels against polioviruses
should be kept as high as possible in the population
through the continuous use of IPV, which may
represent a challenge in those countries where high
coverage levels with IPV cannot be sustained.
Effective contingency plans, supported by both clin-
ical and environmental surveillance, should be kept
in place.
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