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AbstrAct Live attenuated oral polio vaccine (OPV) and inactivated polio vaccine (IPV) are 
the tools being used to achieve eradication of wild polio virus. Because OPV can rarely cause 
paralysis and generate revertant polio strains, IPV will have to replace OPV after eradication 
of wild polio virus is certified to sustain eradication of all polioviruses. However, uncertainties 
remain related to IPV’s ability to induce intestinal immunity in populations where fecal–oral 
transmission is predominant. Although substantial effectiveness and safety data exist on the 
use and delivery of OPV and IPV, several new research initiatives are currently underway to 
fill specific knowledge gaps to inform future vaccination policies that would assure polio is 
eradicated and eradication is maintained.
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viruses, vaccines & disease
Global eradication of polio is within grasp. Only Pakistan, Nigeria and Afghanistan are currently 
considered endemic for polio because they have never eliminated indigenous polio viruses. Although 
the overall reduction in global incidence of cases has been more than 99% since the eradication 
efforts begun in 1988 when an estimated 350,000 persons were paralyzed by wild polio viruses 
(WPVs), there are still a few hundred cases of WPV-related paralysis each year (416 cases in 2013 
and 359 in 2014) [1]. These cases are occurring both in the endemic countries as well as in countries 
re-infected via importations.

Three serotypes exist for polio: poliovirus type 1, poliovirus type 2 and poliovirus type 3. Wild-
type 2 (WPV2) is considered eradicated as the last naturally occurring case was detected in India in 
1999. Wild-type 3 (WPV3) appears to be on the verge of eradication with no cases reported since 
November of 2012, the longest period that a WPV3 has not been isolated.

Two vaccines, live attenuated oral poliovirus vaccine (OPV) and inactivated poliovirus vaccine 
(IPV) are used throughout the world to protect against polio (Figure 1). In 121 countries (Figure 1B) [2], 
OPV is used instead of IPV for several reasons: OPV costs substantially less than IPV (15¢ vs US$1 
or more) [3]; primary immunization with OPV induces superior intestinal immunity compared with 
IPV and thus has the potential to better prevent transmission of wild viruses; OPV confers contact 
immunity through passive immunization of unvaccinated persons from viruses shed by vaccines; 
and OPV is administered in oral drops, which are easier to administer than IPV injections and 
easier to store and transport.

Despite these advantages, most developed countries have transitioned to IPV, primarily 
because OPV has the major disadvantage of causing paralytic disease in rare cases [4]. It can 
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Polio vaccine use in routine immunization by countries

IPV only, n = 42

OPV only, n = 128

Polio vaccine type data included for WHO countries only. All OPV in RI in 2012 was tOPV. Year: 2012

IPV and OPV (sequential or mixed), n = 24

A

Polio vaccine use in routine immunization by countr

IPV only, n = 42

Polio vaccine type data included for WHO countries only.

Note: all countries with OPV only or sequential/mixed schedules 
use tOPV (except Israel, which uses bOPV).

Polio vaccine use in routine immunization by countries

IPV only, n = 46

OPV only, n = 121

IPV and OPV (sequential or mixed), n = 27

Year: 2014
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Figure 1. Polio vaccination: past, present and future (for parts [A & B], see facing page; for part [C], see above). (A) Polio vaccine 
use in routine immunization, year 2012. (B) Polio vaccine use in routine immunization, year 2014. (C) Polio vaccine use in routine 
immunization, year 2016 (projected). 
†Includes countries that have formally committed to introduce (defined by WHO planning committee as submitting documentation 
of decision to introduce IPV to and verified by the relevant WHO Regional Office) and those which have indicated intent to introduce. 
Where specific data on whether new countries introducing IPV will choose IPV only or sequential schedule is pending, these countries 
are included in the ‘Planned IPV Intro’ category. All OPV in use in routine immunization from April 2016 is expected to be bOPV. 
bOPV: Bivalent OPV; IPV: Inactivated polio vaccine; OPV: Oral polio vaccine; tOPV: Trivalent OPV. 
(A) Data taken from UNICEF WHO joint reporting form, July 2012. (B) Data taken from UNICEF WHO joint reporting form, July 2014. 
(C) Data taken from WHO IPV introduction planning status report, November 2014.
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cause vaccine-associated paralytic poliomyelitis 
(VAPP) in vaccine recipients and close contacts 
at an estimated rate of about 4.7 per million 
births (range: 2.4–9.7) globally [5]. Typically, 
the risk of VAPP is highest with the first dose 
of OPV in industrialized countries – about 
6.6-times higher for first-time recipients than 
those receiving subsequent doses whereas in 
developing countries the risk of VAPP can be 
lower for first dose recipients [6]. Data from India 
show that VAPP is largely associated with second 

or subsequent doses of OPV, indicating that the 
age of onset for VAPP is higher in lower-income 
settings [7]. This is believed to be due, in part, to 
persisting maternally derived antibodies in the 
infant when the birth dose is given in areas where 
wild virus is circulating or circulated recently 
and because of tropical enteropathies inhibiting 
vaccine virus from infecting and replicating in 
the infant. The greatest risk of VAPP is among 
immunocompromised people with B-cell defi-
ciencies as they carry greater than 3200-times 

Polio vaccine use in routine immunization by countriesPolio vaccine type data included in WHO countries only.
IPV only, n = 46

OPV only, n = 0

Information on introduction plans currently unavailable, n = 5

†Planned IPV intro (sequential or mixed with OPV), n = 143

Year: 2016 (projected)
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the risk of VAPP than the general population [6]. 
Type 3 virus is the most commonly isolated virus 
in people with VAPP who do not have immu-
nodeficiencies and type 2 virus is the most com-
monly isolated virus in those with immunodefi-
ciencies [6]. Risk for VAPP also differs based on 
receipt of OPV (recipient VAPP) or contact with 
someone who received OPV (contact VAPP). In 
1999 in India, the overall risk of recipient VAPP 
was 1/12.2 million OPV doses administered 
while the risk of total VAPP was 1/4.1 million 
OPV doses administered [7].

Moreover, the live vaccine virus also can 
mutate in ways that confer the transmissibility 
and neurovirulence properties of wild viruses, 
leading to polio outbreaks caused by these 
altered viruses known as circulating vaccine-
derived polioviruses (cVDPVs). There have 
been an average of 76 reported cases of cVDPVs 
annually between 2005 and 2013 [1]. Regions 
with increased risk for cVDPVs are those with 
low vaccination coverage rates, where competing 
WPVs have been eliminated, and where epide-
miologic conditions (e.g., low socioeconomic 
status, poor hygiene/sanitation and crowding) 
favor poliovirus transmission [6]. Since 2000, 
cVDPVs, as defined by association with two 
or more acute flaccid paralysis cases, have been 
reported in 23 countries, most of which are 
developing countries [1].

Due to the historic progress made in inter-
rupting WPV transmission, vaccine viruses 
are estimated to have caused in 2012 and 2013 
more cases of polio-related paralysis (VAPP 
and VDPVs) globally than were caused by wild 
viruses creating a unique epidemiological situ-
ation with ethical, political and social implica-
tions. Therefore, use of OPV will soon have to 
be phased out in order to eradicate polio from 
all causes [8].

The polio end game
Led by WHO, the United Nations Children’s 
Fund (UNICEF), Rotary International and 
the CDC among other organizations, the 
Global Polio Eradication Initiative (GPEI) has 
developed the Polio Eradication and Endgame 
Strategic Plan that aims to wipe out the last cases 
of polio from all causes by 2018 [9].

Because type 2 virus accounts for more 
than 95% of cVDPV outbreaks detected in 
recent years and approximately 30% of VAPP 
cases [5], a critical intermediate step is to replace 
the currently used trivalent OPV (tOPV), which 

protects against types 1, 2 and 3, with a bivalent 
OPV (bOPV), which protects against types 1 
and 3. The plan also calls for the addition of 
at least one dose of IPV (all currently licensed 
IPV is trivalent and protects against all types of 
polio) in routine immunization (RI) programs 
by 2015 in the OPV-only countries. IPV will 
provide immunity to a substantial proportion 
of the population [10] during this proposed OPV 
switch as well as during complete OPV with-
drawal posteradication in case of the possible 
emergence of type 2 cVDPVs, as well as in case 
of potential breaks in laboratory containment of 
wild or vaccine viruses. Such a plan is expected 
to change the landscape of global polio vaccine 
use in an incredibly short span of time (Figure 1C).

The 2013–2018 strategic plan is expected to 
cost US$5.5 billion over the course of the pro-
gram with continued investment by countries, 
but promises to yield up to US$25 billion in 
additional net benefits over the next 20 years. 
Substantial funding will be required throughout 
the end game to support core program costs, 
planned and supplemental immunization activi-
ties, surveillance, emergency response and con-
tainment. Total eradication of polio will lead to 
major reductions in public health spending on 
medical care, vaccine financing and program-
matic costs once cases are reduced to zero and 
control activities can be scaled back [9].

Tools currently available
●● OPv

Administration of OPV mimics the immune 
response to natural exposure to WPV generat-
ing both humoral and mucosal immunity [6]. 
IgM antibody becomes detectable as early as 
2–3 days after infection, usually disappear-
ing after 2–3 months, while IgG becomes the 
predominate antibody and may last for life [6]. 
The type 2 strain of OPV is immunodominant 
and in formulating tOPV, the amount of type 2 
virus is reduced compared with the other viruses. 
Most formulations of tOPV have a 10:1:6 ratio 
of virus for the three serotypes, respectively. In 
the USA, after a complete primary vaccination 
series of three doses, over 95% of recipients 
seroconvert to all three poliovirus serotypes 
with long-lasting immunity [6]. However, in 
developing countries, tOPV has been found to 
be less immunogenic with an average of 73, 90 
and 70% of children seroconverting to types 1, 2 
and 3, respectively after three tOPV doses [11]. A 
comprehensive review of correlates of protection 
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against poliovirus found that existence of any 
titer of homologous neutralizing antibody is 
protective against clinical paralytic polio in the 
individual [12].

In a meta-analysis of 31 studies, vaccination 
with OPV protected individuals against shedding 
of poliovirus in stool after challenge (failure to 
shed virus upon vaccine virus challenge is used as 
a measure of intestinal mucosal immunity) when 
compared with unvaccinated individuals (sum-
mary odds ratio 0.13 with confidence intervals 
0.08–0.24) [13]. High levels of individual intes-
tinal immunity preventing virus shedding (and 
therefore transmission) resulting in population 
protection, along with OPV’s ease of administra-
tion and low cost contributed to the choice of OPV 
for WPV elimination in the resource-constrained, 
high disease burden settings.

There are three formulations of OPVs in use 
in the world: tOPV containing Sabin strains of 
all three poliovirus serotypes; bOPV containing 
Sabin strains for types 1 and 3; and monova-
lent OPV (mOPV), which has two subtypes for 
serotypes 1 (mOPV1) and 3 (mOPV3). In addi-
tion, monovalent OPV for serotype 2 (mOPV2) 
is available for research purposes as well as for 
response procedures should there be an outbreak 
of poliovirus type 2. In a randomized, double-
blind, controlled trial in India, the cumulative 
seroconversion rates to serotype 1 following 
two doses at birth and at 30 days, were 90% 
for mOPV1 and 86% for bOPV compared with 
63% for tOPV [14]. For serotype 2, the serocon-
version rates were 90% for mOPV2 compared 
with 91% for tOPV, and for poliovirus type 
3, seroconversion rates were 84% for mOPV3 
and 74% for bOPV compared with 52% for 
tOPV [14]. Currently, tOPV is the most com-
monly used OPV in RI globally (Figure 1B), while 
bOPV and less commonly tOPV are used in sup-
plemental immunization activities (SIAs). SIAs 
are mass vaccination campaigns usually targeting 
children less than 5 years of age regardless of prior 
vaccination status within a short time frame.

●● iPv
The current formulation of IPV induces close 
to 100% seroconversion rates with high anti-
body titers to the three poliovirus serotypes 
after a series of three doses, when administered 
in schedules in which the last dose is adminis-
tered at 6 months of age or older [15]. However, 
in a randomized clinical trial in Puerto Rico, 
study arms vaccinated in a schedule of 6, 10 and 

14 weeks when compared with the schedule in 
the USA of 2, 4 and 6 months, had slightly lower 
seroconversion rates for poliovirus type 1, 2 and 
3 (85.8, 86.2 and 96.9%, respectively, compared 
with 99.6, 100 and 99.1% for the US sched-
ule) [16]. Lower rates of seroconversion are seen in 
the presence of high levels of maternally derived 
antibody. Administration of IPV at older ages, 
giving a chance for maternally derived antibody 
to wane, is associated with higher levels of sero-
conversion [16]. Currently accepted correlates of 
protection for IPV containing vaccines require 
neutralizing antibody levels at or above a 1:4 to 
1:8 dilution threshold [17].

IPV shows a similar effect to OPV in induc-
ing pharyngeal immunity, but has limited effect 
in inducing primary intestinal immunity when 
administered alone and thus, IPV is equivalent 
to OPV in reducing oral shedding following an 
OPV challenge but is inferior to OPV in reduc-
ing intestinal shedding when used for primary 
immunization in subjects who have not previ-
ously been exposed to OPV [18]. In fact, the 
proportion of persons who shed virus in stool 
following an OPV challenge in IPV vaccinees 
is similar to the proportion who shed follow-
ing a dose of OPV to unvaccinated persons. 
However, despite shortcomings in induction of 
intestinal immunity following a primary series, 
IPV has been shown to reduce both the duration 
of shedding and the amount of virus shedding 
in the stool (with a range between studies of 
63 and 91% reduction in the total amount of 
virus shed). This implies that IPV may reduce 
transmission even in places where fecal–oral 
spread is thought to be the predominant mode 
of transmission [13,19].

IPV alone terminated polio transmission in 
several Nordic countries of Europe (e.g., Sweden 
and The Netherlands). It is unclear whether the 
reason for this success is because oral–oral trans-
mission is the predominant mode of transmis-
sion in these countries or if there was additional 
impact from reduction in quantity and duration 
of fecal shedding induced by IPV. Whether 
IPV alone in a developing country population 
in whom fecal–oral transmission is thought to 
predominate, can terminate transmission of wild 
or vaccine viruses is not clear.

After many years (2005–2013) of consist-
ent high coverage using IPV exclusively, Israel 
recently reported detection of WPV1 from envi-
ronmental sewage samples throughout the coun-
try for over a year (February 2013–March 2014) 
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while no symptomatic polio cases were 
found [20,21]. This event has alerted the public 
health community to the potential for importa-
tion and silent transmission in countries using 
only IPV. Nevertheless, IPV should decrease 
the incidence of paralytic polio and reduce the 
spread of polioviruses if they are introduced, 
compared with an unvaccinated population, by 
reducing oral–oral transmission and reduced 
duration of shedding and titer shed.

Since its development in the 1950s, IPV 
has been one of the safest vaccines in humans, 
whether used alone or in combination vac-
cines [22,23]. IPV is offered as a standalone 
vaccine as well as in combination vaccines for 
primary immunization (ten products) and for 
boosters (>five products) [18]. Since early in the 
development of IPV, it has been co-administered 
with diphtheria, tetanus and pertussis vaccine 
(DTwP and DTaP), Haemophilus influenzae 
type b vaccine (Hib) and hepatitis B vaccine.

No serious adverse events have been caus-
ally associated with IPV. When used alone, 
IPV is well tolerated. In one study 5.5% of 
injections were accompanied by induration or 
by erythema [24]. When IPV is administered 
along with DTP or as a combined DTP-IPV 
reactogenicity was similar to administration 
of DTP alone. Rates of local reactions were 
similar in recipients of either DTP or DTP-
IPV [24]. A recent review of the US Vaccine 
Adverse Events Reporting System (VAERS) 
from 1999 to 2012 also reported that there 
were no concerning safety issues of adverse 
events for IPV [25]. A 2014 systematic review of 
the literature on the safety of routine vaccines 
recommended for children in the USAfound 
insufficient evidence to report any association 
between IPV and sensitivity to food allergens 
(as one post-licensure study reported) and that 
serious adverse events are extremely rare for all 
routine vaccines [26]. Moreover, IPV adminis-
tered before OPV reduces VAPP cases compared 
with OPV alone. In 2014, the Global Advisory 
Committee on Vaccine Safety declared IPV and 
IPV-containing vaccines as having an excellent 
safety profile, based on available data [25].

Priming effects & sequential schedules
●● iPv before iPv

Although IPV alone has shown limited effect in 
inducing primary intestinal mucosal immunity, 
it has shown promise in the area of priming for 
a systemic immune response. A single IPV dose 

generally seroconverts a proportion of vaccinees 
but induces immune memory (primes) in the 
majority of the remaining seronegative children. 
Data on the added protection against paraly-
sis conferred by priming, are not conclusive. In 
a study from Cuba, among those who did not 
seroconvert after one dose of IPV, 98% had a 
priming response (they developed significant 
antibody responses within 7 days of subsequent 
exposure) after one dose of IPV [10]. On the other 
hand, in a case-control study of a WPV1 out-
break in Senegal, effectiveness against paralytic 
polio was estimated to be 36% after one dose 
and 89% after two doses, values more compat-
ible with per dose IPV seroconversion rates than 
with priming rates [27].

●● OPv before iPv
Immunogenicity of IPV when given in an OPV-
exposed population has been studied extensively. 
A single dose of IPV administered to infants 
in Côte D’Ivoire previously vaccinated with a 
three-dose primary schedule of tOPV was sig-
nificantly more effective than an additional dose 
of tOPV in achieving seroconversion at both 
6 and 9 months in subjects who were seronega-
tive after the primary series [28]. More recently, 
a multiarm trial in Moradabad, India compared 
a supplemental dose of IPV at 6–9 months to 
children who had completed a primary series of 
tOPV plus multiple doses of mOPV, to boost-
ing with a standard and higher potency type 1 
mOPV [29]. As in the Côte D’Ivoire study, higher 
rates of seroconversion in baseline seronegative 
subjects and increased titers in baseline seroposi-
tive subjects were noted in the subjects receiving 
IPV compared with children who received an 
additional dose of OPV.

Two recent studies done in India have shown 
that one dose of IPV given to prior recipients 
of OPV boosts intestinal immunity for types 1 
and 3 [30,31]. In children with history of multiple 
doses of OPV, the proportion of children excret-
ing the challenge poliovirus was significantly 
lower for those given a booster dose of IPV fol-
lowed by a bOPV challenge than those who did 
not receive any booster prior to the bOPV chal-
lenge [31]. The duration of this boost in intestinal 
immunity is, however, unknown.

A dose of OPV given at birth increases sero-
conversion rates [32] and provides an opportu-
nity to induce mucosal protection in infants 
before they are exposed to enteric pathogens. 
WHO recommends a birth dose of OPV for 
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polio-endemic countries and countries at high 
risk for importation and subsequent spread [33].

●● iPv before OPv
Vaccination regimens employing sequential 
combinations of IPV and OPV have been uti-
lized in a number of countries, including in the 
USA. In developed countries where elimination 
of polio was achieved, VAPP was seen as a major 
public health problem and resources were avail-
able to address the increased costs of using IPV 
in a sequential IPV to OPV schedule. The intent 
of this schedule was to acquire the advantages 
of both IPV and OPV while minimizing adverse 
reactions: initial immunization with IPV to pro-
mote humoral immunity, which gives children 
protection from VAPP, and subsequent OPV 
vaccination to induce higher levels of intestinal 
immunity and maintain population-level protec-
tion. In Hungary, a country with a significant 
problem with VAPP cases [34] a sequential sched-
ule comprising one dose of IPV followed by OPV 
led to a complete disappearance of VAPP [35,36]. 
Another study in Hungary found that one or 
three doses of IPV followed by three doses of 
OPV resulted in individual protection against 
paralytic poliomyelitis as well as reduced cases of 
VAPP in the population [36,37]. Additional expe-
riences in India and the USA have shown that 
receiving IPV before OPV appears to protect 
against VAPP [7,34,38].

In addition, the sequential schedule of IPV 
followed by OPV in developed country settings 
achieved high seroconversion rates, with optimal 
effect obtained using two doses of IPV followed 
by two doses of OPV, a regimen that also pro-
duced intestinal immunity comparable to three 
doses of OPV [39]. The efficacy of this strategy 
has also been studied in the developing world: 
a trial of IPV followed by OPV in Guatemalan 
infants demonstrated robust humoral immunity 
even after only two doses of IPV [40]. Also, use 
of mOPV in an outbreak control setting in a 
population who received a dose of IPV is likely 
to lead to higher immunity levels than a single 
dose of mOPV in a completely susceptible popu-
lation, as the IPV-vaccinated population would 
already be partially protected with the exist-
ence of neutralizing antibodies from previous 
administration of IPV [39,41].

vaccine failure: OPv & iPv
Several factors can lead to vaccine failure for 
both OPV and IPV. Environmental and other 

factors such as malnutrition, concurrent infec-
tions, tropical enteropathy (histological changes 
to the intestinal mucosa) and oral tolerance (sup-
pression of immune responses to prior orally 
administered antigens) common in developing 
countries can contribute to reduced mucosal and 
humoral immunity after OPV vaccination [42]. 
Also, type 2 vaccine virus in tOPV interferes with 
responses to OPV types 1 and 3. Additionally, 
enteric microorganisms and other enteroviruses 
concurrently present in the intestine at the time 
of vaccination with tOPV can also interfere with 
seroconversion to all three serotypes, demon-
strating the need for multiple doses, especially 
in developing countries with poor hygiene [11]. 
Furthermore, physiological changes and simple 
kinetics associated with diarrheal states may 
inhibit poliovirus colonization altogether [11]. A 
study in India found that immunization with 
OPV (particularly mOPV) has a significant effect 
on mucosal immunity although additional doses 
of OPV have a limited ability to further boost 
mucosal immunity in children with multiple 
reported doses of mOPV [43].

For IPV, maternally derived antibody during 
early infancy has been shown to be the biggest 
risk factor for lack of vaccine take, and thus vac-
cine failure [16,44]. Therefore, it is recommended 
that if only a single dose of IPV is incorporated 
into the immunization schedule, the dose should 
be given at 14 weeks of age with DTP3, or first 
contact after 14 weeks, to ensure good immu-
nogenicity [32]. Recent estimates suggest that the 
coverage with one dose of IPV at 14 weeks of age 
or later will be lower compared with administra-
tion at earlier ages due to children dropping out 
of the immunization schedule with increasing 
age [45]. However, the increase in immunogenic-
ity is thought to outweigh the risk of lower cov-
erage due to high RI dropout rates at higher age 
groups [15,46].

enabling eradication: SAGe 
recommendations
A polio-free world means complete interrup-
tion of transmission of WPVs as well as elimi-
nation of all polio disease including VAPP and 
VDPVs [9]. To achieve this, planning for syn-
chronized cessation of OPV is underway, start-
ing with Sabin type 2. In addition, the Strategic 
Advisory Group of Experts on Immunization 
(SAGE) has recommended the introduction of at 
least one dose of IPV by the end of 2015 to miti-
gate the risks associated with OPV cessation [32]. 



Future Microbiol. (2015) 10(5)798

review Bandyopadhyay, Garon, Seib & Orenstein

future science group

For countries with a routine Expanded Program 
on Immunization (EPI) schedule of 6, 10 and 
14 weeks and deciding to give only one dose of 
IPV, that dose should be given at 14 weeks of 
age, at the same time DTP3 is normally admin-
istered. Addition of IPV does not impact the 
use of OPV at this time, which should be con-
tinued. Thus, for a child the dose of IPV would 
usually be administered with the third dose of 
OPV for countries without a birth dose of OPV 
or fourth dose of OPV in countries with a birth 
dose. OPV-only countries have the flexibility 
to consider alternative schedules (such as 6, 10 
and 14 weeks, 2, 3 and 4 months or 2, 4 and 
6 months) and more than one IPV dose but are 
encouraged to develop a plan for IPV introduc-
tion by the end of 2014, based on tiered priority 
of countries related to risk of cVDPV emergence 
and spread [32]. Introduction of IPV in RI pre-
ceding the global withdrawal of Sabin type 2 is 
expected to have several important implications:

●● Type 2 immunity base
Resurgence of wild or vaccine-derived type 2 
polivovirus after the withdrawal of routine use of 
Sabin type 2 in vaccines could occur for various 
reasons such as laboratory containment failure 
with resultant emergence of type 2 poliovirus, 
reseeding of the population from the very rare 
immune-deficient long-term shedders who are 
incapable of clearing the intestinal infection by 
vaccine virus by eliciting an immune response 
and predominantly shed type 2 polio virus, 
events of bioterrorism or intentional synthesis 
and release of virus and generation of type 2 
cVDPV from previous use of type 2 contain-
ing OPV. Introducing IPV before the tOPV to 
bOPV switch will ensure that a substantial pro-
portion of the population has immunity against 
type 2 polio after OPV2 cessation and will miti-
gate the risks associated with it. Studies have 
shown that seroconversion against type 2 polio 
after one dose of IPV ranges from 35 to 63% [15] 
and in addition, it has been demonstrated that 
more than 86.9% of infants who did not sero-
convert after a first dose of IPV had a priming 
immune response as discussed before [10].

●● Facilitate interruption of transmission
Data on the role of IPV in inducing intestinal 
immunity, as well as IPV’s role in reducing 
transmission in a population setting, remain less 
clear [47]. Recent poliovirus transmission mod-
eling has suggested that despite better individual 

seroconversion rates, a complete switch from 
OPV to IPV could potentially decrease popula-
tion immunity, especially in settings of intense 
fecal–oral transmission [48]. As the GPEI pro-
gresses toward the eradication of WPVs, national 
and global health leaders must still actively 
consider options for managing poliovirus risks, 
including risks associated with using OPV such 
as VAPP and VDPVs. The promising data on the 
impact of IPV in inducing intestinal immunity 
in an OPV-exposed population and the poten-
tial of IPV priming for a robust and accelerated 
OPV response in case of an outbreak after the 
OPV2 withdrawal will be important consid-
erations that have to be balanced carefully with 
operational and financial feasibility [32,33].

●● Boost immunity to wPv1 & wPv3
Use of IPV in conjunction with continued use 
of at least two bOPV doses prior to the dose of 
IPV should boost immunity to types 1 and 3 
which should hasten eradication of WPV1 and 
WPV3 and reduce polio disease caused by type 
1 and 3 cVDPVs [32]. This would ensure protec-
tion against reintroduction of WPV from other 
populations. Modeling in post-OPV2 settings 
in environments with poor sanitation and high 
transmission have found that IPV coverage must 
be at least 80% in order to reduce infectiousness 
by approximately 80% [49]. However, an expert 
review of 66 OPV challenge studies considers 
IPV an important option in protection against 
paralysis because it offers relatively higher 
seroconversion rates in poor hygiene settings 
compared with OPV [48].

Once IPV introduction is complete and several 
other global criteria are met, a globally coordi-
nated switch from tOPV to bOPV will take place. 
The switch will be universal and synchronized to 
further reduce cVDPV2 and VAPP cases while 
bolstering eradication of types 1 and 3. In addi-
tion to IPV introduction in RI and prior to the 
switch, some countries will further boost popula-
tion immunity to type 2 through additional SIAs 
with tOPV. Dependent upon progress toward the 
elimination of persistent cVPDVs, the earliest the 
switch could take place would be early 2016, after 
which all tOPV will be removed and destroyed 
and production of tOPV ceased.

end game barriers
While it has been shown that IPV integrated 
into RI programs will indeed reduce the preva-
lence of paralytic polio within a population, 
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uncertainties remain on IPV’s role in impact-
ing transmission as part of a global polio eradi-
cation strategy as evident with the situation in 
Israel in 2013–2014 with more than a year of 
WPV1 isolation in sewage samples as discussed 
before [21]. On the other hand, Yogyakarta in 
Indonesia also switched to an all IPV sched-
ule and has not detected any VDPVs since the 
change [50]. Yogyakarta had very high coverage 
and improved economic and public health infra-
structure which may limit generalizability of this 
case to the low-income settings. Also, the force 
of infection of a vaccine virus may be different 
than that of a WPV, and IPV may be more effec-
tive against the former than the latter. It will be 
important to continue to monitor for circulation 
of type 2 viruses in particular as IPV becomes 
the only inducer of immunity to type 2 with the 
proposed switch of tOPV to bOPV.

Tools of the future
OPV and IPV are both valuable tools in the polio 
eradication end game but are not without limita-
tions. As the number of WPV cases continues 
to decrease and end game procedures are final-
ized, it is important to consider specific, desired 
attributes which would further contribute to 
successes made by OPV and IPV. These consid-
erations will further guide research efforts. The 
kind of vaccine desired for the end game and 
posteradication period would ideally have high 
humoral and intestinal immunity, long duration 
of protection, low cost, simple administration, 

widespread safe production, limited waste and 
heat and freeze stability, among other char-
acteristics. Table 1 describes the benefits and 
limitations of current vaccines (OPV and IPV) 
compared with the ‘ideal’ vaccine candidate. 
Advances in research in one or more of these 
areas would greatly contribute to the polio 
eradication end game and posteradication phase.

●● immunogenicity studies & sequential 
regimens with iPv
In the global polio eradication end game, the cost 
of IPV will need to be balanced with effectiveness. 
While there are substantial data evaluating the 
humoral immunogenicity of one or two doses of 
IPV, there is less information on the impact of 
IPV on duration of fecal shedding postchallenge 
with OPV as well as the average titer shed after 
one or two IPV doses in a naive population. This 
is particularly important with regard to type 2 
virus since the one or two doses of IPV would 
be the sole source of immunity to that serotype a 
child would receive after the switch from tOPV 
to bOPV. The majority of earlier studies exam-
ining fecal excretion have not used explicitly 
quantifiable methods. Development of correlates 
of intestinal immunity, if possible, would facili-
tate testing of new IPV candidates because they 
would allow assessment of intestinal immunity 
without the need for challenge studies. In the 
absence of correlates, challenge studies after the 
switch would have to be conducted under extreme 
oversight to prevent sustained transmission if they 

Table 1. ‘ideal vaccine’ characteristics compared with current tools.

Attribute ‘ideal vaccine’ OPv iPv

Route of administration Noninjection Oral im. injection
Thermo stability Heat and freeze stable Heat sensitive Heat and freeze sensitive
Humoral immunogenicity Good Good Good
Intestinal immunogenicity Good Good Poor
Cost <US$0.10/dose (similar to 

current OPV cost)
∼US$0.15/dose (UNICEF 
prices US$0.10–0.20)

∼US$1/dose

Safe production Widespread and low risk Widespread and low risk Only in select countries, risk of reintroduction of 
WPV from manufacturing facilities

Safety No safety issues VAPP, VDPVs No safety issues
Schedule/duration of protection 1 dose Multiple doses At least one dose in combination schedules, four 

to five doses in IPV only schedules
Method of administration Routine immunization and 

SIAs
Routine immunization 
and SIAs

Routine immunization and small-scale SIAs

Waste management No risk No risk Sharps disposal
Cold storage space Small Small Small (<5–7% of total volume)
im.: Intramuscular; IPV: Inactivated polio vaccine; OPV: Oral polio vaccine; SIA: Supplemental immunization activity; VAPP: Vaccine-associated paralytic poliomyelitis;  
VDPV: Vaccine-derived poliovirus; WPV: Wild polio virus.
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can be conducted at all. The most quantifiable 
measure of fecal poliovirus excretion is an index 
that measures viral excretion over a period of time 
after an OPV challenge [6]. Also, most of earlier 
studies examining priming and immunogenicity 
in different schedules were done with schedules 
involving tOPV, and data related to schedules 
with bOPV (preceded or followed by IPV) are 
lacking. Potential benefits of supplemental IPV 
in the context of the end game include achiev-
ing protection against type 2 cVDPVs following 
the transition from tOPV to bOPV, eventual 
protection from cVDPVs for all three serotypes 
during the process of OPV cessation, and pre-
vention of VAPP – particularly after wild-type 
paralytic polio is eliminated. However, research 
regarding the optimal strategy (especially relating 
to timing and number of IPV doses) for utiliza-
tion of IPV with bOPV in the polio eradication 
end game is incomplete. Currently, a series of 
polio vaccine clinical trials (Table 2) funded by 
the GPEI partners such as WHO, CDC and the 
Bill and Melinda Gates Foundation are being 
implemented to assess the impact of full or frac-
tional doses of IPV on primary immunogenic-
ity, priming and viral shedding through various 
administration regimens. For example, the ongo-
ing clinical trials in South and Central American 
countries are designed to explore immunogenicity 
of sequential and concomitant schedules with IPV 
and bOPV with a type 2 oral vaccine challenge 
that will allow the assessment of the shedding 
index for type 2 virus, taking into account the 
proportion shedding, titer shed and the duration 
of shedding [51,52]. These studies, along with addi-
tional studies being implemented in other parts of 
the world [53,54] with IPV and bOPV sequential or 
mixed regimens, are expected to yield results by 
2015, and should provide important information 
on a range of issues related to IPV use including 
but not limited to timing [55], sequence [51], dosage 
and delivery route [54,56] that would guide global 
vaccination policies during the tOPV to bOPV 
transition in 2016 and beyond. An important 
consideration to note, however, is the fact that 
most of these studies are being implemented in a 
background of tOPV use in RI in the countries, 
and thus passive exposure of study subjects to 
Sabin type 2 should be taken into account in the 
interpretation of study findings.

●● Monovalent iPv-2
Currently available IPV is a formalin inactivated 
trivalent vaccine comprising the three poliovirus 

serotypes, type 1, 2, 3 and is manufactured based 
on enhancements of methods developed in the 
1950s by Jonas Salk. Following the development 
of the D-antigen (D-Ag) potency assays in the 
1970s, the D-Ag content of 40, 8 and 32 D-Ag 
units for poliovirus type 1, 2 and 3, respectively 
for current IPV was established based on the 
historic immunogenicity studies by Salk [57–59]. 
Based on the data from the dose ranging stud-
ies and as a compromise between protective 
immune response in children and the quantity 
of vaccine that could be optimally manufac-
tured with cost considerations, WHO defined 
in 1981 the 40-8-32 D-Ag units composition as 
the specification for the antigenic content for all 
trivalent IPV formulations [60].

Under the best of circumstances if only a single 
dose of IPV is used at 4 months of age, a study 
in Cuba found only 63% of recipients serocon-
verted to type 2. A higher antigen content mono-
valent IPV type 2 (m-IPV2) could be an option 
for the polio end game immunization strategies 
as a source of more effective primary immuno-
genicity against type 2, particularly during the 
period when bOPV would be used in RI. For this 
purpose, Bilthoven Biologicals has formulated 
the m-IPV2 with an antigen content (type 2) of 
32 D-Ag units, four-times the current dose of type 
2 in the trivalent IPV. A Phase I study on safety 
in adults with m-IPV2 is now completed, and a 
Phase II study on safety and immunogenicity in 
infants is underway with this product (Table 3). 
Results from these studies are expected to be 
available by 2015, and should provide important 
information on any potential role of m-IPV2 in 
the polio eradication end game [61,62].

●● Adjuvanted iPv
To support incorporation of IPV into global 
immunization programs, a range of approaches 
are being supported with goals of reducing the 
cost and increasing the supply of IPV. This 
includes developing formulations of IPV com-
bined with an adjuvant to improve the immune 
response and decrease the amount of polio anti-
gens needed. Adjuvants have been shown to influ-
ence factors such as onset, magnitude, duration 
and/or quality of the immune response [77,78]. 
Such enhanced immune responses could translate 
into reduction in antigen dose or in the number 
of immunizations required, which could trans-
late into the reduction of the costs of vaccination. 
Some adjuvants have also been shown to induce 
different types of immune responses, such as the 
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enhancement of intestinal immune responses [79], 
which would improve the chances of interrupting 
transmission of both WPVs and VDPVs.

In light of the increasing demand for IPV to be 
used to boost humoral immunity in individuals 
to protect against paralytic disease during and 
after the planned switch from tOPV to bOPV by 
2016 and all OPV cessation by 2019, IPV adju-
vantation strategies have been prioritized. A high 
priority has been given to efforts to evaluate and, 
if warranted, to clinically advance IPV formu-
lations adjuvanted with aluminum salts, given 
that aluminum adjuvants have been shown to 
promote dose-sparing, have a broad safety data-
base and are already widely used in childhood 
vaccines, including IPV containing combination 
vaccines (Table 3). Furthermore, regulators have 
already approved aluminum as an adjuvant for 
other vaccines such as DTP, having considered 
aluminum salt adjuvants as both safe and effec-
tive. Planning for clinical studies to evaluate 
such a formulation with Salk IPV is currently 
ongoing with funding support from the Bill and 
Melinda Gates Foundation. As another example, 
an aluminum hydroxide-adjuvanted Sabin IPV 
has also recently been clinically evaluated [63].

The development of IPV adjuvanted with novel 
adjuvants that may enhance intestinal mucosal 
immunogenicity is also being explored as an 
important risk-mitigating strategy because some 
of the adjuvants, such as double-mutant heat-
labile enterotoxin (‘dmLT’), have been shown in 
studies conducted with other vaccine formula-
tions to enhance mucosal immune responses in 
the intestine [80,81]. The hope is that the adju-
vanted IPV would have the potential not only to 
prevent paralytic disease (which can already be 
accomplished with the current unadjuvanted IPV 
formulations) but also to significantly enhance 
intestinal mucosal immunity and thereby reduce 
the risk for shedding and environmental transmis-
sion of polioviruses. Due to the anticipated more 

complex and thus, longer regulatory pathway 
required for a formulation involving a novel adju-
vant such as dMLT, the regulatory approval time-
line of such an IPV product would be anticipated 
to be several years after OPV cessation.

●● Novel routes of administration
Better understanding of the feasibility of IPV 
use with different modes of administration and 
concomitantly with other childhood vaccines 
that have the potential to be used in SIAs are 
crucial research issues. The intradermal (ID) 
route of vaccine administration stimulates the 
immune response by delivery of vaccine antigen 
directly to dermal dendritic cells, the antigen- 
presenting cells that drive the generation of folli-
cular T-helper cells and the subsequent activation 
and isotype-switching of naive B cells [82]. The 
ID route of administration allows a fractional 
dose (1/5th of the antigen used in intramuscular 
[im.] administration) to elicit a similar immune 
response and therefore has the potential to reduce 
the cost of vaccination with IPV. Studies con-
ducted to date with one, two and three IPV doses 
(and a booster dose in the Philippines study) have 
confirmed the immunogenicity of fractional dose 
ID delivery [29,83–88]. However, although some 
studies have reported that seroconversion rates 
following ID administration of IPV for primary 
series or priming are lower but noninferior to 
rates after a standard dose of im. IPV, other 
studies have found that seroconversion rates 
after ID administration of IPV have been infe-
rior. Further, geometric mean titers and in some 
cases median titers induced by ID administration 
were consistently lower in all studies [29,83–88].

The benefits of disposable-syringe jet injec-
tor (DSJI) approach compared with needle and 
syringe relate to ease of IPV delivery into the 
skin. The introduction of such an approach into 
programs in place of im. or ID administered IPV 
would require more quantitative information 

Table 2. Ongoing research (selected) on current tools.

Location of study  Questions related to current tools Ref.

Colombia–Dominican Republic–
Guatemala–Panama, India, Bangladesh

Immunogenicity (humoral and intestinal) of ≥1 IPV dose combined with bOPV in 
6–10–14-week mixed schedules

[52–54]

Chile Immunogenicity (humoral and intestinal) of IPV → bOPV in 2–4–6-month sequential 
regimen

 [51]

Gambia, Bangladesh Immunogenicity with fractional IPV doses via ID route [54,56]

India  Duration of protection of boosting of intestinal immunity induced by IPV in OPV 
primed populations

[55]

bOPV: Bivalent OPV; ID: Intradermal; IPV: Inactivated polio vaccine; OPV: Oral polio vaccine.
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on immunogenicity using the devices, training 
costs of staff on how to properly administer vac-
cine, and studies on how well those staff use the 
device. Studies are ongoing in different parts 
of the world, including a clinical trial in The 
Gambia [56] that are evaluating the comparative 
impact of both im. and ID approaches of deliver-
ing IPV with DSJI that could potentially facili-
tate outreach or campaign use of IPV in hard to 
access areas. Additional clarity on global policy 
on indications of IPV use (electively in RI, or in 
outbreak response or in catch up campaigns), 
scale of investment based on the potential use 
and regulatory process with regard to ID or im. 
DSJIs would inform the value proposition of 
IPV via DSJI in the future.

ID delivery of IPV via microneedles could 
achieve ease of administration and potentially 
improve immunogenicity compared with needle 
and syringe and/or DSJI devices. Several develop-
ers are advancing microneedle technology which 
has the potential to facilitate house-to-house 
vaccination campaigns for outbreak response by 

alleviating the need for injections and for trained 
health staff, reducing wastage and biohazard risks 
and increasing the capacity for mass vaccination. 
A patch under development at Georgia Institute of 
Technology (GA, USA) contains 100 micronee-
dles of less than a millimeter in length which 
are attached to a flexible pad that is smaller than 
a postage stamp [64]. Upon application of the 
patch, the needles puncture the skin and dis-
solve in 5–10 min, followed by the release of the 
antigen [64,89]. Experiments with the Georgia 
Institute of Technology  patch and other dermal 
patches under development demonstrate immune 
responses comparable with the standard modes 
of injectable delivery [64,90,91]. There has also 
been considerable interest in exploring additional 
vaccine-delivery innovations such as sustained-
release formulations and skin permeabilization 
techniques which could potentially be applicable 
for IPV and substantially reduce logistical chal-
lenges of IPV administration [65,66,92]. Proof-of-
concept information in humans with such devices 
and methods should be the next logical step, and 

Table 3. Research (selected) underway on potential new tools for future use.

Research question/tool importance Status

Immunogenicity of monovalent IPV-2 
(m-IPV2)
 

Improved humoral and intestinal 
immunogenicity

Phase I (Belgium) study on safety completed [62]

Reduced cost with one dose of m-IPV2 Phase II (Panama) study underway to evaluate safety 
and immunogenicity [61]

Immunogenicity of IPV adjuvants Reduced cost Clinical studies being planned to evaluate potential 
for aluminum salts adjuvants and for dmLT 
adjuvants for IPV [63]

  Increased supply  
  Potential for enhanced mucosal immunity  
Feasibility of novel routes of 
administration

Operational advantages Studies in humans being planned or implemented 
to evaluate impact of im. and ID delivery of 
IPV through use of disposable jet injectors, 
micro needle patch and other novel delivery 
techniques [56,64–66]

  Potential for use in SIAs  
  Concomitant use with other vaccines  
Development of genetically stable 
OPV and attenuated IPV seed strains

Potential use in outbreak control (reduced risk 
of VDPVs and VAPP) or in routine immunization 
if IPV is considered inadequate in reducing 
transmission risk

In preclinical development or planning phase [67–75]

  Further attenuated and less infectious seed 
strains for safe IPV manufacture

 

Immunogenicity with Sabin IPV
 

Minimize risk of reintroduction of WPV from 
IPV manufacturing facilities

Sabin IPV has been licensed in Japan [76]

  Efficacy and feasibility of large-scale production are 
currently being evaluated [75,76]

dmLT: Double-mutant heat-labile enterotoxin; ID: Intradermal; im.: Intramuscular; IPV: Inactivated polio vaccine; OPV: Oral polio vaccine; SIA: Supplemental immunization activity; 
VAPP: Vaccine-associated paralytic poliomyelitis; VDPV: Vaccine-derived poliovirus; WPV: Wild polio virus.
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such data would be important for future incorpo-
ration of these innovative tools into the eradica-
tion program (Table 3). As with the application of 
other approaches, cost and regulatory approvals 
would also be important factors.

●● New OPv formulations
Vaccination against polio is likely to continue 
for at least 5 years after cessation of all OPV to 
ensure that both WPV and VDPV are extinct, 
and do not re-establish circulation. Current plans 
are to use mOPV2 in SIAs to control outbreaks 
should a WPV2 or cVDPV2 be found to be cir-
culating in the posteradication era. A new OPV-2 
that is genetically more stable than Sabin type 2 
could avert the unwanted potential for generating 
new type 2 cVDPVs with mass use of mOPV2, 
by significantly reducing the risk of neuroviru-
lence and transmissiblilty. Several approaches are 
being undertaken to develop new and safer type 
2 OPVs that are significantly less likely to cause 
VAPP or cVDPV. Some of the concepts being 
explored alone or in combination include [67–75]:

 ● Stabilizing the Sabin-2 attenuation phenotype 
by modifying the nucleotides in the 5′UTR;

 ● Ensuring the maintenance of the modified 
5′UTR or increasing attenuation by relocation 
of a genetic element (cre), which is required 
for replication, to the 5′UTR of the viral 
genome;

 ● Reducing the rate of mutation in the viral 
genome through the selection of mutations 
that increase the fidelity of RNA-dependent 
RNA polymerase;

 ● Attenuating the virus by modifying the nucle-
otide sequence of the viral capsid by a method 
called codon deoptimization such that the 
amino acid sequence of the viral polyprotein 
is unchanged.

Successful development of a genetically stable 
type 2 OPV could pave the way for develop-
ing genetically stable vaccines against serotypes 
1 and 3. If a new OPV-2 could be successfully 
developed, it would be an important tool for the 
control and elimination of cVDPVs in the con-
cluding phases of the polio eradication initiative, 
and beyond (Table 3).

●● Sabin iPv
As the global eradication program moves closer 
to the achievement of zero virus transmis-
sion, and cessation of all OPV use, production 

facilities for IPV would possibly be the only 
source of WPVs. Therefore, an additional meas-
ure to minimize the risk of reintroduction of 
WPV from IPV manufacturing facilities would 
be to develop IPVs that are formulated from an 
attenuated live poliovirus [76]. IPV is usually 
made from WPV strains such as Mahoney (Salk 
type 1), MEF-1 (Salk type 2) and Saukett (Salk 
type 3) which are grown in Vero cell culture or 
in human diploid cells [93].

Successful development of IPV based on the 
attenuated Sabin virus strains has led to the licen-
sure of the Sabin IPV in Japan and subsequent 
introduction of DTP-Sabin IPV formulations 
in routine immunization program in the coun-
try [93]. Although still a risk, Sabin polioviruses are 
much less likely to cause problems if released acci-
dentally from a production laboratory given that 
they are less virulent and less transmissible than 
WPVs. However, the costs, efficacy and feasibil-
ity of large-scale production are currently being 
evaluated, and further research to explore opera-
tional and immunological impact of Sabin IPV 
and standardization of assessment of antigenic 
content would be important to inform near- and 
posteradication vaccination policies (Table 3) [76,93].

Conclusion
Poliovirus transmission has been wiped out from 
more than 99% of the world with the successful 
use of OPV and IPV over the past several decades 
and effective programmatic use and delivery of 
these two vaccines in the current polio reservoirs 
should be adequate to enable global polio eradi-
cation in the near future. However, to maintain 
a world permanently free from the risk of all 
polioviruses, the eradication program will have to 
overcome challenges such as the rare occurrence 
of revertant neurovirulent and highly transmis-
sible strains of polioviruses from OPV, and the 
relative lack of primary intestinal mucosal pro-
tection from IPV. Ongoing and future research 
initiatives focused on evaluating immunogenicity 
and safety of current and new vaccine choices 
in different schedules with careful consideration 
towards cost and programmatic feasibility have 
the potential to further accelerate the goal of 
achieving and sustaining eradication.

Future perspective
Although poliovirus transmission is at its lowest 
levels both in terms of geographic foci of per-
sistent circulation and genetic diversity of the 
circulating strains, significant effort is needed 
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to secure the end game, including best use of 
existing vaccines and adoption of new tools and 
strategies. As WPV cases decrease, elimination of 
cVDPV cases will become a priority necessitating 
the need for withdrawal of OPV-2 and eventual 
cessation of all OPV use. For many reasons previ-
ously described, IPV will need to be introduced 
globally, and at an unprecedented pace. Although 
the body of evidence supporting the recommen-
dations for inclusion of IPV in the global end 
game strategy is extensive, many questions remain 
unanswered with regard to IPV’s role in inter-
rupting transmission in developing countries. To 
understand if the current and proposed new IPV 
formulations would have sufficient impact on the 
transmission of polioviruses, it is critical to take 
advantage of the opportunity afforded by coun-
tries switching from OPV to IPV by conducting 
ecologic studies and by enhancing environmental 
poliovirus surveillance to observe if polioviruses 
continue to circulate, and if the environmental 
surveillance system is sensitive enough to detect 
such circulation. Also, more details regarding 
optimum doses, timing and schedules are needed 
as countries make decisions based on specialized 
situations and epidemiology.

Additionally, major barriers to timely introduc-
tion of IPV by low- and middle-income countries 
include vaccine cost, manufacturing capacity to 
meet demand, cold chain capacity and logistics. 
Many countries considering IPV introduction 
have high burden of other infectious diseases 
and competing health care priorities. This poses 
unique sociopolitical challenges including the risk 
of reduced motivation for aggressive interventions 
against polio, a diminishingly visible disease. For 
these reasons, innovative vaccine delivery meth-
ods and more effective schedules are needed on 
an urgent basis to secure the gains achieved thus 
far. In the next 5–10 years, as technology develops 
in the field of vaccines overall, huge advances are 
expected to be made in the areas of safety, effi-
cacy and ease of vaccine administration. A future 
in immunization, with vaccines having an ever-
expanding antigen profile, would likely see com-
bination vaccines with IPV, high efficacy vaccines 
not requiring boosters, more heat-stable vaccines 
and vaccines requiring very little technical skill to 
administer (e.g., patches, among others).

In the past, combination vaccines have been 
developed containing both IPV and DTwP, 
but it is important to note that problems with 
the coformulation arose due to the denatur-
ing of IPV by the residual thimerosal used to 

manufacture many whole cell vaccines [18]. IPV 
and DTwP can, however, be administered con-
comitantly via separate injections. Additionally, 
SAGE recommends continued use of whole 
cell pertussis vaccines in developing countries 
due to the lower initial efficacy, faster waning 
of immunity and potentially reduced impact 
on disease transmission associated with acel-
lular pertussis vaccine relative to the currently 
available whole-cell vaccines [94]. Thus, further 
research is needed to explore the viability of a 
successful whole cell pertussis based construct of 
a hexavalent vaccine containing IPV, and if such 
an approach is successful and affordable, there 
could be significant gains in immunogenicity 
against polio and program implementation with 
a three-dose hexavalent schedule.

The substantial resources being allocated to 
the final stages of polio eradication reflect the col-
laborative effort of the global health community 
in rising to the challenge of bringing technical 
and operational innovations to the most difficult 
to reach places of the world. After the last polio-
viruses have disappeared, the legacy of the epic 
battle of polio eradication has the potential to 
guide countless public health efforts underway to 
ensure a healthier future for the world’s children.
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executive summAry
viruses, vaccines & disease

 ●  Wild poliovirus cases (types 1, 2 and 3) have decreased by 99% since the 1988 World Health Assembly resolution to 
eradicate polio.

 ●  Oral polio vaccine (OPV) is the tool generally used in the eradication effort due to low cost, ease of administration and 
community protection, but rarely, paralysis due to vaccine can result.

 ●  Inactivated polio vaccine (IPV), used mostly in developed countries for routine immunization (RI), induces high 
individual protection against paralysis but in countries in which fecal–oral transmission is thought to be dominant 
provides lower protection against transmission of polioviruses because induction of intestinal immunity by IPV is 
inferior to OPV.

The polio end game

 ●  The Strategic Advisory Group of Experts (SAGE) recommends all OPV using countries introduce at least one dose of IPV 
into the RI schedule before the end of 2015 in order to provide a poliovirus type 2 immunity base prior to and after the 
global switch from trivalent OPV to bivalent OPV (bOPV).

Tools currently available

 ●  IPV is a very safe vaccine and when used in sequential or combination schedules with OPV can reduce the prevalence 
of vaccine-associated paralytic poliomyelitis and protect against emergence of type 2 poliovirus.

 ●  Environmental factors such as malnutrition, concurrent infections and tropical enteropathy can lead to OPV vaccine 
failure while interference by maternally derived antibodies are the primary cause of vaccine failure for IPV.

enabling eradication: SAGe recommendations

 ●  SAGE recommends at least one dose of IPV prior to the trivalent OPV to bOPV switch in order to reduce risks associated 
with OPV2 cessation; facilitate interruption of transmission with the use of monovalent OPV2 if type 2 outbreaks occur; 
and boost immunity against types 1 and 3 thus hastening polio eradication.

end game barriers

 ●  Uncertainties remain on IPV’s role as part of a global polio eradication strategy in impacting on transmission in 
developing countries with largely fecal–oral transmission.

 ●  The high cost and operational issues of IPV use pose a threat to timely introduction in developing countries that have 
many competing public health priorities.

Tools of the future

 ●  Research is underway to assess the impact of the number and timing of full or fractional doses of IPV on priming and 
viral shedding.

 ●  Several new vaccine technologies are currently being explored such as monovalent IPV-2, aluminum salt adjuvants, 
double-mutant heat-labile enterotoxin adjuvants, intradermal delivery of IPV with innovative tools, IPV manufactured 
from Sabin strains and more genetically stable OPV strains among other research initiatives.

Future perspective

 ●  Significant effort is required to rid the world of the last reservoirs of poliovirus disease and secure eradication for 
generations to come. Although the currently available vaccines are effective, safe and have been proved to be 
adequate in eliminating the disease from most part of the world, improved tools and techniques can further accelerate 
the process of achieving and sustaining eradication in developing countries.
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