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Adapted from “Polio: A virus’ struggle” a graphic novel by James Weldon 



The key to success is to risk thinking unconventional thoughts  
–  Trevor Baylis 
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S U M M A R I Z I N G  D I S C U S S I O N 
The poliovirus vaccines used today have brought us to the brink of polio eradication. Yet their 

great contributions aside, today there exists a need to change vaccines and vaccination strategies. 

Firstly, the use of the live Oral Poliovirus Vaccine (OPV) must be ceased. For several years 

the number of Vaccine Associated Paralytic Poliomyelitis (VAPP) cases (estimated at 400 – 

800 cases annually [1]), that are associated with reversion of the attenuated OPV strains to a 

virulent phenotype, has well surpassed the number of poliomyelitis cases caused by wild-type 

polioviruses. Furthermore, OPV has been the sole source of all serotype 2 poliomyelitis cases for 

the last 16 years, as no cases of wild-type 2 poliomyelitis have been detected since 1999, with the 

exception of 10 poliomyelitis cases that were attributed to an escaped MEF-1 laboratory strain 

[2]. Despite the great reduction in number of poliomyelitis cases owed to OPV, continued use 

of the vaccine is in conflict with eradication of poliomyelitis and could be considered unethical. 

It may even be fair to question whether today a vaccine with a safety profile similar to OPV 

would ever receive regulatory approval. Accordingly, in 2013 the World Health Organization 

(WHO) has recommended all OPV-using countries to introduce at least one dose of IPV in their 

immunization schedules by 2015 to prepare for cessation of OPV use [3]. This relatively late 

recommendation presumably relates to the lack of an affordable alternative to OPV. 

Genetic stabilization of the OPV strains to reduce the risk of VAPP and circulating 

Vaccine Derived Polio Virus (cVDPV) has been pursued [4-7]. Although these approaches are 

promising, licensure of a novel live attenuated poliovirus vaccine (to replace OPV) is unlikely 

as demonstrating superior safety of this vaccine over OPV (less VAPP cases) would require 

enrolling millions in clinical trials [8]. Furthermore, any novel replicating vaccine strain, no 

matter how attenuated, could mutate and/or inter and intratypically recombine with other 

human Enteroviruses to create novel, potentially infectious, polioviruses [9, 10]. For eradication 

purposes, it is contradictory to seed the world with a live poliovirus for which complete absence 

of reversion and recombination is at best challenging to guarantee. Therefore, to achieve 

eradication of poliomyelitis, sole use of inactivated or non-infectious vaccines is preferred.

Conventional Inactivated Poliovirus Vaccine (cIPV) is currently the only option to replace 

OPV. However, the neurovirulent strains used for cIPV manufacture bring forth biosafety threats 

which are incompatible with a post eradication setting. Additionally, current cost and availability 

of cIPV are inept for use in the developing world. An IPV based on the attenuated Sabin strains 

(sIPV) clearly reduces the biosafety risk during manufacture significantly and also allows cheaper 

manufacture in low income countries where cIPV production currently restricted, due to 

biosafety constraints. While we are gaining knowledge with sIPV, we also need to prepare for the 

scenario where sIPV may perform less than expected, as switching back to OPV is not an option. 

Novel, (bio)safe inactivated poliovirus vaccines are part of that preparedness. 

Indeed, in 2015 classical polio vaccines could be exposed to modern day vaccinology, 

where the molecular toolbox and innovative concepts bring freedom of design facilitating 

compliance with the strict criteria bestowed on a next generation IPV. The work described in 

this thesis focusses on the improvement of cIPV at various levels of the manufacturing process, 
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bringing closer novel, affordable and safe IPV vaccines for the (post) eradication era. However, 

licensure of any new vaccine, no matter how potentially advantageous or scientifically sound, 

is accompanied with strict regulatory requirements and lengthy clinical development paths 

required to demonstrate safety and non-inferiority to existing gold standards. Furthermore, 

in analogy to the situation with the development of novel and hard needed antibiotics, a 

commercially attractive incentive to invest in novel poliovirus vaccines is lacking. The vaccine 

must be made available at the lowest possible price whilst possible cessation of poliovirus 

vaccination very soon after eradication implies a short lifetime for this vaccine. Consequently, 

philanthropic motives represent the main driving force behind current improvements in 

poliovirus vaccines, which may be ethically challenged in light of other initiatives combating 

infectious diseases with significantly higher disease burdens (i.e. HIV, malaria, tuberculosis) [11]. 

Although not yet announced, it is to be recommended to continue poliovirus vaccination after 

eradication (perhaps indefinitely) at global scale [12]. The WHO and its partners have reduced IPV 

pricing for the developing world (tender pricing ranges from 0.84$ to 2.80$ [13], for a trivalent 

ten or single-dose vial, respectively) to enable successful introduction of IPV in the immunization 

schedules of the world’s poorest countries [14]. Whether this tender pricing will represent a 

sustainable solution is questionable, with potentially disastrous consequences if funding, and 

therefore willingness to vaccinate, would decrease or even cease. Therefore, an affordable IPV is 

the only long term solution and needs to be available to the world as soon as possible [15]. 

Inactivation methods of polioviruses
Upon development of a novel inactivated vaccine one must be meticulous in understanding 

complete inactivation of the pathogen while achieving minimal degradation of epitopes responsible 

for eliciting protective and durable immune responses. Inactivation of viruses is an established 

and relatively straight-forward approach of vaccine development, usually accompanied by an 

augmented safety profile as compared to live vaccines (reviewed in Chapter 2 of this thesis).

However, inactivated vaccines generally necessitate high antigenic content per dose, 

multiple booster vaccinations and/or adjuvant addition to elicit durable and protective immune 

responses, all of which augment production costs. By binding the virus, inactivating agents 

can alter or mask conformational epitopes which can result in sub-optimal immune responses. 

In fact, some inactivated formulations (such as RSV and measles) have been associated with 

enhanced disease upon encounter with the pathogen. Consequently, protection against more 

elusive viruses, such as HIV, Dengue, and RSV, requires more complex vaccines capable of 

raising broadly-neutralizing, balanced, cellular and humoral immune responses. 

Formalin and β-propiolactone (BPL) are the only inactivating agents used in licensed vaccines 

available today. Novel inactivation techniques (i.e. H
2
O

2
, γ-irradiation, zinc-finger reactive 

compounds) have been proposed since they show benefits such as shorter inactivation times, 

increased preservation of important epitopes, and improved immunogenic potency. However, 

implementation of novel inactivation agents for the manufacture of IPV (even by the established 

agent BPL [16]) has never been attempted. The ultimate gain (a more affordable vaccine due to 

easier manufacture and improved immunogenicity) may be too small to justify the investment 
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required to demonstrate non-inferior safety. In addition, the consequences associated with 

failure of inactivation are presumably too great to stimulate development of a new inactivation 

process (as was exemplified by the impact of the Cutter incident). Therefore today, even the 

Sabin strains are inactivated according to Salk’s protocol from the 1950s for production of sIPV. 

Poliovirus propagation on a novel cell platform
Introduction of the PER.C6® cell line represents an elegant solution to significantly increase 

productivity during IPV manufacture. In Chapters 3, 5 and 7 of this thesis the implementation 

of this new cell culture platform for poliovirus production was described. All (wild-type and 

(rationally)-attenuated) poliovirus strains tested grew to high yields on the PER.C6® cell 

platform. When directly compared to the conventional Vero platform, cIPV and sIPV strains 

showed on average a 30-fold increase in productivity. If recovery from Down Stream Processing 

(purification and inactivation) for PER.C6® and Vero-based upstream harvests would be 

identical, the increased productivity of polioviruses may result in a significant reduction in Cost 

of Goods for the production of IPV. Although, it should also be noted that the high costs of 

IPV do not only stem from production of the drug substance, the final drug product (including 

excipients, potential other drug substances, vial and syringe) represent significant cost drivers. 

The higher productivity in PER.C6® cells as compared to the conventional Vero cell line 

should not be the only reason to switch to a more modern cell platform. The Vero cell line 

was developed in 1962 and the subsequent WHO’s reference cell banks (RCB 10-87) for the 

production of biologicals were laid down decades ago [17-19]. Over time culturing conditions 

have changed considerably (i.e. use of microcarriers, disposable plastic bioreactors, leaner 

(chemically defined) media), and it would be fitting that the production cell lines evolved 

together with novel, improved, culturing processes. It may be questionable whether the old 

WHO reference cell banks, which are slowly running out, still show identical growth properties 

today. The traditional, adherent Vero cell line requires addition of serum, displays slow scale 

up, and the growth is surface limited, all disadvantages which can be addressed by novel 

suspension cell lines. Accordingly, over the years multiple novel “designer cell lines”, such as 

the PER.C6® cell line, also with demonstrated susceptibility to poliovirus infection [20, 21] have 

been proposed for vaccine production [22]. Furthermore, the regulatory opinion on vaccine 

production cell lines is starting to open up to newer cell lines [20, 23]. 

Changing to a completely new cell line for vaccine production requires the addressing of 

significant regulatory hurdles. Therefore, improvements during IPV production which are more 

easily implemented have been proposed. For example new Vero culturing methods for higher 

cell densities and use of serum free media, resulted in a 3-fold increase in yields [24]. In addition, 

after extensive passage, Vero cells were obtained that grow at high cell density under serum-

free conditions, potentially suitable for viral vaccine production [25]. However, increased 

tumorigenicity of the Vero cell line at increasing passages as well as culturing conditions [26, 

27] may be a hurdle to the use of this platform.

Improvements after viral harvest during Down Stream Processing could also be studied and 

implemented [28]. However, breakthrough modifications which result in significantly increased 
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recoveries (such as those introduced by van Wezel in the 1970s) have not been reported. This 

may be due to the fact that existing processes result in highly pure viruses with adequate 

recoveries (with the exception of Sabin 2 purification [29]). 

Cost reductions can also be attained after the vaccine has been produced (as proposed by the 

WHO and reviewed in [30]). These strategies include a reduction in IPV doses (1 or 2 dose schedules 

instead of 3), dose sparing (via intra dermal administration or adjuvant addition), and less costly 

vaccine formulations (multi-dose vs single-dose vials, stand-alone vs combination vaccines). 

However these strategies and their effect on immunogenicity need to be explored in more depth. 

All the strategies discussed have the potential to increase IPV affordability; however, some 

may be more (economically or technically) feasible than others. In addition the impact of 

potential changes need to be carefully assessed for any potential risks. Ultimately, to arrive 

at the WHO’s extremely ambitious target IPV price of 0.5$ [30], the Global Polio Eradication 

Initiative (GPEI) should invest in bringing together manufacturers, regulators, and governments 

to collectively combine the most sustainable and safe strategies for IPV cost reduction. 

Method of vaccine strain derivation 
The use of biological material (cells, serum, virus isolates with undefined histories) required for 

vaccine manufacture make complete absence of adventitious agents impossible to guarantee. 

Therefore, instead of using vaccine seeds derived from historic, clinically isolated viruses, the use 

of synthetic seeds derived from chemically synthesized DNA plasmids may be considered (Chapter 

4). This approach enables a manufacturer to exert complete control over starting materials and to 

perfectly document the seed-history. The synthetic strains tested were phenotypically identical to 

wild-type polioviruses, and in combination with the PER.C6® cell line, allowed an entirely serum free 

cultivation process, which potentially increases the guarantee of freedom from adventitious agents. 

Synthetic generation of viruses is common practice in fundamental virology to study 

pathogens. However, in the vaccine field it is not typically used except for generation of 

influenza seeds [31], where reverse genetics, or synthetic DNA technology, is mainly advocated 

for rapid generation of seeds and for circumventing the use of eggs/classical reassortment, and 

not necessarily for increased vaccine safety. Furthermore, any vaccine made up of genetically 

modified viruses, vectors, and/or virus-like particles requires synthetic DNA biology for their 

manufacture as they do not exist naturally. Therefore, the proposed method is an alternative to 

clinical/biological derivation of whole viruses for inactivated or live vaccines.

The advantages of synthetic virus seeds would apply to any vaccine candidate for which 

synthetic seed generation is technically feasible. However, replacement of well-established, 

existing vaccine seeds (which enjoy a wealth of safety data drawn from years of clinical 

experience) may not be preferred with respect to the significant effort and resources required 

to generate, test and qualify a new seed. Nonetheless, vaccine manufacturers may consider this 

approach in effort to augment vaccine safety for novel targets, for example vaccines against 

Enterovirus 71 [32] or the recently emerging Enterovirus 68 [33].
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Replacing classical vaccine strains for IPV
The Mahoney, MEF-1 and Saukett strains have, since Salk chose them in the 1950s, been the most 

widely and extensively used IPV strains. However, Brunenders, a Type 1 poliovirus, has been 

used in the 1950s in IPV formulations due to a historically reported reduction in neurovirulence 

[34], associated with mutations in the capsid region (confirmed in Chapter 6 of this thesis). 

One may wonder whether the Cutter incident would have gone unnoticed or had been less 

severe if Salk had chosen Brunenders over Mahoney. Brunenders is less attenuated than Sabin 

1 and therefore not better suited for use in the post eradication era to reduce the biosafety risk 

during manufacturing that may be associated with wild-type poliovirus strains. Furthermore, 

Sabin 1 already shows acceptable yields and recoveries during manufacture and has a higher 

immunogenic potency to Mahoney [29, 35], thereby not warranting replacement by another 

strain such as Brunenders. Brunenders’ attenuation can however aid the construction of novel 

attenuated poliovirus strains which may serve as next generation IPV strains.

The method of attenuation to obtain the CAVA strains (Chapter 7) combines empirical and rational 

strategies. After serial passage of the Brunenders strain, three clones portrayed some temperature 

sensitivity. Combination of the 31 mutations that were observed across these three individual clones 

in a newly synthesized strain resulted in a poliovirus that completely lacked the ability to replicate 

at 37°C. It is unlikely that this combination of mutations, which locks the virus in the temperature 

sensitive phenotype, could have occurred naturally. The superior growth of the three individual 

clones as compared to Brunenders at 30°C, was not observed for the CAVA viruses and therefore the 

combined mutations would not be positively selected by the method of serial passage only.

The molecular underlying mechanism for the CAVA attenuated phenotype is not completely 

understood, as is still the case for the empirically derived and extensively studied Sabin strains [36]. 

Nonetheless, it is more relevant to demonstrate the stability of attenuation. For the CAVA strains, 

the in vitro temperature sensitivity translated to a highly attenuated phenotype (i.e. complete 

absence of neurovirulence in CD155 mice) which was maintained after extended in vitro passage.

The mechanism of CAVA temperature sensitivity was narrowed down to (a subset of) 

14 mutations across the IRES and Non-Structural proteins, which were transferable to other 

polioviruses to result in the same temperature sensitive phenotype. This offers the possibility 

that the mutations associate with the CAVA phenotype could be used to (further) attenuate 

other polioviruses, or even perhaps other Enteroviruses. For example the Salk strains could be 

altered with the 14 CAVA mutations to develop highly temperature sensitive strains, which would 

theoretically cause no changes in immunogenicity while the biosafety during manufacture 

would significantly improve over the use of the virulent cIPV strains. However, for such strains, 

in vivo attenuation and genetic stability would still need to be shown.

There are other attenuated poliovirus strains that have been proposed as a basis for a novel 

IPV, however, all these novel strains are replication competent (and therefore capable of reversion 

and recombination) at 37°C. The MonoCre(X) and S19 strains are attractive candidates for the 

development of an IPV as they are highly attenuated, genetically stable and carry the cIPV capsid 

sequences. Ironically, the presence of these capsid sequences classifies these rationally attenuated 

strains (and the CAVA strains) as wild-type polioviruses, according to the Global Action Plan (GAP) 
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III [37], unless demonstrated safer than Sabin. Paradoxically, the Sabin 2 and Sabin 3 strains, which 

contain only 2 and 3 known attenuating mutations, respectively [38], are not considered wild. How 

one must demonstrate superior safety of novel strains over Sabin has not yet been specified, however, 

an expert panel would assess the strains with respect to “(i) degree and stability of attenuation; (ii) 

potential for person-to-person transmission; and (iii) neurovirulence in animal models.” 

As long as the criteria for biosafety are not well defined, it remains unclear how (bio)safe an 

inactivated vaccine strain must be. On the one hand the most neurovirulent polioviruses have been 

handled worldwide for decades (in manufacturing facilities and laboratories) and virus spills from 

these locations (such as for example in Belgium in 2014[39]) have never led to large poliomyelitis 

outbreaks. If high biocontainment is implemented and properly adhered to, switching from Salk 

strains may not even be required. On the other hand, one could argue that the risk of escape 

from a manufacturing facility, although minimal, will always exist. The consequences of such an 

escape depend on the level of vaccination coverage and the degree of attenuation of the vaccine 

strains. However, to completely eliminate this risk a novel vaccine would ideally be derived from 

a non-infectious antigen. Virus Like Particles (VLPs) carrying poliovirus antigens could serve that 

purpose, however, although research to develop VLPs is WHO-funded, limited progress has been 

published since the approach was proposed more than 20 years ago [40, 41]. This potentially 

relates to the inherent structural instability of such VLPs. In order to stabilize a conformational 

structure reminiscent of an infectious particle molecular alterations of the capsid are necessary, 

which in turn may negatively impact immunogenicity. Table 1 gives an overview of the advantages 

and disadvantages of the different poliovirus vaccines described here.

Table 1. Advantages and disadvantages of the poliovirus vaccines described in this thesis.

Vaccine Advantages Disadvantages

OPV • Well-established immunogenicity
• Affordable (0.1 -0.2 US$)
• Oral administration
• High production capacity

• VAPP
• cVDPVs

cIPV • Well-established immunogenicity
• Reference standards available
• Regulatory acceptance

• Biosafety risks during manufacture
• High Costs of Goods
• Limited production capacity

sIPV • Less biosafety risk than Salk IPV
• Local manufacture for increased 

production capacity
• Regulatory Acceptance

• Potential Biosafety Risks of revertants
• Low recoveries / Potentially high(er)  

Cost of Goods (than cIPV)
• Lack of reference standards
• Altered immunogenicity to cIPV  

(unknown long term protection)

CAVA-IPV
S19-IPV
MonoCre(X)-IPV

• Stably attenuated / Potential for reduced 
biosafety risks compared to cIPV/sIPV

• Potential Salk immunogenicity

• Undefined regulatory guidelines
• Unknown affordability (assumed similar to 

cIPV)
• Unestablished strains in early discovery phase
• Lack of industry incentive to invest

VLPs • Non-infectious – no biosafety risks • Unknown affordability
• Unknown technical feasibility
• Unknown immunogenicity
• Lack of industry incentive to invest
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For all novel vaccine strategies straying from Salk and Sabin, their experimental nature 

and the undefined regulatory requirements brings forth uncertainties. The vaccine of choice 

for the poliomyelitis eradication endgame needs to be available as soon as possible and will 

require the superior demonstration of a number of attributes where the biosafety, affordability, 

immunogenicity and regulatory acceptance are particularly critical. Aside from regulatory 

acceptance, it will require funding from multiple partners as the vaccine lacks commercial 

value. Nonetheless, manufacturers and regulators should be open to innovative strains and 

invest more in their extensive characterization, as they may represent attractive safe and 

immunogenic alternatives to currently used poliovirus strains. 

Use of recombinant CAVA strains on the PER.C6® platform combines all the improvements 

for IPV proposed in this thesis: a novel cell-culture platform, synthetically derived seeds, and 

novel attenuated strains which have shown to be non-infectious at physiological temperature. 

F U T U R E  P E R S P E C T I V E S 
Will poliomyelitis be sustainably eradicated?
With only 37 wild poliomyelitis cases in 2015 (as of September 8, 2015) it may very well be that 

poliomyelitis will be eradicated in the near future. The number of cases has never been so low 

and the global commitment spearheaded by the GPEI is extraordinary. However, the more 

gloomy side of the eradication initiative is the incredible investment that was required to come 

to this verge of eradication. Furthermore, the world has been “this close” to eradication since 

2000, with the last 1% of the cases proving extremely difficult to extinguish. Three targets for 

certified eradication (three years of undetected wild-type poliovirus transmission/poliomyelitis 

cases) have already been missed (in 2000, 2005 and 2012) and the latest target set for 2018 has 

already missed the deadline for interruption of wild-type poliovirus transmission by end of 2014. 

Biologically, poliomyelitis can be eradicated as the causative agent, the poliovirus, does 

not have a non-human reservoir and the available vaccines can provide full protection. 

Whether eradication is indeed practically feasible remains to be seen as it will require high 

vaccination coverage even in the most remote areas of the world. This brings forth social 

and political aspects to the practical feasibility of the endgame where the independent 

players heavily influence the eradication outcome. These players include the WHO, vaccine 

manufacturers, scientists, volunteers, governments and anti-vaccination movements in every 

single country worldwide. 

The richer players in the political endgame must therefore finance the immunization of 

the poorest regions, and these regions must be willing to accept vaccination. For example 

significant decreases in vaccination can arise due to religious or cultural refusal, i.e. in Nigeria 

and Pakistan vaccination refusal arose when Muslim religious leaders stated OPV to be part of a 

Western conspiracy to sterilize the Muslim nation [42, 43]. By utilizing immunization programs 

as a cover for US intelligence agency operations, even the capture of world’s most-wanted 

terrorist Osama bin Laden in 2011 put the poliomyelitis endgame in jeopardy by fuelling distrust 

of vaccination against poliomyelitis [44]. Immediately after bin Laden’s capture, outraged 
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extremist groups directly targeted OPV vaccination teams, killing 22 of volunteers and leaving 

>350 000 children unvaccinated [45]. 

Vaccine refusal and anti-vaccination sentiments are a growing concern globally. In more 

industrialized nations vaccination is increasingly perceived as more dangerous than the disease. 

The refusal to vaccinate is fueled by religious and philosophical beliefs as well as misinformation 

and misperception of risks [46-48]. This has led to vaccine-preventable hospitalization of 

hundreds of children [49, 50]. It is unlikely that intentional vaccine refusal in polio-free regions 

of the world would affect eradication. However, the risk of poliovirus import from regions (i.e. 

refugees from Afghanistan or Syria) to susceptible unvaccinated populations (i.e. a cluster of 

orthodox Protestants in the Dutch “Bible belt”) should not be underestimated.

Last year, the devastating Ebola outbreak in West Africa posed a serious threat to the poliomyelitis 

eradication initiative [51]. In affected areas polio program staff were transferred to Ebola duties, polio 

vaccination rounds were abandoned, surveillance became impossible and hundreds of doctors 

and nurses were killed by Ebola, shattering the already poor health infrastructure. Fortunately, 

poliomyelitis did not resurge in these areas and Africa remains polio-free since August 2014.

Certification of eradication will rely on Acute Flaccid Paralysis (AFP) surveillance, which 

monitors clinical symptoms of paralysis. Therefore, with the vast majority of the poliovirus 

infections being subclinical, only certification of eradication of poliomyelitis, and not poliovirus, is 

possible [52, 53]. Indeed, silent transmission is the mode of (wild-type and attenuated) poliovirus 

spread and there are several reports of silent transmission worldwide, even within highly (OPV 

and IPV) vaccinated populations [54-56]. The most recent example stemmed from a Syrian 

outbreak, which spread to Israel and Gaza where wild-type poliovirus transmission was detected 

despite high population immunity. Not one clinical case was found, even though the virus was 

able to transmit [57, 58]. More importantly, when vaccination coverage is low, the propensity 

of poliovirus to re-emerge and cause poliomyelitis outbreaks becomes a real threat. This has 

occurred frequently; recent examples include; Somalia [59], Cameroon [60], Tajikistan [61], 

Congo [62], and even China [63]. Today regions at risk of poliomyelitis resurgence due to sub-

optimal vaccination coverage include Yemen, Nepal, Syria and Ukraine [64], where an outbreak 

of cVDPV1 has recently surfaced in the latter [65]. Continuation with poliovirus vaccination, even 

long after the last case of poliomyelitis, will therefore be critical to maintain a polio-free world.

 Resurging polioviruses could stem from multiple sources such as long term excretors [66], 

laboratory samples [2], remote regions with silent circulation, bioterrorism, or manufacturing 

sites [67]. Moreover, the vast number of (wild-type) and genetically modified polioviruses 

worldwide contained in many laboratories represent a true biosafety risk, as well as a logistically 

near-impossible task to ensure synchronized destruction of all specimens. Increased 

surveillance of the environment (sewage systems) for poliovirus has been suggested [53] but 

is unrealistic, as it is not only very laborious and costly, but also limited to the sensitivity of 

detection methods. Regrettably, even if resurging polioviruses can be successfully contained, 

their disappearance may set the stage for the evolution of a novel neurotropic Enterovirus, 

eager to replace its cousin [68, 69]. The high mutability of the Enterovirus genus renders this 

theory plausible and only time will tell if a new Enterovirus eradication initiative will be required.
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Although the choice to continue vaccination after eradication lies with the governing 

bodies in each country, there is an ethical obligation to maintain very high immunization levels 

to circumvent any novel outbreak and to contribute to the maintenance of a world that is free 

of poliomyelitis. Complete cessation of immunization, the ultimate goal of eradication, could 

be disastrous if implemented already in the first years after certification of eradication. The 

question may not be whether poliomyelitis eradication is possible, but rather if it is compatible 

with the economic and logistical burden to maintain worldwide vaccination, and the willingness 

of people to vaccinate their children against an eradicated disease. 

The work described in this thesis could contribute to a safe and affordable IPV. With that, 

conditions may be created that are favorable for long term and worldwide use of a vaccine that 

can contribute to the eradication and maintenance of a polio-free world.
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