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Before the development of the inactivated (IPV) and live oral poliovirus (OPV) vaccines, 

sporadic outbreaks of poliomyelitis were reported to cause as many as 18,000 cases of 

paralysis and over 3,000 deaths in the United States alone.1 The straightforward oral 

administration, high efficacy and relatively low cost of OPV was fundamental to the 

dramatic reduction in polio achieved by mass vaccination campaigns. Wild polioviruses 

were certified by the World Health Organization (WHO) as eliminated throughout the 

Americas in 1994. However, an adverse effect of OPV is vaccine-associated paralytic 

polio. Among those countries exclusively using OPV in 2012, an estimated 400 cases of 

vaccine-associated paralytic polio occurred that year.2 This burden is more than double the 

incidence of wild polio in 2019.3 Vaccine-derived polioviruses (VDPV) can also spread from 

person-to-person, a phenomenon which led to more than 250 additional cases of paralysis 

during 2019.4 The risk of OPV-associated paralytic polio spurred many countries to switch 

to the safer IPV vaccine. While IPV elicits a much weaker mucosal immune response than 

OPV,5 and is thus less effective at averting transmission, it is very protective against disease. 

In the Americas, Canada transitioned to exclusive IPV use in 1995, the US in 2000, Costa 

Rica in 2010 and Uruguay in 2012. However, the remaining 31 countries in the Americas 

(Table 1) continue to administer at least one dose of OPV.

Following the recognition that most VDPV is caused by serotype 2 poliovirus, the WHO 

coordinated a global switch in 2016, replacing trivalent OPV with bivalent OPV and 

recommending at least one dose of IPV before OPV.6 The switch to bivalent OPV 

eliminated serotype 2 vaccine-associated paralytic polio, whereas the use of IPV before 

OPV substantially reduces the risk of vaccine-associated paralytic polio linked to other 
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serotypes. In countries where vaccine-associated polio was a significant problem, such as 

in Hungary, those adverse effects disappeared after introducing an IPV dose before the 

administration of bivalent OPV.7 Additionally, the use of bivalent instead of trivalent OPV 

reduces the de novo instigation of VDPV transmission. However, the regimen does not 

confer sufficient protection against serotype 2. Although wild serotype 2 has been eradicated 

worldwide, the risk of serotype 2 VDPV remains in all regions, including the Americas, 

due to long-term excretion8 and importation from other regions.4 Immunocompromised 

individuals, for example, are at elevated risk of prolonged excretion,9 15 of whom have been 

documented in the Americas.10

While the clinical efficacy of IPV has only been established for one and two doses against 

serotype 1 (as 36% and 89%, respectively),11 seroconversion can be used as a proxy for 

efficacy. In the absence of an OPV booster, three doses of IPV are required to elicit an 

efficacy approaching complete protection against all serotypes.12,13 If followed by OPV, 

two doses of IPV may be sufficient to provide an efficacy of more than 90%.13,14 Under 

the vaccination schedule of most countries in the Americas, which includes only one IPV 

dose followed by OPV (Table 1), at best 77% seroconversion against serotype 2 would 

be achieved.13 Worryingly, the herd immunity threshold necessary to prevent sustained 

transmission has been estimated to range between 80% to 97%.15 Therefore, outbreak risk 

is a concern in any country where the schedule includes only a single dose of IPV, and 

even a two-dose schedule may be insufficient to avert an outbreak, irrespective of the 

coverage attained. Unfortunately, coverage in many countries is incomplete (Figure 1), and 

the confluence of the global rise in vaccine hesitancy with the adverse effects of OPV could 

fuel refusal of poliovirus vaccines and even impact the uptake of other vaccines.

The risk of a polio outbreak is especially perilous in Venezuela and Haiti, where the 

schedule includes only one dose of IPV, and where humanitarian crises are undermining 

surveillance and vaccination (Figure 1). A serotype 2 outbreak in these countries would 

endanger the many other nations whose vaccination schedules include fewer than three 

IPV doses (Table 1). The very real possibility of an international outbreak propagating 

from a local origin is evidenced by the measles epidemic that spread from Venezuela into 

neighbouring countries, two years after the Americas had been declared free of measles.

To address these challenges, the Polio Eradication and Endgame Strategic Plan prepared by 

the WHO calls for the complete replacement of OPV. However, IPV supply shortages have 

delayed progress towards this goal and vaccine manufacturers are not on track to supply 

even two doses of IPV worldwide until at least 2023.6 Exacerbating the problem, two doses 

may not be enough, for the reasons outlined above. We should set our sights higher and aim 

for three doses of IPV worldwide on this timeline, if not more quickly.

To quantify the gap between projected supply and required supply, we calculated the number 

of vaccines that would achieve a 95% coverage with two and with three IPV doses. For 

each country, we computed the doses required for an IPV vaccination schedule at 2 and 

4 months, or at 2, 4 and 12 months of age based on country-specific population size, 

population growth, birth rate, as well as neonatal and infant mortalities (Supplement). To 

achieve IPV schedules with two or with three doses, our projections suggest that 29.6 or 
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44.4 million doses would be required in the Americas, and 277.7 or 416.0 million doses 

globally, respectively. We then adjusted for the use of multivalent IPV-containing vaccines, 

as these combination vaccines are manufactured separately from IPV-exclusive formulations. 

Consequently, we estimated that 14.1 or 21.1 million IPV-exclusive doses would be required 

annually in the Americas for an IPV schedule of two or three doses, respectively. On a 

global scale, the number of IPV-exclusive doses required would be an order of magnitude 

greater than those needed in the Americas: 232.6 or 348.7 million IPV-exclusive doses for a 

schedule with two or three IPV doses, respectively. These estimates are conservative given 

that in addition catch-up campaigns should be implemented among those who have not 

received the full schedule. Compared to the global requirement for 348.7 million doses, only 

between 80 and 100 million doses are expected to be available in 2020.16 This shortfall 

underscores the urgent need for action to expand capacity and accelerate production.

Another obstacle delaying the switch to IPV is the comparative price of the two vaccines. 

The price of OPV ranges from $0.12 to $0.18,17 substantially less than the $1.00 to 

$3.28 range for IPV.18 Added to the price of IPV are the costs of syringes, needles and 

training of healthcare workers for delivery via injection, as well as risks associated with 

safe disposal of used syringes. Counterbalancing this investment, the VDPV outbreaks 

that can originate from OPV impose substantial economic and public health costs.19 Cost

effectiveness analyses that take into account the morbidity and mortality as well as the 

economic costs of controlling these outbreaks are needed to comprehensively evaluate the 

true toll of continuing OPV vaccination.

One interim solution successfully adopted by India and Sri Lanka to address the difficulty 

of insufficient supply and higher cost of IPV is dilution to produce fractional dose IPV. 

This approach has also been implemented in Ecuador and Cuba, while seven other Latin 

American countries have plans to do so.20 The major difficulty facing implementation 

of a fractional dose strategy is that this formulation requires intradermal administration, 

which challenges countries without a robust health system infrastructure. Promisingly, a 

recent study found that intramuscular fractional doses of IPV could provide seroconversion 

rates even higher than those of intradermal fractional IPV.21 Nevertheless, the efficacy of 

fractional doses has not been evaluated and antibody titers are lower when compared to a 

full dose.22 Therefore, although potentially useful as an interim strategy to overcome IPV 

shortages, fractional dosing should not be considered sustainable long-term approach until 

high efficacy can be assured.

A stockpile of OPV doses should be maintained until eradication efforts are complete. For 

emergency response to an outbreak, the WHO recommends that the monovalent oral vaccine 

against the outbreak strain should be used as part of a multistage vaccination strategy 

targeting specific at-risk populations and locations informed by risk assessments from an 

expert advisory group.23 While IPV efficaciously protects against symptomatic poliomyelitis 

and paralysis, OPV elicits a stronger intestinal immunity which in turn is more effective in 

preventing viral shedding and thus transmission to others.5 This consideration is particularly 

pertinent for settings characterized by low income and poor sanitation, in which polioviruses 

introduced might disseminate widely before detection. Indeed, Israel experienced persistent 

silent circulation of wild poliovirus, which was only brought under control through an OPV 
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campaign. It is noteworthy, however, that recent silent outbreaks in the Americas have been 

of OPV-derived viruses, not wild poliovirus.24,25 This history suggests that OPV poses a 

greater risk to the Americas than do wild introductions, and that a switch to an IPV schedule 

in the Americas would therefore improve overall safety. To protect against any risk of silent 

carriage in an exclusive IPV setting, surveillance systems must have the capacity to monitor 

sewage. If poliovirus circulation is detected, we would further advocate for emergency OPV 

until the outbreak is controlled, simultaneous with or followed immediately by an intensive 

IPV vaccination program.26 IPV will boost the protection elicited by OPV as well as prevent 

VDPV disease.23,27 The IPV campaign should be maintained until the vaccination coverage 

of the population is sufficient to avert further outbreaks.

To achieve and maintain high IPV coverage in low and lower-middle income countries, 

vaccination programs must be efficient. In nations with fragile health infrastructure, 

particular emphasis should be placed on the development of implementation plans that 

are evidence-based, data-driven and accountable. These plans should include rigorously 

maintained surveillance and monitoring systems, as well as engage civil society networks 

and community health workers.28 Community engagement is one critical component of 

ameliorating vaccine hesitancy, and likewise the comparative safety of IPV may boost 

public confidence in the vaccine recommendation. On the supply side, signaling a change 

in vaccination policy is a fundamental step, as an expected change in demand incentivizes 

the entry of new suppliers into markets.29 Beyond expansion of supply, methods to lower 

IPV costs include combining delivery with other vaccines and subsidies for manufacturers to 

produce low-cost IPV.30 Additionally, governments and other health actors should prioritize 

research aimed at improving the safety and efficacy of vaccines to prevent both disease and 

transmission.

While OPV was instrumental to humanity’s progress towards worldwide polio virus 

elimination, it has now become the principal cause of poliomyelitis in the Americas. Unless 

OPV vaccines that are less likely to revert to virulent strains become available,31 the end

game strategy in the region will entail a switch to the exclusive use of IPV with a high 

vaccination coverage of at least three doses. Despite the logistical obstacles of achieving 

herd immunity against all polio serotypes, the successful implementation of high coverage 

of IPV in both high and middle-income countries demonstrates the feasibility of the goal.
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Figure 1: 
Coverage for three doses of poliovirus vaccine in the Americas. Coverage reported by each 

country to the World Health Organization for the year 2018.32
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Table 1:

Country-specific poliovirus vaccine policies and income strata across the Americas (December 2019).33

Country IPV doses
ab

OPV doses
a

Income level
c

Antigua and Barbuda 2 3 High

Argentina 2 3 High

Bahamas 2 2 High

Barbados 1 5 High

Belize 1 4 Upper middle

Bolivia 1 4 Lower middle

Brazil 3 2 Upper middle

Canada 5 0 High

Chile 2 2 High

Colombia 2 3 Upper middle

Costa Rica 5 0 Upper middle

Cuba
2
d 4 Upper middle

Dominica 1 5 Upper middle

Dominican Republic 1 4 Upper middle

Ecuador
2
d 3 Upper middle

El Salvador 1 5 Lower middle

Grenada 1 5 Upper middle

Guatemala 1 4 Upper middle

Guyana 1 4 Upper middle

Haiti
1
b 4 Low

Honduras 2 2 Lower middle

Jamaica 1 4 Upper middle

Mexico 4 1 Upper middle

Nicaragua 1 2 Lower middle

Panama 3 2 Upper middle

Paraguay 1 4 Upper middle

Peru 2 3 Upper middle

Saint Kitts and Nevis 1 5 High

Saint Lucia 1 5 Upper middle

Saint Vincent and the Grenadines 2 3 Upper middle

Suriname 1 4 Upper middle

Trinidad and Tobago 1 4 High

United States of America
4
e 0 High

Uruguay 4 0 High

Venezuela 1 4 Upper middle

a
Doses recommended for immunocompetent children.
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b
Countries that use OPV apply all IPV doses before any OPV, with the exception of Haiti which administers OPV at birth, followed by IPV six 

weeks later.

c
World Bank Classification.

d
Fractional dose.

e
IPV vaccination schedule in the US typically includes four doses, but five doses are also possible depending on the formulation of combined 

vaccine used.
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