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Abstract

Globally-coordinated cessation of all three serotypes of oral poliovirus vaccine (OPV) represents a 

critical part of a successful polio endgame, which the Global Polio Eradication Initiative (GPEI) 

plans to conduct in phases, with serotype 2 OPV cessation completed in mid-2016. Although in 

2016 the GPEI expected to globally-coordinate cessation of the remaining OPV serotypes (1 and 

3) by 2021, continuing transmission of serotype 1 wild polioviruses to date makes those plans 

obsolete. With increasing time since the last reported polio case caused by serotype 3 wild 

poliovirus (in November 2012) leading to high confidence about its successful global eradication, 

the Global Commission for the Certification of Poliomyelitis Eradication recently certified its 

eradication. Questions now arise about the optimal timing of serotype 3 OPV (OPV3) cessation. 

Using an integrated global model that characterizes the risks, costs, and benefits of global polio 

policy and risk management options, we explored the implications of different options for 

coordinated cessation of OPV3 prior to COVID-19. Globally-coordinating cessation of OPV3 as 

soon as possible offers the opportunity to reduce cases of vaccine associated paralytic polio 

globally. In addition, earlier cessation of OPV3 should reduce the risks of creating serotype 3 

circulating vaccine derived polioviruses after OPV3 cessation, which represents a significant threat 

to the polio endgame given current GPEI plans to reduce preventive OPV supplemental 

immunization activities starting in 2019.
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Introduction

The Global Polio Eradication Initiative (GPEI) began the process of ending all use of oral 

poliovirus vaccine (OPV) with the globally-coordinated cessation of serotype 2 OPV 

(OPV2) in late April-early May 2016 (Hampton et al., 2016). The GPEI expected to 

subsequently coordinate the cessation of both serotypes 1 and 3 OPV (currently used in 
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bivalent OPV, bOPV), at the same time and shortly after OPV2 cessation (i.e., by 2021) 

(World Health Organization Global Polio Eradication Initiative, 2015). However, significant 

delays in stopping the transmission of serotype 1 wild poliovirus (WPV1), which continues 

to date (World Health Organization, 2020), combined with the absence of reported serotype 

3 wild poliovirus cases since late 2012 (World Health Organization, 2013), leads to 

questions about whether and when to coordinate cessation of serotypes 1 and 3 OPV.

Modeling related to the dynamics of OPV cessation emphasized the importance of 

maintaining high population immunity with OPV supplementary immunization activities 

(SIAs) in OPV-using countries prior to homotypic OPV cessation to minimize the risks of 

circulating vaccine-derived polioviruses (cVDPVs) following cessation (Duintjer Tebbens, 

Hampton, & Thompson, 2016a, 2016b, 2018; Duintjer Tebbens, Hampton, Wassilak, et al., 

2016; Thompson & Duintjer Tebbens, 2014, 2015a). Other modeling performed prior to 

OPV2 cessation explored different options and timing for stopping OPV for all 3 serotypes 

assuming maintenance of OPV SIAs prior to cessation, and reported expected reductions of 

vaccine-associated paralytic polio (VAPP) cases associated with earlier phased cessation of 

serotype 3 OPV (OPV3) compared to later cessation of bOPV (Thompson & Duintjer 

Tebbens, 2015b).

The Global Commission for the Certification of Poliomyelitis Eradication (GCC) 

emphasized in October 2018 (World Health Organization, 2018) that the absence of 

detection of serotype 3 wild poliovirus (WPV3) cases since late 2012 (World Health 

Organization, 2013) creates the opportunity to certify the world as free of WPV3, and it 

initiated the WPV3 certification process. Confidence about the absence about no circulation 

of WPV3 continues to increase, with now over 7 years since the last reported case in the last 

reservoirs (Duintjer Tebbens, Kalkowska, & Thompson, 2019) (Kalkowska, Duintjer 

Tebbens, Pallansch, & Thompson, 2019; Kalkowska & Thompson, 2020). In October 2019, 

the CC certified the eradication of WPV3 (World Health Organization, 2019), which will 

likely lead to discussions about the appropriate and optimal timing of cessation of OPV3. 

Given delays in the OPV production process, forecasting for the specific OPV formulations 

needed can significantly impact the availability of vaccine (Duintjer Tebbens & Thompson, 

2015). Thus, separately phasing the cessation of serotypes 1 and 3 OPV requires sufficient 

planning since it can lead to logistical challenges for supply chains and health systems. 

However, cessation of one OPV serotype can free up scarce OPV bulk manufacturing 

capacity for the production of other serotypes (e.g., serotype 2), although filling and 

finishing capacity constraints may still pose logistical challenges (UNICEF, 2019). 

Modeling can support deliberations related to decisions about the optimal timing for OPV3 

cessation.

Methods

No prior or post-OPV cessation modeling explored the risks and benefits of phased cessation 

of OPV3 within the next 10 years (i.e., 2020–2029). This analysis uses a global model that 

characterizes the dynamics of population immunity for each poliovirus serotype assuming a 

path consistent with current GPEI plans and budgeting as the reference case (RC2) 

(Kalkowska, Wassilak, Cochi, Pallansch, & Thompson, 2020), which we recently updated to 
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account for epidemiological experiences in late 2019 (Kalkowska, Pallansch, et al., 2020). 

Briefly, the updated global model (Kalkowska, Wassilak, et al., 2020) divides the word into 

72 blocks of 10 subpopulations each (approximately 10.7 million people per subpopulation 

in 2019 (Population Division of the Department of Economic and Social Affairs of the 

United Nations Secretariat, 2019) ) that mix homogenously in space and heterogeneously by 

age. We characterize the blocks by income level (low-income, LI; lower middle-income, 

LMI; upper middle-income, UMI; high-income, HI (World Bank, 2019)) and current routine 

immunization (RI) vaccine use (i.e., OPV+IPV, IPV/OPV, IPV-only (Kalkowska, Wassilak, 

et al., 2020)) representing some of the global variability in conditions, costs, values, and 

preferences. The epidemiological, demographic, and transmission assumptions represent 

conditions existing in the world as of the end of 2019 (i.e., before the COVID-19 pandemic). 

The results of that model suggest that with the current GPEI strategy, WPV1 transmission 

will continue in RC2 through 2024, and the need to restart of OPV2 use in RI in many OPV-

using countries appears probable (Kalkowska, Pallansch, et al., 2020; Kalkowska, Wassilak, 

et al., 2020). In addition, the model triggers a restart of homotypic OPV use in RI schedules 

when the cumulative paralytic case count reaches the threshold of 5,000 global cases 

following serotype-specific OPV cessation (Kalkowska, Wassilak, et al., 2020; Thompson & 

Kalkowska, 2019). However, the actual restart occurs with an assumed delay due to vaccine 

manufacturing and licensing time and national immunization program financing and 

operational delays post global OPV cessation (Kalkowska, Wassilak, et al., 2020; Thompson 

& Kalkowska, 2019).

For this analysis, we focus only on serotype 3. We explore the health, risk, and cost 

implications of globally-coordinated cessation of OPV3 on January 1 or May 1 of 2021 or 

2024 distinguishing between serotype 3 cVDPV (cVDPV3) risks only and all post cessation 

risks (i.e., including immunodeficiency-associated long-term vaccine-derived poliovirus 

(iVDPV) excreters, containment breaches, etc. (Kalkowska, Wassilak, et al., 2020)). We 

considered January and May cessation dates to explore the impacts of different times of year 

relative to seasonality and planned SIAs. We considered 2024 since the GPEI current 

strategic plan assumes that timing (World Health Organization Global Polio Eradication 

Initiative, 2019) and 2021 as the earliest possible timing for OPV3 cessation. We include the 

use of reported acute flaccid paralysis (AFP) cases caused by polio as the trigger for 

outbreak response and also the possibility of detecting transmission prior to observing a case 

due to environmental surveillance (ES) and using that signal as the trigger for outbreak 

response (Kalkowska, Wassilak, et al., 2020). Consistent with the current GPEI strategic 

plan, both the RC2 of continued use of OPV3 (i.e., the comparator or status quo) and the 

alternative scenarios assume that all countries will continue to use at least one IPV dose in 

their RI schedules through 2029 (Kalkowska, Wassilak, et al., 2020). We do not increase the 

number of IPV doses in countries using one dose in 2019 to a minimum of two doses, 

because of the delays in WPV1 eradication. We also assume that countries with planned 

SIAs (pSIAs) will perform the number planned for each year, the model replaces bOPV 

doses used for RC2 with serotype 1 monovalent OPV (mOPV1) in any of the years after 

globally-coordinated OPV3 cessation. Although the GPEI began procuring and using some 

mOPV1 in pSIAs as of early 2019 in Pakistan and Afghanistan (World Health Organization 

and UNICEF, 2018), despite results from modeling that suggest the inadvisability of opening 
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up any immunity gaps for OPV serotypes still in use in RI and the ineffectiveness of the 

strategy for increasing population immunity for serotype 1 (Thompson & Duintjer Tebbens, 

2017), we conservatively ignore the increases in cVDPV3 risks that the GPEI and countries 

induce with this strategy as part of the RC2. We emphasize, however, that using mOPV1 for 

pSIAs instead of bOPV while bOPV remains in use in RI or in other SIAs represents a form 

of uncoordinated OPV cessation that poses real risks. Table 1 summarizes the assumptions 

we used for the total doses for each type of vaccine for RI and for pSIAs for RC2 and the 

alternative scenarios. Consistent with current GPEI plans, we do not include any OPV3 or 

bOPV intensification activities for any of the alternatives that involve OPV3 cessation. We 

also do not include consideration of OPV1 cessation before 2024 given the model 

expectations of continued WPV1 transmission based on our understanding of the current 

GPEI plans and performance (Kalkowska, Wassilak, et al., 2020).

We consider a time horizon of 2019–2029. We run a single realization of the RC2 and 

alternative OPV3 cessation timing options considering the cVDPV3 risks only to explore the 

impacts of the current and expected future serotype 3 population immunity to transmission 

on cVDPV3 cases after OPV3 cessation. We then run 100 iterations of the RC2 and 

alternative OPV3 cessation times considering all post cessation risks on the Amazon Cloud. 

We controlled the iterations to ensure comparability.

Recognizing that our assumption of bOPV use for pSIAs does not appear consistent with 

some use of mOPV1 in Pakistan and Afghanistan, and we explore an alternative reference 

case (RC2alt) in which we introduce the use of mOPV1 instead of bOPV for two pSIAs per 

year (in January and March) only in the last remaining block of our model that sustains 

indigenous WPV1 transmission from 2019 on. We repeat the set of scenarios that include 

cVDPV3 risks only to investigate the impact of these different amounts of OPV3 going into 

this block.

Finally, prior modeling recognized a substantial uncertainty about risks of reintroduction 

from iVDPV excreters (Duintjer Tebbens & Thompson, 2017a). Specifically, considering the 

lack of evidence of iVDPV reintroduction events following OPV2 cessation to date, the 

reference case assumes that iVDPV excreters reintroduce stage 10 reverted virus 

(Kalkowska, Wassilak, et al., 2020). We perform a sensitivity analysis (SA) that reintroduces 

iVDPV excreted viruses into the population assuming either: (1) a higher reversion stage 

(i.e., stage 19 instead of stage 10, SA1) or (2) at a random reversion stage (i.e., random stage 

between 1 and 19 instead of stage 10, SA2) for the alternative scenarios of globally-

coordinated cessation of OPV3 on January 1 of 2021. We performed this modeling prior to 

the COVID-19 pandemic, which disrupted polio immunization activities in many countries 

in 2020. Consequently, after the impacts of COVID-19 become clear, further analyses will 

need to explore the timing options for OPV3 cessation in the context of disrupted 

immunization activities in 2020 (and potentially beyond).

Results

Table 2 shows the results of running the model to explore the impacts of earlier globally-

coordinating cessation of OPV3 considering only cVDPV3 risks. As shown in the second 
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column of Table 2, earlier OPV3 cessation offers the opportunity to reduce cases of VAPP 

globally. Earlier OPV3 cessation also reduces the expected OPV3 RI and pSIA vaccine 

needs as shown in the fourth column of Table 2. Earlier cessation of OPV3 should reduce 

cVDPV3 risks after OPV3 cessation, which represents a threat to the polio endgame given 

current GPEI plans to reduce OPV pSIAs starting in 2019. However, the results in Table 2 

(third and fifth columns) do not show cases of cVDPV3s after OPV3 cessation or any 

mOPV3 use to respond to outbreaks, so this impact appears small with respect to cVDPV3 

events only, as long as the pSIAs continue at the modeled level.

Table 3 shows the percentage of OPV3 restarts triggered (and implemented) during the time 

horizon, the percentage of iterations with ongoing transmission of OPV3-related viruses at 

the end of time horizon, as well as the means and ranges of the estimates of cases and the 

average oSIA doses used from the 100 iterations for the RC2, the alternatives, and the 

sensitivity analysis. We separately show the results for the varying time period of 5 years 

after the OPV3 cessation date (top), which differ for the alternatives considered, and for the 

entire model time horizon (i.e., 2019–2029) (bottom), which effectively includes different 

numbers of years post-OPV3 cessation since the dates of OPV3 cessation change.

As shown in the second column of Table 3 (bottom), 0–4% of the iterations lead to 

triggering OPV3 restart, while 0% of the iterations implemented OPV3 restart within the 

time horizon. Within a five year period after OPV3 cessation, 0% of the iterations triggered 

or implemented OPV3 restart. The results for the sensitivity analysis scenarios show a 

substantial increase in OPV restarts if iVDPV introduction risks occur using more 

transmissible and more neurovirulent viruses than assumed in RC2. Moreover, the third 

column of Table 3 shows that transmission of OPV3-related viruses continues at the end of 

time horizon for additional iterations in all scenarios, indicating the possibility of more 

OPV3 restarts beyond 2029.

Since the model only allows for mOPV3 use for outbreak response SIAs (oSIAs) for 5 years 

after the OPV3 cessation date, the top part of Table 3 includes only the time during which 

mOPV3 use can occur for oSIAs. Consequently, the results in the bottom part of Table 3 for 

the full model time horizon show more IPV use for oSIAs for the scenarios with earlier 

OPV3 cessation dates, consistent with more time since OPV3 cessation. The fourth column 

of Table 3 shows that OPV3 cessation leads to lower expected VAPP cases than no cessation 

(i.e., the RC2), with the cases increasing as the time to the OPV3 cessation date increases. 

The results for 5 years after OPV3 cessation show increasing risks of cVDPV3 and expected 

cVDPV3 cases with OPV3 cessation dates in May compared to January (column 5 in the top 

of Table 3). Comparing the results of the scenarios that include only cVDPV3 risks (Table 2) 

to those scenarios that consider all post cessation risks (Table 3) shows the possibility of an 

increased number of cVDPV3 cases and mOPV3 doses used in outbreak response due to the 

potential reintroductions from iVDPV3 excreters and/or containment failures. The results for 

the full model time horizon (bottom of Table 3), remain more difficult to interpret due to the 

complexity of OPV restarts. The results of the sensitivity analysis that introduce iVDPVs as 

behaving like wild polioviruses (SA1) leads to significantly higher values, while 

introduction of iVDPVs at random reversion stages leads to mid-range values, which 
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demonstrates the importance of the uncertainty about the role of iVDPV risks in the polio 

endgame.

Discussion

The polio endgame continues to pose significant challenges (Kalkowska, Wassilak, et al., 

2020), with the eradication of 3 separate pathogens (i.e., 3 serotypes) and cessation of 3 

OPVs proving difficult to manage, and uncertainty remaining about whether the 2016 

coordinated OPV2 cessation will ultimately succeed or if we will need to restart OPV2 

(Thompson & Kalkowska, 2019). A global decision to restart OPV2 could significantly 

impact the willingness to pursue OPV cessation as a strategy overall or not, and thus, 

whether to stop other OPV serotypes, including OPV3 (Thompson & Kalkowska, 2019). 

Given limited and decreasing OPV manufacturing capacity, the need to restart OPV2 would 

likely significantly impact the availability of other serotypes of OPV, whereas earlier, 

planned and coordinated cessation of OPV3 could free up some OPV production capacity in 

the event of needing to produce more OPV2. Cessation of OPV3 will lead to containment 

requirements for all serotype 3 WPVs and cVDPVs, as previously occurred for all serotype 

2 WPVs and cVDPVs (Duintjer Tebbens, Kalkowska, & Thompson, 2018). The containment 

of another serotype will likely ramp up containment activities, which will likely increase 

OPV costs, increase pressure on manufacturers to plan to stop all OPV production, and 

further tighten OPV supply if not managed well.

The logistics of globally-coordinated cessation of OPV3 will also require some activities on 

the part of health systems. The GPEI estimated that it provided approximately US$ 19.4 

million to 67 relatively lower income countries to assist with the tOPV-bOPV switch 

planning, implementation, monitoring, and validation and tOPV disposal activities for the 

globally-coordinated cessation of OPV2 (personal communication, Diane Chang Blanc, 

February 2019). We assume actual total costs could be as much as approximately three times 

higher considering activities not supported by the GPEI (i.e., costs up to $60 million). In 

addition, for OPV2 cessation, countries reported removing over 100 million doses of tOPV 

from their supply chains and destroying these instead of finding opportunities to use them 

prior to OPV2 cessation. The GPEI also compensated vaccine manufacturers for the 

destruction of 80 million tOPV doses, although vaccine manufacturers destroyed many more 

doses that they produced without contracts (i.e., doses that they made in order to enable 

supporting a potential delay in OPV2 cessation that did not occur). OPV3 cessation will 

imply similar issues. Ideally, countries could learn lessons from OPV2 cessation and 

conduct sufficient immunization activities prior to OPV3 cessation to fully utilize the bOPV 

in their supply chains. In addition, in any countries that experience cVDPV3 outbreaks 

following OPV3 cessation while bOPV remains in their supply chain, given that these 

countries will likely also face immunity gaps for serotype 1, these countries should strongly 

consider the use of any remaining bOPV for outbreak response. Modeling suggested the 

benefits of using any available tOPV to respond to cVDPV2 outbreaks in the short time 

period after OPV2 cessation (Duintjer Tebbens, Pallansch, Wassilak, Cochi, & Thompson, 

2016), but the GPEI and countries did not exercise this option.
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Consistent with our prior analyses of the role of IPV in OPV cessation, IPV use plays little 

role in OPV3 cessation due to its limited role in preventing the transmission of serotype 3 

live polioviruses (LPVs, i.e., WPV, OPV, OPV-related, VDPV, VAPP) in countries that use 

OPV (Duintjer Tebbens & Thompson, 2017b; Thompson, 2014). The extent to which IPV 

use reduces cases (and thus masks the ability to detect transmission through AFP 

surveillance) depends on the IPV-only coverage achieved and the nature and quality of the 

surveillance system (see further discussion elsewhere (Thompson & Kalkowska, 2020)).

Our results and insights depend on our assumptions about the pSIAs. If the GPEI and 

countries continue to perform a sufficient number of high-quality SIAs prior to OPV3 

cessation, instead of scaling back as we modeled, or if they scale back but then perform 

OPV3 intensification SIAs to increase population immunity to transmission in the six to 

twelve months prior to OPV3 cessation, then the results would look different. Our reliance 

on a model implies all of its associated limitations (Kalkowska, Wassilak, et al., 2020), 

although our focus on comparisons between alternatives and the RC2 controls across these 

by using the same assumptions for inputs that do not change across the scenarios. The 

declaration of transmission of SARS-CoV-2 virus as pandemic and the impacts of 

COVID-19 already alter national and GPEI polio immunization activities, which future 

analyses will need to explore. We hope that this analysis provides context for the importance 

of carefully considering the options in the context of the population immunity to 

transmission for serotype 3 that exists once the GPEI begins to recover from the COVID-19 

disruptions.

This analysis highlights some of the trade-offs associated with earlier global cessation of 

OPV3, which should support the deliberations by global health policy leaders as they 

continue to navigate the polio endgame. With the polio endgame extending far beyond 

expectations and modeling suggesting ongoing WPV1 transmission throughout the model 

time horizon given the current trajectory (Kalkowska, Wassilak, et al., 2020), the concept of 

waiting to simultaneously stop OPV3 and OPV1 use comes with the potential risk of never 

stopping either. At the same time, global health leaders may decide to restart OPV2 in RI in 

OPV-using countries due to the relatively high probability of needing to do so to stop the 

current and expected ongoing transmission of OPV2-related viruses (Kalkowska, Pallansch, 

et al., 2020), which the COVID-19 pandemic will likely further exacerbate. If global health 

leaders choose to abandon OPV cessation as a global polio endgame strategy, then for those 

countries that will need to use OPV to maintain sufficient population immunity in the polio 

endgame, restarting tOPV would offer the most cost-effective long-term polio immunization 

option.
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