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Abstract

In May 2016, the Global Polio Eradication Initiative (GPEI) coordinated the cessation of all

use of type 2 oral poliovirus vaccine (OPV2), except for emergency outbreak response. Since
then, paralytic polio cases caused by type 2 vaccine-derived polioviruses now exceed 3,000 cases
reported by 39 countries. In 2022 (as of April 25, 2023), 20 countries reported detection of cases
and 9 other countries reported environmental surveillance detection, but no reported cases. Recent
development of a genetically modified type 2 OPV (nOPV2) may help curb the generation of
neurovirulent vaccine-derived strains; its use since 2021 under Emergency Use Listing is limited
to outbreak response activities. Prior modeling studies showed that the expected trajectory for
global type 2 viruses does not appear headed toward eradication, even with the best possible
properties of NOPV2 under the current outbreak response performance. Continued persistence of
type 2 poliovirus transmission exposes the world to the risks of potentially high-consequence
events such as the importation of virus into high transmission areas of India or Bangladesh.
Building on prior polio endgame modeling and assuming current national and GPEI outbreak
response performance, we show no probability of successfully eradicating type 2 polioviruses in
the near term regardless of vaccine choice. We also demonstrate the possible worst-case scenarios
could result in rapid expansion of paralytic cases and preclude the goal of permanently ending all
cases of poliomyelitis in the foreseeable future. Avoiding such catastrophic scenarios will depend
on the development of strategies that raise population immunity to type 2 polioviruses.
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1. Introduction

Although the use of live, attenuated oral poliovirus vaccine (OPV) enabled nearly all
countries to stop the transmission of wild polioviruses (WPVs), OPV use comes with risks
of vaccine-associated paralytic polio (VAPP) and vaccine-derived polioviruses (VDPVs)
(Duintjer Tebbens et al., 2006). Consequently, since the early 2000s, coordinated cessation
of all use of OPV after successful WPV eradication has been a key component of strategic
planning for the polio endgame (Global Polio Eradication Initiative, 2013, 2019, 2020, 2021;
World Health Assembly, 2008; World Health Organization, 2010).

In May 2016, the Global Polio Eradication Initiative (GPEI) coordinated the cessation of all
use of type 2 OPV (OPV2), except for emergency outbreak response (Hampton et al., 2016).
Prior to OPV2 cessation, the GPEI developed extensive OPV2 cessation risk management
plans, which included standard operating procedures (SOPs) for outbreak response and the
creation of a stockpile of type 2 monovalent OPV (mOPV2). OPV?2 cessation planning
assumed an understanding of the risks associated with waning population immunity to

type 2 polioviruses and the increasing risk of growth and expansion of vaccine-derived

type 2 strains, which motivated the development of standard operating procedures for
outbreak response (Global Polio Eradication Initiative, 2016). Prior modeling recognized
the possibility of needing to restart OPV2 in routine immunization (RI) for adequate control
in the event that outbreak response efforts did not succeed (Duintjer Tebbens et al., 2015;
Duintjer Tebbens, Pallansch, et al., 2016).

Despite the planning efforts, since May 2016 over 3,000 paralytic polio cases caused by
type 2 circulating VDPVs (cVDPV2s) have been reported by 39 countries in different parts
of the world (as of April 25, 2023) (Global Polio Eradication Initiative, 2023a; Thompson,
2022b). In 2022 alone, 20 countries reported a total of 673 cases and 9 additional countries
reported environmental surveillance detections without cases (as of April 25, 2023) (Global
Polio Eradication Initiative, 2023a). To curb the emergence of neurovirulent vaccine-derived
strains, the GPEI partners supported the accelerated development of novel OPV2 (nOPV2),
which is designed to be more genetically stable than Sabin OPV2 (mOPV?2). Since 2021,
many countries used nOPV2 under World Health Organization (WHQO) Emergency Use
Listing (EUL) (Macklin et al., 2023) to respond to cVDPV2 outbreaks. With more than 500
million nOPV2 doses deployed to date (Rachlin et al., 2022), the data on the performance
of nOPV2 in the field (e.g., effectiveness, potential to revert) remains preliminary (Martin et
al., 2022) and the vaccine is yet to receive a full license. A summary of studies published
by June of 2022 (Global Polio Eradication Initiative, 2022), anticipated that nOPV2 clinical
results will likely meet expectations as a bioequivalent vaccine compared to Sabin OPV2.
However, experience with nOPV2 in the field demonstrates its ability to pose risks of
VAPP (World Health Organization, 2023) and cVDPVs (Global Polio Eradication Initiative,
2023b), albeit at lower rates than expected with mOPV2. These lower risks are consistent
with nOPV?2 increased genetic stability and lower observed shedding, which reduce its risk
to individuals and the chances of seeding new outbreaks. These benefits, however, come at
the cost of reduced secondary spread and population effectiveness (Thompson, 2022a).
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Modeling studies performed before the COVID-19 pandemic showed that GPEI efforts to
end cVDPV2 transmission were off track, and found that even assuming the best possible
properties of nOPV2, with current GPEI and country outbreak response performance using
nOPV2 instead of mMOPV2 would not stop cVDPV?2 transmission (Kalkowska, Pallansch,
Wassilak, et al., 2021; Kalkowska, Pallansch, et al., 2023; Kalkowska, Pallansch, Wilkinson,
et al., 2021). Further modeling since COVID-19 explored the consequences of disruptions
in Rl and polio program activities, and demonstrated the consequences of delaying outbreak
response to wait for nOPV2 instead of using mOPV2 (Kalkowska, Pallansch, et al.,

2023; Kalkowska, Voorman, et al., 2023; Kalkowska, Wassilak, Pallansch, et al., 2023).
Collectively, these modeling studies motivated exploration of conditions that might lead

to uncontrollable cVDPV2 outbreaks and further exploration of the potential benefits of
nOPV?2 considering the bounds of prior analyses (Kalkowska, Pallansch, et al., 2023;
Kalkowska, Voorman, et al., 2023; Kalkowska, Wassilak, Pallansch, et al., 2023). Discussion
of the expected trajectories from a recent study (Kalkowska, Wassilak, Wiesen, et al., 2023)
also led to questions about variability around the expected values and drivers of the upper
bounds.

Integrated modeling provides the opportunity to explore prospective outcomes expected
with the application of different strategies or policies with full consideration of stochastic
risks that reintroduce live polioviruses into populations from different sources (Thompson
& Kalkowska, 2020). For example, reintroductions may follow breaches in containment
(Duintjer Tebbens, Kalkowska, et al., 2018), unintentional or intentional reintroductions
(Kalkowska, Pallansch, Cochi, et al., 2021; Kalkowska, Pallansch, Wassilak, et al., 2021),
introductions due to the excretion of polioviruses from individuals transmitting outbreak
viruses or type 2 OPV (OPV2) used for outbreak response, or from immunodeficient
individuals with prolonged or chronic infections (iVDPVs) (Kalkowska et al., 2019). These
events that occur unpredictably in real life are introduced stochastically in the prospective
model to vary the times and places where they occur (Kalkowska, Pallansch, Wassilak, et
al., 2021). This leads to different possible futures, although the modeling uses the same
set of all other inputs to ensure consistent comparisons across policy or strategy scenarios
(Kalkowska, Pallansch, Wassilak, et al., 2021).

Policy analyses generally focus on the expected values of outcomes of different strategies

to facilitate overall comparisons (Duintjer Tebbens et al., 2015), in which stochastic results
vary for different iterations. Although useful for tracking trends and comparing policies, the
expected values do not convey the skewness in the distributions caused by high-consequence
events, and may miss important associated insights relevant to risk management. For
example, prior modeling that explored the specific iterations that led to OPV restart,

which the model triggered upon reaching specific cumulative modeled cases, helped to
identify specific failure modes (Duintjer Tebbens & Thompson, 2018). Although worst-case
scenarios represent low-probability events in the entire simulation space, they can reveal
insights about potential catastrophic consequences and provide opportunities for prospective
risk management. Building on recent stochastic polio endgame modeling (Kalkowska,
Wassilak, Pallansch, et al., 2023; Thompson et al., 2022), we explore what happens in

the worst-case iterations of simulations of the polio endgame using different vaccine choices
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for outbreak response to identify potential high-consequence events that may lead to large
numbers of polio cases

2. Methods

For this analysis we use an updated global poliovirus transmission model (Kalkowska,
Pallansch, Wassilak, et al., 2021; Kalkowska, Pallansch, Wilkinson, et al., 2021; Kalkowska,
Wassilak, Pallansch, et al., 2023) which divides the world according to World Bank

Income Level (low-income, LI; lower middle-income, LMI; upper middle-income, UMI;
high-income, HI) with current vaccine use in RI (OPV+IPV, IPV/OPV, IPV-only) into 72
blocks of 10 subpopulations of approximately 10.7 million total population and variable age
distribution each. The model uses OPV+IPV to refer to the RI schedules of countries that
previously relied exclusively on OPV and added one dose of IPV (typically administered at
the same time as the third OPV dose) around 2016. This contrasts with sequential IP\V/OPV
RI schedules, which administer IPV doses at the first individual immunization contacts

and then administer OPV at later contacts, that reduce VAPP by giving IPV first. Mixing
within blocks occurs homogenously in space and heterogeneously by age. Mixing between
blocks occurs according to nine varying preferential mixing areas of different size, which

in abstract represent larger geographical regions (e.g., continents) (Kalkowska, Pallansch,
Wassilak, et al., 2021; Kalkowska, Pallansch, Wilkinson, et al., 2021; Kalkowska, Wassilak,
Pallansch, et al., 2023).

Building on recent analyses that explored the consequences of bOPV cessation in 2027
(Kalkowska, Wassilak, Wiesen, et al., 2023; Thompson et al., 2022), which optimistically
assumed eradication of type 1 WPV (WPV1) in 2023 and realistically assumed current SIA
performance characteristics (Kalkowska, Badizadegan, et al., 2023; Kalkowska, Pallansch,
Wassilak, et al., 2021; Kalkowska, Pallansch, Wilkinson, et al., 2021; Kalkowska, Wassilak,
Pallansch, et al., 2023), we used the same realistic SIA performance characteristics for this
analysis. The actual performance of SIAs substantially impacts the expected trajectories, as
demonstrated elsewhere (Thompson & Kalkowska, 2021; Thompson et al., 2023), which led
to emphasis on SIA quality in numerous modeling studies published since 2006 (Thompson
et al., 2006) and reviewed elsewhere (Thompson & Kalkowska, 2020). We selected a
prospective analytical time horizon of Ty of January 1, 2022 to Tg,g of December 31, 2035.
Recognizing the censoring associated with time horizons, we present the modeling results
for both the time horizon of the current GPEI strategic plan of January 1, 2022 to Tgng

of December 31, 2026, and the full modeled time horizon of January 1, 2022 to Tgng Of
December 31, 2035. For this analysis, we consider three scenarios based on prior modeling
(Kalkowska, Wassilak, Pallansch, et al., 2023) that vary the vaccine of choice use for type 2
outbreak response.

Specifically, we consider the scenarios of (i) mOPV2, with its well-established properties
from extensive use (ii) best nOPV; which assumes type-specific nOPV use for outbreak
response after type-specific OPV cessation, the same effectiveness of nOPV as mOPV, no
reversion of nNOPV despite transmissibility, and no VAPP, and (iii) worst nOPV, which
assumes type-specific NOPV use for outbreak response after type-specific OPV cessation,
90% effectiveness of nOPV relative to mOPV, and reduced reversion based on prior
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modeling (Kalkowska, Pallansch, Wilkinson, et al., 2021) and for which we further reduced
VAPP and reversion rates by 10% relative to mOPV2. Recognizing uncertainty in actual
performance of nOPV2, we provide bounding analyses (Kalkowska, Pallansch, Wilkinson,
et al., 2021) that convey the probable range. We consider the best nOPV2, which likely
performs better than implied by evidence to date for the actual performance of nOPV2 (e.g.,
due to some VAPP observed (World Health Organization, 2022) and potentially slightly
lower efficacy of nOPV2 relative to mOPV2), and the worst nOPV2, which likely performs
worse than implied by the evidence from actual nOPV2 use to date. For the extended time
horizon, we optimistically assume the potential availability of novel OPV types 1 and 3 at
the time of bOPV cessation onward for outbreak response, and we make parallel bounding
assumptions for these potential future vaccine products to the ones used for best nOPV2and
worst nOPV2 (Kalkowska, Wassilak, Wiesen, et al., 2023; Thompson et al., 2022).

We performed all simulations using JAVA™ programming language in the integrated
development environment Eclipse™, and we simulated 100 stochastic iterations starting with
the same random number seeds and initial conditions for each scenario. We estimate the
probability of die out (POD) for each scenario by counting the number of iterations with

no ongoing transmission of type 2 at the end of the time horizon (Kalkowska, Wassilak,
Pallansch, et al., 2023). We demonstrate the general variability among 100 stochastic
iterations, and we show the 10 worst performing iterations in terms of cumulative cases

of cVDPV2 for each of the model time horizons. We run the model without any restrictions
on vaccine supplies to estimate the number of vaccine doses the model would requires under
this assumption. We summarize both the expected cases for each iteration and the extent of
transmission spread through the 720 modeled subpopulations, and characterize the possible
worst-case scenarios of uncontrolled type 2 transmission for each of the modelled scenarios
and time horizons.

Although this analysis focuses on type 2 cases, because cVDPV2 cases currently dominate
the global case polio counts, using the extended time horizon the analysis also includes
assumptions related to the potential risks associated with bOPV cessation (assuming no
bOPV intensification prior to cessation and for which type 1 cVVDPV risks after cessation
become dominant (Kalkowska, Wassilak, Wiesen, et al., 2023), results not shown). We
explore the specific subpopulations that contributed to the incidence that led each of the
iterations into the 10 highest case counts. We also explored the characteristics of the 10
iterations with the lowest case counts.

3. Results

For the time horizon of 2022-2026, the top row of Table 1 (labeled “All blocks™) shows
the model estimates between 6,438 and 22,240 expected c\VDPV?2 cases in the rightmost
columns, depending on the vaccine choice used for outbreak response. Notably, none of the
100 iterations show die out of transmission at the end of the time horizon, which implies
an estimated POD of 0% for cVDPV2 (not shown in Table 1 due to 0 value for all vaccine
choice scenarios).
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Figure 1(a) shows the distribution of the cases for the 100 stochastic iterations for each
year in the time horizon of 2022-2026 for each of the scenarios using box and whisker
plots. The results generally show increasing variability with time with the use of mOPV2or
worst nOPV2, because as transmission continues longer into the time horizon, the specific
importation events that restart transmission in new blocks lead to more iterations with
high-consequence importations. The best nOPV2 scenario shows the highest interquartile
ranges of cases in 2023. This occurs due to the fact that the best nOPV2 scenario is not
seeding any new outbreaks and ending the transmission that occurs in some, but not all
outbreaks. For all vaccine scenarios, the tails of the distributions that correspond to case
counts that exceed the interquartile range increase with time.

Since the global model includes subpopulations with properties that abstractly simulate

the variability in conditions that influence poliovirus transmission potential in countries
(e.g., different vaccine choices, coverage, levels of hygiene and sanitation, etc.), we cannot
identify the specific countries that contribute the most to modeled prospective transmission.
However, Table 1 lists the 26 abstractly modeled blocks with a high basic reproduction
number (Ry=10) and/or blocks with low RI coverage subpopulations (RI coverage <0.3).
Specifically, the top section lists the modeled blocks with both high Rg and low RI coverage
subpopulations, the middle section lists the modeled blocks only with high Rg, and the
bottom section lists the modeled blocks with only low RI coverage subpopulations. These
blocks and subpopulations represent high risk areas, in which live polioviruses can transmit
most easily and fastest and/or cause the most cases.

The middle columns of Table 1 show the actual reported cVDPV?2 cases since OPV2
cessation Yes (from May 2016 through December 31, 2022, using data as of April 25, 2023)
and the modeled expected total cVDPV2 cases (without any adjustment for underreporting)
for the same time period for comparison. Overall, these results show that 92% of the
cVDPV?2 cases reported since OPV2 cessation and 91-93% of expected cVDPV?2 cases
modeled for that period come from 11 out of 26 of these blocks in the model. With actual
delays in reporting cases for some countries, Table 1 shows a few blocks for which the
model estimates fall notably above or below the reported cases. For example, the ongoing
outbreak in the Democratic Republic of the Congo (DRC) accounts for most of the reported
cases for the Central Africa 1 block, with 360 confirmed cVDPV?2 cases in 2022 reported
as of April 25, 2023. With only 64 of the 360 cases reported when we performed the
simulations in at the end of July of 2022, (and notably only 210 of the 360 cases reported
by December 27, 2022, which provides context about the delays in reporting), the model
fitting process reflected our understanding of the data and immunization plans at the time.
Specifically, during the model updating process, the smaller epidemiological signal from
retrospective data for the DRC led to input assumptions that produced fewer cases in 2022,
and which also implied lower transmission in other countries within the same block. For
blocks with relative overestimates of modeled cases compared to reported cases, the model
assumptions (based on the epidemiological data available at the time) led to increased
transmission in the block compared to confirmed cases (to date). Overall, the differences
tend to cancel out, which implies small expected overall errors for a global trends and totals
in the context of our abstract block and subpopulation model structure, which we reiterate
does not specifically model or fit data to individual countries.
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Table 2 lists the characteristics of the top 10 iterations (out of 100) with very high case
counts for each mOPV2, best nOPV2, and worst nOPVZ2 for the time horizon of the
current 2022—-2026 GPEI Strategic Plan. The specific iteration numbers that appear in the
top 10 differ between scenarios due to the stochastic and dynamic nature of the modeled
exportations. However, the top 10 iterations in each scenario share the property of all
importations and spread involving the 26 high-risk blocks and subpopulations described in
Table 1.

For each of the top 10 iterations listed in Table 2, Figure 2 shows the corresponding modeled
total cases by year (solid lines) compared to the expected value of modeled cVDPV2 cases
based on all 100 stochastic iterations (dashed lines) for the time horizon of the current
2022-2026 GPEI Strategic Plan. The number of cases in each year reflects the path that the
importations take that lead to outbreaks in different subpopulations, with the timing of the
importations into the blocks listed in Table 1 accounting for the peaks in Figure 2 due to
their higher transmission potential and/or lower coverage. Specifically, once cVDPV2 enters
the high Rq blocks that represent conditions like India and Bangladesh (see last column of
Table 2), the transmission spreads extensively such that control would require over 1 billion
doses of filled OPV in the stockpile plus plans and resources to rapidly conduct 0SIAs to
administer the doses, which is beyond the supply capability of the system in the 2022-2026
time horizon. These iterations show a rapid increase in case count, where the high Rg blocks
account for up to 67% of all estimated cases. Earlier modeling observations of this type of
behavior motivated pre-OPV2 cessation modeling to the include OPV restart in those studies
(Duintjer Tebbens et al., 2015; Kalkowska, Pallansch, Cochi, et al., 2021). We observe this
behavior for the mOPV2 or worst nOPV2 scenarios within the short time horizon (2022-26).

For the extended time horizon of 2022-2035, Figure 1(b) shows the distribution of the cases
for the 100 stochastic iterations for each year, and Table 3 and Figure 3 show the comparable
results to those reported in Table 2 and Figure 2. As shown by the doubling of the y-axis
scale for Figure 1(b) compared to Figure 1(a) and the results reported in Table 3, the number
of overall expected cases increases with the extended time horizon. As expected, the specific
iterations in the top 10% of the case counts depend on the timing of when the importations
reach the high transmission settings in Table 1. Similar to Figure 2, the model reaches peaks
of cases in Figure 3 when the cVDPV2 enters the high transmission settings (i.e., blocks
representing conditions like India and Bangladesh summarized in right column of Table 3).
Given the extended time horizon, the peaks become more easily observable for the best
nOPVZ2 scenario compared to short term use of best nOPVZ2in Figure 2. The best nOPV2
scenario requires the extended time horizon to show these effects because the assumptions
for nOPV2 for this scenario reduce the number of importations, and therefore it takes longer
for imported outbreak viruses to reach the high Rg blocks representing conditions like India
and Bangladesh.

4. Discussion

The probability of successfully stopping type 2 transmission only with outbreak response
campaigns of the current quality continues to decline (Kalkowska, Pallansch, Cochi, et al.,
2021; Kalkowska, Pallansch, Wassilak, et al., 2021; Kalkowska, Pallansch, Wilkinson, et
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al., 2021; Kalkowska, Wassilak, Pallansch, et al., 2023). Despite an estimated 6% chance
of needing to restart OPV2 prior to OPV2 cessation (Duintjer Tebbens et al., 2015),

the probability of successful OPV2 cessation continued to drop since 2017 (Kalkowska,
Pallansch, Cochi, et al., 2021; Kalkowska, Pallansch, Wassilak, et al., 2021; Kalkowska,
Pallansch, Wilkinson, et al., 2021; Kalkowska, Wassilak, Pallansch, et al., 2023).

Eradication represents an unforgiving goal (Thompson & Duintjer Tebbens, 2017), which
requires ending all transmission in all areas contemporaneously. Some earlier discussions
of the challenges of eradication focused on the weak links (Barrett, 2003; Barrett, 2009;
Barrett & Hoel, 2007), which modeling studies previously referred to as “under-vaccinated
subpopulations” (Kalkowska et al., 2015; Kalkowska et al., 2014a, 2014b, 2018) and others
currently refer to as populations in “critical” or “consequential” geographies (Independent
Monitoring Board of the Global Polio Eradication Initiative, 2022). As time increases since
the OPV2 cessation, many countries now include large birth cohorts that have not been
exposed to OPV2-related viruses since 2016. The increasing vulnerability of populations to
transmission (Duintjer Tebbens, Hampton, & Thompson, 2016a, 2016b; Duintjer Tebbens,
Hampton, et al., 2018; Duintjer Tebbens, Hampton, Wassilak, et al., 2016) following the
importation of type 2 polioviruses means that responding to outbreaks in these countries
will require very large outbreak response activities involving age groups expanded beyond
the <5-year-old age range. Our results show that in the absence of more timely, larger, and
better outbreak response, and without a concerted effort to raise the intestinal immunity to
type 2 polioviruses in high-risk countries, there is no probability of die out of cVDPV2s
and a risk of uncontrolled type 2 outbreaks, regardless of vaccine choice. This may require
reintroduction of an OPV2 in RI, followed by re-coordination of the cessation of all OPV2
use to achieve cessation of all transmission of type 2 polioviruses.

The results of this analysis come with several limitations. In particular, the model uses
conceptual characterization of global variability using block/subpopulation structure and
the simplified modeling approach used to simulate effective poliovirus introductions
during exportation to new blocks/subpopulations. This simplification allows for faster
simulation times but does not allow for direct comparisons of specific blocks with specific
countries. Moreover, the results depend on available information/assumptions about the
initial conditions as of the end of 2021, expected future policies/actions, the uncertain
properties of nOPV2, the uncertain global political climate affecting outbreak response
activities, and the implicit assumption of unlimited vaccine supplies.

As type 2 transmission continues, our results suggest that the chances of effectively
controlling type 2 poliovirus outbreaks continue to decline. In the model, if any OPV2-
related virus reaches high transmission settings, like some areas of India and Bangladesh,
very high type 2 case counts would likely follow. Recent importations and transmission
of cVDPV2s in high-income countries, including Israel (Zuckerman et al., 2022), the UK
(United Kingdom Department of Health & Social Care, 2022), and the US (Link-Gelles
etal., 2022; Ryerson et al., 2022), confirm that cVDPV transmission can occur even in
countries with high overall reported IPV immunization coverage in communities with low
coverage (Thompson et al., 2012), with paralytic cases possible in these communities.
Countries with relatively lower immunization coverage should expect to fair worse with
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respect to potential case counts, and they should recognize the need for large and high-
quality outbreak responses if they want to keep case counts lower. However, insufficient
quantities of vaccine available for responding to type 2 outbreaks may limit the ability of
countries to respond, as occurred in the past, and in this regard, the situation could prove
more challenging than what we modeled. These insights may lead to further discussions
about the need to improve the quality of cVDPV2 outbreak response, including changes in
strategy and tactics that make responses more timely, larger, and higher quality (Kalkowska,
Wassilak, Pallansch, et al., 2023). Discussions could also begin to consider the appropriate
triggers to preemptively restart OPV2 use in Rl and potentially in preventive SIAs in low
coverage setting in some OPV-using countries.
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Table 2.
Characteristics of the high case iterations (ordered by number of cDPV2 cases) for the period of 2022-2026
for
(a) mOPV2

% cases in high

% cases in low R1

% cases in blocks

Number of Number of affected i representing high
Iteration index cVDPV?2 cases subpopulations Ry blocks coverage blocks* transmission areas
23 44,125 197 80 36 54
55 43,054 182 71 49 40
80 41,443 180 75 42 56
5 39,823 173 81 46 56
93 38,616 159 7 43 51
45 38,191 177 75 40 53
87 37,616 124 58 57 16
81 35,092 131 7 43 52
33 34,485 153 87 44 65
57 34,481 124 62 44 46
(b) best nOPV2
% cases in blocks
Number of Number of affected % cases in high | 05 cases in low RI representing high
Iteration index cVDPV?2 cases subpopulations Ry blocks coverage blockst transmission areas’
6 26,209 119 75 32 50
9 25,119 101 95 70 43
100 23,682 103 65 61 35
3 23,222 100 87 52 76
66 17,634 73 76 45 50
5 16,860 74 68 84 0
64 14,947 78 53 67 0
98 14,278 90 26 29 3
94 12,944 52 61 91 4
38 12,585 69 44 64 0
(c) worst nOPV2
% cases in blocks
Number of Number of affected % cases in high | 05 cases in low RI representing high
Iteration index cVDPV2 cases subpopulations Ro blocks coverage blocks™ transmission areas®
94 51,270 184 58 46 27
55 50,683 182 67 53 36
6 48,882 179 82 48 52
23 47,918 185 75 39 52
34 46,464 152 60 60 23
66 45,035 160 72 47 48
84 44,178 144 59 54 20
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(a) mOPV2

% cases in high

% cases in low R1

% cases in blocks

Number of Number of affected i representing high
Iteration index cVDPV?2 cases subpopulations R blocks coverage blockst transmission areas
33 43,770 172 76 35 67
100 43,390 132 79 60 43
9 41,759 128 84 55 51
Notes:
*
R0210;

+
RI coverage <0.3,

#blocks 47-58, 68-69 indicated in Table 1

Abbreviations: cVDPV?2, type 2 circulating vaccine-derived polioviruses; type 2 monovalent OPV; nOPV2, type 2 novel OPV; OPV, oral poliovirus
vaccine; R, basic reproduction number; RI, routine immunization
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Table 3.
Characteristics of the high case iterations (ordered by number of cDPV2 cases) for the period of 2022-2035
for
(a) mOPV2

% cases in high

% cases in low R1

% cases in blocks

Number of Number of affected i representing high
Iteration index cVDPV?2 cases subpopulations Ry blocks coverage blocks* transmission areas
37 169,097 422 46 40 29
15 157,579 413 49 41 31
30 155,526 388 52 38 37
95 148,077 378 51 35 33
53 147,021 325 58 48 36
52 145,936 310 55 46 34
100 142,682 395 48 41 30
62 142,629 362 56 47 38
22 142,520 398 51 40 29
13 140,721 372 56 40 39
(b) best nOPV2
% cases in blocks
Number of Number of affected % cases in high | 05 cases in low RI representing high
Iteration index cVDPV?2 cases subpopulations Ry blocks coverage blockst transmission areas’
8 127,392 397 51 43 34
58 124,342 355 57 38 42
18 114,699 311 66 25 58
56 109,374 295 58 35 46
62 107,518 352 44 34 34
72 107,213 318 67 47 44
26 97,413 243 57 39 42
86 96,213 263 7 36 64
37 94,151 277 67 39 47
6 86,348 330 49 32 31
(c) worst nOPV2
% cases in blocks
Number of Number of affected % cases in high | 05 cases in low RI representing high
Iteration index cVDPV2 cases subpopulations Ro blocks coverage blocks™ transmission areas®
16 191,122 442 53 38 35
15 188,336 457 52 41 34
73 185,292 418 54 40 35
74 181,006 438 49 40 29
13 179,567 454 52 40 33
21 179,088 409 56 41 35
8 177,033 428 51 41 32
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(a) mOPV2

% cases in high

% cases in low R1

% cases in blocks

Number of Number of affected i representing high
Iteration index cVDPV?2 cases subpopulations R blocks coverage blockst transmission areas
24 174,137 443 51 40 32
31 170,745 419 53 36 36
22 168,351 371 54 36 37
Notes:
*
R0210;

+
RI coverage <0.3,

#blocks 47-58, 68-69 indicated in Table 1

Abbreviations: cVDPV?2, type 2 circulating vaccine-derived polioviruses; type 2 monovalent OPV; nOPV2, type 2 novel OPV; OPV, oral poliovirus
vaccine; R, basic reproduction number; RI, routine immunization
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