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Abstract

Delays in achieving polio eradication have led to ongoing risks of poliovirus importations 

that may cause outbreaks in polio-free countries. Because of the low, but non-zero risk of 

paralysis with oral poliovirus vaccines (OPVs), countries that achieve and maintain high national 

routine immunization coverage have increasingly shifted to exclusive use of inactivated poliovirus 

vaccine (IPV) for all preventive immunizations. However, immunization coverage within countries 

varies, with under-vaccinated subpopulations potentially able to sustain transmission of imported 

polioviruses and experience local outbreaks. Due to its cost, ease-of-use, and ability to induce 

mucosal immunity, using OPV as an outbreak control measure offers a more cost-effective 

option in countries in which OPV remains in use. However, recent polio outbreaks in IPV-only 

countries raise questions about whether and when IPV use for outbreak response may fail to 

stop poliovirus transmission and what consequences may follow from using OPV for outbreak 

response in these countries. We systematically reviewed the literature to identify modeling studies 

that explored the use of IPV for outbreak response in IPV-only countries. In addition, applying 

a model of the 2022 type 2 poliovirus outbreak in New York, we characterized the implications 

of using different OPV formulations for outbreak response instead of IPV. We also explored the 

hypothetical scenario of the same outbreak except for type 1 poliovirus instead of type 2. We find 

that using IPV for outbreak response will likely only stop outbreaks for polioviruses of relatively 

low transmission potential in countries with very high overall immunization coverage, seasonal 

transmission dynamics, and only if IPV immunization interventions reach some unvaccinated 

individuals. Using OPV for outbreak response in IPV-only countries poses substantial risks and 

challenges that require careful consideration, but may represent an option to consider for some 
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outbreaks in some populations depending on the properties of the available vaccines and coverage 

attainable.
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1. Introduction

In mid-2022, the United States (US) reported a case of paralytic poliomyelitis caused by 

a circulating vaccine-derived poliovirus type 2 (cVDPV2) that resulted from transmission 

in New York State (NYS) [1]. The NYS outbreak was genetically and temporally linked to 

related poliovirus transmission in the United Kingdom (UK) [2] and Israel [3], as well as a 

limited wastewater signal in Canada [4].

In countries that achieve high overall poliovirus vaccine coverage in routine immunization 

(RI), the rarity of polio outbreaks (i.e., sustained transmission of imported polioviruses [5]) 

limits the need for substantial investments in re-evaluating poliovirus outbreak response 

plans [6]. In addition, the variable characteristics of under-vaccinated communities and 

imported polioviruses limit the utility of generic outbreak response plans. However, all 

countries with under-vaccinated communities remain susceptible to sustained poliovirus 

transmission following importations, including polio-free countries that use only inactivated 

poliovirus vaccine (IPV) [7–9]. In response to the NYS outbreak, local, state, and national 

public health authorities appropriately emphasized the need for immunization activities 

using IPV to boost immunity against polio in the under-vaccinated populations [1, 10–

12]. In addition, NYS public health jurisdictions, in conjunction with the US Centers 

for Disease Control and Prevention (CDC), took advantage of an existing wastewater 

surveillance platform for SARS-CoV-2 and began to monitor the scope and extent of 

poliovirus transmission by testing residual specimens for poliovirus [10–12].

Uncertainty about the origin of the NYS outbreak and genetic linkage of the outbreak virus 

to detections in UK, Israel, and Canada raised broad questions about the global experience 

with outbreak response in IPV-only countries and the use of IPV for outbreak response 

following importations [6, 13]. It also led to questions about the potential need to stockpile 

and use oral poliovirus vaccine (OPV) in the US for outbreak response, which public health 

authorities debated after the US shifted from Sabin OPV to IPV in 2000 [14]. Reintroduction 

of any OPV in the US now, for any purpose, would likely face significant regulatory 

challenges and an uncertain risk-benefit profile [15]. However, recent development [16] 

and widespread use of novel type 2 OPV for global response to cVDPV2 outbreaks under 

a World Health Organization emergency use listing increases the complexity of an OPV 

option [17].

The availability of numerous fundamentally different types and formulations of poliovirus 

vaccines adds substantial complexity to the polio outbreak response landscape [18, 19]. 

Live, attenuated OPVs (including Sabin and novel OPVs) are delivered easily by mouth, 

and come with the benefits of lower cost and the ability to spread secondarily to induce 
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and boost both humoral and mucosal immunity in individuals beyond vaccine recipients [20, 

21]. However, OPV use also comes with the very low, but non-zero risks of cases from 

vaccine-associated paralytic polio (VAPP) reported by OPV recipients or their close contacts 

as well as cases from vaccine-derived polioviruses (VDPVs) [18, 22, 23] reported due to 

ongoing transmission of OPV strains. These risks motivated countries like the US to stop 

using OPV. In contrast to OPV, IPV requires an injection, only induces humoral immunity, 

and does not spread beyond the recipient, or come with VAPP or VDPV risks [18, 20, 

21]. The development of novel OPVs, combination vaccines that include IPV, and different 

options for vaccination strategies further complicate decision making about vaccine choices 

[16, 19, 24, 25].

Poliovirus outbreaks can occur following the importation of a live poliovirus (wild type 

or a vaccine strain) into populations that previously stopped transmission but failed to 

maintain sufficient preventive immunization coverage, including IPV-only countries [6, 13, 

26]. Typically, identification of an outbreak follows the detection of at least one clinical 

case of paralytic poliomyelitis (polio for short) with evidence of local transmission, and 

more recently, the detection of positive environmental samples with evidence of local 

transmission [5]. However, detecting poliovirus transmission in polio-free countries that 

do not maintain routine clinical (i.e., acute flaccid paralysis or acute flaccid myelitis) 

or environmental (e.g., wastewater) surveillance systems can be challenging and largely 

depends on the identification of a potential case by an alert clinical provider followed 

by laboratory confirmation. Identification of sustained poliovirus transmission is further 

complicated by the fact that only a small fraction of individuals with no prior immunity who 

become infected will present with polio due to the relatively low paralysis-to-infection ratio 

for all poliovirus types [27]. Meanwhile, all infected individuals, including those with prior 

immunity, can potentially transmit the virus [8, 28]. Importantly, individuals with immunity 

induced only by IPV lack significant mucosal immunity and can participate substantially in 

transmission upon their first exposure to a live poliovirus [20, 21]. In addition, the existence 

of three different stable serotypes of polioviruses (i.e., types 1, 2, and 3) with different 

epidemiological and clinical behavior necessitates concurrent immunity and management of 

all the three poliovirus types [28]. Outbreaks of cocirculating poliovirus types represent an 

increasing global concern [29] and can make public health authorities face the challenges of 

managing cocirculation of two different polioviruses using two different OPV formulations 

at the same time [30]. In addition, recent modeling identified increasing risks of type 1 

cVDPVs (cVDPV1s) [31], which increasingly affect areas that remained free from cases 

caused by poliovirus transmission for well over a decade (e.g., Peru [32]) and now account 

for more reported type 1 cases than those caused by type 1 wild polioviruses.

As countries reduced and ended their transmission of indigenous wild polioviruses (WPVs), 

they occasionally reported polio cases due to outbreaks and were forced to consider 

immunization options for outbreak response [26]. In addition, as VAPP risks began to 

exceed WPV risks in countries that achieved very high RI coverage, many of these countries 

began to mitigate VAPP risks by using IPV first (i.e., IPV/OPV sequential schedules). For 

example, the US started with IPV fields trials in 1954 and licensure in 1955, then switched 

to OPV in the 1960s after its licensure, then shifted to IPV/OPV in 1997, and finally moved 

to IPV-only in 2000 [7, 33]. Other countries have similarly shifted to IPV-only after a 
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period of using OPV and a few countries never used OPV for RI [6]. National and global 

discussions related to shifting to IPV-only for RI included vaccine preferences for outbreak 

response and the potential need for vaccines stockpiles [34]. Over time, the Global Polio 

Eradication Initiative (GPEI) outbreak response standard operating procedures evolved with 

the changing landscape of polio eradication and the development of new vaccine options [5, 

35–39].

In the complex global polio eradication landscape, modeling studies are critical in assessing 

risks, benefits, costs and outcomes of various policy options. Recent discussions of the 

mixed epidemiological experience with IPV for outbreak response in both IPV-only and 

OPV-using countries [6, 13], did not include a review of insights from modeling studies 

that explored the use of IPV for outbreak response. In addition, the recent experience with 

polio transmission in under-vaccinated populations in high-income countries such as the US 

and UK that use IPV-only raised questions about the impacts and trade-offs of IPV versus 

OPV for outbreak response. As such, we sought to characterize outbreak response in such 

countries through a literature review, and application of an established global poliovirus 

transmission and OPV evolution model tailored for modeling the 2022–2023 NYS outbreak.

2. Methods

Review of published literature

We identified modeling studies of outbreak response that included IPV use from a prior 

systematic review of polio modeling literature for studies published between January 1, 

2000 and Dec 31, 2019 [40]. We also performed a new search of the biomedical literature 

published between January 1, 2020, and August 1, 2023, to identify additional relevant 

papers published since the previous review. We performed the search by executing the 

following query in PubMed: “polio*”[Title/Abstract] AND “model*”[Title/Abstract] AND 

“English”[Language] AND 2020/01/01:2023/08/01[Date - Publication]. We reviewed the 

resulting 257 records to identify modeling studies that met the inclusion criteria for the prior 

systematic review [40] and had one or more areas of focus on the use of IPV for poliovirus 

outbreak response.

In our literature review, we included studies that performed transmission modeling and/or 

health economic analysis that specifically used IPV in outbreak response as an intervention. 

We categorized these studies by publication years and as specific to an IPV-only setting or 

global (i.e., IPV and/or OPV use in RI). We extracted overall insights from these analyses 

related to the use of IPV for outbreak response, with emphasis on capturing comparisons 

between IPV and OPV use when reported. Based on this review, we explored the factors 

likely to determine the outcomes from different vaccine options for outbreak response (e.g., 

characteristics of the outbreak population, poliovirus type, etc.).

IPV versus OPV for outbreak response in New York State

We applied our model of th0065 2022–2023 polio outbreak in NYS [9], which distributes 

the population of the State into outbreak counties (O, i.e., Rockland, Orange, Sullivan, and 

Kings) and non-outbreak counties (N, i.e., all others). We further divided each of these 
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into one general (i.e., OG and NG) and one under-0076accinated subpopulation (i.e., OU 

and NU). The general subpopulations represent the well-vaccinated communities reflective 

of the high overall reported routine immunization coverage, while the under-vaccinated 

subpopulations reflect the communities with substantially lower coverage [9]. We modeled 

the base case assumption for seasonal fluctuation (i.e., amplitude of 35%) and three mixing 

scenarios related to the level of isolation of the 4 subpopulations. As detailed previously 

[9], the no isolation mixing scenario assumes that all 4 subpopulations mix, with 95% 

of contacts coming from the two subpopulations of the same vaccination levels, while 

the remaining 5% of contacts come from both of the other two subpopulations. The 

subpopulation isolation mixing scenario assumes that the under-vaccinated subpopulations 

remain isolated from the general subpopulations, but mix proportionately between 

themselves. The partial isolation mixing scenario assumes that 95% of contacts come from 

each under-vaccinated subpopulation with itself, while the remaining 5% come only from 

the two general subpopulations (see supplemental Table S2 in [9]). These different scenarios 

reflect various options for exploring the implications of the uncertain actual mixing at the 

level of abstraction used in our model, for which the partial isolation mixing scenario 

provides the most likely approximation to the actual circumstances in NYS.

In the current analysis, we explore the implications of the hypothetical counterfactual 

scenario of using type 2 OPV (OPV2) to respond to the cVDPV2 outbreak instead of the 

actual outbreak response in NYS that used IPV. For consistency with recent prior analyses 

[30, 31], we consider the options of using Sabin monovalent OPV2 (mOPV2) or novel 

OPV2 (nOPV2) using two nOPV2 bounding case assumptions. Specifically, the best nOPV2 
bounding scenario assumes the same effectiveness as mOPV2, but with no risk of VAPP, 

and no reversion to neurovirulence, while worst nOPV2 bounding assumes less effectiveness 

of nOPV2 than mOPV2 some reversion to neurovirulence, and some potential to create 

long-term excreters [30, 31]. Increasingly available field experience [23, 41–43] suggests 

that the actual nOPV2 performance is bound by these two extremes. For all scenarios, we 

assume the same number of vaccine doses and same timing of their use as occurred with IPV 

in 2022 for the incremental outbreak response in NYS [9]. Thus, we hypothetically assume 

that the response includes only a fixed, very small number of doses. All other model details 

and inputs are as previously described [9].

Recent global modeling highlighted the potential for increasing risks of type 1 cVDPVs 

(cVDPV1s) [30, 31], which implies future threats of importations of cVDPV1s into the US. 

Given this risk and the significantly higher transmissibility and neurovirulence of type 1 

(see Table S1 in [9], which reports the model inputs for paralysis-to-infection ratios, average 

basic reproductive numbers (R0), and relative R0 values for different types and strains of 

polioviruses), we also consider the hypothetical importation of a type 1 outbreak poliovirus 

instead of the actual importation of the vaccine-derived type 2 virus in 2022 in NYS. For 

this analysis, we use an identical modeling approach as described above, and import a type 

1 poliovirus into the population instead of type 2, which implies different properties for the 

outbreak virus itself and some type-specific differences in the population immunity [28]. For 

this analysis, we similarly consider outbreak response with IPV as was done in NYS, as well 

as counterfactual responses with Sabin type 1 monovalent OPV (mOPV1), or theoretical 

type 1 nOPV (i.e., best nOPV1 and worst nOPV1) for which we assume bounding properties 
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based on prior studies, as described for type 2 above [30, 31]. We assume the same timing 

and number of outbreak response doses to provide direct comparison between types 1 and 2.

3. Results

Review of published literature

We identified 12 published modeling papers relevant to IPV use in outbreak response. This 

included 10 studies [14, 44–52] out of 476 modeling papers from the prior systematic 

review [40] and 2 studies [53, 54] out of 46 modeling papers published since 2020 that we 

identified through the current search. Table 1 provides the publication year, category, and 

brief summary of findings for each of these studies.

We identified only 3 prior studies that modeled IPV use for outbreak response in IPV-only 

countries [14, 46, 48]. Jenkins and Modlin presented a decision analysis for outbreak 

response in the US considering various formulations and schedules for IPV and OPV, and 

identified type-specific monovalent OPV as the likely preferred vaccine due to its ability 

to induce more robust immunity, if available for use [14]. Kalkowska et al. simulated the 

2013 wild poliovirus type 1 outbreak in Israel, which included an initial IPV response and 

then bivalent OPV (bOPV, containing types 1 and 3), demonstrating the ability of earlier 

bOPV use to shut down the outbreak more quickly [46]. Dénes and Székely showed that 

the ability of IPV to stop transmission, when used to respond to re-emergence of polio due 

to immigration from OPV-using regions of the world into IPV-only European countries, 

depends on sufficiently high IPV coverage in the outbreak country [48].

Three other studies addressed the use of IPV for outbreak response globally. Recognizing 

the need to end cVDPV transmission globally for a successful polio endgame, Wagner and 

Earn modeled a global pulse of IPV to stop cVDPVs as a potential strategy to manage 

all cVDPV outbreaks simultaneously [44]. McCarthy et al. focused on the role of IPV in 

RI and suggested that using IPV in outbreak response campaigns could help to increase 

immunity during outbreaks in some settings [50]. Following the early global experience with 

COVID-19 response, Thompson et al. compared the different properties of IPV and different 

formulations of OPV (Sabin and novel) to respond to the hypothetical emergence of new 

pandemic-like polioviruses [54].

Several other studies modeled the use of IPV for outbreak response after globally-

coordinated cessation of homotypic OPV use (a stated goal of the GPEI), with the explicit 

assumption that OPV use for outbreak response from global stockpiles would end after 

a period of 5 or 8 years [45, 47, 49, 51–53]. Of note, Duintjer Tebbens and Thompson 

suggested that the poor cost-effectiveness and potentially limited vaccine supply in the 

global market make IPV economically unattractive for high-risk settings, in which IPV 

does not significantly affect transmission [49]. More recently, however, the development 

of nOPV2 and its preferential use for outbreak response in the foreseeable future in 

OPV-using countries led integrated global modeling studies to no longer include IPV for 

outbreak response in those countries [30, 31, 55, 56]. Overall, the limited number of 

published modeling studies found marginal effectiveness of IPV use for outbreak response 

and identified OPV use as more cost-effective, if available [14, 45, 47, 49, 51–53].
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IPV versus OPV for outbreak response in New York State

Recent modeling of IPV use for outbreak response in NYS [9] facilitates modeling other 

vaccine options in this setting, including comparisons between IPV and OPV presented 

here. Figure 1 shows the expected new infections over time for the cVDPV2 outbreak 

with different mixing assumptions and types of vaccine. The no response curves provide 

a bounding scenario for what to expect in the absence of any outbreak response, and 

the IPV curves represent the actual response to the NYS outbreak as detailed previously 

[9]. For all vaccine options modeled, transmission of the outbreak virus ended during the 

modeled time horizon. Modeling found that the use of OPV2 for the NYS outbreak would 

likely have ended the transmission of the outbreak viruses several months earlier than IPV. 

However, the introduction of OPV2 would have come with substantial regulatory obstacles 

and identifiable risks to individual vaccine recipients and the population (i.e., VAPP, 

immunodeficiency-associated VDPVs), as well as potential reputational risks for public 

health authorities. Notably for this outbreak, only the subpopulation mixing scenario and 

the assumption of no response shows sustained transmission over the model time horizon. 

Despite the risks associated with OPV, including the potential for VAPP and seeding of new 

VDPVs, we do not expect either of these two potential negative consequences with the low 

number of OPV model doses delivered. Both the transmission of the outbreak virus and any 

OPV used would present some risk of chronically infecting an individual with a primary 

immunodeficiency, and for the duration of the outbreak, any circulating polioviruses could 

introduce transmission in other areas. Table 2 shows the low expected burden of polio cases, 

which reflects the high level of routine IPV coverage and relatively low transmissibility and 

neurovirulence of the type 2 outbreak virus.

In contrast to the type 2 outbreak, if the NYS introduction in 2022 had involved a type 

1 poliovirus (instead of type 2), then the outbreak would have led to substantially more 

expected new infections (note much higher y-axis values for Figure 2 than Figure 1 and 

higher expected cases for type 1 than type 2 in Table 1). This reflects the relatively greater 

transmissibility and neurovirulence of type 1 than type 2. For this hypothetical modeled 

outbreak, with the small number of outbreak response doses used, only availability and use 

of a theoretical vaccine with the characteristics of best nOPV1 would stop all transmission 

of the outbreak virus with the small number of doses used. However, for this analysis, we 

did not increase the size of the outbreak response or number of doses or explore other 

interventions, despite the likelihood that the greater extent of transmission and larger number 

of expected cases could potentially lead to a larger response if it increased demand for 

vaccination from un(der)vaccinated individuals. The introduction of a type 1 poliovirus 

poses a substantially greater risk of sustained transmission and paralysis than the cVDPV2 

virus introduced in 2022. Since we simulated the possibility of a type 1 outbreak instead of 

the type 2 outbreak that occurred, this differs from simulation of the introduction of a type 1 

poliovirus into the same population now.

4. Discussion

The use of IPV with high coverage in RI successfully prevents most imported polioviruses 

from restarting transmission and IPV use in outbreak response successfully stops some 
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poliovirus outbreaks in IPV-only countries. Although the actual immunization thresholds 

required to stop poliovirus transmission depend on the poliovirus type as well as the 

outbreak population size, density, hygiene, mixing, and other characteristics, this analysis 

provides some insights. IPV will likely only stop outbreaks in IPV-only using countries with 

high overall immunization coverage (i.e., no or relatively small un(der)vaccinated outbreak 

subpopulations), for polioviruses with relatively low transmission potential, favorable 

seasonal transmission dynamics, and immunization interventions that reach some of the 

un(der)vaccinated individuals. Existing literature and the new results presented here suggest 

that for some outbreaks in IPV-only countries, public health authorities could consider OPV, 

while recognizing that any OPV (including nOPV) would come with real, albeit potentially 

statistically small risks of polio cases.

Considering the recent epidemiological experience with outbreaks of genetically linked 

poliovirus transmission in the US, UK, and Israel in 2022–2023, we see different situations 

and outcomes. The UK did not report any paralytic polio cases, but it responded with 

IPV and the transmission likely died out, since there have been no wastewater detections 

since November 2022 as of May 2023 [57]. The US identified the transmission after the 

detection of a case, and it responded with IPV [9]. It appears the cVDPV2 transmission 

in NYS may have died out based on no wastewater detections since February 2023 as of 

December 2023 [58]. Israel responded with IPV and it continues to offer supplemental 

immunization to reach under-vaccinated populations as well as to monitor the outbreak with 

its longstanding wastewater poliovirus surveillance system [59]. Israel reported a polio case 

from this outbreak and its last positive detection in February 2023 [29].

In Israel, the recent experience with cVDPV2s contrasts with prior experience of a WPV1 

outbreak in 2013, which led to use of OPV for outbreak response when IPV did not appear 

sufficient to stop the WPV1 transmission [46, 60–62]. Notably, following that outbreak, 

Israel reintroduced bOPV into its RI as part of a sequential IPV/OPV schedule [63], a 

practice that continues to date [64]. Restart of bOPV in Israel occurred after significant legal 

and ethical questions were raised and these eventually escalated to its Supreme Court [65, 

66]. Core issues in the discussions included the ethics of asking IPV-vaccinated children to 

receive bOPV to help end the transmission of WPV1 in Israel with full awareness that this 

offered relatively little benefit to them since their receipt of IPV already protected them from 

paralysis. Importantly, Israel only recommended bOPV restart in the setting of a sequential 

IPV-OPV regimen, and Israel did not give OPV to individuals until and after they received 

IPV.

Although the US, UK and Israel all maintain high coverage with IPV in RI, they differ 

with respect to their population sizes, heterogeneity in immunization coverage, mixing, 

seasonality, and other factors including social and medicolegal structures. Our systematic 

review combined with epidemiological experience [6, 13] demonstrates that multiple factors 

lead to different risks with respect to the potential for sustained transmission following 

an introduction of a poliovirus into IPV-only countries. Key characteristics include the 

transmission potential of the imported poliovirus into the specific population (e.g., type, 

strain, transmission dynamics, and other factors), and the level and nature of immunity prior 

to the importation.
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The results of this analysis come with limitations related to our modeling choices. Most 

notably, we did not explore all possible under-vaccinated communities in the US or other 

IPV-only countries, and we limited this analysis to assuming the same conditions and scale 

of intervention associated with the recent NYS outbreak, which included relatively low 

uptake of vaccines by unvaccinated individuals. We used an existing deterministic model 

for which this analysis includes the same limitations as previously discussed in detail [9]. 

Moreover, this analysis assumes bounding scenarios for effectiveness of nOPV in place of 

yet unknown potential future characteristics of nOPV1 and confirmed effects of nOPV2 

when used on a large scale. In addition, we did not consider all possible conditions of a 

potential outbreak in NYS. We rely on modeling to demonstrate concepts and to inform 

decisions, but conditions in specific outbreaks will determine outcomes.

While IPV-only countries to date demonstrated that they will likely respond to polio 

outbreaks (and potentially to sufficient environmental signals of poliovirus transmission) 

with IPV, this analysis and some prior experience suggests that some countries may prefer 

using OPV for some outbreaks. For example, the outbreak community could view OPV 

as more acceptable due to its ease of delivery and/or OPV could represents the only 

option for achieving sufficiently high coverage rapidly in the context of a circulating 

more virulent outbreak virus. However, compounding the risks of OPV use, we foresee 

substantial challenges that require careful consideration prior to OPV use in IPV-only 

countries, particularly since countries like the US ended all licensed use of OPV due to 

its risks [67]. Historically, VAPP risks from OPV use contributed substantial motivation 

for the development of the US Vaccine Injury Compensation Program [68]. In addition 

to licensed vaccine availability, concerns about the potential risks and uncertainties about 

the potential benefits may reduce the level of coverage and therefore outbreak response 

effectiveness. The acceptability of receiving OPV by the at-risk population will determine its 

ability to stop transmission, and low uptake could prove ineffective at stopping the outbreak 

virus. In spite of the current research use of OPV in the US for clinical trials related 

to the development of novel OPVs (e.g., ClinicalTrials.gov identifiers NCT04529538 and 

NCT04544787), uncertainty remains about whether these novel vaccines would gain public 

acceptance and receive licensure for outbreak response in the US. Achieving sufficiently 

high coverage to stop transmission of an outbreak poliovirus with any polio vaccine will 

ultimately depend on the acceptability of the vaccine to recipients and perceptions about 

the risk-benefit trade-offs for the specific outbreak. Recognizing that increasing population 

immunity prior to importations of polioviruses remains an opportunity for risk management, 

the US updated its vaccine recommendations in June 2023 to include a primary polio 

vaccination series with IPV for all U.S. adults aged ≥18 years who are known or suspected 

to be unvaccinated or incompletely vaccinated against polio [69].
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Figure 1: 
Monthly expected new infections for the 2022 New York State type 2 polio outbreak 

assuming the same number of doses of different polio vaccine options for outbreak response 

(or no response) for different mixing scenarios. A: Subpopulation isolation assumes that 

the under-vaccinated subpopulations remain isolated from the general subpopulations, but 

mix proportionately between themselves. B: No isolation assumes that all 4 subpopulations 

mix, with 95% of contacts coming from the two subpopulations of the same vaccination 

levels, while the remaining 5% of contacts come from both of the other two subpopulations. 

C: Partial isolation assumes that 95% of contacts come from each under-vaccinated 

subpopulation with itself, while the remaining 5% come only from the two general 

subpopulations. The results show that the use of any OPV2 formulation reduces the expected 

numbers of new infections and ends the outbreak transmission more quickly (curves shifted 

down and to the left), with best nOPV2 providing the most effective outbreak response.
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Figure 2: 
Monthly expected new infections for a modeled hypothetical type 1 poliovirus outbreak 

resulting from importation identical to the 2022 New York State polio outbreak (except 

type 1 instead of type 2) and assuming the same number of doses of different polio 

vaccine options for outbreak response (or no response) for different mixing scenarios. A: 

Subpopulation isolation assumes that the under-vaccinated subpopulations remain isolated 

from the general subpopulations, but mix proportionately between themselves. B: No 

isolation assumes that all 4 subpopulations mix, with 95% of contacts coming from the 

two subpopulations of the same vaccination levels, while the remaining 5% of contacts 

come from both of the other two subpopulations. C: Partial isolation assumes that 95% of 

contacts come from each under-vaccinated subpopulation with itself, while the remaining 

5% come only from the two general subpopulations. The results show that the use of any 
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OPV1 formulation reduces the expected numbers of new infections, with hypothetical best 

nOPV1 providing the only option that ends transmission during the modeled time horizon.
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Table 1:

Summary of modeling literature with at least one area of focus on the use of IPV for poliovirus outbreak 

response

Year [Ref] Category Description

2006 [14]
IPV-only country 
(US)

US decision analysis for outbreak response considering both OPV and IPV, recommended OPV use if 
available

2008 [44] Global
Global pulse of IPV to stop cVDPVs identified as a potential strategy to deal with global cVDPV 
outbreaks and achieve eradication

2015 [45] Global

IPV response to any outbreaks that occur 5 or more years after globally-coordinated homotypic OPV 
cessation assuming OPV use no longer available and risks of OPV cessation failure necessitating OPV 
restart

2015 [46]
IPV-only country 
(Israel)

IPV use in 2013 Israel outbreak response baseline and demonstration of faster stop of transmission 
with earlier bOPV use

2016 [47] Global
IPV response in IPV/OPV ring strategy with mixed results and 5 or more years after homotypic OPV 
cessation

2017 [48]
IPV-only country 
(hypothetical)

IPV immunization of immigrants coming from OPV-using countries to stop transmission, success 
depends on IPV coverage in the receiving country

2017 [49] Global
Adding IPV use to OPV response compared to OPV alone only marginally effective and not cost-
effective

2017 [50] Global IPV response with OPV may help to increase immunity during outbreaks in some settings

2017 [51] Global

Shift from OPV to IPV for outbreak responses that occur starting at different numbers of years after 
globally-coordinated homotypic OPV cessation show larger risks of OPV restart with earlier shift to 
IPV

2018 [52] Global IPV use for outbreak response 5 or more years after globally-coordinated homotypic OPV cessation

2021 [53] Global
IPV response 8 or more years after the tOPV-bOPV switch and 5 or more years after planned bOPV 
cessation showing increased risks of OPV2 restart

2021 [54] Global (hypothetical) IPV use to respond to hypothetical emergence of new pandemic-like poliovirus

Abbreviations: IPV, inactivated poliovirus vaccine; OPV, oral poliovirus vaccine; OPV2, type 2 OPV; cVDPV, circulating vaccine-derived 
poliovirus
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Table 2:

Expected paralytic cases under different model mixing scenarios for an outbreak like the New York State 

2022–2023 type 2 circulating vaccine-derived poliovirus (cVDPV2) (or hypothetical type 1) using different 

formulations of poliovirus vaccines for outbreak response

Modeled cVDPV2 cases Modeled cVPDV1 cases

Vaccine used for 
outbreak response IPV None mOPV2 nOPV2 best nOPV2 

worst IPV None mOPV1 nOPV1 best nOPV1 
worst

Subpopulation 
isolation 0.88 1.89 0.64 0.55 0.67 56 65 45 22 47

No isolation 0.64 0.86 0.51 0.44 0.53 130 179 91 26 97

Partial isolation 0.35 0.39 0.30 0.27 0.31 36 163 23 11 25

Abbreviations: IPV, inactivated poliovirus vaccine; OPV, oral poliovirus vaccine; mOPV, monovalent OPV (specific for each type), nOPV, novel 
OPV (specific for each type, see text for characteristics of nOPV best and nOPV worst)
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