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Abstract

Background: Trivalent oral poliovirus vaccine (tOPV) was globally replaced with bivalent oral 

poliovirus vaccine (bOPV) in April 2016 (“the switch”). Many outbreaks of paralytic poliomyelitis 

associated with type 2 circulating vaccine-derived poliovirus (cVDPV2) have been reported since 

this time. The Global Polio Eradication Initiative (GPEI) developed standard operating procedures 

(SOPs) to guide countries experiencing cVDPV2 outbreaks to implement timely and effective 

outbreak response (OBR). To assess the possible role of compliance with SOPs in successfully 

stopping cVDPV2 outbreaks, we analyzed data on critical timelines in the OBR process.

Methods: Data were collected on all cVDPV2 outbreaks detected for the period April 1, 2016 

and December 31, 2020 and all outbreak responses to those outbreaks between April 1, 2016 and 
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December 31, 2021. We conducted secondary data analysis using the GPEI Polio Information 

System database, records from the U.S. Centers for Disease Control and Prevention Polio 

Laboratory, and meeting minutes of the monovalent OPV2 (mOPV2) Advisory Group. Date of 

notification of circulating virus was defined as Day 0 for this analysis. Extracted process variables 

were compared with indicators in the GPEI SOP version 3.1.

Results: One hundred and eleven cVDPV2 outbreaks resulting from 67 distinct cVDPV2 

emergences were reported during April 1, 2016-December 31, 2020, affecting 34 countries across 

four World Health Organization Regions. Out of 65 OBRs with the first large-scale campaign 

(R1) conducted after Day 0, only 12 (18.5%) R1s were conducted by the target of 28 days after 

Day 0. Of the 89 OBRs with the second large-scale campaign (R2) conducted after Day 0, 30 

(33.7%) R2s were conducted by the target of 56 days after Day 0. Twenty-three (31.9%) of the 72 

outbreaks with isolates dated after Day 0 were stopped within the 120-day target.

Conclusion: Since “the switch”, delays in OBR implementation were evident in many countries, 

which may be related to the persistence of cVDPV2 outbreaks >120 days. To achieve timely and 

effective response, countries should follow GPEI OBR guidelines.
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Polio eradication; Oral polio vaccine; Circulating vaccine-derived poliovirus; Polio outbreak 
response

1. Introduction

With the last detected case of type 2 indigenous wild poliovirus (WPV2) in 1999, the 

Global Certification Commission certified WPV2 eradication in 2015. Still, at the time of 

certification, cases of type 2 paralytic poliomyelitis continued due to use of the type 2 oral 

poliovirus vaccine (OPV). To reduce the risk of outbreaks from circulating vaccine-derived 

poliovirus type 2 (cVDPV2) in communities with low vaccination coverage, synchronized 

global replacement of trivalent OPV (tOPV, containing all three serotypes of live Sabin 

stains) with bivalent OPV (bOPV, containing Sabin types 1 and 3) was implemented in April 

2016 (“the switch”) [1]. Following the switch, outbreaks of cVDPV2 associated with use 

of tOPV prior to the switch were detected; this transmission was expected to be stopped 

with two targeted vaccination campaigns using monovalent Sabin OPV type 2 (mOPV2). 

Over the years since the tOPV-bOPV switch, newly seeded outbreaks following mOPV2 

campaigns have emerged in expanding geographies [2].

Outbreaks caused by cVDPVs are characterized by evidence of person-to-person 

transmission in the community, sometimes with prolonged undetected circulation and trans-

boundary international spread, and represent a major threat to polio eradication [3–7]. The 

increasing number of cVDPV2 outbreaks has been ascribed to the reduction in population 

intestinal immunity to poliovirus type 2 among children born after the switch [7] and 

deficiencies in the timeliness, scope, and quality of outbreak response. The Global Polio 

Eradication Initiative (GPEI) and governments of affected countries are responsible for 

stopping these cVDPV2 outbreaks. To offer guidance to these countries, GPEI developed 
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standard operating procedures (SOPs) for timely and effective outbreak response (OBR), 

including supplemental immunization activities (SIAs) [5].

The OBR process commences with the detection and sequence analysis of cVDPV2 by 

laboratories of the Global Polio Laboratory Network and subsequent notification of the 

health authorities of the affected country and World Health Organization (WHO) offices at 

country, regional, and headquarter levels. The International Health Regulations (IHR) (2005) 

stipulate that detections must be immediately reported by national authorities to the IHR 

focal point at the respective WHO regional office [8]. Within 72 h of confirmation of an 

outbreak, the country should declare the outbreak a national public health emergency (PHE), 

complete a risk assessment (RA), and develop a response plan for surveillance, vaccination 

through SIAs, and social mobilization [4].

The development of an RA and response plan is done in coordination with the Outbreak 

Preparedness and Response Team (OPRT; succeeded in 2022 by the Outbreak Response and 

Preparedness Group [ORPG]) of GPEI and WHO regional offices. The purpose of the RA is 

to review virologic and epidemiologic characteristics of the newly detected virus; assess the 

immunization and surveillance performance in the affected geography; determine the level 

of risk for further national or international spread; assess country capacity to implement 

the OBR; and provide a vaccine request for response. The RA and vaccine requests are 

reviewed by the mOPV2 Advisory Group (AG; succeeded by the OPV2 Advisory Group) 

to advise the WHO Director-General (DG) on vaccine release. The AG further advises the 

country on clarifying the RA, especially concerning appropriateness of the OBR with regard 

to geographical scope, timing, and vaccine needs. With the 2019 restart of tOPV production 

for OBR in countries with co-circulation of cVDPV2 and wild poliovirus type 1 (WPV1) or 

cVDPV types 1 or 3, the mOPV2 AG has also advised on release of tOPV since 2019.

The AG then responds to the final RA and OPV2 request with approval or deferral. If 

the AG approves the vaccine request, it recommends to the WHO DG to approve the 

release of mOPV2/tOPV from global stockpiles. When the DG approves the request, the 

UNICEF Supply Division facilitates the release and prompt shipment of OBR vaccine to 

the affected country. Since there is no limit to the number of outbreaks (defined as unique 

genetic emergence groups) that can occur in each country, a given response may address 

one or more outbreaks. As outlined in the SOPs, OBR SIAs should include a rapid response 

vaccination (Round 0 [R0]) followed by two larger-scale high-quality SIAs (Rounds 1 and 2 

[R1 and R2]) and mop-up vaccination as needed within specified timelines. The purpose of 

initiating timely SIAs of sufficient scope and quality is to stop polio outbreaks by Day 120 

after notification of cVDPV2 detection.

Rapid OBR SIAs are critical in controlling cVPDV2 outbreaks by promptly raising type 

2 population immunity. Any break in the chain of OBR steps and timelines following 

notification of virus detection could jeopardize the success of the response, leading to 

ongoing transmission and further spread of the virus. Failure to comply with SOPs could 

occur by delays in notification of test results, approval and shipping of vaccines, or the 

quality of SIA implementation and post-campaign activities. To assess the possible role of 

lack of compliance with the SOPs in the persistence of cVDPV2 outbreaks globally, we 
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analyzed data on critical steps and timelines in the OBR process, starting from notification 

of detection of cVDPV2 to the post-response SIA period, and summarized the success of 

each OBR in stopping transmission by the 120-day target date.

2. Methods

2.1. Data collection

2.1.1. Data sources and definitions—The GPEI Polio Information System (POLIS) 

is a standardized global data depository of all AFP cases and poliovirus detections, key 

surveillance indicators, and OBR activities that is available to all GPEI partners and 

modeling collaborators. POLIS served as the principal source of data used to assess 

compliance of cVDPV2 outbreak response with outbreak response SOPs. Data were 

collected covering the period following the global switch, April 1, 2016-December 31, 

2020. Data collection for the outbreak response period was extended by one year (April 1, 

2016-December 31, 2021) to capture comprehensive response measures and outcomes for 

outbreaks confirmed in late 2020.

Data from POLIS were extracted into an Excel spreadsheet for analysis. Variables extracted 

included country of cVDPV2 detection; genetic emergence group; date of onset or collection 

of first/index poliovirus isolate; date of onset or collection of most recent poliovirus isolate; 

sample source for identification of the first cVDPV2 detection (an AFP case, environmental 

surveillance (ES) sample or community/contact isolate); and number and sample source of 

cVDPV2 viruses detected for each emergence group, outbreak, and country.

Other variables extracted included the number of nucleotide substitutions in the region 

coding for the surface VP1 protein relative to the Sabin parent strain for the index and 

subsequent viruses in an emergence, date of notification of detection of first emergent virus 

to WHO Headquarters, in-country or international spread of the emergent virus, date of 

declaration of PHE, number and dates (beginning and end) of OBR mOPV2/tOPV SIA 

rounds, preparation of type 2 vaccine(s) used during each SIA, and detection of cVDPV2 

isolates 14 days or more following the end of R2 (defined as breakthrough infections). All 

outbreaks were defined on a country basis.

Additional sources of data included records from the U.S. Centers for Disease Control and 

Prevention Polio Laboratory (Atlanta, GA, USA), for date of notification of circulating 

virus; mOPV2 AG meeting minutes, for date of country submission of risk assessments 

and date of AG approval/meetings following RA submissions; and the WHO mOPV2 AG 

Secretariat tracker, for date of mOPV2 approval by the WHO DG.

Genetic emergence groups were defined as cVDPV strains that emerged from OPV use 

and have no relationship to any previously identified VDPVs globally on the basis of virus 

sequence data. The emergence groups were named based on country and first administrative 

level (province, state) of first detection and numbered sequentially as necessary.

An outbreak was characterized as detection of cVDPV2 with community level transmission 

as demonstrated by detection in more than one human or two separate detections from the 
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environment more than 60 days apart, as indicated in the OBR guidelines [5]. A virus or 

viruses identified in a new country but genetically linked to a particular cVDPV2 emergence 

group first identified in another country were classified as a distinct outbreak from the 

same emergence group detected in the original country. The date of first detection of the 

outbreak was determined by either the date of onset of paralysis for the index AFP case, 

or by the date of sample collection for positive ES samples, targeted healthy children, or 

AFP case-contacts. The date of notification of circulating virus was regarded as Day 0 of the 

outbreak (for purposes of OBR) and defined as evidence of person-to-person transmission 

following identification of one or more additional isolates (from AFP cases or ES samples) 

associated with the same VDPV2 emergence or re-classifications of prior ambiguous or 

pending viruses.

The end of an outbreak was considered as 1) the last date of collection of positive ES 

sample or a community member or AFP-contact sample or 2) the date of onset of latest 

AFP case, with at least six months of adequate surveillance indicators. In countries with 

multiple outbreaks, certain response activities were conducted for an existing outbreak 

before new outbreaks were detected in the same geography and generated negative values 

for the time intervals; those negative values were excluded from calculations. All definitions 

are summarized in Table 1.

2.1.2. Source of analysis variables—Variables extracted were compared with SOP 

indicators. During 2015–2020, four versions of the SOPs were released by GPEI; version 1 

was released in 2015 and version 3.1 in 2020. There were no major changes in the indicators 

in updates to version 1; indicators and timelines used here were from version 3.1 relevant to 

the entire reporting period (Table 1).

2.1.3. Definitions of response timelines—The SOPs direct that within three days 

of notification of circulating virus (Day 0), a country should declare a cVDPV2 outbreak 

as a national PHE [5]. However, if WPV1 is endemic in a country, as in Afghanistan and 

Pakistan, a country does not need to declare a separate PHE for the cVDPV2 outbreak. If a 

country is not endemic for WPV1, but cVDPV2 outbreaks are already occurring within its 

borders, and a new emergence or importation occurs, the country can opt to apply a previous 

PHE declaration to the new outbreak.

Before or following a declaration of a PHE, an affected country should draft an RA and 

a vaccine request to respond to the outbreak. If an RA lacks certain key elements, it is 

considered an initial RA and returned to the relevant country team with feedback, and the 

final RA is expected to be resubmitted to the AG within the next 24 h. The AG is to approve 

or defer the final RA and mOPV2 request within 48 h of submission. If the AG approves 

the vaccine request and advises the DG to approve and release mOPV2 or tOPV from global 

stockpiles, the WHO DG is to decide on approval within 24 h. The SOPs further direct that 

R0 should begin by Day 14, R1 should start by Day 28, and R2 should end by Day 56, all as 

counted from the Day 0 notification date.

The operational definition of breakthrough infection has changed over time and been 

inconsistently applied in deliberations. Certain countries regard cVDPV2 isolates detected 
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on or after 14 days following the end of R2 as breakthrough cases, while other countries 

consider isolates detected on or after 21 or 28 days following the end of R2 as breakthrough 

cases. For this study, breakthrough infection was defined as the detection of a cVDPV2 

isolate 14 or more days following the end of R2, as designated in GPEI SOP version 3.1, 

either from AFP cases or from ES samples.

2.1.4. Inclusion and exclusion criteria of SIA response rounds—This study 

evaluated OBR SIAs conducted during April 1, 2016-December 31, 2021, in response to 

cVDPV2 outbreaks occurring during April 1, 2016-December 31, 2020, by date of AFP 

case onset or specimen collection. Response rounds utilizing mOPV2 alone, mOPV2 in 

conjunction with inactivated poliovirus vaccine (IPV), or tOPV in response to concomitant 

WPV1 and cVDPV2 circulation in Afghanistan and Pakistan, were included in the analysis. 

All mOPV2/tOPV SIAs conducted as national immunization days (covering an entire 

country), sub-national immunization days (covering a portion of a country), and case 

responses (campaigns in response to a positive isolate) were included; mOPV2/tOPV 

mopups (small scale immunization activities in areas of poor coverage) were excluded from 

consideration [9]. OBRs to cVDPV1 and cVDPV3 outbreaks are coordinated directly by the 

GPEI ORPG and were not included.

Following the development of the novel type 2 OPV (nOPV2) as a more genetically stable 

alternative to Sabin OPV2, WHO provided Emergency Use Listing for nOPV2 in November 

2020 [10,11]. While countries have subsequently increased the use of nOPV2 to respond to 

cVDPV2 outbreaks since March 2021, the approval and release process for nOPV2 use did 

not follow a similar process. Therefore, the OBR timelines for nOPV2 SIAs are beyond the 

scope of this study.

2.2. Data analysis

Annual incidence and prevalence of cVDPV2 emergences, number of outbreaks by country, 

and the number of viruses detected by sample source were analyzed using Excel. Time 

intervals for each SOP indicator were calculated between Day 0 and milestones specified 

in the SOPs, including dates of OBR rounds (R0, R1, and R2). Descriptive statistics of 

time intervals were calculated, including medians, minimums, maximums, and interquartile 

ranges (IQRs). A complete epidemiologic description of the outbreaks is found in a separate 

publication [7].

3. Results

3.1. Post-switch cVDPV2 emergences, outbreaks, and virus detections

3.1.1. Emergences, outbreaks, and virus detections by year, worldwide—One 

hundred and eleven cVDPV2 outbreaks, resulting from 67 cVDPV2 emergences, were 

reported from 34 countries, with AFP case onset or samples collected during April 1, 

2016-December 31, 2020 (Table 2). Among the 3168 confirmed cVDPV2 viruses that were 

detected during this period, 1614 (51%) were isolated from specimens from AFP cases, 953 

(30%) from ES samples, and 601 (19%) from specimens from healthy community members 

or AFP case-contacts. The largest annual increase in new emergences occurred during 2019 
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with 40 incident emergences in 14 incident countries and affecting five additional countries. 

While only 14 new emergences were detected the following year, 2020 saw the largest 

number of reported isolations (1977), with 1079 (55%) from confirmed AFP case samples, 

612 (31%) from ES samples, and 286 (14%) from specimens taken from healthy community 

members or AFP case-contacts.

3.1.2. Emergences, outbreaks, and virus detections by WHO region—The 

47 emergences, 82 outbreaks, and 1930 viruses detected in 23 countries in the African 

Region accounted for 70.1%, 73.9%, 60.9% and 67.6% of the global post-switch cVDPV2 

emergences, outbreaks, virus detections, and countries affected, respectively (Fig. 1). With 

multiple outbreaks in the Democratic Republic of the Congo (15) and the Central African 

Republic (8), the Central Africa sub-regional block had the largest number of emergences 

(n = 25) and outbreaks (n = 38) within the African Region (Table 3, Fig. 2). Due to the 

large international spread and prolonged transmission of the Nigeria-Jigawa-1 emergence 

(NIE-JIS-1), West Africa accounted for the largest number of viruses (n = 952, 49.3%) and 

countries affected (n = 12) in the African Region.

The Eastern Mediterranean Region experienced the second largest number of cVDPV2 

emergences (n = 18), outbreaks (n = 25), viruses detected (n = 1181), and countries affected 

(n = 7), primarily stemming from the spread of the Pakistan-Gilgit Baltistan-1 emergence 

(PAK-GB-1) across Pakistan and Afghanistan and exportation to the Islamic Republic of 

Iran (positive ES samples, without AFP cases) (Table 3, Fig. 1, Supplementary Table 1). 

The spread of PAK-GB-1 from Afghanistan to Tajikistan resulted in one cVDPV2 outbreak 

in the European Region in 2020. The Western Pacific Region experienced two emergences 

resulting in three outbreaks affecting three countries, with 56 viruses detected.

3.1.3. Outbreaks, cases, and virus detections by country—Post-switch cVDPV2 

outbreaks affected 34 countries across the African, Eastern Mediterranean, European, 

and Western Pacific Regions (Table 3). Among the cVDPV2 outbreak-affected countries, 

seven countries experienced more than three outbreaks during April 2016-December 2020: 

Cameroon (n = 4), Angola (5), Central African Republic (8), Ethiopia (10), Nigeria (12), 

the Democratic Republic of the Congo (15), and Pakistan (15). The remaining 27 countries 

experienced one to three outbreaks during the same period: 16 countries had a single 

outbreak, seven countries had two outbreaks, and four countries had three outbreaks. While 

Afghanistan confronted only three cVDPV2 outbreaks, the country experienced the largest 

number of confirmed AFP cases during the observation period with 308 cases. Other 

countries with more than 100 confirmed AFP cases during this period include Chad (n = 

112), Angola (141), Pakistan (158), and the Democratic Republic of the Congo (211).

3.1.4. Spread and duration of cVDPV2 emergences—Of the 67 unique cVDPV2 

genetic emergences that were detected during April 2016-December 2020, 18 (26.9%) 

spread beyond the country of emergence during this period (Supplementary Table 1). 

NIE-JIS-1 spread to 13 countries outside Nigeria; the Chad-N’Djamena-1 emergence (CHA-

NDJ-1) spread to six other countries; and the PAK-GB-1 emergence spread to three other 

countries. The Angola-Luanda-1 emergence (ANG-LUA-1), the Central African Republic-

Bangui-1 (CAF-BNG-1) emergence, the Somalia-Banadir-1 emergence (SOM-BAN-1), and 
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the Togo-Savanes-1 emergence (TOG-SAV-1) each spread to two other countries. Eleven 

emergences spread to only one country outside the respective country of origin.

NIE-JIS-1 and SOM-BAN-1 exhibited the longest duration of circulation with over 1000 

days between the first and latest isolates by December 31, 2020; both continued to 

circulate in 2021 and 2022. In addition, NIE-JIS-1, with 892 virus isolates, was the 

largest emergence by virus count, given extensive ES in Nigeria. Other emergences with 

over 100 viruses detected by December 31, 2020, included SOM-BAN-1 (101); Angola-

Huila-1 (ANG-HUI-1, 107); Syria-Deir Al-Zour-1 (SYR-DEI-1, 117); Democratic Republic 

of the Congo-Kasai-3 (DRC-KAS-3, 186); Afghanistan-Nangarhar-1 (AFG-NGR-1, 210); 

CHA-NDJ-1 (294); and PAK-GB-1 (616). Outbreaks in countries with ES demonstrated 

proportionally larger virus isolate counts compared with countries with no or limited ES 

(only AFP surveillance detections).

3.2. Outbreak response

3.2.1. Initial responses: timeliness and SOP compliance—Among the 34 

countries that were affected by cVDPV2 outbreaks during 2016–2020, two (Afghanistan 

and Pakistan) were endemic for WPV transmission. Among the 32 affected countries that 

were not WPV-endemic, 27 (84.4%) declared a PHE (Egypt, the Islamic Republic of Iran, 

Republic of the Congo, Sierra Leone, and Tajikistan did not declare cVDPV2 outbreak 

PHEs). While six countries declared PHEs before Day 0 based on preliminary laboratory 

reports, 21 of the 27 countries declared PHEs following Day 0 (notification of circulating 

virus). Of these, a PHE was declared at a median of 16 days after Day 0 (interquartile range 

[IQR] 4 to 63 days), and only five (23.8%) met the target date of 3 days (Tables 4 and 5).

Following submission of the final risk assessment (n = 91) supporting mOPV2/tOPV use, 

the AG generally approved requests the same day (IQR 0–2 days) (Table 4); 71 (78.0%) of 

the requests were approved within the 2-day target (Table 5). Approval from the WHO DG 

for release (n = 68) typically followed AG approval by a median of two days (IQR:1–4) 

(Table 4); 32 (47.1%) were approved by the 1-day target (Table 5).

3.2.2. OBR SIAs: timeliness and SOP compliance—Countries subsequently 

conducted their first SIA at a median of 29.5 days following DG approval (n = 42), with 

the swiftest response two days and the slowest response 227 days following DG approval 

(Table 4). The median times from DG approval to the start of R0 and R1 SIAs were 12 and 

62 days, respectively (Table 4); only 26% and 17% of R0 and R1 SIAs, respectively, were 

started within their respective target dates of 10 and 24 days (Table 5). Various SIAs, such as 

the initial R0 campaigns for Ethiopia-Oromia-3 (ETH-ORO-3) in Ethiopia and NIE-JIS-1 in 

Côte d’Ivoire, were delayed for months following their respective DG approvals in the first 

quarter of 2020 due to disruptions in implementation caused by the COVID-19 pandemic 

[12].

Overall, countries responded to outbreaks with a median of four mOPV2/tOPV SIAs (data 

not shown). The number of OBR SIAs ranged from 0 to 23 (IQR:3–6) and included rounds 

from previous outbreaks covering the same geographical scope, mOPV2 activities with 

concurrent administration of IPV, and tOPV SIAs for outbreaks in Afghanistan and Pakistan.
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Of the 111 outbreaks, 10 (9.0%) were not responded to with mOPV2 nor tOPV, but rather 

IPV or nOPV2 and not covered by the AG process. Therefore, these outbreaks are not 

included in some of the analyses. The SIA response to China-Sichuan-1 (CHN-SIC-1) in 

China (index virus sample collection dated April 18, 2018) included only IPV. Responses to 

nine outbreaks, with dates of first detection during July–December 2020 (index case onset or 

sample collection indicated in parentheses) included only nOPV2 rounds and were delayed 

until March 2021 or later: [ANG-HUI-1 (September 8, 2020), ANG-LUA-1 (October 12, 

2020), and CAF-BNG-1 (December 16, 2020) in Republic of the Congo; CHA-NDJ-1 

in Ethiopia (December 28, 2020); NIE-JIS-1 in Liberia (October 5, 2020); NIE-JIS-1 in 

Senegal (December 24, 2020); NIE-JIS-1 in Sierra Leone (October 27, 2020); PAK-GB-1 in 

Tajikistan (November 22, 2020); and Nigeria-Zamfara State-1 (NIE-ZAS-1) in Nigeria (July 

26, 2020)]. Although the DG had approved the release of mOPV2 for Liberia NIE-JIS-1 and 

Republic of the Congo ANG-HUI-1 in August 2020 and November 2020, respectively, these 

mOPV2 responses were ultimately canceled and amended to nOPV2 responses for March 

2021 (Liberia) and May 2021 (Republic of the Congo).

For 101 (91%) of the 111 outbreaks, mOPV2 or tOPV was used as the OBR vaccine. Most 

of these responses (n = 53, of 101) included all three SOP-suggested initial rounds: R0, R1, 

and R2. The median initial response time for these OBRs, from the start of R0 to the end 

of R2, was 87 days (IQR:60–117) (Table 4). Conversely, 48 outbreaks included only R1 and 

R2 mOPV2 rounds for initial OBR, with a median initial response time, from the start of 

R1 to the end of R2, of 29 days (IQR:17–51) (Table 4). Among the 53 OBRs with rapid 

initial rounds, 26 R0s were conducted after the notification of circulating virus (Day 0) with 

a median of 21.5 days from Day 0 to the start of R0 (IQR:16–32). Only three (11.5%) of 

these 26 responses were conducted within the targeted 14 days of Day 0 (Table 5). Similarly, 

among the 48 OBRs without R0, 30 responses commenced with R1 following Day 0 with 

a median of 90 days from Day 0 to the start of R1 (IQR:29–156); only six (20%) of these 

OBRs complied with the targeted 28-day maximum interval between Day 0 and start of R1. 

Thus, among the 56 OBRs (26 R0 and 30 R1, above) to conduct mOPV2 response rounds 

following Day 0 notification, the median response time from Day 0 to first response was 32 

days (IQR:20–99; Table 4).

In addition to the 56 outbreak responses that included first rounds after Day 0, nine outbreak 

responses included effective R0s preceding Day 0 (due to previous outbreaks in-country) 

and R1s shortly after Day 0. Among these 65 OBRs with R1 conducted after Day 0 (56 

responses after Day 0 and nine with R0 preceding Day 0 but R1 after Day 0), R1 began 

a median of 51 days from Day 0 (IQ:30–95). Among these 65 responses, only 12 (18.5%) 

of R1s were conducted within 28 days from Day 0 (Table 5). The time interval between 

Day 0 and the end of the second large-scale cam paign (R2) was a median of 79 days 

(IQR:38–154) (data not shown). Overall, only 30 (33.7%) of the 89 OBRs with R2 following 

Day 0 were completed by Day 56 (Table 5). Half (8 of 16) of the delays surrounding initial 

rounds conducted more than 100 days after Day 0 stemmed from campaign suspensions in 

the first half of 2020 attributable to the COVID-19 pandemic.

Regarding termination of circulation, the median number of days from Day 0 to last virus 

isolation (as of December 2021) among the 72 outbreaks with first isolates dated after 
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Day 0 was 166.5 (IQR: 106–307 days; range: 11–1248 days); only 23 (31.9%) met the 

120-day GPEI timeline (Table 5). Seven (43.8%) of the 16 applicable OBRs in the Eastern 

Mediterranean Region ceased virus circulation by Day 120, while only 14 (26.9%) of the 52 

applicable outbreak responses in the African Region achieved the same target. Furthermore, 

only 7 (9.7%) of these 72 outbreaks were controlled within 30 days after the 120-day 

timeline for stopping the outbreak, and 18 (25%) of them continued for six months or more 

beyond the target, i.e., past Day 300. Outbreaks with all viruses isolated prior to Day 0 (n 

= 38) (negative values) and with indeterminant dates of Day 0 (n = 1) were excluded from 

these calculations.

Fifty-six (55.4%) of the 101 cVDPV2 outbreaks with an mOPV2 response that began on or 

before December 31, 2020, experienced a breakthrough case 14 days or more following the 

end of R2 requiring additional SIA activities.

4. Discussion

This analysis focused on the timeliness of different steps taken in response to cVDPV2 

outbreaks compared to recommended timelines in the SOPs. The considerable variability 

among and within countries, many with COVID-19-related interruptions, makes it very 

difficult to generalize. Regardless, it is notable that only 34% (30/89) of outbreaks in this 

period achieved the response targets within 56 days, and only 32% (23/72) were able to stop 

outbreaks within the 120-day target (Table 5). Of 30 outbreaks in which response targets 

were met within 56 days, 77% (23/30) were stopped within 120 days. Conversely, when 

response targets were not met within 56 days, 49% (29/59) were stopped within 120 days 

(data not shown).

Five of the listed events (cVDPV-A and NIE-SOS-2 in Nigeria, RDC-HLO-1 in Democratic 

Republic of the Congo, SYR-DEI-1 in Syria, SOM-BAN-1 in Somalia) were outbreaks 

where transmission clearly or possibly began prior to the switch and were only recognized 

after the switch. This lag was expected and was part of the rationale for the creation of the 

mOPV2 stockpile and cVDPV2 OBR SOPs before the switch [13]. Three of five pre-switch 

emergence cVDPV2 outbreaks and two new peri-switch emergences detected during 2016–

2017 were stopped by the end of 2017. This trend began to change in 2018 with the first 

detection of emergences that clearly originated from mOPV2 use. Even with this changing 

epidemiology, newly emerged and detected outbreaks in 2018 were stopped within a year 

with a few notable exceptions. This course changed dramatically in 2019 as characterized by 

many emergences in a small number of countries without a clear link to the use of mOPV2 

in the affected areas, making 2019 the peak year for incident emergences. The reasons for 

this increase in 2019 remain unclear.

The large number of outbreaks over the period of study may be the result of the known 

risks associated with delays in implementing SIAs in affected areas and the spread of virus 

to new areas during those delays. In addition, some outbreaks continued in specific areas 

despite OBR activities, clearly indicating the deficiencies in vaccinating all children in those 

instances. These outbreaks occurred during a period when the increasing time since the 

Darwar et al. Page 10

Vaccine. Author manuscript; available in PMC 2023 July 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



switch led to an accumulating number of children who had never encountered type 2 OPV 

that increased the likelihood of more rapid spread of cVDPV2.

Management of the OBR process needed to adjust for several factors that were extremely 

similar to OBR activities prior to the switch but address a few novel issues that were the 

direct consequence of the switch. Since Sabin mOPV2 was the only tool initially available 

to respond to a cVDPV2 outbreak and the entire premise of the switch was to remove OPV2 

from use, access was tightly controlled; only the WHO DG could release mOPV2/tOPV2 

on the advice of the AG. Thus, country response from detection of the first virus to the 

preparation of a risk assessment needed to proceed rapidly to conduct initial SIAs and stop 

the outbreak as quickly as possible. Accordingly, when we examined this process, the initial 

RA was submitted a median of 16 days after Day 0 and requested vaccine was released by 

the DG a median of 2 days after that. The DG released vaccine within 8 days of initial RA 

submission for 75% of the outbreaks reported during April 1, 2016-December 31, 2020.

The key elements of an appropriate OBR SIA should involve a timely process, an 

appropriately designed scope based on a risk assessment, and effective implementation to 

achieve high coverage. There were some key areas where delays were evident. The first area 

was the time from detection of the first virus of the outbreak to notification of circulating 

virus (Supplemental Table 1). Normally, this process was initiated by the detection of 

a newly designated cVDPV2 and notification to the national and WHO authorities. The 

challenge is that this identification timeline is affected by gaps in surveillance, as evidenced 

by the large genetic divergence of an index virus from the parental Sabin type 2 vaccine 

strain for certain emergences (Supplemental Table 1). With an approximate 10 nucleotide 

substitutions per year, this divergence indicates that several emergences went undetected for 

much more than a year from their originating OPV2 dose. A second way that notification 

delay occurred was in the establishment of evidence of local circulation with viruses 

detected through ES. In the early post-switch period, most VDPV2 viruses detected through 

ES sampling never resulted in an outbreak notification (circulation defined in the SOPs 

as two positive samples from the same site 60 days apart) due to successive detections 

at shorter intervals. In the few cases where an outbreak was so detected, a 60-day delay 

resulted. As population immunity decreased with time, this definition was relaxed in 

newly affected geographies and outbreak responses were considered more rapidly in those 

instances, although the SOPs were not formally revised.

The recognition of an outbreak triggers immediate planning for a response. Hence, a second 

category of delays concerns the time from OBR planning until the SIAs commence. These 

delays could be due to multiple factors including preparation of an adequate RA, delays in 

vaccine requests, limitations on global vaccine stockpile supplies, delays in implementation 

during part of 2020 due to COVID-19, and the deliberate outbreak response delays while 

waiting for availability of nOPV2. Delays would accumulate in some specific OBRs where 

initial SIAs failed to stop transmission.

As can be seen from our results, median times in general are close to the established 

guidelines. However, as is evident from the overall and interquartile ranges for some of these 

steps, notable outliers often occurred. There are also some prominent differences between 
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regions. It has not been possible to identify any consistent or general reason for many of 

these delays, but it does denote that some outbreaks that continued and spread were not 

responded to in a timely manner, yet other responses with delays were promptly stopped. 

The inherent risks of transmission are different between and within countries and may also 

explain some of these discordant results.

Various additional factors affected timeliness of outbreak responses. For example, the 

initial outbreak response to NIE-JIS-1 in Côte d’Ivoire (index case onset of paralysis 

dated September 24, 2019) was delayed by 120 days between the initial risk assessment 

submission and AG approval. This delay was first due to multiple independent importations 

from Ghana that provided no evidence of local circulation based on the absence of genetic 

relatedness of the ES samples. Weighing the risks of introducing mOPV2 into the OPV2 

naïve population and the limited global mOPV2 stockpile at the time, the AG did not 

approve the early RA pending further developments in virus detection in Côte d’Ivoire. 

Once evidence of local circulation was established, an updated RA submission with target 

population miscalculations and an exhausted global mOPV2 supply further delayed release 

until replenished.

Among several limitations of our study, we did not attempt to examine the specific details 

of each OBR and the means by which those aspects affect success in stopping outbreaks. 

Other than timeliness, multiple other critical factors could determine the effectiveness of 

any specific response. The effectiveness of OBR SIAs, as indicated by coverage, can be 

highly variable and difficult to assess; we did not assess any indicators of OBR SIA quality. 

Robust field and laboratory surveillance with minimal delays is critical to estimate the likely 

location of virus transmission at the time of a response. The more uncertainty there is about 

the geography of transmission, the larger the response should be. However, the larger the 

response, the more likely mOPV2 is to create a new cVDPV2 emergence (a longer perimeter 

of the OBR zone). These risks can be mitigated by high coverage during OBR SIAs to 

markedly reduce the number of susceptible children remaining and limit circulation of 

Sabin-related virus. Conversely, failure to achieve high coverage can lead to new emergence 

outbreaks in the OBR zone and contribute to clustering of outbreaks in specific countries.

Key limitations of this study were in the completeness and quality of the data available. 

These limitations are readily attributable to the challenges of linking epidemiologic, decision 

management, laboratory, and immunization data recorded at different times in different 

databases, often with discrepancies or missing variables. The authors declare that there may 

be remaining errors that could not be resolved. Missing data for some key performance 

measures imply that some specific elements cannot be weighted in interpretation. Because 

of these limitations, it was not possible nor prudent to address causality related to outcome. 

With limited ability to compare populations within and between countries, it is not readily 

possible to compare factors affecting the high variability between genetic emergences and 

determine reasons for persistence, spread, or swift termination of certain emergences and 

outbreaks compared to others. Even within populations, why some countries have variable 

results between outbreaks is not readily addressable. In addition, it was not possible to 

address the effects of the COVID-19 pandemic on the outbreak response process after 
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OBR SIAs resumed due to insufficient information on program and staffing disruptions by 

country.

This study has attempted to address the decision-making process of polio SIA responses to 

cVDPV2 outbreaks and the timeliness of the initial immunization response during the first 

four plus years post-switch. This study has included both the extent and heterogeneity of 

cVDPV2 outbreak spread and duration, as well as program performance indicators. There 

is little indication of systemic OBR flaws, but the variability in meeting SOP targets is an 

indication of the opportunities for more consistent and improved performance of future OBR 

management.
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Fig. 1. 
Number of cVDPV2 emergences, outbreaks, viruses detected, and countries affected after 

the switch from trivalent OPV to bivalent OPV, by WHO region, 2016–2020.
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Fig. 2. 
Number of cVDPV2 emergences, outbreaks, viruses detected, and countries affected after 

the switch from trivalent OPV to bivalent OPV, by subregional block — WHO African 

Region, 2016–2020.
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