
Morbidity and Mortality Weekly Report 

786 MMWR / June 17, 2022 / Vol. 71 / No. 24 US Department of Health and Human Services/Centers for Disease Control and Prevention

Genetic Characterization of Novel Oral Polio Vaccine Type 2 Viruses During Initial 
Use Phase Under Emergency Use Listing — Worldwide, March–October 2021

Javier Martin, PhD1; Cara C. Burns, PhD2; Jaume Jorba, PhD2; Lester M. Shulman, PhD3; Andrew Macadam, PhD1; Dimitra Klapsa, PhD1; 
Manasi Majumdar, PhD1; James Bullows, PhD4; Ann Frolov, MS4; Ryan Mate, MS1; Erika Bujaki, MS1; Christina J. Castro, MS, MBA5; 

Kelley Bullard, MS5; John Konz, PhD6; Kaija Hawes, MBA7; Jillian Gauld, PhD9; Isobel M. Blake, PhD10; Laina D. Mercer, PhD7; Feyrouz Kurji, MPP8; 
Arie Voorman, PhD9; Ousmane M. Diop, PhD11; M. Steven Oberste, PhD2; John Modlin, MD12; Grace Macklin, PhD11; Martin Eisenhawer, PhD11; 

Ananda S. Bandyopadhyay, MBBS7; Simona Zipursky, MS11

The emergence and international spread of neurovirulent 
circulating vaccine-derived polioviruses (cVDPVs) across mul-
tiple countries in Africa and Asia in recent years pose a major 
challenge to the goal of eradicating all forms of polioviruses. 
Approximately 90% of all cVDPV outbreaks are caused by the 
type 2 strain of the Sabin vaccine, an oral live, attenuated vac-
cine; cVDPV outbreaks typically occur in areas of persistently 
low immunization coverage (1). A novel type 2 oral poliovirus 
vaccine (nOPV2), produced by genetic modification of the type 
2 Sabin vaccine virus genome (2), was developed and evaluated 
through phase I and phase II clinical trials during 2017–2019. 
nOPV2 was demonstrated to be safe and well-tolerated, have 
noninferior immunogenicity, and have superior genetic stabil-
ity compared with Sabin monovalent type 2 (as measured by 
preservation of the primary attenuation site [domain V in the 
5’ noncoding region] and significantly lower neurovirulence 
of fecally shed vaccine virus in transgenic mice) (3–5). These 
findings indicate that nOPV2 could be an important tool in 
reducing the risk for generating vaccine-derived polioviruses 
(VDPVs) and the risk for vaccine-associated paralytic polio-
myelitis cases. Based on the favorable preclinical and clinical 
data, and the public health emergency of international concern 
generated by ongoing endemic wild poliovirus transmission 
and cVDPV type 2 outbreaks, the World Health Organization 
authorized nOPV2 for use under the Emergency Use Listing 
(EUL) pathway in November 2020, allowing for its first use 
for outbreak response in March 2021 (6). As required by the 
EUL process, among other EUL obligations, an extensive plan 
was developed and deployed for obtaining and monitoring 
nOPV2 isolates detected during acute flaccid paralysis (AFP) 
surveillance, environmental surveillance, adverse events after 
immunization surveillance, and targeted surveillance for 
adverse events of special interest (i.e., prespecified events that 
have the potential to be causally associated with the vaccine 
product), during outbreak response, as well as through planned 
field studies. Under this monitoring framework, data generated 
from whole-genome sequencing of nOPV2 isolates, alongside 
other virologic data for isolates from AFP and environmental 
surveillance systems, are reviewed by the genetic characteriza-
tion subgroup of an nOPV working group of the Global Polio 

Eradication Initiative. Global nOPV2 genomic surveillance 
during March–October 2021 confirmed genetic stability of 
the primary attenuating site. Sequence data generated through 
this unprecedented global effort confirm the genetic stability 
of nOPV2 relative to Sabin 2 and suggest that nOPV2 will be 
an important tool in the eradication of poliomyelitis. nOPV2 
surveillance should continue for the duration of the EUL.

Approximately 111 million doses of nOPV2 were administered 
worldwide during the initial use phase (March–October 2021). 
During this period, 128 nOPV2 isolates were detected from 
stool specimens collected as part of routine AFP surveillance 
from six countries, and 123 nOPV2 isolates corresponding to 39 
distinct environmental surveillance samples were detected from 
seven countries. Whole-genome sequences were generated for 
these 251 nOPV2 cell-culture isolates.* Intervals from nOPV2 
supplementary immunization activity (SIA) to sample collection 
ranged from zero to 81 days for AFP samples (mean = 12.5 days; 
median = 7 days) and from 4 to 67 days for environmental 
surveillance samples (mean = 22.8; median = 16). Each nOPV2 
isolate sequence was compared with that of the nOPV2 vaccine 
strain (GenBank ID MZ245455), and isolates were classified into 
one of nine categories, based on their risk profile and loss of key 
attenuating nOPV2 mutations (Figure 1). Among the 251 isolates, 
32 (13%) were classified as category 9 (no changes from nOPV2), 
and 213 (85%) were classified as category 8, showing no reverting 
mutations in domain V, no recombination, and 0–5 VP1 substi-
tutions. In addition, six isolates were shown to be recombinant 
between nOPV2 and Sabin 1 or unidentified species C entero-
viruses, with crossover points located in the P3 genomic region 
(classified as category 6). None of the isolates had changes in the 
primary attenuation site (domain V) that would be predicted to 
increase neurovirulence (i.e., no changes that strengthen the stabil-
ity of the secondary structure of the RNA base-pairing [stem]). 
The most frequent mutations were noted at nucleotide positions 
that have been shown or inferred to slightly decrease attenuation 
when present individually (Supplementary Figure, URL https://
stacks.cdc.gov/view/cdc/118054). Individual genomes contained 
from zero to five of these mutations in different combinations 
(Table). In some cases, second-site mutations compensating for 

* Sequences deposited in GenBank.

https://stacks.cdc.gov/view/cdc/118054
https://stacks.cdc.gov/view/cdc/118054
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FIGURE 1. Classification of novel oral poliovirus vaccine isolates into nine categories* based on genome sequence composition — worldwide, 
March–October 2021
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* Category groups are ranked according to level of concern based on expected neurovirulence, with 1 being the highest and 9 being the lowest.

the effect of such mutations were observed. The number of muta-
tions increased with time after corresponding SIA campaigns (7–9) 
(Figure 2). A higher frequency of mutations reducing attenuation 
was observed in nOPV2 isolates from environmental surveillance 
samples than from AFP isolates. None of these excreted viruses has 
been tested for neurovirulence using the polio transgenic mouse 
model, but most are similar to viruses evaluated during fecal shed-
ding in clinical trials, which showed no evidence for reversion in 
the primary attenuation site (3). In addition, molecular clones 
constructed to contain increasing numbers of the observed vari-
ants have thus far failed to demonstrate neurovirulence similar to 
or higher than that of Sabin 2 with the A481G reversion alone 
in transgenic mice, which is observed almost universally within 
14 days of replication in Sabin OPV2 recipients (3,5,10) (Andrew 
Macadam, PhD, et al., National Institute for Biological Standards 
and Control, personal communication, April 2022).

In addition to nOPV2 isolates, whole-genome sequences of 
331 cVDPV2 isolates from outbreaks in countries geographi-
cally associated with nOPV2 use were determined. None was 
found to contain any of the three nOPV2-specific nucleotides 
in the capsid-coding region at positions 814, 817, and 1,375, 
suggesting that none of the cVDPV2 isolates sequenced rep-
resented an nOPV2-derived recombinant virus.

Discussion

The most consequential risks known to be associated with 
use of live attenuated Sabin OPVs include the emergence of 
VDPVs resulting from reversion to neurovirulence, circula-
tion of the vaccine strain in certain population settings, and 
the rare cases of vaccine-associated paralytic poliomyelitis in 
vaccine recipients or their close contacts. Since 2016, after 
cessation of routine use of type 2-containing OPV, the risk 
for seeding cVDPV2 emergence and spread with use of mon-
ovalent Sabin OPV2 in response to cVDPV2 outbreaks in 
areas of low background immunity has been a concern (1). 
Although nOPV2 is not expected to eliminate these risks from 
a biologic perspective, a primary goal of nOPV2 development 
and deployment was to substantially reduce the risks. Data 
from preclinical, phase I, and phase II studies with nOPV2 
demonstrated the superior genetic stability of the primary 
attenuating site compared with Sabin OPV2 (3,4). However, 
given the complexity of evolution of live viruses, interplay 
with host and environmental factors, and the rarity of some 
of the outcome indicators of genetic and phenotypic stabil-
ity, large-scale nOPV2 use in immunization campaigns and 
corresponding monitoring of genetic stability of isolates from 
the field presented unique opportunities to further augment 
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TABLE. Number of novel oral polio virus vaccine type 2 isolates with different combinations of mutations affecting attenuation of the virus —  
worldwide, March–October 2021

No. of 
mutations

No. of 
isolates C121U U123C G179A A181G 196A 196del A215U U217C U379C U459C U498C

A2969G 
VP1-

I143V

U2970X 
VP1-I143T,S, 

and N

A3053G   
VP1-

N171D
G6159A 
3D-R38K

1 2 C121U — — — — — — — — — — — — — —
14 — U123C — — — — — — — — — — — — —

6 — — G179A — — — — — — — — — — — —
2 — — — — — 196del — — — — — — — — —
1 — — — — — — — — — U459C — — — — —

23 — — — — — — — — — — — — U2970X — —
5* — — — — — — — — — — — — — A3053G —

2 8 — U123C — — — — — — — — — A2969G — — —
42† — U123C — — — — — — — — — — U2970X — —

1 — U123C — — — — — — — U459C — — — — —
2§ — U123C — — — — — — — — — — — A3053G —
1 — — G179A — — — — — — U459C — — — — —
8 — — G179A — — — — — — — — — U2970X — —
2 — — — — — 196del — — — — — — U2970X — —
1 — — — — — — — — — U459C — — U2970X — —

3 2 — U123C — A181G — — — — — — — — U2970X — —
1 — U123C — — 196A — — — — — — — U2970X — —
6 — U123C — — — 196del — — — — — — U2970X — —
1 — U123C — — — — — U217C — U459C — — — — —
2 — U123C — — — — — — — U459C — A2969G — — —

18 — U123C — — — — — — — U459C — — U2970X — —
1 — U123C — — — — — — — U459C — — — A3053G —
1 — — G179A A181G — — — — — U459C — — — — —
2 — — G179A A181G — — — — — — — A2969G — — —
2 — — G179A A181G — — — — — — — — U2970X — —
1 — — G179A A181G — — — — — — — — — A3053G —
5 — — G179A — — — — — — U459C — — U2970X — —
1 — — G179A — — — — — — U459C — — — A3053G —
2 — — — — — 196del — — — U459C — — U2970X — —

4 5 — U123C — — — 196del — — — U459C — — U2970X — —
1 — U123C — — — — — U217C — U459C U498C — — — —
3 — — G179A A181G — — — — — U459C — A2969G — — —
3 — — G179A A181G — — — — — U459C — — U2970X — —
1 — — G179A — — 196del — — — U459C — — U2970X — —
1 — — G179A — — — — U217C — U459C — — U2970X — —

5 1¶ — U123C — — — — A215U — — U459C — — U2970X — G6159A

3 — U123C — — — — A215U — U379C U459C — — U2970X — —
Total no. of 

isolates 
with this 
mutation

— 2 108 35 14 1 18 4 3 3 53 1 15 126 10 1

* These isolates also contained mutation G3425A (VP1-E295K), which counteracts the effect of VP1-N171D.
† One of these isolates also contained mutation C550U, likely increasing attenuation slightly.
§ One isolate also contained mutation G3425A (VP1-E295Q), which counteracts the effect of VP1-N171D and mutation C392U, likely increasing attenuation slightly. 

The second isolate also contained mutation A129G, likely increasing attenuation slightly.
¶ This isolate also contains mutation G139A, likely increasing attenuation slightly.

understanding of the vaccine’s behavior and its potential public 
health impact.

Monitoring the genetic characteristics of nOPV2 isolates 
included identifying nOPV2-specific modifications in the 
genome and looking for changes that are known to reduce 
genetic stability and increase neurovirulence. Across 251 
isolates analyzed during the period considered for this report, 
no reversions were detected in the primary attenuation site 
of nOPV2; this is in striking contrast to Sabin OPV2, which 
reverts in this site in nearly all vaccinees within a few days of 
vaccine administration. Mutations altering base pairing in 

RNA secondary structures in the 5’ nontranslated region were 
observed, as well as capsid mutations affecting antigenicity and 
attenuation. However, few, if any, of the mutation combina-
tions identified in nOPV2 isolates would cause the nOPV2 
strain to approach the neurovirulence of Sabin 2 with the 
A481G reversion alone. Some nOPV2 viruses excreted dur-
ing the initial use phase (March–October 2021) showed more 
extensive variation than that of viruses observed during clinical 
trials, as expected from the large number of nOPV2 isolates 
analyzed, although similar polymorphisms at all relevant sites 
(including sites at both the 5’ nontranslated and capsid regions) 
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FIGURE 2. Numbers of total mutations (A), viral protein 1 mutations (B), mutations reducing attenuation (C), and percentage of novel type 2 
oral poliovirus vaccine isolates with mutations (D)* found in consensus sequences† through acute flaccid paralysis surveillance and environmental 
surveillance, after supplementary immunization activities — worldwide, March–October 2021
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Abbreviations: AFP = acute flaccid paralysis; nOPV2 = novel type 2 oral poliovirus vaccine; SIA = supplementary immunization activity; VP1 = viral protein 1.
* Mutations that have been shown/inferred to decrease attenuation (121C/181G, 123C/179A, 196A/217C, 196del, 215U, 379C, 459C, 498C, VP1-143X and VP1-171D), 

antigenic mutations VP3-77R and VP1-295K/Q, and reversion mutation 3D-38K. 
† Whole-genome sequencing from viral RNA extracted from culture-amplified virus directly from culture or from Flinders Technology Associates cards spotted with 

culture supernatant was performed using next generation sequencing methods using a combination of random and poliovirus-specific primers to ensure whole-
genome coverage. https://apps.who.int/iris/handle/10665/68762

were observed in the clinical trials. The higher frequency of 
mutations reducing attenuation observed in nOPV2 isolates 
from environmental surveillance samples was likely due, at 
least in part, to the longer average intervals between SIAs and 
sample collection for these samples compared with intervals 
between SIAs and collection of samples from AFP surveillance. 
Six nOPV2 isolates were found to be recombinants between 
nOPV2 and Sabin 1 or a species C enterovirus, resulting in 
loss of nOPV2 3D polymerase mutations. Such recombination 
events might increase the chance for further recombination 

but are not themselves expected to have a substantial effect 
on virus attenuation.

The findings in this report are subject to at least three limita-
tions. First, time since first use is one of the main factors in OPV 
evolution. Thus, ongoing monitoring of isolates from the field 
will be important to confirm or modify the observations noted 
here. Second, several environmental surveillance samples were 
associated with multiple nOPV2 isolates, which might have 
skewed results for frequency and temporal analysis. Adequacy 
of surveillance in areas of use might have affected the analysis 
because the source data are dependent on the sensitivity of the 

https://apps.who.int/iris/handle/10665/68762
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Summary
What is already known about this topic?

Sabin oral polio vaccine virus can revert to neurovirulence in 
populations with low immunity. A genetically stable novel 
type 2 oral poliovirus vaccine (nOPV2) was authorized for 
outbreak response use under a World Health Organization 
Emergency Use Listing.

What is added by this report?

Global nOPV2 genomic surveillance during March–October 
2021 confirmed genetic stability of the primary attenuating site.

What are the implications for public health practice?

nOPV2 is used to respond to poliovirus outbreaks with com-
paratively low risk for generating new circulating strains. Given 
the background immunity, population dynamics, and scale of 
use, the consistent pattern of genetic characteristics of nOPV2 
isolates is encouraging. nOPV2 surveillance should continue for 
the duration of the Emergency Use Listing.

AFP and environmental surveillance systems. Finally, triangu-
lation of such analyses with clinical case characteristics, safety 
data, and other epidemiologic factors will be important to assess 
impact on disease or outbreak dynamics. Future analyses should 
focus on spatial and temporal relationship of nOPV2 SIAs with 
the pattern and impact of polymorphisms in the genome.

Overall, the unprecedented global health effort for field moni-
toring of nOPV2 use and genomic surveillance of confirmed 
nOPV2 isolates over the period of initial use under EUL autho-
rization affirmed the genetic stability profile of nOPV2, with the 
World Health Organization approving wider use under EUL. 
Given the broad spectrum of background immunity, population 
dynamics, and scale of use, the consistency in the pattern of 
genetic characteristics of nOPV2 isolates is a promising trend.
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