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We report an emergence and increase in poliovirus 
type 2 detection via routine wastewater surveillance in 
three non-overlapping regions in the Jerusalem region, 
Israel, between April and July 2022. Sequencing 
showed genetic linkage among isolates and accumula-
tion of mutations over time, with two isolates defined 
as vaccine-derived polioviruses (VDPV). This demon-
strates the emergence and potential circulation of type 
2 VDPV in a high-income country with high vaccine 
coverage and underscores the importance of routine 
wastewater surveillance during the polio eradication.

Routine acute flaccid paralysis (AFP) surveillance for 
poliovirus (PV) in Israel has been enhanced by supple-
mentary wastewater environmental surveillance (ES) 
since 1989 [1]. Sabin-like PV types 1 and 3 are detected 
in most ES samples because bivalent oral poliovirus 
vaccine (OPV) is used in Israel routine immunisations. 
Since the discovery of circulating vaccine-derived polio-
virus (cVDPV) type 3 from the end of 2021 throughout 
2022 [2], sampling frequency and sites were increased 
in the Jerusalem region and elsewhere. Here, we 
describe frequently increasing detections of PV2 in the 
Jerusalem region in the absence of OPV type 2 immuni-
sations and examine the genetic linkage across these 
detections.

Environmental surveillance monitoring 
sites
The ES monitors 15 sites across the country once a 
month, with a catchment of ca 50% of the population 

in Israel [1]. The Jerusalem region includes four non-
overlapping ES sampling sites, three of them located 
at the inlets of wastewater treatment plants and one in 
the Kidron River that collects wastewater from central 
and south-east Jerusalem (Figure 1A). 

Detection of poliovirus type 2 vaccine 
and vaccine-derived virus in wastewater 
collected from the Jerusalem region
In April 2022, PV2 was detected in three sampling sites 
– two in the Jerusalem region (Kidron, Bet Shemesh) 
and one in Bnei Brak in central Israel (Figure 1A). 
In June, PV2 was detected in three sampling sites 
in the Jerusalem region (Kidron, Bet Shemesh and 
Sorek,  Figure 1A). In July, we observed a substan-
tial increase in the number of PV2 detections in the 
Jerusalem region (n = 10, Figure 1B), although the final 
number of PV2-positive samples in July may have been 
higher as some isolations were still under processing 
at the time of publication of this article. The PV2 iso-
lates detected during 2022 by RT-PCR were partially 
sequenced using the Sanger method (VP1 gene, 903 nt) 
[3] and compared with the Sabin 2 vaccine strain refer-
ence sequence (AY.184220) along with VP1 sequences 
from all PV2 previously detected in ES during 2020 
and 2021 in Israel (n = 11,  Figure 2). We observed an 
accumulation in nucleotide changes in sequences from 
June and July 2022, classifying two isolates as VDPV 
type 2 (defined as ≥ 6 nt changes from Sabin 2 [4]). 
Five additional isolates with ≥ 6 nt changes including 
mixed bases were not classified as VDPV type 2. Most 
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Figure 1
Environmental detections of poliovirus type 2, Israel, 2022

Jerusalem

Bet Shemesh

Bnei Brak

A. Poliovirus type 2 - positive sampling sites

B. Frequency of wastewater-based surveillance PV2 detections

Sorek Basin and WWTP 
Jerusalem-Og WWTP
Jerusalem-Har Homa WWTP
Jerusalem-Kidron river River
Bet Shemesh area City manhole and WWTP 
Bnei Brak area City manholes
Total PV2-positive

Places name Sampling site 1 2
North and west Jerusalem 680,000 0/7 0/9
North-east Jerusalem 220,000 0/4 0/2
South-west Jerusalem 38,000 0/1 0/1
South-east and central Jerusalem 300,000 0/4 0/4
Bet Shemesh, Har Hadar, Abu Gosh,  Mate Yehuda 225,000 NT 0/1
Bnei Brak City 220,000 NT NT

0 0

2022

Total PV2-positive

Covered region in Israel Estimation of 
population 3 4 5 6 7

0/9 0/8 0/6 2/4 3/5a

0/3 0/2 0/2 0/2 0/1
0/2 0/2 0/2 0/2 0/1
0/5 2/5 0/9 1/7 2/6a

0/4 1/9 0/9 1/9 5/10a

0/1 1/15 0/5 0/16 0/10a

0 4 0 4 10

2022

NT: not tested; PV2: poliovirus type 2; WWTP: wastewater treatment plant.

a Samples still under processing.

Panel A: Red stars indicate the geographical locations of PV2-positive detections in Israel. The Jerusalem region is magnified to show the 
specific regions being sampled in environmental surveillance and where PV2 was detected.

Panel B: Sampling sites with PV2-positive detections only are indicated, including catchment area, description of region coverage, frequency 
of detection in each site (nominator is the number of PV2-positive samples; denominator is the total number of samples examined) and the 
total number of PV2-positive samples identified overall in each month, January–July 2022.
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importantly, PV2 sequences collected in 2022 shared 
a 2 nt genetic signature in the VP1 gene: C41T, which 
was not observed in any of the sequences from 2020 
and 2021, nor in the Bnei Brak sequence, and A427G, 
which is a reversion of one of two attenuation sites in 
the Sabin 2 strain and was also identified in two of the 
sequences from 2020 and 2021.

Identification of genetic signatures linking 
the 2022 PV2 isolates by whole genome 
sequencing
To further explore the genetic linkage between the iso-
lates, we performed whole genome sequencing (WGS) 
for isolates from 2020 to 2022 (Figure 2). Libraries were 
prepared with SMARTer Stranded RNA-Seq (Takara Bio, 
United States (US)) and sequenced on the NovaSeq 
6000 system (Illumina, US). Fastq files were aligned 
against the P1 region (this includes the VP1, 2, 3 and 4 
genes) in all poliovirus Sabin strains and only sequence 
reads matching Sabin 2 were retained. The rest of the 
genome (P2/3 region) was assembled de novo (using 
SPADES [5]) because this genomic region has high 
similarities across enteroviruses and a tendency to 
undergo recombination with other C-species entero-
viruses [6]. We assembled the P1 and P2/3 segments 
via alignment to the Sabin 2 whole genome (GenBank 
accession numbers are still pending at the time of 

publication and will be provided in an Addendum once 
available). Phylogenetic analysis via Nextstrain augur 
pipeline [7] and mutational analyses of the P1 region 
revealed additional mutations shared across all 2022 
sequences that were not detected in the sequences 
from Bnei Brak or those from 2020 and 2021: T981C 
(VP2), A1590G (VP2), G1635A (VP2), T2460C (VP3) 
(Figure 3). 

Interestingly, the assembled P2/3 genomic region was 
not well aligned with any of the Sabin strain genomes, 
suggesting a recombination in this region with a non-
poliovirus enterovirus. This unique recombination, 
occurring in the 3A gene (nucleotide position ca 5,100 
in the genome), was present in all 2022 sequences 
but not in the 2022 Bnei Brak sequence or any of the 
sequences from 2020 and 2021, further strengthening 
the genetic linkage across the 2022 sequences (Figure 
4). 

Discussion
Vaccine-derived polioviruses originate from genetically 
mutated OPV (types 1, 2, or 3 Sabin strains) that accu-
mulate mutations; reversions in vaccine attenuation 
sites may lead to neurovirulence of such strains [4]. 
This process usually occurs during extensive person-to-
person transmission in populations with low immunity 

Figure 2
Nucleotide changes in the VP1 gene of poliovirus type 2 wastewater isolates, Israel, 2020–2021 (n = 11)

Nucleo�de posi�on 4 8 9 21 36 37 39 41 50 74 106 107 120 165 223
Sabin 2 poliovirus A G T G G A T C C A G C G G T
10791RL-26-OCT-20
10829RL-2-DEC-20
11014RL-23-MAY-21 A
11063RL-27-JUNE-21
11083RL-04-July-21
11092RL-11-July-21 G
11093LL-12-JULY-21
11157RL-02-AUG-21
11243LR-07-NOV-2021 A
11269RL-21-NOV-21 T
11269LL-21-NOV-21 T
11909LB-18-APR-22 T
11910RL-18-APR-22 T
11962RL-25-APR-22 T
11985RL-30-APR-22
12240LB-5-JUNE-22 T
12240RL-5-JUNE-22 A T T
12287LB-13-JUNE-22 T K
12287RL-13-JUNE-22 R T Y
12295RL-16-JUNE-22 G T A
12342RL-19-JUNE-22 T
12409LB-03-JULY-22 Y T
12407LB-04-JULY-22 C T
12476LB-16-July-22 T
12441LB-18-July-22 R T
12441RL-18-July-22 R T
12471LB-18-JULY-22 R T
12468LB-19-JULY-22 A T
12480LB-23-July-22 A T R
12479LB-26-JULY-22 A T

Og
Sorek 
Ayalon
Kidron 
Bet Shemesh
Bnei Brak

226 234 243 258 276 302 303 313 318 336 378 381 411 427 428 495 504 534 549 588 594
A G T C G C C T G C A T G A T T T C G G C

C
A G

G
T

C
C T
C

G C
A

C T G
T G

G
G
G

C
G
G T

G G
G G R

T C G
C G A
Y Y G Y R

G C
C G A
Y G
Y G R

Y G Y Y
Y R G Y

R Y G R
G C

603 612 655 668 672 681 723 741 762 774 777 855
T G G C A G T T C A G T

G 2 Yes
A A 4 Yes

2 Yes
1 Yes
1 Yes
3 Yes

G 2 Yes
2 No
2 Yes
4 Yes
3 Yes
2 Yes
2 Yes
2 Yes
1 Yes
2 Yes
5 Yes

Y 5 No
Y W Y 9 Yes

6 Yes
4 Yes

Y R 9 Yes
T A 6 Yes

4 Yes
R 5 Yes
R 6 Yes
R Y Y 9 Yes
R Y 8 Yes
R 8 Yes
A 5 Yes

# diff WGS

VDPV: vaccine-derived poliovirus; WGS: whole genome sequencing; # diff: number of mutations.

The VP1 gene (903 nt) was sequenced using Sanger and compared with the Sabin 2 strain to detect mutations. Changes of ≥ 6 nt indicate 
a VDPV2. Nucleotide positions with mixed bases were not counted towards the ≥ 6 nt changes needed to designate an isolate as a 
VDPV2. L20B (LB, mouse L cells transfected with a gene for the human cellular receptor for poliovirus) and RD (derived from a human 
rhabdomyosarcoma) cell cultures were used for poliovirus isolation according to the World Health Organization protocol [1]. The LB (L20B), 
RL (RD passage to L20B), LR (L20B passage to RD) and LL (L20B passage to L20B) added to the sample names indicate the type of the tissue 
culture and passage used to isolate PV2.

Sample names are coloured by the region in which they were detected as indicated in the legend. Mutations highlighted in orange are 
mutations which are common to all 2022 isolates. Mixed bases are indicated as: R = A/G; Y = C/T; K = G/T; W = A/T.
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(circulating cVDPV) or following extended replication 

in the intestine and/or oropharyngeal mucosa of an 
immunodeficient vaccinated individual (immunodefi-
cient iVDPV) [4].

As cVDPV type 2 caused most VDPV outbreaks, OPV 
type 2 was removed globally in April 2016 from the 
routine trivalent OPV which now contains only types 1 
and 3 (bivalent OPV) [9]. Since then, monovalent OPV2 
has been given only as a response to cVDPV2 out-
breaks [10]. Nevertheless, an increase in the number of 
cVDPV type 2 outbreaks has been reported worldwide 
in recent years [11]. During 2022, a new challenge in 
the World Health Organization (WHO) poliovirus eradi-
cation programme includes controlling PV2 events not 
only in low-income countries [12] but also in countries 
with high vaccination coverage such as the US (New 
York), the United Kingdom and Israel [13].

Here we report for the first time an increase in the fre-

quency of PV2 isolates detected in the Jerusalem region 
in Israel via wastewater surveillance. Sequencing of 
PV2 showed genetic linkage across the isolates and 
accumulation of mutations over time, with two isolates 
defined as VDPV. These PV2 isolates were detected 
in three different non-overlapping wastewater catch-
ment regions in the Jerusalem region over a period of 
100 days, which makes it unlikely that these isolates 
originated from one individual. We therefore assume 
that this VP2 strain might be circulating in this region, 
although not currently defined as such by the WHO. 
Genetically linked PV2 isolates were also identified 
in New York and London [14]. As monovalent OPV2 is 
not given in routine immunisations in these countries, 
these isolates may have originated from countries 
holding OPV2 campaigns due to recent VDPV2 out-
breaks. Interestingly, in 2020 and 2021, importations 
of PV2 strains to Israel did not result in prolonged, 
evolving circulation, and those strains disappeared. 

Figure 3
Phylogenetic analysis of the P1 region of polioviruses wastewater isolates, Israel, 2020–2022 (n = 28)

Year of detection

0 0.002                         0.004                        0.006                        0.008                  0.010

Divergence

12479LB-26-JULY-22

12468 LB-19-JULY-22

12471LB-18-JULY-22

12240RL-05-JUNE-22

12343RL_19-JUNE-22

11014RL_23-MAY-21

11083RL_04-JULY-21

11243LR_07-NOV-21

11269RL_21-NOV-21

11269LL_21-NOV-21

12441RL-18-JULY-22

12441LB-18-JULY-22

12240LB-05-JUNE-22

12287RL-13-JUNE-22

12476 LB-16-JULY-22

12409LB-03-JULY-22

12480LB-23-JULY-22

11962RL-25-APR-22

11092RL_11-JULY-21

12407LB-04-JULY-22

12295RL-16-JUNE-22

11985RL_30-APR-22

11093LL_12-JULY-21

10829RL_02-DEC-20

10791RL_26-OCT-20

11063RL_27-JUNE-22

11909LB-18-APR-22

11910RL-18-APR-22

A2908G (VP1)

T981C (VP2)
A1590G (VP2)
G1635A (VP2)
T2460C (VP3)
C2522T (VP1)

G1653A (VP2)

A1677G (VP2)
G2388A (VP3)

C939T (VP4)
G2489A (VP1)

C2133T (VP3)
T2724C (VP1)

A1770G (VP3)

2022

2020 and 2021

Samples identified as VDPV2

VDPV: vaccine-derived poliovirus.

High resolution phylogenetic tree of the P1 region (includes the VP1, 2, 3 and 4 genes) representing genomic differences across the samples. 
Shared mutation locations relative to the whole genome are indicated in the tree for splits representing three or more samples.

The expanded signature mutations shared across all the 2022 strain are coloured in red.
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The establishment of this PV2 strain from 2022 in 
Israel started during a cVDPV3 outbreak in the same 
region. The subsequent emergence of two such rare 
events is unexpected, especially in a high-income set-
ting with high vaccination coverage. Israel responded 
to the first event (cVDPV3) by administrating an inacti-
vated poliovirus (IPV) including inactivated PV2 and a 
bivalent OPV that does not include Sabin 2. Thus, the 
vaccination programme cannot prevent transmission of 
PV2 but can prevent the disease in vaccinated individu-
als. As per July 2022, transmission of this PV2 strain in 
Israel has remained local and has not been detected 
outside the Jerusalem region, nor have any AFP cases 
been caused by PV2. Despite the high vaccination 
coverage in Jerusalem, there are still sub-populations 
with lower coverage in this region. As a response to 
the recent PV2 findings, the Israeli Ministry of Health 
initiates specialised programmes to vaccinate every 
child with IPV to prevent the disease, specifically tar-
geting susceptible under-vaccinated communities in 
Jerusalem that were identified during the earlier emer-
gence of cVDPV3. The early detection and identifica-
tion of the genetic linkage across the isolates of this 
strain were based on WGS and extensive wastewater 
surveillance with advanced technologies. Indeed, with 
only two mutations in the routinely Sanger-sequenced 
VP1 gene linking the isolates (one of which was also 
observed in PV2 sequences from 2020 and 2021), WGS 
strengthened the genetic linkage by identifying addi-
tional mutations and a unique recombination shared 
across the 2022 isolates. Taking this case as an exam-
ple, characterisation methods and working protocols 
may require updates in order to improve resolution of 
identification and response time to future outbreaks.

Conclusion
This event emphasises the importance of routine envi-
ronmental/AFP surveillance as a means for outbreak 
control and rapid immunisation campaigns, not only 
in low-income countries, but also in high-income coun-
tries with high vaccination coverage.
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