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Summary
Background The Global Polio Eradication Initiative (GPEI) has drastically reduced the global incidence of poliomy-
elitis since its launch in 1988 thanks to effective vaccines and strong global surveillance systems. However, detections
of wild-type as well as vaccine-derived poliovirus (VDPV) still occur, also in the WHO European Region. This study
aims to describe the poliovirus detection via the acute flaccid paralysis (AFP), clinical enterovirus, and environmental
surveillance systems.

Methods In this study, we review data from annual reports from 2015 to 2022 from the World Health Organization
(WHO)’s three core poliovirus surveillance systems in place in the WHO European Region: AFP, clinical enterovirus,
and environmental surveillance systems.

Findings A total of 4324 reported samples were found positive for poliovirus: 477 from AFP surveillance, 394 from
clinical surveillance and 3453 from environmental surveillance. Of these, 366 were VDPV, 3952 vaccine strains, and 6
were wild-type poliovirus. 709 were identified as type 1, 399 as type 2, and 1944 type 3, while 1272 samples contained
more than one type. Temporal and spatial association of positive environmental samples with positive samples from
AFP or clinical enterovirus surveillance was found in only eight countries.

Interpretation Analysis of poliovirus-positive samples from AFP, clinical enterovirus, and environmental surveillance
revealed that type 3 poliovirus was the most prevalent type detected. Most poliovirus-positive samples were identified
as vaccine strains. No information on sequences was available.

Funding This study was funded by WHO Regional Office for Europe and received financial support from the Bill and
Melinda Gates Foundation.
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Introduction
The Global Polio Eradication Initiative (GPEI), launched
in 1988, has been successful in reducing the incidence
of poliomyelitis worldwide. At the initiation of the GPEI,
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more than 350,000 annual cases of polio were docu-
mented across 125 countries. Fast forward to 2023, the
number of reported cases caused by wild-type poliovirus
(WPV) had dwindled to a mere 12 cases in the whole
evej 29, 3400, Hillerød, Denmark.
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Research in context

Evidence before this study
The global effort to eradicate polio has been openly sharing
information on poliomyelitis cases, poliovirus detections, and
poliovirus types through the Global Polio Eradication Initiative
(GPEI) and WHO.
Poliovirus, often considered a relic of the past, is becoming
increasingly relevant to monitor due to increased detection
and reporting of vaccine-derived poliovirus (VDPV) in
environmental samples (globally). Recent events in the
European Region have highlighted the importance of
vigilance with VPDV cases detected in environmental samples
in London and two cases of paralytic VDPV in unvaccinated
Israelian children according to the 2023 situational update
from the European Centre for Disease Prevention and Control
(ECDC), poliomyelitis remains a significant concern within the
EU/EEA and the update underscored the necessity of
continued surveillance and preventive measures to address
the threat of polio.
ENPEN pen was launched in 2017 in response to the increase
in emerging enteroviruses causing severe, polio-like illnesses
in children across the globe. Sporadic detections of VDPV or
Wild Polio Virus, Type 1 (WPV1) were noted via the ENPEN
surveillance, and similarly captured via the World Health
Organisation (WHO) surveillance systems.
With this, a collaboration between the WHO European
regional office and ENPEN was established to investigate the
detection of non-polio enterovirus and poliovirus in the

existing surveillance systems, aiming to publish these
findings.
In Europe, news on poliovirus detections and Acute Flaccid
Paralysis (AFP) cases is shared with the media, and the
national surveillance laboratories share their data with the
WHO Regional Office for Europe. Thus, poliovirus circulation
in Europe is documented, though it has not yet been analysed
coherently and published in a collected, original study.

Added value of this study
With three coexisting poliovirus surveillance programs
running in Europe, a formal investigation of their synergies
has not been published. This study presents an analysis of
three poliovirus surveillance systems, the detection of
poliovirus in each system, their use in combination and the
synergies between them. We find that poliovirus is detected
in all systems but that temporal and spatial associations
between environmental detection and clinically collected
positive samples, such as AFP samples, are rare, possibly due
to the incompleteness of systems for environmental
surveillance.

Implications of all the available evidence
Based on the analysis of the three poliovirus surveillance
systems and their synergies, we recommend more finely
granulated environmental surveillance programs, including
specific spatiotemporal coverage of the programs.
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year,1 with these occurring exclusively in the two
remaining endemic countries of Afghanistan and
Pakistan.2 However, the number of vaccine-derived
polio cases has jumped from just 32 cases in 2015 to
451 cases in 2023.2

Among the three WPV types, only WPV1 persists in
circulation. WPV2 ceased circulating in 1999, and
WPV3 has not been isolated since 2012.3 The certifica-
tion of global eradication of WPV2 in 2015 prompted
the removal of the type 2 component from the oral
poliovirus vaccine (OPV; Sabin strains) formulations in
the subsequent year, though OPVs containing type 2
polio virus has been used for outbreak response in other
WHO regions until 2022. Simultaneously, in a signifi-
cant stride towards polio eradication, a few countries
within the WHO European Region; Belarus, Georgia,
and Poland transitioned from OPV to an inactivated
poliovirus vaccine (IPV)-only vaccination strategy in
2016. The anticipation of a regional shift to an IPV-only
vaccination strategy was expected to be fully imple-
mented by the year 2020. However, the shift so far is
taking longer than first anticipated and 11 Member
States of the WHO European Region are still using OPV
in routine immunization.4 Robust clinical and syn-
dromic surveillance of poliovirus circulation remains
crucial until the conclusive eradication of poliovirus in
endemic countries is achieved, coupled with the full
transition from OPV to IPV.

Acute flaccid paralysis (AFP) surveillance has been
the gold standard for surveillance of poliovirus since the
beginning of the polio eradication initiative in 1988.5

The occurrence of both acute and prolonged paralysis
resulting from various enterovirus (EV) infections ex-
tends beyond poliovirus, encompassing various non-
polio enterovirus (NPEV) types. Recognizing this
broader spectrum, syndromic surveillance not only for
AFP caused by poliovirus but also for acute flaccid
myelitis (AFM) caused by NPEVs plays a crucial role in
monitoring and understanding the dynamics of paraly-
sis caused by the entire enterovirus genus. Many
countries succeeding with polio eradication, have expe-
rienced epidemics from NPEVs associated with men-
ingitis, meningoencephalitis, AFP and/or AFM cases.
These present with manifestations clinically similar to
polio, and with the potential for long-lasting sequelae
such as Echovirus 30 (E30) epidemic,6 EV-A71 epi-
demics of meningitis and brainstem encephalitis in
Asia in 20087,8 and Spain in 2016,9 and the EV-D68
epidemic in North America and Europe from 2014
onwards.10,11
www.thelancet.com Vol 47 December, 2024
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Poliovirus infection manifests as poliomyelitis
(abbreviated as polio) in only about 1 in every 200 un-
vaccinated individuals infected with the virus, with
lower case rates in vaccinated communities. Since most
poliovirus infections are asymptomatic, and infected
individuals excrete substantial amounts of virus in their
faeces for weeks, environmental surveillance can add
value to clinical monitoring, especially in communities
with sub-optimal immunisation levels. When applied
correctly and functioning optimally, this method allows
for the early detection of poliovirus circulation in an area
before paralysis cases emerge, making it a valuable
strategy post-eradication.12 All components of poliovirus
surveillance are supported by the Global Polio Labora-
tory Network (GPLN) for confirmatory testing using
viral isolation, intratypic differentiation and genomic
sequencing procedures in accordance with WHO
guidelines.13

This study aims to describe the poliovirus detection
via the AFP, clinical enterovirus, and environmental
surveillance systems and compare the main outcomes
from the 3 systems in the WHO European Region
encompassing 53 countriesi.

We aim to evaluate the effectiveness of environ-
mental surveillance in detecting poliovirus and predict-
ing AFP cases and poliovirus-positive clinical cases. This
strategic exploration is particularly relevant in the
broader context of enhancing surveillance methodolo-
gies during the transitional phases of global changes in
polio vaccination strategy and poliovirus eradication
efforts.

Methods
Study population
The WHO European Region covers 53 countries from
the Atlantic to the Pacific Ocean with a total population
of 929 million in 2021.14 The countries of the Region,
their use of surveillance systems and preventive strate-
gies are described in detail in Table 1. The sub-national
administrative level of the Member States can vary
substantially in size, from one municipality (e.g., in
Andorra) to covering a whole country (e.g., England in
the United Kingdom).

Data sources
The WHO data is based on the “Annual progress reports
on polio eradication activities”, which contain data on
iAlbania, Andorra, Armenia, Austria, Azerbaijan, Belarus, Belgium,
Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, Czechia, Denmark,
Estonia, Finland, France, Georgia, Germany, Greece, Hungary, Iceland,
Ireland, Israel, Italy, Kazakhstan, Kyrgyzstan, Latvia, Lithuania,
Luxembourg, Malta, Monaco, Montenegro, Netherlands (Kingdom of
the), North Macedonia, Norway, Poland, Portugal, Republic of Moldova,
Romania, Russian Federation, San Marino, Serbia, Slovakia, Slovenia,
Spain, Sweden, Switzerland, Tajikistan, Türkiye, Turkmenistan,
Ukraine, United Kingdom, Uzbekistan.
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AFP, environmental surveillance, and clinical surveil-
lance. The case-level data was collected through Online
Laboratory Data Management System (LDMS) and
centralized information system for infectious diseases
(CISID). The data reviewed covers the years 2015–2022.

Surveillance systems
According to WHO guidelines, three types of surveil-
lance systems for detecting the transmission of polio-
virus are pivotal for reaching global polio eradication,
based on the assumption that high-quality surveillance
permits the timely detection of poliovirus transmission
due to WPV, vaccine-derived polioviruses (VDPVs) and
the circulation of Sabin-like viruses.13 The surveillance is
implemented in different combinations in countries
throughout the WHO European Region.

Firstly, acute flaccid paralysis (AFP) surveillance
AFP surveillance is globally accepted case-based syn-
dromic surveillance for AFP cases which confirms
poliovirus by testing stool specimens in polio labora-
tories.13 AFP cases are identified using both active and
passive surveillance, and facility- and community-based
detection methods.15 In this study, AFP cases and con-
tacts have been identified in accordance with the WHO
guidelines13 where the sensitivity limit is 1 case of non-
polio AFP per 100,000 individuals younger than 15 years
in a given year.

Secondly, environmental surveillance (ES)
ES is complementing AFP surveillance via systematic
testing of sewage samples for poliovirus in specific
settings.16 ES is supplementary to AFP surveillance and
can contribute valuable albeit non-clinical information.
With ES it is expected that detection of circulating
poliovirus can be achieved before the emergence of se-
vere clinical or AFP cases, providing adequate sampling
sites positioning and testing methodology is applied.
Findings of non-polio enteroviruses validate the func-
tionality of procedures of ES.16 Effectiveness and repre-
sentativity of ES are determined by the areas covered by
the surveillance and the ability to detect enterovirus in
the samples collected, and the probability of detected an
infected case are, along with other factors, related to the
population density in the sampled area.16

Lastly, clinical enterovirus surveillance (EVS)
Within polio-free regions or countries, clinical entero-
virus surveillance can be used to complement or replace
the AFP surveillance, especially when the AFP surveil-
lance cannot meet the criteria for minimum detection of
AFP cases.13 This systematic clinical enterovirus sur-
veillance aims to provide a supplementary data source
on poliovirus circulation. In countries with no envi-
ronmental or AFP surveillance, clinical EVS may be the
only system confirming that poliovirus is not causing
clinical disease.15 Systematically testing for poliovirus in
3
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Country Population Polio
vaccination
coveragea

Vaccines in
program 2020
(Only IPV or
combined
OPV/IPV)

AFP
Surveillance

Clinical
enterovirus
Surveillance

Environmental
Surveillance

Albania 2.832.439 98 OPV/IPV Yes Yes

Andorra 79.034 97 IPV Yes

Armenia 2.777.971 98 IPV Yes Yes

Austria 8.958.960 84 IPV Yes Yes

Azerbaijan 10.412.652 88 OPV/IPV Yes Yes

Belarus 9.498.238 98 IPV Yes Yes Yes

Belgium 11.594.060 98 IPV Yes Yes

Bosnia and
Herzegovina

3.210.847 75 IPV Yes

Bulgaria 6.687.717 91 IPV Yes Yes

Croatia 4.008.617 92 IPV Yes Yes Yes

Cyprus 1.260.138 96 IPV Yes Yes

Czechia 10.495.295 94 IPV Yes Yes

Denmark 5.964.059 98 IPV Yes

Estonia 1.322.765 85 IPV Yes Yes Yes

Finland 5.545.475 91 IPV Yes

France 67.750.000 96 IPV Yes

Georgia 3.728.282 85 IPV Yes Yes Yes

Germany 83.200.000 91 IPV Yes Yes

Greece 10.341.277 99 IPV Yes Yes Yes

Hungary 10.156.239 99 IPV Yes

Iceland 372.520 92 IPV Yes

Ireland 5.056.935 93 IPV Yes Yes

Israel 9.496.000 98 OPV/IPV Yes Yes Yes

Italy 58.870.762 95 IPV Yes Yes

Kazakhstan 19.606.634 99 OPV/IPV Yes Yes Yes

Kyrgyzstan 6.735.348 92 OPV/IPV Yes

Latvia 1.830.211 95 IPV Yes Yes Yes

Lithuania 2.718.352 90 IPV Yes Yes

Malta 535.064 98 IPV Yes Yes

Moldova 3.435.931 88 OPV/IPV Yes Yes Yes

Monaco 36.686 99 IPV Yes Yes

Montenegro 626.485 80 OPV/IPV Yes

Netherlands 17.530.000 93 IPV Yes Yes

North Macedonia 2.085.679 84 IPV Yes

Norway 5.474.360 97 IPV Yes Yes

Poland 41.026.067 91 IPV Yes Yes

Portugal 10.247.605 99 IPV Yes Yes

Romania 19.892.812 85 IPV Yes Yes

Russian Federation 144.444.359 97 OPV/IPV Yes Yes Yes

San Marino 33.745 92 IPV Yes

Serbia 7.149.077 92 IPV Yes

Slovakia 5.795.199 97 IPV Yes Yes Yes

Slovenia 2.119.675 89 IPV Yes Yes

Spain 47.519.628 93 IPV Yes Yes Yes

Sweden 10.467.097 94 IPV Yes

Switzerland 8.796.669 96 IPV Yes

Tajikistan 10.078.507 97 OPV/IPV Yes Yes

Turkmenistan 85.816.199 99 OPV/IPV Yes

Türkiye 6.516.100 98 OPV/IPV Yes Yes

Ukraine 36.744.634 69 OPV/IPV Yes Yes Yes

United Kingdom 67.736.802 92 IPV Yes Yes

Uzbekistan 34.739.400 99 OPV/IPV Yes Yes

aPolio type 3 vaccination coverage among 1-year-olds.

Table 1: Enterovirus positive samples and subtypes identified by AFP surveillance in the WHO European Region 2015–2022.
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enterovirus-positive samples15 provides supportive evi-
dence that the country is polio-free. Inclusion criteria for
data from the clinical enterovirus surveillance into the
WHO systems differ between countries. Some countries
report all samples, while others report only samples
testing positive for enterovirus, primarily focus on
poliovirus-positive samples only, or only samples sub-
jected to poliovirus testing.

Classification of poliovirus-positive samples
The poliovirus type is characterised using molecular
techniques in accordance with the WHO diagnostic
protocol. Samples reported to the WHO Regional Of-
fice for Europe’s poliovirus surveillance are character-
ized in the WHO-accredited polio laboratories to
describe the poliovirus type (PV1, PV2, and PV3) and
the intratypic differentiation of poliovirus (vaccine
strains (Vaccine or nOPV2), VDPV or wild-type virus).
This study presents the aggerated findings based on
poliovirus type and whether they were wild-type, vac-
cine strain or vaccine-derived viruses according to
intratypic differentiation.

For analysis purposes, samples with more than one
poliovirus type, e.g., typing results positive for both PV1
and PV3, are labelled as ‘More than one type’.

Analysis
Information on samples was provided by the WHO
Regional Office for Europe based on WHO surveillance
systems for AFP surveillance, clinical enterovirus sur-
veillance and ES covering the period of January 1, 2015,
to December 31, 2022. All samples positive for any
enterovirus from ES, AFP, and clinical enterovirus
surveillance were included in the analysis. Distinction
between samples from the same case or site were not
possible. Multiple samples could be included from the
same case or sample site. From the AFP surveillance,
only samples from AFP cases were included, and sam-
ples from AFP contacts were omitted. Missing data is
expected on poliovirus-negative samples, while complete
reporting of existing data is expected for poliovirus-
positive samples. Results were aggregated by surveil-
lance system and country.
Fig. 1: Maps of participation in acute flaccid paralysis (AFP) surveillance, C
WHO Europe region. Participating country Israel is not shown on the m
yellow, Did not participate with data to surveillance.

www.thelancet.com Vol 47 December, 2024
We investigated any temporal and spatial relations
between positive samples in the AFP surveillance and
the ES and between positive-poliovirus samples, irre-
spective of the intratypic differentiation, in the clinical
enterovirus surveillance and the ES at the country level
and province level where applicable. To do this, all
environmental samples positive for poliovirus, were
identified. Then, the next positive AFP sample in the
same country and, if any, in the same province was
identified, and the number of days between collection of
the samples was calculated. The same was done with
positive samples from the clinical enterovirus surveil-
lance. We defined an environmental sample as timely
related to the detection of an AFP case or positive clin-
ical enterovirus sample if collected in the 30 days pre-
ceding the detection of the AFP case or positive clinical
enterovirus surveillance sample. For spatial relations,
we defined that the environmental sample and the AFP
case sample or positive clinical enterovirus sample
should be detected in the same geographic area. When
samples were timely related and occurred in the same
province, we compared the characterisation results (vi-
rus type and variant) of the environmental samples and
AFP case sample or positive clinical enterovirus sample.

All analysis was conducted using R studio version
2023.9.0.463.17,18

Role of the funding source
This study was funded by WHO Regional Office for
Europe and received financial support from the Bill and
Melinda Gates Foundation. The data was provided by
the funding source. The work was conducted by the
ENPEN study group in close collaboration, and input on
the study design and the drafted manuscript allowed.
Results
AFP surveillance
Our review of the WHO Regional Office for Europe’s
AFP surveillance data provides outcomes in 44 (83%) of
the 53 countries within the WHO European Region
covering a population of more than 0.9 billion people
(Table 1, Fig. 1). There were zero reported cases in
linical enterovirus surveillance, and Environmental surveillance in the
aps. Figure key: Blue, Participated with data to surveillance; Light

5
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Surveillance
system

Strain Virus type Total

1 2 3 >1a

AFP Vaccine 71 28 197 87 383

VDPV 12 69 7 1 89

nOPV 0 5 0 0 5

WPV 0 0 0 0 0

Total 83 102 204 88 477

Clinical enterovirus Vaccine 97 19 178 68 362

VDPV 5 1 12 3 21

nOPV 0 9 0 2 11

WPV 0 0 0 0 0

Total 102 29 190 73 394

Environmental Vaccine 518 213 1510 939 3180

VDPV 5 51 39 161 256

nOPV 0 0 0 11 11

WPV 1 4 1 0 6

Total 524 268 1550 1111 3453

Total 709 399 1944 1272 4324

aMore than one virus type detected in one sample.

Table 3: Poliovirus characterization by surveillance system.
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Germany, while 43 countries provided data for AFP
surveillance during the period, representing 81% of the
total countries.

The AFP surveillance identified 477 poliovirus-
positive samples from AFP cases in 24,954 tested sam-
ples from AFP cases (Table 2). The majority of AFP
samples tested for poliovirus that was reported during
the 8-year study period were from countries in the east
of the Region led by the Russian Federation, Türkiye,
and Ukraine, with 6429 (25.8%), 4206 (16.8%), and 2265
(9%) AFP samples, respectively. The prevalence of
poliovirus-positive AFP samples was highest in the
Russian Federation with 152 (2.4% positive) cases and
in Tajikistan with 96 (5.8%) cases, while Türkiye re-
ported only 28 (0.7%) poliovirus-positive AFP cases
(Supplementary Table S1).

Characterisation of poliovirus type was available for
all 477 samples from poliovirus-positive AFP cases.
Among these, poliovirus type 3 was the most prevalent
as a single detection, constituting 204 samples (43.1%)
(Table 3) followed by type 2 in 102 samples (21.3%) and
type 1 in 83 samples (17.3%). For 88 samples, multiple
poliovirus types were reported. Overall, in single detec-
tion and multiple detection combined, 151 samples
were positive for type 1, 118 for type 2 and 263 for
type 3.

The AFP surveillance recorded no samples with
WPV, thus all 477 samples were vaccine-related. Of
these, 388 samples were vaccine strains (383 traditional
vaccine samples, 5 samples were nOPV), and 89 sam-
ples were VDPV (Table 3). The majority, 78.4% (n = 69)
of the 89 VDPV polioviruses identified were poliovirus
type 2, while the vaccine strains most often were
poliovirus type 3 (51.4%, 197/383).

During the study period from 2015 to 2022 in the
WHO European Region, a general decline in the num-
ber of poliovirus-positive AFP samples was observed
from 2017 to 2020 except in 5 countries, namely
Kyrgyzstan, the Russian Federation, Türkiye, Ukraine,
and Uzbekistan, (data not shown) where a general rise
in poliovirus-positive samples from AFP cases was
observed, and a notable peak occurred in 2021 (Fig. 2). It
is noteworthy that throughout all the years of surveil-
lance, the number of poliovirus-positive samples with
vaccine-related variant type in the WHO European
Surveillance
system

Samples
positive for
enterovirus (n)

Samples
positive for
Poliovirus

Samples
from
AFP-casesa

AFP – 477 24954
Clinical
enterovirus

11039 394 –

Environmental 8091 3453 –
aContacts excluded from AFP surveillance samples.

Table 2: Poliovirus cases identified and reported by surveillance
systems in the WHO European Region 2015–2022.
Region consistently remained high, and wild poliovirus
was not reported in any samples collected from AFP
case (Table 3).

Clinical enterovirus surveillance
The clinical enterovirus surveillance covers 28 of the 53
countries n the WHO Europe region (52.8%) (Table 1).
A total of 11,039 samples were positive for enterovirus,
including 394 samples positive for poliovirus (3.6%)
from 15 countries (Table 2). Denmark reported the
highest number of enterovirus-positive samples to the
clinical enterovirus surveillance (4497 samples), with no
samples positive for poliovirus. The Russian Federation
and Ukraine reported the highest number of poliovirus-
positive samples (Supplementary Table S2).

Characterisation of poliovirus types was available for
all 394 samples (Table 3). In single detection, type 3 was
most common (176 samples), followed by type 1 in 97
samples and type 2 in 19 samples. In 73 samples, more
than 1 poliovirus type was detected. In total, 136 sam-
ples had a detection of type 1 poliovirus, 54 with type 2
and 213 had a detection of type 3, with single and
multiple detections combined.

The intratypic differentiation of the poliovirus in the
clinical enterovirus surveillance samples was vaccine-
related in all 394 samples. Of these, 373 samples were
directly from vaccine with 11 from nOPV and 21 were
VDPV. Of the VDPV reported, 12 samples had polio-
virus type PV3 (57.1%) (Table 3).

Environmental surveillance (ES)
The WHO European Regional data from ES for polio-
virus covers 23 of the 53 countries (43.4%) within the
www.thelancet.com Vol 47 December, 2024
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Fig. 2: Number of poliovirus-positive samples by surveillance system acute flaccid paralysis (AFP) surveillance, Clinical enterovirus surveillance,
and Environmental surveillance during 2015–2022 in the WHO Europe region.
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WHO European Region (Table 1). A total 8091 envi-
ronmental samples tested positive for enterovirus of
which 3453 (42.7%) samples tested positive for polio-
virus (Table 2).

Of the 23 countries reporting on ES activities
reporting of both polio-positive and non-polio-positive
samples vary, and the positivity rates thus differ. Israel
had the highest rate of poliovirus positive samples with
poliovirus identified in 1536 (98.7%) out of 1556
enterovirus-positive samples. Italy reported the lowest
non-null rate of poliovirus positive samples with only 3
out of 615 EV-positive environmental samples (0.5%)
testing positive for poliovirus (Supplementary Table S3).

Type characterisations were available for all the
positive samples (Table 3). The most common polio-
virus type detected (single detection) in ES was type 3
detected in 1550 samples, followed by type 1 in 524
samples and finally type 2 in 268 samples. 1111 samples
contained a mixture of poliovirus types. Counting single
and multiple detection of types together, 723 samples
were type 1, 172 samples were type 2 and 1333 were
type 3.

All the 3453 poliovirus-positive environmental sam-
ples were characterized with intratypic differentiation
with vaccine-related types. Of these 256 were VDPV
(7.7%). In addition, 6 were WPV. In Netherlands,
www.thelancet.com Vol 47 December, 2024
poliovirus wild-type 2 was detected 6 times in environ-
mental samples and associated with an isolated well-
contained incident, i.e. an industrial exposure of a
single person, which did not lead to further trans-
mission and outbreaks, and otherwhere described19). All
VDPV had a confirmed characterisation of poliovirus
type (5 PV1, 51 PV2, 39 PV3 and 164 with more than 1
virus type in the sample, Table 3).

Poliovirus types during the study period
During the study period, the number of positive sam-
ples and the distribution of poliovirus type was not
constant by year and surveillance system. Fig. 3 shows
the distribution of poliovirus types and sample
numbers by year and surveillance system. In all sys-
tems, 2020 had a low number of positive tests, most
distinctly in the AFP surveillance and the clinical
enterovirus surveillance. Of interest, type 2 was present
in all three systems until the switch from trivalent to
bivalent oral polio vaccine in 2016. After that, type 2
seems to have disappeared but re-emerged in 2020 in
the AFP surveillance and in 2021 in the clinical
enterovirus surveillance and environmental surveil-
lance. In 2021, type 2 poliovirus was the most common
poliovirus type identified in poliovirus-positive samples
from AFP cases.
7
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Fig. 3: Detection of poliovirus-positive samples by poliovirus type and surveillance systems acute flaccid paralysis (AFP) surveillance, Clinical
enterovirus surveillance, and Environmental surveillance in the 2015–2022 WHO Europe region.

Articles

8

Combination of surveillance of poliovirus
In 13 countries in the Region, all three surveillance sys-
tems were running, with detection of poliovirus in at least
one system in 10 countries. In 7 countries, poliovirus was
detected in all three systems regardless of timing
(Table 4). The combination of AFP and clinical entero-
virus surveillance was present in 25 countries, with 13
countries detecting poliovirus in at least one system and 9
countries detecting it in both surveillance systems. with
16 countries detecting poliovirus in at least one of the two
systems and 10 countries detecting it in both surveillance
systems. Additionally, 17 countries had ES and clinical
enterovirus surveillance in operation together, with 13 of
these countries having detection of poliovirus in at least
one surveillance system (Table 4).

Timing of poliovirus-positive environmental
samples and AFP cases
We found 850 poliovirus-positive samples from ES that
were followed by poliovirus-positive samples from AFP
Surveillance systems
combinationa

Countries
with these
surveillance
systems

Countries with
polio detected
in at least one
of the systems

C
d
in
tw
sy

AFP + clinical enterovirus 25 13 9

AFP + Environmental 22 16 1

Environmental +
Clinical enterovirus

17 13 1

AFP + clinical
enterovirus + Environmental

13 10

aCountries with all three are included in the counts of the other combinations too.

Table 4: Poliovirus detections in countries with multiple surveillance system
cases in the same country within 30 days. Investigation
of the timing between the detection of poliovirus-
positive samples from the AFP and the ES systems
was possible only in the 17 countries where both sys-
tems were in place. In 10 of these countries,
(Azerbaijan, Belarus, Georgia, Israel, Kazakhstan, Re-
public of Moldova, the Russian Federation, Tajikistan,
Ukraine, and Uzbekistan) an ES detection occurred
within 30 days of an AFP case.

Further, when investigating the temporal rela-
tionship at a provincial level, we saw that 71 of 87
provinces in the 10 countries with poliovirus-positive
AFP cases and environmental samples did not have
any reports of AFP cases positive for poliovirus
collected after a poliovirus-positive environmental
sample. We found a spatial as well as temporal
concurrence of AFP cases and environmental tests
positive for poliovirus in two countries (Israel and the
Russian Federation). In these countries, six specific
provinces out of 87 provinces (7%) in total reported a
ountries polio
etected
the
o/three
stems

Countries
with polio
detected
in AFP
surveillance

Countries with
polio detected
in clinical
enterovirus
surveillance

Countries with
polio detected
in environmental
surveillance

11 9 –

0 11 – 15

1 – 12 12

7 8 9 9

s.
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positive environmental sample was collected within
less than 30 days before the poliovirus-positive AFP-
case. In the six provinces, 47% (546/1162) of all
environmental samples were followed by a
polio-positive AFP case. The rate of polio-positive
samples from ES preceding a polio-positive AFP
case with a maximum of 30 days in the 6 provinces
was 3.3% (53 samples). While type 3 were dominant
in the poliovirus-positive AFP samples that followed
within 30 days of positive ES samples (92%) only
44% of these were preceded by a PV3 positive ES
sample.

When restraining the analysis of environmental
samples to VDPV positive-samples only, in Israel
VDPV-positive environmental samples (12) was fol-
lowed by an AFP sample within 30 days, with the VDPV-
positive AFP samples (2) registered in February/March
of 2022, concurrent with the described circulation of
VDPV3 in Israel in 2022.20

Timing of poliovirus-positive samples from clinical
enterovirus surveillance and environmental
surveillance
Investigation of the timing between the detection of
poliovirus-positive samples from the clinical enterovirus
surveillance and the ES was possible in 24 countries.
From 12 countries (Croatia, Czechia, Finland, France,
Italy, Lithuania, Poland, Portugal, Spain, Tajikistan,
Türkiye, and Uzbekistan), no poliovirus-positive clinical
enterovirus surveillance samples were reported. In these
countries, the rate of poliovirus-positive clinical entero-
virus detection following environmental detection,
therefore, was 0%.

In 11 countries (Azerbaijan, Belarus, Georgia, Ger-
many, Israel, Kazakhstan, Republic of Moldova, the
Russian Federation, Slovakia, Ukraine, and the United
Kingdom), an ES detection occurred before a poliovirus-
positive sample from the clinical enterovirus surveil-
lance. In Slovakia, all the environmental samples were
collected more than 30 days before the corresponding
clinical enterovirus samples.

The temporal and spatial occurrence was investi-
gated at the provincial level in the 12 countries where
environmental samples were positive for poliovirus
within 30 days preceding a poliovirus-positive sample
from the clinical enterovirus surveillance. In 8 coun-
tries, we identified provinces where poliovirus-positive
environmental samples were detected in the 30 days
preceding a poliovirus-positive clinical enterovirus
sample, namely Georgia, Israel, Republic of Moldova,
Netherlands, the Russian Federation, Ukraine, and the
United Kingdom. Of 120 provinces reported to the
surveillance systems for these countries, we found that
poliovirus-positive environmental samples were detec-
ted in the 30 days preceding a positive-poliovirus
clinical enterovirus surveillance sample in 20 prov-
inces (16.7%).
www.thelancet.com Vol 47 December, 2024
Discussion
The WHO Europe polio program collects poliovirus
surveillance data from 53 countries, aggregating infor-
mation from various national surveillance systems.
While data collection methods vary among countries,
efforts are consistently made to adhere to WHO guide-
lines. Some countries report all samples, while others
report only samples testing positive for enterovirus,
primarily focus on poliovirus-positive samples only, or
only samples subjected to poliovirus testing. Our anal-
ysis focuses on 45 countries participating in AFP sur-
veillance, 28 countries in clinical enterovirus
surveillance, and 23 countries in ES, examining data in
detail from countries contributing to multiple systems.

ES received more reports of samples positive for
poliovirus than the AFP surveillance and the clinical
enterovirus surveillance (3453 vs. 477 and 394, respec-
tively). In samples from countries still administering OPV
(Albania, Azerbaijan, Israel, Kazakhstan, Kyrghyzstan,
Moldova, Montenegro, the Russian Federation, Tajikistan,
Turkmenistan, Ukraine, Uzbekistan) the poliovirus-
positivity rate of ES was high (26%). Poliovirus type 3
was predominant in environmental samples. Notably, no
instances were found where environmental detection of
wild-type poliovirus (n = 6) was followed by an AFP case.
Most poliovirus-positive environmental samples were
vaccine-related or VDPV, while the wild-type poliovirus
was detected 6 times in environmental samples and
associated with isolated well-contained incidents that did
not lead to further transmission and outbreaks.19 The
reoccurrence of type 2 in 2020–2021 highlights the
ongoing threat of cases or outbreaks when imported
strains spread in populations with low immunity against
locally eliminated strains. The detections of poliovirus type
2 may reflect the use of OPV for outbreak response in
other regions combined with international travel.

Our study has some limitations due to missing data.
We compare the data by surveillance system, as the sys-
tems are not all in place in all countries. Overall, the data
from AFP surveillance can be considered representative
in participating countries, though concerns of the quality
and numbers of surveillance investigations per popula-
tion number and the efficacy of the surveillance can be
raised between individual health districts within coun-
tries. The ES is recommended for implementation
especially in areas where polio vaccination rates are low
or other surveillance systems are challenged. This
recommendation can challenge the representativeness of
ES, a bias that should be considered if extrapolation is
considered using this data. In addition, we have not been
able to identify samples from the same case or environ-
mental site. These two challenges mean that the number
of poliovirus-positive samples cannot be translated to a
case count or whole-country rates of poliovirus positivity
based on environmental detections. Therefore, an esti-
mation of the burden of disease is not feasible based on
the results presented here. Instead, our results do provide
9
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information on when and where poliovirus was detected
in samples from the three surveillance systems, showing
the significant spread in both time and place in Europe
within the studied period. Furthermore, analyses were
conducted based on sample reporting rather that case
based reporting, which may have caused an over-
estimation of the data in some countries. In the WHO
European Region, ES and enterovirus surveillance are
adjunctive systems that complement and fill gaps in AFP
surveillance by providing alternative mechanisms to
detect potential circulation of poliovirus. In other regions,
the surveillance system plays additional roles in trans-
mission detection, as in Pakistan where WPV is
endemic.21 Our findings illustrate the interplay between
the surveillance systems. We found a low probability that a
poliovirus-positive environmental sample was predictive of
an AFP case with poliovirus (1.0–4.4% of all samples in
provinces where ES were predictive of AFP). Only when
restraining the environmental samples to VDPV positive-
samples, a predictive link was identified to the identifica-
tion of VDPV circulation and an AFP case in Israel. This
was concurrent with the described circulation of VDPV3 in
Israel in 2022 In this atypical setting, ES had a secondary
function of “early warning” surveillance and detected
presence of virus before a clinical case was detected.20 Our
findings are consistent with a previous description of local
experiences with ES, which also described large discrep-
ancies between environmental detections and AFP cases,22

while other experiences advised that the discrepancy fol-
lowed limited ES in time and space.23 We noted that ES
was sporadic in many provinces. In six countries with
poliovirus-positive AFP cases, no ES samples were re-
ported to the WHO, reflecting that settings with active and
sensitive AFP surveillance tend not to invest resources and
effort in overlapping ES networks.

These observations reflect the strategic role of ES in
Europe, as a complementary, rather than duplicative,
surveillance mechanism to support detection of polio-
viruses potentially missed by AFP surveillance, which
may either result from asymptomatic infections in the
setting of high IPV coverage, incompletely implemented
or poorly functioning AFP surveillance, or both. The
limited predictive performance of ES in this setting is an
expected reflection of the structure of this regional
surveillance strategy. However, in settings where there
is assessed to be higher risk of poliovirus introduction
and circulation such as in Israel, co-surveillance could
be encouraged, and ES and either AFP surveillance,
clinical enterovirus surveillance or both should have
functioned full-time, with systematic sampling and both
passive and active surveillance of AFP cases.13 In set-
tings where AFP surveillance is functional and robust,
and where risk of undetected widespread circulation is
lower, ES could be used strategically to monitor areas
with high-risk populations or environmental factors
conducive to virus transmission. Conversely, in regions
where AFP surveillance is weak or unrepresentative, ES
could play a more dominant role, compensating for the
surveillance deficit. Decision-making about the strategic
implementation of ES and enterovirus surveillance as
complementary systems to AFP surveillance, including
spatiotemporal coverage, should be tailored to the
context of poliovirus epidemiology and public health
infrastructure each setting.
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