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Abstract. Background and aim: Environmental Surveillance (ES), which gained renewed interest during the 
COVID-19 pandemic due to its effectiveness in the early detection of viral spread, has long been recognized 
as a critical component of the Global Polio Eradication Initiative. This approach has historically played a fun-
damental role in the early identification of poliovirus transmission and remains an essential tool for monitor-
ing the circulation of enteroviruses, underscoring its enduring significance in public health surveillance. This 
study aims to present six years ES data on poliovirus and enterovirus in Parma, Italy. Methods: The samples 
were collected every two weeks at the inlet of two sewage treatment plants and underwent a WHO protocol 
analysis. We detailed the temporal and spatial distribution of non-polio enterovirus (NPEV) and poliovirus 
based on the virus cultures algorithm from 2019 to 2024. Results: A total of 228 sewage samples were col-
lected, a median of 44 samples per year. 68.9% resulted in positive cell cultures, without significant differ-
ences among the two treatment plants. The year 2023 had the highest percentage of NPEV isolates (97.7%), 
followed by 2024 and 2022 (87% and 70.5% respectively). 2021 had the overall lowest positive (35.6%). One 
Sabin-like strain type 3 was detected in 2022. Seasonal time trends were observed. Conclusions: This study 
contributes to a better understanding of NPEV circulation patterns in a pandemic and post-pandemic period, 
underlining the importance of ES as a tool in the assessment of the epidemiological spreading of enterovi-
ruses and significantly poliovirus. (www.actabiomedica.it)
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Introduction

Environmental Surveillance (ES) consists of sys-
tematically testing sewage and wastewater samples and 
serves as a critical public health tool. It allows pathogen 
detection, providing a community-representative pic-
ture of circulating infectious diseases (1), detection and 
monitoring of antibiotic resistance (2), and beyond in-
fectious disease tracking, it is used to assess community 

recreational drug, tobacco, and alcohol use (3). During 
the COVID-19 pandemic, ES gained renewed interest 
due to its ability to predict the emergence of pandemic 
peaks or detect the onset of new SARS-CoV-2 variants 
(4–6), yet ES is widely used in viral disease epidemi-
ology, encompassing the detections of many viruses as 
influenza, noroviruses and hepatitis A (7,8). Entero-
viruses of the Picornaviridae family include a group 
of viral species such as polioviruses, coxsackieviruses, 
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echoviruses, and novel enteroviruses commonly associ-
ated with asymptomatic to mild infections. However, 
under specific circumstances, they can cause a wide 
range of severe syndromes as aseptic meningitis and 
encephalitis, paralysis, hand-foot-and-mouth disease, 
myocarditis, severe neonatal enterovirus infections, 
and others. Viral detection in wastewater started over 
75 years ago to detect poliovirus and other enterovi-
rus in sewage specimens (9) and has been subsequently 
integrated into the WHO’s Global Polio Eradica-
tion Initiative (GPEI) to evaluate the effectiveness of 
these programs alongside the clinical surveillance for 
acute flaccid paralysis (AFP) (10–12). ES allows for 
the detection of a wider range of viruses than clini-
cal surveillance on patients, as it covers viruses shed 
by asymptomatic and pauci-symptomatic individu-
als thereby enabling the detection of polioviruses and 
enteroviruses transmission before clinical cases occur. 
In the context of the GPEI, ES can detect both wild-
type poliovirus (WPV) and circulating vaccine-derived 
poliovirus (cVDPV), as well Sabin-like virus, the live 
attenuated vaccine virus used for the oral polio vaccine 
(OPV). In polio-free countries, ES aims to detect the 
potential reintroduction of WPV or the emergence of 
cVDPV, particularly in settings with non-existent or 
suboptimal AFP surveillance and/or use of inactivated 
polio vaccine (IPV). Additionally, it seeks to document 
the release of poliovirus from manufacturing facili-
ties or laboratories and to monitor the disappearance 
of Sabin strains following the withdrawal of oral polio 
vaccine (13). The GPEI was launched in 1988 with a 
global effort to immunize children worldwide against 
polio. The effort of public health campaigns worldwide 
has brought the elimination of polio in the Americas 
(1994), in the Western Pacific Region (1997), in the 
European Region (2002), in the South-East Asia re-
gion (2014), and in the African region (2020). Today 
the WPV1 continues to circulate only in two countries 
(Afghanistan and Pakistan). Due to low immunization 
rates, the circulation of cVDPV has increased in recent 
years. Through ES, public health workers can detect 
a surge in the circulation of cVDPV and address this 
with targeted supplementary immunization campaigns 
(14). Furthermore, samples collected through ES may 
be sequenced helping researchers trace the transmis-
sion path and where the circulating virus originated 

from. During the last quarter of 2024, ES detected 
cVDPV type 2 in 14 European cities and genetic se-
quencing of European viral isolates indicated that 
the virus had been circulating undetected for about 
one year (15). Even though the importance of ES is 
accepted, 11 Member states of the European Union 
do not have an active ES for polioviruses. In January 
2025, the European Centre for Disease Prevention 
and Control (ECDC) encouraged Member States to 
implement ES, enhancing geographical coverage and 
sampling frequency to improve overall surveillance 
sensitivity (16). The Laboratory of Public Health of the 
Department of Medicine and Surgery of the University 
of Parma has been part of the network of sub-national 
reference laboratories involved in poliovirus ES since 
2005. This network operates within the national frame-
work coordinated Istituto Superiore di Sanità (ISS) as 
National Reference Laboratory, and globally, by the 
WHO (17–19). This study aimed to detail six years of 
environmental surveillance, focusing on the temporal 
and spatial distribution of enterovirus and poliovirus 
based on virus cultures from 2019 to 2024.

Materials and methods

Wastewater sampling

Samples of wastewater (1 L of 24-hour compos-
ite raw sewage) were collected from two treatment 
plants, the East Treatment Plant (ETP) and the West 
Treatment Plant (WTP), located in Parma, a major 
city in the Emilia-Romagna region. These plants serve 
approximately 198,000 inhabitants, including about 
30,000 individuals under the age of 17.

Samples were collected twice a month, from Janu-
ary 1, 2019, to December 31, 2024, at the inlet of the 
primary sedimentation tanks. For all sites, the collection 
time was between 8:30 and 10:30 a.m. They were imme-
diately transported to the laboratory using a reverse cold 
chain (4–8°C) and processed within 4 hours of collection.

Samples concentration by two‑phase separation method

The quality (colour, smell, and turbidity) of 
each sewage specimen was checked before analysis. 
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The collected specimens were analysed using a two-
phase separation method, following the World Health  
Organization (WHO) guidelines on environmental 
surveillance for Poliovirus detection (20).

Briefly, five hundred millilitres of the specimen 
were centrifuged to settle the suspended matter (1500 
g/20 min at 4°C). The supernatant was collected, and 
the pellet was stored at 4°C. After adjusting pH to 
neutral, 287 ml of 29% PEG 6000, 39.5 ml of 22% 
Dextran, and 35 ml of NaCl 5N were added to the su-
pernatant, and the mix was stirred for one hour. Then 
the samples were poured into the separation funnel 
and kept at 4°C overnight. The lower and middle lay-
ers were collected carefully, mixed with the sediment 
previously stored, and then processed with chloroform 
for decontamination (20% v/v). After stirring for 20 
minutes at room temperature, the specimens were cen-
trifuged at 1500g for 20 minutes at 4°C, and the super-
natant was collected. Penicillin and streptomycin were 

added to a final concentration of 100 μg/ml and 100 
IU/ml, respectively. The sewage concentrate obtained 
was utilized for cell culture inoculation.

Cell culture

According to the Global Polio Laboratory Net-
work guidelines, two cell lines have been routinely 
used for the isolation of Poliovirus and non-polio En-
teroviruses (NPEV): mouse genetically engineered cell 
line (L20B) expressing the human poliovirus receptor 
was used for Poliovirus isolation and human Rhabdo-
myosarcoma cell line (RD) for NPEV isolation (21). 
The concentrate of each specimen was inoculated (0.5 
ml) into five 25-cm2 flasks of L20B fresh monolayer 
cultures and one flask of RD cells and kept in a 36°C 
incubator. To observe cytopathic effects (CPE), inocu-
lated cell culture flasks were checked by an inverted 
microscope for at least five consecutive days. According 

Figure 1. Algorithm for Poliovirus Isolation modified by “World Health Organization. Department of 
Immunization, Vaccines and Biologicals. Supplement 1 to the WHO Polio Laboratory Manual. An alter-
native test algorithm for poliovirus isolation and characterization. Geneva: World Health Organization; 
2017” (22).
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Positive proportion of viruses isolated in sewage samples

On the totality of samples, 157/228 (68.9%) re-
sulted cell culture positive (RD or L20B), without 
significant differences among the two treatment plants 
(68.4% ETP vs 69.3% WTP). The year 2023 had the 
highest percentage of isolates (97.7%), followed by 
2024 and 2022 (87.0% and 72.7%, respectively). The 
year 2021 had the overall lowest positive rate with 
35.6%, higher in WTP than ETP, 45.5% vs 26.1%.

NPEV

Out of 157 samples that tested positive in cell cul-
ture, 156 were identified as NPEV, representing 99.4% 
of the isolates. The positivity proportion was lowest in 
2021 (35.6%), with a proportion higher in WTP than 
ETP (45.5% vs 26.1%), and highest in 2023 followed 
by 2024 and 2022 (97.7%, 87.0% and 70.5%, respec-
tively) (Figure 2).

Poliovirus

Out of 157 positive samples, one sample in March 
2022 (0.6%) exhibited a polio-like behaviour with a 
cytopathic effect on L20B cells. It was sent to the ISS 
for ITD typing and genotypic sequencing. A poliovi-
rus was detected and identified as a Sabin-like strain 
type 3. Sequence analysis revealed a single nucleotide 
substitution in the poliovirus isolate over the 900-base 
span of the PV3 VP1 reference sequence. During the 
study period, no wild polioviruses or cVDPVs were 
detected.

Temporal distribution

Figure 3 shows the monthly distribution for 
NPEV isolates in Parma. Overall, the highest percent-
age of NPEV isolates was observed at the end of the 
summer and autumn, peaking in the fourth trimester 
(October to December). In this study, we observed two 
distribution patterns. From 2019 to 2021, low levels 
of detection were observed during the winter months 
( January to March), followed by a steady increase 
leading up to a peak in October–November. Years 
2022 to 2024 showed an overall high detection rate 

to the flowchart in Figure 1, each positive culture from 
both arms (RD and L20B) underwent cross-passaging 
in the other culture. For intratypic characterization 
and sequencing to differentiate Wild-Type Poliovirus  
(WPV), Sabin-like Poliovirus (SL), and Vaccine-
Derived Poliovirus (VDPV), Poliovirus isolates were sent 
to the National WHO Reference Laboratory at ISS.

Following the new algorithm for poliovirus iso-
lation, RNA from the “L20B positive isolate” was 
extracted and analysed by Intratypic Differentiation 
(ITD) rRT-PCR with specific primers and probes, 
to determine the serotype and intratype of poliovirus 
isolates. The Sabin-like isolates were also analysed by 
rRT-PCR VDPV assay to identify VDPV. Finally, the 
VP1 region of RNA extracted from poliovirus isolates 
was amplified by RT-PCR and sequenced. Nucleo-
tide sequences were aligned using Sequencer software 
and compared with the reference type sequences to 
identify nucleotide substitutions and percentage of  
identity (23).

Statistical analysis

We performed descriptive statistics, calculat-
ing the number and percentage for categorical vari-
ables and time trends of sample isolates. A heatmap 
of frequencies of enterovirus detection in wastewater 
against monthly distribution was created to assess 
seasonal trend. All statistical analyses and visualiza-
tions were performed using Microsoft Excel version 
2502.

Results

A total of 228 sewage samples were collected, 114 
collected from ETP and 114 from WTP between Jan-
uary 2019 and December 2024. A median of 44 sam-
ples were analysed each year, except for 2020 when we 
analysed 6 samples. In 2020, Northern Italy, including 
Parma, was among the areas most heavily impacted 
by the COVID-19 pandemic (24–28). Consequently, 
samples were collected and sent directly to the ISS. 
Table 1 shows a summary of the results of the entero-
virus environmental surveillance in Parma between 
January 2019 and December 2024.
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Table 1. Parma (Northern Italy) poliovirus and NPEV environmental surveillance summary results of isolation between January 2019 
and December 2024. 

Year Samples NPEV
 L20B CPE positive 

sample Total Isolates

ETP 2019 21 10 0 10

2020 3 2 0 2

2021 23 6 0 6

2022 22 16 0 16

2023 22 21 0 21

2024 23 23 0 23

Total 114 78 0 78

WTP 2019 22 12 0 12

2020 3 2 0 2

2021 22 10 0 10

2022 22 15 1a 16

2023 22 22 0 22

2024 23 17 0 17

Total 114 78 1a 79

Total 2019 43 22 0 22

2020 6 4 0 4

2021 45 16 0 16

2022 44 31 1a 32

2023 44 43 0 43

2024 46 40 0 40

Total 228 156 1a 157

Abbreviations: ETP: East Treatment Plant, WTP: West Treatment Plant, NPEV: Non-polio enterovirus, CPE: cytopathic effect. aL20B positive 
sample sent to the ISS and confirmed a Sabin-like virus type 3.

Figure 2. Temporal distribution for NPEV isolated from environmental samples in Parma from 
2019 and 2024, divided by trimesters.
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the summer of 2021 (26). At the same time, as soon 
as these measures were eased, NPEV reappeared at 
higher than pre-pandemic percentages. Similar stud-
ies conducted worldwide described similar patterns. A 
study conducted in the Netherlands showed changes 
in NPEV epidemiology with a reduction of enterovi-
rus transmission during the pandemic, followed by a 
rebound peak (starting from May, with a smaller peak  
in June and higher in October), higher than pre-
pandemic levels, in 2022 (29). Gad et al. detected a similar 
pattern of NPEV in Poland, counting the highest peak  
in 2023 as well (30). Enterovirus detection in waste-
water represents a quality indicator for ES. It is con-
sidered a highly sensitive technique, complementary to 
clinical surveillance methods, especially in those coun-
tries where polio has been eradicated. The decrease 
in NPEV detection during 2021 can be attributed to 
social distancing measures; however, the authors also 
hypothesize a direct contribution from the excessive 
use of disinfectants during this period, indeed, regular 
disinfection of public places, indoor areas, and hospi-
tals with aid of chlorine-based disinfectants (CBDs) 
was the most widely practiced approach (31). Sewage 
systems function as diffuse collectors of human behav-
iours, and through wastewater analysis, we can study 
these patterns. In the initial phase of the pandemic, 
when excessive use of hand and surface disinfectants 
was predominant, we cannot exclude the possibil-
ity that sewage contained increased concentrations 
of disinfecting agents, which may have subsequently 
impacted viruses circulating in the wastewater system.

Poliovirus

The detection of a Sabin-like virus in Parma in 
spring 2022 indicates the presence of immigration 
from populations in regions where the OPV vaccina-
tion campaign was conducted. Following the outbreak 
of war in Ukraine, in the months of March and April, 
Parma received numerous immigrants, young women 
and children especially. In December 2021, in Ukraine, 
the local Ministry of Health, in collaboration with 
WHO and GPEI, promoted a comprehensive polio 
outbreak response plan, following the identification of 
polio cases in two children. This plan included an ini-
tial phase of vaccination with IPV and a second phase 

throughout all seasons, with a 100% positive rate from 
May to December.

Discussion

This study describes the results of 6 years of En-
vironmental Surveillance in Parma, documenting the 
temporal-spatial distribution of viral isolates from 
2019 to 2024.

NPEV

NPEV circulation showed a seasonal pattern, 
with higher prevalence in summer and fall months, 
data that has been reported in previous environmental 
studies. Interestingly, in 2021, during the earlier phases 
of the COVID-19 pandemic, we detected a lower 
prevalence of NPEV in sewage samples, followed by a 
significant increase in detection in the following years. 
As Italy was one of the countries that was most heav-
ily hit by the COVID-19 pandemic, stringent public 
health measures aimed at controlling the pandemic 
diminished person-to-person contact, and social re-
strictions were adopted and took place since the end 
of February 2020 and were progressively lifted during 

Figure 3. Monthly distribution for NPEV isolates in Parma 
from 2019 and 2024. Each cell represents the percentage of  
environmental NPEV isolates detected by month.
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to be highly sensitive in detecting social and behav-
ioural changes, while also offering valuable insights 
into the presence or absence of poliovirus circulation 
within specific geographical areas. In conclusion, this 
study contributes to a better understanding of NPEV 
circulation patterns in a pandemic and post-pandemic 
period, underlining the importance of ES as a tool in 
the assessment of the epidemiological spreading of 
enteroviruses.
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