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A B S T R A C T

Background: Acute Flaccid Paralyses Surveillance (AFPS) monitors the emergence of polioviruses and can
track Non-Polio Enteroviruses (NPEVs). We report AFPS activity in the Lombardy region (Northern Italy)
from 2016 to 2018.
Methods: Fecal and respiratory samples were collected from children <15 years who met the WHO
definition of an AFP case, analyzed by virus isolation in cell cultures (RD/L20B) and by a one-step real-
time RT-PCR assay specific for the 50-noncoding-region of NPEV. NPEV-positive specimens were further
analyzed by sequencing a fragment of the VP1 gene.
Results: 36 AFP cases (89 stool and 32 respiratory samples) were reported with an incidence of 1.1/
100’000, 0.9/100’000, 0.6/100’000 children <15 years in 2016, 2017, 2018, respectively. Poliovirus was not
identified, whereas NPEVs were detected in 19.4% (7/36) of AFP cases. The presence of one Echovirus-25
(2016), two EV- and D68 (2016 and 2018), one EV-A71 (2016), and one Echovirus-30 (2016) sharing high
nucleotide identity with NPEVs detected in Europe was identified.
Conclusion: The absence of polio was confirmed. The unpredicted detection of emerging EV-D68, EV-A71,
and E-30 sharing high sequence nucleotide similarity with viruses involved in the latest outbreaks,
provided valuable and up-to-date information, emphasizing the importance of monitoring NPEVs
through AFPS.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

The World Health Organization (WHO) strategic plan for global
poliomyelitis (polio) eradication includes the implementation of
infant immunization coverage by vaccination campaigns, national
immunization days, and targeted “mop-up” campaigns, along with
the active community-based PV investigation (WHO, 1996, 2021).
Recently, Poliovirus (PV) transmission decreased considerably

worldwide; however, Afghanistan and Pakistan are still reporting
endemic cases, which pose a global risk of PV reintroduction.

Following WHO procedures, an acute flaccid paralysis (AFP)
case is confirmed through the identification of all patients with
polio-like symptoms in the framework of AFP Surveillance (AFPS)
system and the subsequent analysis of biological samples to detect
PV strains (i.e., wild or vaccine-derived), allowing a rapid
investigation of confirmed cases and their community (WHO,
2019). AFPS is a sensitive case-based scheme that, concurrently
with PV detection, can monitor the introduction and circulation of
Non-Polio Enteroviruses (NPEVs) in a community (WHO, 2019).

With over 100 serotypes, NPEVs are a significant public health
concern, especially since EV-D68, EV-A71, and Echovirus-30 (E-30)
emerged as a cause of neurological complications – including AFP,
acute flaccid myelitis (AFM), and brainstem encephalitis - in
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elitis; PV, Poliovirus; SNRL, Sub-National Reference Laboratory; WHO, World Health
Organization.
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children (Suresh et al., 2018; Suresh et al., 2020).
Generally, EV-D68, EV-A71, and E-30 have been associated with

clinical manifestations such as respiratory disease (EV-D68), hand,
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oot, and mouth disease (HFMD, EV-71), and sporadic cases of
septic encephalitis (E-30). However, since 2014, EV-D68 has also
een reported as a cause of AFM epidemics (Messacar et al., 2018),
V-A71 caused an outbreak of brainstem encephalitis in 2017
Casas-Alba et al., 2017), and an upsurge of E-30 has been observed
cross Europe since 2018, also associated with meningitis-related
utbreaks with long-term sequelae (Broberg et al., 2018).
We analyzed the molecular epidemiology of NPEVs in AFP cases

dentified within the AFPS activity from 2016 to 2018 in Lombardy
Northern Italy) by molecular detection and characterization of
PEVs identified in respiratory and stool samples.

ATERIALS AND METHODS

This study was conducted from January 1, 2016, to December
1, 2018, in Lombardy, a region in northern Italy, accounting for
early 1/6 of the national population with about ten million
nhabitants. The Department of Biomedical Sciences for Health,
niversity of Milan, which is one of the six Italian Sub-National
eference Laboratories (SNRLs), performing virological inves-
igations on biological samples collected in the framework of the
talian AFPS, implemented at the national level since 1997
Pellegrinelli et al., 2015). SNRLs strictly comply with WHO
uidelines, methods, and recommendations for conducting AFPS
Pellegrinelli et al., 2015), are annually evaluated by the National
olio Reference Laboratory (NPRL) in the Department of Infec-
ious Diseases of the Istituto Superiore di Sanità (ISS) for
roficiency in isolation, detection, and typing of PV and NPEVs
Fiore et al., 1999). SNRLs share regional AFPS results with both
he NPRL and the Italian Ministry of Health.

cute Flaccid Paralysis Surveillance Systems

According to WHO case definitions, an AFP case is a child <15
ears with a clinically evident AFP of one or more limbs with
ecreased or absent deep tendon reflex or presenting with a
udden onset of bulbar paralysis and person of any age with
aralytic illness with suspicion of poliovirus infection (e.g., travel-
ssociated). (https://www.who.int/immunization/monitoring_-
urveillance/burden/vpd/surveillance_type/active/poliomyelitis_-
tandards/en/). AFP cases were notified by sending an “AFP case
eport,” according to “zero reporting” methodology, to the
eference SNRL twice a month. Prompt collection of (i) two stool
pecimens were taken 24–48 h apart within 14 days since the onset
f paralysis, and, if available, (ii) a respiratory sample was taken
ithin seven days since the onset of paralysis was requested for
irological tests from each AFP case.
Epidemiological (type of PV vaccine received and date of

dministration), demographical (age, gender, country of origin),
linical symptoms (presence of fever at the onset, progression of
aralysis, whether symmetric or asymmetric paralysis) and the
ate of onset, were collected in an ‘ad hoc’ questionnaire by
hysicians or healthcare workers (https://www.who.int/immuni-
ation/monitoring_surveillance/burden/vpd/surveillance_type/
ctive/poliomyelitis_standards/en/).

thical statement

This study was performed according to the Institutional Review
oard guidelines concerning the use of biological specimens for

EVs identification and molecular characterization

Respiratory(n = 32)and stool(n = 89) samplescollectedfromeach
AFP case were analyzed to detect NPEV and PV with viral isolation on
cell cultures by using specific cells lines, following the WHO
algorithm (https://www.who.int/immunization/monitoring_sur-
veillance/burden/vpd/surveillance_type/active/poliomyelitis_stan-
dards/en/). In particular, RD cells (human rhabdomyosarcoma cells),
permissive to all EVs, were used to determine the growth of any
culturable EV, whereas L20B (murine transgenic L cells expressing
the gene for the human cellular receptor for PV) were used to identify
PV positive samples.

Contrary to respiratory samples, stool samples need to be
processed before viral isolation, and the final suspension was
prepared with 10% of stool samples in phosphate-buffered saline
and clarified by micro-tube centrifugation (13,000 rpm for 15 min),
as per WHO protocol (https://www.who.int/immunization/mon-
itoring_surveillance/burden/vpd/surveillance_type/active/polio-
myelitis_standards/en/).

For rapid virus identification, RNA was extracted from stool
suspension, respiratory samples, and the lysate of cell cultures that
showed a cytopathic effect (CPE), and a specific 50 noncoding
region (nucleotide [nt.] 179-575) of EVs was amplified by an in-
house one-step real-time RT-PCR assay (Pellegrinelli et al., 2017a,
2017b).

The molecular characterization of EVs was performed by
sequencing a fragment of the VP1/2A (nt. 2602-2977) gene (Nix
et al., 2006). The nucleotide sequences were obtained by an
automated DNA sequencing (Macrogen Inc, Korea); the study
sequences were aligned with reference strains of previously
published genotypes retrieved from a GenBank1 database on the
NCBI website (https://www.ncbi.nlm.nih.gov/genbank/) by using
the ClustalW program implemented in the alignment editor
BioEdit (Hall, 1999). Nucleotide sequence identity was calculated
using the Sequence Identity Matrix tool of BioEdit software (Hall,
1999). The phylogenetic analysis was conducted by MEGA
software, version 6.0 (Tamura et al., 2013).

Results

Demographical, epidemiological, and clinical characteristics of AFP
cases

From January 1, 2016, to December 31, 2018, 36 AFP cases were
reported in Lombardy for 89 stool samples and 32 respiratory
samples collected for virological analysis.

The median age of AFP cases was 5.2 years (interquartile range
[IQR]: 5.3 years), and 60.5% (23/36) of AFP cases were recorded in
children <5 years old. Overall, 58.3% (21/36) of AFP cases were
males. All children but one received inactivated polio vaccine (IPV)
vaccination according to their age.

Nearly half (20/36; 55.6%) of AFP cases were identified by
pediatric wards, followed by neuropsychiatric units (12/36; 33.3%)
and intensive care units (4/36; 11.1%).

The vast majority of cases (83.3%; 30/36) presented with
asymmetric paralysis, while fever over 38 �C was observed in 38.9%
(14/36) of AFP cases and in 22.2% (8/36) of cases, paralysis
progression occurred within four days from symptoms onset.
Paralysis of all four limbs was observed in 25% of patients (9/36),
while 13.8% of cases (5/36) had limb paralysis.
cientific purposes in compliance with Italian law (art.13 D.Lgs 196/
003). Patients’ privacy and confidentiality issues were managed
n complete agreement with national legislation. Approval from an
thics committee and informed consent for virus detection were
ot required since data and samples were collected and analyzed
nonymously within the national AFPS system.
3

On follow-up forms, “not conclusive diagnosis” was reported in
seven cases (7/36; 19.5%), five of them having an initial diagnosis of
GBS and two cases of acute myelitis. Of the 29 clinical follow-ups
(recorded 60-90 days from paralysis onset) with a conclusive
diagnosis, 51.7% (15/29) reported GBS, 17.2 (5/29) were AFM. Acute
myelitis and encephalitis, including meningoencephalitis and
7
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brainstem encephalitis, were both identified in 10.3% (3/29) of AFP
cases; also, hypotonia/asthenia or genetic/metabolic disorders
were also reported in three AFP cases (10.3%).

Figure 1 shows the temporal distribution of AFP cases by
month: a peak of cases was observed in November and December
when 44.4% (16/36) of cases were notified (Figure 1).

Performance indicators of AFPS

According to the Lombardy’s population size aged less than 15
years, 14 AFP cases per year were expected. During the study
period, the annual AFP incidence rate was 1.1/100’000 children <15
years in 2016, 0.9/100’000 in 2017, and 0.6/100’000 in 2018.
According to the WHO indicators, the sensitivity of AFPS fully met
the criteria of the non-polio AFP incidence (>1.00/100’000) in
2016. Completeness of case investigation (>80%) was always
achieved, being 93.3% (14/15) in 2016, 84.4% (11/13) in 2017, and
100% (8/8) in 2018. Completeness of clinical follow-up was
achieved during this 3-year study since it was available in 80%
(12/15), 84.6% (11/13), and 87.5% (7/8) of AFP cases identified in
2016, 2017, and 2018, respectively.

Viral isolation, molecular detection, and characterization of EVs

Virological investigations did not identify any PV in the AFP
cases from 2016 to 2018. Following the WHO algorithm, samples
from two cases (5.5%) showed CPE in RD cells but not in L20b cells,
allowing us to exclude the presence of PV but confirming the
presence of cultivable NPEVs that were characterized as E-25 (in
2016) and E-30 (in 2018).

NPEV RNA was detected in seven out of 36 AFP cases (19.4%), of
which three were identified in 2016, two in 2017, and two in 2018.
NPEV-positive AFP cases were detected mainly in July, irrespective
of the year considered (Figure 1).

In 2016, the sequence analysis of three NPEV-positive samples
revealed the presence of E-25 on fecal samples associated with a
GBS case observed in June, one EV-D68 in respiratory samples
associated with AFM in July (Pariani et al., 2017), and one EV-A71
on fecal and respiratory samples associated with brainstem
encephalitis in December. The EV-D68 strain (accession number
[AN]; MH118296) showed high similarity (nt. identity: 99.1-99.7%)
with sequences of the B3 sub-clade identified in a 2016-AFM Dutch
outbreak (Pariani et al., 2017). EV-A71 strain (AN; MH454234)
shared high similarity (nt. identity: 98.4-98.7%) with sequences
belonging to subgenogroup C1 also detected in an outbreak of
brainstem encephalitis in 2016 in Spain (Casas-Alba et al., 2017).

Unfortunately, sequencing analysis of the two NPEV-positive
samples identified in 2017 was abortive; both samples were

collected from two GBS cases identified in May and December,
respectively.

In 2018, the molecular characterization of the NPEVs
revealed the presence of EV-D68 and E-30, both associated
with AFM identified in October and November, respectively.
The EV-D68 strain (AN; MK790106) was similar (nt. identity:
97.8-98.2%) to sequences of the B2 sub-clade identified in the
USA during an outbreak of AFM in 2016; while the E-30 strain
(AN; MK815069) showed high similarity (nt. identity: 98.2-
100.0%) to sequences belonging to group G, which have been
circulating in Europe since 2016, dominating in 2018 (Broberg
et al., 2018).

Discussion

Since the eradication of PV is still ongoing, reintroductions of
this virus may pose a public health threat of major concern,
especially for those countries within the current immigration
routes, such as Italy. In this scenario, it is mandatory to strengthen
AFPS at the regional and national level to rapidly detect any virus
importation or emergence and enable a prompt public health
response (Stefanelli et al., 2019). Although AFPS is the gold
standard for PV control, Italy barely achieves the WHO target for
AFPS performance indicators (WHO, 2016–2019). This could be
related to the perception of AFPS as a low public health priority
since Italy is a polio-free country and, consequently, PV became a
neglected infection that is not considered a health hazard anymore
(Stefanelli et al., 2019).

The Lombardy region, according to the WHO indicators for
AFPS sensitivity, fully met the criteria of the non-polio AFP
incidence (>1.00/100’000) in 2016 (1.1/100’000), while in 2017
(0.9/100’000) and 2018 (0.6/100’000), this indicator was not
achieved. Despite not achieving the indicators’ goals, overall, the
AFPS results were adequate in Lombardy in terms of data quality
and timeliness, completeness of case investigation (>80%), and
completeness of clinical follow-ups. Also, performances in
Lombardy showed an overall improvement of AFPS compared
to the results obtained from 1997 to 2011 (Pellegrinelli et al.,
2015) in the same surveyed area and those reached in other
Italian regions (Fiore et al., 1999; Patti et al., 2000; Angelillo et al.,
2001; D’Errico et al., 2008; Pellegrinelli et al., 2017a, 2017b;
Palandri et al., 2020).

The AFP series presented in this study showed epidemiological
characteristics similar to those reported in the current scientific
literature, with the majority (60.5%) of patients being younger
than five years. It is worthy of underlining that nearly 11% were
hospitalized in intensive care units, and the remaining were
reported by other wards (Patti et al., 2000; Angelillo et al., 2001;
D’Errico et al., 2008; Pellegrinelli et al., 2017a, 2017b). The
monthly distribution of AFP cases showed a peak in November
and December when 44.4% of cases were notified, in line with
what previously observed by others (Marx et al., 2000;
Pellegrinelli et al., 2017a, 2017b), even if NPEV-positive AFP
cases are detected mainly in July when NPEV are generally
detected (Pellegrinelli et al., 2017a, 2017b; Broberg et al., 2018;
Bubba et al., 2020). No wild PV was detected during this 3-year
study, in line with what was observed at the national level,
supporting the result that the routine PV immunization contin-
ued to achieve its coverage target every year.

After the interruption of PV transmission, GBS became the first
Figure 1. Temporal distribution of AFP cases and NPEVs detected in Lombardy
(Northern Italy), from January 1, 2016, to December 31, 2018 in the framework of
AFPS.

38
cause of AFP (Angelillo et al., 2001; Barbadoro et al., 2020; Chen
et al., 2020; D’Errico et al., 2008; Marx et al., 2000; Patti et al.,
2000; Pellegrinelli et al., 2017a,b), along with other less frequently
reported clinical manifestations, such as myopathy, unspecified
causes of encephalitis, acute myelitis, and encephalomyelitis
(Marx et al., 2000; Stefanelli et al., 2019). This was also observed
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n our study, where GBS was the most common conclusive
iagnosis, accounting for nearly 42% of AFP cases.
Unexpectedly, five children presented AFM, a newly defined,

are syndrome clinically distinct from AFP, that globally emerged in
ecent years, causing epidemics (Morens et al., 2019). In fact, since
014 and in alternate years, an unexpected and unprecedented
psurge of severe respiratory infections and AFM outbreaks
emporally associated with re-emergences of NPEV has raised
oncern about NPEV infections. In particular, EV-D68 recently
merged as a cause of AFM (Messacar et al., 2018), EV-A71 was
mplicated in outbreaks of brainstem encephalitis (Casas-Alba
t al., 2017), and E-30 was associated with a wide meningitis-
elated outbreak with long-term sequelae in 2018 (Broberg et al.,
018).
Overall, 17.4% of AFP cases identified in this study resulted

ositive to NPEV, then molecularly characterized as E-25 (2016; n =
), EV-D68 (2016; n = 1 – 2018; n = 1), EV-A71 (2016; n = 1), E-30
2018; n = 1) and EV untypable (2017; n = 2). Interestingly, both
olecular and epidemiological links observed in our AFP series
verlapped what was observed in the same timeframe across
urope and the US. For instance, both EV-D68 and EV-A71
equences detected in 2016 in our study showed high similarities
ith the B3-clade identified in a Dutch AFM outbreak in 2016
Pariani et al., 2017) and to the subgenogroup C1, detected in a
panish brainstem encephalitis epidemic in 2016 (Casas-Alba et al.,
017). This observation was also supported from the sequence
nalyses of NEPVs identified in 2018; in fact, EV-D68 identified in
his study belonged to the B2 sub-clade, sharing high similarity
ith the US strains (Morens et al., 2019), and E-30 had a nucleotide

dentity of 98.2–100% with sequences belonging to group G1 that
ave been circulating in Europe since 2016 and dominating in 2018
Broberg et al., 2018).

To date, no systematic NPEV hospital- and community-based
urveillance systems are set up in Italy; thus, information on NPEV
irculation is derived exclusively from observational studies,
specially among children affected by severe conditions (Parisi
t al., 2016; Piralla et al., 2014; Piralla et al., 2020). Nevertheless,
ith the emergence of several NPEVs - in particular EV-D68, EV-
71, and E-30 - involved in severe neurological manifestations
Bubba et al., 2020), AFPS has demonstrated renewed strength in
ontinuing to provide epidemiological evidence to assist public
ealth efforts (Kim et al., 2014; Suresh et al., 2018; Bubba et al.,
020; Roberts et al., 2020). Here, the unpredicted detection of
merging EV-D68, EV-A71, and E-30 strains sharing high nucleo-
ide identity with viral strains involved in the European and US
utbreaks identified in the same period, emphasizes the impor-
ance of monitoring NPEVs through AFPS to assess appropriate
ublic health responses.
In conclusion, AFPS proved to be successful in PV surveillance

nd revealed wide NPEVs circulation linked with other concurrent
uropean outbreaks. Continuing this surveillance activity is crucial
o ensure that PV will be rapidly recognized if a new introduction
ould occur in polio-free countries; AFPS was demonstrated to be

 helpful tool to monitor NPEVs circulation, and its enhancement
hould be encouraged as an early warning of future polio-like
utbreaks.

onflict of interest

The authors have no relevant affiliations or financial involve-

Funding source

This study did not receive funding.

Ethical approval

This study was performed according to the Institutional Review
Board guidelines concerning the use of biological specimens for
scientific purposes in compliance with Italian law (art.13 D.Lgs 196/
2003). Approval from an ethics committee and informed consent
for virus detection and data publication was not required since
data and samples from patients with AFP were collected and
analyzed anonymously within the national AFP Surveillance
Program.

Acknowledgments

The authors would like to thanks the physicians and healthcare
professionals involved in AFP surveillance, all children enrolled in
this study and their parents.

References

Angelillo IF, Pavone L, Rito D. Acute flaccid paralysis surveillance in Southern Italy.
Public Health 2001;115:130–2.

Barbadoro P, Luciani A, Ciotti M, D’Errico MM, On Behalf Of The AFP Working
Collaborative Group. Two-source capture-recapture method to estimate the
incidence of acute flaccid paralysis in the Marches Region (Italy). Int J Environ
Res Public Health 2020;17(December (24)):9400.

Broberg EK, Simone B, Jansa J, et al. Upsurge in echovirus 30 detections in five EU/
EEA countries, April to September, 2018. Euro Surveill 2018;23(44)1800537.

Bubba L, Broberg EK, Jasir A, et al. circulation of non-polio enteroviruses in 24 EU
and EEA countries between 2015 and 2017: a retrospective surveillance study.
Lancet Infect Dis 2020;20(3):350–61.

Casas-Alba D, de Sevilla MF, Valero-Rello A, et al. Outbreak of brainstem encephalitis
associated with enterovirus-A71 in Catalonia, Spain (2016): a clinical
observational study in a children’s reference centre in Catalonia. Clin Microbiol
Infect 2017;23(11):874–81.

D’Errico MM, Barbadoro P, Bacelli S, et al. Surveillance of acute flaccid paralysis in
the Marches region (Italy): 1997-2007. BMC Infect Dis 2008;8:135.

Fiore L, Novello F, Simeoni P, et al. Surveillance of acute flaccid paralysis in Italy:
1996-1997. AFP Study Group. Acute flaccid paralysis. Eur J Epidemiol
1999;15:757–63.

GenBank. NCBI - NIH. Available at: https://www.ncbi.nlm.nih.gov/genbank/.
[Accessed 20 January 2020].

Hall T. BioEdit: a user-friendly biological sequence alignment editor and analysis
program for Windows 95/98/ NT. Nucleic Acids Symp Ser 1999;95–8.

Kim H, Kang B, Hwang S, et al. Clinical and enterovirus findings associated with
acute flaccid paralysis in the Republic of Korea during the recent decade. J Med
Virol 2014;86(9):1584–9.

Marx A, Glass JD, Sutter RW. Differential diagnosis of acute flaccid paralysis and its
role in poliomyelitis surveillance. Epidemiol Rev 2000;22:298–316.

Messacar K, Asturias EJ, Hixon AM, et al. Enterovirus D68 and acute flaccid myelitis-
evaluating the evidence for causality. Lancet Infect Dis 2018;18(8):e239–47.

Morens DM, Folkers GK, Fauci AS. Acute flaccid myelitis: something old and
something new. mBio 2019;10(2):e00521–19.

Nix WA, Oberste MS, Pallansch MA. Sensitive, semi-nested PCR amplification of VP1
sequences for direct identification of all enterovirus serotypes from original
clinical specimens. J Clin Microbiol 2006;44:2698–704.

Pariani E, Pellegrinelli L, Merlone AD, et al. Letter to the editor: Need for a European
network for enterovirus D68 surveillance after detections of EV-D68 of the new
B3 lineage in Sweden and Italy, 2016. Euro Surveill 2017;22(2):30440.

Parisi SG, Basso M, Del Vecchio C, et al. Virological testing of cerebrospinal fluid in
children aged less than 14 years with a suspected central nervous system
infection: a retrospective study on 304 consecutive children from January 2012
to May 2015. Eur J Paediatr Neurol 2016;20:588–96.

Patti AM, Santi AL, Ciapetti C, et al. [Flaccid paralysis surveillance in the Latium
Region]. Ann Ig 2000;12:333–8.

Pellegrinelli L, Primache V, Fiore L, et al. Surveillance of acute flaccid paralysis (AFP)
in Lombardy, Northern Italy, from 1997 to 2011 in the context of the national
AFP surveillance system. Hum Vaccin Immunother 2015;11:277–81.
ent with any organization or entity with a financial interest in or
nancial conflict with the subject matter or materials discussed in
he manuscript. This includes employment, consultancies, hono-
aria, stock ownership or options, expert testimony, grants or
atents received or pending, or royalties.
3

Pellegrinelli L, Bubba L, Galli C, et al. Epidemiology and molecular characterization
of influenza viruses, human parechoviruses and enteroviruses in children up to
5 years with influenza-like illness in Northern Italy during seven consecutive
winter seasons (2010-2017). J Gen Virol 2017a;98(11):2699–711.

Pellegrinelli L, Bubba L, Primache V, et al. Surveillance of poliomyelitis in Northern
Italy: Results of acute flaccid paralysis surveillance and environmental
surveillance, 2012-2015. Hum Vaccin Immunother 2017b;13(2):332–8.
9

https://www.ncbi.nlm.nih.gov/genbank/


L. Pellegrinelli, C. Galli, V. Primache et al. International Journal of Infectious Diseases 106 (2021) 36–40
Chen P, Liu Y, Wang H, Liu G, Lin X, Zhang W, et al. Environmental surveillance
complements case-based surveillance of acute flaccid paralysis in polio
endgame strategy 2019-2023. Appl Environ Microbiol 2020;86(15):e00702–20.

Piralla A, Mariani B, Stronati M, et al. Human enterovirus and parechovirus
infections in newborns with sepsis-like illness and neurological disorders. Early
Hum Dev 2014;90 Suppl 1:S75–7.

Piralla A, Pellegrinelli L, Giardina F, et al. Contribution of enteroviruses to acute
central nervous system or systemic infections in Northern Italy (2015-2017): is
it time to establish a national laboratory-based surveillance system?. BioMed
Res Int 2020;(8):1–5.

Roberts JA, Hobday LK, Ibrahim A, et al. Australian National Enterovirus Reference
Laboratory annual report, 2017. Commun Dis Intell (2018) 2020;44:, doi:http://
dx.doi.org/10.33321/cdi.2020.44.32.

Stefanelli P, Bellino S, Fiore S, et al. Hospital discharges-based search of acute flaccid
paralysis cases 2007-2016 in Italy and comparison with the National
Surveillance System for monitoring the risk of polio reintroduction. BMC
Public Health 2019;19(1):1532.

Suresh S, Forgie S, Robinson J. Non-polio Enterovirus detection with acute flaccid
paralysis: a systematic review. J Med Virol 2018;90(1)3–7 Review.

Suresh S, Rawlinson WD, Andrews PI, et al. Global epidemiology of non-polio
enteroviruses causing severe neurological complications: a systematic review
and meta-analysis. Rev Med Virol 2020;30(January (1))e2082 Review.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGA6: molecular
evolutionary genetics analysis version 6.0. Mol Biol Evol 2013;30(12):2725–9.

WHO. Field Guide: For Supplementary Activities aimed at achieving polio
eradication-1996 revision. WHO; 1996.

WHO. Centralized Information for Infectious Disease (CIDIS). Database Acute
Flaccid Paralysis. WHO; 2019.

WHO. WHO-recommended surveillance standard of poliomyelitis. Available at:
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/
surveillance_type/active/poliomyelitis_standards/en/. [Accessed 7 July 2020].

WHO. The Polio Eradication & Endgame Strategic Plan 2019-2023. (WHO/POLIO/
19.04). WHO; 2019 Available at: http://polioeradication.org/who-we-are/polio-
endgame-strategy-2019-2023/. [Accessed 7 July 2020].
40

http://dx.doi.org/10.33321/cdi.2020.44.32
http://dx.doi.org/10.33321/cdi.2020.44.32
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/poliomyelitis_standards/en/
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/poliomyelitis_standards/en/

	Emerging Non-Polio Enteroviruses recognized in the framework of the Acute Flaccid Paralyses (AFP) surveillance system in N...
	Introduction
	MATERIALS AND METHODS
	Acute Flaccid Paralysis Surveillance Systems
	Ethical statement
	EVs identification and molecular characterization

	Results
	Demographical, epidemiological, and clinical characteristics of AFP cases
	Performance indicators of AFPS
	Viral isolation, molecular detection, and characterization of EVs

	Discussion
	Conflict of interest
	Funding source
	Ethical approval
	Acknowledgments
	References


