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a b s t r a c t 

Objectives: Following the alert of echovirus 11 (E-11) infection in neonates in EU/EEA Member States, we 

conducted an investigation of E-11 circulation by gathering data from community and hospital surveil- 

lance of enterovirus (EV) in northern Italy from 01 August 2021 to 30 June 2023. 

Methods: Virological results of EVs were obtained from the regional sentinel surveillance database for 

influenza-like illness (ILI) in outpatients, and from the laboratory database of ten hospitals for inpatients 

with either respiratory or neurological symptoms. Molecular characterization of EVs was performed by 

sequence analysis of the VP1 gene. 

Results: In our ILI series, the rate of EV-positive specimens showed an upward trend from the end of 

May 2023, culminating at the end of June, coinciding with an increase in EV-positive hospital cases. The 

E-11 identified belonged to the D5 genogroup and the majority (83%) were closely associated with the 
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. Introduction 

Since the initial report of enterovirus (EV), echovirus 11 (E-11) 

nfection in neonates in France in May 2023 [1] , further cases 

ave been reported in Italy and other European countries. The 

orld Health Organization (WHO), having evaluated the limited 

ata available, considers the public health risk to be low although 

ountries are advised to investigate cases ( https://www.who.int/ 

mergencies/disease-outbreak-news/item/2023-DON474 ). Given 

hat non-polio EV infections are not considered notifiable infec- 

ious diseases, this investigation aims to examine the circulation of 

-11 in Lombardy (northern Italy). Non-polio EV infections spread 

y the respiratory and oral-faecal routes and usually present with 

 prodrome of influenza-like symptoms or fever, which can range 

rom mild and self-limited disease to severe and life-threatening 

anifestations, including myocarditis, sepsis, hepatitis, meningitis, 

ncephalitis and acute flaccid myelitis/paralysis [2] . They play a 

ignificant role in respiratory infections, causing a range of respi- 

atory symptoms such as cough, cold and difficulty breathing, and 

an also lead to respiratory complications, particularly in infants 

nd young children [3] . Understanding their role is crucial for 

ffective diagnosis, management and public health interventions, 

ighlighting the importance of on-going surveillance and research 

o understand their impact on public health and to develop 

argeted prevention strategies. 

The aim of this study was to conduct event-based surveillance 

f non-polio EV by examining the regional virological database for 

nfluenza-like illness (ILI) surveillance (community-based surveil- 

ance) and reviewing laboratory data from 10 hospitals, includ- 

ng inpatients with respiratory or systemic/neurological symptoms 

hospital-based surveillance), from 01 August 2021 to 30 June 

023. 

. Materials and methods 

To evaluate EV circulation within the community, EV detection 

esults were obtained from the virological ILI database of Lom- 

ardy’s regional reference laboratory, which is part of the Ital- 

an respiratory virus surveillance network ( https://www.iss.it/en/ 

espivirnet ). This network relies on the voluntary participation 

f sentinel physicians who are tasked with collecting respiratory 

pecimens to monitor respiratory viruses ( https://www.iss.it/en/ 

espivirnet ), including the identification of EVs through a real-time 

T-PCR assay [4] . 

Additionally, a hospital-based laboratory surveillance of EVs has 

een established in Lombardy since October 2021 to evaluate the 

olecular characteristics of EVs in inpatients hospitalized with res- 

iratory or neurological symptoms. Samples from individuals who 

ested positive for EVs and were either admitted to the emergency 

epartment or hospitalized with respiratory or neurological symp- 

oms in 10 hospitals in northern Italy were analysed. 
2

ed in severe neonatal infections in France since 2022. E-11 was identified

s until February 2023, when it was also found in hospitalized cases with

s. All E-11 cases were children, with 14 out of 24 cases identified through

ases, 60% were neonates, and 71% had severe clinical manifestations. 

ogical data collected since 2021 through EV laboratory-based surveillance

variant since November 2022, alongside its transmission during the late
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Each sample that tested positive for EV-RNA was further tested 

y real-time RT-PCR to detect EV-D68 genome [ 5 , 6 ]. EV-RNA pos- 

tive samples with a viral load of Ct < 33 underwent molecular 

haracterization through sequencing of the VP1 gene [7] , followed 

y nucleotide sequence similarity analysis using the Basic Local 

lignment Search Tool BLAST® ( https://blast.ncbi.nlm.nih.gov/Blast. 

gi ) and the RIVM enterovirus genotyping tool ( https://www.rivm. 

l/mpf/typingtool/enterovirus/ ). 

. Results 

During the study period, 3781 respiratory specimens from ILI 

ases were examined, of which 8.2% ( n = 309) were positive for 

V-RNA. EVs were detected every week from week 2021-40, when 

he study started, showing a pattern of circulation that resulted 

n two epidemic waves ( Figure 1 ). The first wave started in week 

022-19 (weekly EV-positivity rate: 20%), peaked in week 2022- 

8 (50%) and subsided in week 2022-37 (10%). The second wave 

tarted in week 2023-21 (12.5%) and peaked in week 2023-25 with 

 positivity rate of 38.6%. During the hospital-based surveillance, 

41 EV-positive patients were identified. The temporal distribution 

f EV-positive cases identified during hospital- and community- 

ased surveillance overlapped ( Figure 1 ). In total, 22 EV-positive 

ndividuals (22/341; 6.5%) were newborns, all of whom were iden- 

ified in the hospital setting. 

All respiratory specimens collected during ILI surveillance were 

ested routinely for other respiratory viruses, namely, SARS-CoV- 

, influenza virus A/B, respiratory syncytial virus (RSV), metap- 

eumovirus (MPV), rhinovirus, adenovirus (AdV) and parechovirus 

PeV). The presence of viral co-infection was observed in 45% of 

V-positive samples; in detail, rhinovirus and RSV were identi- 

ed in 48.9% and 23% of EV-positive samples, respectively, while 

ARS-CoV-2 and influenza virus A were detected in 4.3% and 

.8% of EV-positive respiratory specimens. AdV was identified in 

4.4% of EV-positive samples and MPV in 3.6%; no EV/PeV coin- 

ection was identified. For 87.7% ( n = 299) specimens collected 

uring hospital-based surveillance, data of test for other res- 

iratory viruses (namely, SARS-CoV-2, influenza virus A/B, RSV, 

PV, rhinovirus, AdV) were available; in detail, rhinovirus and 

SV were identified in 47.3% and 11.5% of EV-positive samples, 

espectively, while SARS-CoV-2 and influenza virus A were de- 

ected in 3.4% and 6.1% of EV-positive respiratory specimens. 

dV was identified in 24.4% of EV-positive samples and MPV 

n 7.4%. 

Considering E-11 cases, no other viruses were detected in clin- 

cal samples collected in the hospital setting, but AdV and rhi- 

ovirus were detected in two ILI cases of E-11 ( Table 1 ). 

Analysis of EV-D68 specific assay and EV sequencing results re- 

ealed that 294 (45,2%) strains were classified as an EV type, while 

56 (54.8%) EVs remained untyped due to low viral load. Twenty 

istinct EV types belonging to all the four EV groups (A-D) were 

dentified at different frequencies including: EV-D68 ( n = 146), 

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.who.int/emergencies/disease-outbreak-news/item/2023-DON474
https://www.iss.it/en/respivirnet
https://www.iss.it/en/respivirnet
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.rivm.nl/mpf/typingtool/enterovirus/
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Figure 1. Weekly positivity rate of EV in community surveillance (ILI series) and number of EV-positive cases and E-11 positive cases in Lombardy, northern Italy from week 

2021-30 to week 2023-26. 

Table 1 

Demographic, clinical and molecular characterization of E-11 cases identified in Lombardy, northern Italy from week 2021-30 to week 2023-26. The following abbreviations 

are used: NPS (nasal-pharyngeal swab), NPA (nasal-pharyngeal aspirate), CSF (cerebral spinal fluid), and BAL (brocho-alveolar lavage). 

E-11 

cases 

Surveillance 

setting 

Clinical 

manifestation 

Type of 

specimen 

Age Week of sample 

collection 

Weekly 

EV-positivity rate 

E-11 genogroup Detection of other viruses 

in clinical sample 

1 Community ILI NPS 8 months 2022-46 0.2% D5 None 

2 Community ILI NPS 2 years 2023-08 8.7% D5 None 

3 Community ILI NPS 2 years 2023-09 7.0% D5 None 

4 Community ILI NPS 3 years 2023-13 12.8% D5 None 

5 Community ILI NPS 2 years 2023-13 12.8% D5 Rhinovirus 

6 Hospital Fever NPS 10 months 2023-14 6.1% D5 None 

7 Hospital Fulminant 

hepatitis [2] 

Blood 4 days 2023-16 6.9% D5 None 

8 Hospital Fulminant 

hepatitis [2] 

Blood 6 days 2023-16 6.9% D5 None 

9 Hospital Fever, 

hyporeactivity, 

mild hypotonia 

NPS 7 days 2023-21 12.5% D5 None 

10 Hospital Acute otitis NPA 5 years 2023-22 4.3% D5 None 

11 Community ILI NPA 10 years 2023-23 22.7% D5 Adenovirus 

12 Hospital Encephalitis CSF and faeces 6 years 2023-23 22.7% D5 None 

13 Hospital Acute hepatitis Blood 18 days 2023-23 22.7% D5 None 

14 Community ILI NPA 4 years 2023-24 29.4% D5 None 

15 Hospital Fever and 

gastroenteritis 

NPS 45 days 2023-24 29.4% D5 None 

16 Hospital Fever and 

gastroenteritis 

NPS 22 days 2023-24 29.4% D5 None 

17 Hospital Respiratory 

distress 

BAL 4 months 2023-24 29.4% D5 None 

18 Hospital Asymptomatic Faeces 6 months 2023-24 29.4% D5 None 

19 Hospital Hyporeactivity, 

mild 

hypotonia, 

mild apnoea 

NPS 3 days 2023-25 25.0% D5 None 

20 Hospital Fever NPS 10 days 2023-25 25.0% D5 None 

21 Community ILI NPS 3 years 2023-26 38.6% D5 None 

22 Community ILI NPS 9 years 2023-26 38.6% D5 None 

23 Community ILI NPS 4 years 2023-26 38.6% D5 None 

24 Hospital Meningitis NPS and CSF 10 years 2023-26 38.6% D5 None 
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oxsackievirus (CV) A6 ( n = 27), echovirus (E) 11 ( n = 24), CV-A4

 n = 15), CV-B5 ( n = 15), CV-B4 ( n = 12), CV-A16 ( n = 10), CV-B2

 n = 7), E-3 ( n = 7), E-18 ( n = 7), CV-A5 ( n = 5), EV-C105 ( n = 4),

V-B3 ( n = 4), CV-A9 ( n = 3), CV-A2 ( n = 2), E-25 ( n = 2), CV-A10

 n = 1), EV-A71 ( n = 1), CV-A21 ( n = 1), EV-C109 ( n = 1). 

Twenty-four cases of E-11 were identified (24/294: 8.2%). All E- 

1 cases were children aged between 3 days and 10 years. Out of 

hese, 10 cases were identified within community surveillance and 

4 within hospital surveillance. Overall, 14 (58.3%) E-11 cases had 

ild infection (ILI, fever, or acute otitis) and all were children aged 

etween 22 days and 10 years. Ten cases (41.7%) had severe clinical 
3

anifestations, of which six were in neonates. Overall, of the 22 

V-positive neonates, 6 (27.3%) were E-11 cases, 4 (18.2%) were CV- 

 cases, 1 was CV-A16 (4.5%) and 1 was E-9 (4.5%). 

As shown in Table 1 , aside from the two cases of fulminant 

epatitis [8] , a wide range of symptoms were recorded, making the 

linical diagnosis of E-11 infection highly unpredictable based on 

he observation of symptoms alone. 

E-11 was sporadically detected in November 2022 (one case) 

nd February 2023 (two cases), with an additional three cases de- 

ected in April 2023. Subsequently, the number of E-11 cases in- 

reased, with 16 cases recorded in May/June 2023. 
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[  

[

[  
Our analysis of the VP1 gene from 24 E-11 sequences iden- 

ified that all belonged to genogroup D, lineage D5, similarly to 

ther E-11 strains recently reported in France [1] . The phylogenetic 

ree (Figure S1) included 23 out of 24 E-11 sequences (one was 

xcluded due to its limited lenght) and showed that 19 study E- 

1 sequences (83%) segregated together (mean nucleotide identity: 

8.5%). These sequences clustered with recent French E-11 strains 

 N = 9) [1] , sharing a mean nucleotide identity of 98.6%. The

ther four E-11 study strains showed separate segregation. Four se- 

uences clustered with E-11 strains identified in China in 2017 and 

019. 

. Discussion and conclusion 

In light of the WHO advisement and risk assessment of severe 

-11 infection in Europe and given the lack of on-going surveil- 

ance of EV infection in Italy, we performed event-based surveil- 

ance to assess the spread of E-11 in northern Italy. From the vi- 

ological data gathered through community-based surveillance of 

LI, we observed a low level of EV circulation from August 2021 

o May 2022, followed by two epidemics. The first occurred from 

ay to July 2022 and was caused by EV-D68. The second wave oc- 

urred from end of May to July 2023. E-11 was detected both in 

ndividuals with mild symptoms and in hospitalized patients with 

elf-limited severe manifestations, ranging in age from 9 days to 

0 years. It is noteworthy that E-11 was also sporadically iden- 

ified from November 2022 to April 2023, but only in individu- 

ls with ILI. Furthermore, phylogenetic analysis of the VP1 gene 

howed that 83% of the E-11 strains grouped together and clus- 

ered with the French E-11 strains [1] . As previously noted, recom- 

ination of E-11 with other EV types may have led to the emer- 

ence and spread of novel variants with chimaeric genome struc- 

ures [9] . This could explain the severe illness and epidemic nature 

f the strains observed in Italy in 2013 [10] and in France in 2022-

023 [1] . In contrast, data from the US national enterovirus surveil- 

ance system has reported a significantly higher mortality from E- 

1 infection in neonates compared to infants older than 1 month 

11] , similar to what has been recently observed in a multicentre 

etrospective cohort study [12] . Consistent with these findings, our 

-11 cases were either children > 1 year of age or neonates with 

o underlying medical conditions, likely resulting in a mild self- 

imited clinical manifestation. 

There are a few drawbacks to this study. First, it was not pos- 

ible to molecularly characterize all EV samples with respect to 

heir viral load. In addition, the routinely used typing techniques 

ased on the VP1 fragment provide only partial information on vi- 

al evolution and no information on recombination events. Finally, 

lthough it would be useful to have information on possible co- 

nfections, it was not possible to obtain this information for all 

ases included in this study: a viral panel was evaluated in all res- 

iratory samples from ILI cases, but different pathogen panels were 

sed in the hospital setting. 

In conclusion, our community-based sentinel laboratory surveil- 

ance has detected an increase in the incidence of E-11 in recent 

onths. In addition, hospital-based surveillance has captured the 

linical features and severity of E-11 in neonates during the out- 

reak caused by a new variant of E-11 initially identified in France. 
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