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Background. Enteroviruses (EV) cause yearly outbreaks with severe infections, particularly in young children. This study 
investigates EV circulation, age, and clinical presentations in Europe from 2018 to 2023.

Methods. Aggregated data were requested from the European Centre for Disease Prevention and Control National Focal Points 
for Surveillance and European Non-Polio Enterovirus Network. Data included detection month, specimen type, age group, and 
clinical presentation for the 10 most commonly reported EV types per year.

Results. Twenty-eight institutions (16 countries) reported 563 654 EV tests during the study period with 33 265 (5.9%) EV 
positive. Forty-two types were identified (n = 11 605 cases) with echovirus 30 (E30), coxsackievirus A6 (CVA6), EV-D68, E9, 
E11, CVB5, E18, CVB4, EV-A71, and E6 most frequently reported. E30 declined after 2018/2019, while CVA6, CVB5, E9, E11, 
and EV-D68 were prevalent both before and after the coronavirus disease 2019 (COVID-19) pandemic, and CVB4 and E18 were 
prevalent after the pandemic. A shift in seasons (summer to fall) and specimen positivity (feces to respiratory) was observed. 
Neurological signs predominated among EV-A71, CVB4, CVB5, E6, E9, E11, E18, and E30 (30%–72%). CVB4, CVB5, E9, E11, 
and E18 were frequently reported among neonates (18%–32%). CVA6 was frequently associated with hand, foot and mouth 
disease, and EV-D68 with respiratory infections. Paralysis was reported among 22 infections, associated with 10 nonpolio types.

Conclusions. This study emphasizes the widespread circulation and severity of EV infections in Europe, as well as the 
(re)emergence of specific types postpandemic. Our findings highlight the need for continuous EV surveillance to monitor 
variation in circulation, age, and clinical presentations, including paralysis among nonpolio EV infections.
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Enteroviruses (EVs) are a diverse group of nonenveloped, 
single-stranded RNA viruses belonging to the genus 
Enterovirus within the Picornaviridae family [1]. To date, over 

110 EV types that infect humans have been classified into spe
cies A–D [2].

EVs are primarily transmitted via the fecal-oral and respira
tory routes [3–5]. They pose a significant public health threat 
with a broad range of severe clinical manifestations, including 
hand, foot, and mouth disease (HFMD), respiratory illnesses, 
meningitis, paralysis, and encephalitis [3, 4, 6], particularly in 
newborns and young children [4, 5, 7]. Following the corona
virus disease 2019 (COVID-19) pandemic, outbreaks of echo
virus 11 (E11), E18, coxsackievirus B types (CVBs), and 
EV-D68 have been reported with severe clinical outcomes 
such as hepatitis, meningitis, myocarditis, and paralysis, re
spectively, predominantly affecting neonates and young chil
dren [8–13].

Although surveillance has proven to be essential in contribut
ing to poliovirus elimination and vaccination programs, nonpo
lio EV surveillance is passive and remains substantially 
inconsistent across Europe. With the lack of implemented sur
veillance systems, the European Non-Polio Enterovirus 
Network (ENPEN) was established to standardize data 
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collection of EV infections, to monitor EV circulation, and to es
timate the disease burden of these viruses across Europe [3, 14]. 
In this study, we investigate EV epidemiological and clinical 
patterns, such as seasonality, specimen type, age distribution, 
and clinical presentations, and the (re)emergence of specific 
EV types in Europe from 2018 through 2023.

METHODS

Study Participation

An invitation to participate in this study was sent (25 August 
2023) to all institutions within ENPEN and the European 
Centre for Disease Prevention and Control (ECDC) National 
Coordinators of the Competent Bodies, responsible for overall 
coordination of public health interactions in the Member 
States within the European Union and European Economic 
Area (EU/EEA). Additionally, requests were sent to the ECDC 
National Focal Points for Surveillance; Microbiology; 
Preparedness and Response; and Threat Detection. Contacted 
representatives were asked to forward the invitation to other lo
cal or regional public health officials potentially interested in 
participating.

Data Collection

Data were recorded in an aggregated format and collected using 
a secured ECDC-ENPEN study collaboration portal hosted at 
ECDC with a data collection form (Supplementary Material). 
All reporting institutions were assigned a code, comprising of 
the 2-letter country code (ISO 3166-1 alpha-2 codes) and a se
quential number (Supplementary Tables 1 and 2). Aggregated 
testing and typing data were collected from EV tested cases, pre
senting in hospital settings of participating institutes. These data 
included the number of clinical samples tested for EV, the num
ber of EV-positive samples, the number of samples subjected to 
EV typing, and the number successfully typed, covering the 
study period from January 2018 through August 2023 
(Supplementary Table 2). In addition, each institution was re
quested to supply data stratified by EV type and year on the 
monthly distribution of infections, patient age groups, speci
men type tested, and clinical presentations (eg, fever, gastroin
testinal symptoms, or neurological infections) (Supplementary 
Table 2) of the 10 most detected EV types. Institutions were 
asked to provide information on the method used for EV testing 
and typing. Sequence data and information on rhinovirus and 
parechovirus testing were not collected as part of this study.

Data Analysis and Statistics

A retrospective descriptive analysis of the reported data was per
formed by EV type for each country, as well as aggregated totals 
by month, year, specimen type, age group, and clinical presenta
tion. To identify EV-type–specific patterns, these variables were 
normalized per type. Seasons were defined in 3-month intervals 

(eg, June–August for summer and September–November for 
fall). Statistical significance was assessed using the χ2 test for inde
pendence, with a P value <.05 considered as significant. Data 
analysis and visualization were performed in RStudio (version 
2023.12.1.402). Analysis scripts are publicly available: https:// 
github.com/ENPEN-RIVM/Retrospective-surveillance-study.

RESULTS

Enterovirus Testing and Typing

A total of 28 institutions from 16 European countries responded to 
the invitation (Supplementary Figure 1 and Supplementary Tables 
1 and 2). The common method for EV typing was VP1 sequencing 
(27/28 institutions) [15]. One institution relied on virus neutraliza
tion for typing, although a selection of samples was subjected to 
VP1 sequencing (Supplementary Table 2). Information on type- 
specific testing was not consistently reported. Over the study peri
od, in total 563 654 clinical samples were tested for EV, of which 
33 265 (5.9%) were EV positive. EV-positive rates varied among 
countries (2.0% in Finland to 17% in Belgium; Figure 1) and among 
institutes (Supplementary Table 1). Of the EV-positive samples, 
21 268 (63.9%) were subjected to typing, with 17 081 (80.3%) 
samples successfully typed and epidemiological and clinical data 
reported for 11 605 of these typed samples (Supplementary 
Figure 1 and Supplementary Table 1). However, the proportion 
of samples selected for typing and the typing success rate varied 
across institutions (Supplementary Table 1).

Diversity of Enterovirus Types

Between 2018 and 2023, 42 enterovirus types were reported 
among 11 605 infections (Figure 2 and Supplementary 
Figure 1). Most types belonged to EV-B (23 types, n = 7776 infec
tions), followed by EV-A (10 types, n = 2541 infections), EV-C 
(8 types, n = 27 infections), and EV-D (EV-D68, n = 1261 infec
tions). The most frequently reported types were E30 (n = 1440), 
CVA6 (n = 1341), EV-D68 (n = 1261), E9 (n = 1004), E11 
(n = 957), CVB5 (n = 705), E18 (n = 559), CVB4 (n = 540), 
EV-A71 (n = 534), and E6 (n = 408). Together, these 10 types ac
counted for 8749 infections (75.4%) (Figure 2 and Table 1). 
Although no particular EV-C type was associated with a high 
case count, the diversity of types detected was notable, with 
CV-A19 (n = 11), EV-C105 (n = 6), CV-A1 (n = 4), CV-A11 
(n = 2), and single detections of CV-A13, CV-A22, CV-A24, 
and EV-C109. Most EV-C detections, including an EV-B100, 
were detected in 2021–2023. Interestingly, EV-C infections, for 
which age was known (n = 18/21), were detected in older age 
groups (>1 year) (data not shown).

Temporal and Seasonal Dynamics

The detection month was reported for 10 925 infections (94.1%) 
across 13 countries (Table 1, Supplementary Figure 1, and 
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Supplementary Table 2). A shift from summer to fall predomi
nance is observed after 2021 (Figure 3).

During 2018 and 2019, the majority of infections occurred in 
the summer with 1744 infections (51.5% of 3386 infections) in 
2018 and 1260 infections (46.6% of 2702 infections) in 2019. 

E30 dominated during these years, accounting for 31.8% (n =  
1076) of all typed infections in 2018 and 13.2% (n = 357) in 
2019 (Table 1). However, E30 detection steadily declined after 
spring 2019, with only 2 infections in August 2023 (Figure 3).

Figure 1. Enterovirus (EV)-positive samples per participating country. Total number of EV-positive and -negative tests reported, along with the positivity rate (black 
triangle), between 2018 and 2023 (n = 563 654). No testing data were reported by Scotland, and no data on the total number of tests were reported from Denmark.

Figure 2. Enterovirus (EV) type distribution. The overall number of cases associated with each detected EV type between 2018 and 2023 (n = 11 605). The 10 most 
commonly reported EV types among all participants are indicated in bold. Abbreviations: CV, coxsackievirus; E, echovirus; EV, enterovirus.
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In 2020 and early 2021 a decline in reported infections was 
observed; 416 infections in 2020 and 295 infections until 
August 2021 (Figure 3 and Table 1). A resurgence of EV infec
tions was observed in fall 2021 (n = 998, 77.2% of all 2021 in
fections), surpassing the summer peak (256 infections, 
19.8%). This seasonal shift persisted into 2022, with fall ac
counting for 1068 infections (39.5%) compared to 771 infec
tions (28.5%) in summer. Despite limited data for fall 2023, a 
decline in infections was observed in summer (n = 396), as 
seen in previous years.

The 2021 fall peak was predominantly attributed to CVA6 
(n = 244 of 350 [69.7%] infections) and EV-D68 (n = 255 of 
336 [75.9%] infections) (Figure 3 and Table 1), while the fall 
peak of 2022 was driven by increased detections of EV-D68 
(n = 344 of 581 [59.1%] infections) (Figure 3 and Table 1). 
Both CVA6 and EV-D68 had notable increased detection in 
the fall and winter months before and after the COVID-19 pan
demic (Figure 3 and Table 1). Of note, EV-D68 detection rates 
in 2021–2022 were higher than in 2018–2019 (Table 1).

Other noteworthy trends include the increased detection of 
E9 with 408 infections in 2018 (12.0%), 119 infections in 
2019 (4.4%), and 240 infections in 2022 (8.9%). The same trend 
was observed for E11 in 2018 (n = 262, 7.7%), 2019 (n = 175, 
6.5%), and 2022 (n = 342, 12.6%) (Figure 3 and Table 1). 
Similarly, CVB5 was increasingly detected in the years before 
and after the COVID-19 pandemic with 225 infections in 
2018 (9.4%) and 212 infections in 2022 (7.8%).

CVB4 and E18 showed increased detection only after the 
pandemic with 354 infections (13.1%) in 2022. CVB4 was pre
dominantly reported in the spring/summer of 2022 (n = 285, 
80.1%). E18 emerged as the dominant type during summer 
2023, accounting for 107 of the 225 (47.6%) E18 infections 
that year (Figure 3 and Table 1). EV-A71 was only reported 
with increased numbers in 2019 (n = 271, 10.0%).

Trends in EV-Positive Specimen Types

Among the successfully typed EV-positive samples, specimen 
type data were reported for 5878 samples (50.7%) by 12 coun
tries (Table 2, Supplementary Figure 1, and Supplementary 
Table 1). Feces was the most frequently reported specimen 
type (n = 2111, 35.9%), followed by respiratory samples (n =  
1965, 33.4%). A shift in predominant specimen type was ob
served over time, with fecal samples being most reported in 
2018 and 2019, whereas respiratory samples became more fre
quently detected in 2020 (n = 84, 34.0%), 2021 (n = 249, 
42.1%), and 2022 (n = 698, 48.9%) (Figure 4). While data for 
2023 covers only up to August, thereby omitting the fall/winter 
season, fecal samples once again predominated in 2023 (n =  
258, 37% fecal vs n = 200, 28.5% respiratory). A statistically sig
nificant correlation was identified between the year and distribu
tion of specimen types tested (P < .0001). Specimen type 
distribution also varied among institutions, with feces reported 
as the dominant positive specimen in 9 institutes (5 countries), 
and respiratory samples being most frequently detected in 7 insti
tutes (6 countries) (Supplementary Table 2).

Feces was the primary source for EV-A71, accounting for 
64.8% of detections with this type, followed by CVB4 (42.8%), 
CVB5 (58.4%), E11 (42.0%), and E18 (44.4%) (Figure 5A and 
Table 2). This trend remained consistent throughout the study 
period (Supplementary Figure 2). CVA6 was primarily detected 
in vesicle swabs (n = 250, 39.5%), while E30, E6, and E9 were 
predominantly detected in cerebrospinal fluid (CSF) (n = 280 
[49.9%], n = 149 [50.3%], and n = 141 [35.8%], respectively). 
EV-D68 was almost exclusively identified in respiratory samples 
(n = 731, 98%). The pattern remained consistent over the years 
where variations depended on which type dominated in a given 
year (Supplementary Figure 2).

Table 1. Detection of the 10 Most Commonly Reported Enterovirus (EV) Types, per Year, 2018–2023

EV Type

Total Reported 2018 2019 2020 2021 2022 2023 to August

n (%) n (%) n (%) n (%) n (%) n (%) n (%)

E30 1440 (12.4) 1076 (31.8) 357 (13.2) 5 (1.2) 0 (0.0) 0 (0.0) 2 (0.2)

CVA6 1341 (11.6) 340 (10.0) 254 (9.4) 86 (20.7) 350 (27.1) 203 (7.5) 108 (9.8)

EV-D68 1261 (10.9) 227 (6.7) 52 (1.9) 43 (10.3) 336 (26.0) 581 (21.5) 22 (2.0)

E9 1004 (8.7) 408 (12.0) 119 (4.4) 33 (7.9) 38 (2.9) 240 (8.9) 166 (15.0)

E11 957 (8.2) 262 (7.7) 175 (6.5) 15 (3.6) 30 (2.3) 342 (12.6) 133 (12.0)

CVB5 705 (6.1) 74 (2.2) 255 (9.4) 6 (1.4) 107 (8.3) 212 (7.8) 51 (4.6)

E18 559 (4.8) 120 (3.5) 17 (0.6) 37 (8.9) 63 (4.9) 97 (3.6) 225 (20.4)

CVB4 551 (4.7) 43 (1.3) 88 (3.3) 2 (0.5) 30 (2.3) 354 (13.1) 23 (2.1)

EV-A71 534 (4.6) 131 (3.9) 271 (10.0) 9 (2.2) 5 (0.4) 49 (1.8) 69 (6.3)

E6 408 (3.5) 180 (5.3) 104 (3.8) 16 (3.8) 4 (0.3) 37 (1.4) 67 (6.1)

Other types 2856 (24.6) 525 (15.5) 1010 (37.4) 164 (39.4) 330 (25.5) 589 (21.8) 238 (21.6)

Total top 10 8749 (75.4) 2861 (84.5) 1692 (62.6) 252 (60.6) 963 (74.5) 2115 (78.2) 866 (78.4)

Total all types 11605 … 3386 … 2702 … 416 … 1293 … 2704 … 1104 …

4 • JID • de Schrijver et al

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiaf179/8106541 by U

niversity of M
aribor user on 27 June 2025

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaf179#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaf179#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaf179#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaf179#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaf179#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaf179#supplementary-data


Age-Related Patterns

Patient age was reported for 10 606 infections (91.4%) across 13 
countries (Table 2, Supplementary Figure 1, and Supplementary 
Table 1). Clear age-specific distributions were observed among 
the 10 most commonly reported EV types. E9, E11, E18, CVB4, 
and CVB5 were predominantly reported in neonates (aged ≤28 
days), accounting for 863 infections (48.4%), and children aged 
1–3 months (n = 745, 41.8%) In contrast, CVA6, EV-D68, 
EV-A71, and E6 were frequently reported in the 1–5 year age 
group (n = 1576, 59.2%; Figure 5B and Table 2). E6 infections 
were also frequently found among school-aged children 6–15 
years old (n = 70, 18.9%) and adults aged 26–45 years (n = 77, 
20.8%). E30 showed a distinct pattern, being most prevalent 
in individuals aged 6–15 years (n = 311, 22.5%) and adults 
aged 26–45 years (n = 353, 25.5%) (Figure 5B and Table 2). 
The age-related pattern remained consistent over the years 
where variations depended on which type dominated in a given 
year (Supplementary Figure 2).

Diverse Clinical Manifestations

The clinical presentation was reported for 3193 infections 
(27.5%) from 8 countries (Supplementary Figure 1, Table 2, 
and Supplementary Table 1). Neurological infections were a 
frequently reported clinical presentation (n = 1294, 40.5%), 
followed by respiratory infections (n = 781, 24.5%) and fever 
(n = 698, 21.9%) (Table 2). Certain types showed strong associ
ation with neurological infections, including EV-A71 (n = 189, 
73%), CV-B5 (n = 137, 72.9%), E30 (n = 204, 71.6%), E6 

(n = 90, 56.6%), CVB4 (n = 63, 45.3%), E9 (n = 98, 43.4%), 
E11 (n = 114, 42.4%), and E18 (n = 39, 30.2%). Respiratory in
fections were predominantly associated with EV-D68 (n = 325, 
91.5%), while CVA6 was frequently associated with HFMD (n  
= 148, 40%) (Figure 5C, Table 2, and Supplementary Figure 2). 
Of note, hepatitis was rarely reported, with only 4 infections 
documented in 2022 (E7, E11, E21, and CVB3). Myocarditis 
was reported in 12 infections, 3 of which were CVB4 infections 
(Table 2).

Although the clinical presentations remained consistent over 
the years, variations in reported infections reflected fluctua
tions in the predominant circulating types. Interestingly, paral
ysis was documented among 22 infections, associated with 10 
different nonpolio EV types: E18 (n = 5), EV-D68 (n = 4), 
EV-A71 (n = 3), CVA6 (n = 2), CVA9 (n = 2), E11 (n = 2), 
CVB4 (n = 1), E3 (n = 1), E9 (n = 1), and E25 (n = 1) 
(Figure 5C, Table 2, and Supplementary Figure 2).

DISCUSSION

Here we investigate EV epidemiological and clinical patterns, 
such as seasonality, specimen type, age distribution, and clini
cal presentations, and the (re)emergence of specific EV types in 
Europe from 2018 through 2023. We report more than half a 
million tests, 33 265 EV-positive samples with 21 268 (63.9%) 
subjected to typing, and 17 081 (80.3%) samples successfully 
typed. Epidemiological and clinical data were provided for 
each institute’s 10 most commonly typed EV, accounting for 
11 605 infections that were successfully typed, encompassing 

Figure 3. A, Temporal distribution of EV-positive cases, 2018–2023 (n = 10 925). The summer months (June-August) are highlighted in red. B, Relative monthly distribution 
of 10 most commonly reported EV types. The color intensity in the heat maps is based on the natural logarithm of the fraction of the number of cases of each type over the 
total number of cases within each month adding up to 100%. Black regions represent either zero infections or no data. Abbreviations: CV, coxsackievirus; E, echovirus; EV,  
enterovirus.
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1291 neurological infections (40.5% of 10 606 reported infec
tions with clinical information) and 22 nonpolio enterovirus 
infections associated with paralysis.

The study provides novel insights into the evolving charac
teristics of EV types in Europe. Most importantly, the study 
stresses the critical need for vigilant monitoring of severe EV 
infections, particularly in vulnerable age groups.

In total, 42 different EV types were detected, with E30, 
CVA6, EV-D68, E9, E11, CVB5, E18, CVB4, EV-A71, and E6 
the most frequently reported types, each with type-specific tem
poral, age related, and clinical infections. Interestingly, a higher 
number of rare EV-C types were reported compared to previ
ous studies [7, 16]. However, it is important to note that insti
tutes only provided data on their 10 most commonly detected 
types. As such, institutions with larger datasets are less likely to 
report rare EVs. This likely results in an underestimation of 
their true incidence. Harvala et al previously documented an 
abundance of EV-C types, although exclusively in sewage sam
pling [16]. In contrast, our findings indicate the presence of 
EV-C types in clinical samples, predominantly postpandemic 
and in older age groups, suggesting potential changes in their 
pathogenicity and/or population immunity. However, this ob
servation is based on a small number of cases (n = 21) and 
hence should be interpreted with caution. Strikingly, a transi
tion from summer to fall predominance among the 10 most 
commonly reported types was observed after 2020, coinciding 
with increased positivity of respiratory specimens. The 2021 fall 
peak was characterized by increased detections of CVA6 and 
EV-D68 and in the fall of 2022 by EV-D68. Both viruses are no
table for their activity during these seasons [7, 8, 17–20]. The 
seasonal shift could potentially be caused by increased detec
tion of specific types in a given year, although social and behav
ioral patterns, changes in population immunity, or heightened 

susceptibility to respiratory pathogens in the postpandemic 
context can also potentially drive this seasonal change. 
Increased testing of respiratory specimens during and after 
the pandemic due to severe acute respiratory syndrome coro
navirus 2 (SARS-CoV-2) testing using multirespiratory patho
gen detection assays that include EVs may have facilitated the 
detection of respiratory-associated EV types like EV-D68. 
Here we did not collect data on specimen types tested per 
year and more standardized data on testing practices are need
ed to study this shift.

Analysis of the 10 most commonly reported EV types over 
the study period demonstrates remarkable patterns in their ep
idemiology. Our study reports a higher number of EV-D68 in
fections compared to previous years [7]. EV-D68 was 
frequently reported among cases with respiratory infections 
and, not surprisingly, it was frequently found among respirato
ry specimens. Historically, EV-D68 infections have been asso
ciated with sporadic outbreaks occurring in a biennial pattern, 
with peaks during the fall of even-numbered years [17, 20]. 
However, our findings suggest a departure from this pattern, 
with yearly circulation, after 2021 (Figure 3) [8, 21]. This war
rants vigilance, particularly regarding the occurrence of paral
ysis cases, often associated with EV-D68 infections. 
Interestingly, the seasonal shift seen in EV-D68 detections 
aligns with changes observed in other respiratory pathogens, 
such as respiratory syncytial virus, also displaying altered sea
sonality in recent years [22]. These findings indicate the impor
tance of ongoing surveillance to monitor evolving trends in 
EV-D68 circulation and their implications for public health.

Like EV-D68, CVA6, was predominantly reported in the fall- 
winter months. This type was also predominantly reported 
among HFMD infections, with vesicle fluid as the dominant 
sample type of detection. Knowledge of its fall dominance 

Figure 4. Distribution of specimen types among enterovirus-positive samples per year, 2018–2023 (n = 10 925).
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Figure 5. EV detection patterns of the 10 most commonly reported EV types by (A) specimen type (n = 4355), (B) age group (n = 8082), and (C ) clinical presentation 
(n = 2379), normalized per type, between 2018 and 2023. Abbreviations: CSF, cerebrospinal fluid; CV, coxsackievirus; E, echovirus; EV, enterovirus; HFMD, hand, foot, 
and mouth disease.
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and increased detections in the last years [7] enables prepared
ness in the fall for clinical care of HFMD cases.

The E30 epidemiology observed reflects the occurrence of a 
quiescent period following increased detection during the 
2018–2019 outbreak [23, 24]. E30 is known to follow character
istic cyclical epidemiological patterns, with outbreaks occur
ring approximately every 3–5 years, often driven by the 
emergence of recombinant strains [23, 25, 26]. The 2018 out
break was previously linked to the emergence of a recombinant 
strain and a new immune-divergent variant [23, 24]. Consistent 
with its profile as a neurological enterovirus [24, 27–29], our 
study shows that 72% of E30 infection were associated with 
neurological infections, and CSF was the dominant specimen 
type from which E30 was detected (50%). Interestingly, E30 in
fections were more often reported among older children (6–15 
years old, 22%), and young adults (26–45 years old, 26%), con
trasting with the typical younger age distribution of enterovirus 
infections [4, 7]. Given E30’s periodic circulation and the 
long-observed interval of low/silent circulation, it is expected 
that this type may reemerge in the coming years, potentially as
sociated with neurological infections. To monitor the emer
gence of new recombinant strains, advanced molecular 
techniques such as next generation sequencing, which enable 
complete genome analyses and recombination detection, could 
play a role in surveillance efforts.

In contrast to E30, EV types CVA6, CVB5, E9, E11, and 
EV-D68 were prevalent both before and after the COVID-19 
pandemic, while CVB4 and E18 were more prevalent after the 
pandemic. Like E30, EV types CVB4, CVB5, E9, E11, and E18 
were commonly associated with neurological infections, but 
they predominantly affected neonates (aged ≤28 days, 18%– 
32%) and infants aged 1–3 months (18%–27%). This could be 
related to an extended herd immunity gap after the pandemic 
placing neonates at increased risk for severe infections [30].

Overall, most samples isolated from patients presenting with 
neurological infections contained EV-B types (76%), similar to 
the study of Bubba et al [7]. The CSF predominance is expected, 
as EVs are a primary etiological agent of meningitis [31–35].

Although previous studies of E11 detection in 2022 were linked 
to hepatitis [9, 10], only 1 case of E11-associated hepatitis was re
ported in this study. Of interest, all 4 hepatitis-related infections re
ported here occurred in 2022 and were linked to E7, E11, E21, and 
CVB3. Additionally, while CVB4 and CVB5 have been associated 
with myocarditis in earlier reports [11], only a few cases of myocar
ditis involving these types were reported. Nonetheless these find
ings demonstrate the diverse clinical spectrum of EV infections.

Interestingly, E18 emerged as the most reported type in 2023, 
and was frequently associated neurological infections and com
monly detected in CSF, accounting for 20% of all infections dur
ing the first 8 months of that year. E18 has recently been linked to 
an outbreak in Hungary associated with neurological outcomes 

among neonates [12, 13]. Additional studies are needed to assess 
the factors underlying the emergence of this type in 2023.

Lastly, paralysis was reported among 22 nonpolio EV infections, 
the majority linked to EV-D68 (n = 4) and EV-A71 (n = 3). As 
nonpolio EVs are not reported through the World Health 
Organization´s international health regulation mechanisms, the 
true incidence of paralysis due to these infections is unknown. A 
recent study describing data over 21 years shows a detection rate 
of 6.9% for nonpolio EVs among paralysis cases [36]. These data 
therefore highlight the clinical and public health burden posed 
by nonpolio enteroviruses and emphasize the necessity for com
prehensive surveillance of nonpolio paralysis cases.

While our study provides valuable insights into the epidemi
ology of EV infections in Europe, pre- and postpandemic, sev
eral limitations should be considered. The aim of this study was 
to understand the epidemiological and clinical characteristics 
of EV infections in the years 2018 through 2023 in Europe. 
For this we relied on data reported by hospitals and public 
health organizations through ECDC official contact points 
and ENPEN. Nonpolio enterovirus surveillance is not stan
dardized across Europe, and EV infections are not notifiable 
in most countries [8]. This lack of standardization resulted in 
substantial variations in testing practices, case definitions, 
and reporting standards among institutes and countries.

General increased use of syndromic testing, particularly for 
respiratory and neurological infections, may have influenced 
the EV detection rates. As these panels often include EVs as a 
target, their implementation could have led to a broader EV 
identification, especially in CSF and respiratory specimens. 
Additionally, type-specific polymerase chain reaction (PCR) 
testing for types such as EV-D68 and EV-A71 may have further 
contributed to the increased detection. Therefore, changes in 
testing practices and diagnostic algorithms over time likely in
fluenced the observed epidemiology of EVs in this study.

In this study, only 64% of EV-positive samples were subject 
to typing, which varied per institute/country and was probably 
influenced by selection factors such as low viral load, clinical 
presentation, specimen type. As previously shown, most EV 
testing is conducted in hospital setting [7, 37]. Consequently, 
only cases presenting to hospital were reported, which likely in
troduced a bias towards more severe cases. Unfortunately, due 
to the European General Data Protection Regulation (GDPR), 
data were sometimes limited or could only be reported in ag
gregated format, particularly with respect to clinical presenta
tion, with only 10 of 28 participants reporting clinical data. 
Finally, 42% of all analyzed infections came from France, which 
reported 4822 infections with clinical and epidemiological data. 
However, excluding the French data did not result in changes 
to observed epidemiological patterns, suggesting that our find
ings remain robust. As sequence data was not collected here, 
further studies on the evolution of the 10 most commonly re
ported types could not be conducted.
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In conclusion, this study offers valuable insights into the 
evolving epidemiological and clinical landscape of EV infec
tions in Europe between 2018 and 2023. The results emphasize 
the widespread circulation of EV types, particularly among 
young children, and their association with severe outcomes, in
cluding neurological infections. The knowledge on type- 
specific (temporal/clinical) patterns over a longer period could 
serve as an early warning system for the emergence of specific 
types, such as E30 or EV-D68, in future years. For this, data 
need to be collected and shared in a standardized timely man
ner, as advocated by ENPEN, to assess the disease burden [3].
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