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Background: In 2023, a European alert was issued 
regarding an increase in severe enterovirus (EV) neo-
natal infections associated with echovirus 11 (E11) new 
lineage 1. Aim: To analyse E11-positive cases between 
2019 and 2023 to investigate whether the new lineage 
1 circulated in Spain causing severe neonatal infec-
tions. Methods: EV-positive samples from hospitalised 
cases are sent for typing to the National Reference 
Enterovirus Laboratory. Available samples from 2022–
23 were subjected to metagenomic next-generation 
sequencing. Results: Of 1,288 samples genotyped, 
103 were E11-positive (98 patients: 6 adults, 33 neo-
nates, 89 children under 6 years; male to female ratio 
1.9). E11 detection rate was similar before and after 
detection of the new lineage 1 in Spain in June 2022 
(9.7% in 2019 vs 10.6% in 2023). The proportion of 
E11-infected ICU-admitted neonates in 2019–2022 
(2/7) vs 2022–2023 (5/12) did not significantly dif-
fer (p  =  0.65). In severe neonatal infections, 4/7 E11 
strains were not linked to the new lineage 1. The three 
novel E11 recombinant genomes were associated 
with severe (n = 2) and non-severe (n = 1) cases from 
2022–2023 and clustered outside the new lineage 1. 

Coinfecting pathogenic viruses were present in four of 
10 E11-positive samples. Conclusion: The emergence of 
the new lineage 1 is not linked with an increase in inci-
dence or severity of neonatal E11 infections in Spain. 
The detection of two novel E11 recombinants associ-
ated with severe disease warrants enhancing genomic 
and clinical surveillance.

Introduction
Enteroviruses (EV) are common human viruses asso-
ciated with diverse clinical syndromes ranging from 
minor febrile illness to rare but severe and potentially 
fatal conditions such as aseptic meningitis, paraly-
sis, myocarditis and sepsis-like disease, particularly 
in newborns [1]. The incidence of EV infection among 
febrile infants admitted to hospital with systemic infec-
tion or infants with suspected sepsis has been reported 
by different authors to range from 3% to 50% [1,2]. 
Prematurity, maternal history of EV illness, onset of ill-
ness within the first days of life and infecting EV-type, 
especially B species such as coxsackievirus (CV) B or 
echovirus 11 (E11), are significant factors associated 
with severe or even fatal neonatal EV infections [1,3-5].
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In 2023, France reported nine severe E11 neonatal 
infections with liver failure and high mortality rate, 
with pronounced prevalence in male twins [6]. All E11 
sequences associated with severe cases clustered in 
a new lineage 1 that emerged in 2022 [6] leading to 
a public health international alert [7,8]. Two cases of 
severe hepatitis associated with the same lineage 1 
were reported during the same period (2023) in Italy 
[9]. Analysis of the complete genomes demonstrated 
that all severe and fatal cases were associated with an 
E11 strain of recombinant origin [6,9]. In July 2023, the 
European Centre for Disease Prevention and Control 
appealed for enhancing surveillance regarding severe 
neonatal E11 infections to assess whether the new line-
age 1 first detected in France was associated with more 
severe disease [7].

Similar to that observed in other European Union (EU) 
countries, E11 in Spain is among the most commonly 
notified EV genotypes, mostly affecting children under 
3 months of age [10-13]. In this study, we describe the 
molecular epidemiology and clinical characteristics 
associated with E11 infections between 2019 and 2023 
in Spain. The aim was to investigate whether the newly 
reported lineage 1 variant emerged and circulated in 
Spain after the COVID-19 pandemic, causing severe 
neonatal infections.

Methods

Data source
For non-polio enterovirus (NPEV) surveillance, Spanish 
hospitals can send EV-positive samples (stool, cer-
ebrospinal fluid (CSF), blood, throat swabs or RNA 
extracts) to the National Reference EV Laboratory 
(EVL) at the National Centre for Microbiology for type 

characterisation, voluntarily and at the discretion of 
clinicians. The EVL receives specimens from hospi-
talised patients with EV infection and different clini-
cal manifestations, mainly neurological, cutaneous or 
respiratory. The following data are collected for each 
sample on the request form: date of birth, sex, clini-
cal information, sampling date and referring laboratory 
and/or clinician. Data from samples collected between 
January 2019 and December 2023 were included in the 
study.

Analysis of samples and sequences
Typing methods used by the EVL include four RT-nested 
PCRs on the 3’-VP1 region (specific for species EVA, -B, 
-C and -D68), as described previously [14,15], followed 
by Sanger sequencing and Basic Local Alignment 
Search Tool (BLAST) analysis (https://blast.ncbi.nlm.
nih.gov/Blast.cgi). Alignments and phylogenetic trees 
were generated using ClustalW [16] and the MEGA 
programme version 10 (http://www.megasoftware.
net), respectively. In order to assess the phylogenetic 
relationships of the E11 sequences, these sequences 
were analysed together with previously reported E11 
strains from multiple countries as well as representa-
tive reference sequences available in GenBank [17]. 
Phylogenetic analyses were carried out with the neigh-
bour-joining method based on the Kimura-2 parameter 
model. Support for tree nodes was assessed by boot-
strap values based on 1,000 replicates. Similarity plot 
analysis for potential recombination were performed 
using SimPlot, version 3.5.1 [18]. A 200 nt window 
moved in 20 nt increments using a Kimura 2-parameter 
method with a transition-transversion ratio of 2 with 
1,000 resampling. All publicly available E11 complete 
genomes (n = 218) as of July 2024 were included in the 
recombination analysis.

What did you want to address in this study and why?
In 2023, a European alert was issued regarding an increase in severe and fatal enterovirus (EV) neonatal 
infections associated with echovirus 11 (E11) detected in western and southern European countries. All 
strains were linked to a new lineage 1 first detected in April 2022. Our aim was to examine if the newly 
reported lineage 1 is circulating in Spain and is associated with severe neonatal infections.

What have we learnt from this study?
We did not observe an increase in the incidence of E11 infections among all typed EVs, nor did we observe 
difference in the proportion of severe E11 neonatal infections in 2022–2023 compared with 2019–2020. 
Severe cases observed in 2022–2023 were not exclusively linked to the new lineage 1. Two of the five severe 
cases observed in 2022–2023 were novel recombinant E11 viruses.

What are the implications of your findings for public health?
This study calls for strengthening genomic and clinical surveillance in neonatal E11 infections further. 
Coinfections should be thoroughly investigated as they could contribute to E11 severe outcomes. The study 
underscores the need to improve clinical information when requesting sample testing to correctly report on 
E11 severity association in neonates.

KEY PUBLIC HEALTH MESSAGE
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Metagenomic next-generation sequencing and 
data analysis
Sample processing for subsequent metagenomic next-
generation sequencing (mNGS) and data analysis are 
detailed in the  Supplementary Material. Briefly, after 
RNA was extracted from clinical samples, sample 
library preparation was conducted using the NEBNext 
Ultra II Directional RNA Library Prep Kit for Illumina 
with NEBNext Multiplex Oligos for Illumina (New 
England BioLabs Inc., Ipswich, United States (US)). 
Target enrichment was performed by hybrid capture 
using the Twist Comprehensive Viral Research Panel 
version 2 (Twist Biosciences, San Francisco, US). 
Enriched libraries were sequenced on an Illumina 
NextSeq500 (300 Cycles). For sequencing data analy-
sis, an in-house viralrecon pipeline was used (https://
github.com/nf-core/viralrecon). The resulting raw reads 
were analysed for quality using FastQC version 0.11.9 
[19] and then trimmed using fastp version 0.20.1 [20]. 
De novo assemblies of non-host reads were generated 
using SPAdes version 3.14.0 [21] in metaSPAdes mode. 
Contigs taxonomic annotation was based on alignment 
to the National Center for Biotechnology Information’s 
viral database using BLAST version 2.9.0 + [22]. In 
addition to the de novo assembly, a reference-based 
mapping approach was used to obtain viral genomes. 
Reads were mapped against the E11 reference genome 
(OQ969170​) using Bowtie2 [23]. For coinfecting viruses, 
reference genome accession numbers were OR728261, 
PP625122, KJ492899, OZ035228. SAMtools version 
1.14 [24] was used to generate genome mapping statis-
tics and coverage depth. The de novo assemblies and 
mapped sequences were compared and assessed the 
full identities of both sequences.

FASTQ files were also processed on the IDseq platform 
(https://czid.org/) a cloud-based open-source tool 
for pathogen detection from metagenomic data [25]. 
Briefly, reads are de novo assembled into contigs using 

SPAdes [21] and mapped back to the resulting contigs 
using Bowtie2 version 2.3.4.3 to identify the contig to 
which they belong. Each contig is aligned to the set of 
possible accession numbers represented by the BLAST 
database to improve the specificity of alignments to 
all the underlying reads. We defined a detection of a 
virus ‘hit’ as a viral taxon with the highest abundance 
of reads matching to that taxon in the nucleotide (NT) 
and non-redundant protein (NR) databases, while 
being less prevalent in control samples selected for 
the applied background model. Only viruses detected 
at ≥ 20 reads per million (rpm) based on nt alignments 
(NT rpm) were considered positive and included in 
heatmaps generated using iheatmapr [26]. Read counts 
were normalised to rpm at 10 million reads to reduce 
differences due to uneven sequencing depths. The 
z-score was computed with respect to a background 
model generated on the basis of RNA-sequencing data 
derived from control samples. All taxa with a z-score 
less than 1, contig shorter than 35 base pairs (bp) and 
rpm of less than 10 were removed from the analysis.

Confirmatory testing
Conventional RT-PCRs and Sanger sequencing were 
used to confirm the presence of viral genomes iden-
tified by mNGS. Human parechovirus (HPeV) type A 
(HPeV-A) and EV-D68 were assessed by using RT-PCRs 
as previously described [15,27].

Statistical analysis
Quantitative variables were expressed as mean and 
standard deviations (SD) and qualitative variables as 
proportions. For the comparison of proportions, a chi-
squared test was used with a 95% confidence interval 
(CI) (http://openepi.com/). P values less than 0.05 were 
considered significant.

Results

Echovirus 11 detection and typing
Between January 2019 and December 2023, 1,649 
EV-positive samples were received by the EVL for geno-
typing, as part of the NPEV surveillance. Of these, 1,288 
were successfully characterised (78.1%) and a total of 
103 EV were identified as E11. All were included in this 
study and corresponded to 98 patients who attended 
36 different hospitals throughout Spain. Echovirus 11 
was detected in 2019, 2020 (January–March), 2022 
and 2023, accounting for 9.7%, 3.2%, 7.3% and 10.6%, 
respectively, among all typed EV (Figure 1). In 2021, no 
E11 were detected. Echovirus 11 was identified in res-
piratory samples (n = 38, 36.9%), CSF (n = 32, 31.1%), 
blood (n = 17, 16.5%) and stools (n = 16, 15.1%). In five 
cases, two E11-positive samples were available for 
each (four cases had positive CSF and respiratory sam-
ples, while one case had two positive faecal samples). 

Clinical and demographic characteristics of 
echovirus 11-positive patients
Of 98 E11-positive individuals, 65 were male and 33 
female (ratio: 1.9, p  <  0.001). All but six patients were 

Figure 1
Echovirus 11 detection in enterovirus samples, Spain, 
January 2019–December 2023 (n = 1,288)
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Table
Clinical and demographic characteristics of neonates with a laboratory-confirmed echovirus 11 infection, Spain, 2019–2023

ID YEAR Age (days) Sample 
type Clinical diagnosis Other 

symptoms
Pre-
term ICU Death Treatment

New 
Lineage 

1

SPA19 2019 15–28 CSF Meningoencephalitis Fever, 
respiratory No No No Oxygen, 

antibiotics No

SPA20 2019 15–28 CSF FWS NA NA NA NA NA No
SPA21 2019 15–28 Blood Sepsis Fever No Yes No Paracetamol No
SPA22 2019 15–28 CSF FWS No No No No No No
SPA26 2019 15–28 Stool FWS NA NA NA NA NA No
SPA31 2019 15–28 CSF FWS No No No No No No

SPA35 2019 15–28 Throat 
swab FWS NA NA NA NA NA No

SPA37 2019 15–28 Throat 
swab FWS NA NA NA NA NA No

SPA39 2019 1–14 CSF Meningoencephalitis NA NA NA NA NA No
SPA40 2019 1–14 Stool Meningitis NA NA NA NA NA No

SPA41 2019 1–14 Stool Meningitis Bradypnea, 
hypotonia No Yes No No No

SPA42 2019 1–14 Throat 
swab FWS NA NA NA NA NA No

SPA45 2019 15–28 Throat 
swab FWS NA NA NA NA NA No

SPA48 2019 15–28 CSF FWS No No No No No No

SPA51 2020 1–14 Blood Respiratory Fever, 
irritability Yes No No No No

SPA52 2022 1–14 Blood Sepsis NA NA NA NA NA No
SPA6 2022 15–28 CSF Meningitis Fever No No No No No

SPA7 2022 1–14 CSF Meningoencephalitis
Fever, 

irritability, 
jaundice

No Yes No No No

SPA2 2022 15–28 Stool FWS No No No No No No
SPA71 2022 1–14 CSF FWS No No No No No Yes
SPA1 2023 1–14 Blood Sepsis, hepatitis Liver failure Yes Yes Yes No No
SPA3 2023 1–14 Stool Meningitis Fever No No No Cefotaxime Yes
SPA84 2023 1–14 Blood FWS NA NA NA NA NA No

SPA86 2023 15–28 Throat 
swab Respiratory Irritability No Yes No Oxygen, 

antibiotics Yes

SPA87 2023 15–28 CSF Sepsis Meningitis NA NA NA NA Yes
SPA91 2023 1–14 CSF FWS No No No No No Yes

SPA94 2023 15–28 Throat 
swab FWS Irritability No No No No Yes

SPA5 2023 1–14 Stool Meningoencephalitis NA NA NA NA NA Yes
SPA101 2023 1–14 CSF Meningitis NA NA NA NA NA Yes
SPA8 2023 15–28 CSF Meningitis NA NA Yes No No Yes
SPA10 2023 15–28 CSF Meningitis NA NA Yes No No Yes
SPA112 2023 1–14 Blood Meningitis Fever No No No Paracetamol Yes
SPA113 2023 15–28 CSF Meningoencephalitis NA NA NA NA NA Yes

CSF: cerebrospinal fluid; F: female; FWS: fever without a source; ICU: intensive care unit; ID: Identification name; M: male; NA: not available.
The lineage classification was established by phylogenetic analysis based on a 395 bp 3̀ -VP1 sequence of echovirus 11 strains detected in 

neonates.
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children, and most of them (89/92, 96.7%) were under 
6-years-old with a mean age of 10.3 months (range: 1 
day–6 years). The age of the adults ranged from 24 
to 90 years. Regarding clinical symptoms, most cases 
exhibited a febrile syndrome (40 cases, 40.8%). Other 
clinical symptoms were meningitis/meningoencepha-
litis (29 cases, 29.6%), respiratory illness (20 cases, 
20.4%), encephalitis, ataxia or paralysis (five cases, 
5.1%) and neonatal sepsis-like symptoms (four cases, 
4.1%).

Echovirus 11 neonatal infections
Of all E11 infections detected between 2019 and 2023 
(n = 98), 33 (33.7%) were in neonates (≤ 28-days-old), 
20 males and 13 females (ratio: 1.5, p  =  0.06). Mean 
age of neonates when infected was 15 days (range: 
1–28 days). In 21 of the 33 cases, E11 was detected 
from CSF or blood samples. Echovirus 11-infected neo-
nates with available clinical diagnosis (n  =  33) pre-
sented febrile syndrome or fever without source (FWS) 
(14/33), meningitis/meningoencephalitis (13/33), sep-
sis-like symptoms (4/33) or respiratory illness (2/33) 
(Table). In five cases, additional symptoms such as 
irritability, bradypnea syndrome, hypotonia or jaun-
dice were observed. Of the 19 cases with additional 
clinical data available, seven required admission to an 
intensive care unit (ICU) and four received treatment 
(Table). More (n = 12) ICU-admitted neonates were 
observed between 2022 and 2023 than between 2019 
and 2020 (n = 7). No significant difference in the pro-
portion of E11-infected ICU-admitted neonates between 
the 2019–2020 (2/7) and 2022–2023 (5/12) periods 
was observed (p  =  0.65). The majority (4/7) of ICU-
admitted neonates were females. Information on being 
a twin was available for 19 cases and two male and one 
female twin pairs were E11-positive. 

Phylogenetic analysis of VP1 genomic 
region
We performed a phylogenetic analysis with partial VP1 
sequences generated in this study (n  =  88) and com-
pared the results with VP1 E11 sequences available in 
GenBank from China, France, Germany, Italy, Spain and 
the United Kingdom (UK) between 2015 and 2023. A 
total of 33 E11 study strains (all detected in 2022 and 
2023) clustered with the new lineage 1 detected in 
France, whereas the rest of the sequences were outside 
the cluster (n = 55, from 2019 to 2023) (Figure 2). The 
analysis showed that new lineage 1 E11 strains were 
first detected in Spain in June 2022 (SPA58) details are 
shown in Supplementary Figure S1. The majority of E11 
strains detected in Spain in 2022 and 2023 clustered 
with the new lineage 1 (61.5% and 71.4%, respectively).

Regarding neonatal infections, 12 of 33 neonates had 
an E11 strain clustering with the new lineage 1, while 
the majority (21/33, 63.6%) of neonates were infected 
by an E11 strain clustering outside the new lineage 1. 
Considering severe infections as those requiring ICU 
admission, among the seven E11 strains detected in 
severe neonatal cases, four did not cluster with the 

new lineage 1, including the case that resulted in liver 
failure (SPA1) (Table).

A phylogenetic analysis with the complete VP1 region 
was performed defining E11 genotypes and sub-geno-
types by a nt sequence difference of at least 8% and 
15% in the complete VP1 region, respectively [28,29]. 
All study strains clustered in sub-genotype D5 which 
diverged into four lineages (Figure 3). Each of these 
lineages showed less than 8% nt sequence difference 
and thus cannot consider any of these lineages as a 
new sub-genotype. Of note, lineage 3 (bootstrap 98%) 
included only a sequence from France (OR030003, 
2019) and sequences from study strains SPA1 (corre-
sponding to a fatal case), SPA4 and SPA6. The phylog-
eny showed a rapid turnover of D5 lineages over the 
last years shifting from lineage 4 dominating in 2014–
2018 in France and Spain to lineages 1 to 3 dominating 
in 2022 and 2023 and including fatal and severe neo-
natal cases [6]. This pattern of clustering was similar 
to that obtained when the partial VP1 region was used 
for phylogenetic analysis (Figure 2) with the exception 
of SPA7. In the complete VP1 (Figure 3) and full genome 
phylogenetic analyses for which detailed information is 
available in  Supplementary Figure S2, SPA7 clustered 
closely with the new lineage 1 (bootstraps 99%, and 
100%, respectively) in contrast to the partial VP1 anal-
ysis. Complete VP1 sequence of SPA7 strain differed 
from that of other E11 viruses in new lineage 1 by 4%. A 
notable point is that SPA7 and other similar sequences 
(SPA54, SPA55, SPA56 and SPA57) were all circulating 
in Spain in June 2022, coinciding with the first detec-
tion of the new lineage 1 E11 study strain (June 2022, 
SPA58). SPA58 is the strain of new lineage 1 with the 
closest genetic similarity (96.2%) with SPA7.

Metagenomic analysis
We examined the virome of 16 E11-positive residual 
samples that tested positive between 2022 and 2023 
in Spain and that were available with sufficient volume 
for mNGS. The full-length genome was successfully 
obtained for 10 E11 strains. Results of the metagen-
omic analysis can be found in Supplementary Table S1. 
In all samples, read mapping to each reference genome 
was achieved with high coverage of the genome length 
(> 99%) and sufficient sequencing depth (> 200 for 7/10 
sequences and >  40 for 3/10). A heat map was built to 
analyse the presence of viral reads in each sample and 
their relative abundance in number of rpm (Figure 4). 
For all 10 samples, both de novo assembly and refer-
ence-based mapping successfully produced complete 
E11 genomes. Interestingly, in four of these E11-positive 
samples, reads corresponding to other coinfecting viral 
pathogens were found by de novo assembly. Human 
bocavirus was found in two samples and the remain-
ing viruses (HPeV-A and EVD) were single occurrences. 
Additionally, we performed conventional RT-PCR on the 
same samples to confirm the presence of the HPeV-A 
and EV-D68 viral genomes that were identified with 
mNGS on samples SPA4 and SPA7, respectively. The 
presence of HPeV-A in sample SPA4 was confirmed by 
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Figure 2
Phylogenetic tree of partial (395 bp) 3 -́VP1 coding sequences of 88 echovirus 11 study strains and sequences from 
previously described echovirus 11 strains extracted from GenBank (n = 46), including new lineage1 variant strains detected 
in France, Germany Italy, and the United Kingdom, 2013–2023

new lineage 1

Sequences obtained in this study are indicated by coloured circles with colour according to year of sampling. Phylogenetic analysis was 
inferred using the neighbour-joining method. Numbers on nodes indicate the bootstrap support of node (> 80). Scale bar represents nt 
substitutions per site. The echovirus 11 prototype Gregory sequence was used as the outgroup with accession number X80059. A non-
collapsed tree can be found in Supplementary Figure S1.
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RT-PCR, Sanger sequencing and by reference-based 
mapping, corresponding to genotype HPeV-A1, as dem-
onstrated in Supplementary Table S1. No positive result 
was obtained for sample SPA7 after EV-D68 RT-PCR. 

Recombination analysis
Considering recombination is known as a widespread 
mechanism of EV evolution, we looked for evidence 
of recombination in the study strains. Whole genome 
sequences of 10 E11 study strains were compared with 
publicly available E11 complete genomes from GenBank 
(n = 105). The phylogenetic analysis using the complete 
P1 capsid coding region of all these sequences showed 
that study strains clustered together with the reference 

genome of prototype strain Gregory (Supplementary 
Figure S4-A), confirming the preliminary typing 
results using the partial VP1 in  Figure 2. However, 
this was no longer observed for the nonstructural P2 
(Supplementary Figure S4-B) and P3 coding regions 
(Supplementary Figure S4-C). The P2 and P3-genomic 
regions of study strains did not cluster with the E11 
prototype but rather with other EV-B types or other 
E11 global strains. These incongruent tree topologies 
between the structural and nonstructural regions sug-
gested that recombination between E11 study strains 
and other EV-B types might have occurred.

2018-2019

2015-2018

2022-2023,

2014-2018,

new lineage 1

lineage 2

lineage 3

lineage 4

Figure 3
Phylogenetic tree of complete VP1 coding sequences of 10 echovirus 11 study strains and sequences from previously 
described echovirus 11 strains extracted from GenBank (n=98), worldwide countriesa

a For a full list of countries and dates, please see Supplementary Figure S3.

Sequences obtained in this study are indicated in red. The tree is annotated with the classification proposed by Li et al. [28]. Phylogenetic 
analysis was inferred using the neighbour-joining method. Numbers on nodes indicate the bootstrap support of node (> 80). Scale bar 
represents nt substitutions per site. The echovirus 11 prototype Gregory sequence corresponding to genotype B was used as outgroup 
(accession number X80059). A non-collapsed tree can be found in Supplementary Figure S3.
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To confirm the existence of recombination events, simi-
larity plot analysis was conducted against all available 
E11 genomes in GenBank (Figure 5). Regarding the 3′ 
non-structural half of the genomes, study strains SPA3, 
SPA5, SPA106 and SPA108 showed high similarity 
(> 95%) with previously described E11 strains in the new 
lineage 1 from France (2022–2023), Italy (2023) and 
Germany (2023), suggesting that their P2-P3 regions 
share a recent common ancestor (Supplementary Figure 
S5). Of interest, SPA1 and SPA7 study strains showed 
a low similarity value (<  90%) in the 3′ half of the 
genome (P2 + P3) with other E11 strains (Figure 5A, 5B). 
Similarly, SPA4 and SPA6 (both with >  98% homology 
between them) showed less than  90% similarity with 
other E11 strains in the P3 genomic region (Figure 5C). 
These findings suggest that study strains SPA1, SPA7 
and SPA4/SPA6 exhibited a novel recombinant genomic 
organisation for which no homologous E11 sequences 
have been detected or reported. For these novel recom-
binant forms, the highest nt similarity scores in the 3′ 
half of the genome was lower than 91% with their clos-
est related viruses CV-B4, CV-B5, EV-B79, EV-B80, 
EV-B88, E4, E13 and E25) indicating a distant genetic 
relationship (Supplementary Table S2). When analysing 

the complete VP1 region, the full P1, P2, P3 regions or 
the full genome, all novel recombinant forms clustered 
outside the new lineage 1 (Figure 3,  Supplementary 
Figures S4-A, S4-B, S4-C  and  Supplementary Figure 
S2) and were associated with fatal sepsis (SPA1), acute 
flaccid paralysis (SPA4) and meningitis/meningoen-
cephalitis (SPA6/SPA7) cases from 2022 to 2023.

Discussion
Our phylogenetic analysis indicates that new lineage 1 
E11 strains were first detected in Spain in June 2022 
and predominated during 2022 and 2023. The majority 
of E11 strains detected in Spain during this period clus-
tered with the new lineage 1. This result is in line with 
a report dating the first detection of this new variant 
in France in April 2022 [6]. Also, in agreement with the 
French report, the new lineage 1 included sequences 
from severe and non-severe neonatal infections as 
well as non-neonatal infections. However, unlike the 
French study, not all E11 sequences between 2022 and 
2023 that were associated with fatal or severe neona-
tal infections in Spain were of the new lineage 1, but 
rather belonged to three different D5 lineages.

Figure 4
Heatmap analysis showing virus diversity in echovirus 11-positive study samples, Spain, 2022‒2023 (n = 10 samples)

AFP: acute flaccid paralysis; AM: aseptic meningitis; FWS: fever without a source; LF: liver failure; ME: meningoencephalitis; RESP: respiratory 
disease.

Reads per million (rpm) was used to normalise read counts across samples.

Heatmap was generated based on log10[rpm]. Coloured logarithmic scale represents rpm, with darker red representing the highest rpm. 
The heat map was set to NT rpm  ≥ 20 which only shows viruses with at least 20 rpm and NT z-score = 100 above background to assure the 
taxon does not appear in any of the samples in the background model. Each column represents a study sample. Each row represents a virus 
genus-specific pathogen identified.

Throat 
swab Stool

Bocavirus
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Our findings revealed a similar E11 detection rate 
before and after the first detection of the new lineage 1 
in 2022 (9.7% in 2019 vs 10.6% in 2023), excluding the 
COVID-19 pandemic years 2020–2022. This suggests 
that, at least in Spain, the emergence in 2022 of the 
new lineage 1 was not linked with an increased number 
of E11 infections. Regarding the E11 detection rate in 
severe neonatal infections, no significant difference in 
the proportion of ICU-admitted neonates between 2019 
and 2020 (2/7) vs 2022–2023 (5/12) was observed. 
However, our data should be interpreted with caution 
given the small numbers, and the lack of more compar-
ative clinical data before 2019 given that clinical infor-
mation is not consistently provided by hospitals when 
submitting samples. Over 90% of the E11 infections 
were in children under 4 years of age and, of these, 
more than one third were in neonates. These results 
are comparable with that observed in previous studies 
in Spain and other countries [4,11,30]. Our observation 
that more than half (57%) of neonates with severe E11 
infection were female differed from that of the French 
and Italian reports where all severe neonatal infections 
caused by E11 were male [6,9]. Therefore, a hypotheti-
cal predisposition to E11 infection associated with the 
X-chromosome as has previously been suggested, 
could not be concluded from our data [6].

Phylogenetic analysis indicated that all E11 study strains 
(2019–2023) clustered in subgenotype D5, which is 
globally distributed. In Spain, E11 has remained geneti-
cally stable, as all sequences analysed between 2002 
and 2023 (2019–2023 in this study) clustered together 
in subgenotype D5 [31,32]. Despite the relative genetic 
stability, our phylogenetic analysis showed a rapid 
turnover of D5 lineages since 2014, shifting from line-
age 4 dominating in 2014–2018 in France and Spain to 
newly emerging lineages 1 to 3 dominating in 2022 and 
2023. This rapid shift in dominance, together with the 
rapid disappearance of previous lineages (in our study, 
all E11 lineage 4 strains are from 2019 and since then 
no other E11 strains have been observed in this line-
age), is a typical pattern observed for other EV types 
[33,34]. Interestingly, all the E11 strains of new lineage 
1 were restricted geographically in western and south-
ern parts of Europe (France, Germany, Italy, Spain and 
the UK), while lineage 2 strains reached a wider geo-
graphical range including China between 2018 and 
2023. This demonstrates that a single variant may be 
rapidly transmitted over a very broad geographic area 
in a short time [29]. Enhanced molecular surveillance 
within and outside Europe is needed to determine the 
extension of the new lineage 1 E11 strains.

Our findings detected three novel recombinant forms, 
none of which clustered with the new D5 lineage 1. 
Recombination is a well-known mechanism in EV 
evolution. It allows the exchange of genomic regions 
between cocirculating viruses, impacting viral adapt-
ability, escape from the host immune response and 
pathogenesis and contributes to the emergence of 
new variants with a potentially greater virulence and 

clinical burden [35]. Recombination events appeared 
to occur almost entirely outside of the capsid-encod-
ing region used for genotyping. Therefore, obtaining 
the full genome is crucial for detecting these events 
[35]. In this study, the full-length genome was suc-
cessfully obtained for 10 E11 strains. For the majority 
of fully-sequenced strains in the present study, other 
E11 genomes with similar recombinant genomic organi-
sation have been detected previously and are publicly 
available [6,9]. Interestingly, when comparing the com-
plete genome of strains obtained by our study with 
similar sequences in GenBank, we observed that SPA1 
(2023), SPA7 (2022) and SPA4/SPA6 (2023) presented 
a mosaic organisation with no previously detected 
or reported homologous sequences. The finding of a 
relatively high number (n = 3) of new E11 recombinant 
forms during a 5-year study period would suggest low-
level circulation of these recombinants, or their circu-
lation in a restricted geographical area (Spain) and 
therefore not captured until now in this study, or a lack 
of sustained global surveillance for E11 using complete 
genomes. It may also be possible that the recombi-
nation event leading to the circulation of these novel 
recombinant viruses was recent. Alternatively, they 
may have been circulating causing mild disease and 
therefore not captured by surveillance in the EVL which 
primarily receives samples from hospitalised cases. 
Interestingly, two of the three novel recombinant E11 
viruses were associated with severe disease prompting 
ICU admission (SPA1 was associated with fatal sepsis 
with liver failure and SPA7 with severe meningoen-
cephalitis). This emphasises the need to strengthen 
E11 genomic surveillance to monitor whether these or 
other new recombinant forms are causing more severe 
E11 infections in other European countries beyond E11 
strains in the new lineage 1.

A disease diagnosed as of E11 aetiology may actually be 
a coinfection, or entirely caused by another pathogen 
and E11 was present only as asymptomatic infection. 
Therefore, a metagenomic approach is warranted when 
investigating E11 aetiologies. In this study, by using 
untargeted metagenomics, coinfecting viruses were 
found in four of 10 E11-positive samples. Although coin-
fecting viruses were found with much less deep cover-
age and fewer viral reads, they cannot be excluded as 
contributing to severe outcomes. For instance, in one 
sample, we confirmed coinfection by conventional PCR 
for HPeV-A1, a virus usually affecting neonates and can 
occasionally lead to sepsis, meningitis or other neuro-
logic manifestations, or even death [36]. In three other 
samples, human bocavirus and EV-D68 were identified 
as potential coinfecting viruses. Regarding EV-D68, 
PCR confirmation was not possible. One possible 
explanation is that if the viral genome was fragmented, 
the shorter fragment obtained by mNGS compared 
with the expected PCR amplification product [15], may 
have hindered proper primer binding, resulting in a 
negative PCR result. Another possibility is the low viral 
load of EV-D68 in CSF samples. It is widely recognised 
that EV-D68 is rarely detected in CSF during clinical 
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Figure 5
Plot of similarity of whole genome nt sequences of echovirus 11 study strains for (A) query SPA1, (B) query SPA7 and (C) 
query SPA4 with E11 strains from the National Center for Biotechnology Information

A. Query: study strain E11_SPA1_Spain_2023

B. Query: study strain E11_SPA7_Spain_2022

C. Query: study strain E11_SPA4_Spain_2022 (>98% similarity with SPA6)

The enterovirus genetic organisation is shown in panel A. Analyses were conducted by using SimPlot 3.5.1 (Kimura distance model, window 
size 200 bp moving in 20 nt steps).
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presentation [15,37,38], rendering such samples less 
optimal for virus detection. Furthermore, the SPA7 
sample was collected in 2022, a year when EV-D68 was 
the predominant enterovirus in Spain, with E11 ranking 
as the fifth most prevalent (unpublished data). Given 
their substantial prevalence, coinfection with these 
two viruses would not be unexpected. Human bocavi-
ruses are frequently associated with respiratory tract 
infections but can also be associated with encephalitis 
[39]. Overall coinfections show the complexity involved 
in reaching a correct diagnosis.

Our work has several limitations. This study focuses 
only on virome analysis. However, it is important to 
note that secondary bacterial infections are a com-
mon complication associated with viral infections [40]. 
Another limitation is that burden of severe cases may 
be under-represented as clinical information is not 
consistently provided by hospitals when submitting 
samples. To overcome this limitation, an active search 
for clinical features has been requested of doctors 
with a response rate of ca 50%, which provided clini-
cal information in almost 60% of neonatal E11 infec-
tions included in this study. Improving the recording of 
clinical information such as patient clinical symptoms, 
underlying diseases and ICU admission when request-
ing sample testing would improve the understanding 
between E11 infection and severe complications.

Conclusion
Data presented in this study highlight the value of 
extensive molecular, genomic and clinical investiga-
tions to fully describe E11 infection and evolution in 
the context of a European alert. While new lineage 1 
has been circulating in Spain since 2022, it has not 
been associated with more severe disease in neonates. 
Thoroughly investigating potential (co)infections is cru-
cial, as they may contribute to severe or fatal outcomes 
of E11 infections.

The Spanish study group for Enterovirus and Parechovirus 
infections
Carlos Grasa, Isabel Mellado, Blanca Bravo, Iker Falces 
Romero, Margarita del Cuerpo, Ana Navascués, Elisa 
Garrote, Ana Bordes, Eduardo Lagarejos, Gregoria Megias, 
Juan Valencia-Ramos, Amaresh Pérez-Arguello, Miguel 
Blanco-Fuertes

Ethical statement
The study was based on the routine Molecular Enterovirus 
Surveillance Program based at the National Centre for 
Microbiology, so specific ethical approval was nor required.

Funding statement
This study was partially supported by grants from the 
Instituto de Salud Carlos III [grant numbers PI18CIII-00017, 
PI20CIII/00005 and PI22CIII-00035].

Use of artificial intelligence tools
None declared.

Data availability
The complete genome sequences of the 10 E11 were sub-
mitted to GenBank under accession numbers PP552731-40. 
Partial 3´-VP1 sequences of 78 E11 study strains were sub-
mitted under accession numbers: PQ038767-PQ038844. 
Sequences of coinfecting viruses were submitted under ac-
cession numbers: PQ039526-7, PQ039529 and PQ066000.

Acknowledgements
The authors thank the Genomics and the Bioinformatic 
Departments in the ISCIII and Lorena Simón for technical 
assistance. Collective authors of the Spanish study group 
for Enterovirus and Parechovirus infections are: Carlos 
Grasa, Isabel Mellado, Blanca Bravo and Iker Falces Romero 
(Hospital Universitario La Paz, Fundación IdiPAZ Madrid); 
Margarita del Cuerpo (Hospital de la Santa Creu i Sant 
Pau, Barcelona); Ana Navascués (Complejo Hospitalario de 
Navarra); Elisa Garrote (Hospital de Basurto, Bilbao); Ana 
Bordes, Eduardo Lagarejos (Hospital Dr. Negrín, Las Palmas 
de Gran Canaria); Gregoria Megias, Juan Valencia-Ramos 
(Complejo Asistencial de Burgos); Amaresh Pérez-Arguello, 
Miguel Blanco-Fuertes (Institut de Recerca Sant Joan de Déu, 
Hospital Sant Joan de Déu, Barcelona, Spain).

Conflict of interest
None declared.

Authors’ contributions
María Cabrerizo and María Dolores Fernández-García con-
ceptualised the study, analysed and interpreted data, wrote 
the article and contributed to funding acquisition. María 
Cabrerizo coordinated the study. Nerea Garcia-Ibañez, and 
Juan Camacho performed laboratory assays. Almudena 
Gutierrez, Laura Sanchez García, Cristina Calvo, Antonio 
Moreno-Docón, Ana Isabel Mensalvas, Antonio Medina, 
Mercedes Perez-Ruiz, Maria Carmen Nieto-Toboso, Carmen 
Muñoz-Almagro, Cristian Launes and Carla Berengua ana-
lysed and interpreted clinical data and sent samples. The 
Spanish study group for Enterovirus and Parechovirus infec-
tions (PI22CIII-00035) provided samples and clinical data of 
non-neonatal E11 infections.

ReferencesG
1.	 Abzug MJ. Presentation, diagnosis, and management 

of enterovirus infections in neonates. Paediatr Drugs. 
2004;6(1):1-10.  https://doi.org/10.2165/00148581-200406010-
00001  PMID: 14969566 

2.	 Verboon-Maciolek MA, Nijhuis M, van Loon AM, van 
Maarssenveen N, van Wieringen H, Pekelharing-Berghuis MA, 
et al. Diagnosis of enterovirus infection in the first 2 months 
of life by real-time polymerase chain reaction. Clin Infect 
Dis. 2003;37(1):1-6.  https://doi.org/10.1086/375222  PMID: 
12830402 

3.	 Lin TY, Kao HT, Hsieh SH, Huang YC, Chiu CH, Chou YH, 
et al. Neonatal enterovirus infections: emphasis on risk 
factors of severe and fatal infections. Pediatr Infect 
Dis J. 2003;22(10):889-94.  https://doi.org/10.1097/01.
inf.0000091294.63706.f3  PMID: 14551490 

4.	 Yang X, Duan L, Zhan W, Tang Y, Liang L, Xie J, et al. Enterovirus 
B types cause severe infection in infants aged 0-3 months. 
Virol J. 2023;20(1):5.  https://doi.org/10.1186/s12985-023-
01965-9  PMID: 36624466 

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2024.29.44.2400221&domain=pdf&date_stamp=2024-10-31


12 www.eurosurveillance.org

5.	 Hu YL, Lin SY, Lee CN, Shih JC, Cheng AL, Chen SH, et 
al. Serostatus of echovirus 11, coxsackievirus B3 and 
enterovirus D68 in cord blood: The implication of severe 
newborn enterovirus infection. J Microbiol Immunol Infect. 
2023;56(4):766-71.  https://doi.org/10.1016/j.jmii.2023.05.004  
PMID: 37330377 

6.	 Grapin M, Mirand A, Pinquier D, Basset A, Bendavid M, Bisseux 
M, et al. Severe and fatal neonatal infections linked to a new 
variant of echovirus 11, France, July 2022 to April 2023. Euro 
Surveill. 2023;28(22):2300253.  https://doi.org/10.2807/1560-
7917.ES.2023.28.22.2300253  PMID: 37261730 

7.	 European Centre for Disease Prevention and Control 
(ECDC). Epidemiological update: Echovirus 11 infections 
in neonates. Stockholm: ECDC; 2023. Available 
from: https://www.ecdc.europa.eu/en/news-events/
epidemiological-update-echovirus-11-infections-neonates.

8.	 World Health Organization (WHO). Enterovirus-Echovirus 11 
Infection in the European Region. Disease Outbreak News. 
Geneva: WHO; 2023. Available from: https://www.who.int/
emergencies/disease-outbreak-news/item/2023-DON474.

9.	 Piralla A, Borghesi A, Di Comite A, Giardina F, Ferrari G, 
Zanette S, et al. Fulminant echovirus 11 hepatitis in male 
non-identical twins in northern Italy, April 2023. Euro Surveill. 
2023;28(24):2300289.  https://doi.org/10.2807/1560-7917.
ES.2023.28.24.2300289  PMID: 37318763 

10.	 Trallero G, Avellon A, Otero A, De Miguel T, Pérez C, Rabella 
N, et al. Enteroviruses in Spain over the decade 1998-
2007: virological and epidemiological studies. J Clin Virol. 
2010;47(2):170-6.  https://doi.org/10.1016/j.jcv.2009.11.013  
PMID: 20007023 

11.	 Bubba L, Broberg EK, Jasir A, Simmonds P, Harvala 
H, Redlberger-Fritz M, 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.  https://doi.org/10.1016/S1473-
3099(19)30566-3  PMID: 31870905 

12.	 Cabrerizo M, Díaz-Cerio M, Muñoz-Almagro C, Rabella N, 
Tarragó D, Romero MP, et al. Molecular epidemiology of 
enterovirus and parechovirus infections according to patient 
age over a 4-year period in Spain. J Med Virol. 2017;89(3):435-
42.  https://doi.org/10.1002/jmv.24658  PMID: 27505281 

13.	 Echevarria Mayo JE, Oteo Iglesias J, Jado Garcia I, editors. 
Programas de Vigilancia Microbiológica Centro Nacional 
de Microbiología. Volumen 2. 2021-2022. [Microbiological 
Surveillance Programmes, National Center for Microbiology. 
Volume 2. 2021-2022]. Instituto de Salud Carlos III; 2023. 
Spanish. Available from: https://repisalud.isciii.es/rest/api/
core/bitstreams/b559792d-6b4b-4f43-9a17-7e53247ec0c7/
content

14.	 Cabrerizo M, Echevarria JE, González I, de Miguel T, Trallero 
G. Molecular epidemiological study of HEV-B enteroviruses 
involved in the increase in meningitis cases occurred in Spain 
during 2006. J Med Virol. 2008;80(6):1018-24.  https://doi.
org/10.1002/jmv.21197  PMID: 18428125 

15.	 González-Sanz R, Taravillo I, Reina J, Navascués A, Moreno-
Docón A, Aranzamendi M, et al. Enterovirus D68-associated 
respiratory and neurological illness in Spain, 2014-2018. 
Emerg Microbes Infect. 2019;8(1):1438-44.  https://doi.org/10.1
080/22221751.2019.1668243  PMID: 31571527 

16.	 Thompson JD, Higgins DG, Gibson TJ. CLUSTAL W: improving 
the sensitivity of progressive multiple sequence alignment 
through sequence weighting, position-specific gap penalties 
and weight matrix choice. Nucleic Acids Res. 1994;22(22):4673-
80.  https://doi.org/10.1093/nar/22.22.4673  PMID: 7984417 

17.	 Benson DA, Cavanaugh M, Clark K, Karsch-Mizrachi I, 
Lipman DJ, Ostell J, et al. GenBank. Nucleic Acids Res. 
2013;41D1;D36-42.

18.	 Lole KS, Bollinger RC, Paranjape RS, Gadkari D, Kulkarni SS, 
Novak NG, et al. Full-length human immunodeficiency virus 
type 1 genomes from subtype C-infected seroconverters in 
India, with evidence of intersubtype recombination. J Virol. 
1999;73(1):152-60.  https://doi.org/10.1128/JVI.73.1.152-
160.1999  PMID: 9847317 

19.	 Babraham Bioinformatics. FastQC: A Quality Control Tool for 
High Throughput Sequence Data. [Accessed: 15 Oct]. Available 
from: http://www.bioinformatics.babraham.ac.uk/projects/
fastqc/

20.	 Chen S, Zhou Y, Chen Y, Gu J. fastp: an ultra-fast all-in-one 
FASTQ preprocessor. Bioinformatics. 2018;34(17):i884-
90.  https://doi.org/10.1093/bioinformatics/bty560  PMID: 
30423086 

21.	 Nurk S, Meleshko D, Korobeynikov A, Pevzner PA. metaSPAdes: 
a new versatile metagenomic assembler. Genome Res. 
2017;27(5):824-34.  https://doi.org/10.1101/gr.213959.116  
PMID: 28298430 

22.	 National Center for Biotechnology Information. BLAST 
Command Line Applications User Manual. Bethesda: National 
Center for Biotechnology Information; 2008. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK279690/

23.	 Langmead B, Salzberg SL. Fast gapped-read alignment 
with Bowtie 2. Nat Methods. 2012;9(4):357-9.  https://doi.
org/10.1038/nmeth.1923  PMID: 22388286 

24.	Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, 
et al. , 1000 Genome Project Data Processing Subgroup. 
The Sequence Alignment/Map format and SAMtools. 
Bioinformatics. 2009;25(16):2078-9.  https://doi.org/10.1093/
bioinformatics/btp352  PMID: 19505943 

25.	 Kalantar KL, Carvalho T, De Bourcy CFA, Dimitrov B, Dingle 
G, Egger R, et al. IDseq-An open source cloud-based pipeline 
and analysis service for metagenomic pathogen detection 
and monitoring. Gigascience. 2020;15;9(10):giaa111. PMID: 
33057676 

26.	 Schep AN, Kummerfeld SK. iheatmapr: Interactive complex 
heatmaps in R. J Open Source Softw. 2017;2(16):359.  https://
doi.org/10.21105/joss.00359 

27.	 Harvala H, Robertson I, McWilliam Leitch EC, Benschop K, 
Wolthers KC, Templeton K, et al. Epidemiology and clinical 
associations of human parechovirus respiratory infections. J 
Clin Microbiol. 2008;46(10):3446-53.  https://doi.org/10.1128/
JCM.01207-08  PMID: 18753351 

28.	Li J, Yan D, Chen L, Zhang Y, Song Y, Zhu S, et al. Multiple 
genotypes of Echovirus 11 circulated in mainland China 
between 1994 and 2017. Sci Rep. 2019;9(1):10583.  https://doi.
org/10.1038/s41598-019-46870-w  PMID: 31332200 

29.	 Oberste MS, Nix WA, Kilpatrick DR, Flemister MR, Pallansch 
MA. Molecular epidemiology and type-specific detection 
of echovirus 11 isolates from the Americas, Europe, Africa, 
Australia, southern Asia and the Middle East. Virus 
Res. 2003;91(2):241-8.  https://doi.org/10.1016/S0168-
1702(02)00291-5  PMID: 12573503 

30.	 Cabrerizo M, Díaz-Cerio M, Muñoz-Almagro C, Rabella N, 
Tarragó D, Romero MP, et al. Molecular epidemiology of 
enterovirus and parechovirus infections according to patient 
age over a 4-year period in Spain. J Med Virol. 2017;89(3):435-
42.  https://doi.org/10.1002/jmv.24658  PMID: 27505281 

31.	 McWilliam Leitch EC, Cabrerizo M, Cardosa J, Harvala H, 
Ivanova OE, Kroes ACM, et al. Evolutionary dynamics and 
temporal/geographical correlates of recombination in the 
human enterovirus echovirus types 9, 11, and 30. J Virol. 
2010;84(18):9292-300.  https://doi.org/10.1128/JVI.00783-10  
PMID: 20610722 

32.	 Gámbaro F, Pérez AB, Agüera E, Prot M, Martínez-Martínez 
L, Cabrerizo M, et al. Genomic surveillance of enterovirus 
associated with aseptic meningitis cases in southern Spain, 
2015-2018. Sci Rep. 2021;11(1):21523.  https://doi.org/10.1038/
s41598-021-01053-4  PMID: 34728763 

33.	 Benschop KSM, Broberg EK, Hodcroft E, Schmitz D, Albert 
J, Baicus A, et al. Molecular epidemiology and evolutionary 
trajectory of emerging echovirus 30. Emerg Infect Dis. 
2021;27(6):1616-26.  https://doi.org/10.3201/eid2706.203096  
PMID: 34013874 

34.	Cabrerizo M, Trallero G, Simmonds P. Recombination and 
evolutionary dynamics of human echovirus 6. J Med Virol. 
2014;86(5):857-64.  https://doi.org/10.1002/jmv.23741  PMID: 
24114692 

35.	 Muslin C, Mac Kain A, Bessaud M, Blondel B, Delpeyroux 
F. Recombination in enteroviruses, a multi-step modular 
evolutionary process. Viruses. 2019;11(9):859.  https://doi.
org/10.3390/v11090859  PMID: 31540135 

36.	 Harvala H, Wolthers KC, Simmonds P. Parechoviruses 
in children: understanding a new infection. Curr Opin 
Infect Dis. 2010;23(3):224-30.  https://doi.org/10.1097/
QCO.0b013e32833890ca  PMID: 20414971 

37.	 Kidd S, Yee E, English R, Rogers S, Emery B, Getachew H, et al. 
National Surveillance for Acute Flaccid Myelitis - United States, 
2018-2020. MMWR Morb Mortal Wkly Rep. 2021;70(44):1534-8.  
https://doi.org/10.15585/mmwr.mm7044a2  PMID: 34735423 

38.	Sooksawasdi Na Ayudhya S, Sips GJ, Bogers S, Leijten LME, 
Laksono BM, Smeets LC, et al. Detection of intrathecal 
antibodies to diagnose enterovirus infections of the central 
nervous system. J Clin Virol. 2022;152:105190.  https://doi.
org/10.1016/j.jcv.2022.105190  PMID: 35640402 

39.	 Mori D, Ranawaka U, Yamada K, Rajindrajith S, Miya K, Perera 
HKK, et al. Human bocavirus in patients with encephalitis, 
Sri Lanka, 2009-2010. Emerg Infect Dis. 2013;19(11):1859-62.  
https://doi.org/10.3201/eid1911.121548  PMID: 24188380 

40.	Calvo C, Gallardo P, Torija P, Bellón S, Méndez-Echeverría 
A, Del Rosal T, et al. Enterovirus neurological disease and 
bacterial coinfection in very young infants with fever. J Clin 
Virol. 2016;85:37-9.  https://doi.org/10.1016/j.jcv.2016.10.020  
PMID: 27833059

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2024.29.44.2400221&domain=pdf&date_stamp=2024-10-31


13www.eurosurveillance.org

License, supplementary material and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate 
if changes were made. 

Any supplementary material referenced in the article can be 
found in the online version.

This article is copyright of the authors or their affiliated in-
stitutions, 2024.

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2024.29.44.2400221&domain=pdf&date_stamp=2024-10-31

