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Abstract
Enteroviruses (EVs) are a large group of genotypes that cause a variety of pathologies, some of them very serious. This 
study analyzed the last 10 years (2014–2023) of EVs diagnosis and classification. In 166,674 samples collected, EVs 
were found in 9,535 (5.7%) by rt-RT-PCR, and 332 (3.5%) were classified by Sanger methods. Symptoms were analyzed 
in 7623 cases.  EVs were found in 5718/63,829 (8.9%) before, 1384/42,373 (3.3%) during and 2433/60,472 (4%) after 
the Covid pandemic (p < 0.0001), and in 7249/69,700 (10.4%) children under 6 years and in 2286/96,974 (2.35%) in 
oldest (p < 0.0001). The positive rate of EVs was high but decreased during the Covid period. In the youngest children 
EVs-A (associated with exantematohous disorders as well as respiratory manifestations and febrile syndromes) was most 
common, while EVs-B (frequent in neurological symptoms) was most common in children aged 6–15 years and EVs-D 
(associated to respiratory manifestations) in adults.
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Introduction

Enteroviruses (EVs) are among the most prevalent viruses 
infecting humans world-wide [1–3]. They can be respon-
sible for a common cold, meningitis, encephalitis, paralysis, 
and even death [1]. Currently classified into 116 serologi-
cally distinct EV types, which can be assigned into four 
genetically distinct species A to D [4]. Species Enterovirus 
B contains more than half of all know and they are the most 
common cause of aseptic meningitis worldwide, which 
mainly affects young children and is an important cause of 
hospitalization. However, only four types of EVs D have 
been defined. These include the EV-D68 and EV-A71 most 
commonly causes respiratory illness and hand, foot, and 
mouth disease (HFMD), respectively. Sometimes they are 
linked to acute flaccid paralysis (AFP) [3]. The relation-
ship between type and clinical symptoms has recently been 
updated [3, 5].

Although there is no effective antiviral treatment avail-
able for EV, detection and identification of infections are 
vital for informing other treatment options, supportive care 
and prognosis of affected individuals [4].

It is well established that prevalent EV types are con-
stantly evolving both temporally and spatially and typing 
assays must be robust enough to detect and characterize 
all EV subspecies to reflect this changing epidemiology. 
However, the effect of epidemiological changes on current 
genotyping methodologies remains unknown [6]. Molecular 
techniques such as reverse transcriptase PCR (RT-PCR) and 
subsequent nucleotide sequencing have gained significant 
importance. Sequence homology search in GenBank and 
phylogenetic analysis are the methodologies preferentially 
used to sort EV [1].

Here, we conducted a study to detect EV circulating in 
clinical samples in Asturias from 2014 to 2023. The aim of 
this study is to know the positive rate, associated-diseases 
and distribution of EV and to enrich the data of epidemio-
logical molecular studies.

Materials and methods

Samples

From 2014 to 2023, 166,674 samples were collected to 
determine the etiology of acute respiratory infection and 
related symptoms: 63,829 before SARS-CoV-2 pandemic 
(2014-19), 42,373 during (2020–2021) and 60,472 after 
(2022-23). The samples were collected at the Universitary 
Central Hospital of Asturias and analyzed in the Laboratory 
of Virology of this hospital.

Wherever possible, an analysis of the clinical presenta-
tion of patients with EV infection was carried out after con-
sultation of medical records.

EV characterization was performed in 620 samples.

Laboratory diagnosis

The samples were divided into two aliquots according to 
laboratory protocols. The first (1 ml) was used for conven-
tional monolayer cell culture (MRC-5 and mix of LLC-
MK2, A549 and Hep-2), while the second (500 µl) was used 
for viral nucleic acid detection.

Nucleic acids extraction and virus detection

Nucleic acids were extracted and purified by using the 
automated nucleic acid purifier MagNA Pure96 (Roche 
Diagnostics SL, Swizertland) following manufacturer´s 
instructions. Extracted nucleic acids were resuspended in a 
final volume of 100 µl.

EV genome was detected and quantified by a multiplex 
real-time reverse transcription polymerase chain reaction 
(rt-RT-PCR) for Picornavirus using type-specific primer 
pairs and MGB probes (ThermoFisher) (Table 1), and the 
TaqMan Fast 1-Step Master Mix (Life technologies, CA). 
The rt-RT-PCR was performed with 5 µl of extracted nucleic 
acids in a final volume of 10 µl as follows: 50º/10’, 95º/7’, 
45 cycles of 95º/5” and 60º/33”.

In addition, the human ß-globin gene was quantified in 
each sample in order to evaluate sample quality and to cal-
culate normalized viral load in copies/103 cells.

EVs characterization

For genotypic characterization, 620 extracted under 25 Ct in 
-RT-qPCR were randomly chosen and genotyped by Sanger 
sequencing method. A fragment of approximately 700 bp of 
the 5′ untranslated region (5′UTR) was amplified (Table 1). 
PCR products were analyzed by agarose gel electrophoresis, 
extracted by using Montage DNA Gel Extraction Kit (Mil-
lipore, USA) and sequenced with Big Dye Terminator v1.1 

Table 1 Primers and probes used for 5’UTR fragment detection and 
sequencing
RT-qPCR Sense GCCCCTGAATGYGGCTAA

Antisense GAIACYTGWGCICCCAT
Antisense  A T T G T C A C C A T A A G C A G C C A
probe-MGB  A C T T T G G G T G T C C G T G T T

Sequencing GAIACYTGWGCICCCAT
Ex2 CCTTTGTRCGCCTGTTTTA
In3 CCTTTGTRCGCCTGTTTTA
In4  A T T G T C A C C A T A A G C A G C C A
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Cycle Sequencing Kit (Applied Biosystems, USA) supple-
mented with inner primers using an ABI 3130 genetic ana-
lyzer (Applied Biosystems, USA).

Phylogenetic reconstructions

Nucleotide sequences were translated and aligned using the 
MUSCLE algorithm implemented in MEGA. Sequences 
(97 to 549 nucleotides) generated in this work have been 
deposited in GenBank with the following accession num-
bers: PP530551-PP530882.

Sequences of each type obtained by the Basic Local 
Alignment Search Tool (BLAST) were used to identify the 
type (Supplementary File 1). Phylogenetic trees were con-
structed using ModelFinder, tree reconstruction and ultrafast 
bootstrap (1000 replicates) with IQ-TREE 2.1.3. The best-
fit nucleotide substitution model GTR + F + G4 was identi-
fied according to Bayesian information criterion. Bootstrap 
values were estimated using the SH test and ultrafast boot-
strap with 1000 replicates. The types of 332 sequences 
could be identified because they were grouped in a single 
monophyletic clade with previously typed viral sequences. 
Demographic data (age and sex) from those patients are in 
Supplementary File 2.

Diversity (D = 1 − ∑f2) of EV genotypes was analyzed 
over time, a measure of variability that takes into account 
the frequencies (f) of all types.

Statistical analyses

Statistical tests (One-way Analysis of Variance )were per-
formed using GraphPad InStat v.3 (GraphPad Software, 
USA). Tests were considered significant if the p value was 
less than 0.05.

Results

Positive rate and genotypes of EV

Of the 166,674 samples tested over 10 years, 9,535 (5.7%) 
were positive, with variation between years. Of these, the 
symptoms of 7,623 infectious processes in 6,856 patients 
(with a difference of, at least 3 months between processes) 
were studied (Table 2; Figs. 1 and 2).

The positivity rate ranged from 8.9% (5718 samples) 
before Covid to 3.3% (1384 samples) in the Covid period 
and 4% (2433) after Covid (p < 0.0001).

EV were detected in 7249 (10.4%) children younger than 
6 years, 1027 (4.5%) 6–14 years and 1259 (1.7%) older than 
14 years (p < 0.0001).

The 7,623 known infectious processes were diagnosed 
in 6,988 upper respiratory tract swabs, 289 stool sample, 
193 cerebrospinal fluid samples 71 lower respiratory tract 
samples, 58 skin swabs and 24 other samples (blood, biop-
sies, pleural fluid). The results of viral load by specimen and 
the association with syndromes in respiratory samples are 
shown in Table 3; Fig. 3. There are statistically significant 
differences between LRS, URS, Stool and skin swabs, CSF 
and other(One-way Analysis of Variance, p < 0.05). There 
are statistically significant differences between LRM, other 
and the rest(One-way Analysis of Variance, p < 0.05).

On the other hand, of the 640 samples sequenced 332 
(3.4% of positive samples) could be typed, representing 4 
species and 22 different types: 6 types A, 14 types B, 1 type 
C and 1 type D. The rest of the sequenced samples could 
not be typed since the sequenced fragment could not be 
assigned to a single type. Figure 4 shows the phylogenetic 
relationships of the sequenced strains in relation to refer-
ence strains, and the relationship of type and syndromes.

FS: febril syndrome; ED: Exanthematous disorders; NS: 
neurological symptoms; GI: gastrointestinal symptoms; 
LRM: lower respiratory manifestations; URM: upper respi-
ratory manifestations.

It should be noted that EV species A was found in 37 
(25.9%) of the exanthematous diseases, representing 72% 
(37/52) of this pathology. On the other hand, EV species B 
was found in 9 (10%) of the neurological manifestations, 
representing 64% (9/14) of this pathology. An EV species D 
was found in 23 (79.3%) cases of respiratory symptoms, in 
13 of which caused lower respiratory tract diseases.

The 332 samples genotyped correspond to 190 men and 
142 women. These samples correspond to 276 (83%) chil-
dren under 5 years, 33 (9%) children aged 6 to 15 years, 19 
(7%) adults aged 16 to 70 years and 4 (1%) adults aged 70 
years and over.

The results of genotype diversity over time and in rela-
tion to age and sex are shown in Table 4; Fig. 5.

Discussion

Enteroviruses are a large group of viruses that can cause 
serious health problems, such as meningitis in children 
[7]. Although they are most common in spring and sum-
mer, they can be isolated throughout the year. Typing EVs 
is important for studying the relationship between EV type 
and time of circulation and clinical syndrome, to find types 
or variants, and for epidemiological surveillance as the pre-
dominant enterovirus type varies from year to year [8–10].

In a recent meta-analysis report, the median global preva-
lence was established at 6.3% [3]. In this study, the positivity 
rate was 5.7%, in the same range as previously reported, but 
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two years reached again 5.5%. In the last year studied, the 
positivity rate decreased to 2.57%, but it should again be 
noted the large number of samples studied. These data show 
once again that the measures taken during the pandemic had 
an impact not only on the circulation of SARS-CoV-2, but 
also on all other viruses and pathogens [10–12].

differences were observed in different time periods. Before 
the pandemic, the positivity rate was around 9%. Interest-
ingly, in 2019, just before the emergence of SARS-CoV-2, 
the positivity rate was halved (5.4%), although it should be 
noted that twice as many samples were examined as in pre-
vious years. In 2020, it fell to 1.27%. Subsequently, the next 

Fig. 2 Clinical disorders associ-
ated with EV over time (a), and 
by age (b). Resp M: respira-
tory manifestations; FS: febrile 
syndrome; ED: Exanthematous 
disorders; NS: neurological 
symptoms; GI: gastrointestinal 
symptoms

 

Fig. 1 - Diversity (a) and positiv-
ity rate of EV by year and age (b)
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The most common species was A, followed by B, D 
and C, and it was associated to youngest children (under 
6 years old). To characterise Enterovirus, 5’NTR has been 
used. Some reports recommend VP1 or other proteins as 

The age group with the highest positivity rate was, as 
expected, the youngest (10%) and decreased with increasing 
age (4.5% in children aged 6–14 years and 1.7% in adults) 
[7].

Table 3 Viral load (log) in different samples and clinical syndromes 
Type specimen LRS URS Stools Skin swabs CSF Other
n 71 6988 346 58 256 24
average 6.3 ± 1.75 6.35 ± 1.7 5.89 ± 1.4 4.99 ± 2.13 4.39 ± 1.2 4.79 ± 1.58
range 1.3–9.68 1.3-14.58 2.7–9.68 1.8–9.8 1.3–9.68 2.6–8.9
CI95% 5.9–6.7 6.6–6.7 6-6.3 5.6–6.7 5.1–5.7 5-6.5
Symptoms FS ED NS GI LRM URM Other
n 2114 1134 241 125 1642 1669 63
average 6.57 ± 1.72 6.56 ± 1.53 6.48 ± 1.61 6.6 ± 1.49 5.88 ± 1.73 6.41 ± 1.69 5.58 ± 1.81
range 1.32–14.58 1.36–10.29 1.43–10.41 3.11–9.56 1.32–13.32 1.38–14.59 1.56–9.58
CI95% 6.5–6.6 6.47–6.65 6.27–6.68 6.34–6.86 6.3–6.5 5.79–5.98 5.1-6

Fig. 4 (a) Phylogenetic tree of 
EVs from Asturias (bold dot) and 
reference EV of species A (red), 
species B (green), and species D 
(blue). (b) Number of EV from 
each species and symptoms

 

Fig. 3 Viral load by specimen (a) and in respiratory specimens by 
clinical syndromes (b).URS: upper respiratory samples, LRS: lower 
respiratory samples, CFS: cerebrospinal fluid samples. FS: febril syn-

drome; ED: Exanthematous disorders; NS: neurological symptoms; 
GI: gastrointestinal symptoms; LRM: lower respiratory manifesta-
tions; URM: upper respiratory manifestations
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CVA6 to produce HFMD in adults but in our sample only 
3% were over the age of 15 [3].

On the other hand, while CV-A4 (12%) and CV-A2 (6%) 
were the most common and were found almost every year, 
CV-A8 was less frequently detected (1%), as in other stud-
ies [16, 18].

EVs species A was present in two out of three exanthem-
atous disorders, but it was also associated with febrile syn-
dromes and respiratory manifestations. It was less common 
in neurological syndromes.

In a recent meta-analysis cited above, EV-B types were 
the most common worldwide, with types CVA9, CVB1-5 
and several echoviruses being particularly prevalent, and 
with echovirus 30 being the most common. They have been 
identified in children under one year of age and are charac-
terized by severe disease with high mortality. In our sample, 
EV-B is only the second most common (35.6%) and was 
associated with children aged 6–14 years (63.6%), indicat-
ing small differences compared to the others [3, 16–21].

Although EV species B was also associated with respi-
ratory manifestations and febrile syndromes, it was pro-
portionally more common in neurological syndromes than 
other genotypes, representing the 64% of these cases.

The most common types were CVA9 and echoviruses E6, 
E7, E11 and E18, all among the most frequent. In Spain, 
E6 and E11 are among the ten most frequently reported 
[20].and EV13, considered rare in Spain and worldwide, 
was reported in 1% [21]. However, EV-30, long described 
as a cause of aseptic meningitis worldwide, is frequently 
detected in the Spanish territory, but was found in only 0,6% 
[19].

more specific, but in a recent report the species concordance 
between both fragments was 92% [14].

Generally, EV-A are mainly associated with herpangina 
and hand-foot-and-mouth disease (HFMD) and EV-B with 
herpangina and viral meningitis or encephalitis [15].A large 
study in Spain describing the epidemiology of EV infec-
tions from 2006 to 2020, identified 85% belonged to spe-
cies A [16].This was expected as classically, the HFMD 
was associated with EV-A, principally CVA16 and EV-A71. 
Since 2009, the increased detection of CVA6 was already 
observed, displacing CVA16 as the main cause of HFMD. 
As in other neighboring countries, CVA6 emerged in Spain 
and is now considered an endemic serotype, being one of 
the five most frequent EV that circulate every year. In gen-
eral, according to a recent meta-analysis by Brouwer et 
al., CVA6 is the most prevalent EV globally [3].CVA10 is 
another EV-A which began to be detected and associated 
with HFMD in the same period of time, both in Spain and 
in other countries. Although it is detected every year, it does 
so at low levels [16].

In our series, the predominant type in Asturias was CVA6 
(32%) leaving CVA16 but less than 3%, and CVA10 did 
not get 1%. These data support the replacement of CV-A16, 
which during 2010 was the most frequently detected type in 
other studies, with CV-A6. And it was observed that CV-A6 
was the unique EV found every year. CVA10 began to be 
detected in the last year, although this type, together with 
CV-A6, was one of the main causative agents of the out-
breaks described during 2008–2010 in Finland, France and 
Spain [17]. Some publications describe the strong ability of 

Fig. 5 Types of EV by number 
(a) and proportion (b) according 
age and sex
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A4, E11 and D68 reappear after easing the COVID-19 crisis 
isolation [25].

Factors that influence sequencing, such as viral load 
and sample quality, as well as the fact that PCR primers do 
not have the capacity to amplify all types, may explain the 
low number of sequenced samples. On the other hand, the 
sequenced fragment may not have sufficient resolution to 
identify a single type [26].

Due to the small sample size, the results may not accu-
rately reflect the diversity or incidence circulating in this 
area, but given the importance of EV infection surveillance, 
it is a first insight and a stimulus for further studies where 
other regions of the virus can be studied to improve clas-
sification, and even attempt to study the whole genome by 
NGS methods, as was done in the SARS-CoV-2 pandemic.

Finally, analysis of viral load in respiratory exudates, the 
most common specimen obtained for aetiological diagnosis, 
demonstrated the validity of the specimen and the high rate 
of viral replication in each clinical presentation. Moreover, 
this high replication rate is maintained at every site of EV 
infection, even in cerebrospinal fluid, where the mean viral 
load reached almost 5 log copies/ml.

Conclusion

In summary, EV infection is frequent, especially in chil-
dren. It can be observed that EVs-A species are associated 
with the very young, EVs-B with middle age and EV D 
with adults. Cov-A6 was the most common, even during 
the SARS-Cov-2 pandemic, when restrictive measures were 
taken and diversity decreased.

Recognition of EV-associated diseases will allow us 
to better assess the burden of EV disease, to monitor the 
emergence of new strains, and will also be necessary for 
the possible implementation of vaccination programs and 
therapeutic strategies.
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It is worth noting the difference observed before and after 
the SARS-CoV-2 pandemic. Before 2020, there were up to 
13 types with higher positive rate, whereas after the pan-
demic only B5, E6 and E11 were found. It is likely that more 
types will be found over time.

CVA21 was the only EV type C reported in our sample 
and only 1case, EV-C were rarely found in studies con-
ducted in Europe and were mostly found almost exclusively 
in stool samples [3].It should be noted that in this study 98% 
of the samples were from the respiratory tract.

Of the four EV-D types, EV-D68 is the only one found 
and represents a high positive rate. Analysis of EV-positive 
specimens collected from April 2014 to December 2018 
from Spanish hospitalized patients with respiratory illnesses 
confirmed the presence of EV-D68 in almost half of the total 
characterized EV. It is known to cause predominantly respi-
ratory disease, as it is noted in this study [3]. As previously 
reported, most of the EV-D68 infections were detected in 
young children. However, adult patients were also infected, 
half of them over the age of sixty [23, 24].In this study, 
EV-D68 was the fourth most common type found (10%) 
and thirty-eight% of patients were older than 14 years old. 
Furthermore, EV-D68 accounted more than half of the EVs 
found in this group. EV-D68 has also been associated with 
severe neurological cases, indicating the need for better sur-
veillance of this EV [17].

As mentioned above, viral respiratory infections were 
strongly reduced during the most stringent public health 
measures to control SARS-CoV-2 transmission in 2020, but 
EVs re-emerged rapidly after they were relaxed [24].These 
measures adopted during the pandemic also reduced viral 
diversity. Up to 20 different types circulated before the pan-
demic, but only seven after.

This decrease in diversity was mainly observed in spe-
cies B EV, as mentioned above.

On the opposite, CVA6 never disappeared and was the 
dominant type especially during the COVID epidemic 
(65%). The implementation of epidemic prevention mea-
sures did not eliminate the common type in Asturias. Given 
the serious and potentially life-threatening complications 
associated with hand-foot-and-mouth disease (in which 
CVA6 is widely implicated), the necessity of the prioriti-
zation of vaccine development is clear. Presently, inacti-
vated vaccines demonstrate considerable efficacy, persistent 
immunogenicity and acceptable safety profiles within the 
vaccinated population [15].Our results suggest that only 
vaccines, including CV-A6, may be viable options for EV 
control in Asturias, and that the only approved EVA71 vac-
cines are irrelevant.

In 2022 situations returns to normality: prevention mea-
sures disappear and diversity will increase again. Types like 
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