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Introduction: Enterovirus A71 (EV-A71) is an emerging 
pathogen that causes a wide range of disorders 
including severe neurological manifestations. In the 
past 20 years, this virus has been associated with 
large outbreaks of hand, foot and mouth disease 
with neurological complications in the Asia-Pacific 
region, while in Europe mainly sporadic cases have 
been reported. In spring 2016, however, an EV-A71 
outbreak associated with severe neurological cases 
was reported in Catalonia and spread further to other 
Spanish regions. Aim: Our objective was to investigate 
the epidemiology and clinical characteristics of the 
outbreak. Methods: We carried out a retrospective study 
which included 233 EV-A71-positive samples collected 
during 2016 from hospitalised patients. We analysed 
the clinical manifestations associated with EV-A71 
infections and performed phylogenetic analyses of the 
3’-VP1 and 3Dpol regions from all Spanish strains and 
a set of EV-A71 from other countries. Results: Most 
EV-A71 infections were reported in children (mean age: 
2.6 years) and the highest incidence was between May 

and July 2016 (83%). Most isolates (218/233) were 
classified as subgenogroup C1 and 217 of them were 
grouped in one cluster phylogenetically related to a 
new recombinant variant strain associated with severe 
neurological diseases in Germany and France in 2015 
and 2016. Moreover, we found a clear association of 
EV-A71-C1 infection with severe neurological disorders, 
brainstem encephalitis being the most commonly 
reported. Conclusion: An emerging recombinant 
variant of EV-A71-C1 was responsible for the large 
outbreak in 2016 in Spain that was associated with 
many severe neurological cases.

Introduction
Enterovirus 71 (EV-A71) is a small, non-enveloped, 
single-stranded RNA virus that belongs to the species 
Enterovirus A along with 24 other serotypes within 
the Enterovirus genus [1]. According to the VP1 protein 
sequence, EV-A71 is classified into six genogroups 
(A–F) and a number of subgenogroups (B0–B5, C1–C5) 
[2]. Although EV-A71 infection is often asymptomatic, 
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it can cause disorders with a wide range of clinical 
manifestations from non-specific febrile illness, 
aseptic meningitis and mild mucocutaneous symptoms 
to severe neurological diseases such as brainstem 
encephalitis and acute flaccid paralysis (AFP) [3,4].

EV-A71 is distributed worldwide. However, the largest 
outbreaks associated with hand, foot and mouth 
disease (HFMD) with subsequent neurological and 
cardiopulmonary complications have been described in 
the Asia-Pacific region, especially in the past 20 years 
[2,5-7]. These outbreaks have been connected to the 
circulation of different subgenogroups (B3, B4, C1, C2 
and C4) [8-14]. In Europe, although outbreaks of polio-
like disease occurred in Hungary and Bulgaria in the 
1970s [15,16], only sporadic cases have been reported 
from several countries in recent years, mainly caused 
by the C1 and C2 subgenogroups [2,17].

In 2015, a new recombinant EV-A71 variant was identified 
that affected at least 19 young children in different 
areas of Germany [18]. This infection was associated 
with neurological manifestations (cerebral seizures, 
myoclonia and ataxia) that required hospitalisation. 
There were no reports of fatal cases or clinical sequelae 
after hospital discharge. Moreover, a well-documented 
case, a 2-year-old girl, required hospitalisation and 
was diagnosed with brainstem encephalitis and 
cardiopulmonary complications with an outcome of 
a probable persistent neurological impairment [19]. 
In addition, 18 cases of severe neurological disease 
associated with EV-A71 infection, and phylogenetically 
closely related to the strains described in Germany, 
were reported in France between May and October 
2016. Patients presented with rhombencephalitis, 
encephalitis or encephalomyelitis, and one fatal case of 
acute cardiac failure was reported [20]. The same strain 
was also involved in a sporadic case of encephalitis in 
Poland during summer 2016 [21].

In Spain, EV-A71 was circulating at a very low rate until 
2015 [22,23]. In the spring of 2016, however, a large 
outbreak associated with severe neurological diseases 
was reported in the region of Catalonia [24-26] and 
further disseminated to the rest of the country.

In the present study, we investigated the clinical 
manifestations of EV-A71 infections and the molecular 
epidemiology and geographical spread of the strains 
detected in Spain in 2016, comparing them to strains 
circulating in Spain and other countries in recent years.

Methods

Enterovirus surveillance system
The Spanish National Reference Laboratory for 
Enterovirus (SNRLE) conducts the EV surveillance 
system at a national level. The system is voluntary 
and EV-positive clinical samples are received for 
characterisation from patients of all ages admitted 
to hospitals throughout the country. Each specimen 

Figure 1
Phylogenetic analysis of 3 -́VP1 sequences of 
enterovirus-A71, Spain, 2016 (n = 233) and representatives 
of different genogroups worldwide
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A: Alicante; AV: Ávila; B: Barcelona; CC: Cáceres; EV: enterovirus; M: Madrid; MU: 
Murcia; Z: Zaragoza.

MEGA 7.0 software was used to construct the neighbour-joining and maximum 
composite likelihood tree. Bootstrap values > 70% are indicated in the branch nodes. 
CV-A16 prototype strain G-10 was used as the outgroup. Sequences are labelled with 
their GenBank accession number, country and year of isolation. Spanish sequences 
from 2016 are represented by black circles and labelled with identification number, 
country abbreviation, month and year of isolation and province.
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Figure 2
Phylogenetic analysis of 3Dpol sequences of enterovirus-A71, Spain, 2016 (n = 187) and representatives of different members 
of Enterovirus A species
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A: Alicante; AV: Ávila; B: Barcelona; EV: enterovirus; M: Madrid; MU: Murcia; Z: Zaragoza.

MEGA 7.0 software was used to construct the neighbour-joining and maximum composite likelihood tree. Bootstrap values > 70% are indicated 
in the branch nodes. EV-D68 prototype strain Fermon was used as the outgroup. Sequences are labelled with the GenBank accession number, 
country and year of isolation. Spanish sequences from 2016 are represented by black circles and labelled with country abbreviation, month 
and year of isolation and province.
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is sent with information on patient demographics, 
clinical diagnosis and date of sample collection. For 
the purposes of this study, more detailed information 
about the severity of the symptoms, final diagnosis and 
outcome was subsequently collected from hospitals 
for patients with neurological disease. EV-positive 
samples from paediatric patients who were enrolled in 
a prospective and multicentre project (PI15CIII-0020) 
were also included in the study after informed consent 
from parents or legal guardians. This project includes 
13 representative hospitals in Spain that perform 
active surveillance of children with neurological and 
systemic diseases associated with EV and parechovirus 
infections. In addition, they provide us with extended 
clinical information about the patients. The procedure 
to collect and send samples to the SNRLE does not 
differ from the routine EV surveillance system.

Clinicians defined the severity of the neurological 
disorders according to their hospital’s protocols. 
For this study, a consensus was reached to define 
severe neurological diseases according to clinical 
manifestations; it included encephalitis (encephalitis, 
meningoencephalitis and brainstem encephalitis), AFP/
myelitis, and other motor disorders (ataxia, instability, 
cerebellitis). Mild neurological disease included 
patients with aseptic meningitis with a good evolution 
on their own.

Enterovirus characterisation and phylogenetic 
analysis
RNA was extracted from clinical samples using the 
QIAamp Viral RNA Mini Kit (QIAGEN, Germany). EV 
genotyping was performed using four specific nested 
RT-PCRs for the species EV-A, B, C and D and further 
sequencing of the 3’-VP1 region as previously described 
[27]. In EV-A71-positive samples, the 3Dpol region was 
amplified and sequenced by specific nested RT-PCR as 
previously described [28].

We carried out phylogenetic analysis based on 3’-VP1 
(359 bp) sequences of EV-71-positive samples. In 
addition, we performed 3Dpol (738 bp) analysis to 
confirm possible recombination events [28,29]. Multiple 
sequence alignments were done in the ClustalW 
programme. Genetic distances were calculated using 
the maximum composite likelihood nucleotide distance 
model, and statistical significance of phylogenies was 
estimated by bootstrap analysis with 1,000 replicates. 
Phylogenetic trees were constructed following the 
neighbour-joining method using MEGA 7.0 software. 
In the case of 3´VP1, EV-A71 sequences from 2016 
were compared with EV-A71 sequences available in 
GenBank belonging to the C1 and C2 subgenogroups 
circulating in Spain and other European countries in 
recent years, along with representative members of 
the genogroups A, B, C, D, E and F. The coxsackievirus 
(CV) A16 G-10 prototype strain (CAU05876), a member 
of Enterovirus A species, was included as an outgroup. 
For the phylogenetic analysis of 3Dpol, we compared 
EV-A71 sequences from 2016 with EV-A71 sequences 

belonging to subgenogroups C1 and C2 as well as 
sequences of members of the Enterovirus A species 
with which recombination events normally occur. The 
EV-D68 Fermon prototype strain (AY426531), a member 
of Enterovirus D species, was included as an outgroup.

The sequences obtained in this study have been 
deposited in GenBank under accession numbers 
MH394906–MH395138 (VP1 sequences) and 
MH394719–MH394905 (3Dpol sequences).

Statistical analysis
Significant variations between groups were 
evaluated using the chi-squared test. A difference 
with p value < 0.05 was considered to be statistically 
significant.

Results

Virological findings
During 2016, the SNRLE received 1,113 EV-positive 
samples (mainly CSF, serum, stools and respiratory 
samples) from 1,029 patients admitted to different 
Spanish hospitals with clinical pictures of fever without 
source (FWS) (n = 174; 16.9%), HFMD/exanthema 
(n = 52; 5.1%), respiratory illnesses (n = 270; 26.2%), 
the neurological diseases described above (n = 470; 
45.7%), and others (n = 63; 6.1%). In the case of 84 
patients from whom two different positive clinical 
samples were received, only the specimen with the 
oldest collection date was included in the study.

After discarding duplicates, 777 EV were typed, EV-A71 
being the most common serotype (n = 233; 30.0%). The 
following five most frequent serotypes were EV-D68 
(n = 148; 19.0%), echovirus (E)-30 (n = 113; 14.5%), E-5 
(n = 67; 8.6%), CV-A6 (n = 30; 3.8%) and E-7 (n = 23; 
3.0%). Three EV-A71-positive patients were co-infected 
with EV-D68, one with E-7 and one with E-11.

Epidemiological data of patients with 
enterovirus A71
Specimens of EV-A71 were isolated mainly from 
respiratory (n = 150, 64.4%) and stool samples (n = 71, 
30.5%) but were also detected in cerebrospinal fluid 
(n = 8, 3.4%) and serum (n = 4, 1.7%). Both a respiratory 
and a stool sample were available in 34 EV-A71 cases. 
EV-A71 was only successfully genotyped from both 
samples in 15 of these cases. Patients’ ages ranged 
from 1 day to 63 years, with a mean of 2.6 years (n = 231 
with available information on age; standard deviation 
(SD) = 5.35; median = 1.86; 95th percentile = 5.9). The 
male/female sex ratio was 1.5/1. The period from 
symptom onset to collection date was only provided in 
36 cases with a mean of 3.3 days (SD = 1.9; median = 3).

Phylogenetic analysis of enterovirus-A71
The VP1 phylogenetic analysis revealed that most 
of the Spanish sequences from 2016 (218/233) 
belonged to subgenogroup C1. Of these, 217 formed 
a separate group within the C1 cluster together with 
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sequences from a new recombinant variant described 
in Germany in 2015 (bootstrap value > 95%) (Figure 1, 
Supplementary Figure S1) [18], while one C1 isolate 
grouped with EV-A71-C1 sequences from previous 
years. The remaining 15 sequences were grouped 
within the subgenogroup C2 cluster.

Because of insufficient sample volume or unsuccessful 
sequencing, only 187 sequences were available for 
the 3Dpol phylogenetic analysis. Similarly to the VP1 
analysis, most sequences appeared in one differentiated 
cluster which again included the sequences from 
Germany in 2015 (bootstrap value > 76%) (Figure 2, 
Supplementary Figure S2). Interestingly, the same 
sequences that were grouped in the C2 subgenogroup 
cluster according to the VP1 sequence, were also 
grouped separately in an interspersed cluster together 
with C1 and C2 subgenogroups sequences.

Temporal and geographical distribution of 
enterovirus-A71
The total of 233 EV-A71-positive samples were collected 
from 45 different hospitals in 26 of the 50 Spanish 
provinces and from Andorra. Barcelona and Madrid, 
the most populated provinces in Spain, were the two 
with the highest number of cases (Figure 3). The first 

cases of the outbreak (subgenogroup C1-variant) 
were described in Catalonia in April 2016. From May 
onwards, the number of cases increased, most of them 
concentrated between May and July (Figure 4), and 
spread throughout the country. The last two cases 
were reported in December. A sporadic case associated 
to subgenogroup C1 but unrelated to the outbreak was 
reported in February 2016. The cases associated with 
the subgenogroup C2 were distributed from April to 
July (Figure 4).

Clinical presentations of enterovirus-A71 
infections
Patients involved in the outbreak (EV-A71-C1-variant; 
n = 217) were diagnosed with HFMD or herpangina 
(n = 8; 3.7%), FWS (n = 14; 6.5%), lower respiratory 
tract infection (n = 17; 7.8%), neurological symptoms 
(n = 167; 77.0%) and other symptoms (n = 11; 5.1%) 
(Table). There was a significantly higher proportion 
of neurological manifestations with EV-A71-C1-variant 
infection with severe symptomatology (n = 140; 64.5%) 
compared with those with mild symptomatology 
(n = 27; 12.4%) (p < 0.0001) (Table). Among the patients 
infected with EV-A71-C2, five had mild neurological 
disease, five had severe neurological disease, three 
had lower respiratory tract infection and two had FWS. 

Figure 3
Geographical distribution of enterovirus-A71 cases, Spain, 2016 (n = 233)

Canary islands

11 6

1
1

1

1

1

3

4

1

4

2

6

4

6

20 (2)3

(3) Alicante

Po
rt
ug
al

Balearic islands

Andorra

Barcelona

France

13(2)

3

2
3 (2)

0
1–2
3–4
5–9
10–20
21–40
>40

10 (1)

11

1040 (1)
Madrid

63 (5)

The figure shows the total number of EV-A71 cases reported in each province. EV-A71 cases that were not genotyped as EV-A71-C1 variant are 
shown in brackets.



6 www.eurosurveillance.org

The remaining non-outbreak-related EV-A71-C1 case 
was reported as having FWS (Table).
According to the data provided by hospitals, 22.9% 
(33/144) of the children with severe neurological 
diseases required admission to a paediatric intensive 
care unit and 65.3% of them (94/144) received some 
treatment (intravenous gamma globulin or/and 
corticoids). After 90 days of follow-up, 88.2% (n = 127) 
of them had no significant sequelae.

To confirm the association of EV-A71-C1-variant 
infection with severity, we analysed the total of severe 
neurological infections positive for EV during 2016 
(n = 190). Meningoencephalitis was the most common 
clinical manifestation (n = 79; 41.6%) followed by 
brainstem encephalitis (n = 58; 30.5%), encephalitis 
(n = 26; 13.7%), AFP/myelitis (n = 17; 8.9%) and other 
motor disorders (n = 10; 5.3%). EV-A71-C1-variant was 
responsible for most cases (n = 140; 73.7%) compared 
with EV-A71-C2 (n = 5, 2.6%) and other EV types that 
included EV-D68, E-30, CV-B3, E-5, E-7, CV-A6, E-18, 
CV-A10, CV-A4, CV-B1, E-20, E-6 and E-9 (n = 45, 23.7%) 
(p < 0.001).

Discussion
This study presents the clinical and virological 
characterisation of the EV-A71 strains reported in 
Spain in 2016. We identified EV-A71 subgenogroup 
C1 as responsible for a large outbreak that affected 
young children throughout Spain in 2016 and the clear 
association of this infection with severe neurological 
diseases.

Since the outbreaks of polio-like disease in Bulgaria 
and Hungary in 1975 and 1978 [15,16], the number of 
EV-A71-associated neurological diseases has been low 

in Europe compared with the Asia-Pacific region, and 
most documented EV-A71 infections included sporadic 
cases of febrile illness, HFMD and meningitis [5,6]. 
However, several cases of EV-A71 infections associated 
with severe neurological disorders in children were 
reported in Germany and France during 2015 and 2016 
[18-20]. In Spain, an increasing number of EV-A71 
infections was noticed in 2016 compared with previous 
years. From 2000 to 2015, the SNLRE had identified 
an average of two isolates of EV-A71 per year with a 
maximum of seven cases in 2012 [22,23,30].

Regarding specimen types, EV-A71 was mainly detected 
in either respiratory samples or stools (or both). This is 
in agreement with several studies that claim that EVs 
are isolated from CSF only in a minority of patients, 
whereas recovery from peripheral sites such as throat, 
stool/rectum and vesicle fluid is more common [3,29]. 
This finding suggests that in severe neurological 
disease, respiratory and stool specimens, in addition 
to the CSF and serum samples, should be submitted 
for EV testing.

According to the 3´-VP1 sequence, most EV-A71 
sequences in Spain during 2016 (217/233) showed 
a high similarity with the German strains reported 
in 2015 and were classified as subgenogroup C1. 
The fact that according to the 3Dpol sequence our 
strains also grouped together with the German strains 
indicates that it is very probably the same recombinant 
variant, although whole genome sequencing would be 
necessary to confirm this hypothesis.

We found an association between infection with this 
recombinant variant and the severity of the neurological 
manifestations, consistent with the German and 

Figure 4
Temporal distribution of enterovirus-A71 cases, by epidemiological week, Spain, 2016 (n = 233)
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French reports [18-20]. In addition, most patients did 
not present HFMD before developing neurological 
manifestations (Table), also in agreement with the 
German and French reports but not with the numerous 
publications from outbreaks in Asia-Pacific in recent 
years [31-34]. Several clinical features such as young age 
or fever have been associated with severe neurological 
EV-A71 disease [3]. On the other hand, the absence 
of mucocutaneous ulcers that we saw in patients in 
our study has not been related to the development 
of complicated or fatal cases by other studies [3]. 
Interestingly, most of the 15 EV-A71-C2 cases and the 
one EV-A71-C1 case unrelated to the outbreak were not 
associated with severe neurological disease. Since no 
particular genogroup has been conclusively associated 
with greater virulence or certain clinical manifestations 
[5,35] and taking into account that in most cases, host 
factors play a determining role in the development of 
the disease, further experiments would need to be 
performed in order to describe the viral determinants 
responsible for this new recombinant strain being 
associated with severe neurological pathology.

The reason why the same recombinant variant caused 
such a large outbreak in Spain, while only a limited 
number of cases were reported in Germany and 
France, remains unknown. Large epidemics have been 
associated with genogroup replacement [5,36,37]. 
This would be in agreement with the low circulation 
of subgenogroup C1 in Spain before 2016 [22,23,30] 
in contrast to the situation in Germany and France 
[2,17,38,39]. Low seroprevalence against EV-A71 in a 

specific area may facilitate the emergence of a strain 
that causes an outbreak, especially in young children 
[40]. However, as non-polio EV infection is not a 
notifiable disease in Spain and asymptomatic strains 
may have been circulating during recent years, the real 
number of EV-A71 infections could be underestimated. 
Unfortunately, no seroprevalence studies are available 
in Spain to confirm this hypothesis. It is important 
to highlight that we have identified sporadic cases 
associated with this EV-A71-C1 variant in 2017 and 
2018 (data not shown), indicating that this variant is 
still circulating in Spain, but with lower incidence. The 
seasonality of the cases during 2016, including C1 and 
C2 subgenogroups, was similar to previously described 
epidemics of EV in Spain [22,23,30]. Moreover, the 
geographical distribution of the outbreak indicates 
that it was not restricted to the region of Catalonia, but 
distributed throughout Spain.

As more severe neurological cases occurred during this 
outbreak, there was concern among the population, 
the media and health professionals. Because of 
this concern, there was constant communication 
among microbiologists, epidemiologists and clinical 
paediatricians at national level, in which the National 
Centre for Microbiology was involved. For this reason, 
we strongly believe that we studied a large and 
representative number of cases although we have the 
limitation of not being able to know with certainty the 
final number of cases of the outbreak. In addition, it 
should be noted that we were informed that most severe 
cases were diagnosed virologically, and only some 

Table
Clinical manifestations among enterovirus-A71 patients, Spain, 2016 (n = 233)

Number of cases % p value HFMD-associated
Patients infected with EV-A71-C1 variant (n = 217)

Neurological disorders
Severe

Brain stem encephalitis 53

64.5 Not applicable

4
Meningoencephalitis 47

Encephalitis 18 1
AFP/myelitis 12

Other motor disorders 10 3

Mild
Aseptic meningitis 25

12.4 < 0.001
4

Other 2
Lower respiratory tract infection 17 7.8 < 0.001
Mucocutaneous symptoms 8 3.7 < 0.001
Fever without source 14 6.5 < 0.001
Other 11 5.0 < 0.001
Patients infected with EV-A71-C1 or C2 (n = 16)

Neurological disorders
Severe

Brain stem encephalitis 2
31.2 Not applicable

Meningoencephalitis 3
Mild Aseptic meningitis 5 31.2 0.069 1

Lower respiratory tract infection 3 18.8 0.195

Fever without source 3 18.8 0.195  

AFP: acute flaccid paralysis; EV: enterovirus; HFMD: hand, foot and mouth disease.
Significant variations between groups were evaluated by chi-squared test; p values comparing the number of cases with severe neurological 
disorders with the remaining clinical manifestations are shown.
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mild cases were missed [41]. On the other hand, since 
the Spanish surveillance system is voluntary, there is a 
risk of having a bias because hospitals are more likely 
to send samples of severe patients. As mentioned 
above, 777 EV-positive samples were genotyped at the 
SNLRE during 2016. Of those, only 190 (25%) belonged 
to patients with severe neurological disorders. The fact 
that most samples received in the laboratory during 
2016 were from patients with mild symptoms, as well 
as in previous years, minimises this risk.

Another limitation of our study could be that hospitals 
may have a bias towards reporting cases in children. 
Since EV infections are clearly associated with chil-
dren, it seems that this is a bias than cannot be pre-
vented; however, samples from patients of all ages 
were received in 2016. Our laboratory has previously 
described the association of some serotypes with dif-
ferent age groups [23]. Our results suggest an asso-
ciation of infection with EV-A71-C1 variant in young 
children.

Finally, more Spanish regions could have been affected 
for which we may not have had data, either because 
some hospitals did not send samples or because some 
samples received from reference hospitals, mostly in 
Barcelona and Madrid, belonged to patients admitted 
from the surrounding regions. For the purposes of this 
study, we selected the affected regions according to 
the hospitals that sent the clinical samples. This is 
the reason why, for instance, Barcelona is the only 
province of the region of Catalonia in which the cases 
were reported.

Conclusion
In summary, our results show that an emerging 
EV-A71-C1 strain was responsible for the outbreak in 
Spain during 2016 and was associated with many severe 
neurological cases, the largest outbreak in Europe in 
recent years. This is the first time that this EV-A71-C1 
variant has been detected in Spain and it could have 
its origin in strains from other European countries such 
as Germany or France. Since poliovirus eradication is 
a reasonable goal in the short term, surveillance of 
non-polio EV associated with neurological implications 
becomes crucial, especially in cases such as EV-A71 
infection where no treatments or vaccines are available. 
In this sense, the recently established European 
Non-Polio-Enterovirus Network [29] can contribute to 
standardising methods for EV detection and typing, 
clarifying the most adequate specimens for testing 
according to the clinical presentation and, ultimately, 
monitoring the global circulation of EV types. Our 
findings highlight the importance of EV surveillance 
in order to identify new recombinant forms of known 
EV types and monitor their associated disease burden, 
their molecular epidemiology and geographical 
distribution.

Acknowledgements 

We wish to thank I Bustillo, H del Pozo and P Higueras for 
their technical assistance. We also sincerely wish to thank 
all technical staff from microbiology departments and medi-
cal staff from paediatrics departments from all participating 
hospitals. Some of the samples are included in an ongoing 
project (PI15CIII-00020) which was supported by a grant by 
the Health Research System (AES).

Conflict of interest

None declared.

Authors’ contributions
Ma Montserrat Ruiz-García, Maria José González-Abad, 
Mercedes Alonso, Gregoria Megías, Nuria Rabella, Margarita 
del Cuerpo, Mónica Gozalo-Margüello, Alejandro González-
Praetorius, Ana Martínez-Sapiña, María José Goyanes-Galán, 
María Pilar Romero, Andrés Antón, Manuel Imaz, Maitane 
Aranzamendi, Antonio Moreno-Docón, Sonia Rey Cao and 
Ana Navascués: contribution of samples and clinical data, 
performance of the experiments. Didac Casas-Alba and 
Águeda Hernández-Rodríguez: contribution of samples 
and clinical data and revising the article. Cristian Launes, 
Carmen Muñoz-Almagro and Cristina Calvo: study concept 
and design, contribution of samples and clinical data and 
revising the article. Almudena Otero: performance of the 
experiments. Rubén González-Sanz and María Cabrerizo: 
study concept and design, performance of the experiments, 
analysis of the data and preparation of manuscript.

References 
1.	 Zell R, Delwart E, Gorbalenya AE, Hovi T, King AMQ, Knowles 

NJ, et al. ICTV virus taxonomy profile: Picornaviridae. J 
Gen Virol. 2017;98(10):2421-2.  https://doi.org/10.1099/
jgv.0.000911  PMID: 28884666 

2.	 Hassel C, Mirand A, Lukashev A, TerletskaiaLadwig E, Farkas 
A, Schuffenecker I, et al. Transmission patterns of human 
enterovirus 71 to, from and among European countries, 2003 
to 2013. Euro Surveill. 2015;20(34):30005.  https://doi.
org/10.2807/1560-7917.ES.2015.20.34.30005  PMID: 26530407 

3.	 Ooi MH, Wong SC, Lewthwaite P, Cardosa MJ, Solomon T. 
Clinical features, diagnosis, and management of enterovirus 
71. Lancet Neurol. 2010;9(11):1097-105.  https://doi.
org/10.1016/S1474-4422(10)70209-X  PMID: 20965438 

4.	 Lee KY. Enterovirus 71 infection and neurological 
complications. Korean J Pediatr. 2016;59(10):395-401.  https://
doi.org/10.3345/kjp.2016.59.10.395  PMID: 27826325 

5.	 Yip CC, Lau SK, Woo PC, Yuen KY. Human enterovirus 
71 epidemics: what’s next? Emerg Health Threats J. 
2013;6(1):19780.  https://doi.org/10.3402/ehtj.v6i0.19780  
PMID: 24119538 

6.	 McMinn PC. Recent advances in the molecular epidemiology 
and control of human enterovirus 71 infection. Curr Opin 
Virol. 2012;2(2):199-205.  https://doi.org/10.1016/j.
coviro.2012.02.009  PMID: 22482716 

7.	 Tee KK, Lam TT, Chan YF, Bible JM, Kamarulzaman A, Tong 
CY, et al. Evolutionary genetics of human enterovirus 71: 
origin, population dynamics, natural selection, and seasonal 
periodicity of the VP1 gene. J Virol. 2010;84(7):3339-50.  
https://doi.org/10.1128/JVI.01019-09  PMID: 20089660 

8.	 Cardosa MJ, Perera D, Brown BA, Cheon D, Chan HM, Chan 
KP, et al. Molecular epidemiology of human enterovirus 
71 strains and recent outbreaks in the Asia-Pacific region: 
comparative analysis of the VP1 and VP4 genes. Emerg Infect 
Dis. 2003;9(4):461-8.  https://doi.org/10.3201/eid0904.020395  
PMID: 12702227 

9.	 Chan KP, Goh KT, Chong CY, Teo ES, Lau G, Ling AE. Epidemic 
hand, foot and mouth disease caused by human enterovirus 
71, Singapore. Emerg Infect Dis. 2003;9(1):78-85.  https://doi.
org/10.3201/eid1301.020112  PMID: 12533285 

10.	 McMinn P, Lindsay K, Perera D, Chan HM, Chan KP, Cardosa 
MJ. Phylogenetic analysis of enterovirus 71 strains isolated 
during linked epidemics in Malaysia, Singapore, and Western 
Australia. J Virol. 2001;75(16):7732-8.  https://doi.org/10.1128/
JVI.75.16.7732-7738.2001  PMID: 11462047 



9www.eurosurveillance.org

11.	 Donato C, Hoi T, Hoa NT, Hoa TM, Van Duyet L, Dieu Ngan TT, et 
al. Genetic characterization of Enterovirus 71 strains circulating 
in Vietnam in 2012. Virology. 2016;495:1-9.  https://doi.
org/10.1016/j.virol.2016.04.026  PMID: 27148893 

12.	 AbuBakar S, Sam IC, Yusof J, Lim MK, Misbah S, MatRahim 
N, et al. Enterovirus 71 outbreak, Brunei. Emerg Infect Dis. 
2009;15(1):79-82.  https://doi.org/10.3201/eid1501.080264  
PMID: 19116058 

13.	 Fujimoto T, Chikahira M, Yoshida S, Ebira H, Hasegawa A, 
Totsuka A, et al. Outbreak of central nervous system disease 
associated with hand, foot, and mouth disease in Japan during 
the summer of 2000: detection and molecular epidemiology of 
enterovirus 71. Microbiol Immunol. 2002;46(9):621-7.  https://
doi.org/10.1111/j.1348-0421.2002.tb02743.x  PMID: 12437029 

14.	 Chang PC, Chen SC, Chen KT. The current status of the 
disease caused by enterovirus 71 infections: epidemiology, 
pathogenesis, molecular epidemiology, and vaccine 
development. Int J Environ Res Public Health. 2016;13(9):E890.  
https://doi.org/10.3390/ijerph13090890  PMID: 27618078 

15.	 Chumakov M, Voroshilova M, Shindarov L, Lavrova I, Gracheva 
L, Koroleva G, et al. Enterovirus 71 isolated from cases of 
epidemic poliomyelitis-like disease in Bulgaria. Arch Virol. 
1979;60(3-4):329-40.  https://doi.org/10.1007/BF01317504  
PMID: 228639 

16.	 Nagy G, Takátsy S, Kukán E, Mihály I, Dömök I. Virological 
diagnosis of enterovirus type 71 infections: experiences 
gained during an epidemic of acute CNS diseases in Hungary 
in 1978. Arch Virol. 1982;71(3):217-27.  https://doi.org/10.1007/
BF01314873  PMID: 6285858 

17.	 Mirand A, Schuffenecker I, Henquell C, Billaud G, Jugie G, 
Falcon D, et al. Phylogenetic evidence for a recent spread 
of two populations of human enterovirus 71 in European 
countries. J Gen Virol. 2010;91(Pt 9):2263-77.  https://doi.
org/10.1099/vir.0.021741-0  PMID: 20505012 

18.	 Böttcher S, Obermeier PE, Neubauer K, Diedrich SLaboratory 
Network for Enterovirus Diagnostics. Recombinant Enterovirus 
A71 Subgenogroup C1 Strains, Germany, 2015. Emerg 
Infect Dis. 2016;22(10):1843-6.  https://doi.org/10.3201/
eid2210.160357  PMID: 27439117 

19.	 Karrasch M, Fischer E, Scholten M, Sauerbrei A, Henke A, Renz 
DM, et al. A severe pediatric infection with a novel enterovirus 
A71 strain, Thuringia, Germany. J Clin Virol. 2016;84:90-5.  
https://doi.org/10.1016/j.jcv.2016.09.007  PMID: 27771495 

20.	 Antona D, Kossorotoff M, Schuffenecker I, Mirand A, Leruez-
Ville M, Bassi C, et al. Severe paediatric conditions linked 
with EV-A71 and EV-D68, France, May to October 2016. Euro 
Surveill. 2016;21(46):30402.  https://doi.org/10.2807/1560-
7917.ES.2016.21.46.30402  PMID: 27918268 

21.	 Wieczorek M, Purzyńska M, Krzysztoszek A, Ciąćka A, Figas 
A, Szenborn L. Genetic characterization of enterovirus A71 
isolates from severe neurological cases in Poland. J Med Virol. 
2018;90(2):372-6.  https://doi.org/10.1002/jmv.24958  PMID: 
28960454 

22.	 Cabrerizo M, Tarragó D, Muñoz-Almagro C, Del Amo E, 
Domínguez-Gil M, Eiros JM, et al. Molecular epidemiology of 
enterovirus 71, coxsackievirus A16 and A6 associated with 
hand, foot and mouth disease in Spain. Clin Microbiol Infect. 
2014;20(3):O150-6.  https://doi.org/10.1111/1469-0691.12361  
PMID: 24033818 

23.	 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 

24.	Casas-Alba D, de Sevilla MF, Valero-Rello A, Fortuny C, García-
García JJ, Ortez C, et al. Outbreak of brainstem encephalitis 
associated with enterovirus-A71 in Catalonia, Spain (2016): a 
clinical observational study in a children’s reference centre in 
Catalonia. Clin Microbiol Infect. 2017;23(11):874-81.  https://
doi.org/10.1016/j.cmi.2017.03.016  PMID: 28344164 

25.	 European Centre for Disease Prevention and Control (ECDC). 
Outbreak of enterovirus A71 with severe neurological 
symptoms among children in Catalonia, Spain. 14 June 2016. 
Stockholm: ECDC. 2016. Available from: http://ecdc.europa.eu/
en/publications/Publications/07-06-2016-RRA-Enterovirus%20
71-Spain.pdf

26.	 European Centre for Disease Prevention and Control (ECDC). 
Rapid risk assessment. Enterovirus detection associated 
with severe neurological symptoms in children and adults in 
European countries. Stockholm: ECDC. 2016. Available from: 
http://ecdc.europa.eu/en/publications/Publications/01-
08-2016-RRA-Enterovirus%2071-Spain,%20France,%20
Netherlands.pdf

27.	 Casas I, Tenorio A, Echevarría JM, Klapper PE, Cleator 
GM. Detection of enteroviral RNA and specific DNA of 
herpesviruses by multiplex genome amplification. J Virol 

Methods. 1997;66(1):39-50.  https://doi.org/10.1016/S0166-
0934(97)00035-9  PMID: 9220389 

28.	McWilliam Leitch EC, Cabrerizo M, Cardosa J, Harvala H, 
Ivanova OE, Koike S, et al. The association of recombination 
events in the founding and emergence of subgenogroup 
evolutionary lineages of human enterovirus 71. J Virol. 
2012;86(5):2676-85.  https://doi.org/10.1128/JVI.06065-11  
PMID: 22205739 

29.	 Harvala H, Broberg E, Benschop K, Berginc N, Ladhani S, 
Susi P, et al. Recommendations for enterovirus diagnostics 
and characterisation within and beyond Europe. J Clin Virol. 
2018;101:11-7.  https://doi.org/10.1016/j.jcv.2018.01.008  
PMID: 29414181 

30.	 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 

31.	 Ho M, Chen ER, Hsu KH, Twu SJ, Chen KT, Tsai SF, et al. 
An epidemic of enterovirus 71 infection in Taiwan. N Engl 
J Med. 1999;341(13):929-35.  https://doi.org/10.1056/
NEJM199909233411301  PMID: 10498487 

32.	 Koh WM, Bogich T, Siegel K, Jin J, Chong EY, Tan CY, et 
al. The epidemiology of hand, foot and mouth disease 
in Asia: a systematic review and analysis. Pediatr Infect 
Dis J. 2016;35(10):e285-300.  https://doi.org/10.1097/
INF.0000000000001242  PMID: 27273688 

33.	 Zhu FC, Meng FY, Li JX, Li XL, Mao QY, Tao H, et al. Efficacy, 
safety, and immunology of an inactivated alum-adjuvant 
enterovirus 71 vaccine in children in China: a multicentre, 
randomised, double-blind, placebo-controlled, phase 3 trial. 
Lancet. 2013;381(9882):2024-32.  https://doi.org/10.1016/
S0140-6736(13)61049-1  PMID: 23726161 

34.	Duong V, Mey C, Eloit M, Zhu H, Danet L, Huang Z, et al. 
Molecular epidemiology of human enterovirus 71 at the origin 
of an epidemic of fatal hand, foot and mouth disease cases in 
Cambodia. Emerg Microbes Infect. 2016;5(9):e104.  https://doi.
org/10.1038/emi.2016.101  PMID: 27651091 

35.	 Bible JM, Pantelidis P, Chan PK, Tong CY. Genetic evolution of 
enterovirus 71: epidemiological and pathological implications. 
Rev Med Virol. 2007;17(6):371-9.  https://doi.org/10.1002/
rmv.538  PMID: 17487831 

36.	 Solomon T, Willison H. Infectious causes of acute flaccid 
paralysis. Curr Opin Infect Dis. 2003;16(5):375-81.  https://doi.
org/10.1097/00001432-200310000-00002  PMID: 14501988 

37.	 NikNadia N, Sam IC, Rampal S, WanNorAmalina W, NurAtifah 
G, Verasahib K, et al. Cyclical patterns of hand, foot and mouth 
disease caused by enterovirus A71 in Malaysia. PLoS Negl Trop 
Dis. 2016;10(3):e0004562.  https://doi.org/10.1371/journal.
pntd.0004562  PMID: 27010319 

38.	Rabenau HF, Richter M, Doerr HW. Hand, foot and mouth 
disease: seroprevalence of Coxsackie A16 and Enterovirus 71 
in Germany. Med Microbiol Immunol (Berl). 2010;199(1):45-51.  
https://doi.org/10.1007/s00430-009-0133-6  PMID: 19941005 

39.	 Schuffenecker I, Mirand A, Antona D, Henquell C, Chomel JJ, 
Archimbaud C, et al. Epidemiology of human enterovirus 71 
infections in France, 2000-2009. J Clin Virol. 2011;50(1):50-6.  
https://doi.org/10.1016/j.jcv.2010.09.019  PMID: 21035387 

40.	Akhmadishina LV, Govorukhina MV, Kovalev EV, 
Nenadskaya SA, Ivanova OE, Lukashev AN. Enterovirus A71 
meningoencephalitis outbreak, Rostov-on-Don, Russia, 2013. 
Emerg Infect Dis. 2015;21(8):1440-3.  https://doi.org/10.3201/
eid2108.141084  PMID: 26196217 

41.	 Worner N, Rodrigo R, Castellarnau E, Sanz-Santaeufemia 
FJ, Ferrer G, Rincón López E, et al. First outbreak of 
enterovirus related brainstem encephalitis in western Europe: 
characterization, management and evolution of the patients 
(ESP17-0352). Annual ESPID Meeting, Madrid, 2017.

License 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.

This article is copyright of the authors or their affiliated in-
stitutions, 2019.


