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Main conclusions and options for response 
Since April 2016, Denmark, France, the Netherlands, Spain, Sweden and United Kingdom (Wales) have 
reported severe enterovirus infections associated with a variety of different strains. Compared with previous 
years, the Netherlands and Germany also reported increased detection of enterovirus-D68 and other 
enteroviruses.  
In addition, Ireland reported an increasing number in enterovirus-associated viral meningitis cases.  

The timing of the current epidemics closely follows the usual increase in summer, but reports suggest that 
seasonal enterovirus (EV) activity in the EU/EEA Member States started earlier than in previous years. 
Some Member States also report an increased frequency of severe disease associated with EV infection. 

While it is difficult to interpret these observations in the absence of robust historical data, Member States 
should consider raising awareness of the importance of including EV infection in the differential diagnosis of 
neurological and severe respiratory illness in order to identify cases and initiate appropriate precautions, as 
well as to provide more robust epidemiological information. Reporting of enterovirus clusters and outbreaks 
through the Early Warning and Response System (EWRS) in EU/EEA countries is encouraged.  

The full molecular and biological characterisation of the isolates from the current outbreaks will possibly 
enhance the understanding of the pattern of enterovirus epidemiology in Europe, including trends in 
subgenotypes associated with more severe clinical disease and molecular epidemiological links to strains 
between countries and from outside Europe.  

Increased numbers of EV-A71 and EV-D68 detections reinforce the need for vigilance for enterovirus 
infections, especially cases that present with more severe clinical syndromes. Clinicians should be 
encouraged to obtain stool and respiratory specimens for enterovirus detection and characterisation from 
all patients presenting with symptoms suggestive of meningitis; encephalitis; hand, foot and mouth disease 
(HFMD); acute flaccid myelitis (AFM) or acute flaccid paralysis (AFP). In respiratory disease, respiratory 
specimens are critical. In addition to non-polio enterovirus laboratory surveillance, AFP surveillance for 
purposes of polio surveillance or surveillance of meningoencephalitis are likely to be the most sensitive 

clinical surveillance systems to pick up such signals. The feasibility and benefits of European-level non-polio 
enterovirus surveillance data collection need to be explored and discussed. 
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Source and date of request 
ECDC internal decision, 1 August 2016. 

Public health issue 
To assess the risk for EU/EEA countries related to severe enterovirus infections. On 29 July 2016, France 
reported  through the Early Warning and Response System (EWRS) a recent increase of severe acute 
neurological conditions, probably associated with enterovirus infection, reported by one of the main academic 
paediatric hospitals in Paris. 

Consulted experts 
ECDC authors (in alphabetical order): Eeva Broberg, Mike Catchpole, Denis Coulombier, Alastair Donachie, Josep 
Jansa and Otilia Mardh.  

External reviewers: Bruno Lina (CHU Lyon, France), Denise Antona (Santé publique France, France), Kim 
Benschop and Adam Meijer (RIVM, Netherlands), Sabine Diedrich (Robert Koch Institute, Germany), Stefano 
Fiore (Istituto Superiore di Sanità, Italy), Brendan Mason (Public Health Wales, UK), Lucía García San Miguel 
(Ministerio de Sanidad, Servicios Sociales e Igualdad, Spain), Mireia Jané and Ana Martinez (Public Health Agency 
of Catalonia), Dina Pfeifer (WHO).  

ECDC acknowledges the valuable contributions of all experts. Although experts from the World Health 
Organization (WHO) reviewed the risk assessment, the views expressed in this document do not necessarily 
represent the views of WHO. All experts have submitted declarations of interest and a review of these 
declarations did not reveal any conflicts of interest. 

Disease background information 

Enteroviruses 

Enteroviruses (EV) comprise a large and diverse group of non-enveloped RNA viruses within the genus 
Enterovirus in the family Picornaviridae [1]. The currently known 116 enteroviruses identified from humans are 
classified based on their RNA sequence and their order of identification into four enterovirus species EV-A to 
EV-D and rhinovirus A-C [2].  

Enteroviruses have a positive-stranded RNA genome and undergo constant evolutionary changes, like other RNA 
viruses. Within the EV species, several serotypes exist, e.g. enterovirus A species consists of 25 serotypes, 
including EV-A71 and Coxsackievirus A16 (CV-A16) [3]. EV are further divided into genogroups and 
subgenogroups within the serotypes. EV-A71 viruses, for example, are divided into six genogroups (A to F) [4], 
with only B and C known to be associated with outbreaks. Within the genogroups, subgenogroups exist. 
Subgenogroups B4, B5 and C4 are mainly restricted to Asian countries while C1 and C2 circulate mainly in 
Europe [5]. Similarly, EV-D68 is divided into genetic clades A, B and C, with subclades A1 and A2 and B1 and B2. 
Most acute flaccid paralysis (AFP) cases associated with EV-D68 are infected with EV-D68 subclade B1 [6].  

Most EV infections result in asymptomatic infection. Nevertheless, enteroviruses can cause a diverse spectrum of 
clinical symptoms in humans, ranging from mild febrile illness and viral exanthema to respiratory infections; 
hand, foot and mouth disease (HFMD); myocarditis; meningitis; encephalitis; and rare but severe acute flaccid 
paralysis (AFP) or acute flaccid myelitis (AFM). Enteroviruses are cytopathic, and tissue-specific cell destruction 
occurs during the infection [1]. A single enterovirus type can cause a variety of clinical manifestations and many 
enterovirus types can cause similar symptoms. Enteroviruses can cause large outbreaks, as was seen with EV-
D68 in the USA and Canada in 2014 [7] and with EV-A71 in the Asia-Pacific region [8].  

EV can be transmitted by both faecal-oral and respiratory routes. Faecal-oral transmission may predominate in 
areas with poor sanitary conditions, whereas respiratory transmission may be important in areas with good 
sanitation and hygiene systems. In addition, transmission of acid-sensitive EV, such as EV-D68, is considered 

most likely to be through the respiratory route, as it almost exclusively infects and replicates in the respiratory 
tract. EV that cause vesicular exanthema can presumably be spread by direct or indirect contact with vesicular 
fluid. EV are transmitted by hand contact with secretions and autoinoculation to the mouth, nose or eyes. Young 
children generally introduce EV into the family [1]. Infections in different family members can result in different 
clinical manifestations. Community transmission also occurs under circumstances of close mixing, when EV can 
be rapidly transmitted, and therefore social-distancing measures have been used during outbreaks [9]. 

Nosocomial transmission of various Coxsackie viruses A and B and Echoviruses has been documented, especially 
in nurseries for newborns. Although no known non-human reservoir for EV exists, EV can survive for months in 
environmental conditions with neutral pH, moisture and low temperatures when embedded in organic 
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material [1]. EV has been isolated from swimming and wading pools, but there is no evidence that recreational 
swimming in chlorinated water is associated with a risk for transmission [1].  

The incubation period for enteroviruses is usually three to ten days, although some enteroviruses can give rise to 
symptoms in one to three days [1]. Epidemics of EV can be local, regional, national or even international [1].  

Some outbreaks of HFMD caused by EV-A71 have been associated with fatal brainstem encephalitis, restricted 
largely to young children [10,11]. In severe HFMD, death can occur 1–3 days after onset [12]. Encephalitis is 
typically a brainstem encephalitis and is often accompanied by severe cardiorespiratory symptoms [13].  

The spectrum of disease caused by EV-D68 ranges from asymptomatic to acute respiratory infection (with 
significantly more shortness of breath compared to common colds typically caused by rhinoviruses), 
hospitalisation with severe respiratory disease and sporadically to neurological symptoms and death [14-17]. In a 
retrospective paediatric pneumonia study from a 3.9 million population in the Philippines, 21 of 816 pneumonia 
patients had EV-D68 infection and two (9.5%) of these died. Among all pneumonia-related deaths, EV-D68 
accounted for 2.9% (2 out of 70 deaths) [16]. In three separate Dutch children cohort studies conducted 
between 2004 and 2009, none of a total of twelve EV-D68-positive patients developed complications.  All 
respiratory symptoms did clear up within four weeks following detection of EV-D68 [17]. During the US outbreak 
in 2014, the odds of having EV-D68 infection for children with AFM were 10.3 times higher than for those tested 
for acute respiratory infection [18]. The CDC case definition for EV-D68 associated with neurological illness 
included acute onset of limb weakness occurring in a person ≤21 years of age and with spinal MRI lesions largely 
restricted to spinal grey matter [19]. However, EV-C105 infection has also been associated with the American 
AFM cases [20]. 

Laboratory diagnosis 

The diagnosis of EV based on real-time reverse-transcription PCR (RT-PCR) is a sensitive and rapid diagnostic 
method which has become the standard method over virus isolation. Virus isolation is labour-intensive and time-
consuming and not practical for clinical decision-making [21]. EV-specific primers targeting the conserved 
5’ untranslated region (UTR) are used to perform real-time RT-PCR directly from clinical specimens, on 
respiratory or rectal swabs, vesicle fluid, stool sample, cerebrospinal fluid (CSF), blood or urine [13,22].  

An Australian study found that EV-A71 RNA was more commonly detected in faeces, rectal swabs and throat 
swabs than in CSF [23]. Hence, a negative CSF does not rule-out an EV-A71 infection. Specific RT-PCR assays 
have been developed for EV-A71 [24] and for EV-D68 [25]. 

For typing and molecular epidemiology purposes, sequencing of the VP1 gene should be performed [21]. For 
typing from clinical specimens, a reverse transcription-seminested PCR (RT-snPCR) assay can be used, especially 
with consensus-degenerate hybrid oligonucleotide primers [26]. Attention needs to be paid to the sequence of 
the recently circulating strains, recombinants, and sequences of related enteroviruses, in order to optimise the 
PCR primers. Genotyping provides more information than serotyping, and the nucleotide sequence of VP1 can 
function as a surrogate for antigenic typing in order to distinguish EV serotypes [1]. Many EV serotypes share 
some antigenicity, e.g. EV-A71 and CV-A16, and are therefore difficult to distinguish by neutralisation assays. 

Diagnosing an EV infection remains challenging. As asymptomatic EV infections are common, an identification of 

an EV in a specimen does not prove disease causation. EV infections can also cause a wide variety of unspecific 
symptoms and therefore specimens for laboratory confirmation should not be collected in the early phases of the 
symptoms. Central nervous system (CNS) specimens have limited sensitivity for detection of EV, and it is 
uncommon to find virus in the CSF from encephalitis cases [1]. The highest sensitivity for EV detection is usually 
found with stool specimens regardless of clinical presentation, except for respiratory disease, for which a 
respiratory specimen has highest sensitivity and should be the preferred specimen.  
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Treatment 

There is no antiviral treatment for EV infections. However, efforts are being made to develop broad spectrum 
antivirals [27,28]. Patients with severe neurological disease should be treated following routine clinical 
management standards [19]. According to the US CDC, no concrete evidence has been found for the benefit of 
corticosteroids, intravenous immunoglobulin, plasmapheresis, interferon, antivirals, or other immunomodulatory 
agents in the treatment of AFM [19]. Moreover, US CDC guidance discourages the use of plasmapheresis and 
immunosuppressive biologic modifiers, including corticosteroids, in the management of AFM [19]. 

Due to large outbreaks of EV71 in south-east Asia causing severe disease, several vaccine candidates were 
developed in China, Singapore and Taiwan, and tested in phase 1–3 clinical trials [29-31] . No EV-A71 or other 
enterovirus vaccine other than polio vaccine is licensed in the EU/EEA. 

Incidence and earlier outbreaks 

The incidence of non-polio enterovirus infections in EU/EEA countries is unknown. In the Netherlands, an 
incidence of 26 per 100 000 neonates (age ≤30 days) has been estimated [32], although the study focused on 
non-polio enterovirus infections in neonatal intensive care units.  

The epidemiological pattern observed in Europe differs from Asia. In temperate climates, EV infections follow a 
seasonal pattern, with the highest incidence in summer and autumn – although outbreaks can extend to 
winter [1,33].  

We have summarised earlier outbreaks of EV-A71 and EV-D68 in previous risk assessments [34-37]. In short, 
after the large outbreaks in Bulgaria and Hungary in the 1970s [38,39], the circulation of EV-A71 has not been 
associated with epidemics, but rather with sporadic, often mild cases, presenting mainly with HFMD [40-43]. In 
Norway, 14.5% of children below two years of age have had an EV-A71 infection, based on a serial stool 
sampling of healthy infants in 2001–2003 [44]. In Germany, from 2006–2014, approximately 2 500 faecal or CSF 
specimens from national enterovirus surveillance of hospitalised patients were tested annually for EV: 25–30% of 
all samples were positive. In 0.8–12.7% of the positive sample, EV-A71 was identified, with increased detection 
rates in more recent years and with C2 as the predominating subgenogroup [45]. In addition, a new recombinant 
variant C1 strain was identified in Germany in 2015 [45]. Besides characteristic symptoms for EV-A71 (including 
nuchal rigidity, headache, fever, and vomiting), cerebral seizures, myoclonia, ataxia, petechiae, and stomatitis 
were also mentioned for some patients who tested positive for the new variant C1-like strains [45]. 

In recent years, severe sporadic cases of meningoencephalitis with EV-A71 were observed in France [46-49] and 
the United Kingdom [40,46]. In Italy, a cluster of EV-A71 subgenogroup C2 was detected in a nursery school; 
the children presented with fever, vomiting, drowsiness, neck stiffness and headache [50]. As the population is 
largely immunologically naïve to these new subgenotypes, the infections could become more frequent and also 
cause more severe clinical presentations. 

In Europe, only limited information is available on the earlier and current circulation of EV-D68. This is in part 
because clinicians do not usually request enterovirus diagnostics for patients with respiratory disease, but also 
because many in-house and commercial molecular detection assays do not distinguish between rhinoviruses and 
enteroviruses, which is problematic when trying to determine enteroviruses as the cause of a respiratory disease. 

There is, however, evidence that cases of EV-D68 infection appear to be sporadic in general, and no large 
outbreaks were seen, even if several severe infections were reported [14,17,51-54]. In the United Kingdom 
(Wales), a cluster of atypical adult Guillain–Barré syndrome was temporally related to a cluster of four children 
with AFP (two with EV-D68 and one with echovirus 25 detection) in 2015–2016 [55].  

Enterovirus surveillance and capacities to detect 
enteroviruses in EU/EEA countries 

ECDC reviewed the capacities for enterovirus surveillance and detection of non-polio enteroviruses in EU/EEA 
countries in the spring of 2016. The results are still pending full analysis. Based on a preliminary analysis, most 
EU/EEA countries have good capacities to detect non-polio enteroviruses, as was demonstrated in connection 
with the 2014 outbreak of enterovirus D68 [54].  

Event background information 
Reporting through the Early Warning and Response System on 29 July 2016, France informed the Member States 
about an increase of severe acute neurological conditions, probably associated with enterovirus infection, 
reported by one of the main academic paediatric hospitals in Paris. Upon being alerted, on 6 July 2016, the 
authorities initiated a retrospective case review that identified 22 children since April 2016, 18 with 
rhomboencephalitis, encephalitis, cerebellitis or myelitis, and four with facial nerves radiculitis. The patients’ ages 
ranged from three months to 15 years, with a median age of three years. As of 28 July, enterovirus infection was 
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confirmed in eight of these patients. The types of enterovirus detected were EV-A71 belonging to the 
subgenotype C1 (n=3), EV-D68 (n=2), Coxsackievirus A10 (n=1), and Coxsackievirus A2/EV68 co-infection 
(n=1). The VP1 sequence of the EV-A71/C1 displayed a close genetic relationship with the sequences of EV-
A71/C1 strains collected in Germany in 2015 [45]. Further investigations are ongoing. 

In the Netherlands, an increase in the number of paediatric pneumonia cases with positive EV-D68 respiratory 
specimens was reported in July 2016 (n=32) through the national enterovirus molecular surveillance network 
(VIRO-TypeNed) [56]. As during the outbreaks in 2010 and 2014 [17], the current outbreak is associated with an 
increased detection of EV-D68 cases (n=5) across the country in the course of surveillance of influenza-like 
illness (ILI) and acute respiratory infection (ARI). All EV-D68 cases detected in 2016 for which the VP1 was 
sequenced belonged to subclade B1. In addition to EV-D68, two cases each of EV-C105 and CV-A6 – causing a 
family cluster of HFMD – were detected through the ILI/ARI surveillance system. VIRO-TypeNed reported that so 
far this season, Echovirus 6 is the dominant EV strain detected in the Netherlands (12% of all reported and typed 
EV infections), followed by EV-A71 (10%, subgenogroups C1 and C2), EV-D68 (10%), and Echovirus 11 (9%). 

While clinical data are reported sparsely in the Netherlands, three cases infected with Echovirus 6 were reported 
with neurological symptoms. Two other cases with neurological symptoms were found infected with CV-B4 and 
CV-B3. The EV-A71 subgenogroup C1 viruses (six cases, all identified in July) belonged to the same subgenotype 
C1 cluster identified in Germany in 2015 [45]. Nevertheless, an increase in the number of neurological 
enterovirus cases submitted for typing was neither observed nor confirmed in the Netherlands.  

Of the 32 EV-D68 cases reported in July 2016, twenty-four patients presenting with severe symptoms, including 
one case of acute flaccid myelitis (AFM), were reported in the region of Groningen, in the northern part of the 
Netherlands (personal communication). The eight adults who were hospitalised have recovered. Twelve out of 16 
hospitalised children under the age of six required intensive care, and all but one fully recovered; one case 
remains in a serious condition with paralysis. None of these cases showed identifiable epidemiological links.  

In Catalonia, Spain, an outbreak of EV-A71 associated with neurological complications has been ongoing since 
mid-April 2016, affecting children up to twelve years of age. As of 3 August 2016, 109 cases of enterovirus 
infection with neurological complications have been reported, most of which have resolved favourably. The latest 
update from regional health authorities reported that three children remain hospitalised, including one with acute 
neurological disease who was admitted to intensive care [57]. The age of cases ranges between one month and 
twelve years of age. All cases were confirmed having at least one sample specimen positive to enterovirus. Up to 
the beginning of August 2016, 34 children were tested positive for EV-A71. 

In Ireland, viral meningitis and encephalitis are notifiable conditions but an enhanced surveillance data collection 
is not in place. Notifications of viral meningitis increased in 2016: 201 cases were notified during the first six 
months of 2016 versus 165 for the same period in 2015. Most cases are infants. In both years, the majority of 
viral meningitis cases were caused by enteroviruses, but complete virus characterisation is pending. An increase 
in 2016 has also been observed in viral encephalitis: 33 cases this year compared with 47 in total in 2015. None 
of the viral encephalitis cases had a positive enterovirus detection. In 2016, one case of AFM was notified in a 
two-year-old child.  

In the UK (Wales), EV-D68 activity was detected in the last couple of weeks, with one child in critical care 
(personal communication). 

In Italy, recent surveillance activities do not show an unusual increase of enterovirus infections in children with 
acute flaccid paralysis (AFP). In 2016, only two cases of AFP were associated with enterovirus infection (personal 
communication). The serotypes detected were Echovirus 6 and EV-D68 (personal communication).  

In Portugal, no increase in severe acute neurological conditions associated with enterovirus infection was 
detected in 2016. Laboratory notifications of confirmed enterovirus cases with neurological symptoms were 
reported in December 2015 and January 2016. The serotypes detected were EV-D68 (n=2), EV-A71 (n=2) and 
Coxsackievirus A6 (n=1). 

In Germany, as of 5 August 2016, 173 of 1 221 cases of aseptic meningitis investigated since the beginning of 
2016 tested positive for enteroviruses, with an increase observed since mid-June. In 2015 (weeks 1–30), 1 095 
reported cases of aseptic meningitis (with 110 enterovirus detections) were reported in Germany. The EV 
serotypes detected were EV-A71 (n=19), EV-D68 (n=1), Echovirus-6 (n=13), Coxsackievirus A6 (n=7), 
Coxsackievirus A9 (n=5), Coxsackievirus B4 (n=7), Coxsackievirus B5 (n=5), Echovirus-7 (n=6), Echovirus-30 
(n=6), Echovirus-25 (n=4), Echovirus-18 (n=5), and Echovirus-9 (n=7). Typing results are pending for 
75 isolates. Of the genotyped EV-A71, 14 were determined as subgenotype C1 and three as C2.  

In Denmark, there was no overall increase in enterovirus infections in 2016. There were no cases of EV-D68, but 
nine cases of EV-A71 were detected. Clinical information was available for seven of these cases. One patient 
presented with meningitis, one with encephalitis, three patients were described as having enteroviral disease (all 
three had diarrhoea), one was described as having HFMD, and one patient had a rash as the only symptom.  

In Sweden, enterovirus surveillance was performed for all viral meningoencephalitis cases. Since April 2016, 
samples from 40 patients have tested positive for enteroviruses. Sixteen samples from children below 12 years of 
age were positive for EV-A71 (n=5), Echovirus-30 (n=2), Coxsackievirus B5 (n=2), and one of each 
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Coxsackievirus A6, B1, Echovirus-3, 5, 9, 11 and 18. The VP1 sequence of the EV-A71 showed a close genetic 
relationship with the available sequences of EV-A71/C1 strains. 

Outside Europe, an unusually intense season of HFMD was reported from Korea in 2016 [58]. In addition, in the 
USA, during the first half of 2016, 21 AFM cases were reported; in all of 2015, a total of 21 AFM cases were 
reported from 16 states [59]. As of July, the US CDC is aware of limited sporadic EV-D68 detections in 2016 but 
there is no indication of unusual activity [60].  

ECDC threat assessment for the EU 
Since April 2016, several EU/EEA countries have reported severe enterovirus infections. Some countries reported 
an increased numbers of enterovirus detections compared to previous years. It is likely that there is ongoing 
widespread transmission of different enterovirus species and serotypes in Europe, including EV-A71 and EV-D68, 
with the majority of detected and reported cases representing the more severe clinical disease. Before 2016, 
infections caused by EV-A71 have only occasionally been associated with severe outcomes in Europe, which 

makes the current situation in Europe unusual.  

Enterovirus epidemics in temperate countries tend to occur in summer and autumn, so the current increase in 
detections of enteroviruses in the EU was expected; what was not expected in 2016 was the unusually early start 
in April. 

Enterovirus infections are transmitted from person to person by direct contact with nose and throat discharges, 
saliva, fluid from blisters, or the faeces of infected persons. Outbreaks are therefore difficult to control. The EV-
A71 virus can be shed in faeces for several weeks after a patient’s recovery, making transmission among close 
contacts possible even if the primary case displays no symptoms.  

EV-A71 is the most neuropathogenic non-polio enterovirus in humans, causing a variety of neurological diseases, 
including aseptic meningitis, encephalitis, brainstem encephalitis and poliomyelitis-like paralysis. Therefore, EV-
A71 outbreaks require careful assessment. As illustrated by the number of EV-A71 patients in Spain presenting 
with severe illness and requiring admission to intensive care, the epidemic causes considerable burden on 

paediatric intensive care units. At the same time, based on the experiences from EV-D68 US epidemic in 2014, 
EV-D68 detections and clusters of cases with severe outcomes have to be carefully assessed. 

Most EU Member States experience seasonal transmission of enterovirus in summer and early autumn. Vigilance 
for increased disease rates and new recombinant viruses should be kept high during this period because 
additional cases are expected in the coming months.  

The majority of EU/EEA Member States have adequate laboratory capacities to detect these viruses, but the 
absence of coordinated EU surveillance for non-polio EV infection makes it difficult to detect and interpret 
epidemiological patterns. Advanced molecular methods support accurate and timely diagnostics for EV, which 
can improve the understanding of epidemiological trends and guide the implementation of adequate response 
measures. In addition, clinicians should be made aware that acute and severe respiratory illness can be caused 
by enterovirus infection so that they can request appropriate diagnostics. 

Previous ECDC risk assessments on enteroviruses 
Outbreak of enterovirus A71 with severe neurological symptoms among children in Catalonia, Spain 14 June. 
2016. http://ecdc.europa.eu/en/publications/Publications/07-06-2016-RRA-Enterovirus%2071-Spain.pdf  

Enterovirus D68 detections in the USA, Canada and Europe – Second update 25 November 2014. 
http://ecdc.europa.eu/en/publications/Publications/Enterovirus-68-detected-in-the-USA-Canada-Europe-second-
update-25-November-2014.pdf  

Enterovirus 68 detected in the USA and Canada. First update, 15 October 2014. 
http://ecdc.europa.eu/en/publications/Publications/Enterovirus-D68-United-States-Canada.pdf  

Enterovirus 68 detections in the USA and Canada 2014. 
http://ecdc.europa.eu/en/publications/Publications/enterovirus-68-USA-Canada-rapid-risk-assessment.pdf  

  

http://ecdc.europa.eu/en/publications/Publications/07-06-2016-RRA-Enterovirus%2071-Spain.pdf
http://ecdc.europa.eu/en/publications/Publications/Enterovirus-68-detected-in-the-USA-Canada-Europe-second-update-25-November-2014.pdf
http://ecdc.europa.eu/en/publications/Publications/Enterovirus-68-detected-in-the-USA-Canada-Europe-second-update-25-November-2014.pdf
http://ecdc.europa.eu/en/publications/Publications/Enterovirus-D68-United-States-Canada.pdf
http://ecdc.europa.eu/en/publications/Publications/enterovirus-68-USA-Canada-rapid-risk-assessment.pdf


 
 
 

RAPID RISK ASSESSMENT Enterovirus detections associated with severe neurological symptoms, 8 Aug 2016 

 

 
 
 

7 

References 
1. Pallansch M, Roos R. Enteroviruses: Polioviruses, coxsackieviruses, echoviruses, and newer 

enteroviruses. In: Knipe DM, Howley PM, editors. Fields' virology. 5th ed. Philadelphia, PA 19106, 
USA: Lippincott Williams & Wilkins; 2007. 

2. Knowles NJ, Hovi T, Hyypiä T, King AMQ, Lindberg AM, Pallansch MA, et al. Picornaviridae. In: Virus 
Taxonomy: Classification and Nomenclature of Viruses: Ninth Report of the International Committee 
on Taxonomy of Viruses. In: King AMQ, Adams MJ, Carstens EB, Lefkowitz EJ, editors. San Diego: 
Elsevier; 2012. p. 855-80. 

3. The Pirbright Institute. The picornavirus pages [Internet]. 2016 [updated 2016 June 7; cited 2016 
June 8]. Available from: http://www.picornaviridae.com/. 

4. Bessaud M, Razafindratsimandresy R, Nougairede A, Joffret ML, Deshpande JM, Dubot-Peres A, et al. 
Molecular comparison and evolutionary analyses of VP1 nucleotide sequences of new African human 
enterovirus 71 isolates reveal a wide genetic diversity. PLoS One. 2014;9(3):e90624. 

5. McMinn PC. Recent advances in the molecular epidemiology and control of human enterovirus 71 
infection. Curr Opin Virol. 2012 Apr;2(2):199-205. 

6. Greninger AL, Naccache SN, Messacar K, Clayton A, Yu G, Somasekar S, et al. A novel outbreak 
enterovirus D68 strain associated with acute flaccid myelitis cases in the USA (2012-14): a 
retrospective cohort study. Lancet Infect Dis. 2015 Jun;15(6):671-82. 

7. Midgley CM, Jackson MA, Selvarangan R, Turabelidze G, Obringer E, Johnson D, et al. Severe 
respiratory illness associated with enterovirus D68 – Missouri and Illinois, 2014. MMWR Morb Mortal 
Wkly Rep. 2014 Sep 12;63(36):798-9. 

8. Solomon T, Lewthwaite P, Perera D, Cardosa MJ, McMinn P, Ooi MH. Virology, epidemiology, 
pathogenesis, and control of enterovirus 71. Lancet Infect Dis. 2010 Nov;10(11):778-90. 

9. Sabanathan S, Tan LV, Thwaites L, Wills B, Qui PT, Rogier van Doorn H. Enterovirus 71 related 

severe hand, foot and mouth disease outbreaks in South-East Asia: current situation and ongoing 
challenges. J Epidemiol Community Health. 2014 March 19, 2014. 

10. Lum LC, Wong KT, Lam SK, Chua KB, Goh AY, Lim WL, et al. Fatal enterovirus 71 encephalomyelitis. 
J Pediatr. 1998 Dec;133(6):795-8. 

11. Komatsu H, Shimizu Y, Takeuchi Y, Ishiko H, Takada H. Outbreak of severe neurologic involvement 
associated with Enterovirus 71 infection. Pediatr Neurol. 1999 Jan;20(1):17-23. 

12. Xing W, Liao Q, Viboud C, Zhang J, Sun J, Wu JT, et al. Hand, foot, and mouth disease in China, 
2008-12: an epidemiological study. Lancet Infect Dis. 2014 Apr;14(4):308-18. 

13. Ooi MH, Wong SC, Lewthwaite P, Cardosa MJ, Solomon T. Clinical features, diagnosis, and 
management of enterovirus 71. Lancet Neurol. 2010 Nov;9(11):1097-105. 

14. Rahamat-Langendoen J, Riezebos-Brilman A, Borger R, van der Heide R, Brandenburg A, Scholvinck 
E, et al. Upsurge of human enterovirus 68 infections in patients with severe respiratory tract 

infections. J Clin Virol. 2011 Oct;52(2):103-6. 

15. Kreuter JD, Barnes A, McCarthy JE, Schwartzman JD, Oberste MS, Rhodes CH, et al. A fatal central 
nervous system enterovirus 68 infection. Arch Pathol Lab Med. 2011 Jun;135(6):793-6. 

16. Imamura T FN, Suzuki A et al. Enterovirus 68 among Children with Severe Acute Respiratory 
Infection, the Philippines. Emerg Infect Dis. 2011 Aug;17(8):1430-6. 

17. Meijer A, van der Sanden S, Snijders BE, Jaramillo-Gutierrez G, Bont L, van der Ent CK, et al. 
Emergence and epidemic occurrence of enterovirus 68 respiratory infections in The Netherlands in 
2010. Virology. 2012 Feb 5;423(1):49-57. 

18. Aliabadi N, Messacar K, Pastula DM, Robinson CC, Leshem E, Sejvar JJ, et al. Enterovirus D68 
Infection in Children with Acute Flaccid Myelitis, Colorado, USA, 2014. Emerg Infect Dis. 2016 
Aug;22(8):1387-94. 

19. Centers for Disease Control and Prevention. Acute Flaccid Myelitis: Interim Considerations for Clinical 

Management 2014 [cited 2016 August 3]. Available from: http://www.cdc.gov/acute-flaccid-
myelitis/downloads/acute-flaccid-myelitis.pdf. 

20. Horner LM, Poulter MD, Brenton JN, Turner RB. Acute Flaccid Paralysis Associated with Novel 
Enterovirus C105. Emerg Infect Dis. 2015 Oct;21(10):1858-60. 

21. World Health Organization Western Pacific Region. A guide to clinical management and public health 
response for hand, foot and mouth disease (HFMD)2011 7 June 2016. Available from: 
http://www.wpro.who.int/publications/docs/GuidancefortheclinicalmanagementofHFMD.pdf. 

http://www.picornaviridae.com/
http://www.cdc.gov/acute-flaccid-myelitis/downloads/acute-flaccid-myelitis.pdf
http://www.cdc.gov/acute-flaccid-myelitis/downloads/acute-flaccid-myelitis.pdf
http://www.wpro.who.int/publications/docs/GuidancefortheclinicalmanagementofHFMD.pdf


 
 
 

RAPID RISK ASSESSMENT Enterovirus detections associated with severe neurological symptoms, 8 Aug 2016 

 

 
 
 

8 

22. de Crom SC, Rossen JW, van Furth AM, Obihara CC. Enterovirus and parechovirus infection in 
children: a brief overview. Eur J Pediatr. 2016 May 7. 

23. Teoh HL, Mohammad SS, Britton PN, Kandula T, Lorentzos MS, Booy R, et al. Clinical Characteristics 
and Functional Motor Outcomes of Enterovirus 71 Neurological Disease in Children. JAMA Neurol. 
2016 Mar 1;73(3):300-7. 

24. Perera D, Podin Y, Akin W, Tan CS, Cardosa MJ. Incorrect identification of recent Asian strains of 
Coxsackievirus A16 as human enterovirus 71: improved primers for the specific detection of human 
enterovirus 71 by RT PCR. BMC Infect Dis. 2004 May 4;4:11. 

25. Wylie TN, Wylie KM, Buller RS, Cannella M, Storch GA. Development and Evaluation of an Enterovirus 
D68 Real-Time Reverse Transcriptase PCR Assay. J Clin Microbiol. 2015 Aug;53(8):2641-7. 

26. Nix WA, Oberste MS, Pallansch MA. Sensitive, seminested PCR amplification of VP1 sequences for 
direct identification of all enterovirus serotypes from original clinical specimens. J Clin Microbiol. 2006 
Aug;44(8):2698-704. 

27. Benschop KS, van der Avoort HG, Duizer E, Koopmans MP. Antivirals against enteroviruses: a critical 
review from a public-health perspective. Antivir Ther. 2015;20(2):121-30. 

28. Sun L, Meijer A, Froeyen M, Zhang L, Thibaut HJ, Baggen J, et al. Antiviral Activity of Broad-
Spectrum and Enterovirus-Specific Inhibitors against Clinical Isolates of Enterovirus D68. Antimicrob 
Agents Chemother. 2015 Dec;59(12):7782-5. 

29. 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 Jun 8;381(9882):2024-32. 

30. Li L, Yin H, An Z, Feng Z. Considerations for developing an immunization strategy with enterovirus 71 
vaccine. Vaccine. 2015 Feb 25;33(9):1107-12. 

31. Chong P, Liu CC, Chow YH, Chou AH, Klein M. Review of enterovirus 71 vaccines. Clin Infect Dis. 
2015 Mar 1;60(5):797-803. 

32. Verboon-Maciolek MA, Krediet TG, van Loon AM, Kaan J, Galama JM, Gerards LJ, et al. 
Epidemiological survey of neonatal non-polio enterovirus infection in the Netherlands. J Med Virol. 
2002 Feb;66(2):241-5. 

33. Byington CL, Taggart EW, Carroll KC, Hillyard DR. A polymerase chain reaction-based epidemiologic 
investigation of the incidence of nonpolio enteroviral infections in febrile and afebrile infants 90 days 
and younger. Pediatrics. 1999 Mar;103(3):E27. 

34. European Centre for Disease Prevention and Control. Outbreak of enterovirus A71 with severe 
neurological symptoms among children in Catalonia, Spain 14 June 2016. Stockholm: ECDC, 2016. 

35. European Centre for Disease Prevention and Control. Enterovirus 68 detections in the USA and 
Canada 2014. Stockholm: ECDC, 2014. 

36. European Centre for Disease Prevention and Control. Rapid Risk Assessment. Enterovirus 68 detected 
in the USA and Canada. First update, 15 October 2014. Stockholm: ECDC, 2014. 

37. European Centre for Disease Prevention and Control. Enterovirus D68 detections in the USA, Canada 
and Europe – Second update 25 November 2014. Stockholm: ECDC, 2014. 

38. 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. 

39. 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 
Aug;21(8):1440-3. 

40. Bible JM, Iturriza-Gomara M, Megson B, Brown D, Pantelidis P, Earl P, et al. Molecular epidemiology 
of human enterovirus 71 in the United Kingdom from 1998 to 2006. J Clin Microbiol. 
2008;46(10):3192-200. 

41. van der Sanden S, Koopmans M, Uslu G, van der Avoort H, Virology DWGfC. Epidemiology of 
enterovirus 71 in the Netherlands, 1963 to 2008. J Clin Microbiol. 2009;47(9):2826-33. 

42. Kapusinszky B, Szomor KN, Farkas Á, Takács M, Berencsi G. Detection of non-polio enteroviruses in 
Hungary 2000–2008 and molecular epidemiology of enterovirus 71, coxsackievirus A16, and 
echovirus 30. Virus Genes. 2010;40(2):163-73. 

43. Badran SA, Midgley S, Andersen P, Böttiger B. Clinical and virological features of enterovirus 71 
infections in Denmark, 2005 to 2008. Scand J Infect Dis. 2011;43(8):642-8. 



 
 
 

RAPID RISK ASSESSMENT Enterovirus detections associated with severe neurological symptoms, 8 Aug 2016 

 

 
 
 

9 

44. Witso E, Palacios G, Cinek O, Stene LC, Grinde B, Janowitz D, et al. High prevalence of human 
enterovirus a infections in natural circulation of human enteroviruses. J Clin Microbiol. 2006 
Nov;44(11):4095-100. 

45. Bottcher S, Obermeier PE, Neubauer K, Diedrich S, Laboratory Network for Enterovirus D. 
Recombinant Enterovirus A71 Subgenogroup C1 Strains, Germany, 2015. Emerg Infect Dis. 2016 Oct 
15;22(10). 

46. 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(9):2263-77. 

47. Schuffenecker I, Mirand A, Antona D, Henquell C, Chomel J-J, Archimbaud C, et al. Epidemiology of 
human enterovirus 71 infections in France, 2000–2009. J Clin Virol. 2011;50(1):50-6. 

48. Vallet S, Legrand-Quillien M-C, Dailland T, Podeur G, Gouriou S, Schuffenecker I, et al. Fatal case of 
enterovirus 71 infection, France, 2007. Emerg Infect Dis. 2009;15(11):1837-40. 

49. Schuffenecker I, Henquell C, Mirand A, Coste-Burel M, Marque-Juillet S, Desbois D, et al. New 
introductions of enterovirus 71 subgenogroup C4 strains, France, 2012. Emerg Infect Dis. 
2014;20(8):1343-6. 

50. Medici MC, Tummolo F, Arcangeletti A, De Conto F, Chezzi C, Dodi I, et al. A cluster of Enterovirus 71 
subgenogroup C2 in a nursery school, Italy, 2014. New Microbiol. 2016 Jul 25;39(3). 

51. Meijer A, Benschop K, Donker G, van der Avoort H. Continued seasonal circulation of enterovirus D68 
in the Netherlands, 2011–2014. Euro Surveill. 2014;19(42). 

52. Poelman R, Scholvinck EH, Borger R, Niesters HGM, van Leer-Buter C. The emergence of enterovirus 
D68 in a Dutch University Medical Center and the necessity for routinely screening for respiratory 
viruses. J Clin Virol. 2014. 

53. Lang M, Mirand A, Savy N, Henquell C, Maridet S, Perignon R, et al. Acute flaccid paralysis following 
enterovirus D68 associated pneumonia, France, 2014. Euro Surveill. 2014;19(44). 

54. Poelman R, Schuffenecker I, Van Leer-Buter C, Josset L, Niesters HG, Lina B, et al. European 
surveillance for enterovirus D68 during the emerging North-American outbreak in 2014. J Clin Virol. 
2015 Oct;71:1-9. 

55. Williams CJ, Thomas RH, Pickersgill TP, Lyons M, Lowe G, Stiff RE, et al. Cluster of atypical adult 
Guillain-Barre syndrome temporally associated with neurological illness due to EV-D68 in children, 
South Wales, United Kingdom, October 2015 to January 2016. Euro Surveill. 2016;21(4). 

56. Niesters HG, Rossen JW, van der Avoort H, Baas D, Benschop K, Claas EC, et al. Laboratory-based 
surveillance in the molecular era: the TYPENED model, a joint data-sharing platform for clinical and 
public health laboratories. Euro Surveill. 2013;18(4):20387. 

57. VilaWeb. Tres nens catalans estan hospitalitzats per enterovirus, un d’ells a l’UCI 2016. Available 
from: http://www.vilaweb.cat/noticies/tres-nens-catalans-estan-hospitalitzats-per-enterovirus-un-
dells-a-luci/. 

58. World Health Organization. Hand, Foot, and Mouth Disease Situation Update Number 493. 26 July 
2016. Surveillance summary in the Western Pacific Region. 2016. 

59. Centers for Disease Control and Prevention. AFM Surveillance: CDC; 2016 [cited 2016 3 August ]. 
Available from: http://www.cdc.gov/acute-flaccid-myelitis/afm-surveillance.html. 

60. Centers for Disease Control and Prevention. Enterovirus D68 2016 [updated 19 July 20163 August 
2016]. Available from: http://www.cdc.gov/non-polio-enterovirus/about/ev-d68.html#outbreak. 

 

http://www.vilaweb.cat/noticies/tres-nens-catalans-estan-hospitalitzats-per-enterovirus-un-dells-a-luci/
http://www.vilaweb.cat/noticies/tres-nens-catalans-estan-hospitalitzats-per-enterovirus-un-dells-a-luci/
http://www.cdc.gov/acute-flaccid-myelitis/afm-surveillance.html
http://www.cdc.gov/non-polio-enterovirus/about/ev-d68.html#outbreak

