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SYNOPSIS
We conducted an observational study from January 2016
through January 2017 of patients admitted to a reference
pediatric hospital in Madrid, Spain, for neurologic symptoms
and enterovirus infection. Among the 30 patients, the most
common signs and symptoms were fever, lethargy, myoclonic jerks, and ataxia. Real-time PCR detected enterovirus in the cerebrospinal fluid of 8 patients, nasopharyngeal
aspirate in 17, and anal swab samples of 5. The enterovirus
was genotyped for 25 of 30 patients; enterovirus A71 was
the most common serotype (21/25) and the only serotype
detected in patients with brainstem encephalitis or encephalomyelitis. Treatment was intravenous immunoglobulins
for 21 patients and corticosteroids for 17. Admission to the
pediatric intensive care unit was required for 14 patients.
All patients survived. At admission, among patients with the
most severe disease, leukocytes were elevated. For children with brainstem encephalitis or encephalomyelitis, clinicians should look for enterovirus and not limit testing to
cerebrospinal fluid.

E

nteroviruses (family Picornaviridae) are RNA viruses;
the >100 recognized enterovirus types are classified
into 4 species, A–D. Enterovirus infections are common
worldwide and occur mostly among children; infections are
usually asymptomatic or mild but can produce severe neurologic disease (1). Enterovirus A71 (EV-A71) has emerged
as an etiologic agent of aseptic meningitis, encephalitis,
encephalomyelitis, acute flaccid paralysis, and other severe systemic disorders, including neurogenic pulmonary
edema, and cardiopulmonary failure (2). The first outbreak
of EV-A71–associated neurologic disease occurred in California in the 1960s (3). Since then, epidemics have been
reported in the Asia-Pacific region (4–7). In Europe, an outbreak was first described in Bulgaria and Hungary in the
1970s (8,9). During 2016, an outbreak of enterovirus with
neurologic involvement was detected in Spain. The first
case described was that of acute flaccid paralysis associated
with enterovirus D68 in Catalonia, followed by another 3
cases in Aragón, Galicia, and Asturias. During April–June
2016 in Catalonia, several cases of brainstem encephalitis
and encephalomyelitis associated with EV-A71 infection
affected >100 children (10–16). Since May 2016, increased
numbers of enterovirus central nervous system (CNS) infections have been observed in Madrid.
In this article, we describe the epidemiology, clinical
data, therapies, and clinical progression of children
hospitalized at Hospital Infantil Universitario Niño Jesús
of Madrid during 2016 because of neurologic signs and
symptoms and confirmed enterovirus infection. We also
describe which variables were associated with severe
disease and worst prognoses.
We enrolled only patients for whom written informed
consent was obtained from the next of kin, caretakers,
or guardians on behalf of the children. The study was
26

approved by the Hospital Infantil Universitario Niño Jesús
of Madrid (Spain) ethics committee. The research was
conducted according to The Code of Ethics of the World
Medical Association (Declaration of Helsinki).
Material and Methods
Study Design

This study was an observational prospective study of
children admitted to the Hospital Infantil Universitario
Niño Jesús of Madrid from January 2016 to January
2017 because of neurologic symptoms with suspicion of
enterovirus infection (meningitis, meningoencephalitis,
encephalomyelitis, brainstem encephalitis, or acute flaccid
paralysis). The hospital is a 230-bed reference medical center
for patients with high-complexity pathologic conditions.
We included children with a clinical diagnosis of
meningitis, encephalitis, brainstem encephalitis, encephalomyelitis with or without autonomic dysfunction, or flaccid
paralysis resulting from spinal cord involvement. We excluded children with neurologic impairment but no enterovirus isolation.
Data Collection and Diagnosis

For each patient, we collected demographic, clinical, biological, microbiological, and radiographic data. Demographic
data were patient sex, age in months, and hospitalization
duration. Clinical data were past medical condition(s); fever duration; respiratory, gastrointestinal, and neurologic
symptoms; and mucocutaneous manifestations. Biological
data were leukocytosis (>15,000 leukocytes/mm3), thrombocytosis (>400,000 thrombocytes/mm3), and C-reactive
protein and procalcitonin levels. Microbiological data were
blood and cerebrospinal fluid (CSF) analysis and bacterial
culture results. For each patient, we tested CSF for enterovirus by real-time PCR and for herpes simplex virus by reverse transcription PCR. If those PCRs were negative, we
collected nasopharyngeal aspirates and anal swab samples
for enterovirus detection by real-time PCR. Enteroviruspositive samples were genotyped at the Enterovirus Unit of
the National Centre for Microbiology (Institute of Public
Health “Carlos III,” Madrid, Spain). Radiologic data were
from imaging studies performed on all children with rhomboencephalitis, acute flaccid paralysis, or neurologic deterioration. Studies included brain and spine magnetic resonance imaging (MRI).
Management and Follow-Up

Patients with meningoencephalitis or rhomboencephalitis and substantial somnolence or incipient bulbar clinical signs received intravenous immunoglobulins (IVIG)
(400 mg/kg 1×/d for 5 d). Patients with signs of bulbar or
medullary involvement or with lesions suggestive of
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rhomboencephalitis seen on MR images received methylprednisolone (30 mg/kg 1×/d for 3–5 d) and fluoxetine
(0.3 mg/kg 1×/d for 14 d). Each patient underwent a
follow-up examination at 1 and 3 months after hospital
admission. To stratify the severity of illness, we used
the World Health Organization (WHO) Guide to Clinical Management and Public Health Response for Hand,
Foot and Mouth Disease (15). The 6 clinical conditions
classified by WHO are aseptic meningitis, encephalitis,
brainstem encephalitis (rhomboencephalitis), encephalomyelitis, autonomic nervous system dysfunction, and cardiopulmonary failure.
Statistical Analyses

We report descriptive statistics in terms of absolute
frequencies and percentages. For data comparisons of
categorical variables, we used Pearson χ2 or Fisher exact
tests when appropriate. We describe continuous nonnormal
distributed variables as median values and interquartile
ranges (IQRs) and compared them by using the MannWhitney U test and Kruskal-Wallis analysis. Statistical
analyses were performed with SPSS version 22.0 software
(https://www.ibm.com/es-es/marketplace/spss-statistics).
We considered p<0.05 as statistically significant.
Results
Epidemiologic Data

During the study period, 42 patients were hospitalized for
suspected enterovirus neurologic disease. For 12 patients,
other causes for their neurologic signs were identified or
enterovirus was not isolated. Of the 30 remaining patients,
median age was 23 months (IQR 16–41 months), 18 were
male, and 26 became ill during May–September (peak
incidence [8 cases] in July) (Table; Figure 1).
Clinical Manifestations

Of the 30 patients included in the study, fever (axillary
temperature >38°C [100.4°F]) was observed for 22, vomiting
for 21, fatigue for 20, headache for 11, catarrhal symptoms
for 6, and diarrhea for 2. Mucocutaneous manifestations were
observed for 6 patients; the main manifestation was petechial
rash on the extremities. The most common neurologic
sign among the 30 patients was lethargy or drowsiness for
24, followed by myoclonic jerks for 4, tremor for 7, and
ataxia for 17. One patient had tetraparesis and another had
paresis isolated to the right arm. Cardiorespiratory failure
(cardiogenic shock and neurogenic pulmonary edema)
developed in 3 patients; 1 experienced cardiac arrest, which
was reversed with advanced cardiopulmonary resuscitation
maneuvers. For those who experienced them, fever and
neurologic signs started a median of 3 days (IQR 1.25–5
days) before hospitalization.

Supplementary Testing

Blood analysis revealed leukocytosis in 10 patients and
thrombocytosis in 9. No patient had significant alterations
in plasma C-reactive protein levels, and only 1 showed
elevated procalcitonin levels (3.6 ng/mL [reference value
0.5 ng/mL]).
All patients underwent lumbar puncture. CSF analyses
showed a median leukocyte count of 112 leukocytes/mm3
(IQR 28–211 leukocytes/mm3) and an average mononuclear
cell percentage of 56% (IQR 19.5%–90.0%). For only 3
patients CSF contained <10 leukocytes/mm3 (reference
count). In the CSF, the median level of protein was 32.5
mg/dL (IQR 26–46 mg/dL) and of glucose 62.5 mg/dL
(IQR 55–67 mg/dL). In no patient was the glucose level
<50 mg/dL.
Real-time PCR detected enterovirus in CSF of 8
of the 30 patients, all of whom had aseptic meningitis.
Patients for whom CSF analysis was negative underwent
nasopharyngeal aspirate or anal swab sample testing for
enterovirus by the same real-time PCR. An enterovirus
was isolated from nasopharyngeal aspirate of 17 of the 30
patients and from anal swab samples of 5. The enterovirus
from 25 of 30 patients was genotyped; most frequently
identified was EV-A71 (21 patients), followed by echovirus
(2 patients), enterovirus B (1 patient), and rhinovirus (1
patient). EV-A71 was the only serotype detected in patients
with brainstem encephalitis or encephalomyelitis and was
isolated from respiratory and fecal samples. Patients from
whom other enteroviruses (echovirus, enterovirus B, or
rhinovirus) were isolated received a diagnosis of meningitis
or encephalitis. No cultures of CSF or blood were positive
for bacteria. In no patient was herpes simplex virus detected
in CSF.
MRI was performed for 26 of the 30 patients; results
were within normal limits for 5. Among the 26 patients,
the radiologic abnormalities identified were leptomeningeal enhancement in 5, alteration of the signal of the white
matter in the rhomboencephalic region (bulb, protuberance, cerebellum, or fourth ventricle) in 16, and cervical
myelopathy in 3 (Figures 2, 3).
Treatment

Of the 30 patients, 21 received IVIG; 17 received
corticosteroids, and 11 of those 17 received corticosteroids
and fluoxetine. No patient with aseptic meningitis or
encephalitis received treatment.
Outcomes and Variables Associated with
More Severe Disease

Median hospital stay was 10 days (IQR 6–14.5 days). Fourteen patients were admitted to the pediatric intensive care
unit (PICU) because of decreased consciousness level (9
patients), paresis (1 patient), or automatic nervous system
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Table. Enterovirus serotype, localization of isolation, WHO clinical classification, and outcomes for 30 patients with enterovirus
infection and neurologic disease, Madrid, 2016*
Patient
Patient no.
age/sex
WHO clinical classification
Enterovirus source
Enterovirus serotype
Patient outcome
1
2 mo/M
Aseptic meningitis
CSF
Genotyped negative
Recovered
2
16 d/F
Aseptic meningitis
CSF
ND
Recovered
3
3 mo/F
Encephalitis
Nasopharyngeal aspirate
A71
Recovered
4
10 mo/F
Encephalitis
Nasopharyngeal aspirate
A71
Recovered
5
12 mo/M
Brainstem encephalitis
Nasopharyngeal aspirate
A71
Unknown
6
17 mo/F
Brainstem encephalitis
Nasopharyngeal aspirate
Genotyped negative
Unknown
7
21 mo/F
Brainstem encephalitis
Nasopharyngeal aspirate
A71
Cerebellar
dysfunction
8
22 mo/F
Encephalitis
Nasopharyngeal aspirate
Rhinovirus
Recovered
9
19 mo/M
Encephalitis
Nasopharyngeal aspirate
A71
Unknown
10
18 mo/M
Encephalitis
Anal swab sample
A71
Cerebellar
dysfunction
11
2 y/M
Brainstem encephalitis
Nasopharyngeal aspirate
A71
Recovered
12
2 y/M
Cardiopulmonary failure
Nasopharyngeal aspirate
A71
Acquired brain
damage
13
23 mo/F
Cardiopulmonary failure
Anal swab sample
A71
Cerebellar
dysfunction
14
2 y/M
Encephalitis
Nasopharyngeal aspirate
B
Recovered
15
3 y/M
Brainstem encephalitis
Nasopharyngeal aspirate
A71
Recovered
16
3 y/F
Brainstem encephalitis
Anal swab sample
A71
Recovered
17
3 y/F
Cardiopulmonary failure
Nasopharyngeal aspirate
A71
Paresis of the right
upper limb
18
4 y/F
Brainstem encephalitis
Nasopharyngeal aspirate
A71
Cerebellar
dysfunction
19
4 y/M
Aseptic meningitis
CSF
ND
Recovered
20
4 y/M
Brainstem encephalitis
Nasopharyngeal aspirate
A71
Cerebellar
dysfunction
21
4 y/M
Aseptic meningitis
CSF
Echovirus
Recovered
22
6 y/M
Aseptic meningitis
CSF
ND
Recovered
23
6 y/F
Aseptic meningitis
CSF
Echovirus
Recovered
24
7 y/M
Brainstem encephalitis
Nasopharyngeal aspirate
A71
Cerebellar
dysfunction
25
1 mo/M
Encephalitis
CSF
A71
Recovered
26
4 y/M
Encephalitis
Nasopharyngeal aspirate
A71
Recovered
27
5 y/M
ANS dysfunction
Nasopharyngeal aspirate
A71
Cerebellar
dysfunction
28
2 y/F
Encephalitis
Nasopharyngeal aspirate
A71
Recovered
29
2 y/M
Brainstem encephalitis
Anal swab sample
A71
Recovered
30
20 mo/M
Brainstem encephalitis
Anal swab sample
A71
Peripheral facial
paralysis
*ANS, autonomic nervous system; CSF, cerebrospinal fluid; ND, not done; WHO, World Health Organization.

dysregulation (4 patients, among whom 3 exhibited cardiorespiratory failure and required mechanical ventilation and
treatment with an inotrope such as milrinone). The median
PICU stay was 9.5 days (IQR 1.5–47 days). None of these
patients died.
At the time of hospital discharge, 20 children
experienced no sequelae, 7 had cerebellar dysfunction that
consisted of slightly wide foot placement while walking
or slight instability while sitting, 1 had paresis of the right
upper limb, and 1 had peripheral facial paralysis. Another
patient had acquired brain damage. Follow-up examination
at 3 months after hospital admission detected only slight
cerebellar alteration in 2 patients and a mild motor deficit
with difficulty extending the right upper limb in 1 patient.
Of the patients with autonomic nervous system dysregulation and cardiorespiratory failure, 1 had acquired
brain damage requiring a tracheostomy and a nasogastric
28

tube for feeding. At the time of the most recent follow-up
examination (June 30, 2018), the patient no longer required
mechanical ventilation or the nasogastric tube for feeding.
In terms of clinical and analytical criteria, only the
number of leukocytes in the blood at the time of admission
was significantly higher in patients with the most severe
disease (according to WHO classification) (p = 0.00). Of
the 30 patients, all 3 with cardiopulmonary failure exhibited
bulbar inflammatory lesions on MR images, but this finding
was also found in 13 patients without autonomic nervous
system dysfunction.
Discussion
The outbreak we report occurred in spring and summer,
the typical prevalence pattern of enterovirus in Spain
(17). The first outbreak of CNS disease associated with
EV-A71 in Spain occurred in March 2016, when the
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Figure 1. Monthly distribution
of patients admitted to Hospital
Infantil Universitario Niño Jesús,
Madrid, Spain, for CNS infections
in 2016. CNS, central nervous
system; EV, enterovirus.

number of children with neurologic syndromes caused
by enterovirus infection in Catalonia increased (13,15).
In the rest of Spain, some sporadic cases occurred, but no
reports were published. In our case series of concurrent
neurologic disease and enterovirus infection, the main
cause was EV-A71. In the Catalonia outbreak and in the
cases reported here, infection with enterovirus D68, a serotype that may cause an acute flaccid polio-like paralysis
in children with previous respiratory infections, was ruled
out. Since 2012, the incidence of fever and hand, foot, and
mouth disease (HFMD) caused by EV-A71 was increasing in Spain, but until 2016 this virus had not produced
severe neurologic disease (16).
The clinical characteristics of the patients in our study
were similar to those of patients described in other case
series: young children (<5 years of age) with fever and
respiratory or gastrointestinal symptoms, followed 3–5
days later by neurologic signs. The rate of mucocutaneous manifestations in patients in our study was low. The
neurologic signs were drowsiness, ataxia, and positive
meningeal signs, concordant with signs described in the

literature (12,13,18,19). Myoclonic jerks were rare among
patients in our study compared with patients in other case
series (20,21).
Detection of EV-A71 from sterile sites is specific but
usually insensitive. Virus is detected in 0%–5% of CSF
samples from patients with neurologic disease. Real-time
PCR for enterovirus in CSF was negative for 83.3% of patients in our study, and most diagnoses were made from nasopharyngeal aspirates or anal swab samples, as described
elsewhere (1,2,10–15,18,19,22). This finding may be because the neurologic involvement is caused by an immunemediated response (22,23) or because of earlier enterovirus
elimination from CSF (19). Consequently, diagnostic assessments should include specimens from multiple sites.
Disease was less severe for patients with positive PCR results for enterovirus in CSF.
Of the radiologic studies, the most specific was the
MRI, which showed tegmental-protuberancial involvement (characteristic high-signal intensities on T2-weighted images). A restricted diffusion pattern was observed in
images of patients with severe disease (the 3 patients with
Figure 2. Magnetic resonance
images of the brain of a
2-year-old boy with enterovirus
meningoencephalitis. A–C) Brain
at time of diagnosis. FLAIR
sequences show hyperintense
lesions around ventricle IV (A),
posterior region of the pons
(B), and posterior region of the
mesencephalon (C). D–F) Control
images of cerebrum 6 months
after diagnosis. FLAIR sequences
show slight hyperintensity of
signal around ventricle IV, lower
than in the initial study (D), and
complete resolution of lesions in
the posterior region of the pons
(E) and mesencephalon (F).
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Figure 3. Magnetic resonance
images of brain of a 3-year-old girl
with enterovirus encephalomyelitis
(paresis of the right upper limb).
A) Image of the cervical spine:
sagittal T2 sequence; B) short tau
inversion recovery (STIR) coronal
sequence; C) T2 axial sequence.
Hyperintense filiform lesions in the
anterolateral regions of the spinal
cord (C3–C5), predominantly right,
are suggestive of myelitis.

cardiopulmonary failure). In this study, lesions detected
on MR images coincided with those described in the literature (12,19,24,25); we found a high number of patients
who had nonsevere symptoms and MR images indicating
bulbar involvement.
There is no proven effective therapy for EV-A71 infections. Antiviral drugs, corticosteroids, and IGIV have
been used. The treatment given to patients in this series
was chosen because it had been effective in other patients
with enterovirus infection and CNS disease (1,2,11–
15,18–22,26–30) and because it is a common treatment
for viral and inflammatory myelitis (31). During the first
outbreaks in Asia, IGIV was already in use, and a retrospective comparison suggests that this treatment was beneficial (32,33). However, the use of corticosteroids has
been questioned after publication of a comparative study
(34). In our experience, all patients with severe disease
received corticosteroids, even though WHO does not recommend them for patients with HFMD of any severity.
Fluoxetine inhibits replication of enterovirus B and D
but not of enterovirus A or C or of rhinovirus (35–37). At
the time of admission, some of our patients received fluoxetine because we did not know the type of enterovirus; after
the serotype was known to be A71, use of fluoxetine was
not indicated.
Several antiviral drugs are available. Pleconaril is an
antiviral drug that inhibits the entry of enteroviruses into
cells, but it is not active against enterovirus serotypes A71
or D68 (28). Other antiviral drugs, such as pocapavir and
vapendavir, have not been shown to be effective (38).
Concern about enterovirus outbreaks and the lack of
effective treatment is growing. Many EV-A71 vaccines
have been studied (39–45). In China, 2 inactivated EV-A71
vaccines have been approved for the prevention of severe
HFMD (46). Efficacy, immunogenicity, and safety were
reported, concluding that vaccine efficacy was 94.84%
(CI 83.53%–98.38%) and, in the second year, 100% (CI
84.15%–100%) against HFMD related to EV-A71 (47). No
serious adverse events related to the vaccine have been described (47). As a result of these data, the potential severity
of disease, and the lack of etiologic treatment, this vaccination could be the most useful preventive strategy.
30

The severity of the neurologic involvement and the lethality of the different outbreaks described for enterovirus
vary (1,2,10–15,18–22). In our case series, prognoses were
favorable, and no patients died. However, 1 in 2 patients
was admitted to the PICU. Three patients with autonomic
nervous system dysfunction and cardiopulmonary failure
required mechanical ventilation and inotropes. One required tracheostomy and feeding by nasogastric tube, and
another experienced paresis of the right upper limb. We
found statistically significant leukocytosis only in the most
severely affected children, as has been described (1,2,19).
Our study has several limitations because it is an observational single-center study. The treatment used was
empirically prescribed, thus limiting conclusions about effectiveness. The rate of sequelae was low, but long-term
follow-up was not conducted. A multicenter study would
be desirable.
In conclusion, the serotype most frequently isolated
from the patients in our series was EV-A71. PCRs from
respiratory and gastrointestinal tract samples had higher
diagnostic value than PCRs of CSF. Treatment with IVIGs
and corticosteroids was administered according to disease
severity. Higher leukocyte counts were associated with
more severe disease. There were no deaths and only 2
patients experienced significant sequelae, but almost half of
the patients required admission to the PICU. For children
with brainstem encephalitis or encephalomyelitis, infection
with EV-A71 should be suspected. Diagnostic testing
should include nasopharyngeal and anal swab samples as
well as CNS fluid.
About the Author
Dr. Niño Taravilla is a pediatrician who works in the PICU at the
Hospital Infantil Universitario Niño Jesús, Madrid, Spain. Her
research interest is CNS infections.
References
1.
2.

Lugo D, Krogstad P. Enteroviruses in the early 21st century: new
manifestations and challenges. Curr Opin Pediatr. 2016;28:107–13.
http://dx.doi.org/10.1097/MOP.0000000000000303
Ooi MH, Wong SC, Lewthwaite P, Cardosa MJ, Solomon T.
Clinical features, diagnosis, and management of enterovirus 71.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 1, January 2019

Enterovirus A71 Infection and Neurologic Disease

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.
13.

14.
15.

16.

17.

Lancet Neurol. 2010;9:1097–105. http://dx.doi.org/10.1016/
S1474-4422(10)70209-X
Schmidt NJ, Lennette EH, Ho HH. An apparently new enterovirus
isolated from patients with disease of the central nervous
system. J Infect Dis. 1974;129:304–9. http://dx.doi.org/10.1093/
infdis/129.3.304
Ho M, Chen ER, Hsu KH, Twu SJ, Chen KT, Tsai SF, et al.;
Taiwan Enterovirus Epidemic Working Group. An epidemic of
enterovirus 71 infection in Taiwan. N Engl J Med. 1999;341:
929–35. http://dx.doi.org/10.1056/NEJM199909233411301
Komatsu H, Shimizu Y, Takeuchi Y, Ishiko H, Takada H. Outbreak
of severe neurologic involvement associated with enterovirus
71 infection. Pediatr Neurol. 1999;20:17–23. http://dx.doi.org/
10.1016/S0887-8994(98)00087-3
Ooi MH, Wong SC, Podin Y, Akin W, del Sel S, Mohan A, et al.
Human enterovirus 71 disease in Sarawak, Malaysia: a prospective
clinical, virological, and molecular epidemiological study. Clin
Infect Dis. 2007;44:646–56. http://dx.doi.org/10.1086/511073
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;9:78–85. http://dx.doi.org/
10.3201/eid1301.020112
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;60:329–40. http://dx.doi.org/10.1007/BF01317504
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;71:217–27. http://dx.doi.org/10.1007/
BF01314873
Launes C, Casas-Alba D, Fortuny C, Valero-Rello A, Cabrerizo M,
Muñoz-Almagro C. Utility of FilmArray meningitis/encephalitis
panel during an outbreak of enterovirus brainstem encephalitis in
Catalonia in 2016. J Clin Microbiol. 2016;55:336–8.
http://dx.doi.org/10.1128/JCM.01931-16
European Centre for Disease Prevention and Control. Rapid
risk assessment: enterovirus detections associated with severe
neurological symptoms in children and adults in European countries,
8 August 2016 [cited 2017 Aug 5]. https://ecdc.europa.eu/en/
publications-data/rapid-risk-assessment-enterovirus-detectionsassociated-severe-neurological
Felipe-Rucián A, Macaya-Ruiz A. Outbreak of acute neurological
disease associated to enterovirus in Catalonia: neuropaediatric
aspects [in Spanish]. Rev Neurol. 2016;63:3–4.
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;23:874–81.
https://dx.doi.org/10.1016/j.cmi.2017.03.016
Otero-Romero S, Campins-Marti M. Outbreak of acute
neurological disease associated to enterovirus in Catalonia:
epidemiological aspects [in Spanish]. Rev Neurol. 2016;63:1–2.
Cardosa J, Farrar J, Yeng C. A guide to clinical management and
public health response for hand, foot and mouth disease (HFMD)
[cited 2017 Aug 5]. http://www.wpro.who.int/publications/docs/
GuidancefortheclinicalmanagementofHFMD.pdf
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:O150–6. http://dx.doi.org/10.1111/
1469-0691.12361
Rodà D, Pérez-Martínez E, Cabrerizo M, Trallero G,
Martínez-Planas A, Luaces C, et al. Clinical characteristics

18.

19.

20.

21.

22.
23.
24.
25.

26.

27.

28.
29.

30.
31.

32.

and molecular epidemiology of enterovirus infection in infants
<3 months in a referral paediatric hospital of Barcelona.
Eur J Pediatr. 2015;174:1549–53. http://dx.doi.org/10.1007/
s00431-015-2571-z
Rudolph H, Schroten H, Tenenbaum T. Enterovirus infection
of the central nervous system in children: an update. Pediatr
Infect Dis J. 2016;35:567–9. http://dx.doi.org/10.1097/
INF.0000000000001090
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;73:300–7. http://dx.doi.org/10.1001/
jamaneurol.2015.4388
Hu Y, Jiang L, Peng HL. Clinical analysis of 134 children with
nervous system damage caused by enterovirus 71 infection.
Pediatr Infect Dis J. 2015;34:718–23. http://dx.doi.org/10.1097/
INF.0000000000000711
Zhang Q, MacDonald NE, Smith JC, Cai K, Yu H, Li H,
et al. Severe enterovirus type 71 nervous system infections in
children in the Shanghai region of China: clinical manifestations
and implications for prevention and care. Pediatr Infect
Dis J. 2014;33:482–7. http://dx.doi.org/10.1097/
INF.0000000000000194
Huang PN, Shih SR. Update on enterovirus 71 infection.
Curr Opin Virol. 2014;5:98–104. http://dx.doi.or g/10.1016/
j.coviro.2014.03.007
Lin JY, Shih SR. Cell and tissue tropism of enterovirus 71
and other enteroviruses infections. J Biomed Sci. 2014;21:18.
http://dx.doi.org/10.1186/1423-0127-21-18
Shen WC, Chiu HH, Chow KC, Tsai CH. MR imaging findings
of enteroviral encephalomyelitis: an outbreak in Taiwan.
AJNR Am J Neuroradiol. 1999;20:1889–95.
Chen CY, Chang YC, Huang CC, Lui CC, Lee KW, Huang SC.
Acute flaccid paralysis in infants and young children with
enterovirus 71 infection: MR imaging findings and clinical
correlates. AJNR Am J Neuroradiol. 2001;22:200–5.
Pérez-Vélez CM, Anderson MS, Robinson CC, McFarland EJ,
Nix WA, Pallansch MA, et al. Outbreak of neurologic enterovirus
type 71 disease: a diagnostic challenge. Clin Infect Dis.
2007;45:950–7. http://dx.doi.org/10.1086/521895
Prager P, Nolan M, Andrews IP, Williams GD. Neurogenic
pulmonary edema in enterovirus 71 encephalitis is not
uniformly fatal but causes severe morbidity in survivors.
Pediatr Crit Care Med. 2003;4:377–81. http://dx.doi.org/10.1097/
01.PCC.0000074274.58997.FE
Wang SM, Lei HY, Liu C. Cytokine immunopathogenesis of
enterovirus 71 brain stem encephalitis. Clin Dev Immunol.
2012;2012:876241.https://dx.doi.org/10.1155/2012/876241
Wang SM, Lei HY, Huang MC, Su LY, Lin HC, Yu CK,
et al. Modulation of cytokine production by intravenous
immunoglobulin in patients with enterovirus 71-associated
brainstem encephalitis. J Clin Virol. 2006;37:47–52.
http://dx.doi.org/10.1016/j.jcv.2006.05.009
Tan CW, Lai JK, Sam IC, Chan YF. Recent developments in
antiviral agents against enterovirus 71 infection. J Biomed Sci.
2014;21:14. http://dx.doi.org/10.1186/1423-0127-21-14
Defresne P, Meyer L, Tardieu M, Scalais E, Nuttin C,
De Bont B, et al. Efficacy of high dose steroid therapy in children
with severe acute transverse myelitis. J Neurol Neurosurg
Psychiatry. 2001;71:272–4. http://dx.doi.org/10.1136/
jnnp.71.2.272
Ooi MH, Wong SC, Mohan A, Podin Y, Perera D, Clear D, et al.
Identification and validation of clinical predictors for the risk of
neurological involvement in children with hand, foot, and mouth
disease in Sarawak. BMC Infect Dis. 2009;9:3. http://dx.doi.org/
10.1186/1471-2334-9-3

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 1, January 2019

31

SYNOPSIS
33.

34.
35.
36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

46.
47.

Chang LY, Hsia SH, Wu CT, Huang YC, Lin KL, Fang TY, et al.
Outcome of enterovirus 71 infections with or without stagebased management: 1998 to 2002. Pediatr Infect Dis J. 2004;
23:327–32. http://dx.doi.org/10.1097/00006454-200404000-00010
Zhang G, Wang J, Yao G, Shi B. Efficacy of high-dose
methylprednisolone pulse therapy in the treatment of enterovirus
71 encephalitis. Pak J Pharm Sci. 2016;29(Suppl):1421–7.
Holm-Hansen CC, Midgley SE, Fischer TK. Global emergence
of enterovirus D68: a systematic review. Lancet Infect Dis.
2016;16:e64–75. http://dx.doi.org/10.1016/S1473-3099(15)00543-5
Tyler KL. Rationale for the evaluation of fluoxetine in the
treatment of enterovirus D68-associated acute flaccid myelitis.
JAMA Neurol. 2015;72:493–4. http://dx.doi.org/10.1001/
jamaneurol. 2014.4625
Ulferts R, van der Linden L, Thibaut HJ, Lanke KH, Leyssen P,
Coutard B, et al. Selective serotonin reuptake inhibitor fluoxetine
inhibits replication of human enteroviruses B and D by targeting
viral protein 2C. Antimicrob Agents Chemother. 2013;57:1952–6.
http://dx.doi.org/10.1128/AAC.02084-12
Chen TC, Weng KF, Chang SC, Lin JY, Huang PN, Shih SR.
Development of antiviral agents for enteroviruses. J Antimicrob
Chemother. 2008;62:1169–73. http://dx.doi.org/10.1093/jac/dkn424
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;381:2024–32. http://dx.doi.org/10.1016/
S0140-6736(13)61049-1
Zhu F, Xu W, Xia J, Liang Z, Liu Y, Zhang X, et al. Efficacy,
safety, and immunogenicity of an enterovirus 71 vaccine in China.
N Engl J Med. 2014;370:818–28. http://dx.doi.org/10.1056/
NEJMoa1304923
Li R, Liu L, Mo Z, Wang X, Xia J, Liang Z, et al. An
inactivated enterovirus 71 vaccine in healthy children.
N Engl J Med. 2014;370:829–37. http://dx.doi.org/10.1056/
NEJMoa1303224
Chung YC, Ho MS, Wu JC, Chen WJ, Huang JH, Chou ST,
et al. Immunization with virus-like particles of enterovirus 71
elicits potent immune responses and protects mice against lethal
challenge. Vaccine. 2008;26:1855–62. http://dx.doi.org/10.1016/
j.vaccine.2008.01.058
Tung WS, Bakar SA, Sekawi Z, Rosli R. DNA vaccine
constructs against enterovirus 71 elicit immune response in
mice. Genet Vaccines Ther. 2007;5:6. http://dx.doi.org/
10.1186/1479-0556-5-6
Foo DG, Alonso S, Phoon MC, Ramachandran NP, Chow VT,
Poh CL. Identification of neutralizing linear epitopes from
the VP1 capsid protein of enterovirus 71 using synthetic peptides.
Virus Res. 2007;125:61–8. http://dx.doi.org/10.1016/
j.virusres.2006.12.005
Xu J, Qian Y, Wang S, Serrano JM, Li W, Huang Z, et al. EV71:
an emerging infectious disease vaccine target in the Far East?
Vaccine. 2010;28:3516–21. http://dx.doi.org/10.1016/
j.vaccine.2010.03.003
Reed Z, Cardosa MJ. Status of research and development of
vaccines for enterovirus 71. Vaccine. 2016;34:2967–70.
http://dx.doi.org/10.1016/j.vaccine.2016.02.077
Wei M, Meng F, Wang S, Li J, Zhang Y, Mao Q, et al. 2-Year
efficacy, immunogenicity, and safety of Vigoo enterovirus 71
vaccine in healthy Chinese children: a randomized open-label
study. J Infect Dis. 2017;215:56–63. http://dx.doi.org/10.1093/
infdis/jiw502

EID Podcast:

Deaths Attributable
to CarbapenemResistant
Enterobacteriaceae
Infections

Carbapenem-resistant strains have emerged
among species belonging to
the Enterobacteriaceae family. Several
outbreaks caused by carbapenem-resistant
Enterobacteriaceae (CRE) have been recorded in healthcare facilities around the world,
and in some places, CRE have
become endemic. Serious concurrent
conditions and prior use of fluoroquinolones,
carbapenems, or broad-spectrum
cephalosporins have been independently
associated with acquisition of
infections caused by CRE.

Visit our website
to listen:

http://www2c.cdc.gov/podcasts/
player.asp?f=8633574

Address for correspondence: Carmen Niño Taravilla, Hospital Infantil
Universitario Niño Jesús, Pediatric Intensive Care, Avenida Menéndez
Pelayo 65, 28009 Madrid, Spain; email: carmen.nino@hotmail.com
32

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 1, January 2019

