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Neuro–Magnetic Resonance Imaging in Hand, Foot, and
Mouth Disease: Finding in 412 Patients

and Prognostic Features

Zhou-yang Lian, MD,*† He-hong Li, PhD,‡ Bin Zhang, MD,*† Yu-hao Dong, MD,† Wu-xu Deng, MD,§

Jing Liu,MD,†Xiao-ning Luo,MD,†BiaoHuang, PhD,* Chang-hong Liang, PhD,* and Shui-xing Zhang, PhD*†
Purpose: The aims of this study were to describe the neuroimaging find-
ings in hand, foot, and mouth disease and determine those who may
provide prognosis.
Material and Methods: Magnetic resonance imaging scans in 412
severe hand, foot, and mouth disease between 2009 and 2014 were ret-
rospectively evaluated. The patients who had the neurological signs
were followed for 6 months to 1 year. According to the good or poor
prognosis, 2 groups were categorized. The incidence of lesions in differ-
ent sites between the 2 groups was compared, and multivariate analysis
was used to look for risk factors.
Results: The major sites of involvement for all patients with percentages
were the medulla oblongata (16.1%), spinal anterior nerve roots (12.4%),
thoracic segments (11.1%), brain or spinal meninges (8.3%), and so on.
There were 347 patients (84.2%) with good prognosis and 65 (15.8%) with
poor prognosis in the follow-up. Therewas a significantly higher rate of le-
sions involving the cerebral white substance, thalamus, medulla oblongata,
pons, midbrain, and spinal cord in the groupwith poor prognosis.Multivar-
iate analysis showed 2 independent risk factors associated with poor prog-
nosis: lesions located in the medulla oblongata (P < 0.015) and spinal cord
(P < 0.001) on magnetic resonance imaging; the latter was the most signif-
icant prognostic factor (odds ratio, 29.11; P < 0.001).
Conclusions: We found that the distribution patterns for all patients
mainly involved the medulla oblongata, spinal anterior nerve roots, tho-
racic segments, and brain or spinal meninges. Our findings suggested that
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patients with lesions located in the medulla oblongata and spinal cord may
be closely monitored for early intervention and meticulous management.
For childrenwith the symptom of nervous system, they are strongly recom-
mended for magnetic resonance examination.
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H and, foot, and mouth disease (HFMD) is a common disease
that mainly occurs in children, caused by many kinds of vi-

ruses, including echovirus, enterovirus 71 (EV71), coxsackievirus
A (CAV), and so on. As the most frequent etiologic agents, EV71
and CAV16 have caused several outbreaks inMainland China and
Hongkong,1–4 and the number of HFMD cases has been increas-
ing rapidly year by year. The cumulative total of reported cases
in China reached nearly 1.9 million in 2013 and 2.7 million in
2014, with an era of unprecedented large-scale outbreaks in the
Asia Pacific area.5,6

Most of the HFMD is characterized by flulike symptoms
such as rash on the hands, feet, and buttocks; mouth ulcers; or
vomiting and diarrhea. However, there are still some most severe
cases of HFMD, and most of these cases are caused by EV71
infections—as a highly neurotropic virus, it can result in central
nervous system (CNS) complications, including aseptic menin-
gitis, encephalitis, acute flaccid paralysis, and Guillain-Barré
syndrome.7–10 So magnetic resonance imaging (MRI) acquisition
is important for patients with EV71 infection to reveal the location
of lesions and select the potential severe cases with poor progno-
sis, which is needed to provide support for early medical interven-
tion. Previous studies, largely fromChina, have been performed to
identify risk factors associated with severe HFMD11–18 by base-
line clinical and experimental results, but there is lack of MRI ac-
quisition and follow-ups.

In this study, we aim to review MRI characteristics of the se-
vere HFMD using a multivariate approach to compare the progno-
sis of different lesion sites and identify whether lesion location may
aid in predicting prognosis based on a large cohort with follow-up.
MATERIALS AND METHODS

Study Subjects
The patients are from 2 units: Guangzhou Women and Chil-

dren's Medical Center and Guangdong General Hospital. Because
of the retrospective nature of the study, informed consent was
r 2017 www.jcat.org 861
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waived. This studywas approved by the regional ethics committee
of the 2 hospitals.

Between January 2009 and December 2014, 1172 patients
with virus culture–confirmed HFMDwere enrolled. Four hundred
twenty were given a diagnosis of severe HFMD, of which 3 who
did not underwent MR scan and then 5 who had neurological
signs at discharge and thus were lost to follow-up were excluded.
Finally, a total of 412 patients were included in the study. Hand,
foot, and mouth disease was confirmed by sequence analysis per-
formed on stool, rectal swab, throat swab, or cerebrospinal fluid
specimens. The severe case is determined on the basis of the
Chinese guideline for HFMD diagnosis and treatment (Chinese
Ministry of Public Health, revised in 2010).19 A severe case was
defined as having two of the following clinical manifestations:
(1) continuous high fever for more than 3 days; (2) symptoms
of nervous system, such as weakness, vomiting, irritability, and
so on; (3) abnormal white blood cell count; (4) high blood glu-
cose level; and (5) poor blood circulation of the limbs.
Data Collection
The patient records were retrospectively examined for pri-

mary set of data, and datawere composed of demographic charac-
teristics (age and sex), clinical symptoms,MRI result, outcomes at
discharge and during the period of neurologic follow-up, admis-
sion and discharge dates, and length of hospital stay.
MR Scan
Most MR scans were performed using a 1.5-T MRI

(GyroscanAchieva 1.5 T; Philips Healthcare, Best, the Netherlands)
equipped with an 8-channel head coil. The scanning parameters
were set as follows: T1WI (repetition time/echo time [TR/TE],
593/15 milliseconds), T2WI (TR/TE, 3720/100 milliseconds),
fluid-attenuated inversion recovery (FLAIR) images (TR/TE,
11000/140 milliseconds; range of inversion times, 2400 milliseconds),
and enhanced T1WI (TR/TE, 488/15 milliseconds). The remaining
MR examinationswere performed using a 1.5-TMRI (Signa Excite
HD; GEHealthcare, Milwaukee,Wis) equipped with an 8-channel
head coil. The scanning parameters were set as follows: T1WI
(TR/TE, 400/11milliseconds), T2WI (TR/TE, 4300/100milliseconds),
FLAIR images (TR/TE, 8400/120 milliseconds; range of inver-
sion times, 2100 milliseconds), and enhanced T1WI (TR/TE,
500/20 milliseconds). All images for all sequences were 5-mm thick
with an interslice gap of 1.0mm. Thematrix sizewas 256� 256, and
the field of view was 18 cm. The contrast agent for enhanced scan
was gadopentetate dimeglumine (Bayer, Germany), injected at a
dose of 0.1 mmol/kg. Uncooperative children were given chloral
hydrate enema (0.5 mL/kg) sedative before the examination.
Imaging Analysis
AllMRI examinations were reviewed by 2 neuroradiologists,

in consensus, with full knowledge of the patients' clinical findings
and history. The sites of lesions were assessed systematically on
each MRI examination at the following locations: brain or spi-
nal meninges, cerebral cortex and subcortex white substance,
basal ganglia, callosum, thalamus and cerebellum, midbrain,
pons, medulla oblongata, spinal cord (cervical, thoracic, and
lumbar segments), and spinal nerve roots. At each site of lesions,
the presence of signals on T1WI, T2WI, FLAIR, and enhanced
T1WI was recorded. A positive lesion is defined as hypointense
signal on T1WI, hyperintense signal on T2WI and FLAIR, or
an enhancement on enhanced T1WI.
862 www.jcat.org
Definitions
Poor prognosis was defined as patients who died or had neu-

rological sequelae in the duration of hospital stay and the neu-
rological sequelae did not disappear during 3 to 12 months of
follow-up. Neurological sequelae were defined as handicaps
or disabilities when performing daily activities or mental re-
gression. Muscle strength was measured by Lovett method,
ranging from grades 0 to V, with decreased muscle strength
defined as grades 0 to IV. To record neurological sequelae,
all subjects were physically and neurologically examined by
pediatric neurologists.

Statistical Analysis
The 2 groups were categorized according to the good or poor

prognosis. Student t test was used to analyze continuous variables
of the 2 groups based on results from the normality test and homo-
geneity test of variance. We used the χ2 test to analyze dichoto-
mous variables. After a univariate analysis had been performed
for all possible factors, a multiple logistic regression analysis was
conducted to examine the adjusted odds ratios (ORs) for those sig-
nificant factors in the univariate analysis. All statistical analyses
were performed using SPSS version 19.0 software. P < 0.05 was
considered to be statistically significant.

RESULTS

Clinical Characteristics
Of those 412 cases who were investigated, 289 were men,

and 123 were women, with the ratio of 2.35; mean age was
22.7 ± 12.4 months (range, 1 month to 12 years). There are
11 outpatient cases and 401 hospitalized cases. The length of
stay ranged from 3 to 30 days, and 56 cases were admitted into
the pediatric intensive care unit. Three hundred sixteen cases
(76.7%) were confirmed to be infected by the EV71 virus, 72
were positive for CAV 16, and the remaining 24 were positive
for other echovirus.

MRI Characteristics
All 412 patients had underwent the brain MRI, 124 patients

had underwent the spine MRI at the same time, and 52 cases
had reexamination of MRI. One hundred seventy-four cases
(42.2%) showed positive lesions located in different sites on
MRI (Fig. 1).

Ninety-three cases (22.6%) presented with abnormal signal
intensities in the brain stem (Figs. 2, 3). Of the 93 cases, 86
(94.5%) were located in the dorsal brain stem, 78 only involved
1 site of the brain stem, and 13 involved 2 sites or more. Sixty-
six involved the medulla oblongata (Fig. 2), 29 involved the pons,
and 18 involved the midbrain (Fig. 3). Sixty cases (11.3%) had ab-
normal signals on the spinal cord (Fig. 4); 58 cases (96.7%) af-
fected the anterior horn regions, and 2 affected the whole spinal
cord. Twenty-two of 60 both involved the brain stem and spinal
cord. Fifty-one cases showed spinal anterior nerve roots enhance-
ment (Fig. 5); 28 of 51 cases both involved spinal cord abnormal
signal intensity and corresponding spinal anterior nerve roots en-
hancement. Of those 60 cases, 45 only involved 1 site of the spinal
cord, and 15 involved 2 sites or more. Forty-two involved thoracic
segments, with most cases in the inferior thoracic segments; 23
involved cervical segments; and 15 involved lumbar segments.
Thirty-four manifested brain or spinal meninges enhancement.
There are 21 cases who had abnormal signal intensity in the cere-
brum and cerebellum, including 6 that involved the cerebral cor-
tex, 11 that involved the cerebral white substance (Fig. 6), 5 that
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. Cases involving different sites on MRI.
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involved the cerebellum, 2 that involved the basal ganglia, 2 that
involved the callosum, and 2 that involved the thalamus. Of the
21 cases, 16 only involved 1 site, and 5 involved 2 sites or more.
Clinical Outcomes
The patients who had the neurological signs at discharge

should be followed for 6 months to 1 year. There were 347
patients (84.2%) with good prognosis and 65 (15.8%) with poor
prognosis in the follow-up. Of those 65 cases, there were 7
FIGURE 2. A 23-month-old girl having EV71 with poor prognosis. A, T1
portion of medulla oblongata (arrows). B, T2WI demonstrates high sign
showed slight enhancement on contrast-enhanced T1WI (D).

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
(10.8%) who died of cardiopulmonary failure, 37 (56.9%) with
decreased muscle strength, 7 with convulsion, 5 with pavor in
the sleep, 3 with facial nerve paralysis, 2 with left eye movement
disorder, 1 with salivate, 1 with nystagmus, 1 with difficulty swal-
lowing, and 1 with ataxia.
Risk Factors for Poor Prognosis
Four hundred twelve patients were divided into 2 groups

based on good or poor prognosis. Compared with the group with
WI shows remarkable bilateral hypointense signal on the posterior
al intensity (arrows). The lesions were obscure on FLAIR (C) and
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FIGURE 3. A 26-month-old boy having EV71 with good prognosis. Initial FLAIR (A) reveals symmetrical hyperintense signal on the midbrain
(arrows); after 6-month follow-up, the lesions had disappeared (B).
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good prognosis (Table 1), there was a significantly higher rate of
lesions involving the cerebral white substance (P = 0.011),
thalamus (P = 0.006), medulla oblongata (P < 0.001), pons (P =
0.004), midbrain (P = 0.006), and spinal cord (P < 0.001) in the
group with poor prognosis. After screening for clinical and
laboratory parameters by using multivariate analysis (Table 2),
we identified 2 risk factors that may predict poor prognosis:
lesions located in the medulla oblongata (P < 0.015) and
spinal cord (P < 0.001). Lesions involving the spinal cord on
MRI was the most significant prognostic factor after multiple
logistic regression analysis (OR, 29.11; P < 0.001).

DISCUSSION
During the outbreak of HFMD caused by EV71, CNS infec-

tions are common and may lead to severe neural injury or even
FIGURE 4. A 16-month-old boy having EV71 with poor prognosis. Hem
follow-up. A, Sagittal T2WI reveals high signal intensity in the inferior tho
intensity (arrows). Axial images showed hyperintense symmetrical lesion

864 www.jcat.org
death. Therefore, MRI is crucial for the early detection of the lo-
cations of CNS involvement, which is helpful for timely manage-
ment. Recent studies surveying risk factors for severe HFMD have
emerged11–18 mainly from China, but the severe cases is deter-
mined on the basis of the Chinese guideline for HFMD diagnosis
and treatment (Chinese Ministry of Public Health, revised in
2010),19 which is on the basis of many clinical manifestations
and lack of MRI data.

As the outbreak of HFMDwas caused by EV71 in China,2,20

in our study, EV71was the predominant virus in 76.7% cases. En-
terovirus 71 possesses strong neurotropism and retrograde axonal
transport in neuron cells,21 resulting in brain and spinal cord infec-
tion. This is the samewith our results: we found that the brain stem
is the most common site of lesions; 93 cases (22.6%) presented
with abnormal signal intensities in the brain stem, followed by
anifested decreasedmuscle strength in his bilateral lower limbs in the
racic segments (arrows). B, T1WI demonstrates slightly low signal
s in the anterior horn regions on T2WI (C) and T1WI (D).

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 5. A 19-month-old boy having EV71 with good prognosis. He manifested bilateral lower limb weakness during hospitalization. Initial
image (A) showed bilateral spinal anterior nerve roots enhancement (arrows); after 8-month follow-up, the lesions had disappeared (B), and
the symptom also disappeared.
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the spinal cord. Another theory is that EV71 is a more virulent
strain of enterovirus and more prone to induce viremia, which is
assumed to be related to the occurrence of complications.22
TABLE 1. Comparison of Groups With Good Prognosis Versus Poor

Variables Good Prognosis (N = 347), n (%)

Brain or spinal meninges
0 320 (92.2)
1 27 (7.8)

Cerebral cortex
0 342 (98.8)
1 4 (1.2)

Cerebral white matter substance
0 341 (98.6)
1 6 (1.4)

Cerebellum
0 344 (99.1)
1 3 (0.9)

Basal ganglia
0 346 (99.7)
1 1 (0.3)

Callosum
0 345 (99.4)
1 2 (0.6)

Thalamus
0 347 (27.2)
1 0 (0)

Medulla oblongata
0 301 (86.7)
1 46 (13.3)

Pons
0 330 (94.5)
1 19 (5.5)

Midbrain
0 336 (96.8)
1 11 (3.2)

Spinal cord
0 323 (93.1)
1 24 (6.9)

Spinal nerve roots
0 303 (87.3)
1 44 (12.7)

Categorical variables are shown as number of patients (percentage).

*P < 0.05.

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
The strengths of this study are the relatively large study pop-
ulation and use ofMRI characteristics, which is more objective, to
predict the prognosis of severe HFMD based on follow-up. In our
Prognosis

Poor Prognosis (N = 65), n (%) t/χ2 P

58 (89.2) 0.646 0.422
7 (10.8)

63 (96.9) 1.412 0.241
2 (3.1)

60 (92.3) 9.034 0.011*
5 (7.7)

63 (96.9) 2.235 0.178
2 (3.1)

64 (98.5) 1.771 0.291
1 (1.5)

65 (100) 0.376 1.000
0 (0)

63 (13.6) 10.729 0.006*
2 (86.4)

46 (70.8) 12.480 <0.001*
19 (29.2)

55 (94.6) 8.215 0.004*
12 (5.4)

58 (89.2) 7.567 0.006*
7 (10.8)

29 (44.6) 103.362 <0.001*
36 (55.4)

58 (89.2) 0.184 0.693
7 (10.8)
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TABLE 2. Risk Factors for Poor Prognosis of HFMD

df β SE OR (95% CI) Wald χ2 P

Spinal cord 1 2.92 0.42 29.11 (12.86–65.89) 65.39 <0.001
Medulla oblongata 1 1.19 0.55 5.56 (2.84–7.76) 15.86 <0.015

CI indicates confidence interval.

Lian et al J Comput Assist Tomogr • Volume 41, Number 6, November/December 2017
study, we identified 2 independent risk factors associated with
poor prognosis, including lesions located in themedulla oblongata
and spinal cord.

Our findings showed that the dorsal medulla oblongata is the
most common site of lesion, followed by the pons. We found that
lesions that involved the dorsal medulla oblongata increased the
risk of poor prognosis. It might be related to damage of respiratory
center, which will cause pulmonary edema—once the pulmonary
edema occurs, the prognosis is worse. Chang et al23 suggested that
lesions in the CNS are caused by EV71 neurotropism and may
lead to neurogenic pulmonary edema. This theory is consistent
with our observation that all cases with pulmonary edemawere in-
duced bymedulla oblongata damage, and all the deceased patients
FIGURE 6. A 2-year-old boy having EV71. There are extensive lesions in
which were difficult to identify on T1WI (B) and FLAIR (C), and contrast-

866 www.jcat.org
died of neurogenic pulmonary edema. Neurogenic pulmonary
edema can develop very rapidly after CNS insult, and death may
occur within minutes.24 Although the incidence of other 2 loca-
tions, including the pons and midbrain, was significantly higher
in the group with poor prognosis, they were not independent risk
factors. We observed that most of these lesions were reversible in
the reexamination of MRI, and the patients with clinical symp-
toms could completely disappear in the follow-up.

In this study, we found that lesions involving the spinal cord
on MRI was the most significant risk factor (OR, 29.11;
P < 0.001). Lesions in the regions of the anterior horn cell of the
spinal cord explain the poliomyelitis-like paralysis in our patients,
and the symptom did not disappeared in the following 6months to
the occipital cortex and the subcortical white matter on T2WI (A),
enhanced transverse T1WI showed no enhancement (D).

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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1 year. It has been reported that 20% patients with encephalomy-
elitis had sequelae involving limb weakness and atrophy.25 Chen
et al26 used immunohistochemistry methods to detect antigen of
EV71 in the infected mice and showed that, after 6 hours, the
EV71 antigen could be seen first in the small intestine, then sub-
sequently in the spinal cord after 24 hours, and 78 hours later in
the brain stem. Because the spinal cord is the first location, we
suppose that the spinal cord damage may lead to pernicious devel-
opment caused by the persistent viremia, so this may explain why
lesions involving the spinal cord onMRI was the most significant
prognostic factor. Damage in the ventral root can also cause limb
weakness, but we found that only ventral root enhancement can
easily disappear in the follow-up, and the symptom can also be ab-
sent. So we need MRI to identify the spinal cord damage and
whether, for the dyskinetic disorder, early limb function exercise
and rehabilitation nursing are required—the more timely, the more
beneficial to patients' recovery.27

Magnetic resonance imaging result and clinical feature
showed high correlation; MRI could provide better sensitivity
and specificity for the location of lesions. Our results showed that
the clinical symptoms and MRI results have good consistency.
When the lesions involve the posterior portion of the medulla
oblongata, the vagus nerve, fasciculus longitudinalis medialis, and
reticulate bodymight be affected, which leads to respiratory and cir-
culatory dysfunction. If the posterior portion of the pons and mid-
brain was involved, the nuclei of cranial nerves III, IV, VI, VII,
and IX may often be damaged.

There are several limitations in this study. First, the conven-
tional MRI may miss some lesions at the early stage; as reported
in our previous study, diffusion weighted imaging seems to be
more sensitive in detecting EV71 encephalitis than conventional
MRI sequences at the acute stage,28 but few of our patients had
underwent diffusion weighted imaging. Furthermore, follow-up
MRI was not carried out for every patient. Finally, we should ex-
plore the long-term follow-up of this cohort to determine the ulti-
mate prognosis in the future.

In conclusion, our results suggest that children who have se-
vere HFMD with lesions located in the medulla oblongata and
spinal cord may be closely monitored for early intervention, espe-
cially children with spinal cord damage, and early rehabilitation
treatment should be performed. The clinical symptoms and
MRI results have good consistency; for the children with the
symptom of nervous system, they are strongly recommended for
MR examination.

REFERENCES
1. Qiu J. Enterovirus 71 infection: a new threat to global public health?

Lancet Neurol. 2008;7:868–869.

2. De W, Changwen K, Wei L, et al. A large outbreak of hand, foot, and
mouth disease caused by EV71 and CAV16 in Guangdong, China, 2009.
Arch Virol. 2011;156:945–953.

3. Sun LM, Zheng HY, Zheng HZ, et al. An enterovirus 71 epidemic in
Guangdong Province of China, 2008: epidemiological, clinical, and
virogenic manifestations. Jpn J Infect Dis. 2011;64:13–18.

4. Yang F, Du J, Hu Y, et al. Enterovirus coinfection during an outbreak of
hand, foot, and mouth disease in Shandong, China. Clin Infect Dis.
2011;53:400–401.

5. Wang Y, Feng Z, Yang Y, et al. Hand, foot, and mouth disease in China:
patterns of spread and transmissibility. Epidemiology. 2011;22:781–792.

6. The Ministry of Health of the People's Republic of China. The National
Statutory Epidemic Situation of Infectious Diseases in 2014.
Available at: http://www.moh.gov.cn/jkj/s3578/201502/
847c041a3bac4c3e844f17309be0cabd.shtml. Accessed March 29, 2015.
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
7. Wang SM, Liu CC, Tseng HW, et al. Clinical spectrum of enterovirus 71
infection in children in southern Taiwan, with an emphasis on neurological
complications. Clin Infect Dis. 1999;29:184–190.

8. Ho M, Chen E, Hsu K, et al. An epidemic of enterovirus 71 infection in
Taiwan. N Engl J Med. 1999;341:929–935.

9. Chan LG, Parashar UD, Lye MS, et al. Deaths of children during an
outbreak of hand, foot, and mouth disease in Sarawak, Malaysia: clinical
and pathological characteristics of the disease. For the Outbreak Study
Group. Clin Infect Dis. 2000;31:678–683.

10. Hu Y, Jiang L, Peng HL, et al. Clinical analysis of 134 children with
nervous system damage caused by enterovirus 71 infection. Pediatr Infect
Dis J. 2015;34:718–723.

11. Tsai JD, Kuo HT, Chen SM, et al. Neurological images and the
predictors for neurological sequelae of epidemic herpangina/hand-foot-
mouth diseasewith encephalomyelitis.Neuropediatrics. 2014;45:102–108.

12. Fang Y, Wang S, Zhang L, et al. Risk factors of severe hand, foot and
mouth disease: a meta-analysis. Scand J Infect Dis. 2014;46:515–522.

13. Kim SJ, Kim JH, Kang JH, et al. Risk factors for neurologic complications
of hand, foot and mouth disease in the Republic of Korea, 2009.
J Korean Med Sci. 2013;28:120–127.

14. Li W, Teng G, Tong H, et al. Study on risk factors for severe hand, foot
and mouth disease in China. PLoS One. 2014;9:e87603.

15. OoiMH,Wong SC,Mohan A, 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.

16. Song C, Yibing C, Guo Y, et al. Risk factors of severe hand, foot and mouth
disease complicated with cardiopulmonary collapse. Infect Dis (Lond).
2015;47:453–457.

17. Chew SP, Chong SL, Barbier S, et al. Risk factors for severe hand foot
mouth disease in Singapore: a case control study. BMC Infect Dis.
2015;15:486.

18. Yang T, XuG, DongH, et al. A case-control study of risk factors for severe
hand-foot-mouth disease among children in Ningbo, China, 2010–2011.
Eur J Pediatr. 2012;171:1359–1364.

19. Chinese Ministry of Public Health. 2010. Available at: http://www.moh.
gov.cn/publicfiles/business/htmlfiles/mohyzs/s3586/201004/46884.htm.
Accessed January 10, 2012.

20. Xing W, Liao Q, Viboud C, et al. Hand, foot and mouth disease in China,
2008-12: an epidemiological study. Lancet Infect Dis. 2014;14:308–318.

21. Chen CS, Yao YC, Lin SC, et al. Retrograde axonal transport: a major
transmission route of enterovirus 71 in mice. J Virol. 2007;81:8996–9003.

22. Ryu WS, Kang B, Hong J, et al. Clinical and etiological characteristics of
enterovirus 71-related diseases during a recent 2-year period in Korea.
J Clin Microbiol. 2010;48:2490–2494.

23. Chang LY, Huang YC, Lin TY, et al. Fulminant neurogenic pulmonary
oedema with hand, foot and mouth disease. Lancet. 1998;352:367–368.

24. Simmons RL, Martin AM, Heisterkamp CA III, et al. Respiratory
insufficiency in combat casualties: II. Pulmonary edema following head
injury. Ann Surg. 1969;170:39–44.

25. Chang LY, Huang LM, Gau SS, et al. Neurodevelopment and cognition
in children after enterovirus 71 infection. N Engl J Med. 2007;356:
1226–1234.

26. Chen YC, Yu CK, Wang YF, et al. A murine oral enterovirus 71 infection
model with central nervous system involvement. J Gen Virol.
2004;85(pt 1):69–77.

27. Donkervoort M, Dekker J, Deelman B. The course of apraxia and ADL
functioning in left hemisphere stroke patients treated in rehabilitation
centres and nursing homes. Clin Rehabi. 2006;l20:1085–1093.

28. Lian ZY, Huang B, He SR, et al. Diffusion-weighted imaging in the
diagnosis of enterovirus 71 encephalitis. Acta Radiol. 2012;53:208–213.
www.jcat.org 867

http://www.moh.gov.cn/jkj/s3578/201502/847c041a3bac4c3e844f17309be0cabd.shtml
http://www.moh.gov.cn/jkj/s3578/201502/847c041a3bac4c3e844f17309be0cabd.shtml
http://www.moh.gov.cn/publicfiles/business/htmlfiles/mohyzs/s3586/201004/46884.htm
http://www.moh.gov.cn/publicfiles/business/htmlfiles/mohyzs/s3586/201004/46884.htm
http://www.jcat.org

