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Abstract: Objectives: This study aimed to investigate the magnetic resonance imaging (MRI) characteristics and 
clinical and MRI follow-up findings of patients with neurological complications of enterovirus 71-related hand, foot 
and mouth disease. Methods: Data were collected from 12 patients who developed neurological complications of 
enterovirus 71-related hand, foot, and mouth disease during an enterovirus-71 outbreak in Hainan Province, China, 
from May 2008 to October 2011. Patients were followed up for 2 years. Results: In the six patients with brainstem 
encephalitis, MRI showed posterior brainstem abnormalities with hyperintense areas on T2-weighted images and 
hypointense areas on T1-weighted images. In the four patients with acute flaccid paralysis but no brainstem en-
cephalitis, sagittal MRI images showed linear hyperintense areas in the anterior spinal cord, transverse T2-weighted 
images showed hyperintense areas in the spinal cord, and contrast-enhanced axial T1-weighted images showed 
strong enhancement of the anterior horns or nerve roots. In the two patients with aseptic meningitis, MRI showed 
widening of the subarachnoid space and ventricles. The MRI and clinical signs of aseptic meningitis resolved within 
4 weeks in both patients. Patients with isolated pontine abnormalities recovered faster than those with multiple 
brainstem abnormalities, patients with isolated brainstem encephalitis recovered faster than those with associated 
acute flaccid paralysis, patients with paralysis of one limb recovered faster than those with paralysis of multiple 
limbs, and patients with isolated thoracolumbar cord abnormalities recovered faster than those with cervical cord 
abnormalities. Conclusions: MRI is useful for assessment of the neurological complications of enterovirus 71-re-
lated hand, foot, and mouth disease. Patients who develop neurological complications characteristically have MRI 
abnormalities of the posterior brainstem or bilateral anterior horns of parts of the spinal cord. The MRI findings can 
help to predict prognosis.
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Introduction 

Hand, foot, and mouth disease (HFMD) is a 
common infectious disease caused by various 
enteroviruses, which was classified as a class C 
infectious disease by the Chinese Department 
of Health in May 2008. A high proportion of 
cases of severe HFMD are caused by enterovi-
rus 71 (EV71) infection. Brainstem encephali-
tis, aseptic meningitis, acute flaccid paralysis 
(AFP), and various other neurological complica-
tions may occur, with rapid progression and 
high morbidity and mortality. A total of 1236 
patients were treated for HFMD at our hospital 
from May 2008 to October 2011, of which 56 

developed neurological complications. Thirty-
eight of these 56 patients were diagnosed with 
EV71 infection by viral nucleic acid detection. 
The magnetic resonance imaging (MRI) findings 
of patients with EV71-related HFMD have been 
reported in previous studies, including studies 
by the present authors [1-7]. However, few stud-
ies have reported follow-up clinical and MRI 
findings in such patients. This study retrospec-
tively analyzed MRI findings in 12 patients with 
neurological complications of EV71-related 
HFMD who underwent head and spinal cord 
MRI, and the follow-up findings over 2 years. 
Our findings may provide useful information 
regarding the pathological mechanisms under-
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Table 1. Clinical and imaging characteristics of 12 patients with neurological complications of EV71-related HFMD
Case 
No. Sex Age 

(months) Clinical manifestations during the prodromal and peak stages EV71 nucleic acid- 
positive sample Brain MRI findings Spinal cord MRI findings 

Brainstem encephalitis 

1 Female 6 Fever, rash, decreased level of consciousness, grade 0 muscle strength in 
all limbs, myoclonus, tendon hyporeflexia in all limbs, hypotonia

Stool Abnormalities in the posterior brain-
stem, bilateral widening of the frontopa-
rietal subarachnoid space and ventricles

Contrast enhancement of the 
anterior roots in the whole spinal 
cord

2 Male 7 Fever, rash, oculomotor dysfunction, bulbar palsy, grade 1 muscle 
strength in both upper limbs, grade 2 muscle strength in both lower limbs, 
tendon hyporeflexia in all limbs, hypotonia

Throat swab Abnormalities in the medulla oblongata 
and posterior pons

Partial contrast enhancement of 
the anterior roots and anterior 
horns of the whole spinal cord

3 Male 22 Fever, rash, grade 2 muscle strength in both upper limbs, ataxia, tendon 
hyperreflexia in both lower limbs

Throat swab Abnormalities in the medulla oblongata 
and posterior pons 

Bilateral abnormalities at C1-C4

4 Male 9 Vesicular lesions of the mouth, fever, headache, vomiting, facial paralysis, 
tremor, positive Kernig’s sign

Cerebrospinal fluid Patchy areas of mildly hyperintense 
signals in the posterior pons on T2-
weighted images

Normal

5 Female 12 Fever, rash, vomiting, decreased level of consciousness, bulbar palsy, 
absence of swallowing reflex

Throat swab Abnormalities in the medulla oblongata 
and posterior pons

Normal

6 Male 18 Fever, rash, headache, vomiting, oculomotor dysfunction, bulbar palsy, 
facial paralysis, weakness of all limbs, hypertonia of all limbs, tendon 
hyperreflexia in all limbs, positive Babinski’s sign

Throat swab Patchy abnormalities in the posterior 
brainstem

Normal

Aseptic meningitis

7 Female 14 Fever, rash, headache, vomiting, positive Kernig’s sign Stool Bilateral widening of the frontoparietal 
subarachnoid space and ventricles

Normal

8 Female 37 Fever, rash, sore throat, cough, headache, vomiting, positive Kernig’s sign Throat swab Bilateral widening of the frontoparietal 
subarachnoid space

Normal

Acute flaccid paralysis 

9 Male 12 Fever, rash, vesicular lesions of the mouth, diarrhea, grade 2 muscle 
strength in both lower limbs, tendon hyporeflexia in both lower limbs, 
hypotonia

Cerebrospinal fluid Normal Bilateral abnormalities at T10-L1

10 Male 12 Fever, vesicular lesions of the mouth, grade 1-2 muscle strength in both 
lower limbs, tendon hyporeflexia in both lower limbs, hypotonia

Stool Normal Bilateral abnormalities at T9-L1, 
bilateral contrast enhancement of 
the anterior roots

e11 Male 24 Fever, rash, grade 0 muscle strength in the right upper limb, tendon 
areflexia in the right upper limb, hypotonia

Throat swab Normal Bilateral abnormalities at C4-C7

12 Female 19 Fever, rash, grade 1 muscle strength in the left lower limb, tendon 
areflexia in the left lower limb, hypotonia

Cerebrospinal fluid Normal Left-sided abnormalities at T9-L1
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lying the neurological complications of EV71-
related HFMD, and the MRI findings that can be 
used to predict prognosis.

Methods

Clinical data

HFMD was diagnosed according to the Chinese 
guidelines for the prevention and control of 
HFMD [8]. EV71 infection was diagnosed by the 
detection of EV71 nucleic acid in throat swab, 
stool, or cerebrospinal fluid samples tested by 
the Hainan Provincial Center for Disease Pre- 
vention and Control. The diagnostic criteria for 
HFMD-related encephalitis, AFP, and aseptic me- 
ningitis were described in our previous reports 
[1, 2].

All 12 patients included in this study had a 
definitive diagnosis of HFMD and were treated 
in the Department of Pediatrics at our hospital 
from May 2008 to October 2011, during the 
HFMD outbreak in Hainan, China. Six (50%) of 
the 12 patients developed brainstem encepha-
litis (including three who also developed AFP), 4 
(33%) developed AFP without brainstem ence- 
phalitis, and two (17%) developed aseptic men- 
ingitis. 

The clinical details of the patients were record-
ed by doctors in the Departments of Pediatrics 
and Neurology. Routine blood testing, cerebro-
spinal fluid analysis, and testing for EV71 nucle-
ic acid were performed after hospital admis-
sion. Surviving patients underwent clinical and 
MRI follow-up at 4 weeks and 2 years after the 
start of treatment.

MRI scanning 

MRI scans were performed using a GE Sigma 
1.5 T TwinSpeed/Excite II superconducting sca- 
nner with an 8-channel standard head coil and 
a 4-channel spinal cord coil (GE Medical Sys- 
tems, Milwaukee, WI, USA). The following scan 
parameters were used: TR 1800 ms, TE 24 ms, 
and TI 750 ms for T1-weighted fluid-attenuated 
inversion recovery sequences; TR 3600 ms 
and TE 102 ms for T2-weighted fast spin-echo 
sequences; matrix 128 × 128, FOV 24 cm × 24 
cm, single excitation, 6 mm transverse slice 
thickness, and 2 mm gap. Three patients rec- 
eived intravenous injection of gadolinium-DTPA 

complex (0.1 mmol/kg) for contrast-enhanced 
T1-weighted imaging.

Results

Clinical findings during the prodromal and 
peak stages

All 12 patients developed fever, with a maxi-
mum body temperature of 37.0-38.0°C in two 
patients, 38.1-39.0°C in six patients, and 
>39.0°C in four patients. The clinical course 
included development of a rash and/or vesicu-
lar mouth lesions, with a variable time course 
relative to the fever, in 12 (100%) of the pati- 
ents; sore throat, runny nose, cough, other re- 
spiratory symptoms, and/or diarrhea during the 
prodromal phase in 2 (17%); headache and 
vomiting in 3 (25%); decreased level of con-
sciousness in 2 (17%); oculomotor dysfunction 
and/or bulbar palsy in 3 (25%); single or multi-
ple limb weakness in 8 (67%); limb tremor in 1 
(8%); myoclonus in 1 (8%); ataxia in 1 (8%); 
facial paralysis in 2 (17%); loss of the swallow-
ing reflex in 1 (8%); tendon areflexia and redu- 
ced muscle tone in 5 (42%); tendon hyperre-
flexia in 2 (17%); increased muscle tone in 1 
(8%); positive Babinski’s sign in 1 (8%); and 
positive Kernig’s sign in 3 (25%) (Table 1). 

Among the seven patients with AFP (including 
three who also had brainstem encephalitis), the 
right arm, left arm, right leg, and left leg were 
affected with similar frequency. Patients with 
AFP developed muscle weakness and tendon 
hyporeflexia or areflexia but no sensory dys-
function. Patients with brainstem encephalitis 
were severely ill, resulting in some cases in 
decreased level of consciousness, cranial ner- 
ve dysfunction, and other neurological abnorm- 
alities. 

Laboratory findings

Five patients had a normal initial white blood 
cell count, of which three had an increased lym-
phocyte ratio. Seven patients had an increased 
white blood cell count (range 10.0-19.5 × 
109/L), of which three had an increased granu-
locyte ratio (0.75-0.85) and four had an incr- 
eased lymphocyte ratio. Cerebrospinal fluid an- 
alysis showed a cell count ranging from 10 × 
106/L to 500 × 106/L with increased numbers 
of monocytes in all patients, abnormal protein 
levels in three patients, and normal glucose 
and chloride levels. 
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MRI findings

MRI showed posterior brainstem abnormalities 
in all six patients with brainstem encephalitis, 
with unilateral or bilateral patchy hypointense 
areas on T1-weighted images and slightly hype- 
rintense areas on T2-weighted images. Typical 

cases are shown in Figures 1 and 2. These six 
patients all had MRI abnormalities in the pons, 
five had abnormalities in the medulla oblonga-
ta, and two had abnormalities in the midbrain. 
One of these patients also had bilateral widen-
ing of the frontoparietal subarachnoid space 
and ventricles (Table 1). 

Figure 1. Brain MRI of Case 2. Before treatment: (A) T2-weighted image showing bilateral hyperintense signals 
in the posterior pons, (B) T2-weighted image showing bilateral hyperintense signals in the posterior medulla ob-
longata, (C) T2-weighted image showing bilateral hyperintense signals in the anterior roots of the spinal cord, (D) 
contrast-enhanced image showing enhancement of the bilateral anterior nerve roots. Repeat MRI after 4 weeks: (E) 
T2-weighted image showing absence of hyperintense signals in the posterior pons, (F) decreased size of the lesion 
in the medulla oblongata. Repeat MRI after 1 year: (G) partial resolution of the lesion in the medulla oblongata, (H) 
contrast-enhanced image showing absence of nerve root enhancement.
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In the four patients with AFP but no brainstem 
encephalitis, sagittal spinal cord images show- 
ed hypointense areas on T1-weighted images 
and hyperintense areas on T2-weighted images 
in various parts of the cervical cord and conus 
medullaris, and cross-sectional images showed 
hypointense areas on T1-weighted images and 
hyperintense areas on T2-weighted images in 
the unilateral or bilateral anterior horns, mostly 
in the cervical cord and from T9 to L1. Two of 

the three patients with both brainstem enceph-
alitis and AFP had abnormalities of the entire 
length of the spinal cord, and the other one had 
bilateral cervical cord abnormalities only. In 
one patient, contrast-enhanced MRI showed si- 
gnificant enhancement of the involved anterior 
roots (Figure 1D). 

In the two patients with aseptic meningitis, MRI 
showed bilateral frontoparietal widening of the 

Figure 2. Brain MRI of Case 6. Before treatment: (A) T2-weighted image showing bilateral hyperintense signals in 
the posterior medulla oblongata, (B) T2-weighted image showing mildly hyperintense signals in the posterior pons, 
(C) T2-weighted image showing patchy hyperintense signals in the red nucleus, substantia nigra, oculomotor region, 
and trochlear nerve nucleus. (D) Repeat MRI after 4 weeks showing disappearance of the pontine lesion.
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Table 2. Clinical and MRI follow-up findings of 12 patients with neurological complications of EV71-associated HFMD
Case 
no. 

Follow-up after 4 months Follow-up after 2 years
Clinical findings Brain MRI Spinal cord MRI Clinical findings Brain MRI Spinal cord MRI

Brainstem encephalitis

1 N/A (dead) N/A N/A N/A N/A N/A

2 Mild bulbar palsy, grade 3 muscle strength in both 
upper limbs, grade 4 muscle strength in both lower 
limbs, tendon hyperreflexia, hypertonia

Mildly abnormal signal in the medulla 
oblongata and posterior pons

Mildly abnormal signal in the whole 
length of the spinal cord

Mild right-sided facial 
weakness, slightly 
high-arched feet 

Remaining 
medullary 
abnormalities

Mild abnormalities 
in the thoracolum-
bar cord

3 Grade 3 muscle strength in both upper limbs, tendon 
hyperreflexia in both lower limbs

The abnormal signals in the medulla 
oblongata and posterior pons had almost 
disappeared

Bilateral hypointense signal at 
C1-C4

Mild limb weakness Normal Normal

4 Mild facial paralysis The patchy mildly hyperintense signals on 
T2-weighted images in the posterior pons 
had almost disappeared

N/A Normal Normal N/A

5 Mild bulbar palsy The abnormal signals in the medulla ob-
longata and posterior pons had decreased 

N/A Normal Normal N/A

6 Mild oculomotor dysfunction, normal muscle 
strength in all limbs, hypertonia in all limbs, tendon 
hyperreflexia

The patchy signal in the posterior brain-
stem had almost disappeared

N/A Normal Normal N/A

Aseptic meningitis

7 Normal Normal N/A N/A N/A N/A

8 Normal Normal N/A N/A N/A N/A

Acute flaccid paralysis

9 Grade 4 muscle strength in both lower limbs, normal 
tendon reflexes, hypertonia

N/A Bilateral hypointense signal at 
T10-L1

Normal N/A Normal

10 Grade 4 muscle strength in both lower limbs, tendon 
hyporeflexia in both lower limbs, hypertonia

N/A Bilateral hypointense signal at T9-
L1, the bilateral enhancement of 
the anterior roots had disappeared

Normal N/A Normal

11 Grade 2 muscle strength in the right upper limb, ten-
don hyporeflexia in the right upper limb, hypertonia

N/A Bilateral mildly abnormal signal 
at C4-C7

Mild upper limb 
weakness

N/A Mild abnormalities 
in the cervical cord

12 Grade 4 muscle strength in the left lower limb N/A Left-sided mildly abnormal signal 
at T9-L1

Normal N/A Normal
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subarachnoid space, and one of these patients 
also had widening of the ventricles. 

Follow-up

One patient with both brainstem encephalitis 
and AFP (Case 1) died from severe neurogenic 
pulmonary edema and multiple organ failure. 
The remaining 11 patients were followed up 4 
weeks after the time of admission. The two pa- 
tients with aseptic meningitis (Cases 7 and 8) 
had normal clinical and MRI findings at this 
time. The patients with brainstem encephalitis 
still had varying degrees of neurological dys-
function, including oculomotor palsy and facial 
paralysis. The MRI findings had improved in th- 
ese patients (Figures 1 and 2). The patients 
with AFP still had varying degrees of muscle 
weakness (Table 2). 

At the 2-year follow-up, the three surviving 
patients with brainstem encephalitis without 
AFP (Cases 4, 5, and 6) had normal clinical and 
MRI findings. One of the two patients with both 
brainstem encephalitis and AFP (Case 2) had 
mild right-sided facial paralysis and slightly 
high-arched feet, and MRI showed remaining 
medullary abnormalities; and the other patient 
(Case 3) had mild limb weakness. One of the 
four patients with AFP without brainstem 
encephalitis (Case 11) had mild upper limb 
weakness, and MRI showed mild abnormalities 
of the cervical cord; and the other three patients 
(Cases 9, 10, and 12) had normal clinical and 
MRI findings (Table 2). 

Among patients with brainstem encephalitis, th- 
ose with isolated pontine abnormalities recov-
ered faster than those with multiple brainstem 
abnormalities, and those with isolated brain-
stem encephalitis recovered faster than those 
with both brainstem encephalitis and AFP. 
Among patients with AFP (with or without brain-
stem encephalitis), those with paralysis of one 
limb recovered faster than those with paralysis 
of multiple limbs, and those with isolated thora-
columbar cord abnormalities recovered faster 
than those with cervical cord abnormalities. 

Discussion

The mechanisms underlying the neurological 
complications of EV71-related HFMD are not 
fully understood. Oral EV71 infection can cause 
persistent viremia with increased permeability 
of the blood-brain barrier. However, the viral 

load is lower in brain tissue than in other parts 
of the body, suggesting that hematogenous 
spread is not the main cause of central nervous 
system damage [9, 10]. Seven-day-old rats that 
were infected with EV71 and developed hin- 
dlimb paralysis subsequently died after 5-9 
days [11]. Histopathological examination of the 
rat specimens showed damage to various parts 
of the central nervous system including the spi-
nal cord, brainstem, and thalamus. Degenerate 
neurons were observed in the anterior horns of 
the spinal cord, with neuronal loss and apopto-
sis, neuronophagia, vascular congestion, and 
dense perivascular infiltration of mononuclear 
leucocytes and neutrophils. Nissl’s staining 
showed a 20-30% reduction of neuronal cell 
bodies. Terminal dUTP nick end labeling (TUN- 
EL) positive cells were observed in the gray 
matter of the spinal cord, and cavernous trans-
formation was observed in the white matter 
adjacent to the involved gray matter. These 
results suggest that EV71 can cause direct 
damage to central nervous system cells [12].

The patients in this study had typical MRI find-
ings of AFP, brainstem encephalitis, and asep-
tic meningitis. The anterior horns of the affect-
ed parts of the spinal cord had hypointense 
areas on T1-weighted images and hyperintense 
areas on T2-weighted images. The spinal cord 
abnormalities were mainly in the cervical region 
and from T9 to the conus medullaris. Contrast-
enhanced MRI showed partial enhancement of 
the anterior roots and anterior horns. Our find-
ings differ from previously reported findings in 
that two patients (Cases 1 and 2) with both 
brainstem encephalitis and AFP had MRI abnor-
malities of the whole length of the spinal cord 
[13]. These patients developed paralysis of all 
four limbs. There were no cases of posterior 
root or posterior horn MRI abnormalities, or of 
sensory impairment, suggesting infection with 
an EV71 variant with affinity for specific neural 
cell types. 

In patients with brainstem encephalitis, MRI sh- 
owed abnormalities in the posterior brainstem 
with unilateral or bilateral hypointense areas on 
T1-weighted images and hyperintense areas on 
T2-weighted images [14]. These areas are mo- 
stly composed of gray nuclei, but it is unclear 
why these parts of the brain were the most 
affected by EV71 infection. The findings dif-
fered from the MRI findings in other types of 
infection-related encephalopathy, and to our 
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knowledge such changes have not previously 
been reported. We attributed the variable MRI 
findings to different stages or severity of dis-
ease, but sequential scans would be needed to 
confirm this. Aseptic meningitis is not associ-
ated with specific MRI abnormalities, but men-
ingeal enhancement, widening of the subarach-
noid space, and hydrocephalus may be obse- 
rved. 

In our patients with neurological complications 
of HFMD, the MRI findings were consistent with 
the clinical manifestations. Limb paralysis was 
always associated with abnormalities of the 
corresponding anterior horns or anterior roots 
of the spinal cord. All seven patients with AFP 
had abnormalities of the corresponding areas 
of the spinal cord, except for one who had bilat-
eral abnormalities at C4-C7. This exception 
suggests a relationship between the strength 
of the abnormal signal and the clinical 
manifestations. 

When patients with HFMD develop symptoms 
suggestive of lesions in the region of the poste-
rior cerebral circulation, such as tremor, myoc-
lonus, and cranial nerve dysfunction (particu-
larly of the abducens and facial nerves), brain-
stem lesions should be considered. Huang et 
al. considered that the pontine tegmentum is 
the area most frequently involved in patients 
with neurological complications of HFMD [4]. 
The initial symptoms of neurological involve-
ment include myoclonus, tremor, and ataxia. If 
the abnormalities extend to the head and tail of 
the hippocampus, the symptoms may be more 
severe. All six patients in this study with brain-
stem encephalitis had pontine abnormalities 
on MRI, which is consistent with the pons being 
more sensitive to EV71 infection than other 
parts of the brain. However, only three patients 
(Cases 1, 3, and 4) developed myoclonus, trem-
or, or ataxia, in contrast to the findings reported 
by Huang et al [4]. 

One of the patients in this study with brainstem 
encephalitis died, and the other patients recov-
ered, indicating that EV71-related AFP has a 
better prognosis than poliomyelitis. Review of 
the MRI findings showed that patients with uni-
lateral thoracolumbar cord abnormalities on 
MRI recovered faster than those with cervical 
cord abnormalities or abnormalities of the 
whole length of the spinal cord, and those 
patients with abnormalities of the spinal cord 

only recovered faster than those with both 
brainstem and spinal cord abnormalities. 

Follow-up of the patients with brainstem 
encephalitis showed that those with isolated 
pontine abnormalities recovered faster than 
those with multiple brainstem abnormalities. 
Patients with brainstem encephalitis without 
AFP recovered faster than those with both 
brainstem encephalitis and AFP. 

The results of this study show that MRI is a sen-
sitive method of evaluating EV71-related cen-
tral nervous system damage, and can help to 
evaluate the extent of pathological changes. 
MRI also plays a very important role in analyz-
ing symptoms and predicting the prognosis.
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