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PURPOSE: To determine the usefulness of single-photon emission CT (SPECT) in the diagnosis of
acute Japanese encephalitis (JE). METHODS: We examined 10 patients (six men and four
women; mean age, 69 years) with viral encephalitis. We divided the cases into two groups: the JE
group (n 5 4) and the non-JE group (n 5 6; two with herpes simplex encephalitis and four with
encephalitis of unknown origin). All cases were investigated with 99mTc-hexamethylpropylene-
amine oxime (HMPAO) SPECT within 15 days after the onset of symptoms. Two patients in the JE
group were also examinated by SPECT at a later stage. In all cases MR imaging was performed after
the SPECT study. RESULTS: In the acute stage, all patients in the JE group showed a marked
increase of HMPAO uptake that matched the hyperintense area observed on MR images in the
thalami and putamina bilaterally. Follow-up SPECT studies of two patients with JE revealed a
decrease of HMPAO deposition in the areas of high uptake. None of the patients in the non-JE
group had an increased accumulation of HMPAO in the thalami or the putamina. CONCLUSIONS:
SPECT is helpful in differentiating JE from herpes simplex encephalitis and other types of enceph-
alitis. SPECT may be useful as a diagnostic tool in the early stages of JE.

index terms: Encephalitis; Single-photon emission computed tomography

AJNR Am J Neuroradiol 18:465–469, March 1997
Epidemics of Japanese encephalitis (JE) oc-
cur in all countries throughout Asia (1). Japa-
nese encephalitis usually appears in the sum-
mer and early fall, and is often severe, with rapid
progression to coma. The characteristic neuro-
logic findings during the acute stage are extra-
pyramidal signs, such as tremor, dystonia, and
rigidity (2). When a patient with probable viral
encephalitis has such neurologic signs, the di-
agnosis of JE is suspected. In the acute stage of
JE, computed tomographic (CT) and magnetic
resonance (MR) imaging findings are usually
normal, and it takes 2 or 3 weeks to establish
the diagnosis of JE serologically.
It is important to distinguish JE from other

types of encephalitis, particularly herpes sim-
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plex encephalitis, because antiviral therapy for
herpes simplex encephalitis is very effective in
the acute stage (3). Specific antiviral therapy is
not available for JE; however, its treatment may
require specific therapy, such as anticonvul-
sants and treatment for brain edema, respira-
tory, metabolic, and septic complications (4).
We assessed the usefulness of brain perfusion
scintigraphy with single-photon emission CT
(SPECT) as a diagnostic tool for use in patients
with acute JE.

Patients and Methods
Between April 1991 and September 1995, we exam-

ined 10 patients (six men and four women; mean age, 69
years) with viral encephalitis by using brain CT on admis-
sion, 99mTc-hexamethylpropyleneamine oxime (HMPAO)
SPECT within 15 days after the onset of symptoms, and
MR imaging in the latter half of the investigation. We di-
vided the patients into two groups on the basis of the
etiologic virus: the JE group, which consisted of four pa-
tients (cases 1 to 4) who had JE, and the non-JE group,
which included two patients (cases 5 and 6) who had
herpes simplex encephalitis and four patients (cases 7 to
10) who had encephalitis of unknown origin. The diagnosis
of viral encephalitis was established when the patient had
an abrupt or subacute onset of meningoencephalitis
5
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TABLE 1: Clinical, radiologic, and laboratory findings and outcome in four patients with Japanese encephalitis (JE)

Case
Age,
y/Sex

Neurologic
Symptoms

CSF Cell
Count,
mm3

Serum Antibody
Titers to JE Virus

SPECT MR Imaging

Outcome
Time after
onset, d

HI
Time after
Onset, d

Findings
Time after
Onset, d

T2-Weighted
Findings

1 82/M Coma 166 2 80 10 Increased perfusion in
both thalami and
putamina*

64 Abnormal high
signal intensity
in both thalami
and putamina

Parkinsonism

9 1280 41 Decreased perfusion
in both thalami and
putamina

2 76/M Coma 325 5 640 10 Increased perfusion in
both thalami and
putamina*

19 Abnormal high
signal intensity
in both thalami
and putamina

Mild dementia

10 5120 37 Decreased perfusion
in both thalami and
putamina

Parkinsonism

3 75/F Coma 794 3 20 6 Increased perfusion in
both thalami and
putamina*

4 Abnormal high
signal intensity
in both thalami
and putamina

Apathic state

19 640
4 72/F Coma 912 4 20 4 Increased perfusion in

both thalami and
putamina*

75 Abnormal high
signal intensity
in both thalami
and putamina

Apathic state

24 80

Note.—CSF indicates cerebrospinal fluid findings on admission; HI, hemagglutination inhibition test.
* P , .001 compared with non-JE group.
symptoms with electroencephalographic findings suggest-
ing encephalitis and cerebrospinal fluid findings compati-
ble with that diagnosis. The diagnosis of JE was estab-
lished on the basis of the results of serologic examination;
that is, a fourfold or greater rise in the hemagglutination
inhibition test for JE virus in paired sera (5). The diagnosis
of herpes simplex encephalitis was established by sero-
logic findings of a significant increase in herpes simplex
antibody titers on paired sera. All patients were tested
serologically for JE and herpes simplex encephalitis.

The mean interval between the onset of symptoms of
encephalitis and the first SPECT study was 7.5 days in the
JE group and 8.2 days in the non-JE group. For SPECT
imaging, a single-head rotating scintillation camera was
used. Fifteen minutes after intravenous administration of
20 mCi (740 MBq) of 99mTc-HMPAO, 60 projections (six
angles, sampling distance 2.73 mm) were obtained during
a period of 30 minutes. After prereconstructional filtering
of projections and correction for tissue absorption, 2.73-
mm-thick axial cross sections (128 3 128 matrices) were
reconstructed by filtered back-projection. The HMPAO up-
take was recorded in 15 axial contiguous 1-cm-thick sec-
tions from 3 cm below the orbitomeatal line and superiorly.
Two of the patients in the JE group were examined by
SPECT again at 37 and 41 days after symptom onset. A
radiologist and a neurologist independently evaluated the
SPECT images visually and found the following abnormal
findings: the thalamic and/or putamenal activity was the
same as or greater than the cortical activity, and the cor-
tical activity in both hemispheres had increased unilater-
ally.

The mean interval between the onset of symptoms of
encephalitis and MR imaging was 40 days in the JE group
and 23 days in the non-JE group. In cases 1 and 3, MR
imaging was performed on a 0.5-T superconducting mag-
net. The T1-weighted (500/20 [repetition time/echo time])
and T2-weighted (1800/110) MR images were obtained in
the axial and sagittal planes. In cases 2 and 4 through 10,
MR imaging was performed on a 1.5-T superconducting
magnet. The T1-weighted (600/15) and T2-weighted
(5500/110) MR images were obtained the axial and sag-
ittal planes. Axial MR images were oriented parallel to the
line of the anterior commissure-posterior commissure.

The x2 test was used to compare associations between
the JE group and the non-JE group. The level of statistical
significance was set at P , .05.

Results

The CT scans taken on admission revealed
no abnormalities in any of our patients. Tables 1
and 2 summarize the clinical, SPECT, and MR
findings of the study population.
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Fig 1. Case 2: 76-year-old man with Japanese encephalitis.
A, SPECT scan 10 days after the onset of symptoms shows a marked increase of HMPAO accumulation in both thalami and putamina.
B, Follow-up SPECT scan 37 days after the onset of symptoms shows a decrease of HMPAO deposition in the previously “active”

areas.
C, T2-weighted (5500/110/1 [repetition time/echo time/excitations]) MR image 19 days after the onset of symptoms shows high

signal intensity in the thalami and putamina.

TABLE 2: Clinical, radiologic, and laboratory findings and outcome in six patients with non-Japanese encephalitis

Case
Age,
y/Sex

Neurologic
Symptom

CSF Cell
Count,
mm3

Cause of
Encephalitis

SPECT MR Imaging

OutcomeTime after
Onset, d

Findings
Time after
Onset, d

T2-Weighted
Findings

5 62/M Somnolence, R
hemiparesis

63 Herpes simplex 15 Increased perfusion
in L temporal lobe

50 Abnormal high
signal intensity in
L temporal lobe

Mild cognitive
defects

6 69/M Coma 89 Herpes simplex 6 Increased perfusion
in R temporal lobe

18 Abnormal high
signal intensity in
R temporal lobe

Moderate
cognitive
defects

7 61/M Somnolence 366 Unknown 8 Normal 13 Normal No neurologic
defects

8 76/F Coma 10 Unknown 14 Normal 15 Normal Apathic state
9 52/M Somnolence 32 Unknown 4 Increased perfusion

in L temporal lobe
13 Normal Mild cognitive

defects
10 62/F Somnolence,

seizures
38 Unknown 2 Normal 29 Normal No neurologic

defects, mild
depression

Note.—CSF indicates cerebrospinal fluid findings on admission.
All the patients with JE had a marked in-
crease of HMPAO accumulation in the bilateral
thalami and putamina on the first SPECT study
(Fig 1). In cases 1 and 2, the follow-up SPECT
study revealed a decrease of HMPAO activity in
the previously “active” areas. Moreover, all pa-
tients with JE had high signal intensity in the
thalami and putamina on T2-weighted MR im-
ages. These findings were characteristic of the
JE group (P , .001, x2 test).
In the non-JE group, two patients with herpes
simplex encephalitis (cases 5 and 6) and one
patient with encephalitis of unknown origin
(case 9) had unilaterally increased perfusion of
the temporal lobes without thalamic and pu-
taminal activity (Fig 2), whereas in the other
patients, SPECT revealed no abnormalities (Fig
3). None of the patients in the non-JE group
had an increase of HMPAO accumulation in the
thalami or putamina. In the patients with herpes
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Fig 3. Case 8: 76-year-old woman
with encephalitis of unknown origin.

A, SPECT scan 14 days after the onset
of symptoms shows no abnormalities.

B, T2-weighted (5500/110/1) MR im-
age 15 days after the onset of symptoms
shows no abnormalities.

Fig 2. Case 6: 69-year-old man with herpes simplex encephalitis.
A, SPECT scan 6 days after the onset of symptoms shows a marked increase of HMPAO accumulation in the right temporal lobe

without abnormal accumulation in the thalami or putamina.
B, Another SPECT scan on same day shows a marked increase of HMPAO accumulation in the right temporal lobe.
C, T2-weighted (5500/110/1) MR image 18 days after onset of symptoms shows high signal intensity in the right temporal lobe.
simplex encephalitis, T2-weighted MR images
showed high signal intensity in either the right or
left temporal lobe (Fig 2). In the other patients,
no abnormalities were observed on MR images
(Fig 3).

Discussion

JE represents a serious health problem in
Asia. Patients may rapidly progress to come,
and for those over 50 years of age, this disease
has a fatality rate of nearly 50% (4). At present,
there is no specific treatment for JE. After the
onset of symptoms, it takes 2 or 3 weeks to
establish the diagnosis of JE serologically; thus,
a sensitive and specific method to diagnose JE
in the early stages would be of great benefit to
these patients. MR imaging and CT are com-
monly used for this purpose, but for most pa-
tients with acute JE, these techniques fail to
show any abnormalities.
In patients with acute herpes simplex en-

cephalitis, SPECT has been reported to be very
useful because it shows an increased HMPAO
uptake in the limbic and temporal lobes (6–9).
But in adult patients with a nonherpes acute
viral encephalitis, SPECT is not useful in the
diagnostic workup. However, Kao et al (10) re-
ported that abnormal findings were detected
more often on SPECT scans than on CT or MR
studies in children with acute viral encephalitis.
In our study, the first SPECT study disclosed

a marked increase of HMPAO accumulation,
which matched the hyperintense signal in the
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thalami and putamina seen on MR images in
patients with JE. More than 4 weeks after the
onset of symptoms, decreased HMPAO activity
was seen in the previously positive areas in two
patients with JE. However, this finding was not
seen in the patients with non-JE.
One group of investigators reported that pa-

tients with herpes simplex encephalitis showed
a locally increased uptake of HMPAO in the
acute stage of the disease, which then de-
creased at a later stage. In our study, we ob-
served a similar phenomenon in patients with
JE. Launes et al (6) hypothesized that an in-
creased HMPAO uptake does not reflect a dis-
ruption of the blood-brain barrier but rather a
local hyperperfusion or some other herpes sim-
plex encephalitis–related abnormality that is
currently unknown.
Shoji et al (11, 12) reported that MR imaging

revealed abnormalities more clearly than CT in
the thalamus and basal ganglia, including the
putamen. In our study, all the patients had high
signal intensity in the thalami and putamina on
T2-weighted MR images, and these matched
the areas of increased HMPAO uptake. In the
acute stage of JE, pathologic findings are seen
in the cerebral cortex, thalamus, basal ganglia,
substantia nigra, brain stem, and anterior horn
of the spinal cord. These include perivascular
cuffing, glial nodules, and circumscribed ne-
crotic foci (13, 14). The distribution of lesions in
the thalamus and putamen found on MR imag-
ing and SPECT studies was compatible with
these pathologic findings. Recently, Dasai et al
(15) reported that JE virus antigen was distrib-
uted in the human brain of autopsied cases in
the thalamus, hippocampus, substantia nigra,
and medulla oblongata. Our findings suggest
that local hyperperfusion due to protracted in-
flammation was accompanied by high HMPAO
uptake. The decreased accumulation of
HMPAO at a later stage probably represents
true hypoperfusion, since neuronal death re-
sults in decreased metabolism and a fall in re-
gional blood flow.
It is important to distinguish JE from herpes

simplex encephalitis and other JE-like dis-
eases. If a patient with probable viral encepha-
litis has neurologic extrapyramidal signs, such
as tremor, dystonia, and rigidity, in the summer
and early fall, one should consider strongly the
diagnosis of JE. When SPECT scans show a
marked increase of HMPAO uptake in the thal-
ami and putamina bilaterally, the diagnostic
probability of JE would be strengthened. Such
patients would not then be treated with ineffec-
tive antiviral drugs, such as adenine arabinoside
and acyclovir, thereby avoiding possible com-
plications of drug toxicity with such therapy (eg,
thrombocytopenia and disturbance of liver and
kidney functions).
We conclude that SPECT is helpful in differ-

entiating acute JE from herpes simplex enceph-
alitis and other JE-like diseases, and therefore
is useful in the early diagnosis of JE.
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