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Abstract

Objective: This study aimed to explore the diagnostic points and treatment modes of the clinical characteristics of Japanese encephalitis
(JE) in the middle-aged and elderly population. Methods: Six patients aged 47-72 who were diagnosed with JE at the Beijing Chaoyang
Hospital Affiliated with the Capital Medical University between August 2018 and September 2019 were enrolled in the study. Their
clinical manifestations, biochemical indicators, imaging data, diagnostic methods, and the evolution and outcomes of the treatments
they underwent were retrospectively analyzed. Results: (1) All six patients had severe clinical symptoms and poor prognoses that were
more likely to be associated with other systemic diseases. (2) Lesions were most commonly distributed in the thalamus, basal ganglia,
and midbrain. The appearance of hyperintensity in the corpus callosum, hippocampus, and subcortical white matter was more specific.
The hyperperfusion metabolism in the lesion area in head computed tomography perfusion imaging indicated the state of inflammatory
activity in the lesion. In cranial magnetic resonance imaging (MRI), T2 and fluid-attenuated inversion recovery (FLAIR) were more
sensitive. (3) After a patient has been systematically treated in the intensive care unit (ICU), the patient gradually recovered and the
level of consciousness improved (p < 0.05). Conclusions: In brain MRI—especially T2 and FLAIR—intracranial infection is often
accompanied by abnormal signals in the thalamus, midbrain, hippocampus, and white matter hyperintensity (WMH), which is highly
suggestive of JE. The positive detection of anti-JE virus immunoglobulin M antibodies in a patient’s serum and/or cerebrospinal fluid
can confirm the diagnosis of JE, and comprehensive ICU treatment (hormones combined with anti-inflammatory, antiviral, and mild
hypothermic cerebral protection therapies) can improve the survival rate.
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1. Introduction ical condition, is generally caused by meningococcus. It
is more common in the winter and spring in children un-
der the age of 14, and is characterized by a disturbance of
consciousness, convulsions, and other manifestations. The
cerebrospinal fluid (CSF) of patients with meningitis ex-
hibits reduced sugar and chloride, and bacterial culture in
the CSF can find meningococcus as the basis for diagno-
sis. ADEM usually begins acutely after infection or 1-2
weeks after vaccination, with symptoms of acute or suba-
cute diffuse damage to the brain and spinal cord. Magnetic
resonance imaging (MRI) shows scattered brain and spinal

Japanese encephalitis (JE) is an infectious disease
of the central nervous system caused by the JE virus
(JEV). This acute infectious disease is spread primarily by
mosquito bites in the summer and autumn. The disease is
endemic in many countries in Asia, the Western Pacific,
and Northern Australia. Most people infected with the virus
are asymptomatic, while <1% develop flu-like symptoms.
Studies have shown that approximately one in 250 symp-
tomatic cases progress to severe disease, approximately

33% of patients die, and 30-50% develop persistent neu-
rological damage [1].

Symptomatic patients with JE are often clinically
characterized by rapid onset, rapid progression, high fever,
unconsciousness, and meningeal irritation. The diagnosis
of JE in the acute phase therefore needs to be differentiated
from viral encephalitis, meningitis, acute disseminated en-
cephalomyelitis (ADEM). Viral encephalitis is more com-
mon in young and middle-aged people with a history of
prodromal infection, epileptic seizures, abnormal behav-
ior, and other manifestations, mostly involving the frontal
and temporal lobes and limbic systems. Meningitis, a crit-

cord lesions for identification.

Previous literature has reported that the incidence of
JE in children is high, but recent literature and clinical find-
ings show that it is increasing every year in the middle-
aged and elderly population. Some researchers have sug-
gested that adults have more severe clinical manifestations
and higher mortality rates, which may be due to a lack of
JE vaccination in childhood or the higher mean age at onset
[1]. In order to advance clinicians’ understanding of JE, this
study reports the clinical data of six middle-aged and elderly
patients with severe JE admitted to the Beijing Chaoyang
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Hospital Affiliated with the Capital Medical University be-
tween August 2018 and September 2019 and discusses their
clinical features.

2. Methods
2.1 Research Design

The cases of six patients aged 47-72 who were diag-
nosed with JE at the Beijing Chaoyang Hospital Affiliated
with the Capital Medical University between August 2018
and September 2019 were collected. Samples of each pa-
tient’s serum and CSF were sent to the Chinese Center for
Disease Control for immunoglobulin M (IgM) antibody de-
tection for confirmation.

2.2 Enzyme-Linked Immunosorbent Assay Method
Detection

Enzyme-linked immunosorbent assay (ELISA)
reagents and a detection kit (Beijing Fangfang Biotech-
nology Co., Ltd., Beijing, China) were used to identify
the JEV IgM antibodies using the capture method. The
test steps were used according to the kit instructions.
After color development, an enzyme-labeled colorimeter
(detection wavelength 450 nm) was used to zero-adjust
with a blank well and read the optical density (OD) value
of each group. If the sample/negative control OD value
was >2.1, it was positive; otherwise, it was negative.

2.3 Clinical Information

Inclusion criteria: All serum and CSF IgM antibod-
ies were detected by enzyme-linked immunosorbent assay
(ELISA). A positive serum or CSF test result was diagnosed
as JE.

Exclusion criteria: In the case of multiple admissions,
patients in the subacute or chronic phase were excluded
from the analysis.

Detailed disease-related information was collected
from the medical records. The demographics, vaccination
history, past medical history, exact date of diagnosis, and
any incidences of high fever (>39 °C), altered conscious-
ness, seizures, status epilepticus, gastrointestinal hemor-
rhage, or lower extremity venous thrombosis were collected
from the medical records, along with the brain MRI or com-
puted tomography (CT) findings, acute secondary compli-
cations, and days requiring mechanical ventilation.

2.4 Statistical Analysis

The neurologically accepted Glasgow Coma Scale
(GCS) was used to assess the level of each patient’s con-
sciousness. Categorical variables were expressed as per-
centages (%). Analysis was performed using SPSS version
19.0 (SPSS Inc., Chicago, IL, USA). Differences between
groups of categorical variables were compared using a P-
test, and p < 0.05 was statistically significant.

3. Results
3.1 Symptoms, Comorbidities, and Diagnosis

All six patients exhibited acute onset, with clinical
manifestations of headache, high fever, confusion, and neck
stiffness; five of these patients also had respiratory fail-
ure. Routine blood leukocyte counts, neutrophil percent-
ages, CSF leukocyte counts, and CSF pressure were ele-
vated in all six patients. The comorbidities included three
patients with abnormal liver function, one with cardiac in-
sufficiency, one with myocardial infarction, one with renal
insufficiency, and three with epilepsy. Five patients were
not vaccinated against JE, and one had an unknown vacci-
nation history. The pupillary light reflex was dull or absent
in five patients. Six patients tested positive for anti-JEV
IgM antibodies in their blood and/or CSF. Four patients un-
derwent MRI head scans, which showed abnormal signals
in the thalamus, brainstem, and corpus callosum. The CT
scans of two patients showed hypodensity in the thalamus
and basal ganglia. In one patient, perfect head CT perfusion
imaging indicated that the metabolism of the hippocampus
was increased (Table 1).

3.2 Treatment Methods and Results

In terms of treatment, all six patients were treated in
the intensive care unit (ICU), and all were treated with anti-
infection, anti-virus, and mannitol treatments to lower in-
tracranial pressure. Five patients also underwent tracheal
intubation/tracheostomy-assisted ventilation, and five were
treated with mild hypothermia for brain protection. Two pa-
tients were treated with hormone replacement therapy (Ta-
ble 2). Five patients improved and were discharged from
the hospital, while the family of one patient chose to cease
treatment; this patient was transferred to a different clinical
center, and their prognosis is unknown.

After the patients were treated in the ICU, hormones
combined with anti-inflammatory, antiviral, and mild hy-
pothermia cerebral protection therapies were administered
to actively promote recovery. The patients’ GCS scores
suggested that the implementation of this treatment plan im-
proved their level of consciousness (p < 0.05) (Table 3).

3.3 Distribution of Lesions and Analysis of Imaging

Based on the imaging data of the six patients, it was
found that lesions were most commonly distributed in the
thalamus, basal ganglia, and midbrain lesions. The appear-
ance of hyperintensity in the corpus callosum, hippocam-
pus, and subcortical white matter was more specific. The
hyperperfusion metabolism in the lesion area in head CT
perfusion imaging indicated the state of inflammatory ac-
tivity in the lesion (Fig. 1). In the acute phase of JE, CT
indicated brain tissue swelling, unclear gray and white mat-
ter boundaries, and multiple low-density foci in the bilateral
basal ganglia (Fig. 2).

Cranial MRI has a stronger sensitivity than head CT in
detecting brain tissue damaged by the JEV, especially in the
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Table 1. Statistical table of demographic and clinical characteristics of patients.

Ttem Characteristic factor

Middle-aged and elderly population
N=11)

Age
. Gender (female/male)
Demographics . .
Nationality

Common diseases

60.83 (47,72)
5/1

Han

1.83 + 1.47

. L leukocyte counts
Routine blood examination .
neutrophil percentages

5

abnormal liver function

. . o renal insufficiency

Biochemical examination o K
cardiac insufficiency

myocardial infarction

—_ — = W | W»

CSF pressure elevated
trace total protein elevated

Lumbar puncture results Polycythemia Leukocytosis

monocyte > coenocyte

Clear
CSF appearance
muddy

— LN &N | L DN

thalamus

basal ganglia
midbrain

cortex

WMH

corpus callosum

Imaging examination

hippocampus

[N )

—_

UGB
DVT
Secondary complication
Hypoproteinemia
epileptic seizures

Treated with tracheal intubation/tracheostomy assisted ventilation

(NS I S

Note: WMH, white matter hyperintensity; DVT, deep venous thrombosis; UGB, upper gastrointestinal bleeding; CSF, cerebrospinal fluid.

Table 2. Treatment received by patients.

Case Treated in Hormone replacement ~ Mild hypothermic cerebral
Regular treatment ) ]

number the ICU therapy protection therapies

1 Yes anti-infection, anti-virus, and mannitol treatments Sou-Medrol No

2 Yes anti-infection, anti-virus, and mannitol treatments No Yes

3 Yes anti-infection, anti-virus, and mannitol treatments No Yes

4 Yes anti-infection, anti-virus, and mannitol treatments No Yes

5 Yes anti-infection, anti-virus, and mannitol treatments No Yes

6 Yes anti-infection, anti-virus, and mannitol treatments Sou-Medrol Yes

early hours after onset. T2 and fluid-attenuated inversion-
recovery (FLAIR) are more sensitive, while diffusion-
weighted imaging (DWI) is relatively less sensitive. After
treatment improves, the scope of inflammatory lesions will
shrink or even disappear (Fig. 3; Table 3).

The window of the JEV antibody detection by IgM
captured by ELISA is 3 days 2 two weeks, and multiple
findings can improve the positive detection rate.
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4. Discussion

JE is a mosquito-borne infectious disease, and its
pathogen, JEV, was first isolated by Japanese scholars in
1935 [2]. In China, the primary vector of JE is Culex tri-
taeniorhynchus. The disease has strict seasonality and is
more common in the summer and autumn. A previous study
showed that the estimated overall incidence of JE in 25
endemic countries (including China and Taiwan) was 2.2
cases per 100,000 people each year, with half of the cases


https://www.imrpress.com

Fig. 1. Head magnetic resonance imaging. (A) Asymmetrical
long abnormal T2 signal from the bilateral thalamus. (B) Abnor-
mal T2 signal from the bilateral hippocampus and midbrain. (C)
Abnormal diffusion-weighted imaging high signal from bilateral
thalamus. (D) Abnormal fluid-attenuated inversion recovery high
signal from the bilateral thalamus, midbrain, and hippocampus.
Brain functional magnetic resonance (ASL). (E,F) bilateral thala-
mus and left hippocampus hyperperfusion.

Fig. 2. Computed tomography. Brain tissue swelling, unclear

gray and white matter boundaries, multiple low-density foci in the
bilateral basal ganglia.

occurring in China [3]. In China, the early vaccination stage
of JE began in the 1960s, but the vaccination rate was not
high (<0.1%); it was not until the 1980s that vaccines, in-
cluding the JE vaccine, became widely available in China.
According to the national data of the 2017 Migrant Popula-
tion Dynamic Monitoring Survey, the total vaccination rate
of the nine recommended vaccines was 64.8% [3].

Fig. 3. Before cranial magnetic resonance imaging treatment.
(A) Bilateral thalamus long T2 signal. (B) Abnormal bilateral tha-
lamus and midbrain fluid-attenuated inversion recovery high sig-
nal. (C) Abnormal corpus callosum pressure DWI high signal.
After 23 days of treatment (D-F), abnormal signals of the bilat-
eral thalamus, midbrain, and corpus callosum disappeared.

Between 2011 and 2016, the incidence of JE per
100,000 people was <0.2 [4], and the number of patients
with JE in China has dropped significantly over the past
decade. However, most adults in China are not vaccinated
against the disease, and the incidence of adult morbidity is
still relatively high through the transmission of the virus-
carrying. One study showed that the number of patients
over the age of 15 with JE has been increasing in the past
few years, accounting for 82.48% of the total number of
patients in 2016, and the proportion of middle-aged and
elderly people suffering from JE is also increasing, rising
from 2.93% in 2011 to 21.82% in 2016 [5]. However, geri-
atric patients are not given enough attention because this
age group is not listed as an at-risk population [6].

The six cases reported in this study were all from the
same area, and the month of onset was between August and
September. All were adult onset, with an average age of
59.80 + 9.36 years. Except for one case where the pre-
vious vaccination status was unknown, five of the patients
were not vaccinated against JE. Research shows the stage of
weakened immunity is around 25 years of age. It is not dif-
ficult to explain why there is such a high incidence of cases
in middle-aged and elderly adults and why their condition
is critical, as reported by Buhl et al. [7].

The clinical manifestations of JE are characterized by
high fever, headache, vomiting, disturbance of conscious-
ness, and cognitive impairment. JE can be divided into
three stages [8]: (1) the prodromal stage, manifesting as
fever, headache, nausea, and vomiting; (2) the JE stage,
occurring more than 3-5 days after the prodromal period,
with confusion, meningeal irritation, muscle stiffness, and
movement disorders; (3) the recovery period (sequelae pe-
riod). Severe cases may be associated with pulmonary
edema and respiratory failure [9]. Some patients have other
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Table 3. Evaluation of relevant data before and after treatment for a single patient.

Case Pupillary light ~ Mosquito bite History of GCS score at  The exact date Length of Days requiring GCS score at  mRS score at
number reflex history JE vaccination  admission % of diagnosis stay mechanical ventilation  discharge discharge
1 sensitive Yes unknown 10 14 21 0 15 4
2 disappeared No No 7 7 4 4 3 5
3 dull No No 7 10 23 18 13 4
4 dull No No 5 12 38 36 14 4
5 dull No No 6 10 18 19 13 4
6 dull Yes No 5 11 19 22 13 4
p=0.0434 10.67 +2.34  20.50 + 10.89 16.50 + 13.02 4.17 +0.41
Note: Comparison of GCS score between admission and discharge, *p < 0.05.
Table 4. Clinical data of six patients with epidemic encephalitis B.
.. . . Routine blood CSF .
Case number Gender Age Clinical manifestation Antibody to JE MRI or CT
Leukocyte neutrophil percentages leukocyte  Trace total
counts (10%/L) (%) counts (uL) protein (mg/dL)
1 Female 47 high fever, headache, consciousness disorder 11.42 89.2 35 68 IgM (+)  MRI: Abnormal signals of thalamus, hip-
pocampus and midbrain
2 Male 57 high fever, headache, consciousness disorder, respiratory failure 14.21 86.4 100 66 IgM (+)  CT: brain tissue swelling, multiple low-
density lesions in bilateral basal ganglia
3 Male 58 high fever, headache, consciousness disorder, respiratory failure 9.77 85.3 41 37 IgM (+)  MRI: Abnormal signals of bilateral thala-
mus, midbrain and corpus callosum
Male 65 high fever, consciousness disorder, respiratory failure 14.24 93.8 99 96 IgM (+)  MRI: abnormal signal of right thalamus
5 Male 72 high fever, consciousness disorder, respiratory failure 14.7 94.4 82 71 IgM (+)  CT: right thalamus, right basal ganglia
punctate low-density focus
6 Male 66 high fever, consciousness disorder, respiratory failure 15.3 92.4 78 83 IgM (+)  MRI:abnormal signals in the right thala-

mus, bilateral subcortical white matter and

basal ganglia
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symptoms after being infected with JEV, such as acute
myelitis caused by transverse spinal cord injury [10] and
Guillain—Barré syndrome caused by nerve root damage
[11]. The patients in the present study all had acute onset,
with fever and headache as the first symptoms; the disease
then progressed rapidly, with high fever and unconscious-
ness, including five cases with respiratory failure.

The JEV can induce an inflammatory response as var-
ious immune cells accumulate in the peripheral spleen,
lymph nodes, and blood. Leukocytes, mainly neutrophils,
increase in the blood (Table 4). This response differs from
that of other forms of viral encephalitis [12]. The present
study found that CSF pressure increased in patients with JE.
The CSF white blood cell count also increased, mostly in
(10-100) x 10%/L, and CSF protein increased slightly with
normal sugar content [13]. In all six cases, white blood
cells, blood neutrophil granulocyte percentages, and CSF
white blood cell counts were increased. All six patients had
significantly increased CSF pressure, and five had mildly
elevated CSF protein with normal glucose, which was con-
sistent with the central nervous system. The characteristics
of the CSF infected by the virus are consistent with those
reported in previous literature.

The brain MRI and CT scans of patients with JE show
characteristic changes. The JEV enters the central nervous
system through the blood—brain barrier and can extensively
affect the brain and spinal cord, with thalamic and midbrain
lesions being the most serious [ 14]. Low-density foci, such
as unilateral or bilateral thalamus, basal ganglia, and brain-
stem, can be seen on cranial CT scans, and in some patients,
obvious cerebral edema can be seen. The brain MRI is more
sensitive, usually manifesting as high T2 weighted-imaging
(T2WI) and FLAIR signals and T1WI and other signals at
the affected site; DWI is mainly an equal or high signal in
the acute phase [15—17] (Table 4). After comprehensive and
symptomatic treatments, the inflammatory lesions shrink or
even disappear. All the patients in the present study were
diagnosed with JE, and there were no abnormal imaging
findings in the thymus of any of the patients. Four of them
underwent cranial CT examination, with two showing low-
density foci in the thalamus and basal ganglia. Four patients
underwent MRI examination of the brain, which showed an
abnormally high signal of T2ZWI and FLAIR in the thalamus
and/or midbrain. The MRI scan of the one of the patients
showed cytotoxic edema of the corpus callosum pressure,
and the DWI signal was high. Man ef al. [18] reported the
first reversible corpus callosum pressure lesion caused by
JEV infection. The lesion was a cytotoxic edema with re-
versible recovery. The thalamus, especially with bilateral
thalamus involvement, is a typical imaging manifestation
of JE, with the midbrain, basal ganglia, and hippocampus
also being common damage sites. However, when JE is
strongly suspected in patients with bilateral thalamus and
midbrain involvement, other diseases, such as Wernicke en-
cephalopathy, Wilson’s disease, hypoxic encephalopathy,

and thalamus infarction, should also be excluded.

In terms of the current methodology for detecting JEV
antigens and antibodies, the virus mainly exists in the brain
tissue. It can be isolated from the brain tissue of those who
die in the early stage of the disease, however, so it is not
suitable for the diagnosis of JE in the acute stage. In addi-
tion, the reverse indirect hemagglutination method can be
used to measure antigens in the early CSF to determine the
JEV antigen. Although this method is sensitive, simple, and
fast, the positive rate is only 66.7%. The JE-specific [gM
antibody has a high positivity rate, up to 97%, and has the
characteristic of rapid sensitivity. Immunofluorescence is
used to detect the antibodies in cells or tissues, which is
more suitable for qualitative detection, while ELISA isused
to detect serum and tissue homogenates. The detection of
antigen or antibody levels in bodily fluids, such as cell cul-
ture fluid and urine, can obtain specific values and achieve
the purpose of quantitative detection. An ELISA can re-
alize the quantitative analysis of multiple samples and has
higher sensitivity. Although the plaque-neutralizing anti-
body method is relatively quantitative, it requires cultured
cells. The cycle takes about 28 days and is very long, so
this method should only be considered for patients in the
convalescent period.

In the clinical diagnosis of acute JE, the capture
method ELISA is used because the specific IgM and IgG for
some antigens in the serum often coexist, and the latter in-
terferes with the determination of IgM antibodies. First, all
serum IgM (including heterogeneous and non-specific IgM)
are immobilized in the solid phase, then the specific IgM is
determined after removing the IgG. In this way, the detec-
tion of JE-specific IgM has a strong effect. The sensitivity
and specificity positivity rate of this method is 74.4%, of
which 93% of cases are positive on the fourth day of the dis-
ease and can be used for early diagnosis. This method can
also distinguish other flavivirus-specific antibodies (forest
encephalitis and dengue viruses). The Center for Disease
Control uses this method to routinely detect JE IgM anti-
bodies.

The JEV anti-IgM antibodies are an important basis
for diagnosing JE. These antibodies in the blood generally
appear 3—4 days after disease onset. Clinically, for patients
with a high suspicion of JE, both serum and CSF JEV IgM
antibodies should be tested at the same time, as the anti-
bodies can be detected in the serum of patients with asymp-
tomatic infection and vaccination, but they cannot be de-
tected in the CSF [15]. Due to their poor condition and lack
of coordination, some patients do not have CSF IgM an-
tibodies at the same time, so only serum IgM antibodies
are tested. Although the diagnostic value of serum IgM is
lower than that of CSF, when combined with clinical and
imaging performance, a diagnosis can still be made [19].
The serum and CSF JEV antibodies of the first patient in
this study were negative on the second day of onset, which
may be related to the shorter detection time from the onset
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of the disease. On the fourteenth day following onset, the
serum was sent to the Beijing Disease Control Center for
testing, and the result returned positive for serum JE IgM
antibodies. This shows that clinicians must remain vigilant
for patients with high clinical suspicion of JE but with neg-
ative serum and CSF antibody tests. The possible reasons
for this must also be considered, and the patient should be
tested again to confirm the diagnosis.

There is no specific antiviral treatment for JE. Control-
ling high fever, cerebral edema, and respiratory failure and
preventing and treating complications are the keys to cur-
rent treatment. Previous research has found that the fatality
rate of inpatients with JE is 20-30%, and approximately 33—
50% of survivors exhibit long-term sequelae [20]. The pa-
tients in the present study were treated with dehydration (to
reduce intracranial pressure), infection control, and symp-
tomatic support. Four of the patients with high fever and
respiratory failure were also treated with mild hypothermia,
brain protection, and mechanical ventilation. One patient
ceased their treatment and was transferred to a local hospital
(their prognosis is unknown). The remaining five patients
achieved better treatment results and were discharged.

5. Conclusions

In conclusion, JE may be considered in patients pre-
senting with symptoms of central nervous system infection
if the following criteria are met: (1) the onset is prevalent
in July—September, with a history of mosquito bites; (2) the
symptoms are acute onset, high fever, headache, vomiting,
consciousness disorder, convulsions, status epilepticus, and
slow or absent bilateral pupillary light reflex; (3) on MRI,
lesions mostly involve the cerebral cortex, midbrain, basal
ganglia, and thalamus. In the hippocampus, corpus callo-
sum, and brainstem, especially when abnormal signals ap-
pear on T2 and FLAIR images, the possibility of JE should
be considered. It also needs to be differentiated from vi-
ral encephalitis, meningitis, ADEM, and encephalopathy
caused by autoimmune brain and systemic diseases. It is
necessary to improve the determination of serum-specific
antibodies and JEV antigens as soon as possible. Patients
who test negative for JE need to be retested 3—5 days later
to confirm the positivity rate of their tests.
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