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Abstract

Objective Japanese encephalitis (JE) is a critical problem of public health worldwide; however, there is limited data about the
clinical features and indicators of outcome in adults with severe Japanese encephalitis.

Methods The clinical manifestations and laboratory study on brain neuroimaging of patients with severe JE were statistically
analyzed retrospectively. All patients were followed up for 6 months after discharge. The patients were grouped into good
outcome and poor outcome according to the results of the follow-up.

Results This retrospective study consists of 9 adults with severe JE, including 5 cases with poor outcome, defined as the
modified Rankin Scale (mRS) scores of greater than or equal to 4 points, and remained ventilator dependent. Typical
clinical manifestations of JE include fever (100%), altered consciousness (100%), headache (66.7%), flaccid weakness
(66.7%), and status epilepticus (44.4%). Serological examination revealed that a higher percentage of neutrophils and a
lower percentage of lymphocytes at admission may be associated with a poor outcome. Abnormal neuroimaging of the
thalamus (85.7%), hippocampal (71.4%), midbrain (28.6%), and basal ganglia (14.3%) was found. 42.9% of patients left
severe irreversible disability, and the most prominent were mental symptoms (71.4%) and memory or understanding
disorder (57.1%).

Conclusion Our data suggest that respiratory failure is one of the important causes of early death. Serologic examination, coma,
and status epilepticus may indicate a poor outcome for severe JE. Additionally, the hippocampus is the second most common
lesion in the adults with severe JE. A large-scale clinical trial is required to further confirm these conclusions.
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Introduction

Japanese encephalitis (JE) is an acute infectious disease, a
mosquito-borne viral infection of the CNS. Japanese enceph-
alitis virus (JEV) enters into the CNS via the blood—brain
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gradually decreased; however, adult outbreaks have begun to
appear in some areas in recent years and the specific causes are
not clear yet. Predictors of poor outcome for children have
been reported that is characterized by high fever, deep coma,
a short prodromal stage, dyspnea, decerebration, and neuro-
logical dysfunctions [6]. However, adults with severe JE may
manifest a variety of life-threatening symptoms, and there are
limited studies on it and prognostic indicators. In this study,
we analyzed and summarized the clinical data, laboratory and
imaging findings and other factors that may affect outcomes
of 9 adults with severe JE at a single center in Linyi, China,
from July 2017 to August 2018, to enrich and expand the
current clinical knowledge of severe JE and clinical knowl-
edge after the acute stage of JE.

Subjects and methods
Participants, follow-up, and subgroups

Nine adults with severe JE were admitted to Linyi People’s
Hospital, China, from July 2017 to August 2018 for analysis.
All cases have the history of neither vaccination nor travel to
JE outbreak areas. They all developed symptoms in July and
August, the time with activated mosquito. Informed consent
was obtained from each patient. The diagnosis of JE was
based on the following criteria: (1) Fundamental condition:
Patients presenting with acute encephalitis syndrome (AES),
characterized by acute onset of high fever, altered mental sta-
tus, and/or new onset of seizures[7], complicated with coma,
status epilepticus, upper GI hemorrhage, decerebrate rigidity,
pulmonary edema, or peripheral vascular failure. (2) Support
condition: (I) The patient has traveled or lived from an endem-
ic area of JE. (I) Elisa showed positive IgM antibody for JEV
in serum or brain crest fluid. (II) CT and MRI of the brain
showed lesions in the thalamus, hippocampus, basal ganglia,
midbrain, and other common site of JE. Patients with severe
JE should meet the fundamental conditions and two or more
support conditions [8].

The detailed records of all patients were collected, includ-
ing sex, age, current history, past history, personal history, and
family history. A complete physical examination of the ner-
vous system was carried out, and the changes of condition
before and after admission were recorded. The clinical mani-
festations and signs were observed in patients with fever,
headache, vomiting, quadriplegia, consciousness disorder, ep-
ilepsy, dyspnea, hypermyotonia, meningeal irritation, and
pathology.

All patients were followed up once every month for con-
secutive 6 months. A functional outcome score (modified
Rankin Scale, mRS) was performed to assess the recovery
after 6 months. According to mRS score, patients with a score
less than 4 (no sequelae, mild, or moderate) were included in
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the group with good outcome, whereas patients with a score
greater than or equal to 4 points (severe sequelae, extremely
severe sequelae, or death) were included in the group with
poor outcome.

Laboratory examination

The results of blood and brain crest fluid examination on the
first day of admission were recorded in detail. Blood tests
included blood routine, biochemical tests. CSF was examined
for intracranial pressure, cells, protein, sugar, chloride. The
presence of JEV was detected in all serum and CSF samples
by IGM capture ELISA.

Radiological examination

All of the 9 patients underwent brain MR scans upon admis-
sion. All MR scans were performed on a 3.0-T scanner using
standard protocols. The following modalities were included:
T1, T2, fluid-attenuated inversion recovery (FLAIR), and
DWI sequences. Nine patients were examined by CT at the
early stage of JE infection. The data related to lesions from
imaging were analyzed, including the unique location of le-
sion, the symmetry, and the number of lesions.

Statistical analysis

Statistical analysis was performed using the SPSS 20.0 soft-
ware. Data which conform to normal distribution and have
homogeneous variance were presented as the means + SD
and analyzed by using the independent sample T test. The
measurement data that do not conform to the normal distribu-
tion were presented by the median (quartile) (m (Q25, Q75)),
the nonparametric Mann—Whitney  test was used to com-
pare the skew distribution data groups, and the counting data
are described by the percentage (%). The component ratios
between groups were compared by using Fisher’s exact test.
p value < 0.05 was considered statistically significant. The
binary logistic regression analysis was not examined due to
the small number of cases.

Results

Demographic characteristics

Common and unique clinical manifestations and their
associated outcome

Of the initial 19 eligible JE patients, 10 were excluded from
the analysis because of the absence of data due to referral or
abandonment of treatment. The mean hospital admission time
of all patients with JE was 4.00 days (SD, 1.94 days) after
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quick onset, and the mean age was 48.89 years (SD, 15.33
years); 6 patients (66.7%) were men; the median GCS score
was 5 (range, 3—10) at the time of admission. The initial man-
ifestations of JE patients presenting to the hospital included
high fever (100%), the mean temperature was 39.1 °C (SD,
0.82 °C); headache ((66.7%); and vomiting (11.1%); status
epilepticus was observed in 4 patients (44.4%), with the me-
dian occurrence time of 5 days (range, 3.25—6 days) after
onset, and all patients (100%) experienced varying degrees
of consciousness disorder, with an average occurrence time
of 4 days (SD, 2.87 days) after onset, including 3 patient with
hypersomnia, 2 cases with light coma, 2 cases with moderate
coma, and 2 cases with deep coma. In addition, there are 6
cases (60.7%) with quadriplegia, 7 cases (77.8%) with dys-
pnea, 7 cases (77.8%) with meningeal irritation sign, and 4
cases (44.4%) with pathological sign (Supple. Tables 1 and 2).
In univariate analysis, patients with coma (25% (1/4) vs 100%
(5/5); p =0.048) or status epilepticus (0 (0/4) vs 25% (1/4); p =
0.048) during the course of JE had a significantly poorer out-
come (Table 1).

The changes of WBC, serum IgM, and CSF in severe JE

Almost all patients developed a transient viremia—like chang-
es. The manifestations were the increase of WBC (22.2%),
neutrophil (100%), and monocyte (11.1%) and the decrease
of lymphocyte (100%), eosinophils (100%), and platelet
(77.8%) in peripheral blood. A serum IgM antibody test was
performed in 5 cases, and the mean time of positive detection
was 8.4 days (SD, 1.52 days) (Supple. Table 1). Serological
examination revealed that patients with a higher percentage of

neutrophils (76 + 1.9% vs 85 + 4.4%; p = 0.006) or a lower
percentage of lymphocytes (15.6 + 1.7% vs 8.9 + 1.8%; p =
0.001) at admission tend to have a poor outcome (Table 2).

The CSF was clear and colorless in appearance; the pres-
sure increased in 1 case (11.1%), with an average of 243.13
mmH,O (SD, 25.49 mmH,0); the leucocyte count increased
in 9 cases (100%); 2 cases fluctuated between 10 and 50 X
10%/L, and 7 cases fluctuated between 50 and 500 x 10%/L.
The protein in CSF increased in 8 cases (88.9%) with an
average of 577.89 mg/L (SD, 153.79 mg/L), with 2 cases
(22.2%) with mild abnormality of glucose and chloride. CSF
identification showed positive IgM in 9 cases (100%) with the
mean time of 6.56 days (SD, 2.00 days) (Supple. Table 1).
There was no difference in all the CSF parameters between the
two groups (p > 0.05) (Supple. Table 3).

Characteristics of brain lesions in severe JE patients

Cranial MRI was carried out in all patients with the mean time
of 5.14 days (SD, 2.85 days) after onset. Three cases (42.9%)
demonstrated multiple lesions, of which the thalamus was the
most frequently involved (85.7%). Abnormal signals were
also seen in the hippocampus (71.4%), midbrain (28.6%),
temporal lobe (28.6%), basal ganglia (14.3%), and insula
(14.3%). MRI showed long T1 and long T2 signals. DWI
and FLAIR sequences showed high signal intensity. Head
CT of 9 patients showed only one patient with edema in the
left temporal lobe, and the mean test time was 3.33 days (SD,
1.87 days) after onset (Supple. Table 2). There was no signif-
icant difference between the two groups in the number or

Table 1 Demographic and clinical characteristics between the different groups of SJE.

Clinical parameters Average/total Good prognosis group Poor prognosis group p value
N 9 4 5

Age (year, Ox £ 5) 48.89 + 1533 4575 +19.24 514+13.2 0.616"
Admission time (day, ox + 5) 44+1.94 3.75+2.22 42 +192 0.754*
Temperature (°C, ox + s) 39+0.82 38.65+0.94 39.46 £ 0.55 0.15%
GCS (score, Ox £ 5) 5(3,10) 10 (6, 12.5) 33,7 0.056°
Headache (case (%)) 6 (66.7) 3(75) 3 (60) 1°
Quadriplegia (case (%)) 6 (66.7) 3(75) 3 (60) 1°
Coma (case (%)) 6 (66.7) 1 (25) 5 (100) 0.048°
Status epilepticus (case (%)) 4 (44.4) 0(0) 4 (80) 0.048°
Increased muscle tone (case (%)) 3(33.3) 1(25) 2 (40) 1°
Meningeal stimulation sign (case (%)) 7 (77.8) 2 (50) 5(100) 0.167°
Dyspnea (case (%)) 7 (77.8) 2 (50) 5 (100) 0.167°

4 Student’s 7 test
® Fisher’s exact test
¢ Mann—Whitney U tests

Italicized text indicates p < 0.05
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Table 2 Hematology

examination items of different Examination item Good prognosis group  Poor prognosis group  Standard value  p value
groups of SJE N 4 5
Blood routine examination
White blood cell (¥10°%L)  6.52 +1.59 9.09 +4.48 —1.080 0.316"
Neutrophils (%) 76 +1.9 85+44 —3.84 0.006*
Neutrophils (*10%/L) 495+1.18 7.75+3.93 —1.358 0.217*
Monocytes (%) 85+09 51+3.0 2.366 0.066"
Monocytes (¥10%/L) 0.56 +£0.19 0.49+0.35 0.362 0.728*
Lymphocyte (%) 156 +1.7 89+18 5.610 0.001*
Lymphocyte (*10°/L) 1.01 £0.25 0.84 +0.32 0.846 0.425°
Blood biochemical examination
AST (UL) 42.25 +48.37 45.90 +27.87 —0.143 0.89*
ALT (UL) 24.83 +£25.12 38.18 £23.41 —0.824 0.437*
Creatinine (umol/L) 73.63 +17.87 57.22 + 8.86 1.819 0.112*
Urea (mmol/L) 449 +1.84 5.68 £3.15 —0.668 0.526"

Italicized text indicates p < 0.05
#Student’s  test

distribution of lesions in the whole brain (66.7% (2/3) vs 25%
(1/4); p > 0.05, Table 3).

Management, outcomes, and sequelae

All patients were admitted to the intensive care unit (ICU) and
treated with symptomatic supportive treatment: antiviral ther-
apy with ribavirin, methylprednisolone combined with gam-
ma globulin to inhibit immunity and fight infection, sodium
valproate, phenobarbital, and midazolam to control
seizures. Intubation and/or tracheotomy were performed in
patients with dyspnea, especially who were difficulty in ex-
pelling sputum due to respiratory failure, and received extra
ventilator, and lowering cranial pressure, nourishing brain
cells, physical cooling, oxygen absorption, maintaining water
and electrolyte balance, and myocardial protection.

Of the 9 cases, 2 cases (22.2%) died of the failure of pe-
ripheral circulation and respiration at the acute phase, and 3
cases (42.9%) left severe sequelae, such as irreversible disabil-
ity (mRS > 4 scores). In addition, the other sequelae include

memory or comprehension disorders, aphasias, delayed re-
sponse, and paralysis, which accounted for 71.4%, 57.1%,
57.1%, 42.9%, and 42.9%, respectively (Table 4).

Discussion

JE is a type of viral encephalitis caused by a globular virus with
a capsular membrane. It is a critical problem of public health
worldwide; however, most of the previous studies on JE have
focused on children, and there is limited data on the clinical
features and prognostic indicators of the eventual outcome of
adult with severe Japanese encephalitis. It was reported that
JEV takes mosquitoes as its media and pig can be the interme-
diate host for JEV [2]. Of note, Linyi is the largest city on the
covered area and population in Shandong Province of China,
with large rice cultivation areas, developed pig industry, the
summer rainstorm, and humid warm climate, which provide
the ideal conditions for the breeding of mosquitoes and the
spread of JEV. The invasiveness of JEV is related to the

Table 3 MRI findings in brain

Good prognosis group (n =3)  Poor prognosis group (n =4)  p value

and its composition ratio Parts Total (%)
Multilesion (> 2) 3(42.9)
Thalamus 6 (85.7)
Hippocampus 5(71.4)
Temporal lobe 2 (28.6)
Midbrain 2(28.6)
Basal ganglia 1(14.3)
Insula 1(14.3)

2 (66.7) 125) 0.486°
2 (66.7) 4(100) 0.429*
2 (66.7) 3(75) 12
1(33.3) 125) 1
1(33.3) 125) 1
0 (0) 125) 1
1(33.3) 0 (0) 0.429

4 Fisher’s exact test
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Table 4 The sequela in 9 cases with SJE
NO Mental symptoms Memory or comprehension Aphasias Delayed response Paralysis Incontinence MRS
disorders
Dysphoria Depressed
1 - + + + + - 5
2 - - + - - - 1
3 + - + - + - 4
4 - + + - - 2
5 N/A N/A N/A N/A N/A N/A 6
6 - - - - - - 1
7 - + - + - + 3
8 - + + - + + 5
9 N/A N/A N/A N/A N/A N/A 6
n 5 (71.4%) 4 (57.1%) 4 (57.1%) 3 (42.9%) 3 (42.9%) 2 (28.6%) 4=4

MRS scoring criteria: “0” no symptoms at all; “1” no significant sequelae despite symptoms, ability to perform all usual duties and activities; “2” mild
sequelae, not able to complete all previously available activities, but able to handle personal matters without assistance; “3” moderate sequelae, daily life
requires assistance, but walking does not; “4” severe sequelae, unable to walk without assistance from others and unable to fulfill their own physical
needs; “5” extremely severe sequelae, bedridden, incontinent, requiring constant care and attention; “6” death

N/A, no data

difference of individual susceptibility, but in recent years, the
incidence of adult Japanese encephalitis has gradually in-
creased. On the one hand, with the overall incidence of JE
decreasing, the chance of natural cryptogenic infection has
decreased, leading to a gradual decline in vaccine-induced an-
tibody levels; on the other hand, adults have a higher risk of
infection because of the growing social mobility. Studies have
shown that enhanced vaccination could provide 96.8% protec-
tion against JE [9]. Therefore, preventive vaccination with live
attenuated vaccine and enhanced post-immunization testing
can be better at preventing the occurrence of JE.

The disease progresses through prodromal, encephalitic, and
convalescent stages. The prodromal stage of JE is characterized
by the sudden onset of fever, headache, nausea, and vomiting.
The encephalitic stage then begins after 3 days, which typically
manifests with dyskinesia (Parkinson’s syndrome can be seen
in 20 to 60% of patients), decerebrate rigidity, epilepsy, and
neurological deficit [10]. Apart from typical presentations, rare
cases which include acute transverse myelitis, cerebral venous
thrombosis, and acute flaccid paralysis have also been reported
[10-12]. In addition, neurological deficit such as hemiplegia is
not an unusual phenomenon in the encephalitis stage, but as an
initial manifestation, it is rare. A 52-year-old male in the current
study with the initial presentation of left hemiplegia and fever
developed lethargy after 2 days of hemiplegia. Anti-JEV-
specific IgM had tested positive in the CSF and serum samples
in 5 days, and the brain imaging revealed the high signal in the
right basal ganglion, thalamus, and cerebral peduncle on DWI.
It is possible that the lesions affected by the virus concentrated
on the cortical spinal tracts, which occurred prior to the whole
brain cells involved due to the over-activation of innate and
adaptive immune cells.

In this study, all patients were admitted with high fever and
experienced different degrees of consciousness disorders. The
damage of thalamus (wake center) and extensive cortex can
cause different degrees of disturbance of consciousness,
which confirms that the degree of consciousness disorders is
correlated with the severity of brain tissue injury. Besides,
decreased consciousness and duration were associated with
recurrent seizures, which were considered to be prediction
factors for death [13]. This study also showed that coma (p
< 0.05) may be associated with poorer outcome of severe JE.

It was been reported that the damage of hippocampus is
also a very important cause of epileptic seizures, which en-
hanced neuronal excitability and decreased levels of inhibitory
neurotransmitter dynorphin, leading to seizures [14]. Our data
showed that the hippocampus was involved in 50% of the 4
patients with epileptic persistence, which is in agreement with
the literature. Epilepsy attack and brain tissue injury are cause
and effect; brain tissue injury can lead to seizures, and seizures
can cause neuronal damage, which repeated injury aggravates
the damage to brain parenchyma. Studies have shown that
seizures often occur in the early stages of JE, and prehospital
seizures do not increase mortality, but patients with status
epilepticus are more likely to die than patients with self-
limited seizures [15]. Moreover, status epilepticus had been
shown to be associated with poorer outcomes for JE, which
often indicated the increased intracranial pressure [13]. Our
data expand beyond the previous findings and show that status
epilepticus may be associated with poorer outcomes of severe
JE, and only one (11.1%) patient showed increased intracra-
nial pressure far below the 50% reported [13]; therefore, we
consider that status epilepticus of severe JE may be associated
with the damage to the extensive brain and the hippocampus.
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In addition, some patients with systemic inflammation can
lead to organ damage, lung infection, multiple organ failure,
upper gastrointestinal hemorrhage, brain hernia, and other
complications [16]. Dyspnea and respiratory failure are com-
mon clinical symptoms in severe patients which usually occur
during the encephalitic phase of JE [16]. In this cohort in Linyi,
China, 2 patients (22.2%) died of respiratory failure; the time
of death was 7 days and 13 days after admission, which were
longer than reported, and our data demonstrated that the inci-
dence of dyspnea was 77.8%, with no significant correlation
between dyspnea and the outcome of patients (p > 0.05).

In this study, all hospitalized patients with JE were statisti-
cally analyzed for JE antibody, blood routine, liver and kidney
function, cerebrospinal fluid, and other laboratory tests.
Laboratory diagnosis of JEV is by IgM capture ELISA with
high sensitivity and specificity. The positivity of JEV anti-
body (IgM) in the CSF reflects central nervous system JEV
infection, which is usually detected in serum about 7 days
after infection in 90% of patients, while in CSF tests, it can
be positive as early as 1 day after onset [17, 18]. During JEV
infection, an increased neutrophil in the peripheral blood has
been observed, which could degrade the virus by activating
NADPH to release superoxide anion, it forms an early line of
defense [2, 19]. Our data showed that patients with a higher
percentage of neutrophils and a lower percentage of lympho-
cytes at admission tend to have a poorer outcome, which
means that the balance between antiviral and inflammatory
responses may be an important factor in outcome.

In this study, cerebrospinal fluid examination showed that the
leucocyte count in CSF of patients with JE increased in different
degrees, mainly in mild and moderate degrees (< 500 x 10%/L).
The majority of patients with JE (88.9%) had a slight increase in
the level of CSF protein, which did not exceed 1.0 g/L. The
glucose and chloride levels were normal to low (22.2%), which
were the same as those reported in literature [20]. Further anal-
ysis showed that there was no significant correlation between
CSF parameters and poor outcome (p > 0.05), considering that
the organ function damage caused by viremia was transient and
reversible. Timely administration of the drug can effectively
improve, and patients have different hospital admission time
after onset, thus resulting in bias in the collection of blood sam-
ples and brain crest fluid; in addition, the sample size is small;
the relationship between laboratory findings and the outcome of
patients can be further studied by enlarging the sample size.

JEV mainly affects the cerebral parenchyma [21]. However,
univariate analysis did not show a correlation between the ra-
diological changes and the outcome in the current study; among
the 9 patients, 6 cases (85.7%) suffered from thalamic involve-
ment. Bilateral diffuse thalamic hyperintensities have been
shown in 4 cases. One of our unanticipated findings was that
the hippocampal is the second most common lesion (71.4%),
where the lesions often involved the tail and body, and 2 pa-
tients (40%) are showing the amygdala and the uncinate
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involvement, while the secondary lesion of adults reported is
often the midbrain [8]. Besides, temporal lobe involvement was
seen in 2 cases (28.6%) in our study. Temporal lobe involve-
ment can often lead to secondary epilepsy patients and language
dysfunction, and we discovered that cognitive function in pa-
tients with temporal lobe involvement improved quite slowly,
often leaving aphasias (50%). In addition, it often needs to be
distinguished from herpes simplex encephalitis when the tem-
poral lobe is involved, but the latter often invades the limbic
system, especially the unilateral medial temporal lobe, which is
also seen in the insula and cingulate gyrus, while involvement
of both brain stem and basal ganglia is rare [22, 23].

At present, there is no standard to evaluate the outcome of
JE patients at home and abroad [24, 25]. We found that even
the clinical status of many JE survivors has improved when
discharged, the patients that suffered from severe irreversible
disability (mRS > 4) in the later stage of rehabilitation could
still reach 42.9%. In addition, we found out that the memory
impairment of adults with severe JE (57.1%) is more serious
than reported, which may be related to the increase of hippo-
campus injury mentioned above, which is critical to the long-
term memory. There are extensive neural connections be-
tween hippocampus and the anterior thalamic nucleus [26],
which increased the memory damage. All the patients with
memory impairment in this study showed damage to the thal-
amus and hippocampus that confirmed the opinions above.
Interestingly, a patient in the current study has recovered from
score 4 to score 1 after half a year of rehabilitation exercise
(language, movement, psychology, etc.), which may be relat-
ed to prompt rehabilitation, the economic condition of the
family, and the understanding of the patient and his family.
Therefore, it is extremely important to carry out scientific and
effective rehabilitation in time during the recovery period.

Conclusion

Collectively, our data suggested a correlation between the
fatal outcome and the degree of inflammatory responses.
Damage to the hippocampus may be associated with status
epilepticus and indicate long-lasting memory problems, espe-
cially when combined with thalamus damage. Coma and sta-
tus epilepticus in adults than that of children may be associat-
ed with poorer outcome of severe JE. Early supportive treat-
ment may limit the progression of JE and significantly im-
prove the outcome. Due to the limitation of the retrospective
design and the current small-cohort study, a multicenter study
with larger populations and a more precise prospective study
are warranted to further validate our findings.
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