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Objective: There is currently no effective treatment for Japanese encephalitis, which

has a high rate of morbidity and mortality. This study assessed the effectiveness

of a ganciclovir, methylprednisolone, and immunoglobulin combination (TAGMIC)

therapy in decreasing cognitive impairment and mortality among patients with

Japanese encephalitis.

Methods: We retrospectively assessed the clinical data of 31 patients diagnosed with

Japanese encephalitis, who were admitted to an intensive care unit. Patients were

divided into the TAGMIC and non-TAGMIC group according to their treatment regime.

We compared the 60-day, 6-month, and overall mortality and survival curves between

groups.We also compared Barthel Index scores, Montreal Cognitive Assessment (MoCA)

scores, and diffusion tensor imaging (DTI) results.

Results: There was no significant difference in the 30-day mortality rate or Kaplan–Meier

survival curve between groups. The 60-day, 6-month, and overall mortality rates in the

TAGMIC group were significantly reduced (P = 0.043, P = 0.018, and P = 0.018,

respectively) compared with the non-TAGMIC group (0, 0, 0 vs. 31.25, 37.5, 37.5%,

respectively). The 60-day, 6-month, and overall Kaplan–Meier survival curves were

significantly different between groups (P = 0.020, P = 0.009, P = 0.009, respectively).

There was no significant difference in the Barthel Index scores of surviving patients.

Among the five patients who underwent MoCA and DTI, four had a score of 0/5 for

delayed recall (no cue), while the remaining patient had a score of 2/5. All five patients

were able to achieve a score of 5/5 with classification and multiple-choice prompts, and

had sparse or broken corpus callosum (or other) fibre bundles.

Conclusion: TAGMIC treatment can reduce mortality due to severe Japanese

encephalitis. The memory loss of surviving patients is mainly due to a disorder of the

memory retrieval process, which may be related to the breakage of related fibre bundles.
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INTRODUCTION

Japanese encephalitis (JE) is an endemic mosquito-borne
infection caused by the Japanese encephalitis virus (JEV) (1).
JEV is classified as a flavivirus, and causes peripheral neuropathy
and brain damage (2, 3). Although vaccines can prevent JEV
infection, approximately 68,000 cases are reported annually.
According to the World Health Organization (4), treatment
is mainly supportive and targeted toward symptom relief, as
there are no effective antiviral drugs. The outcome of JE is
poor; the mortality rate may be up to 30%, and permanent
neurological or psychiatric sequelae may occur in 30–50% of
surviving patients (5).

The JEV is a positive-sense single-stranded ribonucleic
acid (RNA) virus. Anti-RNA viral drugs generally have poor
therapeutic effects (6, 7), and it is necessary to develop new or
screen existing antiviral drugs to improve clinical efficacy (8).
In addition to direct tissue damage, JEV can also cause severe
inflammation and a heightened immune response (9); therefore,
drugs targeting only a single pathogenesis mechanism are likely
to result in treatment failure. There is an urgent need for an
effective treatment regimen to reduce mortality and disability in
patients with JE.

While cognitive impairment is a serious problem in survivors
of JE, a standard assessment measure is lacking. The Montreal
Cognitive Assessment (MoCA) has been shown to be effective for
the evaluation of cognitive impairment after stroke and dementia
(10). Diffusion tensor imaging (DTI) is a non-invasive method
for the assessment of white matter fibre bundles, and plays an
increasingly important role in the study of brain development
and cognitive function (11). Nevertheless, no prior studies have
utilized MoCA and DTI to evaluate cognitive impairment in
survivors of JE. Confirmation of the utility of the MoCA and
DTI in this patient group may facilitate the development of more
effective therapies for cognitive impairment.

In recent years, we have used a ganciclovir,
methylprednisolone, and immunoglobulin combination
(TAGMIC) therapy in the early stages of treatment for JE.
Preliminary evidence suggests that this combination therapy
may reduce mortality and improve long-term prognosis. The
objective of this study was to evaluate the effectiveness of
TAGMIC in reducing mortality in patients with JE, as well as
its ability to improve both long-term physical function and
cognitive impairment, as reflected by MoCA and DTI.

MATERIALS AND METHODS

Patient Selection
We retrospectively assessed the clinical data of 41 patients
diagnosed with JE, who were admitted to the intensive care
unit of the First Affiliated Hospital of Zhengzhou University,
from August 2013 to August 2019. These patients have tested
blood and cerebrospinal fluid for anti-JEV-IgM, and the results
are positive (Completed by the Henan Provincial Center for
Disease Control and Prevention).Patients meeting the diagnostic
criteria for JE were included (12). Exclusion criteria comprised
patients (1) in the sequelae period of JE at admission; (2)

FIGURE 1 | Flow chart of patient inclusion, exclusion, and grouping. TAGMIC:

ganciclovir, methylprednisolone, and immunoglobulin combination.

with other central nervous system infectious diseases or serious
comorbidities (e.g., malignant tumour, severe heart disease); (3)
who abandoned treatment due to economic reasons; and (4) over
80 years of age. A total of ten patients were excluded with these
criteria, resulting in a final sample size of 31 patients (Figure 1).

Patients were divided into two groups, according to whether
they had received a timely and adequate course of treatment
with TAGMIC: TAGMIC (n = 15) and non-TAGMIC group (n
= 16). The mortality rates and survival curves were compared
between the two groups at 60 days, 6 months, and overall follow-
up. Barthel Index scores of surviving patients were also compared
between groups.

TAGMIC therapy comprised the following: (T) treatment with
ganciclovir and methylprednisolone within 1 week of JE onset,
and the initiation of immunoglobulin therapy within 2 weeks of
JE onset; (A) application of ganciclovir and methylprednisolone
for at least 5–7 days in combination; (G) ganciclovir (5 mg/kg)
administered via intravenous drip, q12h, for 2–3 weeks; (M)
Methylprednisolone: 2 mg/kg/d, intravenous drip, the total dose
is divided into two applications (q12h) for 5 days; then 1
mg/kg/d intravenous drip, qd, lasting 3 days; then 0.5 mg/kg/ d,
intravenous drip, qd, stop the drug after 3 days; (I) Intravenous
immunoglobulin (IVIG) provided at 0.4 g/kg/d for 5 days,
followed by 5–10 g/d for 1 week or longer; and (C) combined
administration of the three drugs. Both the TAGMIC and
non-TAGMIC groups received symptomatic and supportive
treatment in the intensive care unit. According to the patient’s
condition, supportive treatments such as blood pressure control,
nutritional support, antibiotics treatment, respiratory support,
sedation and analgesia are given.

Data Collection
Clinical patient data were collected from the medical record
system, and telephone or face-to-face follow-up was conducted
to document survival time, survival outcomes, and sequelae. We
recorded the Barthel Index score for surviving patients at 1 year
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TABLE 1 | Comparison of baseline data between the TAGMIC and non-TAGMIC

groups.

TAGMIC

(n = 15)

Non-TAGMIC

(n = 16)

P-value

Male (%) 9 (60.0) 7 (43.8) 0.479

Age 48.067 ± 18.510 53.000 ± 16.017 0.433

Temperature (◦C) 39.4 ± 0.6 39.6 ± 0.8 0.495

GCS at admission 7 (6–12) 7 (3–12) 0.288

Days from symptom onset to

admission

4 (3–5) 5 (4–9) 0.111

ICU duration (days) 21.267 ± 9.223 18.063 ± 9.546 0.350

Days from symptom onset to

ICU admission

4 (3–5) 5 (4–10) 0.058

Headache (%) 8 (53.3) 7 (43.8) 0.724

Vomit (%) 6 (40.0) 8 (50.0) 0.722

Respiratory failure (%) 10 (66.7) 10 (62.5) 1.000

Pathological reflex (%) 2 (13.3) 3 (18.8) 1.000

Meningeal irritation (%) 12 (80.0) 8 (50.0) 0.135

Seizures (%) 4 (26.7) 4 (25.0) 1.000

Increased muscle tone (%) 5 (33.3) 6 (37.5) 1.000

Decreased muscle tone (%) 0 (0.0) 3 (18.8) 0.226

Diabetes (%) 1 (6.7) 1 (6.3) 1.000

Hypertension (%) 7 (46.7) 3 (18.8) 0.135

Blood exams (n = 31) TAGMIC

(n = 15)

Non-TAGMIC

(n = 16)

P-value

Leukocyte (10∧9/L) 10.800 ± 3.601 12.688 ± 5.535 0.273

Neutrophil (10∧9/L) 9.100

(6.710–11.200)

9.550

(7.003–14.100)

0.429

Lymphocyte (10∧9/L) 0.800

(0.600–1.500)

0.930

(0.480–1.000)

0.566

Monocyte (10∧9/L) 0.890

(0.210–1.140)

0.695

(0.480–1.003)

0.635

ALT (U/L) 23 (20–41) 31 (20–51) 0.527

AST (U/L) 34 (20–54) 38 (26–60) 0.566

Total protein (g/L) 71.180 ± 9.206 68.075 ± 7.485 0.310

Albumin (g/L) 39.560 ± 5.470 36.775 ± 4.962 0.148

Globulin (g/L) 29.9 (24.6–40.2) 29.7 (27.8–32.9) 0.767

PT (s) 11.4 (11.2–12.5) 11.3 (10.5–12.0) 0.363

APTT (s) 29.6 (27.4–31.2) 29.6 (27.0–31.4) 0.828

CRP (mg/L) 38.38

(14.06–66.36)

24.55

(7.30–41.16)

0.277

Imaging lesions (n = 25) TAGMIC

(n = 14)

Non-TAGMIC

(n = 11)

P-value

Thalamus (%) 13 (92.9) 6 (54.5) 0.056

Basal ganglion (%) 8 (57.1) 6 (54.5) 1.000

Hippocampus (%) 4 (28.6) 1 (9.1) 0.341

Brain stem (%) 7 (50.0) 4 (36.4) 0.689

Cerebral cortex (%) 6 (42.9) 6 (54.5) 0.695

CSF analysis (n = 30) TAGMIC

(n = 15)

Non-TAGMIC

(n = 15)

P-value

Pressure (mmH2O) 185 (150–250) 200 (165–270) 0.740

Leukocyte (10∧6/L) 42 (24–140) 24 (10–96) 0.191

Lymphocyte (%) 74 (56–82) 74 (66–78) 0.852

Monocyte (%) 15.13 ± 10.32 19.07 ± 7.69 0.246

(Continued)

TABLE 1 | Continued

CSF analysis (n = 30) TAGMIC

(n = 15)

Non-TAGMIC

(n = 15)

P-value

Protein (mg/dL) 66.3 (51.2–98.5) 84.8 (67.1–123.6) 0.152

Glucose >50 (mg/dL) 14 (93.3) 14 (93.3) 1.000

The blood and cerebrospinal fluid test results of the two groups were the initial test results

during hospitalization.TAGMIC, ganciclovir, methylprednisolone, and immunoglobulin

combination; GCS, Glasgow Coma Score; ICU, Intensive care unit; ALT, alanine

aminotransferase; AST, aspartate amino transferase; PT, prothrombin time; APTT,

activated partial thromboplastin time; CRP, C-creative protein; CSF: cerebrospinal fluid.

after JE onset. A total of 25 patients agreed to undergo head
magnetic resonance imaging (MRI) during hospitalisation. Of
the five patients who underwent in-hospital DTI, three returned
to our hospital for DTI review. During the 3-year follow-up, five
patients agreed to receive the Chinese version of the MoCA for
cognitive function evaluation.

Statistical Analysis
Normal distribution tests and variance homogeneity tests were
conducted for measurement data. Normal distribution, skewed
distribution, and count data are expressed as mean ± standard
deviation, median (lower quartile, upper quartile), and frequency
(constituent ratio), respectively. Between-group comparisons
were made using the t-test, χ2-test, and Mann–Whitney U-test.
Kaplan–Meier survival curves of the two groups were analysed
with the log-rank test. The level of statistical significance was
set at P < 0.05. All analyses were performed with SPSS software
(version 25.0) and R software (version 4.0.2).

RESULTS

Comparison of Baseline Data Between the
TAGMIC and Non-TAGMIC Groups
There were no significant differences in clinical or laboratory
parameters between the TAGMIC and non-TAGMIC groups at
baseline (P > 0.05; Table 1). A total of 25 patients underwent
head MRI during hospitalisation; JE was observed to have
mainly affected the thalamus (76%) and basal ganglia (56%)
(Figures 2A,B). Five patients agreed to undergo in-hospital DTI,
which revealed that many of the fibre tracts in the brain were
broken; affected regions included the corticospinal tract, corpus
callosum tract, arcuate bundle, inferior frontal occipital tract,
cingulate bundle, and uncinate bundle. Three patients returned
for review at 3 or 6 months. DTI showed that the fibre bundle
continuity was improved (Figures 2C,D and Table 2).

Comparison of Mortality and Survival
Curves Between the TAGMIC and
Non-TAGMIC Groups
During the course of treatment, we found no adverse reactions
such as allergic reactions and liver damage through clinical
observations and biochemical examinations. While mortality
due to JE was not observed in the TAGMIC group, two and
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three patients in the non-TAGMIC group died within 1 and
2 months of JE onset, respectively; a single case of mortality
was documented within 5 months of JE onset. The 30-day
mortality rate in the TAGMIC group was lower than that in
the non-TAGMIC group (0 vs. 12.5%); however, this did not
reach statistical significance (P = 0.226). There was also no
significant difference in the 30-day Kaplan–Meier survival curve
between the two groups (P = 0.083). The 60-day mortality
rate in the TAGMIC group was significantly lower than that
in the non-TAGMIC group (0 vs. 31.25%, P = 0.043), and
the difference in the 60-day Kaplan–Meier survival curve
was also significant (P = 0.020; Figure 3A). The 6-month
mortality rate was also significantly lower (0 vs. 37.5%, P =

FIGURE 2 | Magnetic resonance image and diffusion tensor imaging image of

1 patient. (A,B) Magnetic resonance images showed that the patient’s

thalamus (white arrow) and basal ganglia (white arrow) were lesions. (C,D)

Diffusion tensor imaging showed that the patient’s corpus callosum tract was

partially broken. Three months later, the patient’s corpus callosum rupture

improved.

0.018) in the TAGMIC group, with a corresponding significant
difference between Kaplan–Meier survival curves (P = 0.009;
Figure 3B). The TAGMIC group exhibited a significantly lower
total mortality rate (0 vs. 37.5%, P = 0.018); the overall Kaplan–
Meier survival curve was also significantly different between
groups (P = 0.009; Figure 3C).

Comparison of the Barthel Index Score
Between the TAGMIC and Non-TAGMIC
Groups
There were a total of 15 and 10 surviving patients in the TAGMIC
and non-TAGMIC groups at the 1-year follow-up, respectively.
One patient in the TAGMIC group had a Barthel Index score of
10, while the rest had a score of 100. In the non-TAGMIC group,
one patient had a score of 55, and the remainder had a score of
100. There was no significant difference in the Barthel Index score
between groups (P = 0.814).

Evaluation of Impaired Cognition
All five patients who agreed to undergo theMoCA complained of
memory loss. The MoCA test results mainly indicated a delayed
recall disorder. Four patients had a score of 0/5 for delayed
recall (no cue), and one patient had a score of 2/5. All patients
were able to recall the remaining words with the provision of
the classification prompt and multiple-choice prompt. Visual
space and executive ability were slightly impaired in four cases,
while the remaining patient exhibited significant impairments
in visual space and executive ability, naming function, and
attention (Table 3).

DISCUSSION

Currently, treatment for JE is mainly supportive and targeted
toward symptom relief, as there are no effective antiviral drugs.
Therefore, surviving patients often have serious neurological
sequelae and cognitive impairment (4, 5). The results of this study
suggested that the TAGMIC treatment regimen significantly
reduced the 60-day, 6-month, and overall mortality of patients
with severe JE, thereby improving the survival rate. Furthermore,
the long-term memory impairment in some of the patients was

TABLE 2 | Diffusion tensor imaging results of five patients.

No/age/sex Corticospinal tract Corpus callosum tract Arcuate fasciculus Inferior frontal occipital tract Cingulate bundle Uncinate bundle

1/58/F Yes Yes Yes No Yes No

2/47/M Yes Yes No Yes Yes Yes

Yes Yes No No Yes Yes

3/28/M Yes Yes No Yes Yes Yes

Yes Yes No Yes No No

4/67/M Yes Yes Yes Yes No Yes

5/27/F Yes Yes No Yes Yes No

Yes No No Yes Yes No

Patient 2 underwent DTI reexamination half a year after disease onset. Patients 3 and 5 underwent DTI reexamination 3 months after disease onset. The second row of data for a patient

includes results obtained upon DTI reexamination. Yes, There are sparse or broken fiber bundles; No, No fiber bundles are sparse or broken. DTI, Diffusion tensor imaging; M, male;

F, female.
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FIGURE 3 | Comparison of 60-day, 6-month, and overall survival curves between TAGMIC group and Non-TAGMIC group. (A) Comparison of 60-day survival curves

between TAGMIC group and Non-TAGMIC group. (B) Comparison of 6-month survival curves between TAGMIC group and Non-TAGMIC group. (C) Comparison of

overall survival curves between TAGMIC group and Non-TAGMIC group. (C) Shows that due to the different dates of onset of patients, as of the end time of our

follow-up (January 2020), the follow-up period of patients ranges from several weeks to several years. At the 10-month follow-up, 6 patients in the Non-TAGMIC

group died (the part of the curve descending), and 4 patients were shorter than 10 months by the end of January 2020 (4 short vertical lines, 2 of which are almost

overlapped due to the close distance.) Therefore, 6(16-6-4) patients over 10 months, need to continue to extend the display on the curve. There were no deaths in the

TAGMIC group and no decline in the survival curve. For example, in the TAGMIC group, there are 3 patients with a follow-up period of fewer than 20 months (3 short

vertical lines), and 12(15-3) patients with a follow-up period of more than 20 months, which need to be extended on the curve. TAGMIC: ganciclovir,

methylprednisolone, and immunoglobulin combination.

mainly attributed to a disorder of the memory retrieval process,
as opposed to the memory storage process. This may have been
related to the damage and breakage of contact fibres in the brain.

JEV causes physiological damage to host tissues in three
ways (Figure 4). First, the virus directly enters the central
nervous system and damages neurons, especially those in the

thalamus and basal ganglia. Prior studies have reported that JEV
destroys neurons through clathrin-independent endocytosis and
apoptosis (13–15). In the present study, we also observed damage
in the substantia nigra and hippocampus. Second, JEV causes
severe inflammation and cytokine storms in the central nervous
system (16), and destroys the blood-brain barrier (17). This may
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TABLE 3 | Montreal Cognitive Assessment scores of five patients.

No/age/sex Education

(years)

Visuospatial/

executive

Naming Attention Language Abstraction Delayed recall Orientation Score after

correction

No cue Category

cue

Multiple

choice cue

1/61/F 12 2 1 2 3 1 0 3 2 6 16

2/50/M 9 4 3 6 2 2 0 3 2 6 24

3/31/M 12 4 3 6 3 2 2 3 0 6 27

4/70/M 6 5 3 6 3 2 0 0 4 4 24

5/30/F 6 4 3 6 3 2 0 1 4 6 25

One point was allocated for each word recalled freely without any cues. No points were allocated for words recalled with a category cue or multiple-choice cue. M, male; F, female.

FIGURE 4 | Overview of pathogenesis and therapeutic drugs of Japanese encephalitis. Pathogenesis of disease: After the mosquito bites the human skin, it enters the

lymph nodes and replicates in the lymph nodes, and then enters the blood system to form viremia, which stimulates the body to produce protective antibodies against

the Japanese encephalitis virus. The virus mainly causes the following three aspects of damage, and the three drugs act on the following three aspects respectively.

1. The virus penetrates the blood-brain barrier and enters the central nervous system. The virus directly damages neurons. The antiviral drug ganciclovir may inhibit

the replication of Japanese encephalitis virus and reduce the damage of the virus to neurons. Antiviral drugs may act on this pathogenesis.

2. After the virus enters the human body, the body produces IL-6, TNF-α, TLRs, and other cytokines and chemokines, causing inflammation of the whole body and

brain parenchyma. Glucocorticoids fight inflammation.

3. The composition of the virus may be similar to that of the central nervous tissue, which stimulates the body’s immune system to produce autoantibodies against its

nervous tissue components, such as Anti-GM1 IgM/IgG and so on. The virus can also stimulate the body to produce autoantibodies against peripheral nerve tissue

components, such as Anti-GM1 IgM/IgG, Anti-GM2 IgM/IgG, Anti-GD1a IgM/IgG, Anti-GD1b IgM/IgG, etc. Intravenous immunoglobulin mainly contains IgG

monomer, which is used to neutralize autoantibodies such as IgM/IgG. JEV, Japanese encephalitis virus; IL-6, interleukin-6; TNF-α, tumour necrosis factors-α; TLRs,

Toll-like receptors.

be one of the reasons for the rapid emergence of severe symptoms
(e.g., impaired consciousness), and indicates the importance of
blocking the inflammatory storm response in the early stages of
JE. Third, the continued development of the infection may cause
a severe humoral immune response in the central and peripheral

nervous systems, which further exacerbates clinical symptoms
and cognitive impairment. Previous studies have reported
increases in immunoglobulins M and G in the cerebrospinal
fluid, as well as circulating B lymphocytes and plasma cells
(6, 18, 19). Therefore, optimal treatment requires consideration
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of all three pathogenic mechanisms of JE, and should comprise
not only an early anti-viral effect, but also counteractive measures
for the subsequent inflammatory reaction, cytokine storm, and
humoral immune response. The TAGMIC regimen combines the
use of ganciclovir (an antiviral agent) with methylprednisolone
to reduce the inflammatory reaction and cytokine storm
within 1 week; this is complemented by the administration
of immunoglobulin to significantly reduce clinical symptoms
within 2 weeks, and the severity of neurological damage.

Single-stranded RNA virus replication lacks a proofreading
mechanism, and is thereforemore prone tomutations. Therefore,
a combination of drugs is often required to treat infections caused
by this virus group, which includes hepatitis C virus, severe
acute respiratory syndrome (SARS)-associated coronavirus, and
SARS coronavirus 2 (SARS-CoV-2). Each individual drug in the
regimen acts on different pathogenic aspects of the infection,
as well as synergistically. JE pathogenesis has been shown to
be extremely complex and diverse, thus necessitating the use of
combined drug therapy (6). Therefore, in the process of treating
JE at our institution, we have adopted the use of a combination of
antiviral drugs, glucocorticoids, and immunoglobulins to target
different aspects of its pathogenesis.

There are currently no effective antiviral drugs for patients
with JE. A prior study reported that oral ribavirin was unable to
reduce the mortality rate in patients with JE (20). In contrast,
more successful results have been observed for ganciclovir,
which is used as an anti-deoxyribonucleic acid viral agent.
An in vitro study reported that ganciclovir is a prodrug of
nucleotide analogues, and is delivered into cells and converted
into ganciclovir triphosphate. RNA-dependent RNA polymerase
subsequently incorporates ganciclovir triphosphate into the
polymerase reaction, which is immediately terminated, thereby
inhibiting the replication of SARS-CoV-2 (8). Similarly to
SARS-CoV-2, JEV is a single-stranded positive-stranded RNA
virus, which requires a RNA-dependent RNA polymerase for
replication (21). The results of the present study support the
anti-JEV effectiveness of ganciclovir.

The results of the present study suggest that
methylprednisolone is able to rapidly reduce the inflammatory
reaction and cytokine storm induced by JEV. Following entry
into the central nervous system, JEV stimulates the release of
a large number of inflammatory cytokines and chemokines
through the degranulation of mast cells, and activation of
lymphocytes and macrophages. This not only damages the
blood-brain barrier, but also induces a large number of
inflammatory cells to infiltrate around the blood vessels (17, 22).
Therefore, the microglia are activated, and the microglia
phagocytize neurons or release toxic substances to cause the
death of neurons (23–25), this further exacerbates damage to
the central nervous system. Indeed, prior studies have shown
that the prognosis of patients with JE is poorer with higher
levels of inflammatory mediators (TNF-α, IL-6) in the central
nervous system (9, 26). Glucocorticoids have been demonstrated
to down-regulate the release of cytokines (TNF-α, IL-6) and
inflammatory mediators (27), thus inhibiting further damage
to the central nervous system and facilitating the recovery
of consciousness (28). A previous study also reported that

dexamethasone can prevent damage to the blood-brain barrier
and protect the central nervous system (29). The early and
continuous administration of glucocorticoids has also been
shown to effectively reduce the damage caused by inflammatory
storms in patients with SARS (30, 31). The patients in our study
were all in the severe stage, with severe central nervous system
disease, and most had respiratory failure, acute respiratory
distress syndrome, or other respiratory diseases. Therefore,
glucocorticoids should be administered early to reduce the
damage caused by the inflammatory storm.

Immunopathology is considered to be the main pathogenic
mechanism of JE (9, 32). Humans usually have a strong
physiological immune response to JEV, which may be divided
into two different components. The first component is the
viral antigen; B cells and plasma cells increase significantly in
patients with severe virus infection, reflecting the activation of
humoral immunity (16). Immunoglobulins M and G appear after
the onset of JEV infection to fight the virus. However, if the
virus load is too large, the deposition of viral antigens and the
corresponding antibodies in the nerve tissues and blood vessel
walls activates the complement system, which results in immune
damage and brain tissue necrosis. The second component is
the production of antibodies against the patient’s nerve tissue.
A prior study (19) reported that 30% of patients with JEV
infection develop antibodies to their gangliosides (GM1, GM2,
GD1a, and GD1b), resulting in Guillain-barre syndrome. Thus,
the continued progression of JEV into the later stages may result
in the generation of auto-antibodies, which damage peripheral
nerves and increase the risk of disability.

IVIG is composed mostly of monomeric immunoglobulin G
(95%), with a small amount of aggregated and dimeric forms.
IVIG can provide anti-idiotypic antibodies (18) that bind to
and neutralise pathogenic antibodies, thereby preventing them
from interacting with antigens and reducing the formation
and deposition of antigen-antibody complexes in the nerve
tissues (33). These antibodies may neutralise and block not
only viral antigens, but also secondary neural tissue antigens
in the later stages of JE, thus reducing further damage to the
nervous system. IVIG can also inhibit complement; prevent the
formation of membrane soluble attack complexes; provide anti-
inflammatory effects; induce anti-inflammatory cytokines;
reduce complement-mediated damage; reduce immune
complex-mediated inflammation; and regulate T cell and B
cell activation and differentiation (34). The ability of IVIG to
neutralise antibodies in JEV-positive patients has been previously
demonstrated in a randomised double-blind placebo-controlled
trial (35). Another study (19) reported that the administration
of IVIG within 2 weeks of symptom onset could effectively treat
Guillain-barre syndrome associated with JEV; after 1 week of
treatment, 54% of patients experienced significant improvements
in clinical signs and symptoms. In our study, we administered a
high dose for 5 days, and continued to provide IVIG at 5–10 g/d
for 1 week; this may have led to the complete neutralisation of
the autoantibodies and a large reduction in damage to the central
nervous system.

The TAGMIC regimen addresses not only the different aspects
of JE pathology, but also the timeliness and completeness of
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treatment. While therapy should be initiated early, its duration
should also be long enough to cover the entire process of
the severe pathological changes. The use of this approach in
the present study greatly facilitated the long-term reduction of
mortality in patients with severe JE. While prior studies have
investigated short-term outcomes and their associated factors
among JE survivors (36, 37), it must be acknowledged that
some neurological and psychiatric sequelae do not manifest in
the short-term, prior to hospital discharge. Therefore, long-term
follow-up is required to accurately and comprehensively assess
outcomes in this patient group. In the present study, we reviewed
patients for approximately 3 years, in order to document the
long-term motor, neurological, and cognitive sequelae of JE.

As mentioned in the results section, the two groups of patients
had high Barthel Index scores. This reflects that the patient has
better functions in daily exercise such as dressing, going up and
down stairs, etc. While we did not document residual motor
impairments that were severe enough to affect activities of daily
living, cognitive impairments (e.g., memory loss) were observed
in some patients. In the majority of cases, these impairments
gradually resolved through active rehabilitation and training.
However, during the 3-year follow-up, some patients still had
complaints of memory loss, especially with regard to recent
events. In order to further elucidate the cause of this memory
loss, we performed additional investigations in five patients. We
found that in addition to a slight decrease in visual space and
executive ability, these patients also had a significant decrease
in delayed recall of recent events; nevertheless, they were able
to complete the memory retrieval process with the provision of
classification and selection prompts. This phenomenon is similar
to the amnesia reported in mice with early Alzheimer’s disease, in
that the memory retrieval process is impaired, while the memory
storage process remains intact (38). As indicated by the DTI
results, this may be related to the breakage of multiple connecting
fibres in the corpus callosum tract and arcuate tract in the brain.
Asmemory function requires unilateral and bilateral information
transmission through the corpus callosum (39), damage to the
integrity of this structure may impair memory. The improvement
of the patients’ remaining symptoms also suggests that the
continuation of rehabilitation training after hospital discharge
has a positive impact on cognitive recovery.

A limitation of the present study was the relatively small
sample size. There is a need for further clinical trials with larger
sample sizes to confirm the results of this study, which may
have implications for future clinical practice guidelines for JE
treatment. Since this study is a retrospective study, the results
of biochemical and serological tests are lacking to strengthen
the claims. More data for MoCAs and DTI are also needed. In
conclusion, the results of our study suggest that TAGMIC is an
effective treatment for JE. Antiviral agents, glucocorticoids, and
immunoglobulins act on different aspects of JE pathogenesis, and
also have a synergistic effect. Moreover, an early and adequate
course of therapy is essential for treatment success. Besides, the
specific mechanisms of the drugs need to be further investigated.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of the First Affiliated Hospital
of Zhengzhou University (approval no. 2020-KY-077). The
patients/participants provided their written informed consent to
participate in this study. Written informed consent was obtained
from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

WM and JT contributed to conception and design of the study.
WM, JG, SZ, NS, XS, FL, WL, and JX organized the database.
WM and JG performed the statistical analysis and wrote the first
draft of the manuscript. All authors contributed to manuscript
revision, read, and approved the submitted version.

FUNDING

Joint construction project of Henan Medical Science and
technology research plan (LHGJ20190087).

REFERENCES

1. Vaughn DW, Hoke CH jr. The epidemiology of Japanese

encephalitis: prospects for prevention. Epidemiol Rev. (1992)

14:197–221. doi: 10.1093/oxfordjournals.epirev.a036087

2. Xiang JY, Zhang YH, Tan ZR, Huang J, Zhao YW. Guillain-Barré syndrome

associated with Japanese encephalitis virus infection in China. Viral Immunol.

(2014) 27:418–20. doi: 10.1089/vim.2014.0049

3. Ravi V, Taly AB, Shankar SK, Shenoy PK, Desai A, Nagaraja D, et al.

Association of Japanese encephalitis virus infection with Guillain-Barré

syndrome in endemic areas of south India. Acta Neurol Scand. (1994) 90:67–

72. doi: 10.1111/j.1600-0404.1994.tb02681.x

4. WHO. Japanese Encephalitis. (2019). Available online at: https://www.who.

int/news-room/fact-sheets/detail/japanese-encephalitis.

5. Campbell GL, Hills SL, Fischer M, Jacobson JA, Hoke CH, Hombach JM, et

al. Estimated global incidence of Japanese encephalitis: a systematic review.

Bull World Health Organ. (2011) 89:766–74:74a−74e. doi: 10.2471/BLT.10.0

85233

6. Turtle L, Solomon T. Japanese encephalitis - the prospects for new treatments.

Nat Rev Neurol. (2018) 14:298–313. doi: 10.1038/nrneurol.2018.30

7. Spinner CD, Gottlieb RL, Criner GJ, Arribas Lopez JR, Cattelan AM, Soriano

Viladomiu A, et al. Effect of remdesivir vs. standard care on clinical status at 11

days in patients with moderate COVID-19: a randomized clinical trial. JAMA.

(2020) 324:1048–57. doi: 10.1001/jama.2020.16349

8. Jockusch S, Tao C, Li X, Anderson TK, Chien M, Kumar S, et al. A library

of nucleotide analogues terminate RNA synthesis catalyzed by polymerases

of coronaviruses that cause SARS and COVID-19. Antiviral Res. (2020)

180:104857. doi: 10.1016/j.antiviral.2020.104857

Frontiers in Neurology | www.frontiersin.org 8 November 2021 | Volume 12 | Article 711674

https://doi.org/10.1093/oxfordjournals.epirev.a036087
https://doi.org/10.1089/vim.2014.0049
https://doi.org/10.1111/j.1600-0404.1994.tb02681.x
https://www.who.int/news-room/fact-sheets/detail/japanese-encephalitis
https://www.who.int/news-room/fact-sheets/detail/japanese-encephalitis
https://doi.org/10.2471/BLT.10.085233
https://doi.org/10.1038/nrneurol.2018.30
https://doi.org/10.1001/jama.2020.16349
https://doi.org/10.1016/j.antiviral.2020.104857
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Miao et al. Treatment of Japanese Encephalitis

9. Winter PM, Dung NM, Loan HT, Kneen R, Wills B, Thu le T, et

al. Proinflammatory cytokines and chemokines in humans with Japanese

encephalitis. J Infect Dis. (2004) 190:1618–26. doi: 10.1086/423328

10. Zietemann V, Georgakis MK, Dondaine T, Müller C, Mendyk AM, Kopczak

A, et al. Early MoCA predicts long-term cognitive and functional outcome

and mortality after stroke. Neuro. (2018) 91:e1838–e50. (Epub Oct 20, 2018).

doi: 10.1212/wnl.0000000000006506

11. Assaf Y, Pasternak O. Diffusion tensor imaging (DTI)-based white matter

mapping in brain research: a review. J Mol Neurosci. (2008) 34:51–

61. doi: 10.1007/s12031-007-0029-0

12. WHO. Surveillance Standards for Vaccine-Preventable Diseases, 2nd ed. World

Health Organization (2018). Available online at: https://apps.who.int/iris/

handle/10665/275754

13. Kalia M, Khasa R, Sharma M, Nain M, Vrati S. Japanese encephalitis virus

infects neuronal cells through a clathrin-independent endocytic mechanism. J

Virol. (2013) 87:148–62. doi: 10.1128/JVI.01399-12

14. Desai A, Shankar SK, Ravi V, Chandramuki A, Gourie-Devi M. Japanese

encephalitis virus antigen in the human brain and its topographic distribution.

Acta neuropathol. (1995) 89:368–73. doi: 10.1007/BF00309631

15. Guo F, Yu X, Xu A, Xu J, Wang Q, Guo Y, et al. Japanese encephalitis virus

induces apoptosis by inhibiting Foxo signaling pathway. Vet Microbiol. (2018)

220:73–82. doi: 10.1016/j.vetmic.2018.05.008

16. Ren X, Wen W, Fan X, Hou W, Su B, Cai P, et al. COVID-19 immune

features revealed by a large-scale single cell transcriptome atlas. Cell. (2021)

184:1895–913.e19. doi: 10.1016/j.cell.2021.01.053

17. Li F, Wang Y, Yu L, Cao S, Wang K, Yuan J, et al. Viral infection of

the central nervous system and neuroinflammation precede blood-brain

barrier disruption during Japanese encephalitis virus infection. J Virol. (2015)

89:5602–14. doi: 10.1128/JVI.00143-15

18. Ephrem A, Misra N, Hassan G, Dasgupta S, Delignat S, Duong Van

Huyen JP, et al. Immunomodulation of autoimmune and inflammatory

diseases with intravenous immunoglobulin. Clin Exp Med. (2005) 5:135–

40. doi: 10.1007/s10238-005-0079-y

19. Wang G, Li H, Yang X, Guo T, Wang L, Zhao Z, et al. Guillain-Barré

syndrome associated with JEV infection. N Engl J Med. (2020) 383:1188–

90. doi: 10.1056/NEJMc1916977

20. Kumar R, Tripathi P, Baranwal M, Singh S, Tripathi S, Banerjee G.

Randomized, controlled trial of oral ribavirin for Japanese encephalitis

in children in Uttar Pradesh, India. Clin Infect Dis. (2009) 48:400–

6. doi: 10.1086/596309

21. Garcia-Blanco MA, Vasudevan SG, Bradrick SS, Nicchitta C. Flavivirus RNA

transactions from viral entry to genome replication. Antiviral Res. (2016)

134:244–9. doi: 10.1016/j.antiviral.2016.09.010

22. Hsieh JT, Rathore APS, Soundarajan G, St John AL. Japanese encephalitis

virus neuropenetrance is driven by mast cell chymase. Nat Commun. (2019)

10:706. doi: 10.1038/s41467-019-08641-z

23. Thongtan T, Thepparit C, Smith DR. The involvement of microglial

cells in Japanese encephalitis infections. Clin Dev Immunol. (2012)

2012:890586. doi: 10.1155/2012/890586

24. Ghoshal A, Das S, Ghosh S, Mishra MK, Sharma V, Koli P, et al.

Proinflammatory mediators released by activated microglia induces neuronal

death in Japanese encephalitis.Glia. (2007) 55:483–96. doi: 10.1002/glia.20474

25. Brown GC, Vilalta A. How microglia kill neurons. Brain Res. (2015) 1628(Pt

B):288–97. doi: 10.1016/j.brainres.2015.08.031

26. Ravi V, Parida S, Desai A, Chandramuki A, Gourie-Devi M, Grau GE.

Correlation of tumor necrosis factor levels in the serum and cerebrospinal

fluid with clinical outcome in Japanese encephalitis patients. J Med Virol.

(1997) 51:132–6.

27. Umberto Meduri G, Bell W, Sinclair S, Annane D. Pathophysiology of acute

respiratory distress syndrome. Glucocorticoid receptor-mediated regulation

of inflammation and response to prolonged glucocorticoid treatment. Presse

Med. (2011) 40(12 Pt 2):e543–60. doi: 10.1016/j.lpm.2011.04.023

28. Nakano A, Yamasaki R, Miyazaki S, Horiuchi N, Kunishige M, Mitsui T.

Beneficial effect of steroid pulse therapy on acute viral encephalitis. Eur

Neurol. (2003) 50:225–9. doi: 10.1159/000073864

29. Patabendige A, Michael BD, Craig AG, Solomon T. Brain microvascular

endothelial-astrocyte cell responses following Japanese encephalitis virus

infection in an in vitro human blood-brain barrier model. Mol Cell Neurosci.

(2018) 89:60–70. doi: 10.1016/j.mcn.2018.04.002

30. Khilnani GC, Hadda V. Corticosteroids and ARDS: a review

of treatment and prevention evidence. Lung India. (2011)

28:114–9. doi: 10.4103/0970-2113.80324

31. Meduri GU, Annane D, Chrousos GP, Marik PE, Sinclair SE. Activation

and regulation of systemic inflammation in ARDS. Chest. (2009) 136:1631–

43. doi: 10.1378/chest.08-2408

32. Kumar A, Sharma P, Shukla KK, Misra S, Nyati KK. Japanese

encephalitis virus: associated immune response and recent

progress in vaccine development. Microb Pathog. (2019)

136:103678. doi: 10.1016/j.micpath.2019.103678

33. Dwyer JM. Manipulating the immune system with immune globulin. N Engl J

Med. (1992) 326:107–16. doi: 10.1056/NEJM199201093260206

34. Dalakas MC. Intravenous immunoglobulin in the treatment

of autoimmune neuromuscular diseases: present status and

practical therapeutic guidelines. MuscleNerve. (1999) 22:1479–

97. doi: 10.1002/(sici)1097-4598(199911)22:11<1479::aid-mus3>3.0.co;2-b

35. Rayamajhi A, Nightingale S, Bhatta NK, Singh R, Kneen R, Ledger E,

et al. A preliminary randomized double blind placebo-controlled trial of

intravenous immunoglobulin for Japanese encephalitis in Nepal. PLoS ONE.

(2015) 10:e0122608. doi: 10.1371/journal.pone.0122608

36. Solomon T, Dung NM, Wills B, Kneen R, Gainsborough M,

Diet TV, et al. Interferon alfa-2a in Japanese encephalitis: a

randomised double-blind placebo-controlled trial. Lancet. (2003)

361:821–6. doi: 10.1016/S0140-6736(03)12709-2

37. Misra UK, Kalita J, Srivastava M. Prognosis of Japanese

encephalitis: a multivariate analysis. J Neurol Sci. (1998) 161:143–

7. doi: 10.1016/S0022-510X(98)00265-2

38. Roy DS, Arons A, Mitchell TI, Pignatelli M, Ryan TJ, Tonegawa

S. Memory retrieval by activating engram cells in mouse models of

early Alzheimer’s disease. Nature. (2016) 531:508–12. doi: 10.1038/nature1

7172

39. Yiannakkaras C, Konstantinou N, Constantinidou F, Pettemeridou E,

Eracleous E, Papacostas SS, et al. Whole brain and corpus callosum diffusion

tensor metrics: how do they correlate with visual and verbal memory

performance in chronic traumatic brain injury. J Integr Neurosci. (2019)

18:95–105. doi: 10.31083/j.jin.2019.02.144

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Miao, Guo, Zhang, Shen, Shang, Liu, Lu, Xu and Teng. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Neurology | www.frontiersin.org 9 November 2021 | Volume 12 | Article 711674

https://doi.org/10.1086/423328
https://doi.org/10.1212/wnl.0000000000006506
https://doi.org/10.1007/s12031-007-0029-0
https://apps.who.int/iris/handle/10665/275754
https://apps.who.int/iris/handle/10665/275754
https://doi.org/10.1128/JVI.01399-12
https://doi.org/10.1007/BF00309631
https://doi.org/10.1016/j.vetmic.2018.05.008
https://doi.org/10.1016/j.cell.2021.01.053
https://doi.org/10.1128/JVI.00143-15
https://doi.org/10.1007/s10238-005-0079-y
https://doi.org/10.1056/NEJMc1916977
https://doi.org/10.1086/596309
https://doi.org/10.1016/j.antiviral.2016.09.010
https://doi.org/10.1038/s41467-019-08641-z
https://doi.org/10.1155/2012/890586
https://doi.org/10.1002/glia.20474
https://doi.org/10.1016/j.brainres.2015.08.031
https://doi.org/10.1016/j.lpm.2011.04.023
https://doi.org/10.1159/000073864
https://doi.org/10.1016/j.mcn.2018.04.002
https://doi.org/10.4103/0970-2113.80324
https://doi.org/10.1378/chest.08-2408
https://doi.org/10.1016/j.micpath.2019.103678
https://doi.org/10.1056/NEJM199201093260206
https://doi.org/10.1002/(sici)1097-4598(199911)22:11$<$1479::aid-mus3$>$3.0.co;2-b
https://doi.org/10.1371/journal.pone.0122608
https://doi.org/10.1016/S0140-6736(03)12709-2
https://doi.org/10.1016/S0022-510X(98)00265-2
https://doi.org/10.1038/nature17172
https://doi.org/10.31083/j.jin.2019.02.144
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	The Effect of a Combined Ganciclovir, Methylprednisolone, and Immunoglobulin Regimen on Survival and Functional Outcomes in Patients With Japanese Encephalitis
	Introduction
	Materials and Methods
	Patient Selection
	Data Collection
	Statistical Analysis

	Results
	Comparison of Baseline Data Between the TAGMIC and Non-TAGMIC Groups
	Comparison of Mortality and Survival Curves Between the TAGMIC and Non-TAGMIC Groups
	Comparison of the Barthel Index Score Between the TAGMIC and Non-TAGMIC Groups
	Evaluation of Impaired Cognition

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


