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Background and Purpose Japanese encephalitis (JE) is caused by the JE virus of the Flavi-
viridae family and is spread by mosquito bites, and no specific antiviral treatment for it exists.
Here we describe the clinical presentations, laboratory findings, clinical outcomes, and adverse

Kon Chu events after combination treatment of immunoglobulin, ribavirin, and interferon-a2b admin-
Soon-Tae Lee istered to patients with JE.

Department of Neurology, Methods Data were collected and reviewed from a prospective cohort of encephalitis patients
Seoul National University Hospital, admitted to Seoul National University Hospital between August 1, 2010 and October 31, 2019.
Seoul, Korea We reviewed the medical records of the patients diagnosed with JE and treated either with

supportive care only or with combination treatment of intravenous immunoglobulin, oral rib-
avirin, and subcutaneous interferon-a2b.

Results Eleven patients were diagnosed with laboratory-confirmed JE based on the diagno-
sis criteria of JE. The median age was 61 years, and five patients were male. Eight patients were
treated with the combination therapy, while three patients received supportive management
only. Four of the eight patients (50%) treated with the combination therapy showed partial re-
covery, while one patient (12.5%) showed complete recovery. Two patients experienced hemo-
lytic anemia related to ribavirin and febrile reaction to immunoglobulin, respectively. Among
the three patients who received supportive management only, one (33.3%) showed partial re-
covery and the other two (67.7%) did not show improvement.

Conclusions Combination treatment of immunoglobulin, ribavirin, and interferon-a2b was
found to be tolerable in JE in this study. Further studies of appropriate designs and involving larger
numbers of patients are warranted to explore the efficacy of this combination therapy.

Key Words Japanese encephalitis, Japanese encephalitis virus, flavivirus,
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Japanese encephalitis (JE) is one of the most devastating viral encephalitis caused by Japa-
nese encephalitis virus (JEV), which is a single-stranded, positive-sense RNA virus that is
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was highest during 2015, especially among those older than
40 years who were not candidates for a nationwide vaccina-
tion program. Considerable economic and social resources
of the Korean public health system are used to deal with the
disease burden of JE despite the presence of a well-established
vaccination program.’

In cases of West Nile virus, which is a member of the Fla-
viviridae family and Flavivirus genus, and similar to JEV, sev-
eral antiviral agents including purine analogs (e.g., ribavirin)
and interferon have been found to exhibit some efficacy in
the laboratory setting,® with immunoglobulin showing effi-
cacy in animal studies.” Among other microorganisms that
are also very challenging to treat, combination treatment of
ribavirin and interferon had been the standard treatment of
choice for hepatitis C virus (HCV) infection until 2016, and
there are several reports of combination treatment of riba-
virin and interferon being associated with improved surviv-
al and clinical outcomes in MERS-CoV.*?

Considering the urgent need to manage the fatal infec-
tious disease JE in the absence of standard guidelines for
treatment, we aimed to determine the outcomes of applying
combination treatment of immunoglobulin, ribavirin, and
interferon-a2b to patients with JE. Here we describe the clin-
ical presentations, laboratory findings, clinical outcomes,
and adverse events after combination therapy in patients
with JE.

METHODS

Patient enrollment

Data were collected and reviewed from a prospective cohort
of encephalitis patients who were admitted to Seoul Nation-
al University Hospital between August 1, 2010 and October
31, 2019. The patients had all undergone diagnostic studies,
including routine neurological examinations, brain magnet-
ic resonance imaging (MRI) (or computed tomography if MRI
was not available), workups for infectious and metabolic
etiologies, and lumbar punctures. We identified patients in
the cohort data set as being diagnosed with JE if laboratory
tests confirmed the presence of JEV-specific immunoglobu-
lin M antibody in serum or cerebrospinal fluid (CSF) sam-
ples. The test for the antibody was conducted by the Korea
Disease Control and Prevention Agency (KDCA). The pa-
tients diagnosed with JE were considered candidates for
combination treatment of immunoglobulin, ribavirin, and
interferon-a2b, and their clinical presentations, laboratory
findings, clinical outcomes, and adverse events were ana-
lyzed retrospectively for this study. The study protocol was
approved by the Seoul National University Hospital Institu-
tional Review Board and followed the principles of the Dec-
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laration of Helsinki (IRB number: 1910-132-1072).

Treatment regimens

The use of combination treatment of intravenous immuno-
globulin (IVIG), oral ribavirin, and subcutaneous interfer-
on-a2b was initiated as soon as the KDCA report suggested
laboratory confirmation of the diagnosis of JE and if the
neurological symptoms and signs including altered mental
state, confusion, and brainstem signs such as diplopia could
not be explained by an etiology other than JEV infection. An-
other infectious etiology (another virus, bacterium, or fun-
gus) and vascular, inflammatory, and tumorous etiologies
also needed to be ruled out to diagnose with JE.

Patients with JE received intravenous human immunoglob-
ulin G for 5 consecutive days at a dosage of 400 mg/kg/day.
Ribavirin (Viramid, Ilsung Pharmaceuticals, Seoul, Korea)
was administered orally at a dosage of 400 mg every 12 h
for 14 consecutive days. Interferon-a2b (Intron A, Merck &
Co, Kenilworth, NJ, USA) was given by subcutaneous injec-
tion at a dosage of 3 million units per day for 2 weeks. Some
of the patients with JE did not receive all components of the
combination therapy due to medical contraindication, eco-
nomic issues, or personal rejection. All patients received ap-
propriate supportive management as required, including
intravenous hydration, nutritional support, oxygenation, me-
chanical ventilation, or antibiotics, and intensive care.

Outcomes

The responses to combination treatment of IVIG, oral riba-
virin, and subcutaneous interferon-a2b were categorized
into three subgroups: complete, partial, and no recovery.
Complete recovery was defined as complete recovery of the
patient to their previous functional status. Partial recovery
was defined as any improvement in functional status as mea-
sured by the modified Rankin Scale (mRS) score at discharge
compared with the initial mRS score or as any improvements
in the level of consciousness measured by the Glasgow Coma
Scale (GCS), symptoms, and signs confirmed by neurologi-
cal examinations performed by two neurologists indepen-
dently during the hospital stay. No recovery was defined as
no improvement, aggravation of the functional status as mea-
sured by the mRS, or death.

Adverse events

Adverse events related to IVIG, oral ribavirin, or subcutane-
ous interferon-a2b were identified and assessed based on the
Common Terminology Criteria for Adverse Events (version
5.0).1°
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RESULTS

Eleven patients diagnosed with JE were included in the
study (Table 1). The brain MRI findings of the patients cor-
responded with those of JE (Figs. 1A, B, C, G, H, and I), and
the diagnosis of JE in those patients was confirmed by the
antibody test conducted by the KDCA. The median age of
the patients was 61 years (range 47-87 years), and five patients
were male. Eight patients received combination treatment of
IVIG, oral ribavirin, and subcutaneous interferon-a2b ac-
cording to the common regimen described in the Methods;
these patients also received supportive management. Three
patients received supportive management only due to their
guardians decision or medical contraindication to the com-
bination therapy.

The clinical features, laboratory findings, and functional
outcomes are listed in Table 1. The most common initial
symptom was confusion, while fever, headache, and altered
mentality were also observed as initial manifestations. The
initial median mRS score was 5 (range 1-5), and the medi-
an mRS score at discharge was 4 (range 1-5). Follow-up data
at discharge from the hospital were obtained for all patients,
and the median hospital stay was 27 days (range 13-181 days).

Four of the eight patients (50%) treated with the combi-
nation therapy showed a partial response, while one patient
(12.5%) whose initial symptoms and signs included drowsi-
ness, headache, and fever showed complete recovery. These
five patients had mRS scores ranging from 0 to 5 at discharge,
and the patient with complete recovery had no neurologi-
cal sequelae at discharge. Among those who showed partial
recovery, Patients 2, 4, and 7 showed improved mRS scores,
and the level of consciousness of Patient 6 improved during
the hospital stay, from comatose (GCS score=E1VtM1) to
stupor (GCS score=7, E2V1M4). Specifically, there were im-
provements in alertness from comatose to a drowsy state in
Patient 4 and in awareness in Patient 7, and Patient 2 showed
not only an improved mRS score but also improvements in
CSF results and follow-up MRI findings. Additionally, radio-
logical improvement was achieved in two patients (Patient
2 and 5) in serial follow-up MRI examinations compared
with their initial MRI examinations (Figs. 1D, E, E J, K, and
L). Even though the other three patients (37.5%) showed no
recovery, there were no deaths during the hospital stay. Dur-
ing combination treatment of immunoglobulin, ribavirin,
and interferon-a2b, two patients (Patient 4 and 8) experi-
enced hemolytic anemia of grade 3 that was related to riba-
virin and a febrile reaction to IVIG, respectively.

Among the three patients who received supportive man-
agement only, one patient (33.3%) showed partial recovery at
discharge, with the mRS score improving from 5 to 3, while
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the other two patients (67.7%) improved neither clinically nor
radiologically.

While the number of patients was too small to confirm sta-
tistical significance, in terms of mRS scores, poor initial neu-
rological status (mRS score=5) resulted in partial recovery in
two patients (33.3%) with combination therapy and in one
patient (33.3%) with supportive management only. In con-
trast, two patients with initial neurological statuses of mRS
scores of 4 and 3 showed partial and complete recoveries to
mRS scores of 3 and 0, respectively (100% of those patients).

DISCUSSION

JE is a medically challenging disease for which no definite
antiviral treatment is currently available, despite its mortal-
ity and morbidity causing a devastating decline in the func-
tional status of patients even if they survive.>* In the current
study, combination treatment of immunoglobulin, ribavirin,
and interferon-a2b was well tolerated and had few side ef-
fects. Five of the eight patients (62.5%) treated with the com-
bination therapy in our study showed complete or partial re-
covery: four of these patients showed an improved mRS score
at discharge, and the other patient experienced improvement
in terms of the neurological evaluation of awareness. The
other three patients (37.5%) treated with the combination
therapy showed no recovery, as did two of the three patients
(66.7%) who received supportive management only. Several
studies have suggested high mortality rates of up to 30% for
JE,* and approximately half of patients with JE did not re-
cover to their functional status prior to the disease.” Howev-
er, there were no patient deaths in our study, which is rela-
tively favorable considering the high mortality rate of JE.
JEV is neurotropic and invades the central nervous system
(CNS). Even though the mechanisms by which JEV causes
encephalitis are not completely understood, possible models
of the immune response to viral infection have been suggest-
ed for the damage caused to the CNS and for the disease pro-
gression."" The best known effects of immunoglobulin are
immunomodulation in general via blocking the Fc receptors
of macrophages and complement activation, reducing in-
flammatory cytokines, and suppressing T-cell responses, and
it has been applied to several inflammatory autoimmune dis-
eases and infectious conditions." Several factors including
antibody replacement, enhanced neutralization, and an aug-
mented opsonocytophagic function have been suggested to
contribute to the antimicrobial efficacy of immunoglobulin."
IVIG has also been considered for treating cases of infection
with the West Nile virus, which shares the characteristic of
being a positive-sense, single-stranded RNA virus with JEV

in the Flaviviridae family (Flavivirus genus).">"



——_— e\

(111/) S1199 poojq AyMm g "elbiu eiuRISONS (NS '(1p/bw)

u19104d :Uld '3|BIS UBUBY PLHPOW SYUW ‘BuIBEWI 33UBUOS3I d1IUDEBW :[H|A 'S]EW |\ 'UIINgo|BouNWWI SNOUSABIIUL :D|A| '3|BIS BUIO) MOBSE|D) 1SJ9) '3jeway) 1 'pinj euldsoiqalad :4S) 'eljbueb |eseq :0g

AjljeIusw pasaye

o
Pl S LABALS N vIN VN oS0 €9 L
o TYElL Uld wn1uawbay pue AN
UoISNJUOD "IN
&b g ualiva \ GGz JGM  '2q0| [eJodwia} [eIpaW ‘Snwieleyy |eldle|ig - s L8} o
$9 Uld s9jaunpad Je|[292433 pue 'suod 'lwejeyy
18l S CINLALL [ellied e Jons4 Z8H 6
SZ J9M Dg US11BW 3}YM [BIQI3D [eIE[Ig
Ajuo Juswabeuew aAioddng
(OIA) €l € SINZAET 319(dwio) Vel Uid BLISP3 YIIM 2q0] [eiodwial [eIpaw 13T / aydepeay U4 €SN 8
uonoeal 9|lige4 €Ly 2aM _ _
14 g YINYAS [ened 95 Hid [BWION oL uoisnjuo)  89/4 L
. STl J9M _
G051 Uid WNIU3WH3) pue 'snwejeyl [eipaw '3qo| AjljeIusw passye
eille,
e g HARALS IBEd £6€ 29M |eJodwial [BIpaW ‘uaydsiway [elie|ig % ‘eidojdiq ol 9
L8y uid NS 42| pue 'sndwedoddiy 13| /
LT S LIABAL 0 [43 uoisnjuo, VA% g
MBAL3 N 0 2dM IWeleyl elpaw [eselig HO "
eqll) elwaue oiLie £pl Uld urelqpiw pue eibjeAw
JAjOWaH ve g VIRALS IBE S/t J9M 'dwedoddiy 'lwiejeyy 'og |esse|ig 9 '3ydepeay 1anyg 65/ v
S Uld IWejey) pue AjljeIusw pasye
80L g SINEAY ON oL , , 0SAH €
8¢ JaM $300| [eJ0dWw?} [BIpAW [eI}E|Ig UOISNJU03 'I9AS
o €L Uld Ssnwiejeyl [eIpaw pue .
hYl uoisnju
8 v SINEAVS eREd 0€9 M $900] [e10dW3} [BIP3W [BIR}E|IG ¢t IO el ¢
o c ' o L9/ Uid s3jpunpad |eI0aId - o
l \4 144 uolsnju l L
e N 09 0aM [BI23E(IQ PUE [WEEY] [EI]E|l] ’ "
QZ0-U0J31I33UI SNO3UBINIQNS PUE 'ULIABQLI [B1O ‘DAl 40 JUSWIEI] UOIBUIqUIO))
she 3102s she
JUIAD A> P) Jpesb " (shep) swoldwaAs (s1e3h)
e3s Syw A023Y 4190 suois9| YN JudW)eas}y 'ON
BTN enu enlu abe/xa
pPY lendsoy eniuy SJ9 [ely] 03 335U leniu] /X3S

si3jeydadua asaueder yim siualied JO SILI03SIY JUSWILI} PUE 'SIWODINO 'S3INIE) [BJIUND) *L d]qel

www.thejen.com 431



- J C N Combined Treatment for Japanese Encephalitis

Fig. 1. Initial and follow-up magnetic resonance imaging (MRI) studies were performed in two patients (Patient 2 and 5) at the initial hospital ad-
mission (A, B, C, G, H, and I) and at 2 weeks after symptom onset (D, E, F, J, K, and L), respectively. Relatively symmetric high signal intensities (yel-
low arrows) in the bilateral medial thalamus and medial temporal lobes (A, B, and C) of Patient 2 and in the bilateral basal ganglia, thalamus, hip-
pocampus, medial temporal lobe, and midbrain (G, H, and 1) of Patient 5 were evident in T2-weighted fluid-attenuated inversion recovery (FLAIR)
images. Lesions in the initial MRI were decreased on the follow-up FLAIR images (D, E, F, J, K, and L).
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Interferon-a2b, which is known to have antiviral activity
that is not directly related to interfering with viral replication
or the viral life cycle, plays an important role in the innate
immune response to virus infection mediated by interferon-
stimulated genes (ISGs).">'® The guanosine analog ribavirin
possesses antiviral activity against the life cycle of several
RNA and DNA viruses, such as respiratory syncytial virus
and HCV. Its phosphorylation activity interferes in the life
cycle of viruses via early chain termination and the inhibi-
tion of viral replication.” Synergistic effects during combi-
nation treatment of HCV infection using ribavirin and in-
terferon have been suggested by several studies, in which
ribavirin enhances the interferon-a signaling pathway by
inducing the expression of ISGs, although the exact mecha-
nism is unknown."”

Most of the above-mentioned studies were conducted at
the molecular or cellular level, and not in vivo or in clinical
settings, and unexpected consequences in the clinical course
of the disease remain. Moreover, several side effects of each
treatment are known, including hemolytic anemia for riba-
virin and bone marrow suppression (especially decreased
numbers of granulocytes and thrombocytes), flu-like symp-
toms (fever, chills, headache, arthralgia, and myalgia), neu-
ropsychiatric side effects, and autoimmune phenomena for
interferon.'® In our study, one case of hemolytic anemia (Pa-
tient 4) resulting from ribavirin and one case of febrile reac-
tion to IVIG were observed. Hemolytic anemia of mild to
moderate severity was corrected by transfusion with a single
pack of 400 mL of red blood cell, and it did not prolong the
hospital stay. The febrile reaction subsided after IVIG treat-
ment without further intervention.

This study had several limitations. It had an uncontrolled,
observational design with a small number of patients who
were not randomly distributed or compared with historical
controls adjusted for sex or age. The baseline characteristics
of the patients were heterogeneous, and variations in treat-
ment other than the combination therapy were not consid-
ered. Other than evaluating functional outcomes and per-
forming neurological examinations, there is no consensus
about objective assessment tools for evaluating the disease
burden or any changes correlated with the clinical course of
JE, such as neither the viral burden nor the follow-up JEV-
specific antibody titer. It is considered that the viral load of
JEV is not correlated with disease activity, which makes it dif-
ficult to assess the effectiveness of treatment."

With only a small spectrum of treatments to choose from
for JE, and with no effective antiviral treatment being avail-
able, combination treatment of immunoglobulin, ribavirin,
and interferon-a2b can be considered due to its relative safe-
ty regarding adverse drug reactions. Further prospective con-
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trolled studies with larger numbers of patients are warranted
to explore the therapeutic potential of the combination treat-
ment of immunoglobulin, ribavirin, and interferon-a2b in JE.
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