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Background. Japanese encephalitis (JE) virus is the leading cause of vaccine-preventable encephalitis in Asia. Although the risk for
acquiring JE for most travelers to Asia is low, it varies based on the destination, season, trip duration, and activities.

Methods. We present case reports of three US adults who were infected with JE virus while traveling or residing in Asia.

Results. Among the three JE patients, the first made a 10-day trip to mainland China and participated in outdoor activities in a
rural area, the second had been resident in Taiwan for 4 months, and the third, fatal case was an expatriate living in South Korea.
Conclusions. JE should be considered in the differential diagnosis for any patient with an acute neurologic infection, who has
recently been in a JE-endemic country. Health-care providers should assess the itineraries of travelers to JE-endemic countries,
provide guidance on personal protective measures to prevent vector-borne diseases, and consider recommending JE vaccine for

travelers at increased risk for JE virus infection.

apanese encephalitis (JE) virus, a mosquito-borne

flavivirus, is the leading cause of vaccine-preventable
encephalitis in Asia. There are an estimated 67,900
JE patients annually in endemic areas.! Although
encephalitis develops in <1% of people infected with
JE virus, among those who develop disease the initial
symptoms appear 5—15 days after the bite of an infected
mosquito. Outcome is often severe with a case-fatality
rate of 20%-30% and sequelae among 30%-50% of
survivors.?

JE virus is maintained in an enzootic cycle between
mosquitoes and amplifying vertebrate hosts, primarily
pigs and wading birds. The main mosquito vector, Culex
tritaeniorhynchus, commonly breeds in rice fields and
pools of stagnant water and most often feeds outdoors
at evening and night.> The incidence of JE is highest in
rural, agricultural areas.
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The risk for JE for most travelers to Asia is low, but
varies based on the destination, season, trip duration,
and activities.>* JE cases in travelers are rare, but
case information can improve the understanding of JE
epidemiology and risks, and assist in development or
refining of recommendations for preventive measures
for travelers. We report three JE cases that occurred in
2010-2012 among US adults who traveled to or lived
in Asia.

Case Reports

Case 1

In August 2010, a previously healthy male aged 33 years
returned to the United States following a 10-day vaca-
tion to China. He was based in Shanghai, but had made
three trips, each of about 2 days’ duration, to three out-
lying areas: Zhejiang Province, Anhui Province, and a
third unspecified destination. During at least one of his
side trips, he participated in outdoor activities, includ-
ing swimming and hiking. He stayed in air-conditioned,
screened accommodations for the duration of his trip.
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He had not received JE vaccine or any other vaccines
prior to travel.

The patient first noted a headache during his last
week in China. Three days after his return to the
United States, his roommate found him confused,
with slurred speech and difficulty in walking. In the
emergency room, he complained of headache, and was
disoriented, unable to follow commands, and having
hallucinations. His examination was notable for fever
(101.3 F; 38.5°C), neck stiffness, ataxia, and increased
muscle tone. Lumbar puncture revealed an opening
pressure of 30 cmH,O (normal: 7-18 cmH,O). Cere-
brospinal fluid (CSF) showed pleocytosis [98 white
blood cells (WBC)/pL. (normal: 0-5/pL) with 65%
lymphocytes and 30% monocytes], four red blood
cells (RBC)/pL (normal: 0 RBC/pL), elevated pro-
tein [63 mg/dL (normal: 15-45 mg/dL)], and normal
glucose concentrations. His peripheral WBC count
was 19,700/pL. (normal: 3,900-11,700/pL). Urine tox-
icology screening was negative. Brain magnetic reso-
nance imaging (MRI) performed 2 days after admission
showed T2 hyperintensities in the deep gray nuclei as
well as possible subacute infarcts in the right thalamus
and midbrain.

The patient was treated empirically with
broad-spectrum antibacterial agents and acyclovir.
He improved gradually and was discharged on hospital
day 14. At 8 months after discharge, he was reported to
be fully recovered with no sequelae.

CSF collected on admission and serum collected
4 days after admission were positive for JE virus-specific
immunoglobulin (Ig) M antibodies by Centers for Dis-
ease Control and Prevention (CDC) enzyme-linked
immunosorbent assay (ELISA); results were confirmed
by plaque reduction neutralization testing (PRNT).
Testing for other etiologies was negative, including CSF
IgM antibodies to other arboviruses endemic to Asia,
CSF bacterial cultures, and polymerase chain reactions
(PCR) for cytomegalovirus, Epstein-Barr virus, herpes
simplex virus, enterovirus, and human herpesvirus 6.

Case 2

During June 2011, a previously healthy 61-year-old
US citizen was hospitalized with fever, confusion, and
changes in mental status. His illness commenced 1 day
after arriving in the United States after 4months
teaching in western Taiwan. He lived in a screened,
air-conditioned house in Taiwan and had not traveled
in the 2 weeks prior to his illness. He reportedly had not
participated in activities such as camping or hiking that
could have increased his risk for mosquito bites. He had
not received JE vaccine prior to his travel.

The patient presented to hospital with fever (101 °F;
38.3°C) and confusion. His peripheral WBC count was
normal (10,300/pL) but CSF showed a pleocytosis (147
WBC/pL with 50% lymphocytes and 26% polymor-
phonuclear leukocytes), elevated protein (127 mg/dL),
and normal glucose concentrations. The patient was
treated empirically with antibacterial agents, acyclovir,
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and intravenous immunoglobulin, and admitted to the
intensive care unit. A brain computed tomography (CT)
scan showed no acute intracranial findings. The patient’s
mental status slowly improved and he was discharged on
hospital day 8 with no sequelae.

CSF collected on day 2 and serum collected on day 3
of illness showed JE virus-specific IgM and neutralizing
antibodies in testing by CDC ELISA and PRN'T. Other
tests were negative, including bacterial culture, herpes
simplex virus PCR, leptospirosis serology, and testing
by IgM ELISA and PRNT for other arboviruses found
in Asia, including dengue and chikungunya viruses.

Case 3

In August 2012, a 42-year-old US citizen presented to
a hospital in South Korea with respiratory distress and
altered mental status. The patient lived approximately
65 km south of Seoul; he had resided in South Korea
since 2009 and had not traveled out of the country since
then. He had not received JE vaccine but had received
yellow fever vaccine in the past.

The patient had onset of a febrile illness several days
prior to hospitalization, which progressed to include
altered behavior and difficulty in breathing. At presenta-
tion, key findings included tachycardia, respiratory dis-
tress, diffuse rhonchi on pulmonary auscultation, and
an inability to verbalize, squeeze with the left hand, or
move the left leg. CSF showed pleocytosis (16 WBC/pL
with 74% lymphocytes), 7 RBC/uL, elevated protein
(62 mg/dL), and normal glucose. CT scan showed a
hypodensity in the right temporal lobe and possible
involvement of the right inferior thalamic region. The
patient was initially treated with antibacterial agents
and corticosteroids. However, his mental status deteri-
orated requiring mechanical ventilation and transfer to
another facility. The treatment there included antibac-
terial agents, immunoglobulin, and plasmapheresis. A
brain MRI on hospital day 22 showed multifocal and
diffuse increase in signal intensity with partial enhance-
ment in the bilateral basal ganglia, thalamus, and cere-
bral cortex, consistent with meningoencephalitis. The
patient’s condition did not improve and he died 58 days
after admission.

A serum sample collected the day after hospital-
ization had JE virus-specific IgM antibodies detected
by ELISA. Acute and convalescent serum samples col-
lected the day after admission and 29 days later showed
a >4-fold increase in JE virus antibody titers by indirect
immunofluorescence assay (IFA) performed at the South
Korea National Institute of Health.

Discussion

JE is a serious but rare disease among travelers. The
three cases described here represent the sixth, seventh,
and eighth cases of JE reported in US citizens since JE
vaccine became available in the United States in 1993.
These cases represent all cases reported to CDC since
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August 2010; however, cases may have been missed due
to underdiagnosis, underreporting, or if case diagnosis
occurred overseas. Overall, 19 JE cases in US citizens
have been reported in the literature since 1973 among
a global total of 68 JE cases in travelers or expatriates
from non-endemic countries published or reported to
CD(C.+6-14

For two of the cases reported here, JE virus infec-
tion was confirmed by the detection of JE virus-specific
IgM and neutralizing antibodies in CSF. For the third
case, JE virus-specific IgM antibodies were detected
by ELISA in serum, but no JE testing was conducted
on CSFE. A 4-fold increase in JE virus antibodies was
detected by IFA; however, the patient had received
plasma and immunoglobulin and a treatment-related
increase in antibody titer cannot be excluded. Diagnosis
of JE virus infections can be difficult. Serologic assays
can provide false-positive results due to cross-reactive
antibodies from other flavivirus infections or vaccines
(eg, dengue, tick-borne encephalitis, West Nile, or yel-
low fever viruses).”> Receipt of immune globulin or
other blood products can also complicate the interpreta-
tion of laboratory results. Detection of JE virus-specific
IgM antibodies in CSF suggests recent central ner-
vous system infection, and cross-neutralization testing
provides the best evidence of virus-specific antibodies;
however, to interpret JE laboratory results in travel-
ers, information regarding other circulating flaviviruses
at the destination, previous flavivirus infections, immu-
nization history, and any treatments with blood or blood
products should be considered.

The overall incidence of JE among persons from
non-endemic countries traveling to Asia is estimated
to be less than one case per million travelers.>* How-
ever, the risk for JE among expatriates and travelers who
stay for prolonged periods in endemic areas is likely
higher. Among 37 travel-associated JE cases included
in a recent review, 24 (65%) spent >1 month in JE risk
areas.? Travelers on brief trips might be at increased risk
for infection if they have extensive outdoor or night-
time exposure in rural areas. Among the 13 (35%) trav-
elers in the series who stayed <1 month, three (23%)
spent the majority of their time in rural areas, six (46%)
stayed in coastal or non-rural areas but took day trips
to rural areas or national parks, and one (8%) stayed in
a coastal area and took day trips to unspecified destina-
tions; no exposure-related information was available for
three (23%) travelers. No cases were reported among
short-term travelers who visited only urban areas.

The short-term traveler described in this report
was based in an urban area, but took at least one
overnight trip to a rural area where he was involved
in outdoor activities including hiking and swimming,
thereby increasing his risk of exposure to mosquito
bites. His travel was during China’s peak JE virus
transmission season.!® The other two patients were
residing in countries (Taiwan and South Korea) with
comprehensive national JE immunization programs.!!”
As a result, few cases occur among the local population
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and disease risk may be less apparent than in some
other JE-endemic countries. However, because JE virus
is maintained in nature in an animal-mosquito cycle,
non-immune travelers or expatriates remain at risk for
infection.

When providing advice to travelers on JE preven-
tive measures, each person’s specific itinerary, activities,
duration, and season of travel must be considered. Risk
assessments can be difficult, and factors such as toler-
ance for risk and willingness to adhere to mosquito pre-
cautions might be relevant. Recommendations for JE
vaccine weigh the overall low risk for travel-associated
JE disease, the lack of treatment, high mortality and
morbidity when JE occurs, the risk (albeit low) for
serious adverse events following vaccination, and the
high cost of the vaccine. The US Advisory Commit-
tee on Immunization Practices recommends JE vaccine
for travelers who plan to spend >1month in endemic
areas during the JE virus transmission season. JE vac-
cine should also be considered for short-term travelers
(<1 month) if they plan to travel outside of an urban
area and will participate in activities that will increase
their risk of JE virus exposure (eg, camping, hiking,
and fishing), travelers to an area with a JE outbreak,
and travelers uncertain of their itinerary or activities.”
All travelers, regardless of duration of travel or vac-
cination status, should be advised of the importance
of personal protective measures to reduce the risk for
mosquito bites, including the use of insect repellent
and permethrin-impregnated clothing, and staying in
accommodations with air-conditioning or screens.

None of the three JE cases described here, nor any
JE cases in previously published reports, were known
to have received JE vaccine. Obstacles to the use of
JE vaccine in US travelers include its high cost and
need for two doses prior to departure. A recent survey
among US travelers to Asia assessed compliance with JE
vaccine recommendations. Among 1,691 participants,
415 (25%) described itineraries for which JE vaccination
should have been considered, but only 47 (11%) of these
415 higher JE risk travelers reported receiving >1 dose
of JE vaccine.'® Of the 164 unvaccinated higher JE risk
travelers who visited a health-care provider before their
trip, 113 (69%) indicated that they had never heard of
JE vaccine or their health-care provider had not offered
or recommended JE vaccine. The above-mentioned
findings and these case reports underscore the need
for health-care providers to understand the risks for
JE disease among travelers and the measures available
to prevent it, including use of JE vaccine according to
recommendations.

JE should be considered in the differential diag-
nosis for any patient with an acute neurologic infec-
tion who has recently been in a JE-endemic country.
Travelers and expatriates should ensure that they are
familiar with disease risks at their destination and the
preventive measures to reduce the risks. Health-care
providers should assess the itineraries of travelers visit-
ing JE-endemic countries, provide guidance on personal
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protective measures to prevent vector-borne diseases,
and consider recommending JE vaccine for travelers at
increased risk for JE virus infection.
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