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Abstract. This study was conducted to find the burden of dengue virus (DENV) and Japanese encephalitis virus (JEV)
among children under the age of 13, who presented with acute encephalitis syndrome at Mandalay Children Hospital in
Myanmar in 2013. Molecular and serological investigations were performed on 123 cerebrospinal fluid (CSF) samples
collected from these patients. By neutralization tests and/or virus isolation, four (3.3%) JEV- and one DENV-associated
encephalitis cases (0.8%) were confirmed. Antibody titer against JEV Genotype 3 was the highest among the laboratory-
confirmedJEVcases.OnestrainofDENV-1withGenotype1was isolated from theCSFsampleof thedengueencephalitis
patient; this was similar to the virus circulating in the study area and neighboring countries. This study shows that
flaviviruses are important pathogens causing encephalitis in Myanmar. Active disease surveillance, vector control, and
vaccination programs should be enforced to reduce the morbidity and mortality caused by flavivirus encephalitis.

INTRODUCTION

Myanmar is one of the countries in Southeast Asia, where
tropical and subtropical viral infections particularly Japanese
encephalitis (JE) and dengue (DEN) are endemic.1–3 Both
Japanese Encephalitis virus (JEV) and Dengue viruses (DENV)
which belong to the family Flaviviridae are carried bymosquito
vectors that are very prevalent in Myanmar.1,4 Both flavivi-
ruses can cause a wide range of clinical manifestations
ranging from asymptomatic infection to severe disease en-
cephalitis, a condition in which morbidity and mortality rates
are high.5 Flaviviruses are one of themain etiological agents of
acute encephalitis syndrome (AES), which is a public health
problem in Asia.
Diagnosis of JE or DEN encephalitis at resource-limited

settings is an issue due to the cross-reactivity of antibodies
produced by infected patients against other members of the
flaviviruses.6 Because Myanmar is one of the countries where
both JEV and DENV are endemic, only neutralization test can
confirm infection caused by each virus. To date, there has
been no report concerning DEN encephalitis cases in Myan-
mar. Thisworkwas the first to confirmJEcases inMyanmar by
using the gold standard neutralization tests. In Myanmar, JEV
vaccine was added to the Expanded Program on Immuniza-
tion starting from December 2017. The present study was
conducted before the introduction of JEV vaccination pro-
gram in Myanmar. This study explored the burden of JEV and
DENV encephalitis among AES patients in Myanmar and de-
termined the circulating genotype of JEV among children who
sought medical treatment in a hospital.

MATERIALS AND METHODS

Samples. Single cerebrospinal fluid (CSF) samples were
obtained from 123 patients under the age of 13 diagnosed to
have AES based on the clinical definition of the disease provided
by the World Health Organization (WHO)–recommended

standards for surveillance of selected vaccine-preventable
diseases. The definition of AES included acute onset of fever
along with at least one of the following: 1) change in mental
status including symptoms such as confusion, disorienta-
tion, coma, or inability to talk; and 2) new onset of seizures
(excluding simple febrile seizures).7 The patients were those
admitted in the 550-bedded Mandalay Children Hospital
from January to September 2013. Patients diagnosed with
bacterial infection were excluded from this study. The study
was approved by the Institutional Ethics Committee on
Medical Research Involving Human Subjects under the De-
partment of Medical Research (Upper Myanmar) (12/Ethics/
DMRUM/2014).
ELISA and neutralization tests. Cerebrospinal fluid sam-

ples were used to detect for the presence of anti-JEV IgM as
well as anti-DENV IgMantibodiesby the in-house IgM-capture
ELISA (IgM ELISA),8 and for the presence of anti-flavivirus IgG
by the in-house IgG indirect ELISA.9 In IgM ELISA, the result
was considered positive if the P/N ratio was ³ 2 at an optical
density taken at 492 nm wavelength, where P was either
the positive control or the sample and N as the negative
control. IgG titers of patient serum samples were determined
from a standard curve. Japanese encephalitis virus or DENV
serotype-specific antibody titers were determined by focus
reduction neutralization test (FRNT) with the following viruses:
JEV JaOrS982 strain, 99St12A strain (DENV-1), 00St22A
strain (DENV-2), SLMC 50 strain (DENV-3), and SLMC 318
strain (DENV-4).10 To determine the titers of neutralizing an-
tibodies against different genotypes of JEV, plaque reduction
neutralization test (PRNT) was carried out by using JaOrS982
strain for Genotype-3, Mie 41/2002 strain for Genotype 1, and
Muar strain for Genotype 5, and the ratios of the neutralizing
antibody titers of Genotype 3 against the other genotypes
were calculated.11

Virus isolation, gene sequencing, and phylogenetic
analysis. Cerebrospinal fluid samples were inoculated in C6/
36 E2 mosquito cells to isolate and propagate the virus.12

From the culture fluids of the infected cells, viral RNA was
extracted by using QIAamp Viral RNA Mini Kit (QIAGEN, Hil-
den, Germany). The presence of the virus RNA gene was de-
termined by using Ta Ka Ra one-step reverse transcriptase
polymerase chain reaction (RT PCR) Kit (Ver 2), (TAKARABIO,
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Shiga,Japan) togetherwith theDENV-orJEV-specificprimers.13

Gene sequencingwasperformedand thedatawere analyzedby
ABI Prism™ Capillary Sequencer 3130-Avant Genetic Analyzer
(ThermoFisher Scientific, Waltham, MA). The maximum likeli-
hood method using PHYML 3.0.114 was used to construct
phylogenetic trees based on the full E gene region of the DENV
strains isolated in this study andof the strains previously isolated
in Myanmar, its neighboring countries and other regions of the
world.Thesubstitutionmodelwasselectedby jmodeltest-2.1.10
and general time reversible model + I was chosen as the model.
Treeswere drawn by FigTree software, version 1.4.3 (FigTree).14

The sequences of E gene region of the DENVwere submitted to
GenBank (GenBank accession no. MF683399).
Criteria for confirming JEV and DENV infection. Follow-

ing the CDC guidelines for the laboratory confirmation of JEV
infection, infection was confirmed when a CSF sample was
not only positive by JEV IgM capture ELISA, but also by the
presenceof neutralizing antibodies against JEVat a titer >1:10
and at a titer 4-fold higher than that against other
flaviviruses.15

Laboratory confirmation of DENV infection was determined
either by virus isolation or by monotypic antibody response
(primary infection), which was defined as FRNT50 > 10 to only
one serotype, or FRNT50 > 10 to more than one serotype but
³ 80 to only one serotype. Multitypic antibody response (sec-
ondary infection) was defined as FRNT50 > 10 to more than
one serotype without an FRNT50 ³ 80 to only one serotype.10

RESULTS

ELISA and neutralization tests. Five (4.1%) of 123 CSF
samples from AES patients were positive by JEV IgM ELISA
and two (1.6%; CSF-37, CSF-61) by DENV IgM ELISA
(Table 1; JEV IgM–positive sample CSF-47 not shown in the
table). The two positives by DENV IgM ELISA were also pos-
itive by JEV IgMELISA and part of the five samplesmentioned
previously. The P/N ratios of these two sampleswere higher in
the JEV IgM ELISA than in the DENV IgM ELISA. Seven CSF
samples (5.3%; three samples are included in Table 1) were
anti flavivirus IgG positive. All patients survived and were
discharged from the hospital without any morbidities.
Confirmation of JEV and DENV encephalitis cases by

FRNT method and virus isolation. As stated previously five
of 123 CSF samples form AES patients were positive by JEV
IgM ELISA; however, only four of the five were confirmed
positive by neutralization test (FRNT50). The sample not con-
firmed was CSF-47 (not shown in Table 1) because it had a
neutralizing antibody titer against JEV below the detection
limit. Its neutralizing antibody titer against DENV was also
below the detection limit. For CSF-122 which gave negative

result by DENV IgMELISA, although its neutralization test was
not carried out because of volume limitation, this samplewas
positive by virus isolation in host cells (Table 1). The virus
was identified asDENV-1 byRT-PCRof theRNAextract from
the culture fluid of the infected cells. Therefore, a total of four
cases of JEV (3.3%) and one case of DENV encephalitis
(0.8%) were confirmed among AES patients in this study.
The remaining AES cases could be due to other causative
agents of AES such as enterovirus, herpes virus, coxsackie
virus, etc.
Neutralizing antibody against different genotypes of

JEV. Because of volume limitation of one sample, only three
of the four samples confirmed by FRNT were subjected to
PRNT for the determination of neutralizing antibody titers
against different genotypes of JEV. The neutralizing antibody
titers of the three samples against Genotype 3 were higher
than those against Genotype 1 or 5 (Table 2), and the ratios of
the neutralizing antibody titers between against Genotype 3
(JaOrS982) and Genotype 1 or 5 were four, eight and two
times higher for samples CSF-35, CSF-42, and CSF-37,
respectively.
Phylogenetic analysis of the isolated DENV. Phyloge-

netic analysis of the full coding region of E protein gene of the
DENV-1 strain isolated in this study together with those of
other DENV-1 strains showed that our virus isolate belonged
toGenotype 1 (Figure 1) and it wasof the sameclade of DENV-
1 strains circulating in the same area in Myanmar within the
same period of our collection of CSF samples. Comparison of
amino acids for the full coding region of envelope proteins of
the DENV-1 isolated from the AES patient and the DENV-1
isolated from non-AES patient at the same period showed
99–100% amino acid similarity. Moreover, the DENV strain
isolated fromCSFwas closely related to the strains circulating
in other countries such as China, Thailand, and Sri Lanka
(Figure 1).

DISCUSSION

InMyanmar, there is an average of 25 JE cases reported per
year.3 Based on this routine surveillance, the total number of
caseswas 17 in 2013, which did not include the findings of our
study conducted in the Mandalay Region.3 Thus, active sur-
veillance of JEV infection should be conducted so as not to
miss JE cases in the national AES surveillance system. Pre-
vious studies in Myanmar reported the isolation of JEV from
piglets16,17 and the presence of the vector Culex mosqui-
toes.18 In this country, JEV vaccination program was in-
troduced to children under 15 years starting from December
2017. Therefore, JEV vaccinationmust be scaled up to reduce
the morbidity and mortality caused by JEV.

TABLE 1
Identification of DENV and JEV in CSF samples from acute encephalitis syndrome cases in Myanmar by FRNT50, and virus isolation

Sample ID Age (year) Gender
Day of

collection

P/N ratio (Cut off = 2) FRNT50
Virus

isolation
Diagnosis

interpretationJEV IgM DENV IgM Flavi IgG titer JEV DENV-1 DENV-2 DENV-3 DENV-4

CSF-35 3 F 4 3.7 1.2 8 40 < 10 < 10 < 10 < 10 neg JEV
CSF-37 9 F 6 7.8 3 13,604 20 < 10 < 10 < 10 < 10 neg JEV
CSF-42 0.6 M 7 10.4 1.8 9 80 < 10 < 10 < 10 < 10 neg JEV
CSF-61 10 M 7 19.2 11.4 42,470 140 20 40 < 10 20 neg JEV
CSF-122 1.5 M 2 1.6 1.8 516 ND ND ND ND ND pos DENV-1
CSF = cerebrospinal fluid; DENV-1 = dengue virus serotype-1; DENV-2 = dengue virus serotype-2; FRNT50 = 50% focus reduction neutralization test; JEV = Japanese encephalitis virus; pos =

positive; neg = negative; ND = not done (shortage of CSF amount); F = female; M = male. Day of collection: the interval between disease onset and sample collection.
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According to the JEV surveillance of piglets in Myanmar,
JEV Genotypes 3 and 1 were isolated from samples collected
in 2009 and 2010.16,17 These studies proved that both Ge-
notypes 1 and3were circulating inMyanmar. Therefore, in this
study, the neutralizing antibody data against different geno-
types of JEV supported the findings of previous studies17 and
the PRNT against different genotypes of JEV was useful in
identifying the circulating genotypes of JEV.
Among the laboratory-confirmed JE cases in this study,

some cases showed positive results by both JEV IgM ELISA
and DENV IgM ELISA. It could be due to the cross reactivity of
the antibodies of the patient CSF to the ELISA assay antigens
(either from the JEV or DENV), which could react against an-
tibodies from clinical samples of a patient infected by any
flavivirus. The results of JEV and DENV IgM ELISAs did not
create a problem in establishing the infecting pathogens of the
patients in this study because the results gave a higher anti-
body titer against the infecting virus and the neutralization test
provided the confirmation. According to WHO AES surveil-
lance guideline, if anti JEV IgM antibody level is detected from
a single CSF sample, it is considered as laboratory-confirmed
JE case.19 Therefore, this study supported the use of IgM
capture ELISA as the diagnostic test for JEV infection in this
study area. Furthermore, the detection of IgM against JEV in
the CSF indicated recent viral infection of the patient.20

Only one case of DEN encephalitis (0.8%) was detected in
this study. A strain of DENV-1 was isolated from the CSF
sample in this case; however, anti-DENV IgM antibodies were
not detected in the sample because the sample was collected
on day 2 after the onset of symptoms. The absence of the
DENV IgMantibodies during the acute phase of the illness at
which period the patient was still at the viremic phase made
the virus isolation possible.21 DEN encephalopathy is a
well-recognized and common entity with the incidence
ranging from 0.5 to 6.2 %.22 Moreover, one study in mice
reported that mutant DENV-1 infection can cause extensive
encephalitis.23

In this study, the number of positive cases was small. We
collected CSF samples within 7 days after the onset of
symptoms but we failed to isolate JEV from these samples.
Infected culture fluid (ICF) of cells inoculated with the patient
CSF samples gave negative results by JEV RT-PCR. It may
probably be because of the short transient viremia phase of
JEV in human beings and we failed to collect samples during
this phase.24 Moreover, because we collected samples at the
early phase, it was possible that some patients had not yet
produced detectable levels of IgM antibodies at the time of
sample collection. On the other hand, one patient (with sample
CSF-47) showed positive result by JEV IgM ELISA but the an-
tibody neutralization titer was below the detection limit (< 1:10).
Wediagnosed JEV infection for this patient as probable and did
not consider it as laboratory confirmed. A limitation of this study
was that only single CSF samples were collected and that we
did not check the virus gene directly from these samples by
molecular techniques because of limited sample volume.
In conclusion, this study described the incidence of laboratory-

confirmed JEV andDENV encephalitis cases among patients
presenting with AES in Mandalay, Myanmar. Not only JEV,
but also DENVwas an important pathogen for causing AES in
Myanmar. Therefore, early diagnosis, effective treatment,
and prevention strategies should be emphasized to reduce
the burden of this disease.

TABLE 2
Neutralizing antibody titers of CSF samples determined against three
different genotypes of JEV

Sample ID

JEV strains

Genotype 3:1* Genotype 3:5*

Genotype-1 Genotype-3 Genotype-5

(Mie) (JaOrS982) (Muar)

CSF-35 < 10 40 < 10 4:1 4:1
CSF-37 < 10 20 < 10 2:1 2:1
CSF-42 < 10 80 < 10 8:1 8:1
CSF = cerebrospinal fluid; JEV = Japanese encephalitis virus.
* Ratio was calculated based on JEV JaOrS982 strain (Genotype 3).

FIGURE 1. Phylogenetic tree was constructed based on the whole nucleotide sequences of the E protein gene of DENV-1 showing the
relationship of 24 strains from different sources, including viral strain of DENV-1 isolated from the cerebrospinal fluid sample of encephalitis
patient in this study. The representative strains of each genotype obtained from GenBank are named by country origin, strain name, year of
isolation and GenBank accession number. DENV-1 = dengue virus serotype-1.
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