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Abstract

Background

Japanese encephalitis (JE) occurs in fewer than 1% of JE virus (JEV) infections, often with

catastrophic sequelae including death and neuropsychiatric disability. JEV transmission in

Pakistan was documented in 1980s and 1990s, but recent evidence is lacking. Our objective

was to investigate JEV as a cause of acute encephalitis in Pakistan.

Methods

Persons aged�1 month with possible JE admitted to two acute care hospitals in Karachi,

Pakistan from April 2015 to January 2018 were enrolled. Cerebrospinal fluid (CSF) or serum

samples were tested for JEV immunoglobulin M (IgM) using the InBios JE DetectTM assay.

Positive or equivocal samples had confirmatory testing using plaque reduction neutralization

tests.

Results

Among 227 patients, testing was performed on CSF in 174 (77%) and on serum in 53 (23%)

patients. Six of eight patient samples positive or equivocal for JEV IgM had sufficient volume

for confirmatory testing. One patient had evidence of recent West Nile virus (WNV) neuro-

logic infection based on CSF testing. One patient each had recent dengue virus (DENV)

infection and WNV infection based on serum results. Recent flavivirus infections were identi-

fied in two persons, one each based on CSF and serum results. Specific flaviviruses could

not be identified due to serologic cross-reactivity. For the sixth person, JEV neutralizing anti-

bodies were confirmed in CSF but there was insufficient volume for further testing.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0234584 June 12, 2020 1 / 9

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Fatima T, Rais A, Khan E, Hills SL,

Chambers TV, Hotwani A, et al. (2020)

Investigation of Japanese encephalitis virus as a

cause of acute encephalitis in southern Pakistan,

April 2015–January 2018. PLoS ONE 15(6):

e0234584. https://doi.org/10.1371/journal.

pone.0234584

Editor: Abdallah M. Samy, Faculty of Science, Ain

Shams University (ASU), EGYPT

Received: February 16, 2020

Accepted: May 28, 2020

Published: June 12, 2020

Copyright: This is an open access article, free of all

copyright, and may be freely reproduced,

distributed, transmitted, modified, built upon, or

otherwise used by anyone for any lawful purpose.

The work is made available under the Creative

Commons CC0 public domain dedication.

Data Availability Statement: All relevant data are

within the manuscript and its Supporting

Information files.

Funding: This research was supported in part by

Bill & Melinda Gates Foundation grant

#OPP1115522 to PATH (to AAM). The funders had

no role in study design, data collection and

analysis, decision to publish, or preparation of the

manuscript.

http://orcid.org/0000-0001-8602-5353
http://orcid.org/0000-0003-1301-5239
https://doi.org/10.1371/journal.pone.0234584
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234584&domain=pdf&date_stamp=2020-06-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234584&domain=pdf&date_stamp=2020-06-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234584&domain=pdf&date_stamp=2020-06-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234584&domain=pdf&date_stamp=2020-06-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234584&domain=pdf&date_stamp=2020-06-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234584&domain=pdf&date_stamp=2020-06-12
https://doi.org/10.1371/journal.pone.0234584
https://doi.org/10.1371/journal.pone.0234584
https://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/publicdomain/zero/1.0/


Conclusions

Hospital-based JE surveillance in Karachi, Pakistan could not confirm or exclude local JEV

transmission. Nonetheless, Pakistan remains at risk for JE due to presence of the mosquito

vector, amplifying hosts, and rice irrigation. Laboratory surveillance for JE should continue

among persons with acute encephalitis. However, in view of serological cross-reactivity,

confirmatory testing of JE IgM positive samples at a reference laboratory is essential.

Introduction

Flaviviral encephalitis is an emerging global problem [1, 2]. Notable among flaviviral encepha-

litides are infections due to Japanese encephalitis virus (JEV), West Nile virus (WNV), dengue

virus (DENV), St Louis encephalitis virus (SLEV), and Murray Valley encephalitis virus. In

South Asia, DENV is endemic in almost all countries, JEV transmission is widespread, and

limited WNV transmission has been reported, most frequently from India [3, 4, 5].

Japanese encephalitis (JE) is a vaccine-preventable infection. Most human infections are

asymptomatic; symptoms manifest as acute febrile illness (AFI), and in approximately 1/300

cases, with meningoencephalitis or acute flaccid paralysis [6]. Catastrophic sequelae including

death and neuropsychiatric disability are observed [1]. According to the World Health Organi-

zation (WHO), borders of the region of endemicity for JE extend from Western Pacific islands

in the east to Sindh province in southern Pakistan in the west [7]. Evidence of JE from Pakistan

dates back to the early 1980s and 1990s, when studies were conducted in Karachi; serosurvey

data and JEV ribonucleic acid detection in the cerebrospinal fluid (CSF) of an encephalitis

patient suggested a low incidence of JE [8, 9]. More recent data on flaviviral and, more specifi-

cally, JE etiology of acute encephalitis from Pakistan are lacking. In 2018, Khan et al reported

substantial cross-reactivity with DENV and WNV as the likely cause of JEV immunoglobulin

M (IgM) detection in sera of patients with AFI in southern Pakistan [10].

It has been estimated that only about 10% of JE cases occurring annually in JE endemic

areas are reported to WHO [5]. Therefore, there is a need to enhance surveillance systems,

establish diagnostic infrastructure to confirm infections, and ensure routine case reporting

occurs. During the last 15 years, the greater availability of SA 14-14-2 JE vaccine and recogni-

tion that it is an effective intervention to reduce JE deaths and the catastrophic sequelae

among survivors has resulted in countries working to better understand their JE disease bur-

den and to weigh the value of JE control efforts through the support of several organizations,

including the Bill & Melinda Gates Foundation [11, 12, 13]. In Pakistan, there are very limited

data available on JEV transmission, the risk for outbreaks of JE and other flaviviral diseases is

unknown, and systematic acute encephalitis surveillance is lacking. The objective of this study

was to investigate JEV as a cause of acute encephalitis in southern Pakistan.

Materials and methods

Study location

Laboratory diagnostic specimens were collected from patients with possible infectious acute

encephalitis admitted to two acute care hospitals in Karachi (The Aga Khan University Hospi-

tal, and the Aga Khan Hospital, Garden). The catchment areas for these hospitals are wide, as

patients from several distant rural and urban areas seek treatment at these hospitals in addition

to the local population of Karachi.
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Patient enrollment

From April 2015 to January 2018, possible JE cases were defined as persons aged�1 month

admitted to acute care wards in two hospitals with fever (>38 ˚C) and at least one of the fol-

lowing symptoms: new onset of altered level of consciousness >24 hours, lethargy, irritability,

change in personality, seizures, meningismus, or other focal neurological signs (e.g., cranial or

sensory nerve deficits, abnormal movements, weakness of one or more limbs). Patients with

the following findings were excluded: alternative bacterial, non-flavivirus viral, or parasitic

cause for meningoencephalitis, acute uncorrected dehydration, suspected hepatic/ uremic

encephalopathy or hepatorenal syndrome, prolonged (> 3 months) undiagnosed systemic ill-

ness, known cerebrovascular etiology/ stroke, and central nervous system tumors.

Initial laboratory testing to inform routine clinical care where indicated (biochemical and

microbiological analysis of samples) was carried out at the Aga Khan University (AKU) clinical

laboratory. Testing for malaria was done by antigen detection using an immunochromato-

graphic rapid test or by microscopic examination of a peripheral blood smear. CSF analyses

for glucose, protein, and cell count and testing for herpes simplex virus (HSV) and Mycobacte-
rium tuberculosis (MTB) using standard culture methods and/or molecular detection were

conducted when CSF was available.

Ethics approval and consent to participate

The study protocol was approved by the Ethics Review Committee of the Aga Khan University

(3098-PED-ERC-14). All participants or their next of kin provided written consent for collec-

tion of cerebrospinal fluid or serum samples and testing for Japanese encephalitis virus anti-

body on samples for this study.

Sample collection, management and diagnostic testing

If a lumbar puncture was clinically indicated and performed as part of routine care, CSF was

archived after patient consent for JEV IgM testing. If a lumbar puncture was not performed, or

if insufficient CSF sample remained after routine laboratory testing, a single serum sample was

collected after written consent and archived for JEV IgM testing. Therefore, either CSF or

serum samples (not both) were collected.

All serum and CSF samples were stored at -80˚C at the AKU Infectious Disease Research

Laboratory (IDRL), a biosafety level 2 facility, and batch-tested. Initial testing for JE IgM was

carried out using a JE IgM antibody capture enzyme-linked immunosorbent assay (MAC-E-

LISA) with the InBios JE DetectTM kit (InBios International Inc, Seattle, Washington, USA).

CSF and serum samples were tested as per manufacturer instructions (i.e., sera tested with 1 in

100 dilution and CSF tested undiluted). Positive-to-negative absorbance ratios (P/N ratios)

were recorded. As per manufacturer instructions, samples were classified as positive (P/N

>10), equivocal (P/N 6–10), or negative (P/N<6). All samples with initial equivocal results

were retested.

Samples testing positive or equivocal for JEV IgM were tested for DENV and WNV IgM

using the InBios DENV DetectTM IgM capture ELISA and the West Nile DetectTM IgM capture

ELISA kits as per manufacturer instructions. Samples testing positive or equivocal for JEV

IgM with sufficient remaining sample for additional testing were shipped to the Centers for

Disease Control and Prevention (CDC), Fort Collins, USA for confirmatory testing.

At CDC, CSF samples were tested for neutralizing antibody (NAb) against JEV and WNV

using a 90% plaque reduction neutralization test (PRNT90). PRNT90 was performed by incu-

bating serial dilutions of serum- or CSF-virus mixtures until the resulting viral culture showed

a reduction in plaque count of 90% [14]; this dilution was reported as the neutralizing end-
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point titer. CSF samples with a reciprocal titer of 2 or greater in the WNV PRNT90 were tested

with the CDC WNV/SLEV microsphere-based immunoassay (MIA) [14]. Serum samples were

tested using the CDC WNV/SLEV MIA, dengue MAC-ELISA, and by PRNT90 to detect NAb

against JEV, WNV, and DENV 1, 2, 3, and 4 [15, 16].

A confirmed acute infection with JEV, WNV, or DENV was defined as a positive IgM result

for the respective virus and a PRNT90 reciprocal titer against that same virus that was at least

fourfold higher than the reciprocal titer against the other tested viruses [17]. A sample with a

positive IgM result for JEV, WNV or DENV but less than fourfold difference in reciprocal

PRNT titers was considered an unspecified flavivirus infection.

Data analysis

Data were entered and analyzed in MS Excel. Frequency, median and interquartile range

(IQR) values were calculated, where applicable.

Results

Patient enrollment and clinical features

Of 227 patients enrolled in the study, 100 (44%) were children less than 18-years-old. The

median age of the cohort was 24 years (IQR 53–7; 46). The male to female ratio was 0.6.

Median time from symptom onset to sample collection was 4 days (IQR 7–3; 4). Of 227

enrolled patients, clinical outcomes were available for 219 (96%). Of these 219 persons, 13 (6%)

died due to the acute illness. Patient demographics, neurological manifestations, and results of

JEV IgM testing for all enrolled cases are provided in S1 File (supporting information).

Laboratory testing

A total of 174 CSF and 53 acute phase serum samples were available from 227 enrolled

patients. Malaria was excluded for all 227 patients. Among the 174 patients for whom CSF

samples were collected, HSV and MTB were excluded for all. Cross-tabulation of syndromic

presentation, samples collected and laboratory tests performed as part of routine care is pre-

sented in S1 Table (supporting information).

On initial testing, eight (five CSF and three serum) samples were positive (n = 6) or equivo-

cal (n = 2) for JEV IgM. Clinical, neurophysiological, radiological, and laboratory parameter

details for these patients are shown in Table 1. JEV, DENV, and WNV IgM testing showed

substantial cross-reactivity. Of the eight samples that were positive or equivocal for JEV, seven

were positive for WNV IgM, two were positive for DENV IgM, and five were equivocal for

DENV IgM (Table 1).

Of the eight samples with positive or equivocal JEV IgM testing, six were tested at CDC.

CSF testing for Patient 2 with clinical encephalitis (Table 1) confirmed a recent neurologic

WNV infection. Serum testing for two patients (6 and 7 in Table 1) were confirmed as recent

DENV and WNV infections; neither had CSF available for testing so neurologic infection

could not be confirmed. Two patients (Patients 3 and 8) were classified as unspecified flavivi-

rus infections based on CSF and serum results, respectively. Patient 4 had equivocal JEV IgM

and positive WNV IgM results, and JEV NAb in the CSF, but insufficient sample to test for

WNV NAb; classification was not possible.

Discussion

In Pakistan, JE diagnosis is complicated due to the possibility of infection from other endemic

co-circulating flaviviruses. Our study in hospitalized patients with possible infectious acute
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encephalitis from April 2015 to January 2018 could not confirm or exclude local JEV transmis-

sion. While one DENV and two WNV infections were confirmed, a specific etiology for the

other five patients with JEV IgM antibody could not be determined because of insufficient

sample for further testing or because testing only revealed an unspecified flavivirus infection.

Cross-reactive antibody to DENV and WNV, two flaviviruses known to cause endemic disease

in Pakistan [10,18], was the biggest challenge to diagnosis.

Several factors, including changes in agricultural practices and climate, migratory bird pat-

terns, and population shifts, may increase the risk of endemic JE in the future [19, 20, 21].

Although acute encephalitis surveillance in two urban hospitals in Karachi was unable to con-

firm any recent JE cases, the presence of Culex tritaeniorhynchus and related species [22, 23]

and the intense rice production in the region increase this likelihood [23, 24, 25]. Previous and

current research on JE in Pakistan has been conducted in Karachi and surrounding areas in

southern Pakistan, and investigation of possible transmission in other, particularly more rural,

Table 1. Characteristics, clinicoradiological features, and flaviviral IgM and PRNT results in CSF and serum samples of eight patients positive for JE IgM on initial

testing.

No. Age

(years),

Sex (M/F)

Clinicoradiological and/ or

neurophysiological features

Sample

type

tested

InBios MAC-ELISA CDC ELISA/

MIA

PRNT90 titer Final

interpretation

Outcome

JEV DENV WNV DENV WNV/

SLEV

JEV DENV1-4 WNV

1 70, M Meningoencephalitis; CT scan:

age-related global involutional

changes

CSF + E + NP NP NP NP NP Unresolved Recovered,

discharged

home

2 53, F Encephalitis; MRI: chronic

ischemic changes in

periventricular white matter and

basal ganglia

CSF + + + NP +

(WNV)

2 NP 64 West Nile virus

infection

Recovered,

discharged

home

3 60, F Encephalitis; MRI: Nonspecific

T2 hyperintense signals in

bilateral basal ganglia and

thalami

CSF + E + NP NP 64 NP 128 Unspecified

flaviviral

infection

Recovered,

discharged

home

4 27, F Meningoencephalitis and

multiorgan dysfunction; CT

scan: normal

CSF E E + NP NP 16 NP NP Unresolved Died

5 63, F Encephalopathy; MRI:

periventricular deep white

matter ischemic changes; EEG:

slow background rhythm

CSF + - - NP NP NP NP NP Unresolved Recovered,

discharged

home

6 30, M Fever with irritability; no

imaging studies

Serum E E + + - 320 DENV 2

>40960

80 Dengue virus

infection

Recovered,

discharged

home

7 24, M Fever, headache, and irritability;

CT scan: normal

Serum + E + + +

(WNV)

20 DENV

1–4 <10

320 West Nile virus

infection

Recovered,

discharged

home

8 15, M Encephalitis; CT scan: normal;

EEG: quasi-periodic generalized

high voltage spike sharp and

slow waves

Serum + + + + E

(WNV)

1280 DENV 3

2560

640 Unspecified

flaviviral

infection

Recovered,

discharged

home

M = male; F = female; CSF = cerebrospinal fluid; PRNT90 = Plaque reduction neutralization test with 90% endpoint; CT = computerized tomography; MRI = Magnetic

Resonance Imaging; MAC-ELISA = IgM antibody capture enzyme linked immunosorbent assay; JEV = Japanese encephalitis virus; DENV 1–4 = Dengue virus

serotypes 1–4; WNV = West Nile virus; SLEV = St. Louis encephalitis virus; (+) = Positive; (-) = Negative; NP = not performed; E = Equivocal;

EEG = Electroencephalogram.

https://doi.org/10.1371/journal.pone.0234584.t001
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areas would be useful. Furthermore, more current entomological surveillance data for Pakistan

are needed, and efforts should be made to isolate JEV from known vector mosquitoes.

Arboviral etiologies should be considered in the differential diagnosis for all persons with

acute encephalitis when the geographic or exposure history suggests possible arboviral illness

[26]. JE, dengue, and WNV disease can be clinically indistinguishable in persons presenting

with AFI or acute encephalitis. Given the high incidence of dengue, ongoing evidence of WNV

transmission, and limited but past evidence of JEV transmission in Pakistan, patients with

acute encephalitis of unknown etiology should be tested for WNV, JEV, and DENV IgM in

both CSF and serum samples, with convalescent serum testing at 10 days. For WNV and JEV,

low viral titers in blood and CSF and typically high neutralizing antibodies at the time of pre-

sentation mean molecular or virus detection methods are usually unhelpful, so IgM detection

followed by PRNT to confirm the infecting virus remains the gold standard for confirmatory

diagnosis [27, 28]. We therefore employed serologic tests to determine the possible presence of

JEV infection in our study, despite the known challenges of cross-reactivity in serologic test-

ing. Molecular diagnostic approaches would provide greater specificity, and recent develop-

ments in tests with greater sensitivity have shown promise, but these tests are still insufficiently

sensitive for routine diagnostic purposes [27, 28, 29]. Systematic and reliable laboratory testing

will be essential to identify transmission and emergence of JEV in Pakistan. Ideally, reference

laboratory capacity for nucleic acid amplification testing and next-generation sequencing

should be developed for flaviviruses and other viral neuropathogens such as Nipah virus, the

non-polio enteroviruses (e.g., EV-71), and other viruses that cause encephalitis outbreaks.

Prevention and control of flaviviral infections centers on mosquito vector control, preven-

tion of exposure among humans, and vaccination when available [30]. Several JE vaccines are

currently licensed and used in many parts of the world, and the WHO recommends JE vacci-

nation be integrated into national immunization programs in all areas where JE is recognized

as a public health priority [13, 31]. Based on our results, a JE vaccination program is not cur-

rently warranted for southern Pakistan, and vaccine is not recommended for most travelers

visiting southern Pakistan. However, given the very limited data available, JE vaccine may be

considered for high risk-travelers such as entomologists, wildlife enthusiasts, or other travelers

spending prolonged periods of time visiting agricultural lands and farms. Irrespective of vacci-

nation, all travelers to Pakistan should be advised to take precautions to avoid mosquito bites

to reduce the risk for vector-borne diseases.

Our study has several limitations. It was not a population-based study, and therefore cannot

provide incidence of acute encephalitis or encephalitis due to flaviviruses. The hospital-based

surveillance also captured a lower proportion of children than adults, which is potentially a

concern given that JE is mainly seen in children in JE-endemic countries. Surveillance was not

conducted nationwide, so flavivirus transmission in geographical areas outside the catchment

area of the hospitals was not assessed. Other approaches to identify endemic JE transmission

such as serosurveys may be less useful because of substantial antibody cross-reactivity to

DENV and WNV, two locally endemic flaviviruses. We were unable to obtain convalescent

serum samples from patients which would have assisted with diagnosis. DENV PRNT testing

was not performed on CSF samples although DENV can occasionally cause neurologic infec-

tion. Finally, insufficient sample volumes prevented complete testing for several samples.

Conclusions

Sentinel surveillance for JE from April 2015 to January 2018 performed in two hospitals in

Karachi in southern Pakistan was unable to confirm JEV as a cause of acute encephalitis. Sur-

veillance for acute encephalitis due to flaviviruses in Pakistan should be continued because of
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known endemic transmission of DENV and WNV, past evidence of limited JEV transmission,

the presence of the appropriate vectors and amplifying hosts, and with reports of JEV out-

breaks in India to the east of Pakistan [32]. This is especially important because multiple JE

vaccines and newly licensed dengue vaccines are available. Additionally, surveillance systems

need strengthening in Pakistan through liaison between clinical and public health systems,

and peripheral and reference laboratories, to identify important emerging flaviviral illnesses in

the region.
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S1 File. Demographics, manifestations, and JEV IgM. This file contains patient demograph-
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(DOCX)

Acknowledgments

We acknowledge the laboratory support provided by Miss Kehkashan Imtiaz, Miss Amna

Nasir of the Aga Khan University. Amanda Panella oversaw laboratory testing at US CDC and

reviewed the manuscript. Olga Kosoy and Janeen Laven completed some of the laboratory test-

ing at US CDC.

Disclaimer: The findings and conclusions in this report are those of the authors and do not

necessarily represent the official position of the US CDC.

Author Contributions

Conceptualization: Anthony A. Marfin, Anita Zaidi, Asif Raza Khowaja, Sadia Shakoor.

Data curation: Aneeta Hotwani, Saima Malik, Sadia Shakoor.

Formal analysis: Tazeen Fatima, Susan L. Hills, Trudy V. Chambers, Sadia Shakoor.

Funding acquisition: Anthony A. Marfin, Sadia Shakoor.

Investigation: Tazeen Fatima, Abida Rais, Susan L. Hills, Saad Shafquat, Farah Qamar, Fatima

Mir, Sadia Shakoor.

Methodology: Sadia Shakoor.

Project administration: Aneeta Hotwani, Shahida Qureshi, Saima Malik, Asif Raza Khowaja.

Resources: Erum Khan, Susan L. Hills, Saad Shafquat, Farah Qamar, Fatima Mir, Anita Zaidi.

Supervision: Erum Khan, Shahida Qureshi, Anthony A. Marfin, Anita Zaidi, Sadia Shakoor.

Validation: Susan L. Hills, Trudy V. Chambers.

Writing – original draft: Tazeen Fatima, Sadia Shakoor.

Writing – review & editing: Susan L. Hills, Anthony A. Marfin, Sadia Shakoor.

PLOS ONE Flavivirus encephalitis among acute encephalitis cases in Pakistan

PLOS ONE | https://doi.org/10.1371/journal.pone.0234584 June 12, 2020 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234584.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234584.s002
https://doi.org/10.1371/journal.pone.0234584


References
1. Solomon T. Flavivirus encephalitis. N Engl J Med. 2004 Jul 22; 351(4):370–8. https://doi.org/10.1056/

NEJMra030476 PMID: 15269317

2. Musso D, Rodriguez-Morales AJ, Levi JE, Cao-Lormeau VM, Gubler DJ. Unexpected outbreaks of

arbovirus infections: lessons learned from the Pacific and tropical America. Lancet Infect Dis. 2018 Nov

1; 18(11):e355–61. https://doi.org/10.1016/S1473-3099(18)30269-X PMID: 29934112

3. Mackenzie JS, Gubler DJ, Petersen LR. Emerging flaviviruses: the spread and resurgence of Japanese

encephalitis, West Nile and dengue viruses. Nat Med. 2004 Nov 30; 10(12s):S98.

4. Pearce JC, Learoyd TP, Langendorf BJ, Logan JG. Japanese encephalitis: the vectors, ecology and

potential for expansion. J Travel Med 2018; 25(Suppl_1):S16–26. https://doi.org/10.1093/jtm/tay009

PMID: 29718435

5. Campbell GL, Hills SL, Fischer M, Jacobson JA, Hoke CH, Hombach JM, et al. Estimated global inci-

dence of Japanese encephalitis: a systematic review. Bull World Health Organ. 2011; 89:766–74.

https://doi.org/10.2471/BLT.10.085233 PMID: 22084515

6. World Health Organization. Surveillance standards for vaccine-preventable diseases: Japanese

Encephalitis, September 5, 2018. Available from: https://www.who.int/immunization/monitoring_

surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_10_JE_R2.pdf?ua=1 [Accessed: 1st

August 2019]

7. World Health Organization, International Travel and Health: Japanese Encephalitis. Available from:

https://www.who.int/ith/diseases/japanese_encephalitis/en/ [Accessed: 1st August 2019]

8. Sugamata M, Ahmed A, Miura T, Takasu T, Kono R, Ogata T, et al. Seroepidemiological study of infec-

tion with West Nile virus in Karachi, Pakistan, in 1983 and 1985. J Med Virol 1988 Nov; 26(3):243–7

https://doi.org/10.1002/jmv.1890260304 PMID: 2849632

9. Igarashi A, Tanaka M, Morita K, Takasu T, Ahmed A, Ahmed A, et al. Detection of West Nile and Japa-

nese encephalitis viral genome sequences in cerebrospinal fluid from acute encephalitis cases in Kara-

chi, Pakistan. Microbiol Immunol 1994; 38(10):827–30JE Pak 1980 https://doi.org/10.1111/j.1348-

0421.1994.tb01866.x PMID: 7869964

10. Khan E, Barr KL, Farooqi JQ, Prakoso D, Abbas A, Khan ZY, et al. Human West Nile virus disease out-

break in Pakistan, 2015–2016. Front Public Health. 2018 Feb 27; 6:20. https://doi.org/10.3389/fpubh.

2018.00020 PMID: 29535994

11. Solomon T. Control of Japanese encephalitis—within our grasp? N Engl J Med 2006; 355:869–71.

https://doi.org/10.1056/NEJMp058263 PMID: 16943399

12. Hills S, Martin R, Marfin A, Fischer M. Control of Japanese encephalitis in Asia: the time is now. Expert

Rev Anti Infect Ther 2014; 12:901–4. https://doi.org/10.1586/14787210.2014.929498 PMID: 24927959

13. Heffelfinger JD, Li X, Batmunkh N, Grabovac V, Diorditsa S, Liyanage JB, et al. Japanese encephalitis

surveillance and immunization—Asia and Western Pacific Regions, 2016. MMWR Morb Mortal Wkly

Rep. 2017 Jun 9; 66(22):579. https://doi.org/10.15585/mmwr.mm6622a3 PMID: 28594790

14. Lindsey HS, Calisher CH, Mathews JH. Serum dilution neutralization test for California group virus iden-

tification and serology. J Clin Microbiol 1976; 4:503–510. PMID: 1002829

15. Johnson AJ, Cheshier RC, Cosentino G, Masri HP, Mock V, Oesterle R, et al. Validation of a micro-

sphere-based immunoassay for detection of anti-West Nile virus and anti-St. Louis encephalitis virus

immunoglobulin M antibodies. Clin Vaccine Immunol 2007 Sep 1; 14(9):1084–93. https://doi.org/10.

1128/CVI.00115-07 PMID: 17609393

16. Martin DA, Muth DA, Brown T, Johnson AJ, Karabatsos N, Roehrig JT. Standardization of immunoglob-

ulin M capture enzyme-linked immunosorbent assays for routine diagnosis of arboviral infections. J Clin

Microbiol 2000 May 1; 38(5):1823–6. PMID: 10790107

17. Johnson BW, Kosoy O, Hunsperger E, Beltran M, Delorey M, Guirakhoo F, et al. Evaluation of chimeric

Japanese encephalitis and dengue viruses for use in diagnostic plaque reduction neutralization tests.

Clin Vaccine Immunol 2009; 16:1052–9. https://doi.org/10.1128/CVI.00095-09 PMID: 19458204

18. Zohaib A, Niazi SK, Saqib M, Sajid MS, Khan I, Sial AU, et al. Detection of West Nile virus lineage 1

sequences in blood donors, Punjab Province, Pakistan. Int J Infect Dis. 2019 Apr; 81:137–139. https://

doi.org/10.1016/j.ijid.2019.01.020 PMID: 30664985

19. Keiser J, Maltese MF, Erlanger TE, Bos R, Tanner M, Singer BH, et al. Effect of irrigated rice agriculture

on Japanese encephalitis, including challenges and opportunities for integrated vector management.

Acta Trop 2005; 95:40–57. https://doi.org/10.1016/j.actatropica.2005.04.012 PMID: 15878762

20. Li YX, Li MH, Fu SH, Chen WX, Liu QY, Zhang HL, et al. Japanese encephalitis, Tibet, China. Emerg

Infect Dis 2011; 17:934–6. https://doi.org/10.3201/eid1705.101417 PMID: 21529419

PLOS ONE Flavivirus encephalitis among acute encephalitis cases in Pakistan

PLOS ONE | https://doi.org/10.1371/journal.pone.0234584 June 12, 2020 8 / 9

https://doi.org/10.1056/NEJMra030476
https://doi.org/10.1056/NEJMra030476
http://www.ncbi.nlm.nih.gov/pubmed/15269317
https://doi.org/10.1016/S1473-3099(18)30269-X
http://www.ncbi.nlm.nih.gov/pubmed/29934112
https://doi.org/10.1093/jtm/tay009
http://www.ncbi.nlm.nih.gov/pubmed/29718435
https://doi.org/10.2471/BLT.10.085233
http://www.ncbi.nlm.nih.gov/pubmed/22084515
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_10_JE_R2.pdf?ua=1
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_10_JE_R2.pdf?ua=1
https://www.who.int/ith/diseases/japanese_encephalitis/en/
https://doi.org/10.1002/jmv.1890260304
http://www.ncbi.nlm.nih.gov/pubmed/2849632
https://doi.org/10.1111/j.1348-0421.1994.tb01866.x
https://doi.org/10.1111/j.1348-0421.1994.tb01866.x
http://www.ncbi.nlm.nih.gov/pubmed/7869964
https://doi.org/10.3389/fpubh.2018.00020
https://doi.org/10.3389/fpubh.2018.00020
http://www.ncbi.nlm.nih.gov/pubmed/29535994
https://doi.org/10.1056/NEJMp058263
http://www.ncbi.nlm.nih.gov/pubmed/16943399
https://doi.org/10.1586/14787210.2014.929498
http://www.ncbi.nlm.nih.gov/pubmed/24927959
https://doi.org/10.15585/mmwr.mm6622a3
http://www.ncbi.nlm.nih.gov/pubmed/28594790
http://www.ncbi.nlm.nih.gov/pubmed/1002829
https://doi.org/10.1128/CVI.00115-07
https://doi.org/10.1128/CVI.00115-07
http://www.ncbi.nlm.nih.gov/pubmed/17609393
http://www.ncbi.nlm.nih.gov/pubmed/10790107
https://doi.org/10.1128/CVI.00095-09
http://www.ncbi.nlm.nih.gov/pubmed/19458204
https://doi.org/10.1016/j.ijid.2019.01.020
https://doi.org/10.1016/j.ijid.2019.01.020
http://www.ncbi.nlm.nih.gov/pubmed/30664985
https://doi.org/10.1016/j.actatropica.2005.04.012
http://www.ncbi.nlm.nih.gov/pubmed/15878762
https://doi.org/10.3201/eid1705.101417
http://www.ncbi.nlm.nih.gov/pubmed/21529419
https://doi.org/10.1371/journal.pone.0234584


21. Bhattachan A, Amatya S, Sedai TR, Upreti SR, Partridge J. Japanese encephalitis in hill and mountain

districts, Nepal. Emerg Infect Dis 2009; 15:1691–2. https://doi.org/10.3201/eid1510.081641 PMID:

19861079

22. Karthika P, Vadivalagan C, Thirumurugan D, Kumar RR, Murugan K, Canale A, et al. DNA barcoding of

five Japanese encephalitis mosquito vectors (Culex fuscocephala, Culex gelidus, Culex tritaenior-

hynchus, Culex pseudovishnui and Culex vishnui). Acta Trop. 2018 Jul; 183:84–91. https://doi.org/10.

1016/j.actatropica.2018.04.006 PMID: 29625090

23. Samy AM, Alkishe AA, Thomas SM, Wang L, Zhang W. Mapping the potential distributions of etiological

agent, vectors, and reservoirs of Japanese Encephalitis in Asia and Australia. Acta Trop. 2018;

188:108–17. https://doi.org/10.1016/j.actatropica.2018.08.014 PMID: 30118701

24. Khaliq I, Arshad MI, Gill AH, Chaudhry AA, Maan MA, Iqbal MA, et al. Long-term changes of a waterbird

community over 26 years at a Pakistani Ramsar Site. Wetl Ecol Manag. 2019 Jun 14; 27(2–3):363–76.

25. Brooks JE, Ahmad E, Hussain I, Khan MH. The agricultural importance of the wild boar (Sus scrofa L.)

in Pakistan. Int J Pest Manag 1989 Jan 1; 35(3):278–81.

26. Tyler KL. Acute viral encephalitis. N Engl J Med 2018 Aug 9; 379(6):557–66. https://doi.org/10.1056/

NEJMra1708714 PMID: 30089069

27. Johnson BW, Goodman CH, Jee Y, Featherstone DA. Differential diagnosis of Japanese encephalitis

virus infections with the Inbios JE Detect™ and DEN Detect™MAC-ELISA kits. Am J Trop Med Hyg

2016 Apr 6; 94(4):820–8. https://doi.org/10.4269/ajtmh.15-0631 PMID: 26856911

28. Bharucha T, Sengvilaipaseuth O, Vongsouvath M, Vongsouvath M, Davong V, Panyanouvong P, et al.

Development of an improved RT-qPCR Assay for detection of Japanese encephalitis virus (JEV) RNA

including a systematic review and comprehensive comparison with published methods. PLoS One.

2018; 13(3): e0194412. https://doi.org/10.1371/journal.pone.0194412 PMID: 29570739

29. Bharucha T, Shearer FM, Vongsouvath M, Mayxay M, de Lamballerie X, Newton PN, et al. A need to

raise the bar-A systematic review of temporal trends in diagnostics for Japanese encephalitis virus

infection, and perspectives for future research. Int J Infect Dis. 2020; pii: S1201-9712(20)30171-5

30. Gould EA, Solomon T. Pathogenic flaviviruses. Lancet 2008 Feb 9; 371(9611):500–9. https://doi.org/

10.1016/S0140-6736(08)60238-X PMID: 18262042

31. World Health Organization. Japanese Encephalitis Vaccines: WHO position paper–February 2015.

Wkly Epidemiol Rec 2015; 90:69–87. PMID: 25726573

32. Kabilan L, Rajendran R, Arunachalam N, Ramesh S, Srinivasan S, Samuel PP, et al. Japanese enceph-

alitis in India: an overview. Indian J Pediatr 2004; 71:609–15. https://doi.org/10.1007/BF02724120

PMID: 15280610

PLOS ONE Flavivirus encephalitis among acute encephalitis cases in Pakistan

PLOS ONE | https://doi.org/10.1371/journal.pone.0234584 June 12, 2020 9 / 9

https://doi.org/10.3201/eid1510.081641
http://www.ncbi.nlm.nih.gov/pubmed/19861079
https://doi.org/10.1016/j.actatropica.2018.04.006
https://doi.org/10.1016/j.actatropica.2018.04.006
http://www.ncbi.nlm.nih.gov/pubmed/29625090
https://doi.org/10.1016/j.actatropica.2018.08.014
http://www.ncbi.nlm.nih.gov/pubmed/30118701
https://doi.org/10.1056/NEJMra1708714
https://doi.org/10.1056/NEJMra1708714
http://www.ncbi.nlm.nih.gov/pubmed/30089069
https://doi.org/10.4269/ajtmh.15-0631
http://www.ncbi.nlm.nih.gov/pubmed/26856911
https://doi.org/10.1371/journal.pone.0194412
http://www.ncbi.nlm.nih.gov/pubmed/29570739
https://doi.org/10.1016/S0140-6736(08)60238-X
https://doi.org/10.1016/S0140-6736(08)60238-X
http://www.ncbi.nlm.nih.gov/pubmed/18262042
http://www.ncbi.nlm.nih.gov/pubmed/25726573
https://doi.org/10.1007/BF02724120
http://www.ncbi.nlm.nih.gov/pubmed/15280610
https://doi.org/10.1371/journal.pone.0234584

	Investigation of japanese encephalitis virus as a cause of acute encephalitis in southern Pakistan, april 2015-january 2018
	Recommended Citation
	Authors

	Investigation of Japanese encephalitis virus as a cause of acute encephalitis in southern Pakistan, April 2015–January 2018

