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Abstract:

Introduction:

Japanese encephalitis (JE) is recently declared as a notifiable disease in India due to its expanding geographical distribution. The
disease notification facilitates effective implementation of preventive measures and case management.

Expalantion:

JE is a vector-borne disease that can be prevented by vaccine administration. It  is caused by Japanese encephalitis virus (JEV),
belonging to family Flaviviridae. Amongst the known etiological viral encephalitis agents, it is one of the leading viral agents of
acute encephalitis syndrome in many Asian countries where it is identified to cause substantial morbidity and mortality as well as
disability. Globally, it is responsible for approximately 68,000 clinical cases every year.

Conclusion:

In the absence of antivirals, patients are given supportive treatment to relieve and stabilize. Amongst available control strategies;
vector control is resource intensive while animal and human vaccination are the most effective tool against the disease. This review
highlights recent progress focusing challenges with diagnosis and prophylactic interventions.
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1. INTRODUCTION

Japanese encephalitis virus (JEV) is an arthropod-borne flavivirus, which has a wide distribution in many countries
of  Asia,  Western  Pacific  and  in  northern  Australia.  Twenty-four  countries  from  South-East  Asia,  Western  Pacific
regions are endemic for this disease and more than three billion people are at risks of infection. Symptomatic cases are
uncommon and occur in approximately 1 in 250 subclinical infections. Japanese encephalitis (JE) is a major threat with
case fatality rate up to 30% among those with disease symptoms. The infection causes a spectrum of clinical illness that
begins with flu-like symptoms, neck stiffness, disorientation, coma, seizures, spastic paralysis and eventually death.
JEV is one of the major public health problems not only because of a large number of deaths but also due to severe
neuro-psychiatric sequelae that necessitates lifelong support amounting towards considerable socioeconomic burden [1,
2].  An outbreak in India (2005) resulted in 1700 reported deaths mostly among children,  accentuated the sustained
burden of disease in developing countries [3, 4]. The effectiveness of vector control strategies is limited due to the
complex eco-epidemiology of the virus. Vaccination is the most effectual means of prevention, where JEV is a major
public health problem.

This review provides an update on diagnostics methods, prophylactic as well as therapeutic options for the control
and the progress that has been made in vaccine development.
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2. TRANSMISSION

The disease principally occurs in rural agricultural areas where vector mosquitoes breed in the close proximity with
pigs, wading birds and ducks. The natural transmission cycle involves multiple mosquito species from genus Culex
whereas pigs, birds and bats are the susceptible reservoir hosts. Humans as well as equines are considered as dead-end
host since the viremia in peripheral blood is low and transient. The most important vector Culex tritaeniorhynchus is
associated with agricultural practices like rice cultivation or irrigated crop fields [5]. The increase in JEV activity in
newer areas has been attributed to the increase in human population, rice fields and pig farming [6]. Moreover, ardeid
birds are considered responsible for the long-distance propagation of JEV and act as a reservoir for the disease [7].

Domestic pigs serve as key virus-amplifying host as they develop high viral as well as and long-lasting viremia after
natural infection with JEV and facilitate transmission to humans living in their close proximity [8]. Horses and other
non-avian vertebrates are the incidental dead-end hosts as they do not develop sufficient level of viremia to infect new
mosquitoes [9]. Transmission is principally associated with the rainy season in Southeast Asia, however, can happen
throughout the year in tropical regions. In the temperate regions of China, Japan, the Korean peninsula and eastern parts
of the Russian Federation, transmission occurs primarily during the summer and autumn. Two vital determinants of
vector density viz. precipitation and temperature influence the disease burden of JEV [10].

3. THE PATHOGEN

The size of JEV is approximately 50 nm spherical particles containing electron-dense core (approximately 30 nm)
enclosed by a lipid envelope. The genome is single-stranded positive-sense RNA of approximately 11 kb length. The
virus consists of a lipoproteinous envelope surrounding the nucleocapsid and core; the genome is packaged in the capsid
which in turn is coded by a capsid protein (C). The outer membrane of JEV comprises an envelope protein (E) that
facilitates the virus entry into host cell. E protein is also recognized as a protective antigen. Additionally, the genome
encodes for a membrane protein (M), and seven non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5)
of which NS3 is a helicase while NS5 is a polymerase [11, 12].

While  protective  immunity  is  conferred  by  passive  transfer  of  antibodies  against  NS1,  the  protein  can  direct
complement-mediated lysis  of  infected cells  via  interaction with  the  cell-surface-associated form of  NS1.  NS2A is
perhaps associated in the coordination of the shift between RNA packaging and RNA replication. The NS2B protein is a
small, membrane-associated protein. The exact function of NS4A and NS4B is still unknown.

4. GENOTYPES

The  nucleotide  sequencing  studies  on  the  partial  or  complete  genome  of  JEV  revealed  that  it  has  five  JEV
genotypes, G-I to G-V [13]. The G-I and G-III genotypes are present mostly in temperate epidemic areas, whereas G-II
and G-IV are reported in tropical endemic regions [14]. JE is endemo-epidemic in several countries with reports of G-I
replacing G-III as the dominant genotype in numerous regions including India (Fig. 1) [15 - 17]. All genotypes of JEV
form a single serotype [18]. G-I includes isolates from northern Thailand, Korea, Cambodia while G-II includes isolates
from southern Thailand, Indonesia, Malaysia and Northern Australia. G-III encompasses isolates mostly from temperate
regions of Asia (China, Taiwan, Japan and the Philippines). G-IV consists of virus isolates chiefly from Indonesia. In
1952, another distinct strain of JEV was isolated from Muar, Malaysia (Muar strain) that has been considered as fifth
genotype  (G-V),  based  on  phylogenetic  analysis  and  cross-neutralization.  Indonesia-Malaysia  region  is  the  sole
geographic  area  where  all  genotypes  are  found  [19].

5. EPIDEMIOLOGICAL PATTERN AND DISEASE INCIDENCE IN INDIA

Two epidemiological  patterns  are  documented  for  the  disease.  JE  outbreaks  coincide  with  monsoons  and  post-
monsoon period due to a marked increase in vector density.  However,  in endemic areas,  sporadic cases may occur
throughout the year. Karnataka and Andhra Pradesh experiences two epidemics every year, first from April to July that
is quite severe while second from September to December being milder similar to the rest of India [20].

In India, JE is a leading pediatric health issue and epidemics have been reported from many regions since 1955. The
earliest evidence of JEV in India was obtained through the studies conducted in 1952 [21]. A major outbreak occurred
in the Bankura district of the state of West Bengal in 1973 [22]. Since then, the virus was found active almost in every
part of India and outbreaks have been reported regularly. The most affected states comprise of Andhra Pradesh, Assam,
Bihar,  Haryana,  Karnataka,  Kerala,  Maharashtra,  Manipur,  Tamil  Nadu,  Orissa,  Uttar  Pradesh  and  West  Bengal.
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Epidemics are reported from union territories of Goa and Pondicherry as well [23].

Fig. (1). Distribution of Japanese encephalitis in India.

 States affected by Japanese encephalitis
 Recent introduction of Genotype I in India

The state of Uttar Pradesh (UP) has been under constant surveillance for JEV activity since 1978 [24]. The longest
epidemic of viral encephalitis was reported from Gorakhpur district, UP between July and November 2005 [25]. A total
of 5,737 cases from 7 districts of eastern UP were reported of which 1,344 persons succumbed to the disease.  The
regions of eastern UP (Gorakhpur and Basti divisions) are conducive for the spread of the virus due to the abundance of
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paddy fields, a bowl-shaped terrain and are also prone to annual flooding. An outbreak of encephalitis in Lakhimpur
Khiri district was investigated for the identification and characterization of the etiologic agent that showed homology
with JEV strain GP78 [26]. In 1990, the epidemic among humans was first reported in Haryana [27]. Later, human
cases were reported regularly in this state [28 - 30]. JE has been reported in newer areas, signifying the spread of virus
owing to altered land use patterns as well as vector adaptation. In the absence of rural travel, JEV activity was reported
from New Delhi [31].

The virus activity was reported regularly from states of northern and northeastern parts of India as well as its spread
to  naive  non-endemic  regions  of  the  country  [32].  Recently,  India  witnessed  another  large  outbreak  in  Malkangiri
during 2012 and Manipur in July 2016 [33, 34].

An  unexplained  acute  neurologic  illness  affecting  children  with  high  case-fatality  rates  was  reported  from
Muzaffarpur district of Bihar since 1995. The cause of illness was attributed to infectious encephalitis, extreme heat and
humidity  causing heat  stroke  as  well  as  exposure  to  pesticides  [35,  36].  A hypothesis  linking this  disease  with  the
cultivation of litchi fruits was also proposed [37]. However, the disease was ascribed to the presence of hypoglycin A or
methylenecyclopropylglycine (MCPG) – present in litchi that can cause hypoglycemia and metabolic derangement [38].

6. DIAGNOSIS

Clinically, it is difficult to distinguish JE from other cases of encephalitis; cases of acute encephalitis syndrome
(AES),  therefore  laboratory  confirmation  is  necessary  in  such  circumstances.  In  JE  cases,  viremia  is  transient  and
infection is asymptomatic. Several assays have been developed for detection of antibodies induced by natural infection
or vaccination [39]. Serological tests comprise of plaque reduction neutralization test (PRNT), the hemagglutination
inhibition (HI) test, an indirect immunofluorescence assay (IFA) and an enzyme-linked immunosorbent assay (ELISA).
A multitude of tests based on nucleic acid detection have been explored for JEV detection in humans as well as swine
population [40 - 42]. However, for laboratory-based surveillance following markers are used for confirmation of the
disease.

The ideal method for laboratory confirmation is testing cerebrospinal fluid (CSF) or serum for JEV-specific IgM1.
antibody.
Plaque reduction neutralization test.2.
Virus isolation.3.
Nucleic acid amplification.4.

7. ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA)

The  JEV-specific  IgM antibody  capture  ELISA (MAC-ELISA)  has  now become  the  first-line  diagnostic  assay
recommended by WHO for detection of acute infections [43]. It is a simple platform that is more suitable for testing
large numbers of specimens rapidly and is considered as a corner stone in clinical settings. ICMR-National Institute of
Virology (NIV), Pune, India has developed a highly reliable IgM capture ELISA kit for rapid diagnosis of JEV in serum
or CSF specimens. Additionally, this kit can efficiently capture IgM against both genotypes i.e, GI and GIII (ICMR-
NIV, Pune unpublished data). A number of other ELISA kits are commercially available like Panbio JE-Dengue IgM
Combo ELISA (Inverness Medical, Brisbane, Australia), InBios JE Detect (InBios International, Inc. Seattle, USA);
and the JEV Chex kit (XCyton LLC, Bangalore, India).

8. PLAQUE REDUCTION NEUTRALIZATION TEST (PRNT)

PRNT is considered as a gold standard in flavivirus diagnosis. To discriminate between potentially cross-reactive
antibodies  with  other  flaviviruses,  PRNT  is  the  test  of  choice  [44].  A  fourfold  increase  in  IgG  titre  in  acute  and
convalescent sera is considered as a confirmatory test. This rise in antibody titre rules out the possibility of previous
exposure to the virus.

9. VIRUS ISOLATION

Lack of animal models is a long-standing problem for virus isolation. Isolation can be done in mice using intra
cerebral route. However, transient and low-level viremia is observed in JE infection, therefore, the isolation of virus is
not a method of choice for diagnosis in clinical specimens.
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10. NUCLEIC ACID AMPLIFICATION

The RT-PCR tests,  quantitative  PCR (TaqMan),  restriction fragment  length  polymorphism (RFLP)  analysis  are
useful molecular assay tests as they are very specific, sensitive and can detect low viral copies in acute or early phase of
infection [45]. An RT-LAMP-LFD assay that combines reverse transcription loop-mediated isothermal amplification
(RT-LAMP) with a lateral  flow dipstick (LFD), is  of great importance in diagnosis of JEV infection as it  is  a fast,
highly sensitive and specific assay [46].

11. CONTROL AND PREVENTION STRATEGIES

JE is a leading public health problem in India due to its complex eco-epidemiology. The JE cases thus represent the
tip of the iceberg compared to a large number of subclinical infections. Thus, the incidence of JEV cases is not the
actual  indication  of  the  at-risk  population.  Considering  the  gravity  of  the  problem  of  AES  &  JE  in  the  country,
Government  of  India  has  formulated  a  multipronged  strategy  to  reduce  the  disease  burden  as  well  as  to  prevent
mortality,  morbidity  and  disability.  The  strategy  includes  JE  vaccination  in  affected  districts  and  strengthening  of
surveillance programs. Additionally, vector control, case management, timely referral of serious and complicated cases
are also done. Appropriate sanitation facilities, as well as access to safe drinking water, are also aimed at this strategy.
Provision for physical, medical, neurological and social rehabilitation is included to estimate disability burden due to
JE. Moreover, improvement in the nutritional status of children at risk has also been designed [25].

Mosquito  control  has  not  been  found  effective  per  se.  There  is  also  a  mammoth  need  of  newer  eco-friendly
pesticides for the effective control of vectors. Immunization of pigs as well as avoiding human exposure to the infected
mosquitoes seems feasible but is a short-term solution in high-risk endemic zones. Therefore, vaccination is the only
effective  strategy  to  control  JE  infection.  The  above-mentioned  guidelines  facilitate  our  preparedness  for  the  risks
associated with JEV. Thus control of JEV is a feasible goal and can reduce the disease incidence.

12. VACCINES

Vaccination is the most cost-effective therapeutic intervention. Elimination of the virus is not possible, since, it is
maintained in an enzootic cycle involving mammals and birds. Therefore immunization is most effective for prevention
and achieving long-term protection.

Advancements in the availability and development of JEV vaccines have rejuvenated the scenario for JE control.
The four major types of safe and effective JE vaccines are:

12.1. Inactivated Mouse Brain-Derived Vaccines

JE-VAX is a mouse-brain derived inactivated virus vaccine manufactured in Japan (1930s) that was internationally
distributed  by  Sanofi-Pasteur  in  the  US  and  Europe  [47].  Purified  mouse  brain-derived  wild-type  Nakayama  or
Beijing-1 strains were used for vaccine preparation. Three doses were recommended for travellers while for the children
(1-3 years) 2-doses were administered in endemic regions. Long-term protection was observed in children while in the
travellers a reduced amount of protection was observed (<1 year for 70% of vaccinees). Facial as well as oropharyngeal
angioedema, urticaria contributed towards the adverse reactions post-vaccination in the travellers from European and
North American region [48]. Fatal cases of acute disseminated encephalomyelitis were reported infrequently in children
residing in the endemic locales and in travellers [49]. In 2005, the use of this vaccine was stopped and the vaccine stock
was ceased due to increase in cases of acute disseminated encephalomyelitis associated with the vaccine.

12.2. Inactivated Vero Cell Vaccines

P3 strain of JEV grown in Primary Hamster Kidney cells was used for the preparation of inactivated JE vaccine.
This  vaccine  was  solely  manufactured  in  China  and  was  the  principal  JE  vaccine  till  2000.  At  peak  production,
approximately 70 million doses were distributed annually. This has decreased since the late 1990s to about 13 million in
2004 due to the availability and accessibility of live attenuated SA 14-14-2 vaccine [50].

12.3. Live Attenuated Vaccines

SA 14-14-2 strain propagated in Vero cells as well as in primary hamster kidney (PHK) cells were used for the
manufacture  this  vaccine  in  China  [47]  in  order  to  get  wider  licensure  and  compliance  with  the  WHO  production
standards. An enhanced screening for the presence of adventitious agents in the vaccine was done. This vaccine was
recently licensed in South Korea, Nepal, Sri Lanka and India. It is immunogenic, elicits broad protective immunity and
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is effective as well as safe for children. The vaccine efficacy is about 100% after two doses when administered at one or
two years of age.

12.4. Chimeric Vaccines

Licensed in China, Thailand and India, ChimeriVax™-JE is a single dose lyophilized formulation of a recombinant,
attenuated,  chimeric  virus  that  consists  of  structural  genes  (Pre-membrane  and  E)  from  SA  14-14-2  strain.  These
structural  genes  were incorporated into  the backbone of  attenuated strain  of  yellow fever  (YF) virus  YF 17D. It  is
effective in the pediatric population in endemic zones and can be in integrated into the national immunization program
[51].  The  new  collection  of  safer  and  effective  JE  vaccines  like,  SA  14-14-2,  IXIARO®,  and  IMOJEV™  can
considerably  decrease  the  burden  of  the  disease.  Since  the  availability  of  these  vaccines  for  the  population  at-risk
remains inadequate, there was an urgent requirement for the development of newer vaccines against JEV infection.

12.5. Vaccination in India

Vaccination remains the most effective preventive strategy for JEV control due to its complex eco-epidemiology.
Mass vaccination with SA 14-14-2 was started in phased manner subsequent to the major outbreak in 2005. The vaccine
was administered to children between the age group of 1 to 15 years. 132 districts have already been brought under JE
vaccination  as  part  of  Universal  Immunization  Programme (UIP)  [25].  In  2013,  an  additional  dose  of  SA 14-14-2
vaccine at 9 months of age along with measles vaccine was added in UIP. So far, 155 out of 181 identified JE endemic
districts are covered under JE campaign and more than 10 crore children were immunized in the course of vaccination
campaigns.

Until 2013, the country was importing the vaccines from China. Considering the problems in the sustained vaccine
supply  and  funding,  several  options  have  been  offered  for  consideration.  Vaccines  are  being  developed  by  Shanta
Biotechnic Pvt. Ltd., Hyderabad, Biological E Ltd., Hyderabad and Indian Immunologicals Ltd., Hyderabad as well as
Bharat Biotech Hyderabad [52].

The JENVAC is an inactivated Vero cell-derived vaccine prepared from an Indian strain of the JEV. It is the first
indigenously developed vaccine that is safe and highly effective against all known strains of JEV. The seroconversion
rates were more than 90%. This vaccine can elicit protective responses with either a single or two doses is an added
advantage for JE endemic countries. The vaccine has been found safe and efficacious for the age group between 1-50
years in Indian population [53].

13. ANTIVIRALS

Despite the availability of a few licensed vaccines, approximately 68,000 cases of JE occur annually across the
globe  [2].  Due  to  lack  of  approved  antiviral  prophylaxis  for  the  infection  mitigation;  challenges  remain  for  the
prevention of mortality and morbidity. This situation necessitates the development of safe and cost-effective antivirals.
Long and arduous efforts were made in the pursuit of suitable antivirals against JE. However, there is no FDA approved
antiviral available for human use till date. Therefore, JE cases are managed by supportive care.

Several anti-JE drug trials have been undertaken [54]. The therapeutic efficacy of the antioxidants like minocycline,
arctigenin, fenofibrate and curcumin are reported earlier [55]. Clinical trials with dexamethasone [56], IFN-α 2a [57],
and ribavirin [58] did not show encouraging results. However, N-methylisatin-beta-thiosemicarbazone derivative (SCH
16)  has  been  demonstrated  to  be  effective  in  inhibiting  JEV  in  vitro  [59].  In  another  study,  minocycline,  a  semi-
synthetic tetracycline reduced the degree of neuronal damage seen in JEV infection in neuronal cell culture, partly by
inhibiting oxidative stress [60]. Furthermore, minocycline demonstrated to maintain the integrity of blood-brain barrier
following JEV infection [61]. A clinical trial with minocycline carried out in the state of Uttar Pradesh, India was found
to be effective in curtailing the clinical symptoms such as fever, convulsions and duration of hospitalization [58]. A
recent report underscores the utility of Bispidine-amino acid conjugates for its inherent scaffolding property in treating
JEV  infection  [62].  Furthermore,  in  the  absence  of  anti-JE  drug,  the  strategy  of  combination  therapy  could  be  an
interesting  approach.  An  effective,  safe  and  readily  available  antiviral  drug  is  the  need  of  the  hour  to  control  the
mortality rate in the endemic areas across the world.

CONCLUSION AND PERSPECTIVES

JE poses a menace to areas beyond its conventional geographical boundaries. Due to international travel, potential
dispersal  of  the  mosquitoes,  climate  change  and  urbanization,  the  virus  is  spreading  into  immunologically  naïve



Japanese Encephalitis in India Perspectives The Open Virology Journal, 2018, Volume 12   127

populations. Control of JEV is thus challenging due to its complex eco-epidemiology. One hundred and seventy-one
districts from nineteen states have been reported for JE and acute encephalitis syndrome (AES) in India [63]. With a
view to address this issue in the country, Ministry of Health & Family Welfare has made disease notification mandatory
for  public  health  facilities  since  21st  September  2016  [64].  Notification  of  the  disease  is  an  important  source  of
information for the surveillance systems intended for the disease prevention and further spread. Furthermore, it provides
a direction for the collection of accurate and useful disease burden data. The disease burden is not only associated with
the acute disease, but also with the devastating after effects such as sequelae and long-term disability.

Accessibility to efficient, safer vaccines for pediatric use is critical as utility and availability of the mouse-brain-
derived vaccines has noticeably decreased. Second generation tissue culture based vaccines with smaller and easier
schedules  are  available  globally  [4].  The  live-attenuated  SA  14-14-2  JE  vaccine  has  been  added  in  national
immunization  programs  recently.  The  associated  problem  in  immunization  program  is  the  expense,  logistics  and
sustained supply wherein they are required most. Development of novel, safe and affordable JE vaccines is imperative
to expedite the pursuit for an effective modality with higher safety levels, efficacy, shorter dosing schedules that will
meet  the  needs  of  changing  genotypes  [65].  A recent  addition  of  JENVAC;  inactivated  cell  culture-based,  vaccine
developed from Indian strain has established to be non-inferior to other commercially available vaccines. This vaccine
may be an additional armor to reduce the incidence of JEV in India.

Moreover, due to lack of efficient antiviral treatment, diagnosis and prevention are the highest priorities that would
greatly reduce the disease burden. Ecological control is unrealistic due to vector abundance and expense. Besides, it
may  have  unanticipated  harmful  ecological  effects.  Additionally,  systematic  surveillance  work  on  vector  species,
density as well as seroprevalence in pigs needs to be actively pursued in support of detection and providing alert for
predicting outbreak in areas. Due to the recognition of JE as a notifiable disease, commitment for its prevention and
control as well as the development of newer diagnostic tools will have a major public health impact. This commitment
may also provide an opportunity for improvement and save lives of many children at-risk. In addition, rehabilitation for
those  with  disabilities  needs  to  be  included  in  conjunction  with  the  capacity  building.  While  challenges  remain,  a
synergistic  effort  combining  all  the  above-mentioned  parameters  can  be  helpful  in  monitoring  and  control  of  JEV
dynamics. The ultimate goal is to reduce India’s frighteningly high pediatric mortality rate. Restoring the vaccine deficit
by scaling up the currently available interventions would be essential towards India’s roadmap to development.

CONSENT FOR PUBLICATION

Not applicable.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or otherwise.

ACKNOWLEDGEMENTS

Authors  would  like  to  thank  Almokhtabar  Moamena  Kamel  Medical  Laboratories  members  in  Sudan  for  their
cooperation.

REFERENCES

[1] Solomon T. Control of Japanese encephalitis--within our grasp? N Engl J Med 2006; 355(9): 869-71.
[http://dx.doi.org/10.1056/NEJMp058263] [PMID: 16943399]

[2] Campbell GL, Hills SL, Fischer M, et al. Estimated global incidence of Japanese encephalitis: A systematic review. Bull World Health Organ
2011; 89: 766-74.

[3] Parida M, Dash PK, Tripathi NK, et al. Japanese Encephalitis Outbreak, India, 2005. Emerg Infect Dis 2006; 12(9): 1427-30.
[http://dx.doi.org/10.3201/eid1209.060200] [PMID: 17073095]

[4] Halstead SB, Thomas SJ. New Japanese encephalitis vaccines: alternatives to production in mouse brain. Expert Rev Vaccines 2011; 10(3):
355-64.
[http://dx.doi.org/10.1586/erv.11.7] [PMID: 21434803]

[5] Pfeffer M, Dobler G. Emergence of zoonotic arboviruses by animal trade and migration. Parasit Vectors 2010; 3(1): 35.
[http://dx.doi.org/10.1186/1756-3305-3-35] [PMID: 20377873]

[6] van den Hurk AF, Ritchie SA, Mackenzie JS. Ecology and geographical expansion of Japanese encephalitis virus. Annu Rev Entomol 2009;
54(1): 17-35.
[http://dx.doi.org/10.1146/annurev.ento.54.110807.090510] [PMID: 19067628]

http://dx.doi.org/10.1056/NEJMp058263
http://www.ncbi.nlm.nih.gov/pubmed/16943399
http://dx.doi.org/10.3201/eid1209.060200
http://www.ncbi.nlm.nih.gov/pubmed/17073095
http://dx.doi.org/10.1586/erv.11.7
http://www.ncbi.nlm.nih.gov/pubmed/21434803
http://dx.doi.org/10.1186/1756-3305-3-35
http://www.ncbi.nlm.nih.gov/pubmed/20377873
http://dx.doi.org/10.1146/annurev.ento.54.110807.090510
http://www.ncbi.nlm.nih.gov/pubmed/19067628


128   The Open Virology Journal, 2018, Volume 12 Kulkarni et al.

[7] Endy TP, Nisalak A. Japanese encephalitis virus: ecology and epidemiology. Curr Top Microbiol Immunol 2002; 267: 11-48.
[http://dx.doi.org/10.1007/978-3-642-59403-8_2] [PMID: 12082986]

[8] van-den-Hurk AF, Ritchie SA, Johansen CA, Mackenzie JS, Smith GA. Domestic pigs and Japanese encephalitis virus infection, Australia.
Emerg Infect Dis 2008; 14(11): 1736-8.
[http://dx.doi.org/10.3201/eid1411.071368] [PMID: 18976557]

[9] Solomon T, Vaughn DW. Pathogenesis and clinical features of Japanese encephalitis and West Nile virus infections. Curr Top Microbiol
Immunol 2002; 267: 171-94.
[http://dx.doi.org/10.1007/978-3-642-59403-8_9] [PMID: 12082989]

[10] Saxena V, Dhole T N. Preventive strategies for frequent outbreaks of Japanese encephalitis in Northern India. J Biosci 2008; 33(4): 505-14.
[http://dx.doi.org/10.1007/s12038-008-0069-9]

[11] Wengler  G,  Wengler  G,  Gross  HJ.  Studies  on  virus-specific  nucleic  acids  synthesized  in  vertebrate  and  mosquito  cells  infected  with
flaviviruses. Virology 1978; 89(2): 423-37.
[http://dx.doi.org/10.1016/0042-6822(78)90185-X] [PMID: 568848]

[12] Cleaves GR, Dubin DT. Methylation status of intracellular dengue type 2 40 S RNA. Virology 1979; 96(1): 159-65.
[http://dx.doi.org/10.1016/0042-6822(79)90181-8] [PMID: 111410]

[13] Yun SI, Kim SY, Choi WY, et al. Molecular characterization of the full-length genome of the Japanese encephalitis viral strain K87P39.
Virus Res 2003; 96(1-2): 129-40.
[http://dx.doi.org/10.1016/S0168-1702(03)00181-3] [PMID: 12951273]

[14] Mackenzie JS, Gubler DJ, Petersen LR. Emerging flaviviruses: the spread and resurgence of Japanese encephalitis, West Nile and dengue
viruses. Nat Med 2004; 10(12)(Suppl.): S98-S109.
[http://dx.doi.org/10.1038/nm1144] [PMID: 15577938]

[15] Nitatpattana N, Dubot-Pérès A, Gouilh MA, et al. Change in Japanese encephalitis virus distribution, Thailand. Emerg Infect Dis 2008;
14(11): 1762-5.
[http://dx.doi.org/10.3201/eid1411.080542] [PMID: 18976565]

[16] Fulmali PV, Sapkal GN, Athawale S, Gore MM, Mishra AC, Bondre VP. Introduction of Japanese encephalitis virus genotype I, India. Emerg
Infect Dis 2011; 17(2): 319-21.
[http://dx.doi.org/10.3201/eid1702.100815] [PMID: 21291622]

[17] Sarkar A, Taraphdar D, Mukhopadhyay SK, Chakrabarti S, Chatterjee S. Molecular evidence for the occurrence of Japanese encephalitis virus
genotype I and III infection associated with acute encephalitis in patients of West Bengal, India, 2010. Virol J 2012; 9(1): 271.
[http://dx.doi.org/10.1186/1743-422X-9-271] [PMID: 23153306]

[18] Tsarev SA, Sanders ML, Vaughn DW, Innis BL. Phylogenetic analysis suggests only one serotype of Japanese encephalitis virus. Vaccine
2000; 18(Suppl. 2): 36-43.
[http://dx.doi.org/10.1016/S0264-410X(00)00039-6] [PMID: 10821972]

[19] Uchil PD, Satchidanandam V. Phylogenetic analysis of Japanese encephalitis virus: envelope gene based analysis reveals a fifth genotype,
geographic clustering, and multiple introductions of the virus into the Indian subcontinent. Am J Trop Med Hyg 2001; 65(3): 242-51.
[http://dx.doi.org/10.4269/ajtmh.2001.65.242] [PMID: 11561712]

[20] Vaughn DW, Hoke CH Jr. The epidemiology of Japanese encephalitis: prospects for prevention. Epidemiol Rev 1992; 14(1): 197-221.
[http://dx.doi.org/10.1093/oxfordjournals.epirev.a036087] [PMID: 1337744]

[21] Smithburn KC, Kerr JA, Gatne PB. Neutralizing antibodies against certain viruses in the sera of residents of India. J Immunol 1954; 72(4):
248-57.
[PMID: 13163397]

[22] Chakravarty SK, Sarkar JK, Chakravarty MS, et al. The first epidemic of Japanese encephalitis studied in India--virological studies. Indian J
Med Res 1975; 63(1): 77-82.
[PMID: 2552]

[23] Kabilan L, Rajendran R, Arunachalam N, et al. Japanese encephalitis in India: an overview. Indian J Pediatr 2004; 71(7): 609-15.
[http://dx.doi.org/10.1007/BF02724120] [PMID: 15280610]

[24] Rathi AK, Kushwaha KP, Singh YD, et al. JE virus encephalitis: 1988 epidemic at Gorakhpur. Indian Pediatr 1993; 30(3): 325-33.
[PMID: 8396069]

[25] http://nvbdcp.gov.in/je-cd.html

[26] Sapkal GN, Wairagkar NS, Ayachit VM, Bondre VP, Gore MM. Detection and isolation of Japanese encephalitis virus from blood clots
collected during the acute phase of infection. Am J Trop Med Hyg 2007; 77(6): 1139-45.
[PMID: 18165537]

[27] Sharma SN, Panwar BS. An epidemic of Japanese encephalitis in Haryana in the year 1990. J Commun Dis 1991; 23(3): 204-5.
[PMID: 1667406]

[28] Kar NJ, Saxena VK. Some epidemiological characteristics of Japanese encephalitis in Haryana state of northern India. J Commun Dis 1998;
30(2): 129-31.

http://dx.doi.org/10.1007/978-3-642-59403-8_2
http://www.ncbi.nlm.nih.gov/pubmed/12082986
http://dx.doi.org/10.3201/eid1411.071368
http://www.ncbi.nlm.nih.gov/pubmed/18976557
http://dx.doi.org/10.1007/978-3-642-59403-8_9
http://www.ncbi.nlm.nih.gov/pubmed/12082989
http://dx.doi.org/10.1007/s12038-008-0069-9
http://dx.doi.org/10.1016/0042-6822(78)90185-X
http://www.ncbi.nlm.nih.gov/pubmed/568848
http://dx.doi.org/10.1016/0042-6822(79)90181-8
http://www.ncbi.nlm.nih.gov/pubmed/111410
http://dx.doi.org/10.1016/S0168-1702(03)00181-3
http://www.ncbi.nlm.nih.gov/pubmed/12951273
http://dx.doi.org/10.1038/nm1144
http://www.ncbi.nlm.nih.gov/pubmed/15577938
http://dx.doi.org/10.3201/eid1411.080542
http://www.ncbi.nlm.nih.gov/pubmed/18976565
http://dx.doi.org/10.3201/eid1702.100815
http://www.ncbi.nlm.nih.gov/pubmed/21291622
http://dx.doi.org/10.1186/1743-422X-9-271
http://www.ncbi.nlm.nih.gov/pubmed/23153306
http://dx.doi.org/10.1016/S0264-410X(00)00039-6
http://www.ncbi.nlm.nih.gov/pubmed/10821972
http://dx.doi.org/10.4269/ajtmh.2001.65.242
http://www.ncbi.nlm.nih.gov/pubmed/11561712
http://dx.doi.org/10.1093/oxfordjournals.epirev.a036087
http://www.ncbi.nlm.nih.gov/pubmed/1337744
http://www.ncbi.nlm.nih.gov/pubmed/13163397
http://www.ncbi.nlm.nih.gov/pubmed/2552
http://dx.doi.org/10.1007/BF02724120
http://www.ncbi.nlm.nih.gov/pubmed/15280610
http://www.ncbi.nlm.nih.gov/pubmed/8396069
http://nvbdcp.gov.in/je-cd.html
http://www.ncbi.nlm.nih.gov/pubmed/18165537
http://www.ncbi.nlm.nih.gov/pubmed/1667406


Japanese Encephalitis in India Perspectives The Open Virology Journal, 2018, Volume 12   129

[PMID: 9914682]

[29] Ratho RK, Sethi S, Prasad SR. Prevalence of Japanese encephalitis and West Nile viral infections in pig population in and around Chandigarh.
J Commun Dis 1999; 31(2): 113-6.
[PMID: 10810598]

[30] Katyal R, Bhardwaj M, Harit AK, Sharma SK, Kumar K, Gill KS. Dengue, Japanese Encephalitis and West Nile flaviviral infections detected
during a dengue outbreak in Sonepat District, Haryana State, India. 2000.

[31] Kumari R, Kumar K, Rawat A, Singh G, Yadav NK, Chauhan LS. First indigenous transmission of Japanese Encephalitis in urban areas of
National Capital Territory of Delhi, India. Trop Med Int Health 2013; 18(6): 743-9.
[http://dx.doi.org/10.1111/tmi.12104] [PMID: 23682856]

[32] Joshi R, Kalantri SP, Reingold A, Colford JM Jr. Changing landscape of acute encephalitis syndrome in India: a systematic review. Natl Med
J India 2012; 25(4): 212-20.
[PMID: 23278779]

[33] http//www.telegraphindia.com/1160724/jsp/northeast/story_98422.jsp#.WJKNvlN97IU

[34] Dwibedi B, Mohapatra N, Rathore SK, et al. An outbreak of Japanese encephalitis after two decades in Odisha, India. Indian J Med Res 2015;
142(December)(Suppl.): S30-2.
[http://dx.doi.org/10.4103/0971-5916.176609] [PMID: 26905239]

[35] Yewale VN. Misery of mystery of Muzaffarpur. Indian Pediatr 2014; 51(8): 605-6.
[http://dx.doi.org/10.1007/s13312-014-0461-5] [PMID: 25128989]

[36] Shrivastava A, Srikantiah P, Kumar A, et al. Outbreaks of unexplained neurologic illness - Muzaffarpur, India, 2013-2014. MMWR Morb
Mortal Wkly Rep 2015; 64(3): 49-53.
[PMID: 25632950]

[37] Outbreaks of hypoglycemic encephalopathy in Muzzaffarpur, India: Are these caused by toxins in litchi fruit? Indian Pediatr 2016; 53(5):
399-402.
[http://dx.doi.org/10.1007/s13312-016-0861-9]

[38] Shrivastava A, Kumar A, Thomas JD, et al. Association of acute toxic encephalopathy with litchi consumption in an outbreak in Muzaffarpur,
India, 2014: a case-control study. Lancet Glob Health 2017; 5(4): e458-66.
[http://dx.doi.org/10.1016/S2214-109X(17)30035-9] [PMID: 28153514]

[39] Cha GW, Cho JE, Ju YR, et al. Comparison of four serological tests for detecting antibodies to Japanese encephalitis virus after vaccination in
children. Osong Public Health Res Perspect 2014; 5(5): 286-91.
[http://dx.doi.org/10.1016/j.phrp.2014.08.003] [PMID: 25389515]

[40] Saxena  V,  Mishra  VK,  Dhole  TN.  Evaluation  of  reverse-transcriptase  PCR  as  a  diagnostic  tool  to  confirm  Japanese  encephalitis  virus
infection. Trans R Soc Trop Med Hyg 2009; 103(4): 403-6.
[http://dx.doi.org/10.1016/j.trstmh.2009.01.021] [PMID: 19249068]

[41] Dhanze H, Bhilegaonkar KN, Ravi Kumar GVPPS, et al. Comparative evaluation of nucleic acid-based assays for detection of Japanese
encephalitis virus in swine blood samples. Arch Virol 2015; 160(5): 1259-66.
[http://dx.doi.org/10.1007/s00705-015-2385-3] [PMID: 25772573]

[42] Kakkar M, Dhole TN, Rogawski ET, Chaturvedi S. Public health laboratory surveillance and diagnosis of Japanese encephalitis: Time to
revisit. Indian Pediatr 2016; 53(1): 33-5.
[http://dx.doi.org/10.1007/s13312-016-0785-4] [PMID: 26840668]

[43] World Health Organization. Manual for the Laboratory Diagnosis of Japanese Encephalitis Virus Infection In: no. March, pp. 1–52, 2007.

[44] Niedrig M, Kürsteiner O, Herzog C, Sonnenberg K. Evaluation of an indirect immunofluorescence assay for detection of immunoglobulin M
(IgM) and IgG antibodies against yellow fever virus. Clin Vaccine Immunol 2008; 15(2): 177-81.
[http://dx.doi.org/10.1128/CVI.00078-07] [PMID: 18045884]

[45] Deng J, Pei J, Gou H, Ye Z, Liu C, Chen J. Rapid and simple detection of Japanese encephalitis virus by reverse transcription loop-mediated
isothermal amplification combined with a lateral flow dipstick. J Virol Methods 2015; 213: 98-105.
[http://dx.doi.org/10.1016/j.jviromet.2014.12.006] [PMID: 25512133]

[46] Shirato K, Mizutani T, Kariwa H, Takashima I. Discrimination of West Nile virus and Japanese encephalitis virus strains using RT-PCR
RFLP analysis. Microbiol Immunol 2003; 47(6): 439-45.
[http://dx.doi.org/10.1111/j.1348-0421.2003.tb03381.x] [PMID: 12906104]

[47] Beasley DW, Lewthwaite P, Solomon T. Current use and development of vaccines for Japanese encephalitis. Expert Opin Biol Ther 2008;
8(1): 95-106.
[http://dx.doi.org/10.1517/14712598.8.1.95] [PMID: 18081539]

[48] Poland JD, Cropp CB, Craven RB, Monath TP. Evaluation of the potency and safety of inactivated Japanese encephalitis vaccine in US
inhabitants. J Infect Dis 1990; 161(5): 878-82.
[http://dx.doi.org/10.1093/infdis/161.5.878] [PMID: 2324539]

[49] Plesner AM, Arlien-Soborg P, Herning M. Neurological complications to vaccination against Japanese encephalitis. Eur J Neurol 1998; 5(5):
479-85.

http://www.ncbi.nlm.nih.gov/pubmed/9914682
http://www.ncbi.nlm.nih.gov/pubmed/10810598
http://dx.doi.org/10.1111/tmi.12104
http://www.ncbi.nlm.nih.gov/pubmed/23682856
http://www.ncbi.nlm.nih.gov/pubmed/23278779
http://http//www.telegraphindia.com/1160724/jsp/northeast/story_98422.jsp#.WJKNvlN97IU
http://dx.doi.org/10.4103/0971-5916.176609
http://www.ncbi.nlm.nih.gov/pubmed/26905239
http://dx.doi.org/10.1007/s13312-014-0461-5
http://www.ncbi.nlm.nih.gov/pubmed/25128989
http://www.ncbi.nlm.nih.gov/pubmed/25632950
http://dx.doi.org/10.1007/s13312-016-0861-9
http://dx.doi.org/10.1016/S2214-109X(17)30035-9
http://www.ncbi.nlm.nih.gov/pubmed/28153514
http://dx.doi.org/10.1016/j.phrp.2014.08.003
http://www.ncbi.nlm.nih.gov/pubmed/25389515
http://dx.doi.org/10.1016/j.trstmh.2009.01.021
http://www.ncbi.nlm.nih.gov/pubmed/19249068
http://dx.doi.org/10.1007/s00705-015-2385-3
http://www.ncbi.nlm.nih.gov/pubmed/25772573
http://dx.doi.org/10.1007/s13312-016-0785-4
http://www.ncbi.nlm.nih.gov/pubmed/26840668
http://dx.doi.org/10.1128/CVI.00078-07
http://www.ncbi.nlm.nih.gov/pubmed/18045884
http://dx.doi.org/10.1016/j.jviromet.2014.12.006
http://www.ncbi.nlm.nih.gov/pubmed/25512133
http://dx.doi.org/10.1111/j.1348-0421.2003.tb03381.x
http://www.ncbi.nlm.nih.gov/pubmed/12906104
http://dx.doi.org/10.1517/14712598.8.1.95
http://www.ncbi.nlm.nih.gov/pubmed/18081539
http://dx.doi.org/10.1093/infdis/161.5.878
http://www.ncbi.nlm.nih.gov/pubmed/2324539


130   The Open Virology Journal, 2018, Volume 12 Kulkarni et al.

[http://dx.doi.org/10.1046/j.1468-1331.1998.550479.x] [PMID: 10210877]

[50] http://www.who.int/vaccine_safety/initiative/tools/JE_vaccine_rates_information_sheet.pdf

[51] Chin R, Torresi J. Japanese B Encephalitis: An Overview of the Disease and Use of Chimerivax-JE as a Preventative Vaccine. Infect Dis Ther
2013; 2(2): 145-58.
[http://dx.doi.org/10.1007/s40121-013-0018-2] [PMID: 25134477]

[52] Laxminarayan R, Ganguly NK. India’s vaccine deficit: why more than half of Indian children are not fully immunized, and what can--and
should--be done. Health Aff (Millwood) 2011; 30(6): 1096-103.
[http://dx.doi.org/10.1377/hlthaff.2011.0405] [PMID: 21653963]

[53] Singh A, Mitra M, Sampath G, et al. A Japanese encephalitis vaccine from India induces durable and cross-protective immunity against
temporally and spatially wide-ranging global field strains. J Infect Dis 2015; 212(5): 715-25.
[http://dx.doi.org/10.1093/infdis/jiv023] [PMID: 25601942]

[54] Ishikawa T, Konishi E. Potential chemotherapeutic targets for Japanese encephalitis: current status of antiviral drug development and future
challenges. Expert Opin Ther Targets 2015; 19(10): 1379-95.
[http://dx.doi.org/10.1517/14728222.2015.1065817] [PMID: 26156208]

[55] Dutta K, Nazmi A, Basu A. Chemotherapy in Japanese encephalitis: Are we there yet? Infectious Disorders - Drug Targets 2011; 11(3):
300-14.
[http://dx.doi.org/10.2174/187152611795768051]

[56] Hoke  CH Jr,  Vaughn  DW,  Nisalak  A,  et  al.  Effect  of  high-dose  dexamethasone  on  the  outcome  of  acute  encephalitis  due  to  Japanese
encephalitis virus. J Infect Dis 1992; 165(4): 631-7.
[http://dx.doi.org/10.1093/infdis/165.4.631] [PMID: 1313068]

[57] Solomon T, Dung NM, Wills B, et al. Interferon alfa-2a in Japanese encephalitis: a randomised double-blind placebo-controlled trial. Lancet
2003; 361(9360): 821-6.
[http://dx.doi.org/10.1016/S0140-6736(03)12709-2] [PMID: 12642049]

[58] 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(4): 400-6.
[http://dx.doi.org/10.1086/596309] [PMID: 19143532]

[59] Sebastian L, Desai A, Shampur MN, Perumal Y, Sriram D, Vasanthapuram R. N-methylisatin-beta-thiosemicarbazone derivative (SCH 16) is
an inhibitor of Japanese encephalitis virus infection in vitro and in vivo. Virol J 2008; 5(1): 64.

[60] Mishra  MK,  Ghosh  D,  Duseja  R,  Basu  A.  Antioxidant  potential  of  Minocycline  in  Japanese  Encephalitis  Virus  infection  in  murine
neuroblastoma cells: correlation with membrane fluidity and cell death. Neurochem Int 2009; 54(7): 464-70.
[http://dx.doi.org/10.1016/j.neuint.2009.01.022] [PMID: 19428790]

[61] Mishra MK, Dutta K, Saheb SK, Basu A. Understanding the molecular mechanism of blood-brain barrier damage in an experimental model of
Japanese encephalitis: correlation with minocycline administration as a therapeutic agent. Neurochem Int 2009; 55(8): 717-23.
[http://dx.doi.org/10.1016/j.neuint.2009.07.006] [PMID: 19628016]

[62] Haridas V, Rajgokul KS, Sadanandan S, et al. Bispidine-amino acid conjugates act as a novel scaffold for the design of antivirals that block
Japanese encephalitis virus replication. PLoS Negl Trop Dis 2013; 7(1): e2005.
[http://dx.doi.org/10.1371/journal.pntd.0002005] [PMID: 23350007]

[63] http://nvbdcp.gov.in/Doc/JE-AES-Prevention-Control(NPPCJA).pdf

[64] https://www.Pib.nic.in/newsite/Print

[65] Karthikeyan  A,  Shanmuganathan  S,  Pavulraj  S,  et  al.  Japanese  Encephalitis,  Recent  Perspectives  on  Virus  Genome,  Transmission,
Epidemiology, Diagnosis and Prophylactic Interventions. J Exp Biol Agric Sci 2017; 5(6): 730-48.
[http://dx.doi.org/10.18006/2017.5(6).730.748]

© 2018 Kulkarni et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a
copy of which is available at: (https://creativecommons.org/licenses/by/4.0/legalcode). This license permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

http://dx.doi.org/10.1046/j.1468-1331.1998.550479.x
http://www.ncbi.nlm.nih.gov/pubmed/10210877
http://www.who.int/vaccine_safety/initiative/tools/JE_vaccine_rates_information_sheet.pdf
http://dx.doi.org/10.1007/s40121-013-0018-2
http://www.ncbi.nlm.nih.gov/pubmed/25134477
http://dx.doi.org/10.1377/hlthaff.2011.0405
http://www.ncbi.nlm.nih.gov/pubmed/21653963
http://dx.doi.org/10.1093/infdis/jiv023
http://www.ncbi.nlm.nih.gov/pubmed/25601942
http://dx.doi.org/10.1517/14728222.2015.1065817
http://www.ncbi.nlm.nih.gov/pubmed/26156208
http://dx.doi.org/10.2174/187152611795768051
http://dx.doi.org/10.1093/infdis/165.4.631
http://www.ncbi.nlm.nih.gov/pubmed/1313068
http://dx.doi.org/10.1016/S0140-6736(03)12709-2
http://www.ncbi.nlm.nih.gov/pubmed/12642049
http://dx.doi.org/10.1086/596309
http://www.ncbi.nlm.nih.gov/pubmed/19143532
http://dx.doi.org/10.1016/j.neuint.2009.01.022
http://www.ncbi.nlm.nih.gov/pubmed/19428790
http://dx.doi.org/10.1016/j.neuint.2009.07.006
http://www.ncbi.nlm.nih.gov/pubmed/19628016
http://dx.doi.org/10.1371/journal.pntd.0002005
http://www.ncbi.nlm.nih.gov/pubmed/23350007
http://nvbdcp.gov.in/Doc/JE-AES-Prevention-Control(NPPCJA).pdf
https://www.Pib.nic.in/newsite/Print
http://dx.doi.org/10.18006/2017.5(6).730.748
https://creativecommons.org/licenses/by/4.0/legalcode

	Japanese Encephalitis: A Brief Review on Indian Perspectives 
	[Introduction:]
	Introduction:
	Expalantion:
	Conclusion:

	1. INTRODUCTION
	2. TRANSMISSION
	3. THE PATHOGEN
	4. GENOTYPES
	5. EPIDEMIOLOGICAL PATTERN AND DISEASE INCIDENCE IN INDIA
	6. DIAGNOSIS
	7. ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA)
	8. PLAQUE REDUCTION NEUTRALIZATION TEST (PRNT)
	9. VIRUS ISOLATION
	10. NUCLEIC ACID AMPLIFICATION
	11. CONTROL AND PREVENTION STRATEGIES
	12. VACCINES
	12.1. Inactivated Mouse Brain-Derived Vaccines
	12.2. Inactivated Vero Cell Vaccines
	12.3. Live Attenuated Vaccines
	12.4. Chimeric Vaccines
	12.5. Vaccination in India
	13. ANTIVIRALS

	CONCLUSION AND PERSPECTIVES
	CONSENT FOR PUBLICATION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




