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1. Background
Acute encephalitis syndrome (AES) is a multifaceted 
clinical health syndrome often associated with substantial 
illness along with high morbidity and mortality. The 
syndrome is well defined as the acute arrival of illness 

that eventually occurs as seasonal outbreak.1 The severe 
disease causes inflammation in the brain and leads to 
other neurological conditions like convulsions, autonomic 
disturbance, abnormal behavior, episodic headache, mood 
disorder, confusion, disorientation, delirium, or even 
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coma. It emerged as a major public health problem in Asian 
countries.2 This dreadful condition, thought to be caused 
by a wide variety of pathogens including bacterial or viral 
infections in the brain, ingestion of toxic substances, has 
been reported in the past few decades. These etiological 
agents usually vary with geographical regions,3,4 and they 
lead to more complicated infections with severe underlying 
malignancy.

More than 100 diverse pathogens have been identified 
as causative agents for AES. Among them, Japanese virus 
encephalitis (JE), Herpes simplex virus encephalitis (HSV, 
varicella-zoster, the Epstein-Barr virus, mumps, measles, 
enteroviruses, influenza, adenovirus, echovirus, and 
mycoplasma pneumonia are the most frequent pathogens.5,6 
JE is a vector-borne viral infirmity that accounts for nearly 
15% of AES cases, and the etiology of AES in 68%–75% of 
cases remains unknown. Between January 2008 and August 
2014, nearly 44 097 cases with 5728 deaths due to AES were 
reported in India.7,8 This number represents a considerable 
increase in the annual number of reported cases. Among 
these, Japanese encephalitis is considered one of the major 
causes of AES in India.9 More specifically, the areas most 
afflicted by the AES outbreak are the eastern part of Uttar 
Pradesh and the districts of Muzaffarpur and Gaya from 
Bihar.10 However, no large scale study has investigated 
the specificity of causative agents of AES in Gaya and its 
adjoining regions.

2. Objective
AES excessively affects children below the age of 16 years 
and poses a severe risk to the lives of affected children. 
Most underlying illnesses are hardly ever investigated 
in order to understand the possible agent and its means 
of spread. Recently, in India, an outbreak of AES led to 
the deaths of several children in Bihar. These cases were 
well characterized by sudden onset of fever, occasional 
neck rigidity, restlessness, convulsion leading to coma, 
followed by death within 9–10 days of acute illness onset. 
During or after the rainy season from June to October, 
JE is more prevalent.11-14 It is therefore very crucial that 
detailed epidemiological investigations be conducted that 
will explore the hidden factors involved in this dreadful 
disease. 

3. Methods
From June to October 2016, cerebrospinal fluid (CSF) 
and serum samples were collected from 71 patients of 
different age groups to check for clinically suspected viral 
encephalitis in Anugrah Narayan Magadh Memorial 
Medical College Hospital, Gaya, India. People residing 
in the area of the hospital are from a low socio-economic 
group. Male and female patients aged between 0.3-16 years 
were included in the study (Notably, all cases in this study 
were below 16 years of age), and their clinical history and 
symptoms were documented. CSF was collected from 
patients with suspected cases of encephalitis and without 
contraindications to lumbar puncher, according to the 

judgment of the responsible pediatrician. Samples were 
sent to ICMR-Rajendra Memorial Research Institute of 
Medical Sciences (RMRIMS), Patna, India, and stored at 
-80°C. The current study was carried out in Virology Lab, 
RMRIMS, Patna.

CSF/serum samples of 71 clinically positive cases were 
investigated for JE, Leptospira, chikungunya, HSV-1&2, 
measles, dengue, or scrub typhus specific IgM antibodies 
using an enzyme-linked immunosorbent assay (ELISA) kit 
(Calbiotech, USA). Briefly, the wells of microtiter plates 
were coated with 75 mL of anti-human immunoglobulin 
M (IgM), followed by the addition of 50 mL of serum 
(1:100 dilution) or CSF (1:10 dilution), biotinylated anti-
flavivirus antibody, avidin-horseradish peroxidase (HRP) 
conjugate, and substrate. Calculations were performed per 
the manufacturer’s instructions after taking the optical 
density (OD) values at 492 nm. Moreover, CT scans were 
performed specifically on HSV-positive samples.

RNA genome isolation (using QIAamp Viral RNA Mini 
Kit, QIAGEN, USA) and real-time-polymerase chain 
reaction (RT-PCR) (using one-step RT-PCR kit, Takara) 
for Japanese encephalitis virus (JEV) were carried out on all 
blood and CSF samples from patients following the method 
described by Paranjpe et al, with minor modifications 
where required.13,14 Briefly, ribonucleic acid (RNA) was 
extracted from 200 µL of serum/CSF sample using TRIzol 
reagent (Invitrogen). Reverse transcription was performed 
using an RT kit (Invitrogen). PCR was carried out using the 
appropriate primer pair as stated (Table 1). In each PCR 
reaction, the appropriate positive and negative controls 
were included for sample confirmation. The sensitivity 
of the PCR was determined with complementary DNA 
(cDNA) made by reverse transcription of JEV RNA from 
the reference strain. Amplified DNA fragments were 
visualized through ethidium bromide staining following 
2% agarose gel electrophoresis. JE specific IgM or RT-PCR 
positivity in the CSF samples were taken as the criteria for 
confirming Japanese encephalitis cases. Similarly, PCR was 
also carried out for the presence of the West Nile virus.

4. Results 
Gaya is located 62 miles south of Patna, the capital city 
of Bihar (longitude: 84.4 to 85.5 degrees toward east; 
latitude: 24.5 to 25.10 degrees toward north) and has a 
humid subtropical climate (Köppen climate classification). 
Relatively high temperate weather and evenly distributed 
precipitation were observed throughout the year. The 
environmental circumstances are very favorable for 

Table 1. The Pprimer Used to Detect the Presence of Either Japanese 
Encephalitis or West Nile Virus in Clinically Suspected Cases

Species Primers (Forward and Reverse) Product Size

Japanese 
encephalitis

F:- GGAAGGCCTGGGGGCAGGACGCTA
R:- GATGACCCTGTCTTCCTGGATCAA

460

West Nile 
virus

F:- GCTCCGCTGTCCCTGTGA
R:- CACTCTCCTCCTGCATGGATG

206
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mosquitoes breeding. Although little information is 
available about the periodic outbreaks of JEV, a local 
newspaper confirms the spread and death due to AES. 
In this study, an in-depth investigation was carried out 
to explore the exact scenario of the JE outbreak in the 
Gaya district of Bihar to support public health measures. 
Due to low levels of viremia and the fast development 
of neutralizing antibodies, RT-PCR is slightly tricky and 
depends mostly on the time blood/CSF specimens are 
taken.15-17 Although controversial, the detection rate is 
often more accurate than that of IgM-capture ELISA for 
serum and CSF.18,19 Therefore, both IgM-capture ELISA 
and RT-PCR were performed for the diagnosis of suspected 
cases from Gaya, Bihar.

A total of 71 clinically suspected cases less than 16 years 
of age were included in the current study. Almost all cases 
came from Gaya or its adjoining areas. The presenting 
symptoms in these suspected cases were high-grade fever, 
headache, vomiting, lethargy, altered sensorium, and 
convulsion. The 71 positively-confirmed AES cases were 
included for further study. Blood and CSF specimens were 
taken during June-October 2016.

The data obtained from ELISA and RT-PCR revealed at 
least 49.30% (35/71) of patients were clinically confirmed 
JEV cases. Nearly 37.14% (13/35) and 40% (14/35) of 
children between the ages of 0-4 and 5-9 years, respectively, 
were affected. Fascinatingly, 22.86% (8/35) children of the 
10-16 years age group were badly affected by this deadly 
virus. Though several studies indicated a soaring rate 
of boys infected as compared to girls, the current study 
conceded a higher rate of girls affected. Interestingly, the 
epidemic affected girls and boys at a ratio of 1.26:1. More 
importantly, this ratio is quite high (1.7:1) among children 
below the age of 9 years. Samples were collected randomly, 
and the girl:boy ratio of suspected JE sample was 1.24:1. 
Even though there may be several epidemiological or other 
vital reasons, the altered sample collection may partially 
affect the infected girl:boy ratio. A detailed epidemiological 
investigation could explore the reasons why girls are more 
prone to disease than boys. The overall case-fatality rate 
was 40% (14/35), of which 60% were girls and 40% were 
boys. Around 90% of the fatality cases were below 9 years 
of age.

5. Discussion 
Out of the total number of suspected JEV samples, 35 
were found to be IgM positive. Both ELISA and PCR were 
carried out for the diagnosis of JE-positive cases (Figures 
1A and B). As previously reported, both the sensitivity and 
specificity of ELISA are more than 95% after the 7th day 
of disease onset, and specimens collected before 7 days 
may be negative.20 Due to a high degree of sensitivity and 
specificity, the RT-PCR method has a potential application 
for routine diagnosis of flaviviral infections. More 
importantly, the samples collected from the areas where JE 
and dengue are both endemic may show cross-reactivity at 
the IgM level.21 Therefore, both IgM-negative and -positive 

Figure 1. Age group distribution of JE, HSV, and AES due to unknown 
pathogens and their fatality rates are mentioned in graphical representation.

samples were especially investigated for RT-PCR analysis. 
Specifically, 4 samples were found to be positive by RT-PCR 
alone, whereas 14 samples were found to be positive by 
both ELISA and RT-PCR. This information indicated that 
the samples in the current study were probably collected 
within the first 7 days of illness when the antibody titer 
was moderate in the presence of viral RNA. More precisely, 
11.42% of the samples, those found to be positive by RT-
PCR (Figure 2B), reflected only the possibility of a high 
viral load with a scanty level of neutralizing antibodies. 
Due to the short toxemia period of JE patients, only 18 RT-
PCR-positive (51.43%) JEV-infected cases were detected 
using the RT-PCR approach.

6. Conclusion
The total number of confirmed AES cases that occurred 
during the epidemic was 71. The meticulous analysis 
performed in this study revealed that nearly 49.30% of 
encephalitis cases occurred due to JEV infection (Figure 
2A). To search for other factors responsible for AES in Gaya 
and its adjoining regions, the samples were tested for HSV-
1&2 (IgM) and scrub typhus (IgM). Previously, Murhekar 
et al reported that scrub typhus (63% of AES cases) was one 
of the major etiologies for acute encephalitis. In contrast 
to these findings, the current data suggested that the AES 
cases near Gaya and its adjoining regions were negative to 
scrub typhus.22,23 Interestingly, HSV-1&2 was found to be 
a second causal factor for AES confirmed by both ELISA 
(Figure 2A) and contrast-enhanced computed tomography 
(CECT) scan (Figure 2C). More importantly, 5 HSV cases 
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What Is Already Known? 
Acute encephalitis syndrome (AES) has been a major 
health problem in Gaya, Bihar with high morbidity and 
mortality.

What This Study Adds?
The result suggested that JE virus followed by HSV were 
the causative agents for viral encephalitis.

Research Highlights

(7.04%) were detected with an overall fatality rate of 40% 
(2/5). The further confirmation of JE and WNV infections 
were confirmed by performing qPCR (Figure 3).

Among the 71 AES cases, 35 (49.30%) cases and 5 
(7.04%) cases were found to be JE- and HSV-positive, 
respectively. The foremost result of this study revealed 
that all confirmed AES cases were under the age of 9 
years. As the landscape of AES, outbreaks have altered in 
the past few years, and both outbreak investigations and 
surveillance studies have increasingly reported non-JEV 
etiologies. The deliberate investigation conducted in this 
study revealed that none of the AES-confirmed cases were 
positive to other known viruses causing acute encephalitis. 
The main causative agent(s) remain unexplained.24 It can 
now be concluded that JEV is the main etiological agent 
responsible for AES. However, a greater number of deaths 
occurred due to unrecognized etiological agents that need 

to be identified. A detailed investigation is required to 
determine the unknown causative agents responsible for 
AES near Gaya and its adjoining regions.
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