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ABSTRACT 

Objectives: The main aim of the current study is 
to examine the influence of socio-economic status 
and environmental factors on serologically di- 
agnosed Japanese encephalitis cases in the state 
of West Bengal, India during 2005-2010. Materi- 
als and methods: A total of 648 blood/CSF spe- 
cimens were collected and/or referred from the 
suspected AES cases, admitted in the different 
medical colleges and hospitals of the state dur- 
ing the year of 2005-2010. These specimens were 
subjected to JE Mac ELISA to determine the ac- 
tual JE case amongst these AES. The associa- 
tion of the socio-economic status and environ- 
mental factors with the serologically diagnosed 
JE positive cases was studied by a statistical 
analysis through Normal Deviate test or Z test. 
Result: Out of 648 specimens, only 175 (27.0%) 
specimens were reactive to JE IgM antibody, of 
which 60.0% were from the male individuals and 
40.0% from the female population. Major cases 
were observed in the age group of 0 - 10 years; 
followed by 11 - 20 years. Regarding literacy, 
only 58.3% cases had no education and 41.7% 
were from the literate with varying level of edu-
cation, i.e., from primary level to post graduate 
level. A total of 65.7% cases were from low in-
come group where as only 34.3% cases were 
from high income group. Regarding house type, 
62.3% cases lived in mud house and 37.7% 
cases lived in the brick house. In most of the 
cases (74.3%), persons were living in close pro- 
ximity to rice fields/lakes/ponds. 69.7% cases 
were found to occur in the monsoon and post- 

monsoon period whereas 30.3% cases were re- 
ported in the pre-monsoon period. Conclusion: 
Our study concludes that socio-economic status 
and environmental conditions were statistically 
significant contextual risk factors for serologi-
cally diagnosed JE incidences in West Bengal 
where JE is proved to be endemic in nature and 
such study constitutes a new report of this kind 
in the region. 
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1. INTRODUCTION 

Japanese encephalitis (JE) is a neurotrophic killer di- 
sease caused by the mosquito-borne Japanese encepha- 
litis virus (JEV), a member of the genus flavivirus under 
the family flaviviridae [1]. It is a disease of major public 
health importance due to its high epidemic potential, high 
case fatality rate and neurological sequelae among sur- 
vivors. Approximately 3 billion people (60% of the world's 
population) live in J.E. endemic regions [2]. The world- 
wide incidental scenario of JE is 30,000 - 50,000 cases 
per year, the estimated mortality is 10,000 per year, whereas 
about 30% of survivors develop serious permanent neur- 
opsychiatric problem [3]. 

In a zoonotic cycle, JEV is transmitted by vector mos- 
quitoes (Culex sp.) [4] between wild/domestic birds and 
pigs; where birds act as reservoir host [5] and pigs act as 
amplifying host [6]. Pig-mosquito-pig and bird-mosquito- 
bird cycle is responsible for the maintenance of the virus 
in nature. Man is the “dead end” host [7,8]. 
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JE was first recognized in Japan and since the isolation 
of this virus in Japan in 1935; it has spread all over the 
world including India and has become a major public 
health problem.  

In India, the existence of JEV was first reported sero- 
logically in 1954 [9]. However, the disease was first 
recognized in India at Vellore in 1955 [10]. Since then, 
epidemics of JE in different states have been recorded 
[11,12]. From 1978 to 2007, 103,389 cases and 33,729 
deaths due to JEV infection were recorded from various 
parts of India [13]. 

In West Bengal, the first major outbreak of JE took 
place in the year 1973 in the district of Burdwan and 
Bankura where more than 700 cases and 300 deaths have 
been reported [14-16]. Since then many out breaks have 
been reported [17-19]. Though, the vaccination programme 
against JE has been conducted by the State Health De- 
partment, Govt. Of West Bengal in the different districts 
of West Bengal, still now every year sporadic cases are 
continuously being reported [20], which proves the ende- 
micity of JE in this state. 

Previous reports have been suggested that Socio-eco- 
nomic status, demographic variables and environmental 
factors play an important role in the spread JE along with 
the population dynamics of the vector mosquitoes [21, 
22]. 

Here, we report a five years’ (2005-2010) study to 
correlate the influence of Socio-economic status and En- 
vironmental factors on serologically diagnosed Japanese 
Encephalitis cases in the state of West Bengal. 

2. MATERIALS AND METHODS 

2.1. Study Area 

The study was under taken in the state of West Bengal, 
situated at the eastern part (23˚00'N, 87˚00'E) of the In- 
dia [23]. The state has an area of 88,752 km2 [24]. The 
population of West Bengal is 91,347,736 [25]. Vast paddy 
fields with 3 - 4 inches stagnant water (serves as conge- 
nial home for mosquito breeding) is the common sce- 
nario in the districts of the central and southern part of 
the state. The people belong to rural area of the state are 
economically backward. Agriculture is the main eco- 
nomic source and most of the people of the rural area in 
this state, are involved in agricultural practices. The field 
labours of the rural area mostly belong to the economi- 
cally backward classes. To raise their economic status; 
they usually taken up piggery and mini-poultry in their 
own hut, commonly share the habitat with human popu- 
lation [24]. 

Except the northern hilly region, other part of this state 
is warm and humid for a maximum time of the year. Here, 
the main seasons are summer, monsoon, autumn, late au- 
tumn and winter. The summer lasts from mid-March to 

mid-June, with the temperature ranging from 38˚C to 
45˚C. The monsoon arrives by middle of June and con- 
tinues up to the month of September. The agricultural 
activities are at their peaks during the post-monsoon 
phase which persists between middle of September to the 
end of November of the year [26]. 

2.2. Patients and Clinical Specimens 

The study group, i.e., the patients, clinically diagnosed 
as Acute Encephalitis Syndrome (AES), having high 
grade fever (≥39˚C) for ≥10 days with any two of the 
following symptoms, viz. headache, vomiting, unconscious- 
ness, convulsions, abnormal movements, stupor, delirium, 
altered sensorium, neck rigidity, presence of kernig’s 
sign; admitted to the different medical colleges and dis- 
trict hospitals were considered for this study period dur- 
ing 2005-2010. Details of the patients were provided by 
the concerned clinicians of the above said respective hos- 
pitals. 

Informed consents were taken in prescribed proforma 
from the relatives of the patients before the collection of 
the blood/CSF specimens. A total of 648 blood/CSF 
specimens (2 - 5 ml) were collected and/or referred from 
the above said clinically suspected AES cases in sterile 
vacutainers or test tubes by vein puncture/lumber punc- 
ture. All the specimens were transported to the ICMR 
(Indian Council of Medical Research) Virus Unit, Kol- 
kata, for the detection of IgM antibody against JEV, 
maintaining the cold chain using vaccine carriers. After 
receiving the blood/CSF specimens along with the duly 
filled consent forms and the particulars of the patients 
from the above said hospitals, serum was separated from 
the clotted blood and finally, both the sera and the CSF 
were transferred to sterile aliquots and stored at 4˚C 
and/or –80˚C till tested. A register was maintained in 
which the particulars of the patients, i.e., name, age, ad- 
dress, financial status, residential and environmental con- 
dition along with disease character was entered. 

2.3. Specimens Testing 

For the detection of IgM antibody against JEV in the 
collected specimens, M antibody captured Enzyme-linked 
Immunosorbent (Mac ELISA) was performed using the 
kit that was procured from National Institute of Virology 
(NIV), Pune [27,28]; following the prescribed protocol. 
O.D was measured at 450 nm using an ELISA reader 
(Titerteck Multiskan Plus, Lab systems Finland, Type- 
314). 

2.4. Statistical Method 

To evaluate or correlate the impact of Socio-economic 
status and Environmental factors on serologically diag- 
nosed Japanese Encephalitis cases; statistical analysis 
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was performed using Normal Deviate test or Z test. For 
testing the significance of proportion of incidences among 
the all IgM positive cases, the hypothesis followed be- 
low: 

H0: P = 0.5 (null hypothesis) 
against, H1: P > 0.5 (alternative hypothesis) 
where, P = proportion of the cases in the more suscep- 
tible group in the parent population.  

3. RESULTS 

Out of 648 specimens, only 175 (27.0%) specimens 
were reactive to JE IgM antibody by ELISA method, 

 

among them 105 (60.0%) cases were from male indivi- 
duals and 70 (40.0%) cases were female population (Ta-
ble 1, Figure 1). In addition, in most of the male & fe-
male IgM positive cases, i.e., 77 out of 175 (44.0%) be-
long to the 0 - 10 years age group and 42 out of 175 
(24.0%) were in the age group of 11 - 20 years. (Table 1, 
Figure 1). 

So far literacy is concerned, only 102 (58.3%) out of 
175 cases were from illiterate group and 73 (41.7%) 
cases were literates having varying level of education, 
i.e., from primary level to post graduate level (Tables 2 
and 3, Figure 2). 

Table 1. Age group & Sex wise distribution of JE IgM positive cases from the year of 2005-2010. 

Age group (in years) 
Sex 

0 - 10 11 - 20 21 - 30 31 - 40 41 - 50 >51 

Sub total 
(No. of IgM + ve 

cases) 

Total 
(No. of IgM + ve 

cases) 
Z value P value

Male 
46 

(26.28%) 
24 

(13.71%) 
7 

(4.00%) 
8 

(4.57%) 
8 

(4.57%)
12 

(6.85%)
105 (60.00%)    

        175 2.65 P < 0.01

Female 
31 

(17.71%) 
18 

(10.28%) 
4 

(2.28%) 
6 

(3.42%) 
4 

(2.28%)
7  

(4.00%)
70 (40.00%)    

 
Table 2. Distribution of JE IgM positive cases against socio-economic status and environmental factor. 

 Variables (N = 175) 
No. of  

IgM + ve cases 
Total No. of  

IgM + ve cases 
Z value P value 

 Illiterate 102 (58.28%)    

Educational Status   175 2.19 P < 0.05 

 Literate 73 (41.71%)    

 
Low Income Group 

(Income ≤ Rs 5000/month)
115 (65.71%)    

Economic Status   175 4.15 P < 0.01 

 
High Income Group 

(Income > Rs 5000/month)
60 (34.28%)    

 Mud house 109 (62.28%)    

House type   175 3.25 P < 0.01 

 Brick house 66 (37.71%)    

 Yes 130 (74.38%)    

Breeding & staging site for Mosquito/bird in 
rice fields/lakes/ponds Near patients’ house 

  175 6.42 P = 0 

 No 45 (25.71%)    

 Pre-monsoon 53 (30.28%)    

Monsoon type   175 5.2 P < 0.00001

 Post-monsoon 122 (69.71%)    

 
Table 3. Literacy level in respect to JE IgM positive cases from the year of 2005-2010. 

Literacy level No. of IgM + ve JE cases Total no. of IgM + ve JE cases in literates 

Primary 22 (30.13%) 73 

Lower secondary 28 (38.38%) 73 

Secondary 14 (19.17%) 73 

Higher secondary 5 (6.84%) 73 

Graduate 3 (4.10%) 73 

Post graduate 1 (1.36%) 73 
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Figure 1. Age group & Sex wise distribution of JE IgM posi- 
tive cases from the year of 2005-2010. 
 

 

Figure 2. Educational status in respect to JE IgM positive cases 
from the year of 2005-2010. 
 

As regards the financial status, 115 (65.7%) JE IgM 
positive cases were from Low income group (income 
level ≤ 5000/month) whereas only 60 (34.3%) cases were 
detected from high income group (income level > 5000/ 
month) (Table 2, Figure 3). 

109 out of 175 (62.3%) cases were found from the 
people living in the mud house, significantly higher in 
comparison to 66 (37.7%) cases from the people living in 
the brick house (Table 2, Figure 3). 

So far the location of the residence of the JE victim- 
ized people is concerned, 130 out of 175 (74.3%) cases, 
i.e., the greater IgM positive cases were from the persons 
residing in houses near to the rice fields, the breeding 
sites of JE mosquito vector as well as adjacent to lakes/ 
ponds considered as the staging site of house hold fouls 
or birds and remaining 45 (25.7%) cases were from the 
persons in the area far away from the rice fields/lakes/ 
ponds (Table 2, Figure 3). 

As to the seasonal variations, most of the IgM positive 
122 out of 175 (69.7%) cases were seen in the monsoon 
and post-monsoon period (June to November) whereas 
only 53 (30.3%) cases were found in the pre-monsoon 
period (January to May) (Table 2, Figure 3). 

4. DISCUSSION 

JE has become a major public health threat in West 
Bengal due to its complexity and lack of any specific  

 

Figure 3. Economic status & Environmental factors in respect 
to JE IgM positive cases from the year of 2005-2010. 
 
treatment. Mainly, it is a rural disease and appeared in 
the form of large epidemics at intervals and has become 
endemic in many rural areas of West Bengal. 

Effective vaccine against JEV is now available. Due to 
the widespread use of JE vaccine JE cases has been re- 
duced in China, Korea, and Japan [29]. Although in some 
districts of West Bengal like Burdwan, Birbhum, Mid- 
napore (W), Howrah and Hooghly, the vaccine was given 
by the State Health Department, Govt. of West Bengal 
[20], still sporadic cases are continuously being reported 
in every JE season. 

In the present study, out of 648 samples (referred AES 
cases) tested, only 175 (27.0%) samples were reactive 
against IgM antibody to JE and had the history of illness 
for ≥10 days, indicative of active immune response at 
this stage of illness [30,31]. This observation amply 
proves the infection in the immediate past.  

In our study, the total number of male individuals is 
significantly (P < 0.01) higher (60.0%) than that of fe-
males (40.0%) amongst the JE IgM positive AES cases 
(Table 1, Figure 1). This observation is in tune with ear-
lier observations in other studies [32-34]. 

Although, JE cases have been observed from all the 
age groups, highest numbers of JE positive cases have 
been recorded in the age group of 0 - 10 years (paediatric 
age group), followed by the age group of 11 - 20 years 
(young and young adult age group) [35], in both male 
and female individuals (Table 1, Figure 1). The highest 
number of cases in the 0 - 10 age group is possibly due to 
the lack of immunity in them [36]. Moreover, the male 
individuals in the age group of 15 - 20; usually take ac- 
tive part in crop field for the cultivation. The vector usu- 
ally breeds in the stagnant water in the cultivation field 
and the majority from this age group gets exposed to the 
vector directly. 
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Only a few cases were detected in the elderly age 
groups (Table 1, Figure 1). This Low number of JE IgM 
positive cases in the higher age group is possibly due to 
the development of immunity, either by sub clinical in- 
fections or due to the earlier vaccination, in them. 

It is interestingly noted that during the study period, 
number of the IgM positive cases, i.e., 102 (58.3%) out 
of 175 cases belonged to the illiterates and was found to 
be significantly (P < 0.05) higher than the cases 73 
(41.7%) cases of the literate group of community (Table 
2, Figure 2). In addition, amongst the literates, the lower 
educational level like primary, lower secondary and se- 
condary constituted the maximum number (87.7%) of the 
IgM positive cases while the higher educational level 
like higher secondary, graduate or post graduate profes- 
sional group was least (12.3%) affected (Table 3, Figure 
2). It is worthy to mention that the illiterate rural people 
and literates with short of education were unaware of the 
disease and its preventive measures. Therefore, illiteracy 
or short of education is likely to play a great role to 
manifest the disease in this state. 

The economy of West Bengal is mainly dependent on 
cultivation and the villagers have mostly taken up culti- 
vation as the source of income. To raise the economic 
standard; poorer section of the community has accepted 
piggery and mini poultry as an accelerated source of in- 
come. Our study also reveals that majority of IgM posi- 
tive cases, i.e., 115 out of 175 (65.7%) belonged to the 
low income group (income level ≤ 5000/month) and was 
to be found significantly (P < 0.01) higher than that of 
the high income group (income level > 5000/month) 
comprising 60 (34.3%) JE IgM positive cases (Table 2, 
Figure 3), mostly these low income group of rural peo- 
ple adopt cultivation as the main source of income. To 
raise their economic status; they usually take up piggery 
[17,37] and mini-poultry in their own hut; commonly 
share the habitat with human population. It is worthy to 
mention that the stagnant water of paddy field affords a 
very congenial home for breeding of Culex mosquitoes 
[14] that act as a vector for JEV [4]. On the other hand, 
pigs, domestic birds like ducks, fouls which are known to 
be the favorable source for the maintenance of JEV in 
nature. Thus, this low income group community people 
become directly or indirectly exposed to JEV infection 
and this kind of data also satisfies that low economic 
status is one of the important risk factors in relation to JE 
incidences, corroborating with the earlier observation [38, 
39]. 

According to our study, 109 number of IgM positive 
cases (62.3%) originated from the mud houses was signi- 
ficantly (P < 0.01) higher than that of 66 number of IgM 
positive cases (37.7%) from the brick houses (Table 2, 
Figure 3). Our study pointed out that the house type (i.e., 
made up of mud or brick) is another contextual risk fac-

tor in relation to the JE positive cases. This factor very 
much depends on the economic status. The persons liv-
ing in brick houses belonged to high income group where 
as in case of low income group people living in unhy-
gienic condition in mud houses with household crowding 
and lack of proper ventilation appear to be the risk factor 
for acquiring JE. This observation is in tune with earlier 
observations in other studies [38]. 

Previously, we have mentioned that the Culex mos- 
quitoes are the vectors that breed in rice field and birds 
are the reservoir for JEV transmission. The residences of 
the incidental JE victimized people being in the close 
proximity to the breeding or staging site, i.e., rice fields, 
lakes or ponds for mosquitoes and marsh/migratory birds 
were likely to have a great influence on the disease ma- 
nifestation. In this context, we came across a good num- 
ber of IgM positive cases, i.e., 130 (74.3%) belonging to 
those patients whose residents were much closer to the 
rice fields, lakes or ponds. These cases were significantly 
(P = 0) higher than those of the 45 cases (25.7%) of such 
victims whose residences were far away from the rice 
fields or lakes (Table 2, Figure 3). 

In regard to the seasonal variations, monsoon and post- 
monsoon period make an influence to accelerate JE inci- 
dences. Most of the IgM positive cases, i.e., 122 out of 
175 (69.7%) cases found in the monsoon and 
post-monsoon period, were significantly (P < 0.00001) 
higher whereas only 53 (30.3%) cases were found in the 
pre- monsoon period (Table 2, Figure 3). It is worth-
while to mention that the monsoon and the post-monsoon 
period are the prime season for cultivation of paddy. At 
that time, all the paddy fields are covered with stagnant 
rain water for the need of the crops, which are preferred 
by the member of the Culex for breeding place [14] and 
mosquito density begins to rise with extensive paddy 
planting.  

5. CONCLUSIONS 

Now JE is the most common form of sporadic ence- 
phalitis in our state and should not be ruled out first be- 
fore considering the other viral causes. In this paper, an 
attempt has been made to evaluate a great influence of 
socio-economic status and environmental factors on JE 
incidences in the state of West Bengal. Our study has 
clearly established the existence of JEV etiology in the 
sporadic JE incidences by performing antibody captured 
ELISA method against the JEV specific antigen. 

JE risk was significantly associated with the rural 
residents living in close proximity to irrigated rice fields 
(preferred breeding place for vector mosquito of JE) and 
pig-rearing places. To avoid the risk of JE, these rural 
residents should take personal protection by using of 
mosquito repellant, insecticide-treated bed nets [40] and 
deet-permethrin soap [41], in order to reduce the mos- 
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quito bite or vector exposure. In addition, the larvae of 
the vector mosquito should be controlled by some bio- 
logical control strategies [42]. On the other hand, to over- 
come the risk of JE, rural residents should introduce ei- 
ther rearing of pigs in the modern farms separate from 
their housing [43] or rearing of cattle (considered as 
dead-end host with low viremia) [6] as a income source 
instead of pigs to reduce the chances of disease transmis- 
sion [44]. Moreover, awareness programmes should be 
arranged to educate the illiterate rural residents about the 
disease and its horrible consequences so that they are 
eager to get them vaccinated against the disease. 

Finally, based on this study, it is concluded that the 
socio-economic status and environmental conditions were 
statistically significant contextual risk factors for sero- 
logically diagnosed JE incidences in West Bengal. As no 
such study has yet been carried out, it constitutes a new 
report of this kind in the region. 
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