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ABSTRACT
Japanese encephalitis is a mosquito-borne arbo-viral disease with seasonal occurrence. Since
2009, AES/JE cases have been reported from Malkangiri district of Odisha State, India at an
interval of one year.In the current study, the entomological parameters of known JE vector
mosquito species were assessed for one year in Malkangiri district. Mosquito collections were
done fortnightly in the index villages from August 2015 to July 2016 to record the density,
their breeding habitats, feeding behaviour, parity, dusk index (DI) and infection status with JE
virus. A total of 2347 JE vector mosquitoes belonging to nine species were collected from
dusk collections. Culex vishnui (38.3%) was the predominant species followed by Cx. whitmorei
(17.3%), Cx. fuscocephalus (13.6%), Cx. tritaeniorhynchus (11.1%), Cx. bitaeniorhynchus (6.1%),
Anopheles subpictus (4.8%), An. barbirostris (4.4%), Cx. quinquefasciatus (2.3%) and Cx. gelidus
(2.2%). The average DI of Cx. vishnui was 0.37 which was highest among all JE vector species
and varied between 0.02 (April) and 0.9 (November). The human blood indexof Cx. vishnui
was 0.026. A total of 1835 JE vector mosquitoes were screened for the isolation of JE virus,
but none was found positive. Presence of paddy fields and ponds, abundance of JE vectors
and their human feeding habit indicate the risk of JE transmission in the study area. Detection
of JE virus in Cx. vishnui during 2016 outbreak in Malkangiri district further confirms that there
would be a threat of JE transmission during the favourable period.
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Introduction

Japanese encephalitis (JE) is one of the key forms of viral
encephalitis, mostly prevalent in southern and eastern
Asia[1] and transmitted to human beings by mosquitoes
[2,3]. In India, the first endemic case of Japanese ence-
phalitis was identified in the state of Tamil Nadu in 1955
[4]. From 1955 to 1966, about 65 JE cases were reported
in South India [4]. Since 1973, epidemics of JE were
reported from different parts of India, predominantly
in West Bengal, Bihar, Uttar Pradesh, Assam, Andhra
Pradesh, Karnataka, Tamil Nadu, Maharashtra, Haryana,
Kerala, Odisha and union territories of Goa and
Pondicherry [5–7]. Seasonal outbreaks of acute ence-
phalitis syndrome (AES) among children have been
reported in the country causing high morbidity and
mortality [8]. During 2015, a total of 9854 cases and
1210 deaths due to AES, 1730 cases and 291 deaths
due to JE were recorded by the National Vector Borne
Disease Control Programme (NVBDCP) in India [8].
During the same year, in Odisha State, a total of 660
cases and two AES deaths and 33 cases and two deaths
due to JE were reported [8].

Malkangiri, the southernmost district of Odisha
State, India recorded 9 deaths in 2009 due to AES
and 38 deaths of children in 2012 due to JE/AES
[9,10]. In 2014, eight deaths of children occurred due

to AES in Korkunda and Kalimela Community Health
Centers (CHCs) of this district [10]. JE virus is the main
causative agent for AES outbreaks [2,3]. Though the
etiology of AES outbreak in 2014 could not be estab-
lished, the seasonality, geographical distribution and
clinical manifestations pointed toward the epidemio-
logical features of JE. But there was no entomological
information available for establishing the JE transmis-
sion in the district. In view of the recurring JE/AES
outbreaks with life loss in the district, such informa-
tion is highly essential to implement appropriate vec-
tor control measures to prevent the disease.
Therefore, a study was undertaken in the JE/AES
reported villages in Malkangiri district for a period of
1 year (August 2015 to July 2016) to assess the mos-
quito species composition, relative and seasonal
abundance of JE vectors, parity, dusk index (DI),
human blood index (HBI) and their infection status.

Material & methods

Study area

There are seven CHCs inMalkangiri district with 108 Gram
Panchayats (GPs) and 1,045 villages. The district has
a population of 641,385 living in 109,483 households;
population density was 106 inhabitants/km2 (2014
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census conducted by the health department). Three vil-
lages viz., Potrel (18°.15732ʹ N latitude and 82°.01143ʹ
E longitude), Uskapali (18°.14297ʹ N latitude and
82°.02108ʹ E longitude) and Kodeiguda (18°.24809ʹ
N latitude and 82°.03391ʹ E longitude) of Korkunda CHC,
in which more number of suspected JE/AES cases
occurred during 2014, were selected as index villages.
The Korkunda CHC has a population of 143,867 living in
29,667 households. The population of the three index
villages was 359, 555 and 134 and the number of
human dwellings was 79, 105 and 29, respectively (2014
census conducted by the health department).

The three prevailing seasons in the district were
summer (March–June), rainy (July–October) and win-
ter (November–February). During the last 8 years, the
maximum temperature ranged from 42-47° C and the
minimum temperature from 13-16° C. The relative
humidity (RH) varied from 60-97%, remained high
during monsoon and post–monsoon months. The
annual rainfall from 2010 to 2015 was 1852.9 mm,
1103.9 mm, 1715.2 mm, 1783.3 mm, 1509.6 mm and
1771.02, respectively.

In Korkunda block, there were 75,772 cows, 4,811
buffalos, 9,470 sheep, 22,431 goats, 10,007 pigs,
34,168 chickens and 2,034 ducks during 2012. In the
index villages, the cattle population was considerably
high. There were 3,471 cows, 60 buffaloes, 23 sheep,
582 goats, 241 pigs and 1567 chickens in Potrel village
and 808 cows, 174 sheep, 293 goats, 170 pigs and 513
chickens in Uskapali village, 800 cows, 22 buffaloes, 11
sheep, 179 goats, 53 pigs and 202 chickens in
Kodeiguda village (Source: Office of the Chief District
Veterinary Officer, Malkangiri). Regarding the pre-
sence of migratory birds, no information was available
in the district.

The total cultivated area in Korkunda block was
36,933 ha and paddy was cultivated in 26,255 ha
during khariff (rainy) and in 800 ha during rabi (win-
ter/summer) season. In the rainy season, paddy
depends on rainwater, and in the summer season, it
depends on canal irrigation, lift irrigation and stream
water.

Mosquito collections

Both immature and adult surveys were carried out
fortnightly in three index villages from August 2015
to July 2016 covering all the three seasons prevailing
in the study area.

Immature survey

The available three breeding sites (paddy fields,
ponds and pits) were surveyed at fortnightly intervals
and the presence of immature of the known JE vec-
tors in different breeding habitats was recorded to
verify the prevalence of the vector species. A total of

100 dips each were taken from paddy fields and
ponds and 50 dips from pits during each survey to
estimate the immature density in these habitats.
Immature collected from the field were brought to
the laboratory, reared to adults and identified to
species.

Adult survey

Dusk collections of resting adults were carried out
fortnightly in the index villages from indoors (12
human dwellings, 12 cattle sheds and 12 pigsties
from each index village) and outdoor sites (18 sites
such as bushes, standing crops, plantations, root-
intricacies and around pigsties/goat sheds in each
index village) using oral aspirators (hand catches)
spending 10 min in each site; thereby spending
a total of 9 man hours in each village. The collected
mosquitoes were identified to species level [11]. Per
man-hour density (PMHD), i.e. number collected per
man hour of each species collected from both indoors
and outdoors was calculated and recorded every
month. Trapping methods are unbiased and reliable
and have been used successfully in India and abroad,
to monitor the density of Culex vectors of viral ence-
phalitis [12]. Hence, attempts were made to collect
mosquitoes using light traps. Two traps, one each in
cattle shed and pigsties, were fixed in each village and
each trap was run for 3 hours from dusk for mosquito
collection. The average number of mosquitoes col-
lected per trap/night is expressed as per trap density
(PTD). The known JE vector species collected from
both indoors and outdoors were dissected and ovar-
ioles were examined for dilatations and parous rate
was calculated. The monthly dusk index (DI) of JE
vector species was calculated by multiplying the
PMHD and the proportion of parous female mosqui-
toes [13].

Blood meal analysis

Smears of blood meals of the fully fed JE vector
mosquitoes from dusk collections were prepared on
Whatman No. 1 filter papers and analyzed using Agar-
gel diffusion method to know the source of blood
feeding [14]. The reagents were obtained from MP
Biomedicals, (Solon, OH). Human and bovine blood
indices (HBI and BBI) for each tested species were
calculated from the proportion that fed on human
and bovine, respectively.

Vector infection with JE virus

After dissection, the unfed and fully gravid female
mosquitoes were pooled and kept in sterile 1.5 ml
eppendorf tubes. One pool containing five numbers
of mosquitoes (from same species/habitat) was kept
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in each tube and stored in liquid nitrogen and was
transported to Indian Council of Medical Research-
Vector Control Research Center (ICMR-VCRC) labora-
tory. The mosquito samples were stored at −80° C for
JE virus (JEV) isolation.

The pool-wise mosquito samples were homogenized
and extraction of RNA was done using TRI reagent
method (Molecular Research Center, Inc. USA). The
amplification of RNA (from five pools-each PCR pool
contains RNA from 25 mosquitoes) was done using
primers specific to capsid pre-membrane region [15] of
JE virus genome using transcriptor one-step RT-PCR kit
(Roche Applied Science, Penzberg, Germany). RNA from
25 mosquitoes in a pool was pre-standardized in the
laboratory. RT-PCR was performed with negative and
positive controls. After the amplification, separation of
675 bp PCR amplicons was done in 1.5% agarose gel
and results were documented using gel documentation
system (Gelstan Medicae, India). The infection rate of JE
virus was calculated from the number of positive pools.

Results

Immature survey

A total of 4750 dipswere taken fromponds and 9.3%dips
were found with mosquito breeding (Table 1). Among
the positive dips, 128 (29.0%) dipswere found positive for
anophelines, 119 (26.9%) were culicines and 195 (44.1%)
were both anophelines and culicines. A total of 828
immature were collected from ponds; 53.5% (n = 443)
were anophelines and 46.5% (n = 385) were culicines. Per
dip immature density of anopheline and culicine in the
pond was 0.09 and 0.08, respectively. A total of 256
mosquitoes emerged from the ponds and 145 (56.6%)
were anophelines comprising 10 species and 111 (43.4%)
culicines comprising seven JE vector species viz., Culex
fuscocephalus (38.7%), Cx. vishnui (27.0%), Cx quinquefas-
ciatus (19.8%), Cx. whitmorei (7.2%), Cx. tritaeniorhynchus
(3.6%), Cx. bitaeniorhynchus (2.7%) and Cx. gelidus (0.9%).
Among the 10 anopheline species emerged from ponds,
two were JE vector species viz., Anopheles subpictus
(7.6%) and An. barbirostris (2.8%).

Out of 2,400 dips taken from the paddy fields, 328
(13.7%) were positive for the breeding of mosquitoes.
Among the positive dips, 60 (18.3%) dips were found
positive for only anophelines, 100 (30.5%) for only
culicines and 168 (51.2%) for both anophelines and
culicines. A total of 637 immature were collected from
the paddy fields and among them 47.7% were

anophelines and 52.3% were culicines. Per dip imma-
ture density of anopheline and culicine was 0.13 and
0.14, respectively. A total of 159 mosquitoes emerged
from the immature collected from the paddy fields
and among them, 42.8% were anophelines compris-
ing of seven species and 57.2% were culicines belong-
ing to seven species (Table 1). The culicine species
were Cx. quinquefasciatus (14.3%), Cx. tritaenior-
hynchus (3.3%), Cx. gelidus (1.1%), Cx. vishnui (44.0%),
Cx. bitaeniorhynchus (5.5%), Cx. fuscocephalus (24.2%),
Cx. whitmorei (7.7%). Out of seven anopheline species
emerged; one was JE vector viz., An. subpictus (10.3%).

A total of 250 dips were taken from pits and
among them 10.8% dips were positive for anophe-
lines, 27.0% culicines and 62.2% for both anophelines
and culicines. A total of 82 larvae were collected from
the pits and among them, 57.3% were anophelines
and 42.7% culicines (Table 1). Per dip immature den-
sity of anopheline and culicine in the pit was 0.19 and
0.14, respectively. A total of eight anophelines com-
prising four species and 15 culicines comprising three
species emerged from the pits. The JE vector species
emerged were Cx. fuscocephalus (37.5%), Cx. quinque-
fasciatus (37.5%) and Cx. vishnui (25.0%).

Adult collections

Species composition
A total of 3,085 adult mosquitoes were collected, belong-
ing to 24 species of two genera; Culex (8 species) and
Anopheles (16 species), out of which 2132 (69.1%) were
Culex mosquitoes and 953 (30.9%) were Anopheles mos-
quitoes. Among Culex species, Cx. vishnui (42.1%) was
predominant followed by Cx. whitmorei (19.0%), Cx. fus-
cocephalus (15.0%), Cx. tritaeniorhynchus (12.2%), Cx.
bitaeniorhynchus (6.7%), Cx. quinquefasciatus (2.5%) and
Cx. gelidus (2.4%). There was only one Cx. fuscitarsis col-
lected during the study period. Out of the 16 Anopheles
species, An. nigerrimus (48.3%) was predominant fol-
lowed by An. vagus (13.3%), An. subpictus (11.8%), An.
barbirostris (10.9%), An. pallidus (5.5%), An. culicifacies
(3.6%), An. splendidus (2.2%), An. annularis (1.9%), An.
jeyporiensis (0.8%), An. jamesii (0.6%), An. maculatus
(0.4%), An. ramsayi (0.2%), An. varuna (0.2%), An. tessella-
tus (0.1%), An. theobaldi (0.1%) and An. aconitus (0.1%).

Among 3,085mosquitoes collected from dusk collec-
tions, 2347mosquitoes belong to nine JE vector species,
which include seven Culex and two Anopheles. A total of
1629 JE vector species were obtained indoors, 544 out-
doors and 174 from light traps. Among the vector

Table 1. Emergence of culicines and anophelines from different breeding habitats.

S.No. Breeding habitat No of dips taken Dips positive Total immature Total emergence culicines emerged (%)
anophelines emerged

(%)

1. Pond 4750 442 828 256 43.4 56.6
2. Paddy field 2400 328 637 159 57.2 42.8
3. Pit 250 37 82 23 34.8 65.2
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mosquitoes collected indoors, 282, 1111 and 236 were
obtained from human dwellings, cattle sheds and pig-
sties, respectively. Out of 174 vector mosquitoes col-
lected from light traps, 131 were from cattle sheds and
43 from pigsties.

Relative abundance of the vector species
Out of 2347 JE vectors collected from dusk collections,
Cx. vishnui (38.3%) was predominant followed by Cx.
whitmorei (17.3%), Cx. fuscocephalus (13.6%), Cx. tritae-
niorhynchus (11.1%), Cx. bitaeniorhynchus (6.1%), An.
subpictus (4.8%), An. barbirostris (4.4%), Cx. quinque-
fasciatus (2.3%) and Cx. gelidus (2.2%). The average
yearly and month-wise PMHD of JE vectors collected
are shown in Figures 1 and 2, respectively. Among the
nine JE vector species collected, the PMHD of Cx.
vishnui was found to be highest both indoors (1.44)
and outdoors (0.98). The light trap collections also
yielded all the nine JE vector species. The PTD of Cx.
vishnui (0.22) was highest among the JE vector species
followed by Cx. whitmorei (0.17), An. barbirostris (0.07),
Cx. fuscocephalus (0.05), Cx. bitaeniorhynchus (0.04),

Cx. tritaeniorhynchus (0.04), An. subpictus (0.02), Cx.
gelidus (0.01) and Cx. quinquefasciatus (0.01).

Seasonal prevalence of JE vectors
The PMHD of JE vectors in different seasons is shown in
Table 3. The PMHD of Cx. vishnui in the rainy season was
2.38 followed by 1.34 and 0.14 in the winter and sum-
mer months, respectively (Table 2). The monthly analy-
sis of PMHD showed that the density of Cx. vishnui was
highest in November (3.81) and lowest in April (0.06).

Parous rate
Overall, the parous rate of An. subpictus (50.5) was
highest among all JE vector species followed by Cx.
fuscocephalus (34.6), Cx. quinquefasciatus (30.0), Cx.
gelidus (26.0), Cx. vishnui (28.4), Cx. tritaeniorhynchus
(25.2), Cx. bitaeniorhynchus (25.8), Cx. whitmorei (21.5)
and An. barbirostris (16.5). The parous rate of An.
subpictus was 54.2, 50.7 and 41.7 in summer, rainy
and winter seasons, respectively, and the parous rate
in each season was comparatively higher than all
other JE vector species (Table 3).
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Figure 1. Average per man hour density of JE vectors during the study period.
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Figure 2. Per man hour density of JE vectors in different months.
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Dusk index
The average DI of Cx. vishnui (0.37) was the highest
among all the JE vector species followed by Cx. fuscoce-
phalus (0.16), Cx. whitmorei (0.12), Cx. tritaeniorhynchus
(0.1), An. subpictus (0.08), Cx. bitaeniorhynchus (0.05), An.
barbirostris (0.02), Cx. gelidus (0.02) and Cx. quinquefas-
ciatus (0.02). The DI of Cx. vishnui was highest in the
month of November (0.9) and lowest in the month of
April (0.02). The DI of all the vector species was found
higher during the rainy season except Cx. fuscocephalus,
which was higher in the winter season (Table 4).

Human blood index
A total of 468 blood samples of nine JE vector species
were tested and out of that 459 (98.1%) were positive
for bovine antisera and the remaining 9 (1.9%) blood
samples belonging to four species were positive for
human antisera. The HBI of Cx. quinquefasciatus was
0.167 followed by Cx. fuscocephalus (0.034), Cx. vishnui
(0.026) and Cx. bitaeniorhynchus (0.02) (Table 5).

Infection status
RT-PCR assay was performed with 1835 JE vector
mosquitoes belonging to the nine vector species col-
lected during the study period, but none was positive.

Discussion

JE occurrence has been reported in India since 1952 [16].
A total of 44,097 cases and 5,728 deaths due to AES

were reported in the country during 2008–2014 [8]. In
Odisha State, it was first reported in Rourkela city during
1988 [17] and several outbreaks occurred in that city
during the year 1992 and 1995 [18,19]. At present, out of
30 districts of Odisha State, 17 districts are endemic for
JE (Source: NVBDCP, Odisha, 2018). Recently, Malkangiri
district of Odisha State reported JE/AES outbreaks in
2009, 2012 and 2014 [10]. In 2016, a severe outbreak
of JE and AES with high case fatality was reported in the
district affecting 336 children with 103 deaths [10]. Out
of the 103 deaths during the outbreak, 37 deaths were
due to JE and the remaining 66 were due to AES [10].
The transmission of JEV in the district was confirmed by
the detection of JE virus RNA from cerebrospinal fluid
(CSF) samples and JE virus IgM from serological samples
collected from the suspected cases during 2012 out-
break [19]. However, there was a lack of systematic
entomological information to support those findings.
This manuscript discusses the results of systematic year-
round entomological study pertaining to the abun-
dance (density), HBI, parity, DI and infection status of
known JE vector species.

JE disease is predominantly found in agricultural local-
ities, particularly in rice cultivation areas, where vector
mosquitoes proliferate in close association with pigs,
wading birds and ducks [20]. The current study villages
were surrounded by paddy fields thereby, providing
favorable breeding places for the JE vector mosquitoes.
Among the three breeding habitats surveyed, paddy field
was found as the most potential breeding habitat for JE
vector species. Although immature were collected from
pits and ponds throughout the year, paddy fields were

Table 2. Per man hour density (PMHD) of JE vector mosqui-
toes in three seasons.

S.No. Species

PMHD

Summer Rainy Winter

1. Cx. bitaeniorhynchus 0.02 0.52 0.07
2. Cx. fuscocephalus 0.11 0.70 0.61
3. Cx. gelidus 0.00 0.16 0.07
4. Cx. quinquefasciatus 0.02 0.13 0.09
5. Cx. tritaeniorhynchus 0.09 0.52 0.55
6. Cx. vishnui 0.14 2.38 1.34
7. Cx. whitmorei 0.00 1.43 0.22
8. An. barbirostris 0.00 0.06 0.33
9. An. subpictus 0.11 0.31 0.07

Table 3. Parous rate of JE vector mosquitoes in different
seasons.

S.No. Species

Parous rate

Summer Rainy Winter

1. Cx. bitaeniorhynchus 25.0 25.0 31.3
2. Cx. fuscocephalus 52.2 27.9 38.2
3. Cx. gelidus NA 29.4 18.8
4. Cx. quinquefasciatus 50.0 16.7 30.0
5. Cx. tritaeniorhynchus 35.0 29.5 19.5
6. Cx. vishnui 35.5 28.4 27.6
7. Cx. whitmorei NA 21.9 18.8
8. An. barbirostris NA 28.6 14.1
9. An. subpictus 54.2 50.7 41.7

NA: not available.

Table 4. Dusk index of JE vector mosquitoes in different
seasons.

S.No. Species

Dusk index

Summer Rainy Winter

1. Cx. bitaeniorhynchus 0.005 0.13 0.02
2. Cx. fuscocephalus 0.05 0.2 0.23
3. Cx. gelidus 0.0 0.05 0.01
4. Cx. quinquefasciatus 0.009 0.02 0.03
5. Cx. tritaeniorhynchus 0.03 0.15 0.1
6. Cx. vishnui 0.05 0.68 0.37
7. Cx. whitmorei 0.0 0.31 0.04
8. An. barbirostris 0.0 0.02 0.05
9. An. subpictus 0.06 0.16 0.03

Table 5. Source of blood meal of JE vector mosquitoes.
S.
No. Species

Total
tested Human HBI Bovine BBI

1. Cx. bitaeniorhynchus 49 1 0.02 48 0.98
2. Cx. fuscocephalus 88 3 0.034 85 0.966
3. Cx. gelidus 13 0 0.0 13 1.00
4. Cx. quinquefasciatus 6 1 0.167 5 0.833
5. Cx. tritaeniorhynchus 59 0 0.0 59 1.00
6. Cx. vishnui 153 4 0.026 149 0.974
7. Cx. whitmorei 24 0 0.0 24 1.00
8. An. barbirostris 63 0 0.0 63 1.00
9. An. subpictus 13 0 0.0 13 1.00

Total 468 9 0.019 459 0.981

HBI: human blood index; BBI: bovine blood index.
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found breeding with high intensity during rainy season.
Cx. vishnui subgroup of mosquitoes breed in water with
ample vegetation, mainly in paddy fields and their abun-
dance may be related to their breeding in rice fields
[20,21]. From the surveyed breeding habitats, seven culi-
cine JE vector species emerged. Among them, Cx. vishnui
(44.0%) was the predominant JE vector species emerged
from the paddy fields. Similar to our findings, a study
conducted in Gorakhpur, India reported that the paddy
fields are mostly contributing the increase of population
of the JE vector species [21]. Other studies at Cuddalore,
South Arcot and Madurai districts of Tamil Nadu and
Mandya district of Karnataka [22–25] also showed that
Cx. vishnui subgroupmosquitoes were foundmore abun-
dant during the paddy cultivation period.

Cx. vishnui has been recognized as the major vector
of JE for many years and it plays an important role in
the epidemiology of JE in different parts of India
[23,26]. The maximum isolation of JEV was obtained
from the Cx. vishnui subgroup [26–30] and was also
shown to be capable of transmitting the JE virus in
the laboratory [31]. Only two members of Cx. vishnui
subgroup viz., Cx. vishnui and Cx. tritaeniorhynchus
constituted 49.4% of total adult JE vectors were col-
lected during the current study. The PMHD and the DI
of these two vector species were relatively higher
compared to other JE vector species. Although Cx.
bitaeniorhynchus, Cx. quinquefasciatus and Cx. gelidus
also play a role in JE virus transmission in India
[23,27,30,32], the three species together contributed
only 10.6% of the total JE vectors. An. subpictus was
also regarded as JE vector in India and played role in
JE transmission in Karnataka [33], Kerala [29] and
Tamil Nadu [34]. An. barbirostris was found involved
in JE transmission in Bengal [30]. In the current study,
both An. subpictus and An. barbirostris together con-
stituted 9.1% of total adult JE vectors. Though none of
the JE vector mosquito was found infected with JE
virus (JEV) in the current study, subsequent entomo-
logical study conducted during 2016 JE outbreak per-
iod (September 2016 – November 2016) in Malkangiri
district showed that Cx. vishnui was involved in JE
transmission as JE virus was isolated from this vector
and the minimum infection rate of Cx. vishnui was
0.88% [10].

The density of the JE vector species in the current
study was found relatively lower in comparison to the
density observed during the outbreak periods (2012 &
2016) in Malkangiri district [10,19]. While the PMHD of Cx.
vishnui in the district was 33.0 and 24.0 in 2012 and 2016,
respectively, the density obtained in the current study
was only 1.29 [10,19]. While the DI of Cx. vishnui was
found to be 0.37 in the current study, the same was
much higher (7.62) during 2016 outbreak in the district
[10]. An earlier surveillance of JE in two villages of Tamil
Nadu recorded 168.9 and 141.0 dusk indices of Cx. vishnui
group [13], which was much higher than our present

study. Further, it has been observed that all the JE/AES
outbreaks in Malkangiri district from 2009 to 2016
occurred during the rainy months. This has been sub-
stantiated by the current entomological study that the
PMHD and DI of major JE vector species (Cx. vishnui) was
much higher in rainy months (PMHD = 2.38, DI = 0.68) in
comparison to winter (PMHD = 1.34, DI = 0.37) and
summer months (PMHD = 0.14, DI = 0.05). The HBI of
Cx. vishnui in the current study was 0.026 indicating that
a small proportion of this vector species feeds on human.
The mosquito blood meal analysis for pig and other
animals could not be carried out in the current study
due to lack of logistics; which was a limitation of the
study. Overall, the low density, HBI and DI of JE vector
species observed during the current study might be due
to the intense vector control interventions undertaken by
local health administration such as indoor residual spray-
ing with DDT and fogging indoors and outdoors with
malathion in the study areas during 2014 outbreak per-
iod. Due to the extensive JE vector control program
undertaken in the district, themajor JE vectors; Cx. vishnui
and Cx. tritaeniorhynchus were also found resistant to
DDT, malathion and deltamethrin [35]. Further, the
study showed that pig populations have reduced to
a minimal level (142 pigs during 2015 in comparison to
1580 during 2012) due to the awareness program con-
ducted by the health department. There was no migra-
tion of bird population to the study villages observed
during the study period.

Conclusion

This was the first longitudinal entomological study
covering all the three seasons conducted in the
repeated occurrence of JE affected district in
Odisha State. Data on seasonal variations in ento-
mological parameters (PMHD, proportion parous,
HBI and DI) of different JE vectors were generated
in the study. Due to the reinforced vector control
operations, the PMHD and DI of JE vectors were
found to be relatively lower in the study villages
compared to the entomological studies carried out
in the same district [10,19] and elsewhere in India
[13]. Abundance of vector breeding habitats such
as paddy fields, ponds and pits surrounding the
villages, availability of JE vectors, their human feed-
ing habit and rearing of pigs as a source of econ-
omy in the tribal villages indicate the risk of JE
transmission in the district. The geographic features
and the environmental conditions such as prevail-
ing temperature and rainfall also favors the spread
of JEV in this district. Detection of JEV in Cx. vishnui
during the 2016 outbreak in the study district
further confirms that there would be a risk of trans-
mission of JE during the favorable period. Since the
district is endemic for falciparum malaria [10] and
habitats such as rice fields and ponds support the
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breeding of the vectors of malaria and JE, inte-
grated vector management (IVM) approach select-
ing appropriate insecticide needs to be adopted for
the prevention/control of both the vector-borne
diseases.
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