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Abstract
Background: Visceral leishmaniasis (VL) in Bihar State (India) continues to be endemic, despite the existence of
effective treatment and a vector control program to control disease morbidity. A clear understanding of spatiotemporal distribution of VL may improve surveillance and control implementation. This study explored the trends in
spatio-temporal dynamics of VL endemicity at a meso-scale level in Vaishali District, based on geographical
information systems (GIS) tools and spatial statistical analysis.
Methods: A GIS database was used to integrate the VL case data from the study area between 2009 and 2014. All
cases were spatially linked at a meso-scale level. Geospatial techniques, such as GIS-layer overlaying and mapping,
were employed to visualize and detect the spatio-temporal patterns of a VL endemic outbreak across the district.
The spatial statistic Moran’s I Index (Moran’s I) was used to simultaneously evaluate spatial-correlation between
endemic villages and the spatial distribution patterns based on both the village location and the case incidence
rate (CIR). Descriptive statistics such as mean, standard error, confidence intervals and percentages were used to
summarize the VL case data.
Results: There were 624 endemic villages with 2719 (average 906 cases/year) VL cases during 2012–2014. The
Moran’s I revealed a cluster pattern (P < 0.05) of CIR distribution at the meso-scale level. On average, 68 villages
were newly-endemic each year. Of which 93.1% of villages’ endemicity were found to have occurred on the
peripheries of the previous year endemic villages. The mean CIR of the endemic villages that were peripheral to the
following year newly-endemic villages, compared to all endemic villages of the same year, was higher (P < 0.05).
Conclusion: The results show that the VL endemicity of new villages tends to occur on the periphery of villages
endemic in the previous year. High-CIR plays a major role in the spatial dispersion of the VL cases between nonendemic and endemic villages. This information can help achieve VL elimination throughout the Indian
subcontinent by improving vector control design and implementation in highly-endemic district.
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Background
Visceral leishmaniasis (VL), or kala-azar, is a vector-borne
neglected tropical disease that is a serious public health
concern in India. VL is anthroponotic caused by the parasite Leishmania donovani and is spread to humans by the
sand fly Phlebotomus argentipes (Diptera: Psychodidae) in
the Indian subcontinent (ISC) [1, 2]. VL is endemic in
more than 80 countries around the globe [3, 4] and there
are an estimated 0.2–0.4 million cases and 20,000–40,000
deaths each year [5]. Over 90% of new cases globally occur
in only six countries: Brazil, Ethiopia, India, Somalia,
South Sudan and Sudan [4]. India alone reports more than
80% of ISC cases annually [6].
In India, VL is endemic in the 55 districts of four
middle-eastern states: Bihar, Jharkhand, Uttar Pradesh
and West Bengal. In these states, an estimated 130
million are at risk. Bihar is the worst affected state, contributing more than 70% of Indian cases annually [7].
The three strategies (early case detection, effective treatment and vector control) are the main pillars in achieving the elimination target (i.e. less than 1 case/10,000 at
sub-district/block level) [3, 4]. Indoor residual spraying
(IRS) using dichlorodiphenyltrichloroethane (DDT) at
1 g/m2 is the only method for sand fly vector control in
India since 1977 [3]. However, in 2015, DDT was
replaced by synthetic pyrethroid (alphacypermethrin)
due to widespread resistance development in sand flies,
including P. argentipes [7–10]. In a few places, IRS is
combined with environmental manipulation to reduce
the population density at breeding and resting sites [11].
However, despite these promising efforts, VL cases still
arise in the poorest settings of these endemic districts
(458 blocks in 34 districts) of Bihar and gradually spread
to new areas. The number of endemic districts increased
from 28 in 1977, to 31 in 2007, 33 in 2011 and 34 in 2015
[12–14]. Implementation of the vector control interventions are based on passive reporting of VL cases in the last
3 years, including the implementation year [6, 10]. It is
still unknowing how to select the villages (potential for VL
transmission) for targeted control interventions. Additionally, research on the trends in spatio-temporal dynamics
of VL cases is not yet fully explored. Therefore, it is important to understand the spatio-temporal dynamics of
VL transmission at a meso-scale level. Geographical information systems (GIS) are an integrated set of tools that
allow both the analytical manipulation and the visual presentation of public-health events by accounting for space
and time [15–17]. GIS links both non-geographical and
geographically referenced data with graphical map features to allow a broad range of geospatial analyses as well
as map production [18]. Epidemiological studies have used
GIS techniques for disease mapping, visualization and
cluster detection [19–21]. The range of map visualizations
helps scientists, researchers and public health personnel
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to communicate this complex information to the public
and policy makers simply.
An improved understanding in spatio-temporal distribution of cases may improve surveillance and control
strategy implementation. This study explores the trends
in spatio-temporal dynamics of VL endemicity between
the villages in Vaishali District of Bihar State using GIS
tools and spatial statistical analysis.

Methods
Study area description

We conducted this study in the villages of Vaishali
District of Bihar State, India, where VL has been highlyendemic for several decades. Vaishali lies between latitudes 25°28'–26°05'N and longitudes 85°05'–85°40'E and
shares boundaries with four other highly-endemic districts: Muzaffarpur in the north, Patna in the south,
Samastipur in the east and Saran in the west (Fig. 1).
Vaishali covers a total area of 2036 km2 with a population of 3.49 million people (1717 people/km2). There are
1569 villages (1422 inhabited and 147 uninhabited)
distributed over 290 Gram panchayats (GPs) in the 16
Community Development (CD) blocks.
Epidemiological and population data collection and analysis

We obtained individual-level annual data on VL cases
from the vector-borne disease control office (VBDCO,
Hajipur) of Vaishali District from 2009 to 2014. The data
include information on name, gender, age, currentaddress (including block, GP, village and hamlet names)
and VL diagnosis date. We divided the annual datasets
into two groups for analysis. Each group contained 3
years of cases, in line with IRS-based VL vector control
program conducts in Bihar, India [6, 10]. The VL
endemic data (villages and cases) between 2012 and
2014 were used in the spatial analysis and VL cases
between 2009 and 2011 were used to inform the
endemic history of the study villages; an endemic village
is defined as one or more cases in a calendar year.
Newly-endemic (no case in the past 3 years of the study
year) and pre-endemic (one or more cases at any point
in time during the past 3 years of the study year) villages
were identified based on the VL endemic history of the
study villages in the last 3 years.
We used population data from the 2011 Indian census
to estimate the villages’ population from 2012 onwards,
based on a mean district wise annual growth rate of 2.5%
[22]. The annual case incidence rate (CIR; 2011–2014) per
1000 people per village is calculated using the formula
described by Indrayan et al. [23].
Geodatabase development and epidemiological linking

We developed a digital geodatabase of GIS layers (as a
shape file) including district, block and village

Mandal et al. Parasites & Vectors (2018) 11:220

Page 3 of 9

Fig. 1 Map of the study area. a The location of Bihar State in India. b The location of Vaishali District among the other VL endemic districts in
Bihar. c The spatial distribution of the 16 Vaishali blocks and the villages boundary within them

administrative boundaries (at 1:5000 scale) using the
block-cadastral map and the Survey of India’s (SOI)
Toposheet map- 72G. For geodatabase-epidemiological
linking, we performed a layer update for adding attribute
information (such as revenue name, GP, block, police
station and postal code) to village polygons. The cases
were obtained from passive reporting to the VBDCO
and checked for duplicates. All VL cases data were then
cross-linked to village polygon names (in a GIS layer) by
unique identification codes to facilitate meso-scale level
data storing, integration, mapping, visualization and
spatio-temporal analyses. We rectified post database errors (e.g. patient’s name and address) through field verification. All GIS analyses were carried out in ArcGIS
v9.3 (ESRI, Redlands, CA, USA).
Spatial-statistical analysis

Moran’s I Index, a spatial-correlation statistic, was used
to explore the spatial pattern of CIR between endemic
villages (using village political boundary) [24]. Moran’s I
Index varies between +1 to -1; a positive value (> 0) indicates presence of clustering (either high-CIR village near
high-CIR village or low-CIR village near low-CIR village), while a negative value (< 0) indicates dissimilar or

variable pattern (either high-CIR village near low-CIR
village or low-CIR village near high-CIR village). Moran’s
I value of an absolute magnitude less than 0.3 suggests
clustering (or, dispersion) probably occurring in a few
regions; a value near 0 indicates an absence of spatialcorrelation or a random pattern [25]. We used the ‘Z’
statistic to assess the significance of Moran’s I Index; an
absolute score larger than 1.96 coincides with a
significance level at P = 0.05 and was interpreted as
significant [26].
Statistical analyses

We used descriptive statistics such as mean, standard
error (SE), confidence intervals (CI) and percentages to
summarize the VL. A two-sample Student’s t-test was
performed to determine the case occurrence difference
between the years 2012–2014. All statistical analyses
were performed using the SPSS software, v22 (SPSS Inc.,
Chicago, IL, USA).

Results
Descriptive analysis of VL cases at the meso-scale level

There were 2719 cases (average 906 cases/year)
reported during 2012–2014, of which 2355 (86.6%)
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Table 1 Descriptive statistics of VL cases and CIR (per 1000 population) computed for the newly-endemic and pre-endemic villages
of Vaishali District (Bihar) during 2012–2014
Year

Newly-endemic villages

Pre-endemic villages

95% CI of VL cases (mean ± SE)

95% CI of CIR (mean ± SE)

95% CI of VL cases (mean ± SE)

2012

1–9 (2.14 ± 0.19)

0.23–16.47 (2.28 ± 0.37)

1–38 (3.71 ± 0.33)

95% CI of CIR (mean ± SE)
0.11–43.37 (2.44 ± 0.31)

2013

1–4 (1.46 ± 0.10)

0.12–10.42 (1.56 ± 0.26)

1–21 (2.78 ± 0.19)

0.09–32.57 (2.07 ± 0.26)

2014

1–5 (1.61 ± 0.12)

0.20–13.11 (1.19 ± 0.20)

1–14 (2.56 ± 0.18)

0.09–44.23 (1.77 ± 0.29)

Total

1–9 (1.76 ± 0.09)

0.12–16.47 (1.69 ± 0.17)

1–38 (3.06 ± 0.15)

0.09–44.23 (2.12 ± 0.17)

cases were reported from the pre-endemic villages
and 362 (13.3%) from the newly-endemic villages.
Table 1 shows the annual VL cases and incidences
by newly- and pre- endemic villages. The CIR in the
pre-endemic villages was higher (t(616) = 2.06, P =
0.039) than the newly-endemic villages, in all the 3
years.

of which 68 villages (21.9%) were newly-endemic. The
most (average 93.1%, 63 village/year) newly-endemic
villages were found to be reported on the peripheries of
the previous year’s boundary with the endemic village
(Fig. 3).

Spatio-temporal analysis of village’s VL endemicity

The annual mean cases of endemic villages and their
CIR were varied (t(230) = 2.62, P = 0.009) between the
study years (Fig. 4). An average of 138 endemic
villages had an annual CIR (42.1% of all endemic villages) above one case/1000 population for all study
years, of which 37.1% (mean: 48 village/year) of villages had a boundary adjacent to a newly-endemic
village in the following year [covering 69.1% (mean:
47 village/year) of the total newly-endemic villages
every year] (Figs. 4, 5). The overall mean CIR (during
2012–2014) of pre-endemic villages that were peripheral to the following year newly-endemic villages was
2.1 cases/1000 population [95% CI: 1.97–2.21], while
all pre-endemic villages had an overall mean CIR of
1.83/1000 population (95% CI: 1.74–1.91). The mean
values were varied significantly (at P < 0.05) in every

We observed that 624 villages (43.9% of all inhabited villages) were endemic during 2012–2014; of which 232
(37.2%) remained endemic for more than 1 year, of
which 154 (66.4%) for 2 years (56.5% of 2012–2013;
43.5% of 2013–2014) and 78 (33.6%) for 3 years (2012–
2014) (Fig. 2a, Table 2). The remaining 392 (62.8%)
villages were endemic for only a year; among these 223
(56.9%) villages were not endemic for periods of 1–
2 years within the last 3 years (Fig. 2b). During the study
period, a total of 204 (32.7%) villages were newlyendemic, of which 35 (17.2%; 24 for 2012 and 11 for
2013) remained endemic for 1–2 years [2012 and 2014
(n = 5); 2012–2013 (n = 12); 2012–2014 (n = 7); and
2013–2014 (n = 11)] (Fig. 2c). An average of 311 villages
(21.9% of all inhabited villages) were endemic each year,

VL cases spatio-temporal distribution, CIR and Moran’s I
statistic

Fig. 2 a Continuation of VL endemicity for study villages between 2012 and 2014. b Spatio-temporal distribution of study villages endemic for a
single year (during 2012–2014) and non-endemic for one or two year within the last three years. c Spatio-temporal distribution of newly-endemic
study villages (had no cases in the last three years) during 2012–2014
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Table 2 Number of endemic villages common between years and remain endemic for one year computed for each year in Vaishali
District (Bihar) during 2012–2014
Year

Common endemic villages between years
2012–2013 (2 years)

2013–2014 (2 years)

2012

87

–

2013

Single-year endemic villages per year
2012–2014 (3 years)
78

67

2014

–

Total

87

Total

67

study year. Table 3 summarizes the result of Moran’s
I index statistic. Spatial distribution of CIR among
the endemic villages was found to be clustered with
positive Moran’s I (between 0.10 and 0.17) and
significant (at P < 0.05).

78

156

321

99

331

137

282

392

624

Discussion
In this study, we took advantage of recent advances in
GIS tools to explore the spatio-temporal dynamics of VL
endemicity in Vaishali District of Bihar State (India).
Vaishali District reported a considerable number of VL

Fig. 3 The newly-endemic and their peripheral pre-endemic villages, distributed across Vaishali District, Bihar (India), 2012–2014. a, b and c show the
last two years of pre-endemic villages adjacent to the boundaries of newly-endemic villages during 2012–2014. d, e and f show the last one year of
pre-endemic villages adjacent to the boundary of newly-endemic villages during 2012–2014. The newly-endemic villages with no peripheral endemic
villages in the previous year marked by a solid brown line circle (d, e and f for 2012, 2013 and 2014, respectively)
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Fig. 4 Spatial distribution of annual VL cases and CIR in Vaishali District, Bihar (India), 2012–2014 (ad, be and cf. for the years 2012, 2013 and
2014, respectively). The new village’s boundaries are marked by the solid black line

cases (906 cases/year) along with a high coverage among
villages (almost 44%) during 2012–2014; it is classified
as a highly-endemic zone. The simultaneous occurrence
of VL cases throughout the Vaishali District may have
several causes, such as sand fly abundance throughout
the year, presence of the parasite in the human host, cultural homogeneity among the low-income communities
and other environmental risk factors (e.g. household
type, climate, vegetation abundance and type) among the
rural villages [27–30]. Our result showed that a largenumber of VL cases had been reported from the preendemic villages with a high CIR (e.g. 2.1 cases/1000
population); among them, only few villages’ cases
occurred at one- or two-year intervals. This finding
suggests that in an endemic focus, an area with a previous history of VL may have a higher probability of future
recrudescence. This could be due to the suboptimal
implementation of IRS, delays between onset of VL
symptoms and treatment and, in some places, insecticide
resistance [8–10, 31, 32]. A similar result was obtained
in a previous study conducted in Bangladesh [33]. Our
results also showed that a few VL cases had occurred
from the newly-endemic villages. Although newlyendemic villages are outnumbered almost five times
compared to all endemic villages, a few newly-endemic

villages had remained endemic for the next one or 2
years. In Bihar, the VL vector control program (using
two rounds IRS of annually) is conducted in selected
villages or hamlets which have been endemic for the last
3 years before the spray year [6, 10]. Only performing
IRS in the endemic villages could explain the VL transmission to the newly-endemic villages or hamlets. Sand
flies are targeted by IRS at their breeding and resting sites
inside of human dwellings and cattle sheds, which cause
them to move to another outdoor resting area (e.g. peridomiciliary sparse-vegetation areas) and indoor sites (e.g.
the nearest non-sprayed houses) [14, 34, 35]. Our results
are in accordance with recent studies discussing an emergence of new ecological niches in previously non-endemic
regions of India and Nepal [36, 37].
Although the VL cases had an uneven distribution
over the study region, the endemic villages were found
nearby each other. The meso-scale level case continuation mapping showed that the newly-endemic villages’
endemicity occurred on the peripheries of the endemic
(last 2 years) village’s boundary and, interestingly, more
than 93% of these newly-endemic villages were found to
be reported on the peripheries of the previous year
endemic villages. This result suggests that the presence
of VL cases within the pre-endemic villages could
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Fig. 5 CIR for the endemic villages that were situated on the peripheries of following year’s newly-endemic villages: a, b and c for the years
2012, 2013 and 2014, respectively

increase the risk of VL infection in the adjacent nonendemic villages. Furthermore, the CIR showed that the
pre-endemic villages that were peripheral to the
following year newly-endemic villages had a higher mean
compared to all endemic villages, in every study year.
Although 42.1% of the endemic villages had an annual
CIR above one case/1000 population, interestingly, a
considerable number (69.1%) of the newly-endemic
villages in the following year are found to be reported
on the peripheries of these CIR-elevated villages. Thus,
it is conceivable that previously-endemic villages with a
high-CIR may increase the risk of VL case occurrence in
the peripheral non-endemic villages. Moreover, the
spatial-statistical analysis showed that the spatial distribution of CIR is non-random among the endemic
villages and Moran’s I scores indicate clustering at the
meso-scale level. This finding indicates that case
occurrence among the endemic villages in a few pockets
Table 3 Spatial correlation measured by Moran’s I Index for the
VL incidence rates among the endemic villages in Vaishali
District (Bihar) during 2012–2014
Year

Moran’s I score

Z-score

P-value

Pattern evaluated

2012

0.17

2.46

0.01

clustering

2013

0.10

1.97

0.04

clustering

2014

0.11

2.74

0.01

clustering

across the district had either high-CIR near high-CIR
or low-CIR near low-CIR, confirming a previous
finding [25].
The VL-epidemic pattern analyzed in this study is limited by underreporting, as we do not have the local case
data for Vaishali District [38]. These underreported cases
lead to an underestimate of the actual case number for
the endemic villages and the ‘zero case’ villages.
Nevertheless, this study executes the spatial-temporal
analysis on the GIS-platform well to explore VL
endemicity at the meso-scale level across Vaishali
District; this cannot be understood through existing data
or ground surveys.

Conclusions
Our results indicate that there is a continuous, case dynamic interaction between endemic and non-endemic
villages across the Vaishali District. The newly-endemic
villages VL endemicity tended to occur on the peripheries of the previous year’s endemic villages boundary. An
elevated CIR increased the risk of VL cases dispersal between endemic and non-endemic villages. Our study
also demonstrated that the GIS tools and spatial statistics can be used as an epidemiological measuring tool to
identify the risk and non-risk villages for VL transmission within a highly endemic region. These techniques
not only provide an improved understanding of the
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distribution pattern of the disease, but also help to
optimize the control resources more effectively. The
results of this study may help public health scientists
and researchers to design and implement control strategies in an advanced way to achieve the VL elimination
target for the highly-endemic region of Bihar as well as
others in the Indian subcontinent.
Abbreviations
CD: Community development; CIR: Case incidence rate;
DDT: Dichlorodiphenyltrichloroethane; GIS: Geographical information system;
GP: Gram panchayat; IRS: Indoor residual spraying; VL: Visceral leishmaniasis

Page 8 of 9

5.
6.

7.

8.

9.
Acknowledgements
The authors thank the technical staff and the project staff at the Department
of Vector Biology and Control, ICMR-Rajendra Memorial Research Institute of
Medical Sciences (Patna, Bihar) for their assistance in data collection during
the field survey of this study.
Funding
This research was supported by the intramural programme (INT-111-VBC/
2014) of the ICMR-Rajendra Memorial Research Institute of Medical Sciences.
The fellowship of a PhD student (RM) was supported by grant 5-8-7
(100)2012-ECD from ICMR.

10.

11.

12.

Availability of data and materials
All relevant data are provided within the article.
Authors’ contributions
The study was conceived and designed by PD and RM, with support from
VK and SK. Field research operations were coordinated by RM, VK and SK. RM
collected the epidemiological data, supported by PD and VK. RM did the
geo-epidemiological analyses. Manuscript drafting was carried out by RM
with support from PD. All authors read and approved the final manuscript.
Ethics approval and consent to participate
The study received ethical approval from the ICMR-Rajendra Memorial
Research Institute of Medical Sciences ethical committee affiliated with the
Ministry of Health and Family Welfare, Government of India. All VL case data
was analyzed anonymously.

13.
14.

15.

16.

Consent for publication
Not applicable.

17.

Competing interests
The authors declare that they have no competing interests.

18.

Publisher’s Note

19.

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

20.

Received: 20 September 2017 Accepted: 14 February 2018
21.
References
1. World Health Organization. Neglected tropical diseases, hidden successes,
emerging opportunities: World Health Organization; 2009. http://apps.who.
int/iris/bitstream/10665/69367/1/WHO_CDS_NTD_2006.2_eng.pdf. Accessed
15 Mar 2014
2. World Health Organization. Control of the leishmaniases: Report of a
meeting of the WHO expert committee on the control of leishmaniases:
World Health Organization; 2010. http://apps.who.int/iris/bitstream/10665/
44412/1/WHO_TRS_949_eng.pdf. Accessed 19 Mar 2014
3. Muniaraj M. The lost hope of elimination of kala-azar (visceral leishmaniasis)
by 2010 and cyclic occurrence of its outbreak in India, blame falls on vector
control practices or co-infection with human immunodeficiency virus or
therapeutic modalities? Trop Parasitol. 2014;4:10–9.
4. World Health Organization. Visceral leishmaniasis: WHO publishes validation
document as countries approach elimination: World Health Organization;

22.

23.
24.
25.

26.
27.

2016. www.who.int/neglected_diseases/news/Visceral_leishmaniasis_WHO_
publishes_validation_document/en/. Accessed 6 Dec 2015
Alvar J, Vélez ID, Bern C, Herrero M, Desjeux P, Cano J, et al. Leishmaniasis
worldwide and global estimates of its incidence. PLoS One. 2012;7:e35671.
World Health Organization. Kala-azar elimination programme: Report of a
WHO consultation of partners Geneva, Switzerland: World Health
Organization; 2015. http://apps.who.int/iris/bitstream/10665/185042/1/
9789241509497_eng.pdf. Accessed 2 Aug 2015
NVBDCP. Accelerated plan for kala-azar elimination. National Vector Borne
Disease Control Programme. 2017. http://nvbdcp.gov.in/Doc/AcceleratedPlan-Kala-azar1-Feb2017.pdf. Accessed 17 Apr 2017.
Coleman M, Foster GM, Deb R, Pratap Singh R, Ismail HM, Shivam P, et al.
DDT-based indoor residual spraying suboptimal for visceral leishmaniasis
elimination in India. Proc Natl Acad Sci USA. 2015;112:8573–8.
Cameron MM, Acosta-Serrano A, Bern C, Boelaert M, den Boer M, Burza S,
et al. Understanding the transmission dynamics of Leishmania donovani to
provide robust evidence for interventions to eliminate visceral leishmaniasis
in Bihar. India Parasit Vectors. 2016;9:25.
Dhiman RC, Yadav RS. Insecticide resistance in phlebotomine sandflies in
Southeast Asia with emphasis on the Indian subcontinent. Infect Dis
Poverty. 2016;5:106.
Ostyn B, Vanlerberghe V, Picado A, Dinesh DS, Sundar S, Chappuis F, et al.
Vector control by insecticide-treated nets in the fight against visceral
leishmaniasis in the Indian subcontinent, what is the evidence? Tropical
Med Int Health. 2008;13:1073–85.
Hossain M, Jmil MK. Geographical distribution of kala-azar in South Asia. In:
Noiri E, Jha TK, editors. Kala Azar in South Asia: Current status and
challenges ahead. 2nd ed. Switzerland: Springer International Publishing;
2011. p. 3–9.
Kumar G, Mishra R. Tackling the kala-azar menance in Bihar - An integrated
perspective. New Delhi: Prabhat Prakashan; 2015.
Kumar V, Kesari S, Dinesh DS, Tiwari AK, Kumar AJ, Kumar R, et al. A report
on the indoor residual spraying (IRS) in the control of Phlebotomus
argentipes, the vector of visceral leishmaniasis in Bihar (India): an initiative
towards total elimination targeting 2015 (Series-1). J Vector Borne Dis. 2009;
46:225–9.
Beale L, Abellan JJ, Hodgson S, Jarup L. Methodologic issues and
approaches to spatial epidemiology. Environ Health Perspect. 2008;116:
1105–10.
Kamel Boulos MN, Resch B, Crowley DN, Breslin JG, Sohn G, Burtner R, et al.
Crowdsourcing, citizen sensing and sensor web technologies for public and
environmental health surveillance and crisis management: trends, OGC
standards and application examples. Int J Health Geogr. 2011;10:67.
Musa GJ, Chiang P-H, Sylk T, Bavley R, Keating W, Lakew B, et al. Use of GIS
mapping as a public health tool - from cholera to cancer. Health Serv
Insights. 2013;6:111–6.
Fradelos EC, Papathanasiou IV, Mitsi D, Tsaras K, Kleisiaris CF, Kourkouta L.
Health based geographic information systems (GIS) and their applications.
Acta Inform Med. 2014;22:402–5.
Werneck GL. Georeferenced data in epidemiologic research. Cien Saude
Colet. 2008;13:1753–66.
Khan OA, Davenhall W, Ali M, Castillo-Salgado C, Vazquez-Prokopec G,
Kitron U, et al. Geographical information systems and tropical medicine.
Ann Trop Med Parasitol. 2010;104:303–18.
Fu SH, Jha P, Gupta PC, Kumar R, Dikshit R, Sinha D. Geospatial analysis on
the distributions of tobacco smoking and alcohol drinking in India. PLoS
One. 2014;9:e102416.
Census of India. District census handbook Vaishali: Village and town wise primary
census abstract (PCA), series-11: part XII-B. 2011. www.censusindia.gov.in/
2011census/dchb/1018_PART_B_DCHB_VAISHALI.pdf. Accessed 12 Apr 2014.
Indrayan A. Measures of morbidity in a community: prevalence and
incidence. Ganga Ram J. 2013;3:38–41.
O’Sullivan D, Unwin D. Geographic information analysis. Hoboken: John
Wiley & Sons, Inc.; 2010.
Bhunia GS, Kesari S, Chatterjee N, Kumar V, Das P. Spatial and temporal
variation and hotspot detection of kala-azar disease in Vaishali district
(Bihar), India. BMC Infect Dis. 2013;13:64.
Mitchell A. The ESRI guide to GIS analysis. Redlands: ESRI Press; 2005.
Topno RK, Das VNR, Ranjan A, Pandey K, Singh D, Kumar N, et al.
Asymptomatic infection with visceral leishmaniasis in a disease-endemic
area in Bihar, India. Am J Trop Med Hyg. 2010;83:502–6.

Mandal et al. Parasites & Vectors (2018) 11:220

Page 9 of 9

28. Kesari S, Bhunia GS, Kumar V, Jeyaram A, Ranjan A, Das P. Study of houselevel risk factors associated in the transmission of Indian kala-azar. Parasit
Vectors. 2010;3:94.
29. Bhunia GS, Chatterjee N, Kumar V, Siddiqui NA, Mandal R, Das P, Kesari S.
Delimitation of kala-azar risk areas in the district of Vaishali in Bihar (India)
using a geo-environmental approach. Mem Inst Oswaldo Cruz. 2012;107:
609–20.
30. Das VNR, Pandey RN, Siddiqui NA, Chapman LA, Kumar V, Pandey K, et al.
Longitudinal study of transmission in households with visceral leishmaniasis,
asymptomatic infections and PKDL in highly endemic villages in Bihar, India.
PLoS Negl Trop Dis. 2016;10:e0005196.
31. Boettcher JP, Siwakoti Y, Milojkovic A, Siddiqui NA, Gurung CK, Rijal S, et al.
Visceral leishmaniasis diagnosis and reporting delays as an obstacle to
timely response actions in Nepal and India. BMC Infect Dis. 2015;15:43.
32. Hirve S, Boelaert M, Matlashewski G, Mondal D, Arana B, Kroeger A, et al.
Transmission dynamics of visceral leishmaniasis in the Indian subcontinent A systematic literature review. PLoS Negl Trop Dis. 2016;10:e0004896.
33. Abdullah AYM, Dewan A, Shogib MRI, Rahman MM, Hossain MF.
Environmental factors associated with the distribution of visceral
leishmaniasis in endemic areas of Bangladesh: modeling the ecological
niche. Trop Med Health. 2017;45:13.
34. Poche DM, Poche RM, Mukherjee S, Franckowiak GA, Briley LN, Somers DJ,
Garlapati RB. Phlebotomine sandfly ecology on the Indian subcontinent:
does village vegetation play a role in sandfly distribution in Bihar, India?
Med Vet Entomol. 2017;31:207–13.
35. Mandal R, Das P, Kumar V, Kesari S. Spatial distribution of Phlebotomus
argentipes (Diptera: Psychodidae) in Eastern India, a cse study evaluating
multispatial resolution remotely sensed environmental evidence and
microclimatic data. J Med Entomol. 2017;54:844–53.
36. Khan AM, Dutta P, Khan SA, Baruah SK, Raja D, Khound K, Mahanta J. Kalaazar and post-kala-azar dermal leishmaniasis, Assam, India. Emerg Infect Dis.
2014;20:487–9.
37. Pandey BD, Pun SB, Kaneko O, Pandey K, Hirayama K. Case report: Expansion
of visceral leishmaniasis to the western hilly part of Nepal. Am J Trop Med
Hyg. 2011;84:107–8.
38. Singh VP, Ranjan A, Topno RK, Verma RB, Siddique NA, Ravidas VN, et al.
Estimation of under-reporting of visceral leishmaniasis cases in Bihar, India.
Am J Trop Med Hyg. 2010;82:9–11.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

