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Abstract. 
Visceral leishmaniasis (VL) continues to constitute immense public health problems and be an obstacle to socioeconomic development in India. The scrutiny of this disease remains a necessary step in its control, eradication, and prevention. Space technologies proffer new opportunities for rapid appraisal of endemic areas, stipulation of trustworthy estimation of populations at risk, prediction of disease distributions in areas that lack baseline data and are difficult to access, and guiding intervention strategies. Here, we focus on the epidemiology and control of VL in India and review remote sensing (RS) and GIS applications to date. For the original evidenced report, a search was done on electronic databases of PubMed, ERMSS, EQUEST and from online Internet searching to come across the recent research problems. We discuss the previous work conducted in this field, outlined potential new applications of GIS and RS techniques, and utilization of emerging satellite information, as they hold a promising area to further enhance VL risk mapping and prediction. Finally, we concluded with a discussion of strategies to overcome some of the perspective challenges of GIS and RS applications for VL control, so that supplementary and continued progress can be made to control this disease in India and elsewhere.


1. Introduction
Visceral leishmaniasis (VL), a vector-borne disease, has been endemic in India since ancient times [1, 2]. At present, it is a serious public health problem in Indian subcontinent, especially in Bihar state. Leishmania donovani parasites are the causal agents of visceral leishmaniasis, a group of protozoan disease transmitted to humans by the female phlebotomine sand fly (Phlebotomus argentipes). VL, locally known as kala-azar in India, predominantly targets the poorest of the poor and affects the internal organs principally spleen, liver, and bone marrow. Internationally, the disease is endemic in 88 countries, infecting around two million people each year [3, 4]. It is mostly endemic in countries that are among the least developed in the world. India, Nepal, and Bangladesh harbor an estimated 67% of the global VL disease burden [5].
There have been numerous outbreaks of kala-azar in India, since last century [1]. Conversely, information on epidemiology of kala-azar in India still remains scanty. Nevertheless, the information on kala-azar epidemiology will be valuable to comprehend the current status of the disease [6]. In India, the disease attacks young children and older adults [7]. Various programmes to control the disease have failed despite substantial work being done on assorted aspects of the disease. Government-led efforts to control VL in India have been exemplary [8–10]. However, in some areas, the control of VL proved particularly challenging that is, lower and Middle Gangetic Plain. It is estimated that more than 90% VL-infected people in India are concentrated in this region. In recent years endemic regions extended, prevalence increased, and even an outbreak of the disease took place [11]. However, there was no national VL case reporting system or surveillance system before 2005 in India, VL case records and statistics were not existing, and the information on exact number of cases, geographic distributions, and so forth was not noticeable. From 2005, VL cases were reported compulsorily in India according to the National Vector Borne Disease Control Program (NVBDCP).
It is widely accredited that the frequency as well as transmission dynamics of VL is closely interrelated to socioeconomic, climatic, and environmental factors, the latter including land use/land cover, topography, rainfall, temperature, and vegetation coverage [12–16]. The advent of geographic information systems (GISs) and remote sensing (RS) technologies opened new avenues to evaluate digital map data generated by earth observing satellite sensors for spatial and temporal environment analyses [17–21]. This facilitates prediction of leishmaniasis transmission and in turn provides direction to local authorities in decision-making and policy planning for cost-effective resource allocation [22–24]. In India, the application of GIS and RS technologies to VL dates back to the late 2000s and early 2006s. Particular emphases have been placed on mapping prevalence, association of Phlebotomus argentipes habitats, and forecasting transmission risk in relation to ecological transformation.
The purpose of this paper is to review the various applications of GIS and RS, and to discuss their contributions in further understanding the epidemiology and control of VL in India. Subsequently, we review applications of GIS and RS for identification and prediction of risk areas due to the presence of P. argentipes. Finally, we confer current research needs and conclude that further progress in GIS and RS holds promise to conquer some of the perspective challenges in the control of VL in India, which is likely to have broad applicability to other VL-endemic areas of the world.
2. Methods
The present study was a retrospective review of VL cases notified between 1987 and 2011 based on the passive surveillance data reported through the Directorate General of Health Services and National Vector Borne Disease Control Programme (NVBDCP), Government of India. All reported VL cases were diagnosed in accordance with the passive case detection method for VL diagnosis in India and reported via NGO and public health centers (PHCs). In this study, data were tabulated, diagrammatized, and investigated through descriptive statistics in a Microsoft Excel spreadsheet, release 2007. We searched for peer-reviewed literature using several bibliographic databases (e.g., PubMed, ERMSS, and EQUEST), and search for definitions of “remote sensing and GIS” and “VL” was restricted to English language. Additionally, investigations were also carried out of leading public health journals and identified key papers from the reference lists of the journal articles. Also, literatures related to our subject presented in various congresses and meetings in recent decades were reviewed.
3. Results
3.1. Kala-Azar Situation in India
From 1987 through 2011, a total of 7, 60, 432 kala-azar cases were reported in India; the data were collected by the National Institute of Communicable Disease (NICD), Directorate General of Health Services, and National Vector Borne Disease Control Programme (NVBDCP), Government of India. Nevertheless, the data have broad coverage and are useful to examine geographic distribution and trends over time. Annual kala-azar case totals ranged from 12,140 in 2002 to 77,102 in 1992, with a mean of reported per year of 30417.28. The trend of rising incidence was found in 1990–1993 and 2005–2008 (Figure 1).


	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		


	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
	
	
		
		
		
		
	
	

Figure 1: Kala-azar cases in India during the period from 1987 to 2011 (source: Directorate General of Health Services, National Vector Borne Disease Control Programme (NVBDCP), Government of India, and State Health Society, Bihar, India).


Kala-azar cases were reported from 52 districts (e.g., 4 main states) of India. However, Bihar (31 districts), West Bengal (6 districts), Jharkhand (4 districts), and Uttar Pradesh (11 districts) were highly affected states by this disease (Figure 2). Furthermore, more than 70–80% kala-azar cases were reported from Bihar only. In 2010, 79.76% positive cases were contributed by Bihar only; whereas 14.87% in Jharkhand, 5.12% in West Bengal, and 0.04% in Uttar Pradesh, as a proportion of a country. Ten districts of the state (Muzaffarpur, Purnea, Saharsa, Ararea, Vaishali, Madhepura, East Champaran, Samastipur, Saran, and Darbhanga) have been reporting more than 75% of the total cases for several years (source: report from the State Health Society, Bihar, India). However, most of these districts are located north of the river Ganges, and a spot map shows almost in similar distribution.
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(b)
Figure 2: (a) Geographical distribution of visceral leishmaniasis (VL) in India including reported sporadic cases during the period from 2007 to 2011 (source: National Vector Borne Disease Control Programme (NVBDCP), 22 Shamnath Marg, Delhi, available at http://www.nvbdcp.gov.in/ka-cd.html); (b) geographical distribution of VL in Bihar. The figure shows the cumulative incidence rate per 10,000 population during the period from 2007 to 2011 (source: State Health Society, Bihar, India).


From 1987 through 2011, a total of 6,70,897 kala-azar cases were reported officially from Bihar only (Figure 3); the data were collected by the National Institute of Communicable Disease (NICD) and Directorate General of Health Services, Government of India at the block level (public health centres). Nevertheless, the data have broad coverage and are useful to examine geographic distribution and trends over time. Annual incidence of kala-azar cases was ranged from 1.14 to 8.76 per 10,000 populations, with an average incidence rate of 3.05 (standard deviation ±0.38). The highest incidence was recorded in 1992 (8.76/10,000 population). The disease has appeared in epidemic form in the years 1992 and 2007 causing high morbidity and mortality (Figure 3). The trend is more visible showing declining trend after 1993 to 1995, increasing trend after 1995 till 1996, decreasing trend after 1997 till 2004, and again increasing trend after 2005 till 2008, yet again turning down in 2009. The maximum intensity of disease was found during the period from 1990 to 1993.


	
		
	


	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		


	
		
			
				
				
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
			
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	

Figure 3: Kala-azar cases in Bihar during the period from 1987 to 2011 (source: Directorate General of Health Services, National Vector Borne Disease Control Programme (NVBDCP), Government of India, and State Health Society, Bihar, India).


There are several major outbreaks of kala-azar experienced by West Bengal State before 1950 [6]. During 1987–2011, approximately 47,894 cases of kala-azar were recorded from West Bengal. The incidence over the period showed two peaks in 1987 and 2004, respectively, and a small peak was found in 1996. The epidemic trend is more visible, showing declining trend after 1987 till 1994, slightly increased trend after 1995 till 1996, and decreasing trend after 1997 till 2003; again increasing trend 2004 till 2007, decreasing trend in 2009, and again increasing in 2011 onwards. However, in 1990, new resurgence of epidemic foci of kala-azar was found in Darjeeling district. In West Bengal, highest numbers of cases were recorded from the Malda and Murshidabad districts during the study period. The least affected districts were Nadia and Hooghly. Moreover, the Jharkhand state accounted for 44,180 reported cases during the period from 2000 to 2011. Highest number of cases recorded during 2006 (7,508 cases), followed by sharp declining till 2009, and again increasing in trend till 2011.
3.2. Research on Visceral Leishmaniasis Using Remote Sensing and GIS in India
Table 1 recapitulates the different studies that applied GIS and RS technologies for infection risk mapping and transmission modeling of VL in India. For each study, its aim, area, method and scale of application, and key environmental, demographic and/or epidemiological parameters are given. The majority of these studies focused on the meso (district) and/or macro (national) level.
Table 1: Remote sensing and GIS application for visceral leishmaniasis (VL) in India: disease mapping and transmission modeling.
	

	Aims	Methods: remote sensing and GIS	Concept illustrated	Geography and scale	Data sources	Software used	Major findings	Reference
	

	The relationship between the incidence of VL and certain physioenvironmental factors was explored, using a combination of a geographical information system (GIS), satellite imagery, and data collected “on the ground”	Supervised classification (Maximum Likelihood algorithm)	Thiessen polygon, overlay, and index model	Northeastern Gangetic Plain, large scale	NOAA (AVHRR)	ERDAS imagine v9.3, ArcGIS v9.2	It was found that the presence of water bodies, woodland and urban, built-up areas, soil of the fluvisol type, air temperatures of 25.0–27.5 degrees C, relative humidities of 66%–75%, and an annual rainfall of 100–<160 cm were all positively associated with the incidence of VL	Bhunia et al., 2010 [13, 14]
	

	To study the relationship between the incidence of  kala-azar and topography and vegetation density	Digital elevation model (DEM), normalized difference vegetation index (NDVI)	Overlay, spectral indices	India, large scale	SRTM, Landsat TM 5	ERDAS imagine v9.3, ArcGIS v9.2	(i) The results show significant variation in case diversity within the defined gradient.(ii) Results also showed that most of the cases occurred in nonvegetative areas or low density vegetation zones.	Bhunia et al., 2010 [13, 14]
	

	To delineate the potential hydrological relationship between the vector andkala-azar transmission, the associations between inland water bodies, sand flyprevalence, and Leishmania infections	Normalized difference pond index (NDPI), nearest neighbour analysis, radial basic function interpolation	Spectral indices, geostatistics	Lalganj and Hajipur block (Vaishali district, Bihar, India), medium to fine	Landsat 5 TM	ERDAS Imagine v9.3, ArcGIS v9.2	The higher moisture content of the surrounding areas of nonperennial rivers and lesser density of water bodies play an important role in the maintenance of sand fly density, promoting transmission of the disease	Bhunia et al., 2011 [25]
	

	The spatial distribution of reported kala-azar cases in the4 study periods of Muzaffarpur district, Bihar, India, duringthe period from 1990 to 2008	Spatial analysis	Database queries	Muzaffarpur district (Bihar, India), medium	—	ArcGIS v9.2	Within the district, the blocks with the highest number of cases shifted from east (1990–98) to west (1999–2008) that may correspond to a rise in herd immunity in western blocks	Malaviya et al., 2011 [26] 
	

	The study focused onexamining disease distributionin a kala-azar endemic regionin Bihar, India	Spatial analysis and standard deviation of ellipse	Geostatistics	Muzaffarpur district (Bihar, India), fine	—	ArcGIS v9.2	Mean centre of case observations within the district was identified which may aid to delineate ideal location to monitor and manage the deadly disease for epidemiological surveillance and control  Standard deviation of ellipse (SDE) was drawn to understand the directional distribution of disease	Bhunia et al., 2012 [12] 
	

	To examine the relationship between LULC classes and their suitability for vector habitats in areas endemic for kala-azar at different spatial scales	Thematic maps and satellite supervised classification (Maximum Likelihood algorithm)	Overlay, buffering, land use/land cover	Vaishali and Muzaffarpur districts (Bihar, India), large to fine scale	AVHRR, MODIS, Landsat TM, LISS IV	ERDAS imagine v9.3, ArcGIS v9.2	At national level, the fact that the highest information values were attained from areas associated with water bodies, closed shrub land, and urban areas indicates that these features are likely to contain vector habitats  At state level, only a minor part of the total area seemed suitable for vector habitats. The highest information values were attained from bare areas or places with sparse or herbaceous vegetation, which indicates that these features support the presence of vectors  At district level, high suitability for sand fly habitats was attributed tomarshy land, dry or moist fallow, and settlements, but areas associated with water-bodies, sandy areas, and plantations also indicated relatively high suitability  At village level, the high suitability of some LULC types occupying grass/weeds covers land, marshy land, dry fallow, areas associated with water bodies and settlements. The plantation class assigned as medium potential for the sand fly habitat	Bhunia et al., 2012 [22]
	


NDVI: normalized difference vegetation index, WI: wetness index, SAVI: soil adjusted vegetation index, LST: land surface temperature, NDPI: normalized difference pond index, IRS: Indian remote sensing system, LISS: linear imaging self-scanning, TM: thematic mapper, AVHRR: advanced very high resolution radiometer, MODIS: moderate resolution imaging spectroradiometer.



Data used is one of the major limitations of using RS, and inventive ways of acquiring data are critical to accomplishment of space technology. Much of this literature deals with remote sensing in the form of medium and high resolution satellite imagery. The goal of these studies is to see if any relationships exist between disease incidence/prevalence and environmental variables, like regional climate (temperature, relative humidity, rainfall, etc.) land use/land cover, inland surface water bodies, elevation, and soil. Low spatial resolution satellite data have been used extensively for regional and continental distribution studies. In most of the cases these studies involve testing to see correlation between satellites derived environmental proxies with the changes in P. argentipes abundance and distribution. An innovative application of RS and GIS was described by Bhunia et al. [14] that analysed the usefulness of satellite data for monitoring and mapping the distribution and incidence of VL on the Gangetic Plain, and to identify the main environmental parameters that affect the disease in this region. The results of this study signified some clear-cut links—such as those between endemic VL and fluvisols and certain ranges for some climatic variables (e.g., mean annual values, for temperature, relative humidity, and precipitation, of 25.0–27.5°C, 66%–75%, and 100–160 cm, resp.)—that should be useful in the rapid identification of areas at high risk for VL in India. Another successful application of RS was to make the association between topography and VL distribution [13]. This work confirmed that the highest prevalence of VL was below 150 m of altitude with very few cases located above the 300 m mean sea level in India.
In Bihar, India, a study on potential P. argentipes habitat was performed by a spatial analysis of RS data [25]. Malaviya et al. [26] scrutinized the spatial distribution of reported cases of VL in the 4 study periods from 1990 to 2008 in Muzaffarpur district, Bihar, India. The analysis revealed that some blocks had constantly higher (Sahebganj and Bochahan block) or lower (Sakra block) standardize incidence ratio (SIR) over time. They also observed that the western blocks of the district (Muzaffarpur, Bihar, India) registered the higher number of cases every month and no big shifts (i.e., blocks going from very low to very high SIR). Investigation suggested an association with inland water bodies of areas that poses a risk for VL by offering suitable breeding sites for P. argentipes. More recently, Bhunia et al. [27] made significant contribution by delimitating the probable endemic areas for kala-azar based on geoenvironmental risk model. From the satellite image taken during the dry season NDVI, tasseled cap transformation and land use/land cover were extracted and were used in the geoenvironmental risk model. Model parameters were grouped in different risk classes by calculating the risk indices based on their score on the model. Finally, it is important to note that a research group built around a joint research interchange programme between Rajendra Memorial Research Institute of Medical Sciences (Indian Council of Medical Research) and Regional Remote Sensing Centre-East (National Remote Sensing Agency) made significant contributions to the application of RS and GIS for better understanding the sand fly abundance of the endemicity of kala-azar in an endemic focus of India [28]. Studies carried out by Bhunia et al. [12] used some geostatistical measurements of spatial distribution of disease to analyze the locational information. In this study, it was shown that plotting standard deviation of ellipse for disease outbreak overtime may be used to model disease spread and mapping the distributional trend.
3.3. RS and GIS for Identification of Vector Habitat of VL in India
The frequency and transmission dynamics of VL is intimately linked with the distribution Phlebotomus argentipes, which in turn is a result of the distribution and abundance of suitable sand fly habitat that consists of a suitable environment. Table 2 recapitulates the studies published to date with an emphasis on identifying suitable habitat through appropriate amalgamation of RS and GIS technologies. However, the majority of the studies focused on the meso scale. Sudhakar et al. [16] first used RS techniques to identify P. argentipes habitats in an endemic (Vaishali district) and nonendemic (Lohardaga district) areas of kala-azar. Employing satellite images, the study area was classified into several ecological zones based on land use/land cover characteristics and vegetation coverage. It was found that vegetation, water bodies, and settlements played a great role on sand fly abundance and distribution in the study area. Paul et al. [29] used Indian remote sensing satellite (IRS) linear imaging self-scanning (LISS)-III satellite sensor data to identify geoenvironmental parameters responsible for the propagation of sand fly vector (P. argentipes). In their study, it was observed that satellite derived NDVI, land use and soil moisture, temperature, humidity data have very good correlation with man-hour density of sand fly. Kesari et al. [15] studied suitable habitats of the VL vector, P. argentipes density in relation to environmental characteristics between different ecosystems, performed an IRS P6 LISS IV satellite imagery, using factor analysis. They observed that the density of P. argentipes has a positive load on minimum NDVI, marshy land, and orchard/settlement, whereas agricultural fallow and water body surface have a negative load on the first factor in an endemic site. In another study, Bhunia et al. [22] carried out to scrutinize the relationship between LULC classes and their suitability for vector habitats in areas endemic for kala-azar at different spatial scales. The connotation of this approach laid in its success in predicting the overall distribution of areas suitable for the vectors, which is due to the different sensor resolutions (national, state, district, and village level) and the fact that a thorough LULC analysis can predict the probability for disease transmission. Bhunia et al. [12] also conducted a research on prediction of P. argentipes abundance based on land surface temperature (LST), soil adjusted vegetation index (SAVI), and wetness index (WI). The predictive model indicated that nearly 85% of the variance of sand fly density could be explained by these variables.
Table 2: Remote sensing and GIS application for visceral leishmaniasis (VL) in India: identification of risk areas due to the presence of P. argentipes, the intermediate host for VL transmission.
	

	Aims	Methods (remote sensing and GIS)	Concept illustrated	Geography and scale	Data sources	Software used	Major findings	Reference
	

	To find the association of P. argentipes with minimum NDVI in Bihar, India	NDVI, supervised classification	Spectral indices, land use/land cover	Patepur block in  Vaishali district, Bihar, India, and Lohardaga block in Lohardaga district in Jharkhand,  India, medium to fine	IRS-1C LISS III	ERDAS Imagine v9.3	The usefulness of satellite remote sensing technology in generating the crucial information on spatial distribution of land use/land cover classes with special emphasis on indicator land cover classes thereby helping in prioritising the area to identify risk-prone areas of kala-azar through GIS application tools	Sudhakar et al., 2006 [16]
	

	To study the geoenvironmental parameters responsible for the propagation of sand fly vector (P. argentipes) in endemic (Vaishali district, Bihar, India) and nonendemic areas (Lohardaga district, Jharkhand, India) using remote sensing and GIS	NDVI, supervised classification	Spectral indices, land use/land cover	Vaishali district in Bihar, India, and Lohardaga district in Jharkhand,  India, Medium to fine	IRS-1C LISS III	ERDAS imagine v9.3	The study provided an insight into the microecosystem, that is the association of vegetation, water bodies, human settlements and associated peridomestic vegetation, and other land use features of relevance in distribution of vector sand fly	Paul et al., 2006 [29]
	

	To delineate the potential hydrological relationship between the vector and kala-azar transmission, the associations between inland water bodies, sand fly prevalence, and Leishmania  infections	NDPI, nearest neighbour analysis, radial basic function interpolation	Spectral indices, geostatistics	Lalganj and Hajipur block (Vaishali district, Bihar, India), medium to fine	Landsat 5 TM	ERDAS imagine v9.3, ArcGIS v9.2	(i) Kala-azar cases were strongly clustered along the nonperennial river banks, whereas a slightly random pattern was found along the perennial river banks(ii) Most of the endemic villages were located between 250 m and 1 km away from the perennial river banks	Bhunia et al., 2011 [25]
	

	To delineate the suitable habitats of the VL vector, P. argentipes density in relation to environmental characteristics between different ecosystems was assessed in endemic (Bihar) and nonendemic (Jharkhand) Indian states	NDVI, supervised classification (Maximum Likelihood algorithm),  spatial analysis, factor analysis	Spectral indices, land use/land cover overlay, buffering 	Vaishali district in Bihar, India, and Lohardaga district in Jharkhand,  India, medium and fine	IRS-LISS III, LISS IV	ERDAS Imagine v9.3, ArcGIS v9.2	(i) In endemic site, the density of P. argentipes has a positive load on minimum NDVI, marshy land, and orchard/settlement, whereas agricultural fallow and water body surface have a negative load on the first factor in an endemic site(ii) In the nonendemic site, results demonstrated that the density of P. argentipes has a positive load on settlement, water body, dense forest, and minimum NDVI, whereas agricultural fallow has a negative load on the first factor(iii) Satellite-derived proxy for vegetation status derived from NDVI values showed that the majority of sand flies are present in the less dense vegetation zone	Kesari et al., 2011 [15] 
	

	The study focused on examining relation with the environmental factors and vector distribution in a kala-azar endemic region in Bihar, India	SAVI,  WI, LST, and supervised classification  (Maximum Likelihood algorithm) 	Spectral indices, land use/land cover	Muzaffarpur district (Bihar, India), medium to fine scale	Landsat TM	ERDAS Imagine v9.3	The predictive value of remotely sensed data showed mean LST, minimum SAVI, mean SAVI, minimum WI, and maximum WI indices appear to be better for the forecast of the disease risk areas.	Bhunia et al., 2012 [12]
	

	To examine the relationship between land use/land cover classes and their suitability for vector habitats in areas endemic for kala-azar at different spatial scales	Thematic maps, supervised classification  (Maximum Likelihood algorithm), and spatial analysis	Land use/land cover, overlay, buffering	Vaishali and Muzaffarpur district, (Bihar, India), large to fine scale	AVHRR, MODIS, Landsat TM, LISS IV	ERDAS Imagine v9.3, ArcGIS v9.2	At national lever, areas associated with water bodies, closed shrub land, and settled areas are the main places where kala-azar can be expected  At state level, the highest information values were attained from bare areas or places with sparse or herbaceous vegetation, which indicates that these features  contribute to the risk for kala-azar  At district level, the agricultural land, used or laying fallow, had less influence with regard to kala-azar endemicity   At village level, kala-azar affected areas as highly influenced by moist fallow, river/canal, and sandy areas	Bhunia et al., 2012 [22]
	

	The parameters associated with kala-azar endemic areas were considered for inclusion in a geoenvironmental risk model for predicting probable endemic areas for kala-azar	NDVI, WI,  supervised classification  (Maximum Likelihood algorithm), GIS, geostatistics, weighted index overlay method	Spectral analysis,  land use/land cover analysis, buffering, local polynomial interpolation,  index model	Vaishali district (Bihar, India), fine scale	Landsat TM	ERDAS Imagine v9.3, ArcGIS v9.2	The kala-azar risk map generated based on environmental, climatic, entomological, and socioeconomic factors obtained from RS data and ground surveys shows promising potential for identifying areas associated with a high risk of kala-azar transmission Information from the kala-azar risk map can be further used as a management guide to continuously monitor the status of the kala-azar intensity level	Bhunia et al., 2012 [27]
	


NDVI: normalized difference vegetation index, WI: wetness index, SAVI: soil adjusted vegetation index, LST: land surface temperature, NDPI: normalized difference pond index, IRS: Indian remote sensing system, LISS: linear imaging self-scanning, TM: thematic mapper, AVHRR: advanced very high resolution radiometer, MODIS: moderate resolution imaging spectroradiometer.



3.4. Perspective of RS and GIS Challenges to Be Considered in VL Control
Our literature review showed that few studies have applied GIS and RS technologies, often in combination with spatial statistics, for infection risk mapping and predictive modelling of VL in India. However, there is scope for application of novel GIS/RS techniques, notably quantitative GIS, WebGIS, and innovative use of new satellites information that will become available shortly. However, the application of GIS/RS with the aim to further progress current approaches and strategies would be used for the control of VL in India and in turn might arouse control programmes elsewhere.
3.5. Improved Monitoring and Its Usefulness
RS data are particularly handy in examining changes in broad area or earth system instability, that are especially relevant to disease emergence take in global climate change and land use change. Remote sensing sensor will improve the science of mapping VL risk in subtropical areas, particularly with access to increase spatial and temporal resolution. Analyses resulting from the combination of GIS and RS have improved knowledge of the biodiversity influencing kala-azar. A better understanding of the stratification of kala-azar and the burden of the disease on the population is in progress [30–32]. This information can help decision-makers to improve apportion of limited resources in the fight against the disease. It was therefore necessary to improve the predictability of kala-azar by forecasting it with a longer lead time before the outbreak. By adding climatic and environmental factors to the model, the predictive accuracy of the system could have been enhanced.
3.6. Need to Develop Standards
GIS in the future will be a combining concern with standards, including the tribulations of data definition, utility definition, data accuracy, and data exchange. The one stipulation in this regard, however, may be the proclivity for governments to use the explanation of data standards to validate treating spatial data as a commodity, thereby challenging weighty imbursement and preventive usage agreements. For example, governments must define standard formats (e.g., ARC/INFO, Shapefile format) to be followed in GIS to the GIS user groups. Since, several departments of various ministries were already using GIS. These maps would comply with the defined standards and would be available and used by all the ministries concerned. Moreover, this would save the cost and money of base layer preparation by sharing the digitized cartographic database of various departments within the country. This proffers the possibility, if necessary, of exchanging to more powerful softwares and collaborating with research laboratories and institution which may crave to enhancement of the analyses with studies assimilating satellite imagery.
3.7. Facility of Enabling Technology
Spectral and spatial resolution will continue to improve. Compared to submeter spatial resolution and hundreds of bands of hyperspectral data available today, that may aids to choose a dozen of bands carefully to detect environmental effects on kala-azar transmission. On the other hand, satellite-borne radar systems (Radar Imaging Satellite, RISAT) have reduced cloud cover problems and offers ability to investigate the environmental characteristics for epidemiological analysis during the monsoon season. These active systems’ articulate energy allows meticulous mapping of elevation differences, even centimeter-scale changes in elevation through time. Data prices have decreased. Perhaps the most spectacular price pitch is for satellite data [33]. A few data sets are still quite expensive, but the overall price trend is downward. Satellite data processing is trending toward more adaptable, powerful, image processing software, and faster straps to GIS. Using high resolution, stereoscopic data, and powerful software packages, one can extract accurate, quantitative information unswervingly from remote sensing data.
3.8. Align Data Policies to Technological Advances
RS data of a country has military and economic value and should not essentially be liberally accessible to everyone. Space is gratis for all, and earth-orbiting satellites maneuvered by a few countries incessantly make meticulous observations of the territory of each country in the planet. Therefore, intercontinental efforts are ongoing to shield the rights of each creature country to have admittance to its data at nondiscriminatory circumstances. This issue falls within the domain of what is called “data policy” [34]. The world is witnessing an increasing eagerness for geospatial information and high-resolution RS data. But clearly defined policies on remote sensing data acquisition and distribution are inflexible to come by. Due to unavailability of the required data and information products or complementary data, it is difficult to link the epidemiological and entomological data with the GIS system. These results discourage the use of GIS for kala-azar research and control.
Recently, the Government of India consents to the RS data policy (RSDP), having modalities for managing and/or permitting the attainment or propagation of RS data in support of developmental activities. Additionally, the RSDP stated that “for acquisition/distribution of IRS data for use in countries other than India, the Government of India, through the nodal organization, would allowance license to such bodies/agencies of those countries as are interested in the acquisition/distribution of IRS data, as per specific procedures” [35].
3.9. Data Sharing-Inadequate Human Resource
The major problem of GIS users has been faced for decades regarding the data efficacy and sharing. Administrative boundary layer, thematic map, and disease data sharing are vital for the collaborative research, retort, and recovery stages of disease control. For kala-azar studies, it is imperative to employ distributed disease information and allocate the data through standard interfaces. In evaluating disease information and the health decision-making process, it is cooperative to assimilate many kinds of spatial and nonspatial data, including roads, hospitals and available medical resources [36, 37]. The fact that GIS is a comparatively new technology means that staffs with GIS training and skills are in high demand and beyond attain of most health department budgets. The government should introduce geospatial electives in art, science, and engineering colleges and universities. Pursuing this need to share and integrate information across state and nationwide may reduce the burden of inadequate human resources.
At present, study limitations are often due to low spatial resolution remotely sensed environmental data. However, with the recent launch of new and powerful satellites, it has become possible to make use of higher resolution RS data at relatively low costs and/or freely. For example, the DigitalGlobe QuickBird satellite, a commercial satellite with the utmost freely accessible resolution to date, was fruitfully lifted in the orbit in late 2001. This satellite has 0.61–0.72 m panchromatic and 2.44–2.88 m multispectral sensors, depending upon the off-nadir viewing angle (0°–25°). QuickBird’s basic image products are delivered to cover a single area of 16.5 × 16.5 km or a strip of 16.5 × 165 km. QuickBird’s high spatial resolution sensors have narrowed the gap between satellite images and aerial photos. Thus, it is plausible that QuickBird’s technology will replace aerial photos for various applications, depending on resolution and accuracy requirements [38].
Indian Space Research Organization (ISRO) Space Application Center (SAC) has just finished that promising by an innovation which is called “Bhuvan.” At present, ISRO Bhuvan has serious concert issues and packs a lot of data on weather, water bodies, and population details of various administrative units. Bhuvan proffers more detailed imagery of Indian locations compared to other Virtual Globe software, with spatial resolutions ranging from 5 to 100 metres. Locations can be analyzed from different viewpoints, and the software will also afford functionality for the measurement of distances (http://www.isrobhuvan.in/). With Bhuvan, it may be possible to produce very local information which will be specific to only to the India in free of cost and timely and least cost effective make a relationship. This information available from this mapping system will be useful in addressing very local problems like seasonal status of vegetation, land use/land cover characteristics, weather condition that will be easy to make an association between environmental variable and disease vis-à-vis sand fly distribution, and environmental modeling.
3.10. Institualization of Innovation
The first step in employing a spatial and space technology in an organization is to generate awareness and support for the methodology among the ultimate recipients and users of the system. The combination of space application centers and medical research centre unites technical skills with the cultural-institutional knowledge, which imparts contextual acquaintance and methodologies that are both scientific and reflexive. In general perspective aptitude can be expressed as the capability of individuals and institutions to make and execute decisions and achieve functions in an effectual, proficient, and sustainable approach. Enhancement training centers and circular modules within health centres, colleges and universities to assure the availability and preparedness of the next generation of specialists in geospatial information, image analysis, spatiotemporal data product development and decision support for government agencies vested with responsibility for vulnerability assessment.
3.11. Cloud Computing
Cloud computing (CC) is emerging as a key computing platform for allotment resources that include infrastructures, software, applications, and business processes [39, 40]. CC can be apparent as having five key characteristics (on-demand self-service; ubiquitous network access; location-independent resource pooling; rapid elasticity; pay-per-use), three delivery models (SaaS—software as a service, PaaS—platform as a service, and IaaS—infrastructure as a service), and four deployment models (private, community, public, and hybrid) [41]. In VL control programme, GIS cloud may make available dedicated structure for analyzed, authored, and managed geospatial data through web services and application hosting for the organization. The GIS cloud computing may also provide prop up technology infrastructure (e.g., leverage of virtualized sophisticated hardware and software resources), plummeting support and continuance (e.g., complimenting for highly skilled in-house staff and IT support), reducing realization cost, location independent resource pooling, and data conversion and presentation (e.g., transformation and importing from one format into a new database).
3.12. National GIS Policy
Priority setting is one of the major roles of vector-borne and/or infectious disease services decision-makers. The information acquired through the human health information system should be apposite to facilitate decision makers to necessitate the accomplishment of control programmes, enhancing a wide usage of GIS-based decision support at all levels: local, regional, and national. There is a need for a single-window organisation for generating/maintaining the map/image and GIS datasets as a common GIS-ready data for the nation and also for developing the GIS applications for ministries/departments.
4. Future Outlook and Conclusion
Studies using remote sensing and GIS technologies with applications targeted to VL control programme in India have shown restricted utility for both risk mapping and prediction for the micro to macro scale. The majority of the above applications focus upon secluded identification of sand fly habitats and the prediction of mosquito numbers. Nevertheless, several important issues were addressed and entail further study to refine the tools and broaden their applicability. It is reported that the transmission and propagation of VL and P. argentipes distribution depend on climatic, ecological, epidemiological, and socioeconomic determinants that are idiosyncratic to locality, and hence large heterogeneities occur at different scales [24, 42–44]. An important intend of RS and GIS applications for VL transmission is to offer information on the distribution of infection risk and to guide disease interventions. In this connection it is important to note that infection rates in human that act as reservoirs for VL transmission (e.g., post-kala-azar dermal leishmaniasis, PKDL) are significantly higher, as observed in the four main states (e.g., Bihar, Jharkhand, West Bengal, and Uttar Pradesh) of India [6]. Previous study has shown the conspicuous increase of visceral leishmaniasis cases in India, especially in Bihar [45, 46]. One of the factors for increasing trend of the disease could be due to the increase in reporting of kala-azar cases at public health centers (PHCs) due to massive kala-azar awareness programme undertaken by health agencies and Government of India. However, the relevance of these findings for VL control has been highlighted in this paper, and the use of GIS and RS can cooperate a vital role for mapping and predicting probable areas for VL risk by compiling all these data into a single platform.
The substantial progress made in the control of VL in India has been highlighted in several recent publications [47–50]. However, there is a great need to rigorously implement control interventions in those areas where the disease continues to be endemic, as documented by the latest available data of VL on a national scale [45, 46, 51, 52]. In fact, north Bihar (India) that covers 31 districts along the Ganges River is characterized by high population densities, suitable climate, and large areas that are favourable for proliferation of P. argentipes breeding. It has been conferred that the mean LST, relative humidity, rainfall, surface dampness, settlement areas, low vegetation density zone, moist fallow land could introduce abundance of vector and be endemic for the disease [12–14, 22, 25, 27]. Application of GIS and RS technologies has proven most useful for assessment and monitoring of ecological transformation and hence holds promise to make further progress in the control of VL in India.
In the previous studies, it was considered that much more validation of the relationship between kala-azar admissions and environmental variables was required to check its robustness in space and time. The mapping of kala-azar seasonality is an important goal because climatic variables in an area also can strongly influence the availability of breeding sites for sand fly [51, 53, 54], and national kala-azar control programmes lack detailed disease-risk maps to guide intervention. Multitemporal facility of satellite sensor was important because it assisted the move to seasonal analysis, which, in turn, enabled the investigation of more subtle variation in environmental variables, and thus sand fly habitat suitability. However, operational application of the optical remote sensing technique (0.4 μm–0.7 μm spectral regions) was hindered because investigators were not enabling to discriminate the land cover features in the rainy season due to heavy downpour. A significant advantage of using Synthetic Aperture Radar (SAR) was that data collection was independent of cloud coverage. A recent alternative approach, however, has demonstrated that land-based radar may be capable of predicting habitat flooding status [55, 56]. The information derived from the satellite data may be used to guide surveys during the rainy season and aids to delineate the suitable breeding areas of sand fly.
That the suite of ecological factors that influence kala-azar transmission concentrated in a particular continental areas and through time is astounding. The number and interaction of dependent factors result in a formidable complexity. The instantaneous response of researchers will be to move to area-specific monitoring of disease risk with the need to validate predictions over wider areas at increasingly higher spatial resolutions. Notwithstanding the desirability of these predictions to direct the relevant epidemiological data to direct kala-azar control, test predictions are often scarce and initial maps should therefore be used with care. Such studies are promising retrospectively with current satellite-sensor systems, where existing sand fly population records are accessible but will become increasingly realistic with data from the next generation of satellite sensors.
 Currently, India has successfully launched a satellite (Radar Imaging Satellite (RISAT)-1) that connoisseurs speak will spectacularly boost the country’s knack to view detailed images of the earth. RISAT 1 springs microwave signals off the earth, which indicate an annual monsoon season during which heavy cloud cover can blight the usefulness of optical satellite imagery. Many new satellite-sensor systems are scheduled for launch to concur with the millennium (http://www.lyngsat.com/launches/), and while most represent simple refinements of existing satellite-sensor series. Alternatively, DigitalGlobe’s WorldView-2 Satellite provides 0.5 m Panchromatic (B&W) mono and stereo satellite image data and provides highly detailed imagery for precise map creation, change detection, and in-depth image analysis. WorldView-2 Satellite is offering incredible accuracy, agility, capacity, and spectral diversity and will allow DigitalGlobe to substantially expand its imagery product offerings to both commercial and government customers (http://www.satimagingcorp.com/media/pdf/WorldView-2_datasheet.pdf). On the other hand, GeoEye-2 is in a phased development process for an advanced, third-generation satellite capable of discerning objects on the earth’s surface as small as 0.25 meter (9.75 inch) in size (http://www.satimagingcorp.com/satellite-sensors/geoeye-2.html). In anticipation of these advances, it is prudent for epidemiologists to begin collecting georeferenced field data (using hand-held global positioning systems) as a regular addition to existing projects.
The multiplicity of satellite and sensors offer data relevant to spatial, spectral, and temporal scales. Indeed, using a wide range of remotely sensed imagery to help understand the distribution of sand fly and vector-borne diseases, research has advanced significantly from suitable peri domestic breeding identification at high spatial resolution; to work that has contingent habitat suitability for adult sand flies. Furthermore, image processing and GIS software are available that computerize many image processing tasks and suitable analysis. Finally, and perhaps most importantly, satellite-sensor data have become more widely and freely available (http://www.landcover.org/; http://www.bhuvan.nrsc.gov.in/) especially to research workers in developing countries where the VL confront is the greatest. Geospatial technology can provide information important in predicting the spatial and temporal distribution of VL, thereby allowing presented resources for research and control to be better directed. Research involving remotely sensed variables to sand fly habitat is an indispensable basis for future “disease forecasting” for an early warning system.
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