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Abstract

An application of spatial statistics analysis has been demonsirated for identifying Japanese Encephalitis (JE)
incidence hotspots to prioritise interventions in a JE endemic district of Assam. Spaiial order and association
af JE reporting villages in the study area have been analysed using spatial statistics analytical techniques.
Data on historical morbidity pattern of JE collected at village level provided the required stratification base
Jor delineating the JE incidence hot spots. Spatial statistics pavameters such as mean centre, standard
devigiional ellipse and spatial autocorrelation have been calculated for JE reporting villages. Strong spatial
autocorrelation (p<0.01) among the JE reporting villages have been observed in ferms of morbidity pattern
as indicated by Moran’s I index. General G statistics has been calculated to categorize JE prone villages and
tested for statistical significance. Based on this G statistics, JE hot spots in the study district could be

identified for taking timely intervention measures by the health authorities.

1. Introduction

Japanese Encephalitis (JE) is a dreaded wvector
(mosquitc) borne viral disease mostly prevalent in
Asian countries including India. Since the first
record of JE case in India in 1955 in Tamil Nadu
followed by isolation of JE virus from wild caught
mosquitoes in 1956, in the last couple of decades,
epidemics of JE have occurred in the states of West
Bengal, Assam, Manipur, Nagaland, Uttar Pradesh,
Bihar and Goa in addition to South India (Khan et
al., 1996). JE cases have attained alarming
proporticns to pose as a major public health problem
in India, more 8o due to unavailability of any cure
for the disease and due to its very high case versus
fatality ratio (Banetjee, 1996 and Kabilan et al,
2004). Recent advances in Geographic Information
System (GIS) along with satellite remote sensing
have added new dimensions to spatial statistics
analysis in epidemiological studies (Back et al,
1994 and Hay et al, 1997). Many studics have
applied these advanced tools in understanding the
host-vector relationship and their spatial distribution
(Barnes and Cibula, 1979, Glass et al, 1995,
Hendrickxy et al., 1999, Dhiman, 2000, Abelardo et
al., 2000, Jeganathan et al., 2001, Nageswara Rao et
al., 2004 and Handique et al., 2005).
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Spatial statistics analytical techniques help in
analyzing the spatial order and association of 2
variable under study. In areas like ecology,
epidemiology, geology and image processing, it is
often not appropriate to randomize, block and
replicate the data because of the spatial associations
of attribute features associated with the study
variable (Lawson, 2001). On the other hand, it is
required to stratify and prioritise areas under a
particular administrative unit for better planning and
managing resources. Hence a sound technique has to
be followed to prioritise these areas of importance
or hot spots with sound statistical base. Use of
predictive approaches demonstrated by different
workers for study of mosquito vector bome
diseases like malaria {Srivastava et al,, 200land
Abeku et al, 2002). Occurrence status of spatial
delimitation, forecasting and contrel of JE in India
has been discussed in detail by Sabesan et al.,
(2008). In this study, we have emploved different
spatial statistics analyticsl tools in GIS domain to
study the spatial distribution of JE cases and identify
the disease hot spots at village level. This will help
the District health authorities to mobilise man and
materials for timely interventions.
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2. Materials and Method

2.1 Study Area

The study was carried out in Dibrugarh district of
Assam state located in the north eastern part of India
considering the severity of impact of JE and its
perennial occurrence. The district covering a
geographical area of 7023.9 3q km lies between 27
15N - 28° N Latitude and 94° 45' E - 96° E
Longitude (Figure 1). The district is divided into six
blocks under six Primary Health Centres (PHCs)
viz. Barbaruah, Lahowal, Panitola, Tengakhat,
Khowang and Naharani for monitoring and
providing health care services in the district.

2.2 Collection of JE Case Data

Data pertaining to the JE cases during the period
1985-2010 were collected from the office of the
Joint Director of Health Services in Dibrugarh
district and from the office of the Directorate of
Health Services, Guwahati, Assam. Average annual
case load in Assam during the last 26 years since
1985 has been 298, the average annual incidence

per million population being 12.5. Dibrugarh district
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alone shared a burden of 37 cases per million
population. Average disease incidence per umit
population was calculated based on the PHC wise
census records collected from the respective PHCs
compiled under National Vector Bome Disease
Control Programme (NVBDCP). Data on socio-
economic status viz., poultry, cattle and pig farming
practice; flood proneness of the areas and personal
protection measures adopted for prevention of
mosquito bites, etc. were collected through a socio-
economic survey. But the analysis of these socio-
economic data is beyond the scope of the present
study. The flow of information from the periphery
to the JE incidence recording units mentioned above
is shown in the following flow chart (Figure 2},

2.3 Spatinl Statistics Analysis

Different analyses in GIS domain have been
performed using ArcGIS 9.3 to study the pattern of
spatal distribution of JE cases in the district.
Following spatial statistics parameters have been
calculated for the JE reporting villages.

FHC NAME
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[ Khowarg [ ] naharani | Tengakhat

Figure 1: Location map of the study area
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Figure 2: Information flow of JE cases

2.3.1 Spatial mean cenire

The Mean Centre (MC) or spatial mean centre gives
the average location of set of points. Here, locations
of the villages having JE cases are considered for
measuring the mean centre of their locations. This
will indicate the area and extension around which JE
cases are occurring. This information is critical for
the health authorities to plan intervention measures
for covering the geographical extent of the disease
occurrence. Mean centre in terms of geographic

latitude and longitude are measured as:
Iy
N £
(imc'?mc)= Iﬂ_'lﬂ_
n n

Equation 1
Where, %,,..¥,, are coordinates of the mean centre,

X;, and y; are coordinates of point i and n is the
mumber of points/polygons (village locations in our
study).

2.3.2 Directional distribution (Standard deviational
ellipse)

Directional  distribution (Standard Deviational
Ellipse) measures whether a distribution of features
exhibits a directional trend (whether features are
farther from a specified point in one direction than
in another direction). The standard distance cirele
shows the spatial spread of a set of point locations.
The steps in deriving the standard deviational
eclipse are as follows (Chou, 1997).

1. Calculate the coordinates of the mean
centre (Xmg, Ymo). This will be used as the
origin in the transformed coordinate

systerm.

2. For each point, p; in the distribution
transform its coordinate by:
Xj =X ~Xmc ¥ =¥i~¥mc

3. calculate the angle of rotation & such that;

(gz 52)11152 2. (H;)’
tan @ = ,q_hlﬂ i} ‘i_l—lﬁ +4=1f|=1v'

It E
2Ex v‘
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Equation 2

With & from the step 3 we can calculate the
deviation along x and y axes in the following
manner:

5, - J@ - lein-cl("l‘:“’: - vine)’

Equation 3
Directional distribution of the disease cases is
important to monitor the spread of the disease over
time. Identification of areas in the direction of
disease spread will help in taking early precaution
measures.
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2.3.3 Measure of spatial autocorrelation

It is of interest to see the spatial distribution pattern
of JE reporting villages in the district. If we observe
the JE reporting villages to follow any kind of
clustering paitern, we may like to relate the
occurrence of the disease with underlying landscape
and socio-economic features. In classifying spatial
patterns as gither clustered, dispersed or random, we
can focus on how various points or polygons are
arranged. We can measure the similarity or
digsimilarity of any pair of neighbouring points or
polygons. When these similarities and dissimilarities
are summarised for spatial pattern, we have the
spatial autocorrelation (Lee and Wong, 2001). Here,
high autocorrelation would imply the occurrence of
villages with higher number JE cases and the
correlation is attributable to the geopraphic ordering
of the villages. The most commonly used spatial
auto-correlation statistic, Moran’s I coefficient
(Chou, 1997) is employed to measure the
autocorrelation (Equation4-6). Moran’s I can be
defined as:

I"IZEWU{XI = ﬂ(xj —i}

L= 2
WZ (J(] - i}

Equation 4
where, W = ZiZjw; Here, Euclidean distance is used
to define the weights wy, Corresponding to each pair
of sample points i and j, let d; represent the distance
between them. The distance weight is applied in an
inverse manner, since the intensity of spatial
relationship diminishes when the distance increases.
Hence wy = 1 / dj. When no spatial autocorrelation
exists, the expected value of Moran’s I is:

Elj = -
{n-1)

Equation 5
nzwl —nwg + 3w2
Wz (n2 -1}

s, s -(3/ o oo,

W = Z|(%w“ +ZFI1}

var{l) =

Equation 6

Here, n iz the total number of gecgraphic units
(villages), x; denotes number JE cases
corresponding to i sample point, The value of the
Moran’s I coefficient ranges between -1 and 1. A
larger positive value implies a clustered pattern,
while a negative value significantly different from 0
is associated with scatiered pattem. When the
Moran’s I coefficient is not significantly different
from 0, there is no spatial autocorrelation and the

spatial pattern iz considered to be random, Spatial
statistics tool in ArcGIS software used to measure
spatial autocorrelation is based not only on locations
of the village alone or on number of JE cases alone,
but on both village locations and corresponding
number of JE cases simultancously, Given a set of
village and associated JE cases, it evaluates whether
the pattern expressed is clustered, dispersed or
random. A ‘Z’ score is calculated to asseds whether
the observed clustering / dispersion i statistically
significant or not. The Z score is calculated as:

_o)-<)
o)

2.3.4 Delineation of JE hot spots
Moran’s I has well-established statistical properties
to describe spatial autocorrelation globally.
However, it is not effective in identifying different
type of clustering spatial pattems. These patterns are
sometimes described as ‘hot spots’ and ‘cold spots’.
If high values are close to each other, Moran's I will
indicate  relatively high  positive  spatial
autocorrelation. The clusters of high values may be
labeled as a hot spot. But high positive spatial
antocorrelation indicated by Moran’s I could be
created by low values close to each other, This type
of clusters can be described as cold spot
Delineation of these hot spots and cold spots will
help in optimising the use of resources for timely
interventions. The & stafistics (Getis and Ord, 1992)
has the advantage of detecting the presence of hot
spots or cold spots over the entire study area
(Equation 8-11). A local measure of spatial
autocotrelation is the local version of the General G
statistics. The local G statistics i3 derived for each
aerial unit to indicate how the value of aerial units
of concern is associated with the values of
i amalumtsdeﬁnedbyadlstance
threshold d. The Local G statistics is defined as:

Ew.,(d)
Gl(d) 5 i

Equation 7

Equation 8

This G statistics is defined by a distance d, within
which the aerial units can be regarded as neighbours
of i. The weight wy(d) is 1 if aerial unit j is within d,
or 0 otherwise. Thus the weight matrix is essentially
a binary symmetrical matrix, but the neighbouring
relationship is defined by distance, d. The sum of
the weights is:

Spatial §tatistical & malysis of Japanese Encephalitis Ovcosterce and Mentification of Disease Hot § pofs - Case 3 todies ina JE Endermuc Distriet of North East India




W =§Wu(d) for J#I
Equation 9

Basically, the numerator of (8) which indicates the
magnitude of G; (d) statistics will be large if
neighbouring features (No of JE cases) are large and
small if neighbouring values are small. A moderate
level of Gi{d) reflects spatial association of high and
moderate values, and a low level of G;(d) indicates
spatial association of low and below average values.
Before calculating the G statistics we need to define
a distance d, within which aerial units will be
regarded as neighbours. In this exercise we have
defined d as a distance of 500 meters based on the
extent of the study area and spatial distribution of
villages. So the Village points will be regarded as
neighbours if they are within an agrial distance of
500 meters, For detail interpretation of the general
G statistics we have to rely on its expected value
and standardised =core (Z score}. To derive Z score
and to test for the significance of the general G
statistics, we have to know the expected value of
Gi(d) and its variance. The expected value of Gi(d)
is:

E(G|)=F'1)

Equation 10
where, W = ?wij(d)

The expected value of Gi{d) indicates the value of
Gi(d) if there is no significant spatial association or
if the level of Gy(d) is average. Then we need to
derive the Z score of the observed statistics based on
the variance. According to Getis and Ord (1992) the
variance of Gi(d) is:

var(g, )= E(Gi2 )- [e(s; )]2

Equation 11
Where:
ol wlo-1-wl L il )
I (Z:J)z (n—1 n—z) (n—:l. n—z)

Where, n denotes the number of aegrial units
(villages) in the entire study area.

3. Results and Discnssion

3.1 Spatial Pattern of Progression of JE Cases
Spatial autocorrelation among JE reporting villages
have been measured with Global Moran’s I index.
Global Moran’s I, O(I) caloulated with all the

villages reporting JE at least once during the study
period is found to be 0.00683 with Expected value
E(I} 0.00093. Z score is found to be 5.04, which is
significant at 99% confidence level (p< 0.G1). These
results confirm that spatial distribution of JE
occurrence is non-random (Figure 3) and hence calls
for special attention in the clusters of high JE
occurrence. Mean centres of JE case distribution
within the Dibrugarh district has been computed for
the years 1985-2005 at five yearly intervals. The
cbservation shows location of mean centre at the
border of Lahowal and Panitola PHCs in 1985,
gradually shifting to a tri-junction of Lahowal,
Barbaruah and Khowang PHCs during 1990, 1995
and 2000 and shifting further south near a quadri-
junction of Tengakhat, Lahowal, Khowang and
Naharani PHCs (Figure 4}). Similarly, five standard
deviational ellipses drawn at five yearly intervals
show a gradual directional shift towards the south
castern part of the district. JE case distribution is
also cbserved to spread to wider areas in successive
years. Detail stndy in the district in terms of
physiographic, socio-economic and climatic factors
will be required to explain the shift of disease
occurrence in the district.

3.6 JE Hot Spots and High Risk Areas

The general G siatistics has been calculated to
delineate the areas based on whether large number
of cases tends to cluster in the area. In other words it
will identify the JB hot spots in the study district,
Highest valug of G; is calculated to be 8,374 and the
lowest is -1.908, Z Scores have been calculated for
testing the statistical significance, Villages with Z
score more than 2.56 has been considered to
significant at 99% confidence level (p<0.01) and put
in the hot spot category. Three prominent clusters
have been categorised as JE hot spots. The biggest
hot spot with 54 villages is observed around the
district head quarter on the bank of Brahmaputra
river. The second hot spot with 4 villages has been
observed near Namrup tea garden. Another hot spot
with two villages has been observed near Ekoratoli
tea garden. Since the location of major clustering of
the disease cases (hot spots) are identified in the
eastern and western part of the district, mean centre
of spatial distribution of disease cases are found to
be located around central part of the district. These
clusters of villages need immediate attention in
terms taking long term intervention measures. There
are 422 villages in the district which are found to
have Z value more than 1.65 (significant at 90%
confidence level), These villages are categorised as
High JE risk villages (Figure 5).
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Figure 3: Autocorrelation among JE reporting villages
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Figure 5: JE incidence hot spots and high JE risk villages in Dibrugarh
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4, Conclusion

The study elucidates the dynamies of JE in the study
area and shows the shift of disease occurrences over
time. It also shows the potential application of
spatial statistics analysis to delineate the disease
incidence hot spots at village level. Out of 1048
villages in the district, 60 villages have been found
to be within the disease hot spots. This accounts for
about 6% areas in the district with the risk of very
high JE incidence. Maximum attention should be
given to these villages by the health department
authorities to minimise fatalities. This may be
followed by taking precaution measures in the 422
villages identified as high risk areas. Information
generated in this exercise will serve as baseline
information and will help in future monitoring of the
disease in the district. Detail study in the hot spots
in terms of physiographic, socio-¢conomic and
climatic factors may be carried to understand the
critical factors responsible for discase transmission
and outbreak.
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