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Ssiract

~ ""2ococcal meningitis is an airborne disease that has overwhe

=¥ now. There are factors that are connected to the spread of

swial behavior, housing condition, climate, environment and urbani

zation. The “African meningitis belt” which
* & m=gion located around west Africa is the most plagued by the disease. This study aims at exploring the
~ wtonal distribution and standard distance in relation to the effe

Imed the lives of many people for over a
the disease. They include level of income,

~ = Kaduna urban area. For each of those years, satellite images (quick bird) were used by digitizi
¢ I2nds and comparing all the years together. Directional dis

- eucted using spatial statistical tools in ArcGIS 10.1. The results of the digitized imageries, the directional
" oution, and the standard distance were analyzed so as to determine the relationship between urbanization
% = disease spread. It was observed from the result that thos

e discase.

“words: Spatial Pattern, Meningococcal meningitis, Urban sprawl, Directional Distribution, Standard
e

¢ years that had higher sprawl are more affected

R Introduction

- wimziis is the breakdown of the defensive sheath that is shieldi

ng the spinal cord and brain which is together
S the menin

ges (Center for Disease Control and Prevention 2014). It is a very dang

Environmental factors play a major role in influencing the spread of the disease. The disease is

+ == with poor housing condition, deprived settlements and household overcrowding (Baker e al. 2000;
2 2003; Olowokure ef al. 2006; Tully ef al. 2006). Overcrowded settlements that the inflow and outflow
iztion s absent also plays a major role in the spread of the disease. A study conducted by Tully et ai.
= the United Kingdom shows that the spread of Meningococeal meningitis disease was common in an
“wded settlement. Other studies by Fone et a4l (2003) and Davies er al (1996) also confirms that
“wiwding and poor housing conditions are significant factors in influencing the spread of the disease. Other
wmental factors like high temperature, rainfall and relative humidity plays a role in the spread of the

=

“ Swudies by Thomson er al (2006), Yaka er al. (2008), Teyssou & Rouzic (2007) all proved that

“iiure, rainfall and relative humidity influences the spread of the disease.

Jue to Nigeria’s location, within the sub-Saharan Africa’s “Meningitis Belt”, seasonal epidemics

* oceur in a cyclic pattern. High temperature, dusty winds, poor distribution of services in the towns
living i people to be vulnerable to the respiratory disease and

’s high burden of Meningococcal disease (Greenwood

© sfudy carried out by Mohammed er af. (2000) reported that five major epidemics of Meningococcal
occurred in the northern part of Nigeria within 30 years, in 1970, 1975, 1977, 1986, and 1996.
7= o that study, epidemic of 1996 was the worst among all of them. It was followed by comparable
¢ Chad in1988, and that of Niger Republic in 1991 and 1994 which are sharing their borders with
~ “t least 1,650 people in Nigeria have died as a result of the Meningitis epidemic in the north of the
™ 1996 (Sawa & Buhari 2011).The worst affected area includes the northern capital of Kano and the
Jauchi, Kebbi, and Katsina. About 7000 cases had been reported, with daily admissions to Kano's
“most trebling between 1996 to 2004. There was another epidemic outbreak in 2009, where the
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statistics of the recorded cases revealed that it was the second highest in the recorded history of Meningz
meningitis. There were about 52,128 recorded number of cases with 2,488 deaths (Irving er al. 2012). ~:
below shows the year, number of cases, and number of deaths due to Meningococcal meningitis in Niger: -

Table 1. Meningococcal Meningitis Cases from 1991 to 2010 in Nigeria

Year Cases Deaths
1991 6,992 695
1992 6,418 563
1993 4.209 472
1994 6,014 437
1995 7,376 1,388
1996 108,568 11,231
1997 39,973 965
1998 10,793 | 797
1999 4,599 222
2000 5,812 509
2001 5223 ©| 332
2002 4,168 395
2003 17,028 2957
2004 4,823 363
2005 2,749 134
2006 5,443 214
2007 3,547 30T
2008 8,888 710
2009 56,128 2,488
2010 4,833 : 33 _

Source: Federal Ministry of Health (2010)

Just the way standard deviation measure helps in explaining the distribution of numeric values. -
deviational ellipse and standard distance are used to show how a group of points spreads around the mez-
It also shows if there is a particular direction that distribution depicts (David and Wang 2005). Ths
distance circle is another effective way to visualize the spatial pattern of a collection of points. Most ==
set of point locations describes a specific geographic event that has directional leaning (David and Weo- .
An example is accidents along a part of a highway will show a linear pattern which is a result of the -
shape and it will not have a circular form. In a situation like this, using standard distance circle will r-
show directional leaning of the geographic process.

Furfery (1927) described standard deviational ellipse as the logical extension of the standar: -
circle. It has the capability to show the directional leaning within a point pattern distribution. There -
elements that are needed in describing and defining standard deviational ellipse: Angle of rotation.
along the major axis (longer axis) and the deviation along the minor axis (shorter axis).

If the collection of points displays a certain directional leaning, the direction can then be ider: =
the maximum spread of the points. At right angle to this direction is the direction with minimum spreas
points. These two axes can be seen as the X and Y axis within the Cartesian coordinate system but circ =
to an angle which is consistent to the geographic orientation of the point distribution. The angle be:
north and south and the Y axis which is turned clockwise is the angle of orientation . The Y axis tha:
can be the dominant or the lesser axis.

The method of descriptive cartographic estimation has been used in diverse studies ranging
physical science social science and to epidemiology. A study carried out by Thapar ef al. (1996) sho
capability of one of the point pattern of descriptor analysis. The study was based on the positional chan or
distributions of population in the United States. He did that by comparing the centroid location over c=-
various spatial extents which includes the census region, division and the state level. Another study conz.
Green (1991) estimated the spatial means and standard distances of the most deprived localities in 2 -
metropolis over a period of time. The study revealed the concentration, dispersion and a shift of the loc-
the economically deprived people in those localities.

A study by Levine er al. (1995) illustrated the directional leanings of the various types of car =
in Honolulu, United States. He did that by fixing a standard deviational ellipse for each of the accic=-
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udy, Wong (1991) proposed estimating a deviational ellipse for each race in a population study.
Is. the ellipses were overlaid and those points of union and intersections were calculated. An indicator
1ased on the points of intersection and union is developed to represent the degree of spatial segregation.
ntly, the method was applied by Wong (2000) which the process was on the basis of the deviational
determine the extent of segregation within the Chinese ethnic group.

S sy oy g, ot ol QAT e SHrinemgr malsh o meed patems o wezsion

fc safety shows how divectional distribution analysis was applied. The directional distribution of the
urban land and traffic collision in the study area were investigated from 1998 to 2008. The results show
ellipses for both the built up urban land and traffic collision have become bigger over time. The steady
+in size means that there has been development at the outskirt of the study area over the period of the

Another study by Eryando e al. (2012) on the standard deviational ellipse model for malaria
nce proved the relevance of the model in disease surveillance. In that study, standard deviational ellipse
d to get a clearer understanding of the spatial aspects of the malaria spread. It was discovered that
ure and rainfall anomalies were the two main environmental factors that triggers the epidemic in warm
d and also the high altitude area.

Kent & Leitner (2007) conducted a study on criminal profiling, and standard deviational ellipse model
| for the study. The findings of the study reveal that standard deviational ellipse will work better than
models. This happens due to the fact standard deviational ellipse is summarizing the minimum and
n variance within the distribution.

The rapid spread of a city is called “urban sprawl” which refers to a complicated pattern of land use,
d economic development and transportation (Frumkin 2002: Umaru et al. 2012). Sprawl relates to the
hich land is being put into use, the pattern of people’s movement from one place to another and also
general living conditions of the place is. A city that is sprawling grows externally through a large
ic areas, at times in a leap frogging way. One of the resultant effects of sprawl in a city is the health
ons (Ho et al. 2011; Eluwa et al. 2012). It can be in these following ways: air pollution, heat, physical
atterns, motor vehicle crashes, epidemics, pedestrian injuries, mental health, water quality and quantity.

Study Area
‘rban Area (KUA) is within Kaduna, the capital of Kaduna state which is located on the northern part
2 and within the African meningitis belt. The city is made up of various strata of socio-economic level

flects in the built environment of the city. Housing provision is not a priority of the government of
state; the condition of housing is very poor being that individuals build for themselves which at most
id below the building standards and not according to the master plan which eventually affects the urban
1ent of KUA. The socio-economic and the built environment nature of KUA have made the variations in
mce of Meningococeal meningitis to be peculiar. The growing number of the disease cases in KUA and
nission pattern is poorly understood. In order to be able to maintain firm control over the disease, there
» have a clearer understanding of the dynamics of the outbreak of the disease in terms of incidence as
with respect to the local factors that are more common to KUA which support the occurrence and
n its transmission. The study aims at exploring the’ deviational distribution and standard distance in
o the effects that the urban sprawl has on the spatial pattern of the spread of the disease in Kaduna urban
'A). Figure 1 shows the map of Nigeria indicating the study area.
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Figure 1 Map of Nigeria indicating the study area

3. Methodology !
Standard Distance

The spatial equivalence of standard distance is the standard deviation in the conventional statistics. <=+

deviation reveals how observation move away from the mean while standard distance shows how po-
locations move away from the mean center or the spatial mean. The standard distances for the s:_*_-_

meningococcal meningitis will be investigated for each year, 2007 to 2011 in order to kriow the differ=—

the spatial dispersion of the distances. The standard distance for the spread of Menmoococcal ‘menin:
Kaduna Urban Area is expressed as this:

s D =X Y (Y= V)
n

(15)

Where

X and Y= mean center of the distribution point Meningococcal meningitis
n = Number of Meningococcal meningitis source points
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Figure 2. The elements of Standard Distance
shows two circles, A and B. The circle A is smaller than circle B. The standard distance for

Figure 2

“=ococcal meningitis for a certain year is the A, and the standard distance for Meningococcal meningitis

or another year is B. Circle B being larger than circle A implies that there are more cases of the disease
= than A. In summary, having a larger standard distance will imply that the spread of Meningococcal
s disease is more dispersed in Kaduna urban area and having a less distance means that the spread of

~=as2 is low. The circle of standard distance is an effective visualization tool to display the spatial
“2n of meningococcal meningitis in Kaduna urban area.

wi Deviational Ellipse

compelling addendum on the circle of standard distance is the standard devi
* has the capacity to display the directional bias in the distribution of
" that are required to describe and define the standard deviational
% on major axis and deviation on the minor axis.

“he standard deviational ellipse of the spread of meningococcal meningitis in Kaduna urban area will
“zated for each of the years (2007 to 2011), to be able to detect the angle at which the ellipse is
0. to identify the direction that has the highest spread of the disease and also the direction that has the
= for the spread of Meningococcal meningitis in

ational ellipse (Furffey
points. There are three major
ellipse. They are: angle of rotation, the

cad of the disease.. The standard deviational ellipse
* _rban Area is expressed as this:

Tt - s . ¥,
_xl(mi cos 6 — g; sin )2
Ta=

Il

V2

\ n

o~

Fi i % =
> (&; sin 0 + §; cos 6)? *
=1

V2

" a6)
= the geographic coordinates for distribution of Meningococcal meningitis
e of points for the disease
- amdard deviations for x axis
- ancard deviations for y axis
7z of rotation
~=viations of the Xy coordinates from the mean center
~vitions of xy coordinates from the mean center
“When there is a deviation on the ellipse to a particular direction, it will imply that the spread of
+=occal meningitis disease is much more on the direction that the ellipse is tilted to. It will also show the

~ 7 of the maximum spread of the disease (major axis) and the direction of minimum spread of the disease
~&s). Figure 3 shows the elements that defines the deviational ellipse.
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Figure 3. Elements that defines the standard ellipse

Urban Growth Measurement using Change Detection
The rapid spread of a city is called “urban sprawl” which refers to a complicated pattern of land use, sociz! =
economic development and transportation (Frumkin 2002; Duncan et al. 2012). Sprawl relates to the vz
which land is being put into use, the pattern of people’s movement from one place to another and also how
general living conditions of the place is. A city that is sprawling grows externally through a large geogrz=
areas, at times in a leap frogging way. One of the resultant effects of sprawl in a city is the health implicatior
can be in these following ways: air pollution, heat, physical activity patterns, motor vehicle crashes, epider -
pedestrian injuries, mental health, water quality and quantity.

Kaduna urban area is a rapid growing metropolis that is made up of four local governments. Therz
three major reasons that Kaduna urban area pulls migrants, they are; in search of job opportunities, educati =
facilities and for family reasons. Figure 4 shows the framework of the analysis.

§ ) !

- ™y Trbas Growth 2007 Deviation 2007 Distance 3007 l Obmng(iun’ﬁmk}
B } !
_ | Urban Growth 2008 Devixtion 200§ Dintance 206§ .
TImage e’ >
Processing and H 3’ »
Urban Growth L ¥
_ | Urban Growth 2008 Deviation 2009 Distazee 2008 | ObservationResult
Analysis for i
2007 ¢ 2011 § % 1 i
4 Urban Groavth 3010 Dexiatios 2010 Distance 2818 | [mm-nﬁw'xmae}
1
1 3 v
o i Urban Growsh 2011 Devistion 2011 Dirtaacs 2031 Otmnﬂionﬁumf]
iy A

Figure 4. Framework of the analysis of urban growth and Meningococcal meningitis in Kaduna Urban Area
Quick bird image of Kaduna urban area for years 2007 to 2011 was acquired for the purpose of th:
analysis. Quick bird image is high resolution satellite imagery that is sold by Digital Globe. The bird satelli:=
collects the black and white (panchromatic) imagery at a resolution of 65¢cm and multispectral imagery at 2.6¢
meter resolution. With a resolution like this, details like infrastructure, buildings and trees are casily seen. No-
parametric method of image rectification will be used, which requires the use of linear polynomial correction
The quick bird image will be imported into ArcGIS 10.] software to be able to carry out the analysis for change
detection. All the built up areas in Kaduna urban area will be digitized as one polygon, for all the five images
The digitized images of Kaduna urban area for all the study years (2007 to 2011) will be compared with thz
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“=sults of the standard distance and standard deviational ellipse for the spread of Meningococcal meningitis in

="

“.zduna urban area.

< Results
= this study, the result of the standard distance for the spread of Meningococcal meningitis on figure 5 and table

- shows the result of standard distance in the map and also the table. There was a decrease in the standard
“iance between 2007 and 2008, the area of coverage for the disease spread reduced in 2008.

There was a progressive increase in the standard distance from year 2008 until 2010 It then reduced in
2 vear 2011. This implies that from year 2008 to 2010, the cluster of the disease spread was very high
wdicating that the various factors like housing conditions, urbanization, and level of income, housing density,

= vears and it did not affect new areas also,
- ==s¢ were not fully active. In all the study period, 2008 had the lowest standard distance of 5623.6357Km.

- == 5 shows the graph of standard distance for Kaduna urban area.

Standard Distance Graph }

10000 ; e RSt TR
w 3
g i
é.’ 6000 ;;
£ 4000 - '
T f = stance
arc 2000 f i
G R e e Po st i
2007 2008 2009 2010 2011
Years

Figure 5. Standard Distance Graph for Meningococcal meningitis in Kaduna Urban Area
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Standard Deviational Ellipse

The results for the analysis for standard deviational ellipse as seen on the table 2 and figure 5 reveals that the--
were changes in the orientation of the ellipse for all the five year period. The most significant change in -
orientation was between year 2008 and 2009, having angle of 161° in 2008 and13° in 2009, and the direct -
tilted towards the eastern part of Kaduna urban area. It implies that there was a sudden change in the locatic-

where the spread of Meningococcal meningitis disease is most common in Kaduna urban area. In 2009, the -

axis distance was 8352.0459Km doubling the Y axis of 2008 with 4984.6392Km. The standard deviation alo- £
Y axis was largest in 2010, indicating that new areas that were not affected with the spread of the disease v=--
affected and also, having and angle of deviation 11° tilting towards the eastern part which is a bit different fro—
that of 2010 confirms that direction of the spread of the disease too has changed a bit. The angle of rotari -
further changed to 17° in 2011 with a standard deviation on the Y axis of 9091.2031Km and X axis -
4705.8521Km. This also implies that there was a change in the direction of the spread of the disease but st
remaining on the eastern direction. '
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pse and with different standard deviations on both the Y and
#s indicates that the direction of the meningococcal meningitis distribution is more tilted towards the

Bection that the ellipse rotates to.

'« 2. Results of Deviational Ellipse

Year Center X Center Y XStdDist YStdDist Rotation
(Km) (Km) (©)
2007 326980.97 116146 4773.5342 176.7774
ﬁ 327679.81 1162644 52.459 13.408758
5 27659.25 1162146 4705.8521 00 17.35157
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Urban Spraw! and Distribution Pattern of Meningococcal Meningitis in Kaduna Urban Area
The maps in figure 9 are the satellite images of Kaduna urban area from 2007 to 2011 and also the results o7 =
standard deviations and standard distances for the spread of Meningococcal meningitis in Kaduna urban =
from 2007 to 2011. Urban change detection analysis was conducted for each of the satellite images from 200~
2011, the results of the change detection for each of the year is shown the maps from A to E. Comparison + =
made between each of the image of change detection with the deviational ellipse and the standard distancs
investigate if there is any relationship between the growth of the town and the spread of the disease in terms

the direction and also the area of coverage.

Figure 9A shows the urban growth, directional distribution and standard distance maps for the 207~
The area that the built up area is covering is 141 sq. /km, and the standard distance is 5.6km, while the angle
deviation is 176°. Comparing the three different maps together, it appears that the spread of the disease is m.-"
more concentrated on the center of the study area as seen on the result of the standard distance and also the re-
of the deviational ellipse. The angle of rotation is slightly tilted towards the western part. It is very likely that -~

concentration of the disease spread for the year 2007 was more on the western part of the study area.

Figure 9B shows the urban growth, directional distribution and standard distance maps for the 1:
2008. There was a slight growth in the square area to 146 km, an addition of 3sq/km. The standard distance
the disease spread is about 5 km while the angle of rotation of the ellipse changed to 161°. The results reveal ©==
the standard area of coverage for the year 2008 is about the same with 2007, but there is a change in the ang -
of the ellipse. The ellipse tilted towards the western part slightly, indicating that the concentration of the dise= -
is more on that side. When it is compared with the urban growth map, it was observed that there was a slic-
growth on the western part of the study area which implies that there is a relationship between the spread of =
disease and the urban growth. Figure 9C shows the urban growth, directional distribution and standard distar:-
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maps for 2009. There was a major change in the growth of the town to 158sq/km. The standard distance for the

disease spread increased to about 12km while there was an abrupt change in the angle of rotation to 13°.
Comparing the three maps together, it shows that the direction of concentration of the disease spread changed
and tilted towards the eastern side and the growth of the town is observed to be slightly increasing towards the

=astern part of the town. This indicates that there is a strong relationship between the growth of the study area
and the spread of the disease in the year 2009.
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Urban growth, directional distribution and standard distance map of the year 2010 are shown in fig.—

9D the growth of the study area increased further to 164km, having an increment of 6km. The standard dista=--
of the spread of the disease increased greatly to about 8.2km and the angle of rotation slightly tilted to 1°
Comparing the three maps together, it is observed that there was a change in the shape of the urban grows-
Locations that were not built up have been occupied by the growth of the town and it tilted towards the east=—
direction. The direction of the ellipse is also tilted towards the eastern part. The standard distance for the vz
2010 was the highest, which implies that the area of coverage for the disease spread is wider. This confirms -
the growth of the study area has maintained a relationship with the disease spread.

In figure 9E the urban growth, directional distribution and standard distance maps for the year 2011 =
shown. The growth of the town kept increasing to 171km. The standard distance of the disease spread reducs? :
bit to 7km while the angle of rotation for the ellipse changed a bit to 17°. When the three maps were compars:
together, it was observed that the change in the growth of the town changed slightly increasing towards -
castern part and the standard distance of the disease spread is also wide, implying that the area of coverage of T

disease is wide. This also indicates that the growth of the study area has a relationship with the disease spread.

5. Conclusion

The result of the various analysis of the change detection for Kaduna urban area with results of the stanc-—
deviations and standard distance has revealed that there is a significant relationship between the spread -

meningococcal meningitis and urbanization in Kaduna urban area. The results has confirmed that urbanizar -
should be seen as one of the factors that is making a significant contribution to the spread of Meningococ::

meningitis in Kaduna urban area and most likely other similar locations that are within the A frican mening:
belt.
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