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| INTRODUCTION

L SrZimivalnwe malariais 6ne of the. most Important
SOIMINUIICEI ENAISEaSES CONLURG terano it 20=50Y06 of
gUEpEWENnt attendance of the age group above S years
(MQ &CiH, 1993) and known to cause high mortality
"mObI|I'[y resulting In low productivity.

nL MZimivabwe are stratified as

0 (in the low altitude zones less
e han 900rm: asl), seasonal (900-1200 m asl.), and very

—— (above 1200m), MOH&CH,1993.

~ " \alaria is referred to as “seasonal” when potential
transmission occurs 1 to 7 months during the course of
one year and “perennial” if 8 to 12 months a year
(Martin et al., 1995).

#* The disease Is hyper endemic and fairly stable in parts of
the Zambesi Basin especially the low lying areas.
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- —
INTRO

FSVEIEIIErEPIdEmIC IS 0lServed 1o occur’ especially i the
seasenall Zones among unprotected, non-immune
pepUlatiens. As high as 400 cases per 100,000 people
IEEMIEEN reported in the area during the transmission

> __;;’ petween December and April (MOH&CW, 1993).
E==ayalaria control planning in Zimbabwe had used the

'_ == above stratification but Samusosa (pers. com., 1996)
nas revealed that areas that were previously malaria free
now' encounters periodic epidemics due to either

misclassification or expansion of existing zones.

¥t At a Malaria Conference held at Victoria Falls in
September 1996 the need to re-stratify malaria zones for
future control planning was muted.
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IN

- . —

r\oohgg] O o1 REMODLE Sensing and Geographic Information System IS
Ine] lngly eing used In recent years for studying disease epidemiology.

..

iy mw" technlques allow the use of spatial analysis of environmental factors

uigiieonifbute to the spread of vector-borne diseases, by identifying hot

SP0LS, monitoring disease patterns, and defining areas (locations) that need
-ention In disease control planning.

z — -~
- e

= T Data collected by satellites and validated by fieldwork are extensively used
& for monitoring changes in disease patterns and delineating risk areas.

¥ How these data products, when incorporated in a geographic database,
could be used to develop a spatial model for malaria risk zoning for

effective malaria control planning in Zimbabwe was the subject of this
study.
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OBJECTIESTORSIUDT

L SDENTHIEY ENVIRONMENTAL FACTORS
OF ER THAN TEMPERATURE THAT
s@ULD BE USED TO RE-STRATIFY

o ALA?IA ZONES IN ZIMBABWE
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——
MODE

FaVElgiercontiol could verachieved ny controling
IENVECLOF and ItS abitat.

7/7/2006




CONCEPTS CONI',D

+ Envir
conl
ano
I ,.:--

BBV setting up thresholds conditions, one could
*"PFEdICt the suitability of an area as a potential
- (faveurable) habitat for the Anopheles mosquito

FLEnvironmental variables have spatial variability
which when analysed geostatistically could be
tised to determine the potential distribution of
the vector and malaria risk areas
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STUDY LOCATION

+ If e study teok place in 1997 in the
ROt ana-viagend)
Scommunal lands which are located
,, S rtherHurungwe and Makonde
Admlnlstratlve districts off the
0

Zimbabwe, and which form part of
the Zambesi Basin
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A 1T

MAP OF ZIMBABWE
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STUDY AREA MAP SHOWING LOCATIONS OF CLINICS
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*_ ' "l-A few dams are distributed within the project area. They serve as

—
RACTERISTICTS OF JTHE AREA«-

Vippereieyainiall (650800 mmpeliannum)) eceuring hetween
OEIEIETanarViarch:.

JEmpeErature normally exceeds 20 °C and arid.

[ias a moderately dissected plateau that shelves gradually from
L'r:, aiy/ati rver.

aspuhern portion is very hilly and rolling.

a’-ﬁportant rivers and streams are Sanyati , Mupfure, Tengwe, Susuji
—and \Washanje

+
+
+
+ T

-~ seurces of water for both human and livestock consumption.

LAgriculture (crops and livestock) is the main economic activity in the
area.

L Small scale mining also takes place in the dry river beds especially
during the dry season.

L The area has few hospitals and health posts/clinics which are linked
by a few dilapidated unpaved rugged roads.
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ViEieHals.and Metnods,

* I\/IA‘ ERJAL -
%W A u pographic map (1981) ofi scale 1:50000 served as a base
rfr o)X digitizing rivers, clinic locations and roads

ﬂi:_ _ndsat Thematic Mapper (TM) of 18th December 1994 FCC 471
NIVIAGE was used for design of a sample scheme and the
preparatlon of a landcover map, including settlements of the

All'image processing and GIS actions were carried out using
Integrated Land and Water Information System (ILWIS) and

GEOEAS softwares.

# Co-ordinates of sample point were measured with Garmin 45
GPS (precision less than 10 m accuracy).

# Percent slope of each sample point was recorded with a Slope
Metre
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VIBERTALS AND METHODS

L SVIENHODS ADOPTED FOR THE STUDY ARE:
- PREPARATION OF QUESTIONNAIRES AND SAMPLE SHEETS
= EIELD WORK TO COLLECT BOTH SECONDARY AND PRIMARY DATA

& SAMPLE ANALYSIS (Limited to only vegetation and soil)

= DATA ANALYSIS (followed the general structure of the malaria risk
model indicated in the figure 1)
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POTEN i AL VALARIAVECTOR
DISTRIBUTION ANALYSIS

NPEiental malaria Vector distributionnalysis Was done to
ESCHIE areas that were spatially risky for the malaria vector by

Stimeating the probabilities of occurrence of specific limiting
ZVirenmental conditions .

+ Tnﬁ e propabilities were predicted spatially using the INDICATOR

ERIGING ALGORITHM by setting threshold conditions based on
—: pert knowledge.

;_1."lf~‘l'hese thresholds were used to transform normal environmental

= data into indicator values, that is into 1 if the condition Is less than

* the threshold and into 0 if otherwise (Isaaks et al., 1987; and
Cressie, 1993).

# One (1) means favourable environmental condition for the vector,
and O not favourable. These values are described as non-

parametric. The environmental indicators included in the analysis
are shown in the table below.
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ENVIRONIMENTAL INDICATORS USED IN THE

7/7/2006 N/B: Climatic data is not presented because of lack of adequate data.




EIG, ST POTENNHIAL MALARTAWECTOR

DISTRIBUTION ANALYSIS

S

CD
Indicator
variables

Pair Comparison
File

Kriged Probability
Estimates
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SONENTIAL iUi’-‘LARIA VECTOR DISTRIBUTIGN

AINATENSITS — ——

—

LSRiEIgUre 3 a stepwise overview. is given for implementing the probability.
deIReappieach teyalids the malana vector distrbution mapping

P ENHERSEIECLEd ContintousVarablEsN(tramsiormed 0rand 1 data) were used to
meEElNndicator variograms that served as input for the indicator kriging
greeess

rENdlicatorr Isetropic models were produced that took the general form:

v(h) = a + b(fn)R(A)

NS ; b is sill; fn is a specific function (model e.g. spherical,
gaussian, linear ect.; R and /7

Probability map of each indicator variable was produced and aggregated
Into a potential vector distribution map by map overlay procedure. The
resulting map was then reclassified into potential vector distribution zones
as shown in figure 4
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~"“=ﬂ'!h...
ANAL 1 —t

riENpetential vector distribltion (figure 4)f indicates less
ievoliEhle to favourable Aleds, |n the, study area. The
EITENSIOWSIthEt onEr o tesstidy areatis highly
rrrvou bIe for the vector.

|.

+* T hrﬁ 2Volrable areas were observed in Umfuli 18 and the
S0t ji=eastern corner of Magondi 15. The western part of

—-.1__.,.-»
| -d-d‘-. -

> qwm 14 registered a few areas in this zone.

""--—

.L'"I:he moderately favourable areas were fairly uniformly
distributed within the study area. Most areas in Piriwiri
14, Umfuli 17 and 16, and Magondi 15 fell in this class.

¥ From the figure, most of the less favourable areas were
found in Piriwiri 14 (33 % ) and only a few areas in
Umfuli 18 (1 %) of ward area.
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‘- ) "
FONENTIAL MALARIA VECTOR DISTRIBUT IGN
AWNWABYSTS contd LIMILATIONS - -l

+ Sampg
according.toJds
sample
umfor

IinEsandlogistics available, the number of observations pomts
wG)shienldibeincreased to about 120 in order to Improve the
reJJ Pirthe Indicator variogram analysis.

nrenmental thresholds were set based on expert knowledge. A
= gl re plausible approach would be to carry out an environmental

.esponse analysis of the vector. This will involve carrying out a
= survey on the vector itself.

' ""l ‘Other environmental data e.g. climatic data such as rainfall,

pUumiIdrty:and wind should be included in the analysis if available.
Il this case, a space-time kriging could be employed.

¥ The final vector probability distribution map could have been
pbetter produced if a multivariate and or principal component
analysis were carried out. This was not possible because of
absence of hard point data on the vector itself.

]
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*NyAlEria Incidence was calculated and
separed with' the potential vector distribution
iSingimalaria data obtained from the health

Beentres/clinics and the population census data

B per ward. The analysis process is shown in
~— = ligure S below.

¢4 Clinical malaria incidence was calculated per ward using
' the clinical data of 1994 obtained for the different health

clinics. Clinical incidence (Cl) was calculated thus:
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L FIG 5"Walaria Incidence
Aalysis
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CALCUMATION OF SETTLEMENT MAPLOF
NHEAREA J— -—L

S

IEMERNHERNEIGRG)NVasicalcll atedsemsthesiiv
yANmage: by extractingl all' pixels with' reflectance
“that represented settlements.

-
i
LH
q

i

I

h'ﬁ

D= Tl a>
—+ = O
..I\

ﬂl.

HIEment areas were obtained by calculating the
gram of the settlements per ward

|
i

_ was calculated as fraction of
ttlement pixels per total ward pixels.

ém-f

\
_"_'='m‘*

i was

also analysed for the wards by constructing Population
pyramids using the population data of the area
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- FIGURE 6

.

“SETTLEMENT MAP OF THE STUDY AREA
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; ORMALARIA CASES OF DIFEERENT

——
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Calchiation of Accessibility (Timeiravel)

cessibility. map. was calculated by employing| the procedure
Jnptne fiowichant elow.( e 7). Accessibility, o) clinics

SHRdICEtION O POSSIBIENOCE "o' gifreported  malariarcases
€, there was lack of empirical' data that gave reference on

ns Off the reported cases. In this study reporting to a clinic was

ed'tierdepend on how far a patient lives from a particular clinic.
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_- Figure - S Rrocedure for calculating
Accessibility (Time Travel)siap

TOPOMAP MY COOD
(1:50000) OF CLINICS

O e R

STUDY AREA CLINIC
HDROLOGICAL ROAD MAP M AP LOCATION
M AP M AP

ACCESSIBILITY
BASE MAP

ACCESSIBILITY
ZONES
(unclassified)

TIME TRAVEL
ZONE MAP




..i

Time

e VARuime travel map (Fig. 8) was calculated
ornf. @i a bus travel speed of 30 km/hr
(©F B km/hr by walking).

== Accessibility zones were re-classified into a
— time travel zone map (based on a travel
time travel interval of 15 minutes) by map
calculation using table 3.
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Travel Time CIaSS|fy
Taplerand Welghts

——

== 30000
37500
45000
52500
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EIGURE"S

TRAVEL TIME ZONE MAP
(ACCESSIBILITY TO CLINIC)

LEGEND

DISTANCE TRAVEL TIME
(M) (MIN)

0 - 7500 /5
30
5000 - 22500 4
2500 - 30000 60
30000 -37500 75
90

105

Clinic location




Ky

+ 's'ignificant direct relationship was found

_-..;0 etween the reported malaria cases and

—— accessibility to clinics.

Wi People will likely visit a clinic If it Is easily
accessible.
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S
galculation of I\/Ialarla

iriciclelglelsNgglzic

FaY EIZENRCIGENCE Was expressed as a function of acecessibility to
SINICSIPENCENT ofi reported malaria cases of total ward population
SENIENSize off the settlements. Malaria incidence was calculated
PEN S ttlement per ward thus:

"-'

_4_; @ = 2[1/ #{(z= Pz )/ hp )} * Hmp [J*1000 / 10
== :T -Where
= Al = time travel zone map (weighted)
It = total reported malaria cases per ward
Pr = total ward population
hp = total number of settlement (house) pixels
Hmp = settlement map
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PREDICTED MALARIA INCEDENCE MAP
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RE ULTgmmLARIA INCEDENCE ANALYSIS

f S

FEINigue 43, the highest mialaria incidence rates (66 and 88’ cases
PEISIO00 persons) were found 1 Umifuliiward 18, corresponding to
e rllelpe P1eRANIIN/AZONES G a0

"SI miulifward 17 malaria incidence rates of 36 and 48 are found
WiICHIrGoNresponds with vector distribution zones 5 and 6
ESPECTIVELY.

-\L Hl.\p- ariasincidences in Umfuli ward 16 and Magondi ward 15 were
iower than 25 cases per 1000 persons corresponded with probability
f_Z@nes 4-and 5

-. '
i

.E'! The lowest malaria incidence rate below 10% occurred in Piriwiri
ward' 14 and corresponds with probability zones 1-3
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Ligsllcetifelgfsse

N cikeeivhardidatarenvmalanarcases.

rNGiallfpeople having malaria report to the
cJ]E sk Iihis of course might influence the
slcllation of the malaria incidences.

= 'hnlcal diagnosis may be less useful for the
== 'anaIyS|s since there may be differences in

= diagnostic criteria applied by different medical
practitioners. Confirmed malaria cases through
blood examination will give more plausible
results
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= tenti'aﬁfar distribution and predicted

",-,'*‘r

Rl RCIdeENnces compared =

MALARIA INCIDENCES (cases per 1000 pop)

B
. B ﬂ
.“ b
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LEGEND)

A
absence of soil . T
texture data

7/7/2006

P=30% |

P=40%
P=50%
P=60%
P=70%

Rivers &
streams

s PREDICTED MALARIA INCEDENCE MAP
b { \
Y N
P b3 e
N e N LEGEND
Lo bY | Bl 88 Cases |
N3 Shv s Y @ 66 Cases
™ e, % T\ | [ 48 Cases
L SN s ] 36 Cases
el \J\f’ AN | Bl 24 cases
¢ /s . B 22 Cases
ey J7 4 mf\*\ . B 18 Cases
S e o . B8 12 Cases
,-h ol N\ . [EE 8 Cases
}V) { § | @ 6 Cases
i o o N, | @@ 2Cases
= o0 T I 1 Case
e I i :
\\] P
N ‘-s’ /’/
ANUN
0 15 km 1
[ — e —_]



———
_USION

-‘_

Rermote sensifg and GIS i compiretiog it gesizlilies IS a
SIS IdURE9]oN G CI e dE e areas it hightrisk oft malariain
Zimnpapwe.

+ Agol ation Off Indicator kriging is useful for predicting spatial
RElEHons N environmental biophysical factors that are associated
Eiifirthe distribution of the anopheles mosquito. This made possible
- *=-='_the determination of areas at risk of malaria infection

= —

¥EEUINEY research Isineeded to validate the relationships
Withinrthe malaria transmission system, especially on the
\Vector and the human environment aspects
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