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Wearedevelopingmathematicalmodelsto bet-
ter understandthe spreadof malaria. We model
the diseasethrough ordinary differential equa-
tionswherehumansandmosquitoesinteractand
infect eachother. We want to usethis model to
determinewhich factorsaremostresponsiblefor
thespreadof malaria.

Malaria is an infectious diseasecausedby
a parasite (Plasmodium) and transmitted be-
tweenhumansby thebitesof mosquitoes(female
Anopheles). It kills about700,000– 2.7 million
peoplea year, 75% of which are African chil-
dren.An estimated40%of theworld'spopulation
livesin malariaendemicareas.Over thelast few
years, with increasingparasitedrug-resistance
andmosquitoinsecticide-resistance,malariahas
beenmaking a comebackin many partsof the
world.

Mathematicalmodelsfor malariahave existed
sincethetimeof Ross(1911)[1]. Weareworking
with amodelderivedfrom oneby NgwaandShu
[2].

The modeldivides the humanpopulationinto
4 classes:susceptible,exposed,infectedandre-
covered(immune). Peopleenterthe susceptible
class,either throughbirth or migration. When
an infectedmosquitobitesa susceptiblehuman,
thereis some�nite probability that the parasite
(in the form of sporozoites)will be passedon to
the humanand the personwill move to the ex-
posedclass.Theparasitethentravels to the liver
whereit developsinto its next life stage.After a
certainperiodof time,theparasite(in theform of
merozoites)entersthebloodstream,usuallysig-
nalingtheclinical onsetof malaria.In ourmodel,
the peoplefrom the exposedclassenter the in-
fectiousclassat a ratethatis thereciprocalof the
durationof thelatentperiod.After sometime,the

infectedhumansrecover andmove to the recov-
eredclass.Therecoveredhumanshave someim-
munity to thediseaseanddonotgetclinically ill,
althoughthey still harbourlow levels of parasite
in their blood streamandcanpassthe infection
to mosquitoes.After someperiodof time, they
losetheir immunity andreturnto thesusceptible
class. Humansleave the populationthroughan
outward migration rateanda naturaldeathrate,
bothof whicharedensity-dependent,andthrough
adisease-induceddeathrate.

Schematicof the modelderivedfrom Ngwaand
Shu [2]. Susceptiblehumansget infected af-
ter contactswith infectedmosquitoes.They then
passthroughtheexposed,infectedandrecovered
classesbefore reenteringthesusceptiblepopula-
tion. Susceptiblemosquitoesget infectedthrough
contacts with infected and recovered humans.
They thenpassthroughtheexposedand infected
classes. Birth into the susceptibleclassesand
deathoutof all classesarenot shown.

Femalemosquitoes(we do not include male
mosquitoesin our model) enter the susceptible
classthroughbirth. The parasite(in the form of
gametocytes)entersthemosquito,atsomeproba-
bility, whenthemosquitobitesaninfectedhuman
or a recoveredhuman(the probability of infec-
tion from a recoveredhumanis muchlower than
that from an infectedhuman);andthe mosquito
movesfrom thesusceptibleto theexposedclass.
After someperiodof time,dependenton theam-
bient temperatureandhumidity, the parasitede-
velopsinto sporozoitesandentersthemosquito's
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salivaryglands;andthemosquitomovesfrom the
exposedclassto theinfectedclass.Themosquito
remains infectious for life. Mosquitoesleave
thepopulationthroughadensity-dependentdeath
rate.

We have compileda list of parametervalues
for our model from various sourcesof data in
malarialiterature. We will numericallysimulate
this modelfor parametervaluescorrespondingto
variousenvironmentalconditions. We will also
analyseour model to �nd endemicstatesandto
�nd the sensitivity of the endemicstatesto the
parameters.This will allow usto comparetheef-
fectivenessof variouscontrol strategies,aseach
strategy will increaseor decreaseparticularpa-
rameters.

We thenaddenvironmentaleffectsby includ-
ing the dependenceof parametervaluesto tem-
perature,rainfall andhumidity. We believe that
seasonalchangesin theenvironmentalconditions
will result in a periodically forced model. We
will analysethis model to determinethe effect
on malariaprevalenceandincidenceof seasonal
changes. Also, in a similar fashionto the au-
tonomousmodel,wedeterminetheendemicstate
and its sensitivity to the parametersto compare
variouscontrolstrategies.

Malaria affectssomeof the poorestregionsof
theworld, with very limited resources.Our goal
with thismodelis to comparesomeof thecontrol
strategiesusedagainstmalariatodayandsomeof
theideasfor futurecontrolto determinethemost
effective waysof reducingmalarialtransmission,
morbidityandmortality.
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