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We aredevelopingmathematicamodelsto bet-
ter understandhe spreadof malaria. We model
the diseasethrough ordinary differential equa-
tionswherehumansand mosquitoesnteractand
infect eachother We wantto usethis modelto
determinewhich factorsaremostresponsibldgor
thespreadf malaria.

Malaria is an infectious diseasecausedby
a parasite (Plasmodium and transmitted be-
tweenhumandyy the bitesof mosquitoegfemale
Anophelek It kills about700,000— 2.7 million
peoplea year 75% of which are African chil-
dren.An estimatedl0%of theworld's population
livesin malariaendemicareas.Over the lastfew
years, with increasingparasitedrug-resistance
and mosquitoinsecticide-resistancenalariahas
beenmaking a comebackin mary partsof the
world.

Mathematicaimodelsfor malariahave existed
sincethetime of Ross(1911)[1]. We areworking
with amodelderived from oneby Ngwa andShu
[2].

The model divides the humanpopulationinto
4 classes:susceptiblegxposed,infectedandre-
covered(immune). Peopleenterthe susceptible
class, either through birth or migration. When
an infectedmosquitobites a susceptiblehuman,
thereis some nite probability that the parasite
(in the form of sporozoiteswill be passedn to
the humanand the personwill move to the ex-
posedclass. The parasitethentravelsto theliver
whereit developsinto its next life stage.After a
certainperiodof time, the parasitgin theform of
merozoiteskntersthe blood stream,usually sig-
nalingtheclinical onsetof malaria.ln ourmodel,
the peoplefrom the exposedclassenterthe in-
fectiousclassat a ratethatis thereciprocalof the
durationof thelatentperiod. After sometime, the

infectedhumansrecover and move to the recor-
eredclass.Therecoreredhumanshave someim-
munity to the diseaseanddo notgetclinically ill,
althoughthey still harbourlow levels of parasite
in their blood streamand can passthe infection
to mosquitoes.After someperiod of time, they
losetheir immunity andreturnto the susceptible
class. Humansleave the populationthroughan
outward migrationrate and a naturaldeathrate,
bothof which aredensity-dependenandthrough
adisease-inducedeathrate.

Sdematicof the modelderivedfrom Ngwa and

Shu[2]. Susceptiblehumansget infected af-

ter contactswith infectedmosquitoesThey then
passthroughthe exposedjnfectedandrecovered

classesefore reenteringthe susceptiblgpopula-
tion. Susceptiblenosquitoegetinfectedthrough
contactswith infected and recorered humans.
They thenpassthroughthe exposedandinfected
classes. Birth into the susceptibleclassesand

deathout of all classesare notshown.

Femalemosquitoes(we do not include male
mosquitoesin our model) enter the susceptible
classthroughbirth. The parasite(in the form of
gametogtes)enterghe mosquitoat someproba-
bility, whenthemosquitobitesaninfectedhuman
or a recovered human(the probability of infec-
tion from a recoreredhumanis muchlower than
that from an infectedhuman);andthe mosquito
maovesfrom the susceptibldo the exposedclass.
After someperiodof time, dependenbn theam-
bient temperatureand humidity, the parasitede-
velopsinto sporozoitesandentersthe mosquitos

T-7, MS B284, Theoretical Division, Los Alamos National Laboratory, Los Alamos, NM 87545

http://math.lanl.gov/



Modeling the spread of malaria

salivary glands;andthemosquitomaovesfrom the
exposedclassto theinfectedclass.The mosquito
remainsinfectious for life. Mosquitoesleave
thepopulationthrougha density-dependemteath
rate.

We have compileda list of parametewalues
for our model from various sourcesof datain
malarialiterature. We will numericallysimulate
this modelfor parametewaluescorrespondingo
various environmentalconditions. We will also
analyseour modelto nd endemicstatesandto
nd the sensitvity of the endemicstatesto the
parametersThiswill allow usto compareheef-
fectivenessof variouscontrol stratgies, aseach
stratgy will increaseor decreasearticularpa-
rameters.

We then add environmentaleffects by includ-
ing the dependencef parametervaluesto tem-
perature rainfall and humidity. We believe that
seasonathangesn theervironmentalconditions
will resultin a periodically forced model. We
will analysethis model to determinethe effect
on malariaprevalenceandincidenceof seasonal
changes. Also, in a similar fashionto the au-
tonomousgnodel,we determinghe endemicstate
andits sensitvity to the parameterdo compare
variouscontrolstratgies.

Malaria affects someof the poorestregions of
the world, with very limited resourcesOur goal
with this modelis to comparesomeof thecontrol
stratgiesusedagainstmalariatodayandsomeof
theideasfor future controlto determinethe most
effective waysof reducingmalarialtransmission,
morbidity andmortality.
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