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“Malaria is a serious and sometimes fatal disease caused by a parasite that commonly infects a
certain type of mosquito [that] feeds on hulléns” (CDC). Last year, there were 214 million Malaria o
cases and 438,000 Malaria deaths (WHO).*Malaria is both preventable and curable,-however,
Malaria death rates among at-risk populations have fallen by 60% ir the last 15 years (WHO). dovck us
Given that Malaria is preventable, curable, and very harmful, it important to determine the cowntractions
most effective ne Alares to combat the illness. A mathematical model of Malaria infection that
includes factors mosquito population size and mosquito bite rate will enable us to understand
what drives Malaria incidence. This information can be used by public health professionals to further
alleviate the effect of Malaria.

2 Model Design

)(;u':) The details of the model for Malaria incidence were provided in “Mathematical Modeling for,Malaria . .
P S 4 A 8 o . a S DAL a |MM3
% P w ! ; model assumes no latent period for infectiony the possibility 3
v o : feafe : : e :

M.b‘ (.\,lg,&' —  mmune, Whereforg\ ee populations of human villagers: sick, immune, and healthy. Mosquitos W

n M‘MN’ A are not treated as capable of becoming immuney #nd_thus there are two populations of mosquitos: ‘}( *(\
‘\‘&‘wﬂ%j\‘ infected and healthy. The size of each of these populations is calculated at each time step in our \N a&

c Y (attached). o»“b'

o on The size of each population is a function of other populations’ sizeg¢ and Geveral parameters” Section Q.
© that define quantities such as the mosquito bite rate and the human birth rate. Seefsection—44. 1/

Smmﬁ’vﬁﬁﬁly_si@below for a discussion and graphical depictions of the impact of varying some use
wiho

of these parameters.
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3 definition }E g ok ];miy—vﬂ-l-age;s was provi

/\WS . mo,(p_\—-ﬁlhe-mod'él-was

Mw\f‘ state. Our role was de

time step. haportantly,

toug, for-a—couple-of "ﬂﬂ{l) healthy villager population size was no
a function 61 the sizes of the immune and sick villager populations, even though these two groups

could b giviri% Eirrth kt.;o healthy villageri 2) healthy villager population size should never be lower Pa‘aq%
e

mro ved e (Opare) 2010 1 | o maka
Aho dakin ! W / ;

M?W‘m’\ ese two reasons foru st provided code ealthy villagers also influenced our defini- | Husadkive

TRtk %’ tions of the other populations. ical we disallowed negative population values, and we assumed | lh’\ks

so YA

that infected organisms (mosq{iitos and hfimans) would give birth to healthy organisms-in line with
the literature on the topic (Opare, 2010).
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3 Model Solution

This model was-solved-usine-a-time=steppine-method-to-solv re-system-of-coupled-equations_that
nade-up-the-model;very simitar-te-the-Eorward Euler-methed- i ethod-is—anmexplicit method
or-solving models-such-as-this-in-the-sense-that_ea Ga irigdinformation from
the previous timesteps and does not require solving a nonlinear system with dependence on the

: ~~  current time-at-each timestep, For implementation, we used Python with packages MatPlotLib and
He

Numpy for plotting and arrays. Numpy proved most useful in the sensitivity analysis as it was
sﬁe& to compute the grid for the 3D plots shown in the next section.
ou "

é;'f;(mas 4 Results and Conclusions

- i nalysis . : :
b ekinged AL e da ab-adat 8 goputoton wer UL paramaders immunity arld
The-dmmunits and the bite rate-are-the—two paramete Whnich Were alatyzed 1o ensitivi .'; b;.—b' ((4—\0.-

t i itivi ic. o the immunity rate plays a major
S YA role in ﬁnaﬁ% ulation. Bite i 0_cause a population crash i
lwo immunit, i i 11, usually less than > The simulation was also run 5000

Qmw\m ~—7 days (nearly 14 years) in order t W the populations would respond to varying parameters in Ao swAUs
E s the long term. Mmm the population will still start Ao W
) ash, @E@ Though oddly the effect of bite raté, on the long-term, is not felt until the ‘w”

immunity rate gets v ow. This may be an effect of the underlying model or the assumptions
made in the model.
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5.1 Relapse

()4\00‘2. oA A major assumption of our model is that all healthy people in our population have the same prob-
tonse Wﬂ(l abilityo-&wsick for all time. With many diseases, once an individual has been infected and
St Yo i has recovered they are more likely to relapse in to a sick state. In order to incorporate the effects of

relapse into our modelywe had-te define a new population of villagers who previously had the disease

de\'/ Q'Q‘J"Q’ and recovered. The recovered villagers a subset of the healthy villagers and would lead to

% 0“‘5 wap- an increase in the growth of the sick villager population.
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Relapse = RecoveredVillagers * RelapseRate - (/ 0
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Figure 2: The introduction of relapse results in a larger initial sickness spike but also a faster
immunity saturation.

We sed MAL providid e lap cocki o W assuming
17% was-provided-and-was taken to-mean that after each day there was a 17% 3}

chance for previously sick villagers to become sick again. Modificatjon to the healthy villagerg and A
sick villager§ were-mede such that We mocts ‘&Q‘k Pop- [ ea‘y\m

? 1
SickVillager fected — Recover — Immune — SickDies + Relapse o ‘7 num
o HealthyVillager

irths + Recover — HealthyDies — Infected — Relapse o
e 2al) albows ONY n1e 5108 curint Poes (Mardhes problem descriphion Hhough )
Whe relapsed villagers to be removed from the healthy group and added to the sick
population.{Tmmune villager population was W edd unaltered.
We see that for the case of no relapsg‘m t 200 day mark there there is a rapid increase

in the sick population and leading to a decrease in the healthy population as well as an increase in gan

l ‘ el e' the immune population. For the introduction of a relapse model we see that this spike in stekeness—. SICW-
I
WL dosevvend

occurs ?eeﬁer‘-‘aroud the 100 da markxan‘d is almost twice juhe size ir? magntude. Aot s o\?"?

A Leresting-eftect—was-atso-oD Ve espeet-to-the-tmmu ritager-population—Fhe-only i
I ) way for a villager to become immune in our current model is to become sick in a previous time step. h it aOnim
- We-observed-that_the introduction of relapse into our model increases the number of sick villagers

which in turn results in an increase in the number of immune villagers. As long as the death rate
for a sick villager is not %9 high, the introduction of relapse seems increase the rate at which the
village is saturated with an immune population. How W“’X("\ s Yoo W"Xf'\?

5.2 Seasgnal Mosquito Population
:mem mm%\b populakvns ( 1.8

/7 ?eccrdm s%atsongl incrgase in sueh-as a rainy season in tropical

Mfs ®@ areas)’ 2 A rates for mosquitoes birth and death. The mosquito birth rate
. (13 J) h [43 ) h .

s con @ mbr” and death rate “mdr” are then d'e‘ﬁ'lTed~h¥‘“ (D as
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“Where-:
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\cdot

mdr = %[cos(27rt/ 365 + 1) * MaxMosquitosDeathRate]

MaxMosquitos BirthRate = (.02
MaxM osquitosDeathRate = (0.022
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(3)

The introduction of a seasonal dependence on the mosquitoes birth and death rates was implemented

and ?mforﬁoo and 1500 days.
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Figure 3: The introduction of seasonal change increases the rate at which the healthy population
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ature of the mosquito population is much more dramatic. sAs=you=can-see, _the
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Figure 4: The introduction of seasonal change increases the rate at which the healthy mosquitoes

decreases.
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5.3 Preventative Net Cost Analysis
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(a) For the treated graph, treated nets were bought (b) For the treated graph, untreated nets were bought
each time there were new villagers and untreated nets each time there were new villagers and untreated nets
were bought for the untreated graphe were bought for the untreated graphs
Ca @ on!
Introduction of nets into a village is a common tool to fight against the spread of malaria. A cost
A anglyéis of using such nets was performed taking into account two possible net types. The first was

a5 .
3 e net with a cost of $2.50 and the second was a treated net with a cost of $3.50. Insecticide
mplicated malarial episodes,by 50% compared to
e ‘L&his analysis it was assumed that one net could

ing. nkerms ok Wmfeckon) fates o oHue PQmme’ﬂf&A—

Y. moda_|

treated nets (ITN) reduceq the incidence o
no nets, and 39% compared to untreated nets.
cover two people@) (Ci+odion
The difference between the cost where all treated ne and all untreated nets were bought was
$ 1845.0. The difference in the total healthy villagers w 96@ Keeping everything the same, but
making it so each new net, bought is an untreated one we get a cost difference of{i345.0 and healthy
villager difference 0@96 The cost difference between of buying all treated nets and half treated,
half untreated is8005.0 and the healthy villager difference i 7MS clear that buying the
treated net for each new villager is not worth the much higher cost in the long term.—_
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Figure 6: For the treated graph, treated nets were bought each time there were new villagers and
for the half graph, originally half the nets were treated and half untreated and then untreated nets

On a short time scale, buying the villagers the more expensive net will stop the population from



decreasiwémme iately, Hut exen with all untreated nets, the population will come back and increase
later, buying a-little-mere-(maybe 60-70 percent} treated nets and then

buying only untreated is the most cost efficient way of buying the nets to control the decrease of the

population. D; & gou des+ Wnis 7
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