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Abstract

Visceral leishmaniasis, also called Kala-azar igetor-borne infectious disease caused by the
parasite Leishmania donovani. The transmissiomefparasite to human beings occurs via the
bite of adult female sand flies (phlebotomous)/mesly infected by biting and sucking blood
of an infectious human being. Some of the Kala-gagients developed a complicated condition
called Post-Kala-azar Dermal Leishmaniasis (PKDit¢rareatment which is also a source of
infectious to sand flies. By using a system dynanaipproach. A model has been developed to
study the Kala-azar epidemic in India. The modelthis paper describes the transmission
dynamics between vectors and human beings hoptpitides a deeper understanding to the
transmission of Kala-azar disease as being a @ygrocess. In achieving the underlying goal of
removing this disease, two policies are suggesieplemented and tested; the results give us
reason to believe that by implementing the two qied proposed, we will prevent (or reduce
significantly) the future spread of the Kala-azad #KDL. And thus will stop suffer from the

needless illness and death which will improve tiid.H

The key words: India, Kala-azar, Leishmaniasis, ehd@dKDL, sand fly, system dynamics



1. Introduction

1.1. Leishmaniasis

Leishmaniasis is a vector-borne disease, caus@auagites calletleishmania genus. The name
refers to Leishman whom was first to recognizedisease mechanism in 1903. There are more
than 20 species dfeishmania.

The disease is spread by sand flies of the gPhlebotomus (Old World) andLutzomyia genus
(New World) who is the vector for the spread of tlieease. The disease can infect human
beings, dogs and rodents. The parasites are traedrtiirough the bite of infected adult female
sand flies when they feed on blood to develop aydelggs. They usually bite at night and at
dusk.

In fact the world health organization (WHO) repisrtclaimed that, “Leishmaniasis threatens
about 350 million men; women and children in 88rdaes who are at risk from Leishmaniasis
worldwide about 12 million people are already inéecMost of the affected populations are in
the tropics and subtropics, with an estimated dlpbavalence of 12 million cases and an annual
incidence of 1.5-2 million cases”(WHO 2011a).

Leishmaniasis is actually a class of diseases wigimificant clinical and epidemiological
diversity; the species obLeishmania can cause various clinical conditions and take aon
cutaneous form, a mucocutaneous form or a viséena (WHO 2011a). The cutaneous form is
the most common one affecting the skin, cutaneassscare caused by about twenty different
species of parasites (Wikipedia 2011a), and thezeapproximately 10,000,000 new cases of
cutaneous infection annually worldwide.

The mucocutaneous form is a condition of the cudasdorm.

The Visceral leishmaniasis is the most severe fafrthe disease. Visceral Leishmaniasis is also
called Kala-azar, a Hindi term meaning “black fév@ihe parasite attacks internal organs such
as the liver, spleen, and bone marrow. Without ptoappropriate treatment the disease is
deadly. There are various speciesLefshmania parasite are recognized to cause the visceral
form of Leishmaniasis, yet it is mainly causedlsyshmania donovan | (Africa, Asia, Europe).
The predominant species are thedonovani parasite and the. infantum parasite in Africa,
Asia, and Europe and in the South America spedds chagas (Srauss-Ayali and Baneth
2000; Wikipedia 2011b).



Visceral leishmaniasis is one of the major pubéalth problems and is endemic in 65 countries,
with a total of 200 million people at risk, espdigian poor rural and suburban areas. But
recently it has adapted to the urban environmentedls 90% of the cases occur in Bangladesh,
India, Nepal, Sudan and Brazil. It is officiallytesated that about 500,000 cases and 59,000
deaths occur every year due to visceral leishmen{s¢HO 2011b). Approximately 50% of the
global burden for visceral leishmaniasis (VL) isread by India alone.

The world health organization (WHO) classified letsaniasis as one of most neglected tropical
diseases and VL is classified as the second-laqggstsitic killer in the world after Malaria
according to published disease burden. Moreovesheaniasis disease is classified as a
poverty-related disease. Based on the fact thathbekniasis usually affects the poor human
beings and is associated with the poverty , ibitst displacementinhygienic angboor housing

as well as environmental changes, where all theesteif available to sand flies good condition to
breed in and easy access to human beings, beteugedple in the poverty class will not able to
afford the simple protection from Sand flies lik@ng net or even window screen will not able to
afford for poor (WHO 2011c) .

Sand fly is the only known vector that can transthi leishmania parasite (WHO 2011a).
Usually domestic animals (such as dogs and rodemés)laying the role of reservoir hosts.
Sometimes human beings contribute reservoirs ferdisease. In India, Bangladesh and also
central Kenya human beings is the only know reserigy the disease and the disease is
therefore called anthroponotic. But in countriée IBrazil, the dog is the main reservoir host of
the disease, therefore called Zoonotic. Thereideece that rodents play the role of reservoir in
some areas like Sudan, Ethiopia, Somalia and Kehwyd.it has been found that other animals
such as foxes, jackals and wolves may also betede8ut, there is no information whether they
can play the role of primary reservoir or not (Néaday 2011).

The Kala-azar disease is characterized by an imicubg@eriod highly variable that varies
significantly from person o person. Generally,aties from 1 - 4 months, but in reality the range
is from 10 days to 2 years. In India, the incubagperiod range from 4 month to a year which
indicates why the progress is slowly. The extrimsaubation period is 4-25 days (WHO 2011a),
which is the time required for the vector (femaldgbotomine sand flf?hlebotomus ar gentipes)

to become infective after an infective blood meal.



The Visceral Leishmaniasis disease can be curdd twveatment of an average duration of 30
days. After taking treatment human beings develepnanent immunity, but the drugs is very
expensive and need to be take in hospital (WHO 1990

Treatment of Visceral Leishmaniasis is often onethef greatest challenges facing Visceral
Leishmaniasis spread, because some patients haweloped resistance to treatment, a
complicated Post-kala-azar dermal leishmani@iDL), disease may occur after on average
four month to 2 years.

Post-kala-azar dermal leishmaniasis occurs espetialndia up 20% of Kala-azar patient after
treatment develop PKDL, complicated conditions sadrce of infectious to sand flies.

There are many intervention that have been sugdett prevent and protect against the spread
of the disease some of them work on controlling redeervoir of infection i.e. humans beings
such as: early diagnosis, increasing the publicemess of the disease and its treatment , using
vaccination to susceptible human beings, but tleen® effective vaccination available for Kala-
azar yet against human, using of mosquito net émrehsing the spread of the disease, or by
using house spraying against sand flies or cotitefreservoir i.e. dog by: killing infected dogs,
vaccination the susceptible dogs, using collar. Theice of intervention is different from
country to country because it is rely on the typeeservoir host for Visceral Leishmaniasis, if it
is anthroponotic like in India the control prograampaign has been work on control sand flies
by using DDT.

A number of campaign programs have been developerkduce the incidence of visceral
leishmaniasis and they are still being developelde Pprevalence of the disease burden is
increasing worldwide and the World Health Organaat(\WHO) is responsible of providing
technical support to countries and monitoring asseasing health trends. WHO is concerned
about the Kala-azar outbreak in South-East AsiadrRe@ndia, Nepal and Bangladesh) where it
has been threaten thousands of people for mang.yBaspite all the efforts made by the health
Ministers of three Member States of WHO’s SouthtEAsia Region, India, Nepal and
Bangladesh, to eliminate Visceral Leishmaniasiddkear) from their countries by 2005, India
has missed the National Health Policy target tmiglate Kala-azar, so the health ministry's of
India has a new target is to eliminate or reduesnthmber of Kala-azar cases to 1 per 10,000
population by 2015. There is, therefore, a neaghtterstand the dynamics of the disease to find

more viable, effective and affordable strategiesghpport the health ministry's of India in their



effort to eliminate or reduce the number of Kalarazases .We use system dynamic approach to
investigate the transmission of the visceral leshiasis disease in India, by way of modeling
and simulation. The dynamics of the transmissiothefdisease involves two populations that
contribute to the transmission of the disease; mub&ngs constituting the host population, and
Sand flies constituting the vector population, veeksto answer following research question,
related to the case of India:

- What is the structural origin of the rates of chang Infected Human and Sand flies
Population?

- How will the number of infected Human develoghe future?

- What is the most effective method to control $peead of Kala-azar?

- How would a policy to increase the awareness whdn to use net, to identify disease

symptoms and to use indoor spray work.

Based on these research questions, we develop @ thad represents the life cycle of the sand
fly, epidemiological states for each populatiohé t/ector population of sand flies and the host
population of human beings), to study tt@mplexity of the transmission mechanisros the

disease.The transmission mechanism of visceral leishmaniasiKa@a-azar in India idully

described in the section below.

1.2 Kala—azar Transmission Dynamics

The visceral leishmaniasis has a transmission dyeeis based upon the dynamic interaction
between the vector population and the populatiomuofian beings. This cycle of transmission is
initialized by a bite from a sand fly sucking blofsdm a host infected with the parasite causing
Kala-azar. In our case the host is an infected mubeng. Over a period of 4 to 25 days the
parasites develop inside the female sand fly, oguie disease to diffuse across that vector.
Later, if the infected sand fly survives the exdrinincubation period, it will be able to transmit

to the decease to a susceptible human being vite.aAs an infectious sand fly has previously

fed on an infected host, it inoculates the susbépthuman being, currently bitten, with the

parasites from its salivand the transmission cycle is completed when tlseeptible human

being has turned infectious after a period of iratidn time and is ready to pass on the decease



to another female vectg¥WVHO 2011a). If the infected human being does eotive treatment

within two years of becoming infectious, the inssthuman being will most probably die. When
infected human beings are treated for Kala-azay theover after a period of one month and
develop permanent immunity from the decease. UWmhately, a fraction of the recovered
human beings may develop post Kala-azar after mg@@f 4 month to five years. These post
Kala-azar patients also constitute a source of ddata infection that spreads via the sand fly
vector to susceptible human beings. This conssitateeinforcement of the original transmission

cycle.

The human beings infected with PKDL may also batée@. In that case, they need two months
to recover (India 2011).

The sand fly usually searches for the blood indlening. When the female of sand fly has
accumulated a sufficient amount of blood, it lagsdggs. Over 50 to 60 percent of the eggs are
female. After an opposition time of 22 days, th@sdatch and remain larvae during the
maturation until adulthood. Then the adult femaadsfly starts searching for blood to develop
its egg.

Sand flies breed in forest areas, in. caves, dahénburrows, i.e. in environments where the

conditions, such as temperature, humidity etcorfélveir development.



1. Literature Review

Since the Kala-azar disease is a vectors-tranghditease, the literature reviewed in this study
is drawn from a selection of related and relevagearch studying the vector-transmitted
disease.

In general, there has been a long history of epidiegy research that deals with the vector
disease. Plenty of these studies of the dynamicgeofor-borne diseases used mathematical
models.

Ross (1911) and Macdonald (1957) were the firgtetgin working with one of the vector-borne
neglected diseases of Malaria epidemiology. Ross te@ognized the dynamics and the
nonlinearities govern the vector infection disedd®e mathematical model of malaria that was
provided by Macdonald (1957) is a simple set of abigus that describes changes in the
proportion of infected human and infected vectordlacdonald also provided simplified
mathematical formulation to describe the dynamiche transmission malaria called “Vectorial
Capacity”.

(Rogers, Onstad et al. 1988) reviewed the develaprokthe vector- transmitted disease to
human being models and their application.

Almost all of studies of visceral leishmaniasisdgpniology were qualitative and descriptive.
The only study of the dynamics of visceral leishrasis (Kala-azar) using mathematical model
appears to be that of (Dye and Wolpert 1988) whmduced, for the first time, a mathematical
model to study the dynamics of Kala-azar by deswgilthe mechanisms of disease progression
across the population of human beings. The modslusad to replicate the historical number of
cases between 1875 and 1950 in Assam, India. Teeglaped the mathematical model from
existing models of malaria transmission dynamics.

Recently (Mubayi, Castillo-Chavez et al. 2010) aodinced a mathematical model of
Anthroponotic Visceral Leishmaniasis (AVL) or Kadaar transmission to estimate the
proportion of reported cases as well as estimaiesdproduction numbers of Kala-azar’s at the

district-level in India.



Other studies of the dynamics of Leishmaniasis Hagased on either ZVL (zoonotic VL) or
cutaneous e.g(DYE, 19969, (Kerr, Grant et al. 1997), (Burattini, Coutinhd a&. 1998),
(Palatnik-de-Sousa, Batista-de-Melo et al. 200Bacaér and Guernaoui 2006), (Chaves and
Hernandez 2004), and (Ibrahim, 2010).

The development of dynamics models of vector baseates that applied the system dynamics

modeling approach (Fillmore 1963) and Hannon anthRA79) are reviewed below:

(Fillmore1963) developed a simulation model to destmate that a yellow fever epidemic can
be modeled using system dynamics, and that thétirgsgimulation conducted provode us with
a deeper understanding of the nature of the suepiaemic.

(Hannon and Ruth, 1979) developed various gengnamic modeling of diseases and pests that

briefly explain how the method may be applied tadelan epidemic disease.

The model of which is applied in this study, issformulation and has the same idea as the ones
of (Macdonald 1 957; Fillmore and 1963; Hannon Ruth 1979) model.

There appears to be no previous system dynamidyg sfiKala-azar disease. In the next section

we discuss why we believe this is a good methodtich a study of Kala-azar.



2. Research Methodology

System Dynamics method was chosen as it allow® wspresent long-term dynamics, based
upon on the accumulation processes (delays), abdbfick loops and the non-linearities that
characterize the structure of complex, dynamicesyst and because this method may well help
us explain the system’s development over time (&ear2000), - in our case to obtain proper
understanding of the Indian Kala-azar epidemic.

The complexity of Kala-azar arises from the intéoac (feedback) between the vector
population (the adult female sand fly) and popotabf human being over time. The synthesis of
factors influencing the Kala-azar transmission mestitutes a non-linear relationship. The fact
that the adult female sand fly must bite twicedoilftate transmission of the parasites (once to
take up parasites, and once to inject into humangbkg the time required for sand flies to
develop from eggs and to mature, and the incubaiioa required to develop Kala-azar in a
sand fly and person are examples of the delaydveddn the feedback between the vector and
the host that explain the Kala-azar in process.

Although the SD method deals with a system usingnhtegrated approach, the examination of
the individual subsystems is essential for thisegnation to be successful. Through this
examination, interactive relationships among thiesgstems and the resulting feedbacks loops
across a number of system components may be igehtih this study, a simulation model has
been used to facilitate the understanding of theadycs of transmission of Kala-azar outbreak
in India. In this model we provide the authoritiek India, the Ministry of Health, with the
predicted consequences of the development undebewstenarios, estimate the propensity to
grow to epidemic proportions and select optimaliod® for intervention strategies and policies.
The model is further expanded with causal linksatlow for Post-kala-azar to impact the
infection rate through variables that link the nembf infected human with PKDL by increasing
the density of infected human beings and thus aszé¢he number of infected sand flies, - in turn

feeding back infection of human beings.



3. The Dynamic Problem

In the country of India (located in the south-Easia Region) the Kala-azar disease continues to
cause considerable suffering and needless dealiesfifst recognized epidemic occurred in
1824 in Jessore (now in Bangladesh).

In India, it is estimated that about 165 millionopke are at risk of developing the disease. The
estimated reported number of cases is around 2@AA0&he number of deaths about 200 per
year. The disease is now being reported in 52iclistin India; 31 districts in the Bihar state, 11
districts in the Uttar Pradesh state, 6 distrintshie West Bengal state, and 4 in the Jharkhand
state. It is epidemic in 48 districts, especiatlyBihar where more than 90% of the cases

reported annually are found (WHO 2010e).

Kala-arar Area

Jharkhand

Ry~gh

Figure 4.1: The Kala-azar endemic districts of éndi
Source: http://209.61.208.233/LinkFiles/Kala_azatakstatus2008Webpagefeb2009.pdf
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Trend showing Kala-azar cases & deaths in India since 2002
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Figure 4.2: The Kala-azar Cases, from 2002 to 2008dia (India 2011)
Source: http://nvbdcp.gov.in/kala-azar.html

The number of reported cases has been increasieg 2002 up until 2007. Thereafter, the

number of reported cases dropped in 2008, whilentieber of death has been relatively stable

over the years.
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5. Dynamics Hypothesis

In this section, | develop (formulate) a dynamipbthesis to explain thieehavior of the Kala-
azar disease graphed in figure 2. My dynamic hygsthis based on the assumption that there is
a positive feedback mechanism that causes the Ipre&of Kala-azar or PKDL among human
beings so as to produce new cases (incidences)lad-d&car among human beings from the

original ones.

This mechanism involves the population of adultdesand flies. The prevalence of Kala-azar
or PKDL among human beings causes a transfer oK#h@-azar to the adult female sand flies
population (incidences) that accumulate in the aleswe of Kala-azar in that population.
Moreover, the prevalence of Kala-azar in the afduttale sand flies population causes a transfer
of the Kala-azar back to create new cases (ince)eoicKala-azar among human beings. They
accumulate in the prevalence of PKDL among humamgseand, subsequently, give rise also to

PKDL among human beings.

The dynamic hypothesis is presented in the forra causal loop diagram of the general model
structure that can explain how the infection occufs mentioned earlier, the Kala-azar is a
disease that is caused by a paraditarfantum), transmitted to human beings via a bite of an
infected adult female sand fly. The model, themfdocuses on studying the population of
female sand flies and the transmission of the Kak- disease to the human population by sand

fly bites.

In order to clarify the hypothesis, Casual Loop ddgans (CLD) is utilized to explain the

dynamics of the disease. A CLD is descriptionhaf important structural components forming
loops that is causing of Kala-azar epidemic. THedystem dynamics (stock and flow) model
includes additional loops that have been deemebat® less of an impact on the systems

behavior.

12



Human beings contract the disease from infectedt adnd flies. And susceptible sand flies
contract it from infected human beings. Thus thennaiving feedback loop in this system is

positive and portrayed in figure 3.1:

Infectious Human
Beings with KA
+

; +
Susceptible 4—————_ Density of Infectious
Human Beings Infection Rate of Human Beings
\\+ B1.H . HB <Number of Bites per
/ R1 Sand Fly>
Fraction of Susceptible +[F n / +
Human Beings Infectious Bite Rate of _+ ‘/\Susceptible Adult
d Number of AFSE <—— Biting Rate of AFSF@ Female Sand Flies

Infectious Bites per
Total Number of  Transmission Probabity  Day :\ K~ 7
Human Beings at Risk for {yman Beings per Bite- + Transmission Probabiity
i ; pA for Sand fly per Bite
Infectious Adult r>al P
Number of Bites
per Sand Fly

Female Sand Flies Adult Survival <Average Time
Fractionl Between Blood Meals>
Average Time
Between Blood Meals

Probabiity of Human Being
Exposed to Sand Fly Bites

HDIS
Figure 5.1: The simplified causal loop diagram afld<azar

We will now describe the mechanisms behind thisrattion between the human beings and the
sand fly population. The recruitment of human gsito the infected population originates from
its interaction with the infectious portion of tisand fly population, - the females that have

become infected when retrieving blood from an ihéets human being:

The infection rate of human beings (Infection Rafté¢iB) (see figure 5.1) is determined by the
reservoir of susceptible human beings (Fractiobadceptible Human Beings), the number of
infectious bites each person is exposed to (Nunadfemfectious Bites Per Day) and the

probability of becoming infected by such a bitegfismission Probability for Human Beings per
Bite). The second of these factors originates ftbensand fly population, and is conditioned by

human behavior:

The number of infectious bites each person is eeghts (Number of Infectious Bites per Day) is

determined by the number of infected (adult femabe)d flies that have laid eggs (are through

13



their incubation period) (Infectious Adult Femalan8 Flies), the number of bites per sand fly
experienced by human beings (Number of Bites pad3dy) and the average time between

blood meals for female sand fly (Average Time B&w8lood Meals).

While as the average time between blood mealseiorafe sand fly is considered a biological
constant, the total number of bites experiencedsped fly experienced by human beings is
conditioned by the probability of a human being @sqd to such bites (Probability of Human
Being Exposed to Sand Fly Bites) which, againdestermined by the level of life condition
(Human Development Index) among those human bejings higher the HID, the lower the

probability to exposed to a sand flies bite).

The number of infected (adult female) sand flievitave laid eggs (Infectious Adult Female
Sand Flies) originates from the sand fly sector Witk be explained in detail, below.

Adult female sand flies suck a blood meal via ging Rate of AFSF) after the average time
between blood meals. The recruitment of adult fensdnd flies to the infected population
resultsfrom its interaction with the infectious portion tie human population (Density of

Infectious Human Beings).

The rate at which adult female sand flies suck dhlisodetermined by the number of susceptible
adult female sand flies (Susceptible Adult FemaeadSFlies), the proportion of adult female
sand flies that survive (Adult Survival Fractiordnd the average time between blood meals

(Average Time Between Blood Meals).

The infection rate of adult female sand flies (btieus Bite Rate of AFSF) (see figure 5.1 ) is
determined by the rate at which adult female séed bite (Biting Rate of AFSF), the number of
the total number of bites per sand fly experienogdhuman beings (Number of Bites per Sand
Fly), the probability that a susceptible female dsdlires bites (sucks blood) from an infected
human being and the probability of becoming infddig such a bite (Transmission Probability
for Sand Fly per Bite). The third of this factoattoriginate from the human beings population
and is conditioned by sand fly behavior.

14



The probability that a susceptible female adultdséiy bites (sucking blood from) infected
human is determined by the density of infected huripaings (Density of Infectious Human
Beings) (where the number of the number of bitesspad fly experienced by human beings and

the average time between each sand fly bites asibled above).

The CLD in figure 5.2 is an expansion of figure With a structure for the causal links
representing the impact of PKDL.

Fraction of Semi
Average Time to Seek Time to Recover Recovered Human Beings
KA Treatment from KA Dvip PKDL  Average Time to
Develop PKDL

+ o

> Recovery Rate S:Lﬂ;eégﬁf B9.H PKDL
B5.H From KA Uelopmem Rate

Infectious Human \ F ) T
¥ Beings with KA R2 Fraction of Infectious
Human Beings Seeking KA
+ + Treatment +
Susceptible <4——————___ Density of Infectious—— Infectious Human
Human Beings Infection Rate of Human Beings Beings with PKDL
+
\* BlLH /+ﬂ HB <Number of Bites
Fraction of Susceptible R1 . / per Sand Fly:
Human Beings Infectious Bite R f + S| tible Adult
i t I¢ . usceptible Adu
4 Number of ec IOUZFSIFQ Aol g Biting Rate of AFSFABL. FemalepSand Elies
Infectious Bites per
Total Number of . . \ M e
Human Beings at Risklransmission Probability . Day + o B - -
for Human Beings per B'r[e/( - +\ Transmission Probability
: for Sand er Bite
. Infectious Adult fyp . hverage Time
Number of Bites Female Sand Flies Adult Survival  gaween Blood Meals>

per Sand Fly Fractionl
- Average Time
Between Blood Meals

Probability of Human Being
Exposed to Sand Fly Bites

HDI

Figure 5.2: The general causal loop diagram oakadar and PKDL

Subsequently, after the human beings has contrdlctedisease, some of them seek treatment
for Kala-azar (Fraction of Infectious Human Beirf§seking KA Treatment) after an average
time to seek treatment (Average Time to Seek KAafiment) and, after a period of time to
recover from Kala-azar (Time to Recover from KA) ¢anstant), people move on to the
recovered portion of the human beings populatidncddrse an increase in the average time to
seek treatment (Average Time to Seek KA Treatmemtgrs the recovery rate of human beings
from Kala-azar. And a decrease in the fractionnéédtious human seeking Kala-azar treatment

(Fraction of Infectious Human Beings Seeking KA &treent) lowers the recovery from Kala-
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azar rate of human beings (Recovery Rate From KA rate of recovery from Kala-azar
(Recovery Rate from KA) increases the number of &rbeings recovered (Semi Recovered

Human Beings).

Once human beings have recovered, there is a phtp#&braction of Semi Recovered Human
Beings Dvilp PKDL) for people to develop PKDL aftan average time to develop PKDL
(Average Time to Develop PKDL). The recruitmenthafman beings to those infected with
PKDL (PKDL Development Rate) increases the numbkrinfected people with PKDL
(Infectious Human Beings with PKDL). As human beangfected with PKDL constitute an
infected blood source for an adult female sandtfign the more people infected with PKDL, the

higher is the ‘Density of Infectious Human Beings’'.

We can summarize the positive feedback loops Rla&k®llows: The more people that are
infectious with Kala-azar and PKDL, the higher dgnef infectious human beings. The higher
this density, the higher is the infection rate dila female sand flies. Moreover, the higher
infection rate of adult female sand flies leadsattarger number of infected adult female sand
flies. This causes in turn, an increase in the remal infectious bites per day and, thus, in an
increase in the number of infectious bites per ddneses bites leads to higher infection rate of

human beings and to more people being infected.
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6. The Model

The model has been developed to represent the dgmamthe Kala-azar disease. The structure
of this disease is represented by using coupledineam differential equations to produce its
epidemiological dynamics in the populations of harbaings and sand flies. The human beings
contribute in the role of the host and the reserfarithe disease at the same time, while the sand
flies play the role of the vector for the diseagke have developed this model to investigate the
mechanisms behind the spread of a disease to dbgesHectiveness of an education program

aimed at reducing the spread of the Kala-azar sksea
6.1 The Model Assumptions

The Kala-azar model captures the basic proce$sbs &Kala-azar disease. The Kala-azar model

in this paper is based upon some overall assungtegarding the two populations:
The life cycle of sand fly has been simplified itihoee stages (Egg, Young, and Adult).

In the mode, we consider only the developmentofdie sand flies, since only they bite human

beings to obtain meals of blood, and we assumehtifiof the egg production result in females.

Moreover, we assume that the population of saed 8 initially in equilibrium and consider the

development of sand fly under the temperature 8i2fesulting in a constant fertility).

Moreover, we assume that the human population séctoonstant; there are no births and/or
immigration adding to the human beings populatibinis assumption can easily be relaxed in

this model.

We assume, also, that only the fraction of the dndpopulation that is relatively poor is
effectively susceptible to Kala-azar infections dogoor housing and clothing, to illiteracy that
causes them to protect themselves poorly and et fsealth care services when ill, and to low

income that causes them not to be able to takensalya of treatment when offered.
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The population of human beings is assumed to beobenous: Each individual in the
community is assumed to interact with sand flieeugh the same (average) number of bites
(there are no groups that remain isolated fromstred flies or whose behavior is different from
others).

6.2 The Model Structure

The model structure of Kala-azar epidemic contais sectors, the human sector and the sand
fly sector. Below we will describe each of thesetses The Kala-azar model sectors were based

on the relevant scientific knowledge of the Kalaradisease.
6.2.1 The Human Beings Sector

In the sector representing human beings, we mdaehtechanism behind the transmission of
Kala-azar into the population of human beings ididnand the diffusion of the disease
throughout that population to represent how humaings constitute a reservoir and a host for
the disease. The population of human beings isiguded into different categories in accordance
with the epidemiological stages of the disease.s&heategories include susceptible human
beings, latent human beings, human beings infextwith Kala-azar, human beings semi
recovered (who may, potentially, develop PKDL), lamrbeings infectious with PKDL (Post-
kala-azar Dermal Leishmaniasis), and fully recogtdreman beings.

We represent the progress of the disease in huthemsgh different stages, as shown in figure
6.1. The stock of ‘Susceptible Human Beings’ cdassif people who are susceptible to the
disease; the stock of ‘Latent Human Beings’ comgsidtpeople living with the parasite who are
not yet infectious, while the stock of ‘Infectioblsiman Beings with KA’ consists of people who

have acquired Kala-azar and are infections.
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Figure 6.1: The stock and flow diagram structarehfuman beings sector



The stock of Death Due to KA Human Beings’ accuate$ those who have died due to Kala-
azar,the stock of 'Semi Recovered Human Beings’ is mapef people who have recovered
from Kala-azar, while as the stock of ‘Infectiousrian Beings with PKDL'’ consists of people
who have developed PKDL, and the stock of ‘Fullyc®ered Human Beings’ accumulates
those who have recovered and have safely passddtémey time associated with PKDL and

thus have gained permanent immunity.

To formulate the equations that describe the pssgf human beings through the different
stages of Kala-azar in figure 6.1, we assume thatindividuals at the outset belong to the
susceptible human beings (Susceptible Human Besigsk. If a susceptible individual is bitten

by an infected adult female sand fly, that indiatlis infected and moves from the susceptible to

latent category.

The number of latent human beings (Latent Humamdggi is increased by the infection rate of
human beings (Infection Rate of Human Beings) wthike number of susceptible human beings

(Susceptible Human Beings), is decreased by the sata.

We have assumed that there is constant fractioratfral deaths that occurs every day among
human beings (Fraction of Death of Human Beings)ughout all sub-populations (categories)

of human beings

The rate of natural deaths from susceptible hunmgngs (Natural Death Rate of SHB) that
decreases the stock of susceptible human beingedptible Human Beings) is represented by

the following equation:

Natural Death of SHB = Susceptible Human Beingsickon of Death of Human Beings

People in the community receive bites from saneksflt a certain rate (Average Time Between
Blood Meals). Some of these bites are infectiotisshihat originate from infected adult female sand
fly who have laid egg. The female of sand flyhrstcategory bites human being for the second time
during her life (Strauss-Ayali and Baneth 2000).

Thus infected adult female sand fliésee the sand fly sectogenerate an average number of
infectious bites per day (Number of Infectious Biper Day)
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Number of Infectious Bites per Day = Number of Bifer Sand Fly*
Infectious Adult Female Sand Flies/

Average Time Between Blood Meals

The number of infectious bites per ddumber of Infectious Bites per Daig determined by the
average time between blood meals enjoyed by eaohléesand fly (Average Time Between
Blood Meals),the number of bites generated per sand fly (NundfeBites per Sand Fly)s
measured bite per sand fland the number of infected adult female sand {liefectious Adult
Female Sand Flies) as we mentioned in section 5a¥¥ame that the human beings populating
susceptible to Kala-azar predominantly belong ® bor fraction of the population at risk in
India. They are, in general, exposed to a certamber of bites from each sand fligaimber of
Bites per Sand F)y However, due to the fact that the satisfactdieydondition typically enable
people to protect themselves from the bites of shesl the Human Development Index (HDI)
is considered to have an effect on the probabdftyhuman beings being exposed to sand fly
bites, i.e. an increase in HDI decreases the pilfyaddf human beings being exposed to sand fly
bites. We have assumed that the probability of hub®ings exposed to sand flies (Probability
of Human Exposed to Sand Fly Bite) has effec{Mumber of Bites per Sand Fly).

Thus the number of infectious bites per day (Numdfeinfectious Bites per Day) resulting in
infection among susceptible human beings (giverptbbability that a person becomes infected
after infectious bite), is measured in person pier @Iransmission Probability for Human Being
per Bite). The infection rate of human beings (ttifen Rate of HB) is, therefore, the total
number of infectious bites per day (Number of Itifacs Bites per Day) multiplied by the
fraction of susceptible human beings (Fraction wscgptible Human Beings), multiplied by the
probability that a bite from infectious sand flysudts in the infection of a human being

(Transmission Probability for Human Being per Bite)
Infection Rate of HB= Number of Infectious Bites [@ay*Fraction of Susceptible Human Beings*

Transmission Probability for Human Being per Bite
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The total number of latent human beings in the padfmn is a stock (see figure 6.1). The flow,
characterized by the infection rate of human be(irgsction Rate of HBmoves people from the

susceptible human being to the population of [atemhan beings.

The stock of latent human beings (Latent Human @8ims drained by two flows: On the one
hand, there is the conversion of human being tebfolvn Kala-azar (governed by Conversion
Rate of HB) and, on the other hand, there are &a¢hd, characterized by the natural death rate
of human beings (Natural Death of LHB). Each ofsthéwo flows forms a balancing feedback
loop.

The stock of latent human beings (Latent Human @gis the source of the rate of conversion
of human beings (Conversion Rate of HB). This cosie® moves people from latent human
beings to category of human beings infectious Wi#ha-azar (Infectious Human Beings with

KA) after a period of incubation of human bein@scubation Time of HB), - assumed to be
constant. This conversation process is assumednstitute a fist-order negative feedback

process:

Conversion Rate of HB = Infectious Human Beinghwi\/

Incubation Time of HB

People who are latent (Latent Human Beings) flow aiurate of natural death (Natural Death
Rate of LHB) which is dependent on the fractiorde&th per day (Fraction of Death of Human
Beings) as represented in the following equation:

Natural Death Rate of LHB= Latent Human Beings*dtian of Death of Human Beings

The rate of conversation of human beings (ConeerBiate of HB) accumulates in the number
of infectious human beings with Kala-azar. The ktocinfectious human beings with Kala-azar
(Infectious Human Beings with KA) is depleted byeth flows; - the recovery of infectious

human beings carrying Kala-azar governed by the (RRecovery Rate From KA), the deaths of
such people due to Kala-azar governed by the Eath Due KA Rate of HB), and the natural
deaths (from other causes) governed by the rateufdlaDeath Rate of IHB with KA),

determined by the natural mortality of human beiaffected. The rate of each of these flows
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depends on the stock of infectious human beingedlious Human Beings with KA) and are,

therefore, each governed by a balancing feedbaxk lo

The rate of recovery of infectious human beingsytrag Kala-azar (Recovery Rate From KA) is
determined by the reservoir of infectious humamgeiseeking Kala-azar treatment (Fraction of
Infectious Human Beings Seeking KA Treatment),dkierage time to seek Kala-azar treatment
(Average Time to Seek KA Treatment), and the petmdecover from Kala-azar (Time to

Recover from KA).

The ‘Time to Recover from KA’ is considered a bgikal constant, and the average time to seek
Kala-azar treatment (Average Time to Seek KA Tresgithis assumed to be a constant.
Moreover, the fraction of infectious human beingeling Kala-azar treatment (Fraction of
Infectious Human Beings Seeking KA Treatment) suased to be influenced by the prevalence
of infection in human beings (Density of Infectiddaman Beings) i.e. an increase in fraction of
infected human beings increases the fraction @ctidus human beings seeking KA treatment.
This recovery activity is assumed to follow a fisstler negative feedback as represented by
following equation:

Recovery Rate From KA =

Infectious Human Beings with KA* Fraction of Infemis Human Beings Seeking KA

Treatment/ (Average Time to Seek KA Treatment +&tm Recover from KL)

Here the fraction of infectious human beings (Dgnsf Infectious Human Beings) is calculated
as follows: The total number of infectious humaimngs (Total Number of Infectious Human
Beings) over the total number of population at riskndia (Total Number of Human Beings at
Risk). The total number of infectious human bei(igstal Number of Infectious Human Beings)
is dependent on two variables; - the number ofciides human beings with Kala-azar
(Infectious Human Beings with KA) and the numberimfectious human beings with PKDL
(Infectious Human Beings with PKDL). These two wahies have a positive effect on the
‘Density of Infectious Human Beings’ where the tatamber of population at risk in India
(Total Number of Population at Risk) has negatiffeat; it is assumed to be constant during the

simulation.
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The rate of death due Kala-azar of human beingat{fDBue KA Rate of HB) is formulated as in

the following equation:
Death Due KA Rate of HB = Infectious Human BeingthwKA *
Fraction of Death Due KA
where the ‘Fraction of Death Due KA’ is assumethéaconstant.

The rate of death due Kala-azar of human beingatfDeue KA Rate of HB) accumulates in the

stock of ‘Death Due to KA Human Beings’

The rate of natural deaths (from other causes) whdmn beings infectious with Kala-azar
(Natural Death Rate of IHB with KA) is formulated:a

Natural Death Rate of IHB with KA =Infectious HumBeings with KA *

Fraction of Death of Human Beings

The balancing feedback loop B5.H (from recoveryjutates the stock of infectious human

beings with Kala-azar (Infectious Human Beings WHi).

The rate of recovery, ‘Recovery Rate From KA’ mowefraction of infectious human beings
who seek Kala-azar treatment to semi recovered huramgs (Semi Recovered Human Beings)
after an average time to seek Kala-azar treatrfer@rége Time to Seek KA Treatment) plus the
period of time to recover from Kala-azar while untieatment (Time to Recover From KA).
The stock of ‘Semi Recovered Human Beings’ is reduby three different flows; the one
leading to the development of PKDL (governed byrtite ‘PKDL Development Rate’), the one
leading to full recovery (governed by the rate IFRecovery Rate ‘), and the one leading to
natural deaths (from other causes) (at the ratéuldaDeath of SRHB'). The rates of each of
these flows depend on the stock of ‘Semi Recovéteohan Beings’ and, therefore, all form

balancing feedback loops.

The rate of development of PKDL originating frone timfectious human beings carrying Kala-

azar (PKDL Development Rate) is determined by #semvoir of human beings recovered from
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Kala-azar that may still develop PKDL (Fraction &mi Recovered Human Beings Dvlip
PKDL) and the average time to develop PKDL (Averagee to Develop PKDL).

The ‘Fraction of Semi Recovered Human Beings DWDPE’ is assumed to be constant and so
is the ‘Average Time to Develop PKDLTherefore the rate of develop of PKDL (PKDL
Development Rate) is represented by the followingagion:

PKDL Development Rate = Semi Recovered Human Bé&ings
Fraction of Semi Recovered Human Beings DvI[DBK

Average Time to Develop PKDL

The rate of the flow of full recovery (Full RecaoyeRate) is represented by the following
equation:

Full Recovery Rate = (1 - Fraction of Semi Receddduman Beings Dvilp PKDL)*
Semi Recovered Human Beings / Average Time toRedover

Where the ‘Fraction of Semi Recovered Human BeiDgp PKDL' and ‘Semi Recovered
Human Beings’ are both described above. The averageto fully recover (Average Time to
Full Recover) is constant.

The rate of the flow of human beings recovered fiaa-azar subsequently developing PKDL
(Develop PKDL Rate) contributes to the stock okaotfous human being with PKDL (Infectious
Human Beings with PKDL). The stock of ‘Infectiousiidan Beings with PKDL’ is depleted by
three flows; the recovery of infectious human bsirmgrrying PKDL governed by the rate
‘Recovery Rate From PKDL'), deaths due PKDL of huneeings (governed by the rate ‘Death
Due PKDL Rate of HB') and natural death (governgdtte rate ‘Natural Death Rate of IHB
with PKDL").

The rate of recovery of infectious human beingsytiag PKDL (Recovery Rate From PKDL) is
dependent on the following three factor; the ‘Fractof Human Beings Seeking PKDL
Treatment’, the ‘Average Time to seek PKDL Treattheand the period of PKDL treatment

(Time to Recover From PKDL), as represented byfdhewing equation:
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Recovery Rate From PKDL= Infectious Human BeinghWwKDL*
Fraction of Human Beings Seeking PKDL Treatment/
(Average Time to seek PKDL Treatment+
Time to Recover from PKDL)

The rate of deaths due to PKDL (Death Due PKDL Rédtduman Beings) is dependent on the
fraction of deaths due PKDL as characterized infdHewing equation:

Death Due PKDL Rate of Human Beings= Infectious ldarBeings with PKDL*
Fraction of Death Due PKDL

Where the fraction of death due PKDL (Fractionxé¥ath Due PKDL) is assumed to be

constant.

And the rate of natural deaths of infectious hurbaimg with PKDL (Natural Death Rate of IHB

with PKDL) is characterized as in the following etjon:

Natural Death Rate of IHB with PKDL =

Infectious Human Beings with PKDL * Fraction oé&th of Human Beings

The two flows, full recovery of infectious humanitgs carrying Kala-azar (governed by the
‘Full Recovery Rate’), and recovery of infectiougniian beings carrying PKDL (governed by
the rate Recovery Rate From PKDL), accumulate m stock of ‘Fully Recovered Human
Beings’. The number of fully recovered human beiiigally Recovered Human Beings) is
drained by the natural death (Natural Death Rat&RIfiIB) as represented by the following

equation:

Natural Death Rate of FRHB = Fully Recovered HurBamngs * Fraction of Death of
Human Beings

Figure 6.2 represents the casual loop diagram tfie human beings sector and also

disaggregates the model of human beings population.
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Figure 6.2: The causal loop diagram for the hunmeinds sector
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6.2.2 The Sand Flies Sector

In the sand fly sector, we model the mechanismrigetiie transmission of Kala-azar into the

population of sand flies and the diffusion of thisedse throughout that population so as to
represent how sand flies constitute a vector ferdisease. To structure the sand fly sector in the
model, we introduce the life cycle of the femaladsé#y simplified into three stages, egg, young

and adult. And since the female of adult sand 8lg only transmit the disease to human beings.
We categorize the life span of the female sand fiiethe adult stage which is about 12 days
according to the epidemiological stages of the atise To describe the transmission of the
disease to the adult female sand flies, we consieprocess of blood meal, egg laying, and the
development of the immature sand fly. Because tlpeseesses explain how the interaction

between adult female sand flies and human beirgstplace, we utilize these processes to build

the underlying structure of sand fly sector.

We represent the sand flies population by usingging chain that captures the age structure of
female sand flies population. In Figuse8 the female sand flies are classified into theofeihg
stocks female eggs (Female Eggs), young female $asl (Young Female Sand Flies),
susceptible adult female sand flies (SusceptiblellfABemale Sand Flies), uninfected adult
female sand flies (Uninfected Adult Female Sanedjli latent adult female sand flies (Latent
Adult Female Sand Flies), non- infectious adult darflies who have laid eggs (Non-infectious
Adult Female Sand Flies), and infectious adult fienfiéies who have laid eggs (Infectious Adult

Female Sand Flies).
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To formulate the equations that describe the deveémt of sand flies through the various stages
of its life cycle, we start from the egg stage, itee total number of female eggs (Female Eggs)
accumulating the flow of eggs produced (at the ‘lPggduction Rate’). The equation for ‘Egg

Production Rate’ will be discussed later in thist®m.

The number of female eggs (Female Eggs) is drdnyetivo flows, governed by, respectively,
the egg hatching rate (Hatching Rate) and egg isede (Egg Discard Rate). Each of these two
flows forms a balancing feedback loop. The hatclohghe female eggs, takes place after a

period of oviposition (Oviposition Time) as reprets by the following equation:

Hatching Rate = Female Eggs* Egg Survival Fractwiposition Time

The rate of hatching (Hatching Rate) is dependenthe proportion of egg survivin(Egg
Survival Fraction). Here it is assumed that thebphility of eggs surviving (Egg Survival
Fraction) is constant.
On the other hand, the rate of egg discarded (Eggadl Rate) is represented by the following
equation:

Egg Discard Rate = Female Eggs* Egg Discard Frat@wiposition Time

where Egg Discard Fraction = 1-Egg Survival Frattio

Sand Fly Reproduction, From Young to Adult Sand Fly
Through the rate of produce sand fly flow (SandFitgduction Rate) the female eggs enters, the
young, female stage as describe by the followinggsgon:
Sand Fly Production Rate = Hatching Ratéumber of Sand Fly per Egg
Where the ‘Number of Sand Fly per Egg’ refers te tonverter, i.e. the number of sand flies

produced by one egg (= 1), measured in sand fleger

The flow of produce sand fly (governed by the ‘S&hygl Production Rate ') accumulates in the
stock of female young sand flies (Young Female Sdiek). The population of young female
sand flies (Young Female Sand Flies) is drainedway flows, governed by, respectively, the

‘Maturation Rate’ and ‘Young Death Rate’. Eachludge flows form a balancing feedback loop.
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By way of the flow of maturation (governed by thaturation Rate’) the young female sand
flies (Young Female Sand flies), after a periodime (Maturation Time), enters their adult stage

(see figure 6.3), as described by the followingatigun:

Maturation Rate =Young Female Sand Fli¥sting Survival Fractior¥laturation Time

The proportion (a constant) of young female sares fsurviving (Young Survival Fraction) is

one of the factors that determine the maturatiacgss.

The proportion of young female sand flies deathufygp Female Sand Flies) flow out at rate of
death for young female sand flies (Young Death Rdteis flow is represented by the following
equation:

Young Death Rate =Young Female Sand fliésting Death FractioiMaturation Time

where Young Death Fraction per Day = (1-Young Sualvraction).

We represent the total number of female sand flighe adult stage by a stock of susceptible
adult female sand flies (Susceptible Adult FemaadSFlies). When a female sand fly reaches
an adult stage, the adult female sand fly star&isg for a blood source to bite (in India the
source is solely human beings) to develop her eQusrefore, once a female sand fly reaches its
adult stage that means she becomes susceptiblepassiply infected / infections. Having
reached the adult stage a female sand fly enjdysaal meal every 2 to 3 ddysTherefore, it is
assumed that the susceptible adult female sarsllflie human beings to suck blood meal at a
certain rate (Biting Rate of AFSF) after an avertige (Average Time Between Blood Medls)
which is measured in day.

The biting rate ‘Biting Rate of AFSF’ is determinbg the number of susceptible adult female
sand fly (Susceptible Adult Female Sand Flies) ptoportion of adult female sand fly surviving
at this stage (Adult Survival Fractionl) and therage time between blood meals for female

! Based on the information that mosquitoes takeadmeal every 2-3 days.
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sand fly (Average Time Between Blood Meals ). Thenes the rate of biting of adult female
sand fly (Biting Rate of AFSF) is described by tbkowing equation:

Biting Rate of AFSF = Susceptible Adult Female Skhes *
Adult Survival Fraction1/

Average Time Between Blood Meals

Moreover, there is proportion of susceptible adalhale sand flies that die (Adult Death
Fraction1§ and flowing out at a rate of death of susceptitlalt female sand flies (Death Rate

of SAFS) as represented by the following equation:

Death Rate of SAFS= Susceptible Adult Female Sdied FAdult Death Fractionl1/

Average Time Between Blood Meals

where Adult Death Fractionl = (1- Adult SurvivabEtion1).

Susceptible adult female sand flies may bite indest or non-infectious human. Therefore, the
rate at which adult female sand flies bite to shiclod of is split into: the infectious bite of adul
female sand flies (Infectious Bite Rate of AFSF) éime noninfectious bite of adult female sand
flies (Non-Infectious Bite Rate of AFSF) through bites. Thius tate of infectious bite of adult
female sand flies (Infectious Bite Rate of AFSFdetermined by the rate of biting of adult
female sand flies (Biting Rate of AFSF), the numbiebites per sand fly experienced by human
beings (Number of Bites per Sand Fly), the prolighbdf a sand fly biting an infected human
beings (Density of Infectious Human Beings) and phabability that a sand fly will become
infected after bitenfected person (Transmission Probability for Skhdper Bite). Therefore, the
rate of infection of adult female sand flies (Irtfeas Bite Rate of AFSF) may be portrayed as

follows:

2 We assume, the adult female sand flied have ttiféerent variables that represent the adult swviraction

between the first two days, the survive fractioradtilt female sand fly (Adult Survival Fraction$)0.9, after the
second day it will have 0.85 (Adult Survival Fract?) for the adult female sand fly to live for amet 6 days
(Incubation time or Digestion Time), and after 8feday the adult female sand fly will have 0.8 suimivfraction

(Adult Survival Fraction3)
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Infectious Bite Rate of AFSF = Biting RateAffSF * Number of Bites per Sand Fly *

Density of Infectious Human Beirfgeransmission Probability for Sand Fly per Bite

The rate at which adult female sand flies (Nonedtibus Bite Rate of AFSF) draw blood, yet do

not get infected, is represented by the followiggagion:

Non- Infectious Bite Rate of AFSF = Biting RateAfSF * Number of Bites per Sand Fly*
(1- Density of Infectious Human Beings) *
Transmission Probaypilor Sand Fly per Bite

In figure 6.3, the rate of the flow of adult satidd biting without contracting the disease (Non-

Infectious Bite Rate of AFSF) accumulates in theclstof uninfected adult female sand flies

(Uninfected Adult Female Sand Flies), a stock thatepleted by two processes: the digestion of
the uninfected blood by the female sand flies (Biigpa Rate of UAFSF) and deaths of sand flies
in this category (Death Rate of UAFSF), each o$éhactivities form negative feedback loops.

The adult female sand flies who survive in the gatg of uninfected adult female sand flies
(Uninfected Adult Female Sand Flies) need abouaysdo digest their meals in preparation for
laying eggs (Digestion Time of SF). It is assunieat the average time to digest a meal is equal

to the average (constant) time of incubation ofsiued fly. Thus,

Digestion Rate of UAFSF = Uninfected Adult Femaén& Flies *
Adult Survival Fraction2/ Digestion Time of SF

The rate at which blood meals are digested by eniafl adult female sand flies (Digestion Rate
of UAFSF) is determined by the number of uninfeceédlt female sand flies (Uninfected Adult
Female Sand Flies) and the proportion of adult ferttzat survive (Adult Survival Fraction2).
The proportion of adult female sand flies survivigglult Survival Fraction2) is assumed to be
constant. And the rate of deaths by of uninfecthdtdemale sand fly (Death Rate of UAFSF) is

represented by the following equation:
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Death Rate of UAFSF = Uninfected Adult Female Shiwes *
Adult Death Fraction2 / Digestion Time of SF
The proportion of adult female sand flies death lAdeath Fraction2) is equivalent to (1-
Fraction Adult Survive?2).

The flow at which uninfected adult female sandsfldigest a blood meal (governed by the
‘Digestion Rate of UAFSF’), these flies accumulateghe stock of non-infectious adult female
sand flies (Non-Infectious Adult Female Sand Fligd)is stock is depleted by two flows; the
deaths of non-infectious adult female sand fliesgih Rate of NIAFSF), and the natural death
of non-infectious adult female sand flies (Natubedath Rate of NIAFSF). Each of these two
flows depends on the stock of non-infectious adethale sand flies (Non-Infectious Adult

Female Sand Flies) and, therefore, constitutedambiag feedback loop.

The flow of natural deaths among non-infectious laflemale sand flies (governed by the
‘Natural Death Rate of NIAFSF’) is determined by tbroportion of adult female sand flies that
survive (Adult Survival Fraction3) and the averdge span (Average Life Span) for the
remaining non-infectious adult female sand flies:
NaturalDeath Rate of NIAFSF = Non-Infectious Adult Fem8knd flies *
Adult Survival Fraction3/ Average Life 8p
The ‘Adult Survival Fraction3’ is assumed to be stamt.

The ‘Death Rate of NIAFSF' relies on the proportiohadult female sand flies death (Adult
Death Fraction3), and the death rate of non-indestiadult female sand flies category is
formulated as shown in the equation below.
Death Rate of NIAFSF = Non-Infectious Adult Fem&knd flies*
Adult Death Fraction3 /
Average Life Span
where the portion of adult female sand fly dea&Hult Death Fraction3’ is equal to (1- Adult

Survival Fraction3).
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The flow of infected adult female sand flies (gowedt by the ‘Infectious Bite Rate of AFSF),
accumulates in the stock of latent adult femaleddaes (Latent Adult Female Sand Flies), - a
stock that is drained by two flows; the conversataf adult female sand flies (at the rate
Conversation Rate of AFSF), and the death ratateht adult female sand flies (Death Rate of
LAFSF). Each of these two flows form a balancingdigack loop (see figure 6.4). The
proportion of adult female sand flies that survff/eaction Adult Survive 2) enter the infected
adult female sand flies stock (Infectious Adult FEéenSand Flies) at the rate of conversion of
adult female sand flies (Conversation Rate of AFSEr the period of incubation time of sand
fly (Incubation Time of SF), assumed to be of §daA proportion (Adult Death Fraction2) of
adult female sand flies in the latent categoryadier the period of incubation time and flow out
at rate of the death of latent adult female saies f{ Death Rate of LAFSF) . These two flow

rates are represented in the following way:

Conversation Rate of AFSF = Latent Adult FemaledJaies * Fraction Adult Survive 2/

Incubation Time of SF
Death Rate of LAFSF = Latent Adult Female SandsFtiddult Death Fraction2

/ Incubation Time of SF
where the proportion of adult survival ‘Adult Sural Fraction2’, and the proportion of adult
death ‘Adult Death Fraction2’ are described above.
As the rate of conversations of adult female sdied {Conversion Rate of AFSF) accumulates
in the infectious adult female sand flies. The nambf adult female sand flies in the stock
(Infectious Adult Female Sand flies) is decreasgdhe death and the natural death of adult
female sand flies. The rate of natural mortalipwflof infectious adult female sand flies (Natural
Death Rate of IAFSF) is formulated as follows:

Natural Death Rate of IAFSF= Infectious Adult Feen8bnd Flies*
Adult Survival Fraction3/ Average Life Span

The rate of death of infectious adult female stied (Death Rate of IAFSF) is formulated as

following:

% Average life span is the average remaining tinandpr the adult female sand fly
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Death Rate of IAFSF = Infectious Adult Female S&hds* Adult Death Fraction3/
Average Life Span,

where the proportion of adult survival ‘Adult Sural Fraction3’ and the proportion of adult
death ‘Adult Death Fraction3’ are described above.

We assume that the adult female sand flies in tinek ©f non-infectious female sand flies who
have laid eggs (Non-Infectious Adult Female Sandslrland in the stock of infectious adult
female sand flies who have laid eggs (InfectiouslABemale Sand flies), both of these can bite
human beings for the second time in their life thssumption used by (Strauss-Ayali and
Baneth 2000)). Here the focus will be on the bit¢he adult female sand flies in the infectious
adult female sand flies stock only because thegetizinsmit the disease for human beings and
we are not interested in the bite of non infectitemale sand flies stock anymore because even

if they become infected they do not have the chémtige and transmit the disease.

Egg Reproduction from Adult Sand Flies

In this section, we describe the egg laying pro¢esshe female adult sand flies. It is assumed
that after the average time of digestion or incuamabf sand fly, the adult female sand flies lay
their eggs at a certain rate (Egg Laying Rate oSRF The ‘Egg Laying Rate of AFSF’ is

defined as follows:

Egg Laying Rate of AFSF = Conversatia@ieRf AFSF + Digestion Rate of AFSF.
The egg laying rate of adult female sand flies (Egging Rate of AFSF) produce a number of
eggs per sand (Number of Egg per Sand fly). Theeefthe rate of egg production (Egg
Production Rate) is:

Egg Production Rate = Laying Egg Rate of AFSF * Memof Egg per Sand Fly
As we mention earlier the ‘Egg Production Rate’uealates in the stock of ‘Female Eggs’ by
this we complete describe the life cycle of sagdiftvelopment (See Figure 6.4) it illustrates the

casual loop diagram of sand fly sector.
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Figure 6.4: The casual loop diagram for sand fitae

We conclude that the Kala-azar model developed stibe spread of the disease among human
beings, through the bite of adult female sandiflya cyclic effect. Thénteraction of these two
populations creates the positive feedback loops @1 R3 and R4)The two positive feedback
loops (R1, R2) in the human beings sector summahnizenypothesis of the study and the two
positive feedback loops R3 and R4 in the sand fexdor summarize the core of the interaction
which constitute the life cycle of sand fly develmgnt . There is nonlinearity in the system
because of the human population and the populaicsand fly multiplied together in the above

mentioned equations (Infection Rate of Human Bgings

6.3 Time Horizon

The time horizon for our simulation is start frormyd365 to 8385 which is crossed year 2002 up to
2025, from day 365 to 1828002 to 2007) to observed the historical behaviauoreference and
from 2920 up to 8385 (2011 to 2025) to observecketfext of the policies to achieve the government

of India goal of reduce the cases of Kala-azar.
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7. Model Analysis

In this section, we will analyze the behavior afeth key variables: (1) Infection Rate of Human
Beings, (2) Infectious Human Beings with KA, (3)danfectious Human Beings with PKDL.

In India where there are about 1.65 million peapie at risk to be infected by KA, but only the
poor fraction of the population is considered teestigate the spread of the infection. It is well
known that within this population there is more esyre to sand fly bite that transmits Kala-
azar. Therefore, this fraction that constitutesgher population reflects clearly the main factor
responsible for the spread of the disease. Conedguthe model would produce more reliable
behavior.

The Kala-azar model is initiated by setting thaiahinumber of human beings infected with
Kala-azar (Infectious Human Beings with KA) to 1Plgersons. After this initialization, the
Kala-azar infected human beings population is gngwiapidly until day 2190 (year 2007)
whereupon it starts declining to 14819 in day 44¢&ar 2012). Moreover, it is projected to
reverse into grow from day 4745 (year 2014) unay @385 (year 2025). Figure 7.1 shows the

history and the simulation result (Basic Run) & ttumber of people infected with Kala-azar.

Infectious Human Beings with KA
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30,000
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15,000

0

365 1165 1965 2765 3565 4365 5165 5965 6765 7565 8365
Time (Day)

Infectious Human Beings with KA : Basic Ruf
Infectious Human Beings with KA : Data

Figure 7.1: The infectious human beings with Katargpopulation
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The behavior displayed in figure 7.1 is a resulthef net change of the stock of infectious human
beings (the conversation rate of human beingse-qtim of the out flows from infectious human
beings). Figure 7.2 shows the number of infectemhdrubeings with Kala-azar increases when
the conversion rate exceeds the sum of the ousfithie net change of the stock of Kala-azar is
positive), while it decreases when the sum of thmg#ows exceeds the rate of conversion of
human beings (the net change of the stock of Kada-&s negative). The out flows are the
recovery rates from Kala-azar (Recovery Rate Frah, ikhe death rate due to Kala-azar (Death
Due KA Rate of HB) and the natural death of infeet human beings with Kala-azar (Natural
Death Rate of IHB with KA). Later, we will analyzBe behavior of infection rate of human

beings and the recovery rate from Kala-azar in nletails.
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Conversion Rate of HB : Basic Run
Out Flows from IHB with KA : Basic Run

Figure 7.2: Comparison between the infection ratd® and the out flows from IHB with Kala-azar

The number of infected human beings with Kala-adzas appositive effect on the rate of

recovery of human beings (outflow), death due ttakéezar (outflow), natural death of infectious
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human beings (outflow). The recovery rate of hunb@mgs from Kala-azar moves human
beings to the population of semi recovered humamgsdrom Kala-azar (see figure 7.3) and the
rate of death due to Kala-azar accumulates in dpeilption of dead from Kala-azar (see figure
7.4).
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Figure 7.3: The semi recovered human beings papualat

40



Death Due to KA Human Beings
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Figure 7.4. The death due to Kala-azar among hureargs population

The behavior displayed in figure 7.3 is a resulth&f net change of the stock of semi recovered
human beings (the recovery rate of human beings #ala-azar- the sum of the out flows from
this stock). The out flows from the stock of seracavered human beings are the PKDL
development rate (PKDL Development Rate), the frdlgovered from Kala-azar (Full Recovery
Rate) and the natural death of semi recovered himeisgs (Natural Death Rate of SRHB).
Figure 7.5 explains that the number of semi readruman beings increases as long as the
recovery rate of human beings from Kala-azar exed¢leel sum of the out flows from this stock
(the net change of the stock of semi recovered humeangs is positive).
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Figure 7.5: Comparison between tigcovery rate of HB from KAind the out flows from SRHB

The recovered human beings from Kala-azar (SemoWged Human Beings) move out by the
rate of full recovery (Full Recovery Rate), the PAKDevelopment rate (PKDL Development
Rate), and the rate of natural death of semi reesvbuman beings (Natural Death Rate of
SRHB). The PKDL development rate (PKDL DevelopmBatte) accumulates in the infected
human beings with PKDL population (see figure 7.6).
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Infectious Human Beings with PKDL
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Figure 7.6: The infectious human beings with PK@pplation

The behavior of infectious human beings with PKDLfigure 7.6 is an outcome of the net
change of the stock of infectious human beings RK®L development - the sum of the out
flows from this stock). The out flows from infeati® human beings with PKDL are the recovery
rate from PKDL (Recovery Rate From PKDL), the deatte from PKDL (Death due PKDL

Rate of HB) and the natural death of infectious &nrbeings with PKDL (Natural Death Rate of
IHB with PKDL). Figure 7.7 shows the ‘PKDL developnt rate’ exceeds the out flows from
infectious human beings with PKDL, therefore, thdectious human beings with PKDL

increases.
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Figure 7.7 Comparison between the PKDL development ratetlaaautflow from latent human

beings population

The infection human beings with Kala-azar and vA#kDL accumulate in the total number of
infectious human being3he total number of infectious human beings hasiipe effect on
the prevalence of infection human beings (Densftynéectious Human Beings). Figure 7.8
shows the prevalence of infection in human beidgengity of Infectious Human Beings)
increases when the total number of infectious hub®ngs increases and it is constant when the

total number of infection human beings is stable.
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Figure 7.8: Comparison between the infectious hubgngs with KA, with PKDL density of

infectious human beings

The prevalence of infection people (Density of ttéel Human Beings) causes the infectious
bite rate of adult female sand flies. We will nomalyze the behavior in the sand fly sector of the
two variables (1) Infectious Bite Rate of AFSF, [@fectious Adult Female Sand Flies.

The starting point to analyze the ‘Infectious BRate of AFSF’ in the sand fly sector is the stock
of susceptible adult female sand fly populations(@ptible Adult Female Sand Flies). The
population of susceptible adult female sand fli8sisceptible Adult Female Sand Flies) is
constant, because both the inflow (Maturation Ratg) the outflows (Biting Rate of AFSF,
Death Rate of SAFSF) are equal (the net chandgaétock is zero).

When the susceptible adult female sand flies (Sugte Adult Female Sand Flies) bite infected
human beings at the rate of infection of sand fljgdectious Bite Rate of AFSF). The
‘Infectious Bite Rate of AFSF accumulates in theck of ‘Latent Sand Flies’. The behavior of
latent sand flies population in figure 7.11 is aule of the net change of this population (the
infectious bite rate of AFSF — (the conversion @EtAFSF + the death rate of latent sand flies)).
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Figure 7.9: The susceptible adult female sand fiepulation
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Figure 7.10: The infection rate of adult femaleds#ies
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Figure 7.11: The latent adult female sand fliesuypaion
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Figure 7.12: The net change of latent adult fersalel flies population
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As shown in figure 7.12, when the net change anasand flies is zero the number of latent
sand flies is constant and it is constant whennstechange of latent human beings is positive
(>1) (the infectious bite rate of AFS exceeds thaversion rate of adult female sand flies and
the death rate of latent sand flies). The convarsabe of adult female sand flies enters the sand
flies which is the population of infectious aduéiniale sand flies. The behavior of infectious
adult female sand flies (see figure 7.13) is alteduthe net change of infectious adult female
sand flies (the conversion rate of adult femaledsties — (the death rate of infectious adult
female sand flies + natural death of adult femaledsflies)). Figure 7.14 shows as long as the
net change of infectious adult female sand fliepasitive (the conversion rate of adult female
sand flies exceeds the death rate of infectiou#t &elmale sand flies sand the natural death of
adult female sand flies) the stock of ‘Infectiown8 Flies’ increases and it is constant as long as
the net change of infectious adult female sand flezero (the conversion rate of adult female
sand flies equals to the death rate of infectiadidtdemale sand flies and the natural death of

adult female sand flies).
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Figure 7.13: The infectious adult female sand fliepulation
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Net Change of IAFS
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Figure 7.14: The net change of infectious adultdflensand flies population

It is assumed that the infectious adult female dhesl population bites human beings after the
average time between blood meals which then gesgethé number of infectious bites per day.
The ‘Number of Infectious Bites per Day’ causes itifection of Kala-azar among susceptible
human beings with probability to transmit the dseafor human beings (Transmission
Probability for Human Being per Bite) at the raferdection human being8nfection Rate of
HB). This rate increases the human beings and asesethe susceptible human beings’
population (see figure 7.16) to the populationaté&ht human beings (see figure 7.17). In figure
7.17 initially the number of latent human beings inaesm slowly, because the infection rate of
human beings exceeds the out flows from the ldtenmtan being population, in day 1965 the
infection rate of human beings starts decliningalose the number of susceptible human beings
is diminished while the number of infectious bipes day is constant even though the number of
latent human beings keeps growing. The increadateft human beings increases the rate at
which human beings flow out from this populationy day 2365, the outflow from this
population exceeds the infection rate of human dsirtherefore, the latent human beings

decreases after day 2765. This decrease lowewnthféws from latent human beings.
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Figure 7.15: The number of infectious bite per day
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Figure 7.16: The susceptible human beings populatio
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Figure 7.17: The latent human beings population
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Figure 7.18: comparison between the infection ohteuman beings and the sum of the out flows

from latent human beings
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And on day 2966, it becomes constant (see figufebécause the sum of the out flows from this
stock become equal to the infection rate of humeings (the net change of this stock become
zero) as shown in figure 7.18. When the latent hubyeings become (see figure 7.17) constant,
the out flows from this population become constawt (see figure 7.18). After day 3565 (see
figure 7.18), the infection rate of human beingsr@#ases because the number of infection bite
per day increases (see figure 7.15). This infectaie exceeds the out flows from the latent
human (see figure 7.18), therefore, the numbeateiht human beings keeps growing until day
8385 (year 2025). In figure 6.1 section 6, the ftmvs from the latent human beings are the
conversion rate of human beings and the naturahdeflatent human beings. The rate of
conversion rate of human beings (inflow) increabesnfectious human beings population.

As it is examined in the beginning of this secttbe infectious human beings with Kala-azar
increases in the beginning, because the growtheotonversion rate of human beings which is
caused by the increase of latent human beings., Thasgrowth in the number of infectious
human beings with Kala-azar causes an increaseiretovery rate of human beings from Kala-
azar. The increase in the number of human beirfgsted with Kala-azar in the beginning from
day 365 (year 2002) to 2190 day (year 2007) ine@®dse fraction of human beings seek Kala-
azar treatment (see figure 7.19), because it isna=d that the prevalence of infection in human
beings (Density of Infectious Human Beings) hastp@seffect on the fraction of human beings
seeking Kala-azar treatménbut with certain limit as shown in figure 7.20. éFafore, the
recovery rate from Kala-azar increases rapidlyraftey 2190 (year 2007). This growth in the
recovery of human beings from Kala-azar exceedsdheersion rate of human beings (inflow)
so that the number of infectious human beings Kila-azar starts declining to 14819 at day
4465 (year 2012).

Moreover, the increase in the recovery rate of hubreings from Kala-azar leads to the growth
in the number of infectious human beings with PKlpidly. The increase in the number of
PKDL cases increases the density of infectious mub@ings too. Thus growth of the density of

infectious human beings increases sharply whiclsesincrease in the rate at which sand flies

* Because there is no documentation that mentiomwheestart point of increasing the fraction of unbeings
that take kala-azar treatment therefore | use thaetrto estimate the effect of prevalence of infecamong human

beings to replicate the historical data.
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become infected and that leads to more infecticlidt #emale sand flies. The increase in
number of infectious sand flies causes the increaiee number of infectious bite per day, and
this explains the increase in the infection ratbwhan beings after day 3565, as shown in figure
7.18. In fact, the conversion rate of human beiagke output lag behind its input (the infection
rate of human beings) by the time of incubationfieman beings (see figure 7.21).

Fraction of Infectious Human Beings Seeking KA Timsant
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Figure 7.19: The fraction of infectious human bsisgeking Kala-azar treatment
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Figure 7.21: Comparison between the infection aaie the conversion rate of human beings
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From the analysis of the simulation results, itlesarly observed that how the Kala-azar disease
is a cyclic effect and the number of infectious lamnbeings is projected to increase due to the
increase in the number of infectious human beingh WKDL, because there is two major

positive feedback loops underlying the spread daiéaar.
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8. Testing

In this section, we will summarize some of thetseshich are conducted to the Kala-azar

model. Testing of the model will be to assess lobiks structure and its behavior.

8.1  Structure Assessment Test

The structure assessment test is conducted toreotifat whether the developed model structure
we provided is consistent and relevant with thewkedge of the real system, in another way
each variable in our model must correspond to aningéul concept in the real system. Testing
of the Kala-azar model structure occurred durirgggtocess of building the model structure. The
model structure is based on the literature revidvickvof vector born disease such as malaria
and yellow fever which provided the basis for thedel structure described in section 6.
Generally, the structure of Kala-azar model revelaeound an epidemic model structure for
populations of human beings and sand flies.

For instance, the “Conversion Rate of HB = Latentrtdn Beings/Incubation Time of HB”.
Practically, when the infected female sand fligshbman beings then they become latent for the
incubation time period of 120 days (mentioned teréiture). Therefore, the structure of the

model depicts the real world situation.

8.2 Dimensional Consistency Test

Testing the dimensional consistency of a model impeans checking whether the left hand
and the right hand for each equation have the sanite of measurement or not. Vensim DSS
version 5.77 is used to develop the underlying maawe this software has the ability to perform
the unit consistency check. And for this, the pfiege ‘unit check” function is used. Where, it
is ensured that all the variables have the cotneits while developing the model.

Not only this, but the units are also checked byetfyreferring towards the available relevant
literature.

8.3 Parameter Assessment Test

This test is performed to check whether each verisbthe model has a clear real-life meaning
and whether its value is consistent with the redéevamerical knowledge of the systerhis test

has been carried out on two different levels: cptwa, and numerical.
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Testing the conceptual meaning for each variabliffcult to examine, but for the Kala-azar

model it is performed during the modeling procesem literature is reviewed to find out more
description about the system. While testing eacimerical value in the model, most of the
parameters’ values in the human beings’ sectoobtained from literature, and some of them
are assumed or estimated. Table 1 identifies the pamsievalues and their sources that are

used in the human beings sector.

Name of Parameter Value Source
Incubation Time for HB 120 day (India 2011)
Transmission Probability for Human Beings per Bi@09 Assumed
Fraction of Death due to KA 4e-006 Assumed
Fraction of Death of Human Beings 4e-005 Assumed
Fraction of Human Beings Dvilp PKDL 0.1 (WHO 2011d)
Fraction of Death Due PKDL 4e-008 Assumed
Average time to Seek KA Treatment 15 Assumed
Time to Recover from KA 30 day (India 2011)
Average Time to Develop PKDL 182.5 | (India 2011)
Average time to Seek PKDL Treatment 20 Assumed
Time to Recover From PKDL 120 (India 2011)
HDI 519 (UNDP 2010)

Particularly, the parameters’ values used in urideding the dynamic development in the sand
fly population over the stages come from laboratexperiment (Kasap and Alten 2006) to

observe the effect of temperature on number of égigsand noted when eggs hatch, time to
mature to reach adult age and fraction of deathdagrwhen temperature is 25 C degree. The

following table-2 identifies the parameters’ valra their source in the sand flies sector.

Name of Parameter Value Source

Number of Egg per Sand Fly 22.65 (Kasap and ANED6)
Oviposition Time 6.25 (Kasap and Alten 2006)
Maturation Time 37.46 (Kasap and Alten 2006)
Egg Survival Fraction .2565 Estimated
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Young Survival Fraction 0.45 Estimated
Adult Survive Fractionl 0.9 Estimated
Adult Survival Fraction2 0.85 Estimated
Adult Survival Fraction3 0.8 Estimated
Average Time Between Blood Meals 2 estimated
Number of Bite per Sand Fly 1 Assumed
Transmission Probability for Sand Fly pet Assumed
Bite

Incubation or (Digestion) Time for SF 6 day (WHO129)

8.4 Extreme Condition Tests

The extreme condition test is intended to examitetiwer the underlying Kala-azar model
behaves realistically when the variables take extrgalues such as zero or infinity. This test is
performed on certain variables in the model toesrtr values; this test is conducted on the two

sectors.

8.4.1 Extreme Condition Tests for Human Beings Sector

We have conducted the extreme condition tests énhiliman beings sector for each of the
following variables: (1) Susceptible Human Bein(, Infectious Human Beings with KA, and
(3) Infectious Human Beings with PKDL.

If the initial value ofsusceptible human beingsiuals zero, the infection rate of human beings
becomes equal to zero over time. Therefore, kpeeted that the number of the people infected with
Kala-azar (Infectious Human Beings with KA) dece=sasind the number of people infected with
PKDL (Infectious Human Beings with PKDL) diminishas well.

But if the initial value of ‘Infectious Human Beiagvith KA’ initially equals zero, it is expected
that the number of infection with Kala-azar inceaslowly and peak at day 6365, before it
decreases, and the number of infectious human et PKDL is expected to increase very
slowly.

And, test ifthe initial values of infectious human beings vitla-azar and with PKDL araitially
zero. It is expected that the number of infectibusian beings with Kala-azéinfectious Human

Beings with KA) and the number of infectious human beings with PKifectious Human
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Beings with PKDL)have the general behavior pattern as in the previest ( the initial value of
infectious human beings with Kala-azar equals zbu)a little bit slowly.While conducting the
three tests, figure 8.1 displays the behavior gdndras it is expected for the infected human lseing
population with Kala-azar, infected human with PKpapulation, and population of infected adult

female sand flies.
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Figure 8.1: The result of the extreme conditionstésr human beings sector
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8.4.2 Extreme Condition Tests for Sand Flies Sector

This test is performed on certain variables in siyndectorto extreme values. For each of the

following variables: (1) Susceptible Adult Femalen8 Flies, (2) Infectious Adult Female Sand

Flies.

If we set the initial value of “Susceptible Addemale Sand Flies” to zero, it is expected that
the infectious bite rate of adult female sand fl@sws but below the basic run behavior.

Therefore, we expect that the number of infectiousian beings with kala-azar and with PKDL

follow the same trend but at slow rate.

If the initial value for “Infectious Adult FemaleaBd Flies” is set to zero, it is expected thateher

will be no change in the infection rate of adulhtde sand flies, as it just jumps from zero at the
beginning. Therefore, it is expected that theré balno change in the number of infected human
beings population with kala-azar, and also it ipemted that there will be no change in the
number of infected human beings with PKDL.

Figure 8.2 shows the behavior after the conducthrgy extreme condition test on the two

variables.
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Figure 8.2: The result of extreme condition testsstind flies sector
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8.5 Sensitivity Analysis

8.5.1 Sensitivity Test on Numerical Values

To test, how the Kala-azar model behaves when \wagdthe numerical values for each of the
following variables: (1) Incubation Time for HB,)(2nd Transmission Probability for Human

Being per Bite.

Test the numerical value of incubation time for lamnibeings

Figure 8.3 shows the generated behaviors whennihation time period for human beings

increases and decreases by 25%.
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Figure 8.3: The result of test the numerical valfigansmission probability for human beings
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Test the numerical value of transmission probahitt human beings
Figure 8.4 shows the generated behaviors when shmasion Probability for Human Beings’ is

Set to .1 and .25 respectively.
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8.5.2 Sensitivity Test on CLD

In order to test our hypothesis that we formulatesection-5, in this section we will test the
effect of the positive feedback loops (R1 and RZ)gure 5.2.

First, cutting the two positive feedback loops R1&? while testing.e. if the prevalence of
infected human beings with Kala-azar and with PKis no effect on the rate at which female
sand flies becomes infected (Infectious Bite Rdt&IBSF). It is expected that the number of
infectious human beings with Kala-azar and the remalh infectious human beings with PKDL will
dramatically be reduced.

Secondly, we test the modehen we cut the positive feedback loop R2, i.¢hé prevalence of
PKDL infection has no effect on the rate at whictula female sand flies become infected
(Infectious Bite Rate of AFSF), in another way thkection people with PKDL are not source of
infectious for sand flies in which the PKDL has rade in the spread of the Kala-azar, it is
expected that the number the number of Kala-azescs growing rapidly until day 2190 (year
2007) where upon it starts declining and diminighday 8385( year 2025), while it is expected
that the number of PKDL cases is rising from 1Gsperin (year 2002) day 365 to 47000 persons
only in (year 2025) day 8385(see Figure 8.5).

Thirdly, we test the model when cutting the positigedback loop R1 i.e. if the Kala-azar has no
effect on the rate at which adult female sand thiesome infected (Infectious Bite Rate of AFS),
which means the infected human beings with Kala-ara not infectious to adult female sand
flies. It expected that the number of people intect with Kala-azar decrease even the PKDL is
exiting because in the beginning the number of |geopectious with PKDL is very small and
actually the number of people infectious with Kalear is the main reason for spreading the
Kala-azar and PKDL as well. Figure 8.5 shows thst pest generated behaviors. The generated

behaviors are up to the expectations.
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8.6 Behavior Reproduction Test

This test compares the simulated behaviors of théeito the actual behavior of the system. To
test whether the developed model reproduces thblgmatic behavior of the system as
compared to the real life. Because, for the mealéle useful with respect of the model purpose
it must generate the underlying problematic behavio

Displayed behaviors in figure 7.1 shows the simoihatesults replicate the historical data for the

number of infected human beings with Kala-azar.
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9. Policy Analysis

9.1 Introduction

The policies we introduce in this study paper foous (1) offering an educational program for
the families potentially affected by Kala-azar mdig, (2) or improving the human beings life
condition in Indian rural, since there is no vaeciavailable and the treatment is costly and
onerous and may cause drugs and pesticides ressfHme drugs and pesticides resistance cause
major challenges to the ambitious goal of elimimgtKala-azar (WHO 2011d).

In this section we will describe how the suggegteticies are implemented in the Kala-azar
model, and then test them.

9.2 Policy 1: Public Health Education:

By launching effective campaigns to educate hune&ngs on basic health, the proposed policy
is aimed at providing public awareness about teBeatie, its treatment, and ways to keep people
safe from sand flies’ bite by using net and witlerciical IRS (Indoor Residual Spraying).

For the policy requirements, the following struetus added to the model developed which is

portrayed in the following figure 9.1 his policy is an adaptation of a policy to contnadlaria
in Kenya (Matteo Pedercini, Santiago Movilla Blaretal. 2011).
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In general, a number of families (Number of Houséteducation) are offered the educational
program on an average time to lunch education progiAverage Time to Lunch Education
Program’ at ‘Education Rate’. The ‘Education Rasecumulates in the stock of ‘Educated
Families’, and the stock of ‘Educated Familiesdéepleted by ‘Forgetting Rate’.
The ‘Number of Household Education’ is represeigthe following equation:
Number of Household Education= Desired Number afisgétold Education-Educated Family
We create a feedback from the “Density of Infactitiluman Beings” to effect on the reference
of desired number of educated household ‘Re. ofrBe&$lousehold Education’. This is because
we need the information about the projected derditinfected people to identify the desired
number of family need to be educated.
For this policy, we calculate the effect of famégtucation on policy effectiveness as formulated
in the equation below follow (Matteo Pedercini, &ago Movilla Blanco et al. 2011)
Effect of Family Education on Policy Effectivenessin (1, (Minimum Policy Effectiveness+
(Maximum Policy Effectiveness-
Minimum Policy Effectiveness)*
(Proportion of Families Educated /
Education Coverage Necessary to Achieve
Maximum Effectiveness)))
where

Proportion of Families Educatededucated Families/Total Number of Families

The education coverage necessary to achieve maxieffectiveness (Education Coverage
Necessary to Achieve Maximum Effectiveness) is aslito be equal 1. And the maximum
effectiveness (Maximum Policy Effectiveness) isa&go 1 while the minimum effectiveness
(Minimum Policy Effectiveness) is 0.25.

Since the education program provides the publicemess about the disease by explaining how
to avoid sand flies’ bite, identify the disease pyoms and its treatment, and also how to control
sand fly.

In this section we will examine the effect of thraetions of the education program on the

number of infectious human beings with Kala-azal aith PKDL.
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9.2.1 Action 1 — Use of Net:
In the model, we assume that the amount of edudatedies (Educated Families) determines

the “Desired Number of Net” that people will bug, ia figure 7.1.

The number of educated people (Number of Eduddtedan Beings) is equal to the number of
educated families (Educated Families) (measuredhdnysehold) multiplied by the average
number of people per family, i.e. the number ofsparper household (Average Number of

Persons per Family).

The ‘Desired Number of Net’ is equal to the numbkeducated people (Number of Educated
Human Beings) multiplied by desired number of net person (Desired Number of Net per
Person) (equal tol). But of course not all of thecated people will buy the net so that we

multiply the ‘Desired Number of Net’ by ‘Effect éfamily Education on Policy Effectiveness”.

We assume people will buy net at (Purchasing Nete)Rarhus ‘Purchasing Net Rate’
accumulates in the stock of net (Net). The numibered (Net) is reduced by discard rate (Net
Deterioration Rate) after an average life time eff (Average Life Time of Net). These two rates

are represented by the following equation:

Purchasing Net RatdBesired Number of Net*Effect of Family Education Bolicy
Effectiveness-Net) /Average Time to Buy Net

Net Deterioration Rate= Net/Average Time Life oftNe

Where, the ‘Average Time to Buy Net’ and ‘Averagan& Life of Net' is assumed to be

constant.

To determine the actual number of net that peoplebuy after the average time to buy net
(Average Time to Buy Net), we subtract the numbieexiting net 'Net’ from the “"Desired
Number of Net * Effect of Family Education on PgliEffectiveness”.

The number of people covered by a net (Number gh&tuBeings Covered by Net) is 1 person;

therefore the total number of people covered by hetal Number of Human Beings Covered by
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Net) is equal to the number of net ‘Net’ multipliegt ‘Number of Human Beings Covered by
Net'.

When human beings are covered by a net that redheeprobability of human beings being

exposed to sand files’ bite. Therefore, it is assdirnthat the “Proportion of Human Beings

Covered by Net” has an effect on the probabilitynaman beings being exposed to sand flies’
bite (see figure 7.1). Figure 9.2 shows the grapiction of the “Effect of Being Covered by Net

on Bite”.
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And the "Effectiveness of Being Covered by Net Bite” is formulated as in the equation
below:

Effectiveness of Being Covered by Net on Bite =eEffof Being Covered by Net on Bite *
Optimal Proportional Reduction in Bites when Codeby
Net

Then the “Probability of Human Beings Exposed tan& Fly Bite” is multiplied by (1-
Effectiveness of Being Covered by Net on Bite).

Thus ’'1- Effectiveness of Being Covered by Net Bite’ has a positive effect on the
“Probability of Human Beings Exposed to Sand FliteB. Because, the increase in the ”

Effectiveness of Being Covered by Net on Bite ‘tases the “Probability of Human Beings
Exposed to Sand fly Bite”.

if the educational program achieves the goal ohgisiet that alone will have an effect on the
'Probability of Human Beings Exposed to Sand flyeBi(see figure 9.3), that hasdramatic
impact by reducing the numbef people infected with Kala-azar to 300 personsday 8385
(year 2025) (see figure 9.4), and usingwitalso reducethe number of human beings infected
with PKDL form day 4195 and rea&7000 persons at day 8385 (year 20@8p figure 9.5)
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Figure 9.3: The effect of being covered by net mbpbility of human beings exposed to sand flies bi
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9.2.2 Action-2 — Identification and Treatment of sease:

In the policy structure, we implement the secomd waihich is to educate people to identify the
disease symptoms and treatment. We assume thagrapertion of families educated has an
effect on the average time to seek treatment ftin B@la-azar and PKDL as well its effect on
the fraction of people seeking treatment.

We assume that an increase in the proportion ofliesreducated will reduce their time to seek
treatment and will increase the fraction of peopbeepting treatment. Figure 9.6 shows the
graph function of the effect of the proportion diueated families on time to seek treatment and
figure 9.7 shows the graph function of the effettthee proportion of educated families on
fraction of human beings accepting treatment.

Figure 9.8 and figure 9.9 show how the educati@ymm, i.e. the impact of awareness among
human beings about the disease’s symptoms ande#sntent on the average time to seek
treatment for Kala-azar and PKDL (see figure 9/&) an the fraction of human beings seeking
treatment (see figure 9.9), so that the numberushdn beings infected with Kala-azar (see

figure 9.10) figure and also the number of PKDLI & reduce (see figure 9.11).
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Figure 9.6: The graph function of the effectigéntification and treatment of diseas@ the average time to seek

treatment
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Figure 9.8: The effect of identification and treant of disease (Action-2) on average time to $esgtment

Fraction of Human Beings Seeking Treament

0.4 DMl
0.008 Dmnl

0.2 Dmnl
0.004 Dmnl

0 Dmnl

0 Dmnl

365 1568 2771 3974 5177 6380 7583
Time (Day)

Fraction of Infectious Human Beings Seeking KA Tmeent : Run Test - Identification and Treatmenbisiease Dmnl
Fraction of Human Beings Seeking PKDL TreatmenunR est - Identification and Treatment of Disesase——— Dmnl

Figure 9.7: The effect of identification and tmaant of disease on the fraction of human beingkilsgéreatment
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Figure 9.8: The effect of identification and treatmof disease on the infectious human beings K#th
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9.2.3 Action 3 — Use ofhemical IRS (Indoor Residual Spraying):

In addition to that, we assume the educationalnarag will increase the number of households
that use indoor spray which then will reduce theber of sand flies inside and in the vicinity of

their houses.

In the model, we let the number of educated fasilieducated Families) equal to the number of
households desired to buy spray (Desired Numbéfiafseholds Buying Spray). We assume
that they will buy it within an average time of @&yd after they have decided that they will buy
it. Of course, not all of them will buy spray, s@ wepresent the rate of buying spray by the

following equation:

Buying Spray Rat = (Desired NumbeHouseholds Buying Spray*
Effect of Family Education on Policy Effectiveness-

Households Using Spray)/Average Time to Buy

The proportion of households using spray (Proporab Households Sprayed) is calculated as

below:

Proportion of Households Sprayed = Households USpray /Total Number of Families

The rate at which people buy the chemical IRS (Bgyspray Rat) accumulates in the stock of
‘Households Using Spray’. The stock of ‘Householdsing Spray’ is reduced by ’Losing
Effectiveness of Spraying Rate’.

It is assumed that “Proportion of Households Sptiyhas an effect on adult sand fly death
“Adult Death Fraction 1”and “Adult Death Fractio3” (see figure 9.10), because we assume
that the adult female sand fly during digesting ineal are not accessible. Figure 9.11 shows the
results of using spray on the number of infectibusan beings with Kala-azar and figure 9.12

shows the result of using spray on the numberfettirous human beings with PKDL.
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Figure9.10: The effect of Use of chemical IRS on adulitidraction 1 and on adult death fraction 3
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Figure 9.11: The effect of use of chemical IRSlmminfectious human beings with Kala-azar
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Infectious Human Beings with PKDL
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Figure 9.12: The effect of use of chemical IRSlmminfectious human beings with PKDL

Figure 9.13 shows the result of combining the thaegons under policyl. The results depicts
that the educational program has an effective itnpaccontrolling the underlying disease that
effectively will reduce the number of human beingected by Kala-azar zero. And the number
of infected human beings with PKDL will decreasem@aximately by 2025 and eventually

diminish to zero thereatfter (figure 9.14).
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Figure 9.13: The effect of combine the three aatiohpolicy 1 on the infectious human beings witldazar
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Figure 9.14: The effect of combine the three astiohpolicy 1 on the infectious human beings wikDR.



From the policy testing it appears that increadimg awareness of the disease and treatment
alone (Action 2) cannot reduce the Kala-azar. Bet¢ombination of the educational program
shows the best results in eliminating the Kala-azees. It is recommended to implement the
policy for launching public health educational prarg. No doubt it is time taking and costly as
well, but in the long run it will give the requiradsults in terms of saving human lives. One

suggestion could be to do the proper cost and hemeflysis to minimize the associated costs.

9.3 Policy 2: Improving the HDI:

To eliminate the disease completely we need tceas® the HDI (Human Development Index)
of human beings because increase in the HDI witirowe the human beings’ life style in India

as one of the main factor for this disease is ggybteracy and lack of resources to make proper
arrangements to prevent this disease.

Figure 9.15 shows that if the HDI increase from.5d965 by year 2012 it is expected that the
probability to expose to sand fly bite will be reds to .7, therefore, the Kala-azar will be

eliminate (see figure 9.16) and the PKDL will rediby 8385 (see figure 9.17) .
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Figure 9.15: The effect of improving the HDI on pability of human beings exposed to sand fly bite
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Figure 9.16: The effect of improve the HDI on thfectious human beings with Kala-azar
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Figure 9.17: The effect of improve the HDI on thiectious human beings with PKDL



We can conclude the result of the two policiesigisré 9.18 compares the effect of each policy @nitifiectious human beings

with Kala-azar, and Figure 9.19 compares the reduitfectious human beings with PKDL.

Infectious Human Beings with KA

60,000
45,000

2 30,000
15,000

0

365 1167 1969 2771 3573 4375 5177 59;9 6781 7583 8385

Infectious Human Beings with KA : Run Test -
Infectious Human Beings with KA : Run Test -
Infectious Human Beings with KA : Run Test -
Infectious Human Beings with KA : Run Test -
Infectious Human Beings with KA : Run Test -
Infectious Human Beings with KA : Basic Ru#

Polylmproving the HDI
Polity
UsiNgt
Idénsition and Treatment of Disease
Useloémical IRS

Time (Day)

Figure 9.18: Policy Comparison for Kala-azar
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10. Conclusion

This research work focuses on studying the Kala-disase in India, where the aim is to find

out robust policies to control the spread of the=dse.

System Dynamics Method has been used to study tia-dar diseasélhe developed model
describes the epidemiological dynamics of the disdar the populations of human beings and
sand flies. And it also shows the spread of theatis among human beings population occurs
through the bite of adult female sand flies preslgunfected by biting and sucking blood of an
infectious human beings. In addition, the model@ted deeper understanding to the disease as
being a cyclical effect. In our hypothesis and gsial we demonstrated how infected people
with Kala-azar and PKDL could impact on the sprefidhe Kala-azar and there ingitive
feedback mechanism that causes the prevalencelafagar or PKDL among human beings which
involves the population of adult female sand flies.

From the simulation it is projected that the Kataaepidemic will develop (as indicated in Model

Analysis Section 7, figure 7.1). The number of atéel people will increase sharply by year 2025.

The result of testing the hypothesis, it shows tiat two positive feedback loops (R1,R2) are
responsible for generating the behavior of thedasn (or base run) and the prevalence of PKDL
will cause an increase in the number of infectethdiu beings with Kala-azar.

In achieving the underlying goal of removing thisedse, two policies are suggested, implemented
and tested; the results support the suggestedgmbé: (1) proper promotional campaigns to reduce
Kala-azar disease, (2) improving HOIhe results give us reason to believe that by emeiting

the two policies proposed, we will prevent (or reglsignificantly) the future spread of the Kala-
azar and PKDL. And thus will stop suffer from theedless illness and death which will also
improve the HDI.

Primary limitations of the study were the lack ddtbrical data about the development of PKDL

cases, and also few assumptions were made whilelapewg the model like: (1) Constant
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Development of sand flies, (2) no birth and immigna among human beings, (3) constant death
fraction from kala-azar and PKDL, (4) constant ination time for human beings. In future,
these limitations will be addressed and to haveptbper data some research teams will be made
to find out the actual dat@he model may also be further developed in thecsiral to study the
impact of kala-azar on human health, demograptscsjal, economic development, and the

temperature effects on sand flies.
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12. Appendix - |

Appendix 1: Define the stability of sand fly popiide

Based on our assumption that the sand flies papuolad stable in all the stages which means
that all its stock are unchanged, and for a stodbet in equilibrium the net rate of change must
be zero implying the total inflow is just balance the total out flows; therefore we need to
initialize all of the stocks in the sand flies s&cin equilibrium state, to do so we define the
initial value for each stock that let the totallaw of each stock is equal to the total out flows.

By the following equations it shows an example ofvhwe define the initial value for the
Female Egg:

The Female Egg Population in equilibrium means:

Egg Production Rate=Hatching Rateégg Discard Rate

Since each of the two outflows (Hatching Rate agd Biscard Rate) are function of the stock
of the Female Egg Population then we can writeetheation above as flowing
Egg Production Rate = Female Eggs*Egg SurvivaltiafOvipositionTime +
Female Eggs*Egg Discard Fraction/OvipositionTime
then,
Female Eggs = Egg Production Rate * OvipositionTime

And we follow the same way to define the initialuafor the other stocks in the sand fly sector.

We define the rate at which young female sandrbdpce (Sand Fly Production Rate) as
Sand Fly Production Rate = Initial Hatching Ratemhaer of Sand Fly per Egg

Where, the ‘Initial Hatching Rate’ is equal to themerical value of ‘Hatching Rate’ because of

the simultaneous problem.
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13. Appendix - Il

Uninfected Adult Female Sand Flies= INTEG (
"Non-Infectious Bite Rate of AFSF"-Death Rate UAFBigestion Rate of NIAFSF,
"Non-Infectious Bite Rate of AFSF"*IncubationTinoé SFI)
~ sandfly
"Non-Infectious Bite Rate of AFSF"=
Biting Rate of AFSF*Number of Bites per Sand Fli#Density of Infectious Human
Beings )*Transmission Probability for Female Sahdgder Bite
~ sandfly/Day
Infectious Bite Rate of AFSF=
Biting Rate of AFSF*Density of Infectious HumaniBgs*Number of Bites per Sand
Fly*\
Transmission Probability for Female Sand Fly Biee
~ sandfly/Day
Buying Spray Rate=
(Desired Number of Households Buying Spray*EffeicEamily Education on Policy
Effectiveness\
-Households Using Spray)/Average Time to Buy
~ household/Day
Effectiveness of Being Covered by Net on Bite=
Effect of Being Covered by Net on Bite*Optimal Postional Reduction in Bites when
Covered by Net
~ Dmnl
~ (1-Proppting of people having Net)+Propptingpebple having Net*(1-optimal \
proportional reduction in bites when under itn
*Effect of Family education on policy effectivesg*0
Effect of Being Covered by Net on Bite= WITH LOOKUYP

Proportion of Human Beings Covered by Net,
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([(0,0)-(1,1)],(0,0),(1e-005,9.8e-005),(3e-008%5),(9e-
005,0.085),(0.0001,0.09),(0.0005,0.04),(0.0007 B).06.0009,0.085),(0.001,0.095),(0.003,0.027
),(0.005,0.045),(0.007,0.066),(0.009,0.089),(0.@BN(0.03,0.175),(0.05,0.27),(0.07,0.35),(0.09
48012,0.419),(0.103976,0.53),(0.207951,0.657893)({(7),(0.4,0.77),(0.5,0.835),(0.6,0.896),(0
.7,0.9),(0.8,0.93),(0.9,0.95),(1,0.97) ))

~ Dmnl
Effect of Education on Average Time to seek Tream&ulTH LOOKUP (
Proportion of Families Educated*Effect of Familgii€ation on Policy Effectiveness,

(1(0,0)-
(1,0.7)],(0,0),(0.00611621,0.0583333),(0.0091748B980351),(0.0152905,0.128947),(0.015290
5,0.193421),(0.0152905,0.254825),(0.0275229,0.33p@R0611621,0.389912),(0.103976,0.43
9035),(0.137615,0.475877),(0.207951,0.512719),@098,0.534211),(0.351682,0.561842),(0.4
52599,0.601754),(0.525994,0.620175),(0.602446,664)(0.672783,0.641667),(0.752294,0.6
44737),(0.816514,0.647807),(0.902141,0.644737))@06,0.638596) ))

~ Dmnl
"Ref. Number of Bites per Sand Fly"=1

~ bite/sandfly
Number of Bites per Sand Fly="Ref. Number of Bpes Sand Fly"*Probability of Human
Beings Exposed to Sand Fly Bite

~ bite/sandfly
Number of Household Education=Desired Number ofdétiold Education-Educated Families

~ household
Desired Number of Household Education=

"Re. of Desired Households Education"*1*Effectidnsity of Infectious Human Beings
on Dersired Households Educate per Day\*0

~ household

~ *0.00025
Education Rate=IF THEN ELSE(Time<Education INTERVHNN START TIME :OR:
Time>Education INTERVENTION END TIME\

, 0, (Number of Household Education/Average Timeunch Education

Program))

93



~ household/Day
Net Purchasing Rate=(Desired Number of Net*Effddtamily Education on Policy
Effectiveness-Net)/Average Time to Buy Net

~ net/Day
Average Time to Lunch Education Program= 1

~ Day
Initial Hatching Rate=5e+006

~ egg/Day
Death Rate of NIAFSF= Non Infectious Adullt Fem&end Flies*Adult Death Fraction
3/Average Life Span

~ sandfly/Day
Natural Death Rate of IAFSF= Infectious Adult Feen8bnd Flies*Adult Survival
Fraction3/Average Life Span

~ sandfly/Day
Adult Death Fraction1= (1-Adult Survival Fractioffjfect of Use of Spray on Fraction of
Sand Flies Death

~ Dmnl
Adult Death Fraction2= (1-Adult Survival Fraction2)

~ Dmnl
Death Rate UAFSF= Uninfected Adult Female SandsFAdult Death Fraction2/Digestion
Time of Sand Flies

~ sandfly/Day
Natural Death Rate of NIAFSF= Non Infectious AdiH&male Sand Flies*Adult Survival

Fraction3/Average Life Span

~ sandfly/Day
Death Rate of IAFSF= Infectious Adult Female SahesEAdult Death Fraction
3/Average Life Span

~ sandfly/Day
Death Rate of SAFSF= Susceptible Adult Female $died*Adult Death

Fractionl/Average Time Between Blood Meals

~ sandfly/Day
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Death Rate of LAFSF= Latent Adult Female Sand FAdsilt Death
Fraction2/IncubationTime of SFI

~ sandfly/Day
Adult Death Fraction 3= ((1-Adult Survival Fract@y*Effect of Use of Spray on Fraction of
Sand Flies Death

~ Dmnl

Young Death Fraction per Day= 1-Young Survival Ei@at
~ Dmnl

Egg Discard Fraction= 1-Egg Survival Fraction
~ Dmnl

Egg Discard Rate=  Female Eggs*Egg Discard FracdaipositionTime

~ egg/Day
Young Death Rate= Young Female Sand Flies*YoungIDEeaction per Day/Maturation
Time

~ sandfly/Day
Young Female Sand Flies= INTEG (Sand Fly ProdudRate-Differrent in Sand Fly Production
Rate-Maturation Rate-Young Death Rate\,

Sand Fly Production Rate*Maturation Time)

~ sandfly
Digestion Time of Sand Flies= 6

~ Day
Digestion Rate of NIAFSF= Uninfected Adult Femabn8 Flies*Adult Survival
Fraction2/Digestion Time of Sand Flies

~ sandfly/Day
Effect of Eductionon on Fraction of Human Beingel8eg Treament= WITH LOOKUP
(Proportion of Families Educated*Effect of Familgieation on Policy Effectiveness,([(0,0)-
(1,7)],(0,1),(0.00917431,1.66667),(0.0275229,2.42%0.0642202,2.88596),(\

0.122324,3.34649),(0.189602,3.89912),(0.256883823),(0.330275,4.66667),(0.40672
8\,5.06579),(0.492355,5.43421),(0.544343,5.5570836086,5.83333),(0.697248,5.98684\),(0.
752294,6.04825),(0.798165,6.17105),(0.874618,6.3)/(0932722,6.17105),(0.990826\,6.0789

5)))
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~ Dmnl
"Re.Average Time to Seek PKDL Treatment'= 20

~ Day
Probability of Human Beings Exposed to Sand FleBReference of Probability of Human
Beings Exposed to Sand Fly Bite*Effect of HDI oroPability of Human Exposed to Sand Fly
Bite\*(1-Effectiveness of Being Covered by Net oitef

~ Dmnl
Time to Recover From PKDL= 120

~ Day
"Re. of Desired Households Education”= 100000

~ household
Diffrent= (Initial Hatching Rate-Hatching Rate)*Nuo@r of Sand Fly per Egg

~ sandfly/Day
"R.Average Time to Seek KA Treatment"= 15

~ Day
Average Time to Seek KA Treatment= "R.Average Tim&eek KA Treatment"*(1-Effect of
Education on Average Time to seek Treament\)

~ Day
Fraction of Infectious Human Beings Seeking KA Tneant=(0.003+Effect of Density of
Infectious Human Beings on Fraction of Infectiousnvin Beings Seeking KA
Treatment\)*Effect of Eductionon on Fraction of HamBeings Seeking Treament

~ Dmnl
Differrent in Sand Fly Production Rate= max(Difft&)

~ sandfly/Day
Average Time to Seek PKDL Treatment="Re.AverageelimSeek PKDL Treatment"*(1-
Effect of Education on Average Time to seek Treati)en

~ Day
Fraction of Human Beings Seeking PKDL Treatmen808*Effect of Eductionon on Fraction
of Human Beings Seeking Treament

~ Dmnl

Education Coverage Necessary to Achieve Maximuraditfeness= 1
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~ Dmnl
Education INTERVENTION END TIME= 4380*0+(365)/2*0-825+365+365/2

~ Day

Education INTERVENTION START TIME= 3825+365
~ Day

Educated Families= INTEG (Education Rate-Forgetiage,0)
~ household

Average Duration of spraying effectiveness= 3
~ Day

Average Number of Persons per Family= 6

~ person/household
Effect of Family Education on Policy Effectivenessin(1,(Minimum Policy
Effectiveness+(Maximum Policy Effectiveness-Minimirualicy Effectiveness\)*(Proportion of

Families Educated/Education Coverage Necessargheere Maximum Effectiveness)))

~ Dmnl

Average Time Life of Net= 365
~ Day

Average Time to Buy= 7
~ Day

Average Time to Buy Net= 2
~ Day

Maximum Policy Effectiveness= 1
~ Dmnl

Minimum Policy Effectiveness= 0.25
~ Dmnl

Households Using Spray = INTEG (Buying Spray Rabsthg Effectiveness of Spraying Rate,
0)
~ household

Total Number of Human Beings Covered by Net=Nundj¢duman Beings Cover by Net*Net
~ person

Desired Number of Households Buying Spray= EducBtadilies
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~ household
Optimal Proportional Reduction in Bites when Coddoy Net= 0.98

~ Dmnl
Effect of Use of Spray on Fraction of Sand Flieatbe WITH LOOKUP (Proportion of
Households Sprayed,([(0,0)-(0.01,3)],(0,1),(5e-00H)1),(6e-005,1.002),(7e-005,1.003),(8e-
005,1.004)\,(%e-
005,1.005),(0.0001,1.006),(0.0002,1.007),(0.00083),(0.0004,1.009),(0.0005\,1.01),
(0.0006,1.0209),(0.0007,1.031),(0.0008,1.04),(020D05),(0.001,1.06),(0.002\,1.069),(0.003,1.
078),(0.004,1.087),(0.005,1.099),(0.006,2.017)0,R.0285),(0.008\,2.0369),(0.009,2.0493) ))

~ Dmnl
Tolal Population at Risk= (1.65e+008)

~ person

Total Number of Families=Total Number Of Poor P@pioin/Average Number of Persons per

Family
~ household

Net= INTEG (Net Purchasing Rate-Net Deteriorati@ieR 0)
~ net

Net Deterioration Rate= Net/Average Time Life oftNe

~ net/Day
Number of Human Beings Cover by Net= 1
~ person/net
Forgetting Rate= Educated Families/Time to Frogktdation
~ household/Day
Losing Effectiveness of Spraying Rate= Householgs) Spray/Average Duration of

spraying effectiveness
~ household/Day

Desired Number of Net=Number of Educated Human @&iDesired Number of Net per Person
~ net

Desired Number of Net per Person= 1

~ net/person
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Effect of Density of Infectious Human Beings on 8lexd Households Educate per Day= \WITH
LOOKUP (Density of Infectious Human Beings,
([(0,0)-(0.1,100)],(1e-006,2),(3e-006,4),(4e-@R5e-006,6),(6e-006,7),(7e-

006,8),(8e-006,10),(9e-005,11),(0.0001,12),(0.008)2(0.0003,14),(0.0004,15),(0.0005,16),
(0.0006,17),(0.0007,18),(0.0008,19),(0.0009,20)0,21),(0.002,22),(0.003,23),(0.004,25),(0.0
05,30),(0.006,33),(0.007,35),(0.008,37),(0.009(60).1,50),(0.02,60),(0.03,70),(0.04,80),(0.05,9
0),(0.06,95),(0.07,95),(0.09,100),(0.1,100) ))

~ Dmnl
Time to Froget Education= 360

~ Day
Total Number Of Poor Population= 0*(2.5e+006)+4 @@8*0+Tolal Population at Risk*0.6

~ person
Proportion of Families Educated=  Educated Familie®l Number of Families

~ Dmnl
Number of Educated Human Beings= Educated Famiestage Number of Persons per
Family

~ person
Proportion of Human Beings Covered by Net= Totaider of Human Beings Covered by
Net/Total Number Of Poor Population

~ Dmnl
Proportion of Households Sprayed= Households USprgqy/Total Number of Families

~ Dmnl
Infection Rate of HB=Number of Infectious Bites [ry*Fraction of Susceptible Human
Beings*Transmission Probability for Human Being B&e

~ person/Day
Conversion Rate of HB= Latent Human Beings/Incudraliime of HB

~ person/Day
Infectious Human Beings with KA= INTEG (ConversiBate of HB-Death Due KA Rate of
HB-Natural Death Rate of IHB with KA-Recovery R&mm KA\,12140)

~ person
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Infectious Human Beings with PKDL= INTEG (PKDL Ddepment Rate-Death due PKDL
Rate of HB-Natural Death Rate of IHB with PKDL- Reery Rate From PKDL,10)

~ person
Recovery Rate From KA=Infectious Human Beings wWitFraction of Infectious Human
Beings Seeking KA Treatment\(Average Time to Se@KTKeatment+Time to Recover From
KA)

~ person/Day
Recovery Rate From PKDL= Infectious Human BeinghhWKDL*Fraction of Human Beings
Seeking PKDL Treatment/(Average Time to Seek PKDéafment+Time to Recover From
PKDL)

~ person/Day
Latent Human Beings= INTEG (Infection Rate of HBA®ersion Rate of HB-Natural Death
Rate of LHB, 100)

~ person
Reference of Probability of Human Beings Exposefdnd Fly Bite= 1

~ Dmnl

Average Time to Develop PKDI=  182.5
~ Day

Average Time to Fully Recover=  5*365
~ Day

PKDL Development Rate= Semi Recovered Human Belaggtion of Semi Recovered Human
Beings Dvlp PKDL/Average Time to Develop PKDI

~ person/Day
Natural Death Rate of LHB= Latent Human Beings*fiacof Death of Human Being

~ person/Day
Natural Death Rate of SHB= Susceptible Human Békgstion of Death of Human Being

~ person/Day
Natural Death Rate of SRHB= Semi Recovered Humang3&Fraction of Death of Human
Being

~ person/Day
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Fully Recovered Human Beings= INTEG (Full Recovegte+Recovery Rate From PKDL-
Natural Death Rate of FRHB,10000)
~ person
Full Recovery Rate= Semi Recovered Human BeingBtélction of Semi Recovered Human
Beings Dvlp PKDL)/Average Time to Fully Recover
~ person/Day
Transmission Probability for Human Being per Bité3¥D
~ person/bite
~ .18
Death Due KA Rate of HB= Infectious Human BeingdwA*Fraction of Death Due KA of
HB
~ person/Day
Death Due to KA Human Beings= INTEG (Death Due Kat®of HB, 200)
~ person
Death due PKDL Rate of HB= Infectious Human Beingh PKDL*Fraction of Death Due
PKDL
~ person/Day
Density of Infectious Human Beings= Total Numbefrdéctious Human Beings/Total Number
of Human Beings at Risk
~ Dmnl
Fraction of Death of Human Being= 4e-005
~ 1/Day
Fraction of Semi Recovered Human Beings Dvip PKDIO=1
~ Dmnl
Effect of HDI on Probability of Human Exposed tanfleFly Bite= WITH LOOKUP (HDI,
({(0,0)-(1,1)].(0.5,1),(0.55,1),(0.6,0.85),(0.6%)),(0.7,0.65),(0.75,0.55),(0.8,0.45\
),(0.85,0.35),(0.9,0.15),(0.95,0),(1,0) ))
~ Dmnl
Effect of Density of Infectious Human Beings ondfran of Infectious Human Beings Seeking
KA Treatment\
= WITH LOOKUP (Density of Infectious Human Beings
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([(0,0)-(0.004,0.2)],(0,0),(7.35758e-005,0),(7388e-
005,0),(0.000110388,0),(0.000148358,0),(0.000154P,000172209,0),(0.000192218,0),(0.000
198806,0),(0.0002,0),(0.00021,0),(0.000215,0),(@227,0),(0.00022,0),(0.00025,0),(0.000265,
0.1),(0.0003,0.15),(0.0005,0.17),(0.0006,0.17)f0/M0.17),(0.0008,0.17),(0.0009,0.17),(0.001,
0.17), (0.002,0.17)))

~ Dmnl
Total Number of Infectious Human Beings= Infectidiisman Beings with KA+Infectious
Human Beings with PKDL

~ person
Semi Recovered Human Beings= INTEG (Recovery ReamKA-PKDL Development Rate-
Full Recovery Rate-Natural Death Rate of SRHB,500)

~ person

Fraction of Death Due KA of HB= 4e-006
~ 1/Day

Fraction of Death Due PKDL= 4e-008
~ 1/Day

Total Number of Poor Human Beings= 0.6*Total NumbEHuman Beings at Risk
~ person

Fraction of Susceptible Human Beings= Susceptibiméh Beings/Total Number of

Human Beings at Risk

~ Dmnl
Total Number of Human Beings at Risk= (1.65e+008)
~ person
Natural Death Rate of FRHB= Fully Recovered HumamBs*Fraction of Death of
Human Being
~ person/Day
Natural Death Rate of IHB with KA= Infectious HumBeings with KA*Fraction of

Death of Human Being
~ person/Day
HDI= IF THEN ELSE(Time<(3285+365),0.519,0.65)*0+0%1

~ Dmnl
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Incubation Time of HB= 120

~ Day
Time to Recover From KA= 30
~ Day
Natural Death Rate of IHB with PKDL= Infectious HamBeings with PKDL*Fraction of

Death of Human Being

~ person/Day
Susceptible Human Beings= INTEG (-Infection RatéiBFNatural Death Rate of SHB,1*(Total
Number of Poor Human Beings-(Latent Human Beingeelious Human Beings with KA+
Semi Recovered Human Beings+Death Due to KA Humgings+Infectious Human Beings
with PKDL+Fully Recovered Human Beings)))

~ person
Number of Infectious Bites per Day=Number of Bipes Sand Fly*Infectious Adult Female
Sand Flies/Average Time Between Blood Meals

~ bite/Day
Adult Survival Fractionl= 0.9

~ Dmnl

Adult Survival Fraction2=  0.85
~ Dmnl

Adult Survival Fraction3= 0.8
~ Dmnl

Average Life Span= 4
~ Day
Average Time Between Blood Meals= 2
~ Day
Conversion Rate of IAFSF= Latent Adult Female SBiels*Adult Survival
Fraction2/IncubationTime of SFI
~ sandfly/Day
Egg Production Rate=Egg Laying Rate of AFSF*Numifdegg per Sand Fly
~ egg/Day
Egg Survival Fraction= 0.2565
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~ Dmnl
Female Eggs= INTEG ( Egg Production Rate-Egg Diés&ate-Hatching Rate,Egg
Production Rate*OvipositionTime)

~ €gg
Hatching Rate= Female Eggs*Egg Survival FractiompOsitionTime

~ egg/Day
Sand Fly Production Rate= Initial Hatching Rate*Nhenof Sand Fly per Egg

~ sandfly/Day
IncubationTime of SFI= 6

~ Day
Infectious Adult Female Sand Flies= INTEG (ConvensRate of IAFSF-Death Rate of IAFSF-
Natural Death Rate of IAFSF,Conversion Rate of IRFS/erage Life Span)

~ sandfly
Latent Adult Female Sand Flies= INTEG (InfectiouteBRrate of AFSF-Conversion Rate of
IAFSF-Death Rate of LAFSF,

Infectious Bite Rate of AFSF*IncubationTime ofI5F

~ sandfly
Egg Laying Rate of AFSF= Conversion Rate of IAFSkgd3tion Rate of NIAFSF

~ sandfly/Day
Maturation Rate= Young Female Sand Flies*Young BahFraction/Maturation Time

~ sandfly/Day
Maturation Time=  43.715-OvipositionTime

~ Day
Non Infectious Adullt Female Sand Flies= INTEG (Bstjon Rate of NIAFSF-Death Rate of
NIAFSF-Natural Death Rate of NIAFSF,

Digestion Rate of NIAFSF*Average Life Span)

~ sandfly

Number of Egg per Sand Fly= (22.65/2)
~ egg/sandfly

Number of Sand Fly per Egg= 1

~ sandfly/egg
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OvipositionTime=  6.25

~ Day
Biting Rate of AFSF= Susceptible Adult Female Skhes*Adult Survival Fraction1l/Average
Time Between Blood Meals

~ sandfly/Day
Susceptible Adult Female Sand Flies= INTEG ( MataraRate-Death Rate of SAFSF-
Biting Rate of AFSF,(Maturation Rate*Average Timet®een Blood Meals))

~ sandfly
Transmission Probability for Female Sand Fly pge8i 1*0.5*0+1
~ sandfly/bite
Young Survival Fraction=  0.45
~ Dmnl
R —
.Control

kkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk *kkkk

Simulation Control Parameters

FINAL TIME = 8385

~ Day

~ The final time for the simulation.
INITIAL TIME = 365

~ Day

~ The initial time for the simulation.
SAVEPER =100

~ Day [0,?]

~ The frequency with which output is stored.
TIME STEP =0.0078125

~ Day [0,?]

~ The time step for the simulation.

\\---/// Sketch information - do not modify anytig except names

V300 Do not put anything below this section - ill e ignored
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*View 1

$192-192-192,0,Times New Roman|12||0-0-0|0-0-®6%)-1--1--1]-1--1--1]|96,96,100,0
10,1,Female Eggs,-242,46,47,22,3,131,0,0,0,0,0,0

10,2,Young Female Sand Flies,-239,223,55,18,3,130,0,0,0
10,3,Susceptible Adult Female Sand Flies,22,212(68,131,0,0,0,0,0,0
12,4,48,-20,42,10,8,0,3,0,0,-1,0,0,0
1,5,7,1,4,0,0,22,0,0,0,-1--1--1,,1|(-150,44)|
1,6,7,4,100,0,0,22,0,0,0,-1--1--1,,1|(-61,44)|
11,7,48,-98,44,6,8,34,3,0,0,1,0,0,0

10,8,Egg Production Rate,-98,71,49,19,40,3,0,0000
12,9,48,-450,46,10,8,0,3,0,0,-1,0,0,0
1,10,12,9,4,0,0,22,0,0,0,-1--1--1,,1|(-404,46)|
1,11,12,1,100,0,0,22,0,0,0,-1--1--1,,1|(-323,46)|
11,12,48,-362,46,6,8,34,3,0,0,1,0,0,0

10,13,Hatching Rate,-362,65,55,11,40,3,0,0,-1,0,0,0
1,14,16,3,4,0,0,22,0,0,0,-1--1--1,,1|(-72,222)|
1,15,16,2,100,0,0,22,0,0,0,-1--1--1,,1|(-151,222)|
11,16,1692,-111,222,6,8,34,3,0,0,1,0,0,0

10,17,Maturation Rate,-111,241,51,11,40,3,0,00100,
12,18,48,-241,382,10,8,0,3,0,0,-1,0,0,0
1,19,21,18,4,0,0,22,0,0,0,-1--1--1,,1|(-241,343)|
1,20,21,2,100,0,0,22,0,0,0,-1--1--1,,1|(-241,271)|
11,21,48,-241,307,8,6,33,3,0,0,4,0,0,0

10,22,Young Death Rate,-175,307,58,11,40,3,0,03,00
12,23,48,23,383,10,8,0,3,0,0,-1,0,0,0
1,24,26,23,4,0,0,22,0,0,0,-1--1--1,,1|(14,344)|
1,25,26,3,100,0,0,22,0,0,0,-1--1--1,,1|(14,270)|
11,26,48,14,307,8,6,33,3,0,0,4,0,0,0

10,27,Death Rate of SAFSF,87,307,65,19,40,3,000.0,
10,28,Uninfected Adult Female Sand Flies,482,11243,131,0,0,0,0,0,0
10,29,Latent Adult Female Sand Flies,504,366,63,231,0,0,0,0,0,0
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12,30,48,266,364,10,8,0,3,0,0,-1,0,0,0
1,31,33,29,4,0,0,22,0,0,0,-1--1--1,,1|(390,365)|
1,32,33,30,100,0,0,22,0,0,0,-1--1--1,,1|(302,365)|
11,33,48,334,365,6,8,34,3,0,0,1,0,0,0

10,34, Infectious Bite Rate of AFSF,334,392,53,18410,-1,0,0,0
10,35,Non Infectious Adullt Female Sand Flies,718,68,24,3,131,0,0,0,0,0,0
10,36, Infectious Adult Female Sand Flies,786,362%4,131,0,0,0,0,0,0
1,37,39,35,4,0,0,22,0,0,0,-1--1--1,,1|(666,113)|
1,38,39,28,100,0,0,22,0,0,0,-1--1--1,,1|(582,113)|
11,39,1164,624,113,6,8,34,3,0,0,1,0,0,0

10,40,Digestion Rate of NIAFSF,624,149,55,19,40(8;0,0,0,0
1,41,43,36,4,0,0,22,0,0,0,-1--1--1,,1|(683,365)|
1,42,43,29,100,0,0,22,0,0,0,-1--1--1,,1|(600,365)|
11,43,252,638,365,6,8,34,3,0,0,1,0,0,0

10,44,Conversion Rate of IAFSF,638,392,62,19,403,0,0,0,0
12,45,48,1003,359,10,8,0,3,0,0,-1,0,0,0
1,46,48,45,4,0,0,22,0,0,0,-1--1--1,,1|(957,359)|
1,47,48,36,100,0,0,22,0,0,0,-1--1--1,,1|(879,359)|
11,48,48,915,359,6,8,34,3,0,0,1,0,0,0

10,49,Natural Death Rate of IAFSF,915,386,55,13,400,-1,0,0,0
12,50,48,232,221,10,8,0,3,0,0,-1,0,0,0
1,51,53,50,4,0,0,22,0,0,0,-1--1--1,,1|(187,219)|
1,52,53,3,100,0,0,22,0,0,0,-1--1--1,,1|(111,219)|
11,53,48,147,219,6,8,34,3,0,0,1,0,0,0

10,54,Biting Rate of AFSF,147,246,64,19,40,3,0,0,8,0
1,55,54,33,0,0,0,0,0,64,0,-1--1--1,,1|(246,309)|
12,56,48,506,529,10,8,0,3,0,0,-1,0,0,0
1,57,59,56,4,0,0,22,0,0,0,-1--1--1,,1|(497,490)|
1,58,59,29,100,0,0,22,0,0,0,-1--1--1,,1|(497,418)|
11,59,48,497,454,8,6,33,3,0,0,4,0,0,0

10,60,Death Rate of LAFSF,570,454,65,19,40,3,0@010
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12,61,48,479,-33,10,8,0,3,0,0,-1,0,0,0
1,62,64,61,4,0,0,22,0,0,0,-1--1--1,,1|(484,1)|
1,63,64,28,100,0,0,22,0,0,0,-1--1--1,,1|(484,65)|
11,64,48,484,33,8,6,33,3,0,0,4,0,0,0

10,65,Death Rate UAFSF,540,33,48,19,40,3,0,0,-D0,0
12,66,48,785,532,10,8,0,3,0,0,-1,0,0,0
1,67,69,66,4,0,0,22,0,0,0,-1--1--1,,1|(785,492)|
1,68,69,36,100,0,0,22,0,0,0,-1--1--1,,1|(785,418)|
11,69,48,785,455,8,6,33,3,0,0,4,0,0,0

10,70,Death Rate of IAFSF,858,455,65,19,40,3,0@010
12,71,48,764,-39,10,8,0,3,0,0,-1,0,0,0
1,72,74,71,4,0,0,22,0,0,0,-1--1--1,,1|(762,-6)|
1,73,74,35,100,0,0,22,0,0,0,-1--1--1,,1|(762,59)|
11,74,48,762,25,8,6,33,3,0,0,4,0,0,0

10,75,Death Rate of NIAFSF,835,25,65,19,40,3,0,0,010
10,76,Number of Egg per Sand Fly,-112,-57,62,1908)3,0,0,0
10,77,Egg Laying Rate of AFSF,-20,-22,72,19,8,300000,0
1,78,76,8,1,0,0,0,0,64,0,-1--1--1,,1|(-104,-2)|
1,79,77,8,0,0,0,0,0,64,0,-1--1--1,,1|(-55,19)|

10,80,Egg Survival Fraction,-390,-6,40,19,8,3,0@MMO
10,81,Eqgg Discard Fraction,-341,-68,55,19,8,13100000,0
1,82,80,81,1,0,0,0,0,64,0,-1--1--1,,1|(-376,-35)|
10,83,0vipositionTime,-486,-13,52,11,8,3,0,0,00,0,
10,84,Maturation Time,-61,377,52,11,8,3,0,0,0,0,0,0
1,85,84,17,1,0,0,0,0,64,0,-1--1--1,,1|(-32,344)|
1,86,2,17,1,0,0,0,0,64,0,-1--1--1,,1|(-181,254)|
1,87,2,22,0,0,0,0,0,64,0,-1--1--1,,1|(-210,262)|
10,88,Young Death Fraction per Day,-184,391,55,8%8,0,0,0,0
1,89,88,22,0,0,0,0,0,64,0,-1--1--1,,1|(-181,351)|
10,90,Young Survival Fraction,-70,325,49,19,8,3@MMO0,0
1,91,90,17,0,0,0,0,0,64,0,-1--1--1,,1|(-90,285)|
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10,92, Transmission Probability for Female SandpélyBite,503,233,78,28,8,3,0,0,0,0,0,0
1,93,92,34,1,0,0,0,0,64,0,-1--1--1,,1|(459,255)|

10,94,Adult Death Fraction1,94,409,59,19,8,3,000000

10,95,Adult Survival Fraction1,189,324,45,19,83,0,0,0,0
1,96,95,54,0,0,0,0,0,64,0,-1--1--1,,1|(171,291)|
1,97,95,94,1,0,0,0,0,64,0,-1--1--1,,1|(153,373)|
1,98,94,27,0,0,0,0,0,64,0,-1--1--1,,1|(91,364)|
1,99,3,27,1,0,0,0,0,64,0,-1--1--1,,1|(60,252)|
1,100,3,54,1,0,0,0,0,64,0,-1--1--1,,1|(103,192)|

10,101,Average Time Between Blood Meals,151,1569,8,3,0,0,0,0,0,0
1,102,101,54,1,0,0,0,0,64,0,-1--1--1,,1|(146,187)|
10,103,IncubationTime of SFI,668,471,49,19,8,3M@X0,0
1,104,103,44,1,0,0,0,0,64,0,-1--1--1,,1|(655,441)|
1,105,29,44,1,0,0,0,0,64,0,-1--1--1,,1|(568,332)|
1,106,28,40,1,0,0,0,0,64,0,-1--1--1,,1|(554,83)|

10,107,Adult Survival Fraction2,734,497,45,19,83,0,0,0,0
1,108,107,44,0,0,0,0,0,64,0,-1--1--1,,1|(690,449)|

10,109,Adult Death Fraction2,591,532,59,19,8,300000,0
1,110,109,60,0,0,0,0,0,64,0,-1--1--1,,1|(582,499)|
1,111,107,109,0,0,0,0,0,64,0,-1--1--1,,1|(676,510)|
1,112,29,60,1,0,0,0,0,64,0,-1--1--1,,1|(547,401)|

10,113,Adult Survival Fraction2,709,43,50,19,8,2,4,,0,0,0,128-128-128,0-0-0,|12||128-128-
128

10,114,Adult Death Fraction2,588,-41,64,19,8,2;0,8,0,0,128-128-128,0-0-0,[|12||128-128-
128

1,115,28,65,0,0,0,0,0,64,0,-1--1--1,,1|(507,77)|
1,116,114,65,0,0,0,0,0,64,0,-1--1--1,,1|(567,-9)|
1,117,113,40,0,0,0,0,0,64,0,-1--1--1,,1|(670,90)|

10,118,Adult Survival Fraction3,1063,473,45,198,3,0,0,0,0
10,119,Adult Death Fraction 3,862,541,59,19,8,300000,0
1,120,119,70,0,0,0,0,0,64,0,-1--1--1,,1|(860,504)|
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1,121,118,49,1,0,0,0,0,64,0,-1--1--1,,1|(1007,423)|
1,122,118,119,1,0,0,0,0,64,0,-1--1--1,,1|(974,517)|
1,123,36,49,1,0,0,0,0,64,0,-1--1--1,,1|(842,331)|
1,124,36,70,1,0,0,0,0,64,0,-1--1--1,,1|(822,400)|

10,125,Average Life Span,958,469,59,11,8,3,0,M0,
1,126,35,75,0,0,0,0,0,64,0,-1--1--1,,1|(799,71)|

10,127,Adult Survival Fraction3,992,47,50,19,8,.2,4,,0,0,0,128-128-128,0-0-0,|12||128-128-
128

12,128,48,1002,110,10,8,0,3,0,0,-1,0,0,0
1,129,131,128,4,0,0,22,0,0,0,-1--1--1,,1|(956,110)|
1,130,131,35,100,0,0,22,0,0,0,-1--1--1,,1|(873,[110)
11,131,48,915,110,6,8,34,3,0,0,1,0,0,0

10,132,Natural Death Rate of NIAFSF,915,137,55034,0,-1,0,0,0
1,133,35,132,1,0,0,0,0,64,0,-1--1--1,,1|(842,83)|
1,134,127,132,0,0,0,0,0,64,0,-1--1--1,,1|(958,86)|
10,135,Digestion Rate of NIAFSF,-15,-110,59,19@:2;1,0,0,0,128-128-128,0-0-0,|12||128-
128-128

10,136,Conversion Rate of IAFSF,102,-100,58,190832,1,0,0,0,128-128-128,0-0-0,|12||128-
128-128

1,137,136,77,0,0,0,0,0,64,0,-1--1--1,,1|(46,-64)|
1,138,135,77,1,0,0,0,0,64,0,-1--1--1,,1|(-16,-48)|
1,139,80,13,0,0,0,0,0,64,0,-1--1--1,,1|(-378,26)|
1,140,1,13,1,0,0,0,0,64,0,-1--1--1,,1|(-303,9)|
12,141,48,-443,227,10,8,0,3,0,0,-1,0,0,0
1,142,144,2,4,0,0,22,0,0,0,-1--1--1,,1|(-326,227)|
1,143,144,141,100,0,0,22,0,0,0,-1--1--1,,1|(-402)R2
11,144,48,-364,227,6,8,34,3,0,0,1,0,0,0

10,145,Sand Fly Production Rate,-364,246,52,19,4®,31,0,0,0
1,146,83,13,0,0,0,0,0,64,0,-1--1--1,,1|(-431,22)|
12,147,48,-253,-109,10,8,0,3,0,0,-1,0,0,0
1,148,150,147,4,0,0,22,0,0,0,-1--1--1,,1|(-259/-70)
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1,149,150,1,100,0,0,22,0,0,0,-1--1--1,,1|(-259,-2)|
11,150,48,-259,-34,8,6,33,3,0,0,4,0,0,0

10,151,Egg Discard Rate,-192,-34,59,11,40,3,0@m03.10
1,152,81,151,1,0,0,0,0,64,0,-1--1--1,,1|(-267,-42)|
1,153,1,151,1,0,0,0,0,64,0,-1--1--1,,1|(-219,3)|

10,154,Number of Sand Fly per Egg,-324,166,54,398),0,0,0,0
1,155,154,145,0,0,0,0,0,64,0,-1--1--1,,1|(-341,[L99)

10,156, Initial Hatching Rate,-364,276,50,19,8,2;1,8,0,0,128-128-128,0-0-0,|12||128-128-128
1,157,156,145,0,1,0,0,0,64,0,-1--1--1,,1|(-364,R68)

10,158, Initial Hatching Rate,-438,167,46,19,8,3@MMO0,0
1,159,90,88,0,0,0,0,0,64,0,-1--1--1,,1|(-121,354)|
1,160,83,1,0,0,0,0,0,64,1,-1--1--1,,1|(-372,14)|
1,161,145,2,1,0,0,0,0,64,0,-1--1--1,,1|(-311,253)|
1,162,103,29,0,0,0,0,0,64,1,-1--1--1,,1|(594,423)|
1,163,125,36,0,0,0,0,0,64,1,-1--1--1,,1|(887,426)|
1,164,125,35,0,0,0,0,0,64,1,-1--1--1,,1|(870,303)|
1,165,83,84,1,0,0,0,0,64,0,-1--1--1,,1|(-242,457)|

10,166,Adult Death Fraction 3,886,-49,64,19,8,2;0,8,0,0,128-128-128,0-0-0,]|12||128-128-
128

1,167,166,75,0,0,0,0,0,64,0,-1--1--1,,1|(864,-17)|

10,168,Density of Infectious Human Beings,385,263,9,8,2,0,3,-1,0,0,0,128-128-128,0-0-
0,|12||128-128-128

10,169,Number of Bites per Sand Fly,273,268,67,298,-1,0,0,0,128-128-128,0-0-0,|12||128-
128-128

1,170,169,33,0,0,0,0,0,64,0,-1--1--1,,1|(303,317)|
12,171,48,-236,101,10,8,0,3,0,0,-1,0,0,0
1,172,174,171,4,0,0,22,0,0,0,-1--1--1,,1|(-236,[L30)
1,173,174,2,100,0,0,22,0,0,0,-1--1--1,,1|(-236,[L84)
11,174,48,-236,157,8,6,33,3,0,0,4,0,0,0

10,175,Differrent in Sand Fly Production Rate,-183,68,19,40,3,0,0,-1,0,0,0
10,176,Diffrent,-360,117,25,11,8,3,0,0,0,0,0,0
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1,177,13,176,0,0,0,0,0,64,0,-1--1--1,,1|(-362,84)|
1,178,158,176,0,0,0,0,0,64,0,-1--1--1,,1|(-400,[L41)
1,179,154,176,0,0,0,0,0,64,0,-1--1--1,,1|(-341,[142)
1,180,176,175,0,0,0,0,0,64,0,-1--1--1,,1|(-300,[L29)
1,181,158,144,0,0,0,0,0,64,0,-1--1--1,,1|(-398,R00)

10,182 ,Effect of Use of Spray on Fraction of SahesFeath,107,494,93,26,8,130,0,3,-
1,0,0,0,128-128-128,0-0-0,]|12||128-128-128
1,183,182,94,0,0,0,0,0,64,0,-1--1--1,,1|(101,454)|

10,184 Effect of Use of Spray on Fraction of SahesFDeath,1645,586,62,28,8,2,0,3,-
1,0,0,0,128-128-128,0-0-0,|12||128-128-128

10,185,Effect of Use of Spray on Fraction of SahesFDeath,877,623,62,28,8,2,0,3,-
1,0,0,0,128-128-128,0-0-0,|12||128-128-128
1,186,185,119,0,0,0,0,0,64,0,-1--1--1,,1|(869,584)|
1,187,83,151,1,0,0,0,0,64,0,-1--1--1,,1|(-411,-80)|
1,188,84,22,0,0,0,0,0,64,0,-1--1--1,,1|(-112,345)|
1,189,84,2,0,0,0,0,0,64,1,-1--1--1,,1|(-141,308)|
1,190,101,3,0,0,0,0,0,64,1,-1--1--1,,1|(93,184)|

10,191,Digestion Time of Sand Flies,648,5,56,1908030,0,0,0
1,192,191,40,0,0,0,0,0,64,0,-1--1--1,,1|(637,70)|
1,193,103,60,1,0,0,0,0,64,0,-1--1--1,,1|(623,484)|
1,194,101,27,0,0,0,0,0,64,0,-1--1--1,,1|(121,225)|

10,195,Average Life Span,916,57,46,19,8,2,0,30100128-128-128,0-0-0,|12||128-128-128
1,196,195,132,0,0,0,0,0,64,0,-1--1--1,,1|(915,90)|
1,197,125,70,1,0,0,0,0,64,0,-1--1--1,,1|(880,438)|
1,198,125,49,1,0,0,0,0,64,0,-1--1--1,,1|(945,434)|
1,199,191,65,1,0,0,0,0,64,0,-1--1--1,,1|(545,34)|
1,200,195,75,0,0,0,0,0,64,0,-1--1--1,,1|(883,44)|
1,202,49,201,0,0,0,0,0,64,0,-1--1--1,,1|(903,338)|
1,203,70,201,0,0,0,0,0,64,0,-1--1--1,,1|(871,373)|
1,214,44,213,0,0,0,0,0,64,0,-1--1--1,,1|(690,326)|
1,215,201,213,0,0,0,0,0,64,0,-1--1--1,,1|(811,262)|
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1,216,168,33,0,0,0,0,0,64,0,-1--1--1,,1|(359,311)|
12,217,48,279,115,10,8,0,3,0,0,-1,0,0,0
1,218,220,28,4,0,0,22,0,0,0,-1--1--1,,1|(388,115)|
1,219,220,217,100,0,0,22,0,0,0,-1--1--1,,1|(318)115
11,220,48,353,115,6,8,34,3,0,0,1,0,0,0

10,221,"Non-Infectious Bite Rate of AFSF",353,141®,40,3,0,0,-1,0,0,0
1,222,54,221,0,0,0,0,0,64,0,-1--1--1,,1|(243,197)|
1,223,169,221,0,0,0,0,0,64,0,-1--1--1,,1|(308,210)|
1,224,168,221,0,0,0,0,0,64,0,-1--1--1,,1|(370,206)|
1,225,92,221,0,0,0,0,0,64,0,-1--1--1,,1|(426,186)|
1,226,221,28,1,0,0,0,0,64,0,-1--1--1,,1|(461,140)|
1,227,103,28,0,0,0,0,0,64,1,-1--1--1,,1|(579,301)|

\\---/// Sketch information - do not modify anytig except names
V300 Do not put anything below this section - il Wwe ignored

*View 2

$192-192-192,0,Times New Roman|12||0-0-0|0-0-®64}-1--1--1]-1--1--1|96,96,100,0
10,1,Susceptible Human Beings,-473,267,62,29,30130,0,0,0
10,2,Latent Human Beings,-196,266,61,29,3,131,@MM®M
10,3,Infectious Human Beings with KA,89,267,61,293,0,0,0,0,0,0
10,4,Semi Recovered Human Beings,470,268,61,28,3%.180,0,0,0
10,5,Infectious Human Beings with PKDL,765,269,&13131,0,0,0,0,0,0
12,6,48,-475,118,10,8,0,3,0,0,-1,0,0,0
1,7,9,6,4,0,0,22,0,0,0,-1--1--1,,1|(-475,151)|
1,8,9,1,100,0,0,22,0,0,0,-1--1--1,,1|(-475,213)|
11,9,48,-475,182,8,6,33,3,0,0,4,0,0,0

10,10,Natural Death Rate of SHB,-405,182,62,19,80031,0,0,0
12,11,48,-202,117,10,8,0,3,0,0,-1,0,0,0
1,12,14,11,4,0,0,22,0,0,0,-1--1--1,,1|(-202,150)|
1,13,14,2,100,0,0,22,0,0,0,-1--1--1,,1|(-202,212)|
11,14,48,-202,181,8,6,33,3,0,0,4,0,0,0

10,15,Natural Death Rate of LHB,-132,181,62,19,40(8-1,0,0,0
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12,16,48,84,112,10,8,0,3,0,0,-1,0,0,0
1,17,19,16,4,0,0,22,0,0,0,-1--1--1,,1|(84,146)|
1,18,19,3,100,0,0,22,0,0,0,-1--1--1,,1|(84,211)|
11,19,48,84,179,8,6,33,3,0,0,4,0,0,0

10,20,Natural Death Rate of IHB with KA,162,179.1®40,3,0,0,-1,0,0,0
12,21,48,461,107,10,8,0,3,0,0,-1,0,0,0
1,22,24,21,4,0,0,22,0,0,0,-1--1--1,,1|(461,143)|
1,23,24,4,100,0,0,22,0,0,0,-1--1--1,,1|(461,211)|
11,24,48,461,177,8,6,33,3,0,0,4,0,0,0

10,25,Natural Death Rate of SRHB,531,177,62,19,8M31,0,0,0
12,26,48,760,104,10,8,0,3,0,0,-1,0,0,0
1,27,29,26,4,0,0,22,0,0,0,-1--1--1,,1|(760,141)|
1,28,29,5,100,0,0,22,0,0,0,-1--1--1,,1|(760,211)|
11,29,48,760,176,8,6,33,3,0,0,4,0,0,0

10,30,Natural Death Rate of IHB with PKDL,838,11%]19,40,3,0,0,-1,0,0,0
1,31,33,2,4,0,0,22,0,0,0,-1--1--1,,1|(-293,266)|
1,32,33,1,100,0,0,22,0,0,0,-1--1--1,,1|(-376,266)|
11,33,2316,-334,266,6,8,34,3,0,0,1,0,0,0

10,34,Infection Rate of HB,-334,293,55,19,40,3;0,0,0,0
1,35,37,3,4,0,0,22,0,0,0,-1--1--1,,1|(-10,266)|
1,36,37,2,100,0,0,22,0,0,0,-1--1--1,,1|(-98,266)|
11,37,2156,-54,266,6,8,34,3,0,0,1,0,0,0

10,38,Conversion Rate of HB,-54,293,54,19,40,3,0,0,0,0
1,39,41,4,4,0,0,22,0,0,0,-1--1--1,,1|(338,272)|
1,40,41,3,100,0,0,22,0,0,0,-1--1--1,,1|(202,272)|
11,41,908,261,272,6,8,34,3,0,0,1,0,0,0

10,42,Recovery Rate From KA,261,299,48,19,40,30M0,0
1,43,45,5,4,0,0,22,0,0,0,-1--1--1,,1|(660,268)|
1,44,45,4,100,0,0,22,0,0,0,-1--1--1,,1|(567,268)|
11,45,1020,610,268,6,8,34,3,0,0,1,0,0,0

10,46,PKDL Development Rate,610,295,59,19,40,30M0,0
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10,47,Death Due to KA Human Beings,88,458,60,28,3(1,0,0,0,0,0
1,48,50,47,4,0,0,22,0,0,0,-1--1--1,,1|(63,399)|
1,49,50,3,100,0,0,22,0,0,0,-1--1--1,,1|(63,326))|
11,50,2556,63,363,8,6,33,3,0,0,4,0,0,0

10,51,Death Due KA Rate of HB,120,363,57,19,4003;0,0,0,0
10,52,Fraction of Susceptible Human Beings,-480,2525,8,131,0,0,0,0,0,0
1,53,1,52,0,0,0,0,0,64,0,-1--1--1,,1|(-476,311)|
1,54,52,34,0,0,0,0,0,64,0,-1--1--1,,1|(-408,329)|

10,55,Number of Infectious Bites per Day,-347,38(16,8,3,0,0,0,0,0,0
1,56,55,34,0,0,0,0,0,64,0,-1--1--1,,1|(-343,343)|

10,57,Infectious Adult Female Sand Flies,-300,50,2.8,8,2,0,3,-1,0,0,0,128-128-128,0-0-
0,]12]|128-128-128

1,58,57,55,0,0,0,0,0,64,0,-1--1--1,,1|(-322,450)|

10,59,Number of Bites per Sand Fly,-410,474,62,890%0,-1,0,0,0
1,60,59,55,0,0,0,0,0,64,0,-1--1--1,,1|(-383,432)|

10,61, Transmission Probability for Human Being Bie,-203,386,81,19,8,3,0,0,0,0,0,0
1,62,61,34,0,0,0,0,0,64,0,-1--1--1,,1|(-263,343)|

10,63,Probability of Human Beings Exposed to SadydBke,-440,580,78,28,8,131,0,0,0,0,0,0
10,64,HDI,-457,777,16,11,8,3,0,0,0,0,0,0

10,65,Incubation Time of HB,-56,369,60,19,8,3,0000
1,66,2,38,1,0,0,0,0,64,0,-1--1--1,,1|(-146,310)|
1,67,65,38,0,0,0,0,0,64,0,-1--1--1,,1|(-56,337)|
1,68,1,10,0,0,0,0,0,64,0,-1--1--1,,1|(-439,224)|
1,69,2,15,1,0,0,0,0,64,0,-1--1--1,,1|(-156,223)|
1,70,3,20,0,0,0,0,0,64,0,-1--1--1,,1|(125,223)|
1,71,4,25,0,0,0,0,0,64,0,-1--1--1,,1|(499,223)|
1,72,5,30,0,0,0,0,0,64,0,-1--1--1,,1|(800,223)|
1,73,3,42,1,0,0,0,0,64,0,-1--1--1,,1|(160,316)|

10,74,Fraction of Death Due KA of HB,-50,441,56813,0,0,0,0,0,0
1,75,74,51,0,0,0,0,0,64,0,-1--1--1,,1|(28,404)|
1,76,3,51,0,0,0,0,0,64,0,-1--1--1,,1|(103,313)|
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10,77,Average Time to Seek KA Treatment,353,3939,8,3,0,0,0,0,0,0
10,78,Time to Recover From KA,403,354,54,19,8,30M0,0
1,79,78,42,0,0,0,0,0,64,0,-1--1--1,,1|(337,328)|
1,80,77,42,0,0,0,0,0,64,0,-1--1--1,,1|(311,350)|

10,81,Fraction of Infectious Human Beings SeekidgTKeatment,241,432,87,28,8,3,0,0,0,0,0,0
1,82,81,42,0,0,0,0,0,64,0,-1--1--1,,1|(250,367)|
1,83,4,46,1,0,0,0,0,64,0,-1--1--1,,1|(528,310)|

10,84,Fully Recovered Human Beings,613,524,61,28130,0,0,0,0,0
1,85,87,84,4,0,0,22,0,0,0,-1--1--1,,1|(477,524)|
1,86,87,4,100,0,0,22,0,0,0,-1--1--1,,1|(477,344)|
11,87,2492,477,398,8,6,33,3,0,0,4,0,0,0

10,88,Full Recovery Rate,533,398,45,19,40,3,0@010
1,89,91,84,4,0,0,22,0,0,0,-1--1--1,,1|(763,524)|
1,90,91,5,100,0,0,22,0,0,0,-1--1--1,,1|(763,348)|
11,91,2508,763,406,8,6,33,3,0,0,4,0,0,0

10,92,Recovery Rate From PKDL,819,406,48,19,4M3100,0,0
10,93,Average Time to Develop PKDI,698,356,54,18(80,0,0,0,0
10,94,Average Time to Fully Recover,564,473,54,89080,0,0,0,0
10,95,Fraction of Semi Recovered Human Beings PHPL,679,436,83,28,8,3,0,0,0,0,0,0
1,96,93,46,0,0,0,0,0,64,0,-1--1--1,,1|(659,329)|
1,97,95,46,1,0,0,0,0,64,0,-1--1--1,,1|(622,340)|
1,98,95,88,1,0,0,0,0,64,0,-1--1--1,,1|(578,403)|
1,99,94,88,0,0,0,0,0,64,0,-1--1--1,,1|(551,441)|
1,100,4,88,0,0,0,0,0,64,0,-1--1--1,,1|(499,331)|
12,101,48,989,267,10,8,0,3,0,0,-1,0,0,0
1,102,104,101,4,0,0,22,0,0,0,-1--1--1,,1|(943,268)|
1,103,104,5,100,0,0,22,0,0,0,-1--1--1,,1|(860,268)|
11,104,48,901,268,6,8,34,3,0,0,1,0,0,0

10,105,Death due PKDL Rate of HB,901,295,57,19,6M031,0,0,0
10,106,Density of Infectious Human Beings,224,68(1,8,8,3,0,0,0,0,0,0

116



10,107,Effect of Density of Infectious Human BeimgsFraction of Infectious Human Beings
Seeking KA Treatment,236,544,121,28,8,3,0,0,0,0,0,0
1,108,106,107,0,0,0,0,0,64,0,-1--1--1,,1|(228,603)|
1,109,107,81,0,0,0,0,0,64,0,-1--1--1,,1|(237,494)|

10,110, Total Number of Human Beings at Risk,-57%,43,19,8,3,0,0,0,0,0,0
1,111,110,52,0,0,0,0,0,64,0,-1--1--1,,1|(-537,408)|

10,112,Infectious Human Beings with KA,235,828,808]12,0,3,-1,0,0,0,128-128-128,0-0-
0,]12]|128-128-128

10,113, Infectious Human Beings with PKDL,360,8141658,2,0,3,-1,0,0,0,128-128-128,0-0-
0,]12]|128-128-128

10,114, Total Number of Human Beings at Risk,156,73499,8,2,0,3,-1,0,0,0,128-128-128,0-0-
0,]12]|128-128-128

10,115, Total Number of Infectious Human Beings,3@2,79,19,8,3,0,0,0,0,0,0
1,116,112,115,0,0,0,0,0,64,0,-1--1--1,,1|(264,783)|
1,117,113,115,0,0,0,0,0,64,0,-1--1--1,,1|(334,776)|
1,118,114,106,0,0,0,0,0,64,0,-1--1--1,,1|(185,695)|
1,119,115,106,0,0,0,0,0,64,0,-1--1--1,,1|(267,688)|

10,120,Time to Recover From PKDL,909,492,54,1908080,0,0,0

10,121,Average Time to Seek PKDL Treatment,1001 4269,8,3,0,0,0,0,0,0
10,122,Fraction of Human Beings Seeking PKDL Treaty976,342,83,19,8,3,0,0,0,0,0,0
1,123,5,92,1,0,0,0,0,64,0,-1--1--1,,1|(798,327)|
1,124,122,92,0,0,0,0,0,64,0,-1--1--1,,1|(903,371)|
1,125,121,92,0,0,0,0,0,64,0,-1--1--1,,1|(904,415)|
1,126,120,92,0,0,0,0,0,64,0,-1--1--1,,1|(869,453)|

10,127,Fraction of Death Due PKDL,948,214,56,19(8(80,0,0,0
1,128,127,105,0,0,0,0,0,64,0,-1--1--1,,1|(928,248)|
1,129,5,105,1,0,0,0,0,64,0,-1--1--1,,1|(820,312)|
1,130,47,1,0,0,0,0,0,64,1,-1--1--1,,1|(-185,365)|
1,131,84,1,0,0,0,0,0,64,1,-1--1--1,,1|(77,397)|
1,132,3,1,0,0,0,0,0,64,1,-1--1--1,,1|(-185,267)|
1,133,5,1,0,0,0,0,0,64,1,-1--1--1,,1|(153,268)|
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1,134,2,1,0,0,0,0,0,64,1,-1--1--1,,1|(-327,266)|
1,135,4,1,0,0,0,0,0,64,1,-1--1--1,,1|(5,267)|

10,136, Total Number of Poor Human Beings,-640,369%,8,3,0,0,-1,0,0,0
1,137,136,1,0,0,0,0,0,64,1,-1--1--1,,1|(-570,326)|
1,138,110,136,0,0,0,0,0,64,0,-1--1--1,,1|(-602,408)

10,139,Fraction of Death of Human Being,-349,11(1,83,3,0,0,0,0,0,0
1,140,139,10,0,0,0,0,0,64,0,-1--1--1,,1|(-373,140)|

10,141,Fraction of Death of Human Being,-90,101,86%,2,0,3,-1,0,0,0,128-128-128,0-0-
0,]12]]128-128-128

10,142,Fraction of Death of Human Being,194,89,6%,2,0,3,-1,0,0,0,128-128-128,0-0-
0,]12]|128-128-128

10,143,Fraction of Death of Human Being,576,102,6%,2,0,3,-1,0,0,0,128-128-128,0-0-
0,]12]|128-128-128

10,144, Fraction of Death of Human Being,883,98,6%,2,0,3,-1,0,0,0,128-128-128,0-0-
0,]12]|128-128-128

1,145,144,30,0,0,0,0,0,64,0,-1--1--1,,1|(864,131)|
1,146,143,25,0,0,0,0,0,64,0,-1--1--1,,1|(557,133)|
1,147,142,20,0,0,0,0,0,64,0,-1--1--1,,1|(180,127)|
1,148,141,15,0,0,0,0,0,64,0,-1--1--1,,1|(-108,134)|
12,149,48,609,696,10,8,0,3,0,0,-1,0,0,0
1,150,152,149,4,0,0,22,0,0,0,-1--1--1,,1|(609,657)|
1,151,152,84,100,0,0,22,0,0,0,-1--1--1,,1|(609,p83)
11,152,48,609,620,8,6,33,3,0,0,4,0,0,0

10,153,Natural Death Rate of FRHB,679,620,62,13,8(0,-1,0,0,0

10,154,Fraction of Death of Human Being,711,703,8%,2,0,3,-1,0,0,0,128-128-128,0-0-
0,]12]]128-128-128

1,155,154,153,0,0,0,0,0,64,0,-1--1--1,,1|(697,669)|
1,156,84,153,1,0,0,0,0,64,0,-1--1--1,,1|(652,565)|

10,157,Average Time Between Blood Meals,-213,4639,8,2,0,3,-1,0,0,0,128-128-128,0-0-
0,]12]|128-128-128

1,158,157,55,0,0,0,0,0,64,0,-1--1--1,,1|(-275,426)|
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1,159,63,59,0,0,0,0,0,64,0,-1--1--1,,1|(-426,529)|

10,160,Effect of HDI on Probability of Human Expdde Sand Fly Bite,-
442,667,90,28,8,3,0,0,0,0,0,0

1,161,64,160,0,0,0,0,0,64,0,-1--1--1,,1|(-451,737)|
1,162,160,63,0,0,0,0,0,64,0,-1--1--1,,1|(-441,630)|

10,163,Reference of Probability of Human Beingsdseal to Sand Fly Bite,-
649,586,85,28,8,3,0,0,0,0,0,0

1,164,163,63,0,0,0,0,0,64,0,-1--1--1,,1|(-547,583)|

10,165,Effect of Being Covered by Net on Bite,-447,60,19,8,2,1,3,-1,0,0,0,128-128-128,0-0-
0,]12]|128-128-128

10,166,Effectiveness of Being Covered by Net oe B#61,678,93,27,8,130,0,3,-1,0,0,0,128-
128-128,0-0-0,|12||128-128-128
1,167,166,63,0,0,0,0,0,64,0,-1--1--1,,1|(-558,632)|

10,168,Effect of Education on Average Time to séeament,1070,497,78,19,8,2,0,3,-
1,0,0,0,128-128-128,0-0-0,|12||128-128-128

10,169,Effect of Education on Average Time to seeament,373,497,78,19,8,2,0,3,-
1,0,0,0,128-128-128,0-0-0,|12||128-128-128
1,170,169,77,0,0,0,0,0,64,0,-1--1--1,,1|(364,451)|
1,171,168,121,0,0,0,0,0,64,0,-1--1--1,,1|(1040,466)

10,172,Effect of Eductionon on Fraction of Humanngs Seeking
Treament,1204,352,83,28,8,2,0,3,-1,0,0,0,128-1230t2-0,|12||128-128-128
1,173,172,122,0,0,0,0,0,64,0,-1--1--1,,1|(1096,347)

10,174 Effect of Eductionon on Fraction of Humanngs Seeking
Treament,426,592,83,28,8,2,0,3,-1,0,0,0,128-128610®,|12||128-128-128
1,175,174,81,0,0,0,0,0,64,0,-1--1--1,,1|(338,516)|
10,176,Time,-318,819,26,11,8,2,0,3,-1,0,0,0,128-128,0-0-0,|12||128-128-128
1,177,176,64,0,0,0,0,0,64,0,-1--1--1,,1|(-386,798)|

10,178,"Re.Average Time to Seek PKDL Treatment"§1442,74,19,8,3,0,0,0,0,0,0
1,179,178,121,0,0,0,0,0,64,0,-1--1--1,,1|(1105,434)

10,180,"R.Average Time to Seek KA Treatment",429,85,19,8,3,0,0,0,0,0,0
1,181,180,77,0,0,0,0,0,64,0,-1--1--1,,1|(396,432)|
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10,189,"Ref. Number of Bites per Sand Fly",-582,68619,8,3,0,0,0,0,0,0
1,190,189,59,0,0,0,0,0,64,0,-1--1--1,,1|(-499,485)|
1,196,30,195,1,0,0,0,0,64,0,-1--1--1,,1|(899,143)|
1,197,105,195,0,0,0,0,0,64,0,-1--1--1,,1|(935,222)|
1,198,92,195,0,0,0,0,0,64,0,-1--1--1,,1|(893,278)|

\\---/// Sketch information - do not modify anytig except names

V300 Do not put anything below this section - ill e ignored

*View 3

$192-192-192,0,Times New Roman|12||0-0-0|0-0-®6%)-1--1--1]-1--1--1]|96,96,100,0
10,1,Educated Families,724,103,40,20,3,3,0,0,@0,0,
12,2,48,460,112,10,8,0,3,0,0,-1,0,0,0
1,3,5,1,4,0,0,22,0,0,0,-1--1--1,,1|(633,112)|
1,4,5,2,100,0,0,22,0,0,0,-1--1--1,,1|(520,112)|
11,5,48,577,112,6,8,34,3,0,0,1,0,0,0

10,6,Education Rate,577,131,48,11,40,3,0,0,-1,0,0,0
12,7,48,977,108,10,8,0,3,0,0,-1,0,0,0
1,8,10,7,4,0,0,22,0,0,0,-1--1--1,,1](919,108)|
1,9,10,1,100,0,0,22,0,0,0,-1--1--1,,1|(811,108)|
11,10,48,865,108,6,8,34,3,0,0,1,0,0,0

10,11,Forgetting Rate,865,127,49,11,40,3,0,0,-100,0

10,12,Desired Number of Household Education,4406%79,8,131,0,0,-1,0,0,0
10,13,Education INTERVENTION END TIME,640,48,61,28,0,0,-1,0,0,0
1,14,13,6,0,0,0,0,0,64,0,-1--1--1,,1|(606,91)|

10,15,Education INTERVENTION START TIME,498,47,68,2,3,0,0,-1,0,0,0
1,16,15,6,0,0,0,0,0,64,0,-1--1--1,,1|(540,92)|
10,17,Time,412,84,26,11,8,2,0,3,-1,0,0,0,128-1281-P-0,|12||128-128-128
1,18,17,6,0,0,0,0,0,64,0,-1--1--1,,1|(480,103)|
1,19,1,11,1,0,0,0,0,64,0,-1--1--1,,1|(773,90)|

10,20,Time to Froget Education,955,184,48,19,8)3,0,0,0,0
1,21,20,11,0,0,0,0,0,64,0,-1--1--1,,1|(909,155)|

10,22,Number of Educated Human Beings,572,296,63,3,9,0,0,0,0,0
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10,23,Average Number of Persons per Family,760829%9,8,3,0,0,-1,0,0,0
1,24,23,22,0,0,0,0,0,64,0,-1--1--1,,1|(672,242)|
1,25,1,22,0,0,0,0,0,64,0,-1--1--1,,1|(651,194)|

10,26,Proportion of Families Educated,965,259,58,8%0,0,0,0,0,0
1,27,1,26,1,0,0,0,0,64,0,-1--1--1,,1|(849,177)|

10,28, Total Number of Families,790,286,54,19,8(8;0,0,0,0
1,29,28,26,0,0,0,0,0,64,0,-1--1--1,,1|(868,273)|
1,30,23,28,0,0,0,0,0,64,0,-1--1--1,,1|(772,233)|

10,31, Tolal Population at Risk,1615,-3,57,19,82:2,0,0,0,128-128-128,0-0-0,|12||128-128-
128

10,32,Desired Number of Net,510,406,54,19,8,3,0®M®
10,33,Desired Number of Net per Person,342,413976,3,0,0,-1,0,0,0
1,34,33,32,0,0,0,0,0,64,0,-1--1--1,,1|(430,409)|
1,35,22,32,0,0,0,0,0,64,0,-1--1--1,,1|(544,344)|

10,36,Effect of Family Education on Policy Effeeness,1196,349,64,28,8,3,0,0,0,0,0,0
10,37,Education Coverage Necessary to Achieve Maxim
Effectiveness,1437,351,75,28,8,3,0,0,-1,0,0,0
1,38,37,36,0,0,0,0,0,64,0,-1--1--1,,1|(1317,350)|

10,39,Maximum Policy Effectiveness,1211,255,54,3(80,-1,0,0,0
1,40,39,36,0,0,0,0,0,64,0,-1--1--1,,1|(1205,290)|

10,41,Minimum Policy Effectiveness,1333,267,52,130,-1,0,0,0
1,42,41,36,0,0,0,0,0,64,0,-1--1--1,,1|(1278,299)|
1,43,26,36,1,0,0,0,0,64,0,-1--1--1,,1|(1061,302)|
10,44,Net,551,501,40,20,3,3,0,0,0,0,0,0
12,45,48,306,504,10,8,0,3,0,0,-1,0,0,0
1,46,48,44,4,0,0,22,0,0,0,-1--1--1,,1|(465,504)|
1,47,48,45,100,0,0,22,0,0,0,-1--1--1,,1|(361,504)|
11,48,48,413,504,6,8,34,3,0,0,1,0,0,0

10,49,Net Purchasing Rate,413,531,49,19,40,1311(00(0,0
12,50,48,754,508,10,8,0,3,0,0,-1,0,0,0
1,51,53,50,4,0,0,22,0,0,0,-1--1--1,,1|(706,503)|
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1,52,53,44,100,0,0,22,0,0,0,-1--1--1,,1|(623,503)|
11,53,48,662,503,6,8,34,3,0,0,1,0,0,0

10,54,Net Deterioration Rate,662,530,56,19,40,3D@0,0

10,55,Average Time to Buy Net,269,555,54,19,8,3,0,0,0,0
1,56,55,49,0,0,0,0,0,64,0,-1--1--1,,1|(336,543)|
1,57,32,49,1,0,0,0,0,64,0,-1--1--1,,1|(465,463)|

10,58,Effect of Family Education on Policy Effeaness,211,482,64,28,8,2,0,3,-1,0,0,0,128-
128-128,0-0-0,|12||128-128-128

1,59,58,49,1,0,0,0,0,64,0,-1--1--1,,1|(326,480)|

10,60,Average Time Life of Net,705,605,59,19,8(3;0,0,0,0
1,61,60,54,0,0,0,0,0,64,0,-1--1--1,,1|(687,573)|
1,62,44,54,1,0,0,0,0,64,0,-1--1--1,,1|(591,537)|

10,63, Total Number of Human Beings Covered by N&,620,78,19,8,3,0,0,0,0,0,0
1,64,44,63,1,0,0,0,0,64,0,-1--1--1,,1|(538,559)|

10,65,Number of Human Beings Cover by Net,340,620%8,3,0,0,-1,0,0,0
1,66,65,63,0,0,0,0,0,64,0,-1--1--1,,1|(422,620)|

10,67,Proportion of Human Beings Covered by Net,b18,75,19,8,3,0,0,0,0,0,0
1,68,63,67,0,0,0,0,0,64,0,-1--1--1,,1|(524,661)|

10,69, Tolal Population at Risk,2047,27,57,19,8350,0,0,0,128-128-128,0-0-0,|12||128-128-
128

10,70,Effectiveness of Being Covered by Net on,B&8,725,101,28,8,131,0,0,0,0,0,0
10,71,0ptimal Proportional Reduction in Bites wi@overed by Net,872,630,73,28,8,3,0,0,-
1,0,0,0

1,72,71,70,0,0,0,0,0,64,0,-1--1--1,,1](900,671)|

10,73, Total Number Of Poor Population,653,337,68,290,3,-1,0,0,0,128-128-128,0-0-
0,]12]]128-128-128

1,74,73,28,0,0,0,0,0,64,0,-1--1--1,,1|(714,313)|

10,75, Total Number Of Poor Population,362,721,6@,290,3,-1,0,0,0,128-128-128,0-0-
0,]12]|128-128-128

1,76,75,67,0,0,0,0,0,64,0,-1--1--1,,1|(425,719)|

10,77 Effect of Being Covered by Net on Bite,72%,77,19,8,3,0,0,0,0,0,0
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1,78,67,77,0,0,0,0,0,64,0,-1--1--1,,1|(611,717)|

10,79,Effect of Education on Average Time to seedaiment,837,395,71,28,8,131,0,0,0,0,0,0
10,80,Effect of Eductionon on Fraction of Humanrigms Seeking
Treament,1016,430,83,28,8,3,0,0,0,0,0,0

10,81,Households Using Spray,1644,520,48,25,3,1(80,0,0,0
12,82,48,1377,513,10,8,0,3,0,0,-1,0,0,0

1,83,85,81,4,0,0,22,0,0,0,-1--1--1,,1|(1546,513)|
1,84,85,82,100,0,0,22,0,0,0,-1--1--1,,1|(1436,513)|
11,85,48,1491,513,6,8,34,3,0,0,1,0,0,0

10,86,Buying Spray Rate,1491,539,59,11,40,1310@M@,0

10,87,Desired Number of Households Buying Spray}41,82,19,8,131,0,0,0,0,0,0
10,88,Educated Families,1663,416,35,19,8,2,0,30,028-128-128,0-0-0,|12||128-128-128
1,89,88,87,0,0,0,0,0,64,0,-1--1--1,,1|(1604,416)|
1,90,36,86,1,0,0,0,0,64,0,-1--1--1,,1|(1341,456)|
1,91,87,86,1,0,0,0,0,64,0,-1--1--1,,1|(1492,472)|

12,92,48,1903,498,10,8,0,3,0,0,-1,0,0,0

1,93,95,92,4,0,0,22,0,0,0,-1--1--1,,1|(1841,500)|
1,94,95,81,100,0,0,22,0,0,0,-1--1--1,,1|(1735,500))|
11,95,48,1784,500,6,8,34,3,0,0,1,0,0,0

10,96,Losing Effectiveness of Spraying Rate,1784,6219,40,3,0,0,-1,0,0,0

10,97,Average Duration of spraying effectivenes221830,69,19,8,3,0,0,0,0,0,0
10,98,Average Time to Buy,1435,612,54,19,8,3,000000
1,99,98,86,0,0,0,0,0,64,0,-1--1--1,,1|(1461,577)|
1,100,97,96,0,0,0,0,0,64,0,-1--1--1,,1|(1805,585)|
1,101,81,96,1,0,0,0,0,64,0,-1--1--1,,1|(1707,558)|

10,102,Effect of Use of Spray on Fraction of SahesFeath,1696,724,91,19,8,3,0,0,0,0,0,0
10,103,Proportion of Households Sprayed,1651,6329%4,3,0,0,0,0,0,0
1,104,81,103,0,0,0,0,0,64,0,-1--1--1,,1|(1646,572)|

10,105, Total Number of Families,1476,692,58,19(8%51,0,0,0,128-128-128,0-0-0,|12||128-
128-128

1,106,103,102,0,0,0,0,0,64,0,-1--1--1,,1|(1669,671)
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10,107,Effect of Density of Infectious Human BeimgsDersired Households Educate per
Day,297,336,94,28,8,3,0,0,0,0,0,0

10,108,Density of Infectious Human Beings,168,428,9,8,130,0,3,-1,0,0,0,128-128-128,0-0-
0,|12||128-128-128

1,109,108,107,0,0,0,0,0,64,0,-1--1--1,,1|(218,385)|
1,110,107,12,0,0,0,0,0,64,0,-1--1--1,,1|(369,295)|
1,111,26,79,0,0,0,0,0,64,0,-1--1--1,,1|(910,317)|
1,112,26,80,0,0,0,0,0,64,0,-1--1--1,,1|(986,333)|
1,113,105,103,0,0,0,0,0,64,0,-1--1--1,,1|(1556,664)
1,114,36,80,0,0,0,0,0,64,0,-1--1--1,,1|(1112,386)|

10,115,"Re. of Desired Households Education",223,2519,8,3,0,0,0,0,0,0
1,116,115,12,0,0,0,0,0,64,0,-1--1--1,,1|(326,259)|
1,117,44,49,1,0,0,0,0,64,0,-1--1--1,,1|(495,537)|

10,118,Number of Household Education,537,192,68,39,0,0,0,0,0
1,119,1,118,1,0,0,0,0,64,0,-1--1--1,,1|(649,159)|
1,120,12,118,0,0,0,0,0,64,0,-1--1--1,,1|(482,228)|
1,121,118,6,0,0,0,0,0,64,0,-1--1--1,,1|(555,163)|

10,122,Average Time to Lunch Education Program,B85,/5,19,8,3,0,0,0,0,0,0
1,123,122,6,0,0,0,0,0,64,0,-1--1--1,,1|(487,151)|
1,124,81,86,1,0,0,0,0,64,0,-1--1--1,,1|(1561,564)|
1,125,77,70,0,0,0,0,0,64,0,-1--1--1,,1|(810,719)|

10,126,Effect of Family Education on Policy Effeetness,648,393,64,28,8,2,0,3,-1,0,0,0,128-
128-128,0-0-0,]12||128-128-128

1,127,126,79,0,0,0,0,0,64,0,-1--1--1,,1|(732,393)|

\\---/// Sketch information - do not modify anytig except names

V300 Do not put anything below this section - ill e ignored

*View 4

$192-192-192,0,Times New Roman|12||0-0-0|0-0-®64}-1--1--1]-1--1--1|96,96,100,0
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