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Abstract: Schematic models have long been used to provide vital information on tropical diseases control programs. 
Recently schematic mathematical models found their application in predicting about the output of intervention of 
several diseases, for example mathematical schematic modeling has been successfully applied to model 
Onchocerciasis Control Program output in West Africa.  This gives strong evidence that schematic models are really 
robust and can be widely applied to model diseases intervention program out comes. The proposed model in this 
study is a modification of the Ross Macdonald Schematic Model in a way that it might be used to predict the control 
program outcome of African Trypanosomiasis. The schematic model has therefore been successful in demonstrating 
that African Trypanosomiasis % Prevalence Rate might drop as a function of increasing % coverage by the control 
program. 
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1. Introduction 

Human African trypanosomiasis (HAT) 
(sleeping sickness) is a parasitic disease caused by a 
protozoan parasite belonging to the genus 
Trypanosoma. Approximately 60 million persons are 
exposed to the disease, and 500,000 are currently 
infected. HAT has been described as a disease 
affecting rural areas (Laveissiere et al., 1994) . 
During the recent increase in HAT in historic foci, 
emergence of foci with new epidemiologic features in 
urban areas was reported (Ebeja et al., 2003). 
Investigations of these new features showed that 
development of contiguous relationships between 
urban areas and surrounding HAT-endemic villages 
can create conditions favorable for HAT in urban 
areas (Ebeja et al., 2003 ). Few studies have 
suggested urban transmission of HAT despite 
potential epidemiologic consequences of such 
transmission. 

The most important element in controlling the 
disease is to focus on the vectors of the disease; 
preventing the vector to reach to its target victims 
both human and the animals that act as disease 
reservoir.  

The idea of modeling biological systems is a 
well-established concept; in the 1920.s, Alfred  Lotka 
and Vito Volterra presented a basic 
mathematical/schematic model that demonstrated 
how the population of a predator and its prey relate to 
each other in an oscillatory fashion (Beals  et al., 
1999). Since then, population models have become 
increasingly sophisticated, including ones that 
incorporate time delays and can even depict the 
conflict between a parasite and human antibodies 
(Sibona et al.,2002 ). 

In the recent years mathematical/schematic 
models have just come in to play a role in modeling 
tropical diseases. The power of modern computers 
has allowed the basic ideas of the compartment 
models to be taken down to the level of individuals, 
such that interacting populations are modeled as large 
numbers of interacting individual humans and 
individual mosquitoes, each with its own 
characteristics and dynamics, between  parasite 
genotypes, each with its own characteristics and 
dynamics, can be transmitted. Further steps toward 
biologic realism have begun to include the effects of 
seasonality, meiotic recombination among parasites, 
immunologic cross-reactivity, and other factors 
(McKenzie et al., 2002). 

However, complex mathematical/schematic 
models are often incomprehensible to non-specialists 
and few have been applied by anyone other than their 
original authors. The pitfalls of over-elaboration and 
tenuous assumptions in the modeling of malaria 
transmission have been summarized by Koella, ‘‘The 
qualitative predictions of simple models may be more 
biologically meaningful than the precise quantitative 
predictions of complex models involving many 
parameters (Koella JC, 1991). This is an especially 
important point in the context of disease control 
because the majority of those who might use such 
models come from medicine or public health 
backgrounds, rather than the basic sciences(  Koella 
JC, 1991). It is therefore essential that simple models 
are made available that are broadly accessible and 
conceptually straightforward, and that use input and 
output variables that are meaningful in the field. One 
of the simplest and straight forward models is the one 
developed by   Ross Macdonald to model malaria 
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control program.  Ross called this model “a priori” 
modeling, produces models that clarify the 
hypotheses about how world works.  His models put 
in mathematical form of our ideas about the 
underlying mechanisms and interactions that generate 
the phenomena we are interested at. Those sorts of 
models are used every day. They are familiar, highly-
valued tools in engineering and business, and in most 
sciences, but they remain rare in the biomedical 
research and public health communities. Ross used 
his models to arrive at important practical 
conclusions such as that, “…to counteract malaria 
anywhere we need not banish Anopheles there 
entirely…we need only to reduce their numbers 
below a certain figure (Ross R, 1928). This idea 
about threshold densities of Anopheles were tested 
successfully (Watson M, 1921). Ross also used a 
model to conclude that control programs that 
integrated vector reduction (larvicides), drug 
treatment (quinine), and personal protection (bed 
nets) were much more likely to succeed than efforts 

that relied on just one intervention measure (Ross R, 
1911) . Only a few of his contemporaries paid 
attention to such ideas. Some incorporated them in 
successful programs of environmental management 
(Takken W, et al., 1990; Utzinger J, et al., 2001).  
This paper therefore discusses how schematic or 
compartment models be applied to plan meaningful 
interventions that might best find its application  in 
controlling East African Trypanosomiasis. The paper 
also shades light on    how and where the intervention  
should be intercalated in the control program in order 
to come up with an effective control output. 
2. Method 

The model developed here is based on the Ross 
Macdonald Model. Four important infection 
pathways considered in the development of this 
simplified model. The first infection pathway 
describes human-fly cycle; second animal –fly cycle; 
third fly-human cycle and the fourth describes fly-
animal infection pathway. The four pathways are all 
integrated in the model. 

 
Figure 1. Planned Interruption of Human-Fly-Cattle Life Cycle 

 
3. Results 

In the proposed schematic model, control 
interventions are planned at six sites (Figure 1): 
Intervention (A) is planed between the infectious 
Glossina fly population and the susceptible human 
population, intervention (B) is intercalated between 
the infectious human population and the susceptible 
Glossina fly population. Whereas intervention (C) is 
planed between the infectious  Glossina fly 
population and susceptible Cattle heads. Intervention 
(D) is planed between the infectious cattle heads and 
the susceptible Glossina fly population. Intervention 

(E) is intercalated between the infectious human 
population and the infected Glossina fly population 
and the susceptible cattle heads, whereas intervention 
(F) is planed between  the infectious cattle heads and 
the infected Glossina fly and the susceptible human 
population.  
4. Discussions 
4.1. Why planning for intervention 

Failure of the intervention program to 
successfully prevent humans from being bitten by the 
fly would make them to become infected and later 
they become infective; a stage at which they 
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themselves are capable of infecting the flies in a turn. 
However, still effort might be devoted to prevent the 
infectious human from passing the parasites to other 
healthy flies that might come for a blood meal bite. 
Again here, it should be noted failure of the control 
program at this stage might made the susceptible flies 
infected and in due time they might become 
infectious where they develop the capability of 
passing the parasites to the susceptible healthy 
humans and the cycle might continue if not 
interrupted. Intervention (A) from one hand, aims at 
mobilizing all the control activities at interrupting the 
infectious Glossina fly- Susceptible human cycle. 
The purpose of this intervention is to protect humans 
who might be susceptible to fly bites. However, 
intervention (B), from the other hand should disrupt 
the infectious human-Glossina fly cycle, preventing 
the susceptible Glossina fly from being infected as a 
result of biting the infectious human population. Fly 
that might have been infected as a result of biting an 
infectious human could also be a potential agent of 
introducing the disease to susceptible cattle 
population. Failure of intervention at this stage leads 
to the infection of the susceptible animals and they  
could therefore become  infected and in the course of 
time they might become infectious and act as 
reservoir for the disease parasite. Intervention (C) 
should therefore interrupt the infectious Glossina 
population and the susceptible cattle heads.  

Whereas teneral Glossina flies (flies that have 
not yet taken blood meal) might get infection by 
biting the infectious animals. Intervention at this 
stage might prevent this from happening. The aim of 
this intervention (intervention D) is to break down 
the infectious cattle-the susceptible fly cycle thereby 
preventing the parasite to reach the blood of the 
susceptible Glossina fly. Uninfected flies  also bite 
the infectious human and could come and bite 
susceptible animal population transmitting the 
parasite into their blood. However, if intervention 
would be intercalated in between this cycle, the 
animal population might be saved. The aim of   
intervention (E) is therefore to prevent the susceptible 
cattle heads to bitten by the infected Glossina fly that 
is carrying the parasite of the disease from the 
infectious human population. If the human-fly cycle 
mentioned above not broken then the animals would 
be at risk of becoming infectious. Here, there exists 
still an opportunity to save the human population by 
planning an intervention between the infectious cattle 
and the susceptible human population by breaking the 
animal-Glossina fly cycle. This is exactly what 
intervention ( E ) should achieved if well planned. 

 
4.2 The expected  Output  of the  Intervention 

Program 

In the figure 2, it is conspicuous that 
%prevalence rate of the disease drops as a function of 
%coverage by the control program. In other words, 
the % number of the infected human and animals 
drops with as much control of the disease as possible.  

Understanding the dynamics of vector 
transmitted diseases is necessary in documenting the 
disease pattern of transmission. Many workers, for 
example (Connor SJ et al., 1999; Woodruff  RE et al., 
2006) found that mathematical models might 
contribute in best documenting patterns in dynamics 
of vector transmitted diseases. Mathematical 
schematic models  might be valuable tools that 
should be considered in the  whole planning stage by 
decision and policy makers in projecting a head of 
time of how to factor the program in the national 
budget. 

Designing intervention programs for controlling 
African Trypanosomiasis using schematic models 
might play an important role in supplying the 
National Trypanosomiais Control Program with 
valuable information as to where to place the 
interventions. 
 

 
 
Figure 2. Hypothetical output from the hypothetical 
model. The horizontal x-axis shows the percentage of 
the population covered by an intervention of the 
control programe and the vertical y-axis shows the 
resulting percentage reduction in disease prevalence 
rate (PR) in human and cattle.  
 
Conclusion 

Modeling diseases control pattern using 
schematic models has a bright future and seems very 
promising. Schematic models and computer 
simulations can be used as experimental tools for 
testing control measures and determining sensitivities 
to changes in parameter values. The most important 
usage of these models is in providing policy makers 
with a yard stick that might lead them towards 
assessing the benefits that might be obtained from 
different intervention programs, it might   contribute 
to the design of public health surveys especially by 
suggesting data that should be collected. 
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