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Introduction 
Computational models and simulations are emerging as vital 

research tools in epidemiology, biology, and various other fields in 
advancing the bench (wet) lab and public health policy research 
agenda. Scientists are recognizing the huge potential of these tools 
in solving some of today’s biggest health problems. Computational 
epidemiology is a multidisciplinary field utilizing techniques from 
computer science, mathematics, geographic information science 
and public health to develop tools and models to aid epidemiologists 
in their study of the temporal-spatial spread of diseases. Research in 
computational epidemiology is now considered to be an exponentially 
expanding arena of scientific exploration. In particular HIV/AIDS, 
where more than 25 million people have so far died from the disease 
since 1981, making it amongst the most serious threats to global 
health that we face today; computational epidemiology has played 
a major role [1]. Epidemic models of infectious diseases date back 
to Daniel Bernoulli’s mathematical analysis of smallpox in 1760 and 
have been developed extensively since the early 1900s. Mathematical 
epidemiologic modeling, with the help of computational tools, has 
provided new insights on such important issues as drug resistance, rate 
of spread of infection, epidemic trends, and effects of interventions 
such as treatment and vaccination.  

The term computational epidemiology was first coined by Tsegaye 
Habtemariam (a founding member of the Center for Computational 
Epidemiology, Bioinformatics and Risk Analysis (CCEBRA)) [2-4] to 
better understand the complex biomedical systems in diseases like the 
HIV/AIDS pandemic. Computational epidemiology enables diseases 
and risk agents of plants, animals and human infectious diseases to 
be examined and investigated without jeopardizing lives or creating 

hazards. This relatively young strand of computational science is being 
used to understand a range of problems from soybean and wheat rust 
to HIV/AIDS, swine influenza, foot and mouth disease, rift valley 
fever and bioterrorism to name a few. In light of this, computational 
epidemiology has the potential to influence global issues that both 
directly and indirectly affect human health, representing a milestone 
in modern science. The CCEBRA is a unique facility that has been 
involved since the early 1980s in groundbreaking work in this niche 
of science, that of Computational Science. Epidemiologic research 
involves the study of a complex set of host, environment and causative 
agent factors, with the most advanced of these efforts focusing on micro 
(cellular/molecular) and macro (host) population levels.

Computational epidemiologic models of HIV/AIDS provide 
important insights in population dynamics through studies at the 
molecular and cellular levels as well as at the human population level 
[1,5,6]. As of today, bench science has not yet achieved a level of success 
to produce a viable vaccine or effective medication for preventing or 
treating HIV/AIDS. The alternative research approach of computational 

Abstract
Substantial progress in the understanding of HIV and CD4 cell dynamics using computational models undergirded 

by sound epidemiologic and mathematical principles has been achieved. The early stages of the applications of 
these models were based on relatively simple mathematical models that considered the body as a one-compartment 
system. In spite of these models attractiveness due to the experimental and/or mathematical standpoints, the 
underlying simplification neglected a lot of important factors affecting the population dynamics both on macro 
(human) and micro (cellular) population levels. This simplification also affected the kinetics linked to the immunology, 
infection and chemotherapy dynamics throughout the host. Epidemiologic research involves the study of a complex 
set of host, environmental and causative agent factors as they interact to impact health and diseases in any given 
population whether biotic or abiotic. This leads in generating large data sets which require the use of powerful 
computational methods for studying these large and complex models by means of computational epidemiologic 
methods. Another dimension of a great challenging problem to public health decision makers is that of emerging 
diseases, as they have to face and deal with a lot of uncertainty at the early stages of disease outbreaks. However, 
at this juncture, epidemiologic problem-solving and decision-making often proceeds in the face of uncertainties and 
limited information. One methodology to address these types of shortcomings is the application of risk analysis. 
Risk analysis is a process for decision making under uncertainty that consists of three fundamental tasks: risk 
management, risk assessment, and risk communication. Excitingly, the prospective role that computational models 
and risk analysis may possibly play in the advancement of the theoretical understanding of disease processes and 
the identification of specific intervention strategies holds the potential to impact and save human lives. 
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modeling (the so called the third dimension of science), has been a 
priority for researchers in other disciplines. 

Approaches 
Several researchers have developed computational tools and 

mathematical approaches to study the effects of various mitigation 
methods on HIV at different population-levels. Models for HIV/AIDS 
can be conceptual, in vivo or in vitro, systems analysis, mathematical, 
risk analysis or computational just to name a few [1,5-14].  

The approaches developed to understand and predict the spread of 
infectious diseases and the impact of treatment and control strategies 
range from compartmental models represented by sets of differential 
equations [7-9]; to highly complex individual-based models which 
represent daily activities and interconnections of individuals via 
transmission networks [10]. Compartmental models can be easily 
solved, but they cannot model adaptive behaviors of individuals and 
complex interactions of different groups of populations during disease 
outbreaks. While individual-based models like Agent Based Modeling 
can capture the spread of diseases with high-fidelity, modeling large 
populations often resorts to supercomputers and makes it impractical 
for quick what-if analyses of interventions or treatments under varying 
different conditions.

Epidemiologic problem-solving and decision-making often 
proceeds in the face of uncertainties and limited information. Emerging 
diseases are one such challenging problem to public health decision 
makers since they encounter a lot of uncertainty at the early stages of 
disease outbreaks. Risk analysis is a process for decision making under 
uncertainty that consists of three fundamental tasks: risk management, 
risk assessment, and risk communication. Risk analysis can be 
considered as the process of examining the whole of a risk holistically by 
assessing the risk and its related relevant uncertainties for the purpose 
of its efficacious management, facilitated by effective communication 
about the risk. It is a systematic way of gathering, recording, and 
evaluating information that can lead to recommendations for a decision 
or action in response to an identified hazard or opportunity for gain. 
Risk analysis is not a science; it is not certain; it is not a solution; it 
is not static. While risk assessment has existed in various forms 
for many years, the process used by US Environmental Protection 
Agency (EPA) and others was formalized in the pivotal 1983 National 
Research Council (NRC) report known as the “Red Book” [15]. The 
Red Book codified the well-known four steps of risk assessment (hazard 
identification, exposure assessment, dose-response assessment, and 
risk characterization) and emphasized the necessity of a conceptual 
distinction between risk assessment, risk management and risk 
communication. Over the intervening quarter-century, risk assessment 
has evolved substantially, driven in part by additional NRC reports, 
EPA, World Trade Organization, and other agency guidelines, and 
publications in the peer-reviewed literature. There are two major types 
of risk assessments Qualitative Risk Assessments and Quantitative Risk 
Assessments (Probabilistic Risk Assessment (PRA)). PRA is used to 
estimate risk by computing probability distributions to determine what 
can go wrong, how likely is it to happen, and what are its consequences. 
Health (human, animal and plant) PRA provides insights into how the 
risk propagates from the source to the end point (Scenario tree); how 
likely is each scenario to happen; what will be the consequence (e.g., 
the number of people potentially infected or killed); the efficacy and 
weaknesses of different mitigations to reduce the risk and associated 
consequences. However, there is a need in expanding the use of PRA 
in human health as most of the human health risk assessments are 
environmental and food safety in nature. 

Conclusion 
The rationale behind relying upon computational epidemiology 

and risk analysis modeling is that “Epidemiology” has its tentacles in 
literally all disciplines, such as in mathematics and statistics, molecular 
epidemiology, socio epidemiology, computational epidemiology etc. 
In its simplicity, it focuses upon the study of population dynamics, 
whatever the population may be (biotic, i.e. living or biological entities, 
as well as abiotic or non-living population entities).” Key to its breadth 
of application is epidemiology’s extension tentacles into computational 
and risk analysis models, which can be used to examine and 
communicate a diversity of epidemiological concerns and scenarios. 
Excitingly, the role that computational and risk analysis models could 
play in the advancement of the theoretical understanding of disease 
processes and the identification of specific intervention strategies 
and scenarios holds the potential to impact and save human lives. 
Computational epidemiologic models provide insights in examining 
a variety of computational experimentations. Complimented with 
computational tools under the frame work of sound epidemiologic 
principles, risk analysis can help in facilitation of the current and 
future problem solving mitigations in tackling the problem of HIV/
AIDS by considering multiple scenarios and sensitivity analysis. Such 
experimentations can help in evaluating scientific questions related 
to effective strategies in HIV/AIDS drug therapy interventions and 
associated risky behaviors.
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