
MATH6011 Forecasting Assignment 2005
	The assignment must be handed in by 3pm Friday 3rd June 2005 to the Maths School Office. A yellow “Assignment Hand In” Cover must be completed and stapled to the front of your work. An extension, for bona fide reasons, may be allowed by prior agreement, but only well before the deadline. Computer crashes or file losses a day or two before the deadline will not be an acceptable reason.

Components of the project will receive different weightings in producing your final mark.  The weightings are

Main report: Choice of Presentational Style 20, Clarity 30, Logical Development and Relevance 25, Quality of Argument Presented 25. 

Technical Report: Layout and Style 20, Appraisal and Preparation of the Data Prior to Technical Analysis 20, Technical Analysis and Content 35, Functionality of the spreadsheet itself and Initiative Shown 25.

Note: the final mark will be scaled to be out of 100.


1.  Background
You have been retained by the World Health Organisation to investigate how the HIV epidemic has influenced the spread of TB in the district of Nairobi in Kenya.

The WHO wish to fit a pair of statistical parametric models that models the behaviour of both epidemics in the district. These models have been proposed by experts in WHO, but they are uncertain whether all the parameters are required to adequately model the two epidemics and in particular to assess the effect of the HIV epidemic on the TB epidemic.

Your task is to carry out an appropriate analysis and to estimate the parameters of the combined model. The WHO experts hope that your analysis will indicate which parameters are important in the models and which parameters might be omitted. A meeting has been called at which you will present your results to the WHO experts.
As so often happens in the real world, the data sets are of different length. You will have to use your own judgement in inspecting and preparing the data before carrying out any technical analysis.

2.  What You Must Produce
2.1 The Main Report

For the main report, imagine that you have to make a short (twenty minute) presentation in a meeting with experts at WHO. They have actually made available two data sets: Nairobi and Mombasa. However they recognise you may not have time to analyse the data of both districts, so have asked you focus mainly on the Nairobi data. Any comments you are able to make concerning Mombasa will be welcome but regarded as a bonus.
You must produce copies on paper of any displays you would use (e.g. overhead-projector slides, Powerpoint presentations) together with any written material you would hand to the audience.  You will NOT actually have to make the presentation.  Any slides do NOT have to be produced on transparencies or film; paper copies are all that are required, though you should make it clear which medium you would be using. There is no need to use colour for any hard-copy.

The presentation material will be judged on its clarity, relevance, choice of presentational techniques, and quality of discussion.

2.2 Technical Report

You must also produce a separate technical report.  This report should give brief details of the analysis and describe why the analysis was performed in the way it was.  It should also include a description of how the analysis was implemented on a spreadsheet.

The report must be produced on paper, but you should also submit a disk.  This should contain the spreadsheet(s) used for the analysis.  A very brief description of how to use the spreadsheet should be given.

Your report will be marked on its layout and style, the choice and preparation of data used, quality of technical analysis, the functionality of the spreadsheet itself and any initiative shown. You can assume that the WHO staff are reasonably numerate, so your technical discussion does not have to be overly detailed!

If there is any further information you believe to be essential, make a realistic assumption and explain clearly what you have done.

Initiative will be rewarded.

Background Information

Human Immunodeficiency Virus (HIV)

HIV is the virus that leads to AIDS (Acquired Immune Deficiency Syndrome). Over time, the HIV virus weakens the body’s ability to fight infections and cancers by progressively destroying cells of the body’s immune system. It is only after the immune system is significantly weakened (which can take many years) that people with HIV will get “opportunistic” infections which are caused by microbes such as viruses or bacteria. These infections would not usually cause a healthy person to become sick, however, for someone with advanced HIV the diseases are life threatening. Once somebody begins to get these infections, they are said to have AIDS.
Tuberculosis (TB)

A person with TB either has an infection or the disease:

An infection means that the TB mycobacterium are present in the body but that they are not actively causing damage to body tissues because the immune system has “walled them off”. The infection can lie dormant for years and often only develops into “active” TB when the immune system is weakened. The disease means the TB organisms are growing and causing damage within the body.

TB disease most commonly affects the lungs where it is called pulmonary TB. Symptoms of the disease include a prolonged cough, chest pain, fever, chills, appetite loss, weight loss and fatigue. TB is caught in a similar way to a cold.

HIV and TB: A Dual Epidemic

As HIV progressively destroys the immune system, there is a greater chance of a person infected with HIV developing TB. This overlap between the epidemics is particularly important in developing countries where it is becoming increasingly recognised that in order to successfully fight AIDS, it means fighting TB. 

TB is one of the leading causes of illness and death among AIDS sufferers in developing countries. Up to 50% of people with HIV develop TB in Sub-Saharan Africa and one in three die from it. 

The two diseases fuel each other very effectively: TB accelerates the progression of HIV to full blown AIDS; and HIV increases the risk of progression from latent TB to the active TB disease. In fact, in an HIV infected person with a TB infection, the risk of progression to TB disease increases from 10% over a life time to 10% each year. As a result, with both diseases active the average survival time is just 5 weeks.

The Data

HIV:

The HIV data for Kenya is in the form of prevalence levels amongst all adults aged 15 to 49, i.e. the proportion of the 15 to 49 year old population who are infected with HIV. It was provided by UNAIDS and was collected inconsistently from 1990 onwards.

UNAIDS also provided estimates of the errors surrounding the prevalence data. Although these values should not be considered when fitting the model, they will be useful when evaluating whether the curves produced are suitable fits.

TB:

The National Leprosy and Tuberculosis Control Programme (NLTCP) in Kenya have produced reports since 1985 that include the number of new TB cases reported by each district each year.  The census data was used to predict the population within each district for each year, and from this, the observed TB incidence per 100,000 population was obtained. This is given from 1986 through to 2002.
The HIV Model
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 is the HIV prevalence at time t, given by the model.
The parameters can be described as having the following roles:

· 
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 controls the initial rate of increase of HIV prevalence 

· 
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 controls the peak value of the curve (the upper asymptote)
· 
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controls the timing of the epidemic (i.e. which year the HIV epidemic started)

The TB Model

The TB data can be described in a similar way to the HIV data however a lower asymptote is also needed since the TB notification rate before the HIV epidemic started would have been low and fairly constant. 

Firstly it is assumed that the incidence of TB in HIV-positive patients has no effect on the incidence of TB in HIV-negative patients. In other words, if the number of HIV-positive TB patients increases, this does not cause a corresponding increase in the number of HIV-negative people being infected with TB and therefore this number remains at the pre-HIV epidemic value. This can be summarised by the equation:


[image: image7.wmf])

0

(

)

(

-

-

=

I

t

I








[image: image8.wmf])

2

(


The incidence of TB in HIV-positive people is affected by two scenarios. One is that the effect of HIV is to increase the rate at which HIV-positive people acquire new infections (reinfection); the other is that the effect is to increase the rate at which latent TB infections break down (reactivation). The first situation depends upon how much TB and HIV there is present and the second depends only on how much HIV there is. 

The incidence of TB in HIV-positive people can therefore be written as:
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This says that the increase in incidence among HIV-positive people is either (scenario one) proportional to the incidence of TB in HIV-negative people times the prevalence of infections 
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), or (scenario two) independent of the incidence of TB in HIV-positive people but still proportional to the prevalence of infection 
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years earlier (
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years earlier is used because; once a person initially contracts HIV, it takes a few (
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) years for them to progress to late stage HIV. At this stage, a person becomes more susceptible to active TB. For this reason there is a delay in the two epidemics, the TB epidemic starting 
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 years after the HIV epidemic.

The TB incidence model is a combination of the incidence within HIV-negative (equation 2) and HIV-positive (equation 3) people and can be written:
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Where 
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The data is in a spreadsheet that can be downloaded from the MATH6112 homepage link. The spreadsheet contains a VBA macro that calculates the HIV prevalence of equation (1) and the TB incidence of equation (4) for a given number of years. You may make use of this macro as necessary in your analysis.
Russell Cheng,  May 2005
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