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1 Introduction 

1.1 Background 

The impact of the HIV/AIDS epidemic on the employed environment within South 
Africa is largely unknown, with little in the way of reliable information provided from 
actual surveys. For the few prevalence surveys performed in South Africa varying 
estimates of the overall impact are produced. Furthermore, what can be usefully 
extrapolated from these surveys is highly limited.  

A question that has received little effective attention is the likely impact the disease 
will have on the labour force in South Africa, and more specifically, on individual 
economic sectors. A number of extrapolations of such impacts have occurred, but 
have used crude extrapolations from demographic models, with little empirical 
support, to generate impacts. Various macroeconomic analyses have also made 
assumptions about labour supply impacts, again with limited empirical support.  

1.2 Purpose of this report 

This has the following purpose: 

 Review what is known about modeling or analyzing labour supply effects due to 
HIV/AIDS; 

 Review what is known about socioeconomic risk factors contributing to the 
epidemic useful for the purposes of extrapolation; and 

 Develop a modeling framework to analyze labour supply effects on economic 
sectors. 

A subsequent report will focus on the development of models based on this report to: 

 Estimate the impact of HIV/AIDS on a sectoral basis in South Africa; 

 Estimate the impact of the disease on households with employed individuals for a 
specific sector; and 

 Inform the information to be collected in a survey to be carried out in 2003 by 
the Human Sciences Research Council (HSRC).  

1.3 Approach to report 

The initial sections of this report deal with reviews of modeling approaches, sectoral 
impact analyses, surveys and risk factors. This information is then used as a basis for 
the development of a model framework for estimating impacts on risk groups 
(defined along socioeconomic lines), economic sectors, and associated households. 
The results from the modeling and data reviews are then discussed to isolate areas 
where research and further work is required as well as to inform the modeling 
approaches to be dealt with in a subsequent report.  
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2 Review of  demographic modeling     

 approaches and results for estimating the  

 impact of  HIV/Aids 

2.1 Introduction 

Models of various kinds have become important to understanding the HIV/AIDS 
epidemic and certain of its dynamics. A large number have focused on the 
demographic, epidemiological and behavioural dynamics of the disease – and are 
broadly referred to here as “demographic models”.  Internationally a significant 
number of demographic models have been developed, with varying objectives. These 
include impact assessment, behavioural change, and intervention analyses. (Stover, 
1999, p.1). Within South Africa demographic modeling has also followed a path until 
now determined primarily by local imperatives, and driven by specific development 
teams initially with fairly narrow objectives. These include general demographic and 
epidemiological impacts as well as impacts on insurance products.   

Reference in this section to demographic modeling in HIV/AIDS applies to those models 
that integrate population modeling (which typically involve births, deaths, and 
migration) with an epidemiological component (which includes estimates of morbidity 
for HIV/AIDS and this impact on births and deaths). Various variations on these 
themes are possible, including a range of possible outputs, such as numbers of 
orphans (maternal and dual), incidence and prevalence of Sexually Transmitted 
Infections (STIs), etc. Some models go way beyond demography and epidemiology 
and extend into social and economic factors. All the models generally grouped here as 
“demographic” are so classified as their outputs of whatever nature are driven by the 
demographic and epidemiological components.  

The purpose of this section is to review certain important assumptions and variables 
used in these models. There is a particular focus on the South African initiatives, most 
significantly the ASSA (Actuarial Society of South Africa) models, as the 
ASSA2000lite model is to be used as part of this project. This review is necessary to 
make explicit the limits and assumptions underpinning the model. It will also make 
some contribution to discussions on modeling efforts in South Africa and other 
developing countries.  

2.2 Modeling approaches 

A feature of the response to the HIV/AIDS epidemic has been the increasing role 
played by demographic models. Initially they served an advocacy role, through raising 
awareness of the disease and the potential scale of the disease. Further down the line 
the models have focused increasingly on more complex objectives and roles in dealing 
with the disease. However, there remains much uncertainty about their usefulness and 
their impact on decisions.  

Stover (1999, p.15) concludes that simulation models appear to have played an 
important role in building political commitment, confirming the effectiveness of 
specific interventions and creating an understanding of the importance of targeting. 
However, he also notes “…it is difficult to point to a specific aspect of today’s AIDS control 
programmes that would be different if no simulation modeling had been undertaken. Many 
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conclusions from modeling studies have not been accepted by donors and programme managers unless 
they have been confirmed by experiments. There are no national strategies that routinely use 
simulation models to help develop and guide their strategies.” (Stover, 1999a, p.15). There is 
also very little work done on the potential socioeconomic impacts of AIDS, including 
that on the family, firms or economic sectors – despite their importance for policy-
makers. (Stover, 1999a, p.10).  

The models vary according to the degree of sophistication and objective. Models with 
s strong epidemiological flavour tend to focus on estimating the scale and impact of 
HIV/AIDS where some survey information is available from sentinel surveys of one 
form or another. Others try to focus on policy interventions (See Bouey et al, 1998, 
Stover 2002, and 2003).  

An example of a relatively unsophisticated model is the AVERT model, developed 
initially to assess demographic and epidemiological impacts on select populations, 
where data is available. It is based on “the risk of an individual becoming infected through 
sexual acts with a partner drawn randomly from a population with a given prevalence of HIV 
infection. AVERT takes this model one step further and multiplies this probability by the number of 
susceptible in the at-risk population, obtaining an estimate of new infections. AVERT invokes this 
equation twice in order to provide estimates for each of the participating sex partner populations. ” 
(Bouey et al, 1998, p.31). Seven different variables re used: HIV prevalence among 
sexual partners; average number of sexual partners; average number of sexual acts 
with a given partner; proportion of sexual encounters employing condoms; efficacy of 
condoms; prevalence of STIs in a population; and HIV transmissibility. (Bouey, 1998, 
p.31).  

Use of the AVERT model involves the development of scenarios, where key 
intervention variables are targeted via an intervention population, e.g. sex workers, 
with the implications for the partner population, e.g. mineworkers, quantified. The 
model structure is relatively simple, and intended as an easy to use tool for employers 
or government looking to introduce a specific programme. This model has largely 
been superceded by the models developed by the Futures Group (Spectrum, Goals 
and Resource Needs – discussed below) although certain of its components live on in 
the newer models. The AVERT model is public domain and is obtainable on the 
internet.  

The “Resource Needs Model” (RNM) is an example of a more complex model 
focusing on interventions and behavioural change, and is described in Stover (2002). 
It calculates the resources required for prevention, care, and orphan support for 
HIV/AIDS on a national basis. There are three sub-models (Stover, 2002, pp.4-5): 

 Prevention model, which includes the following interventions: youth 
interventions, sex workers and their clients, condom social marketing, public and 
commercial sector condom provision, STI interventions, voluntary counseling 
and testing, workplace programmes, blood safety, prevention of mother to child 
transmission, mass media campaigns, harm reduction programmes, and 
interventions aimed at men who have sex with men. 

 Care and treatment model, which includes: palliative care, treatment of 
opportunistic infections (OI), diagnostic HIV testing, OI prophylaxis in 
symptomatic patients, and highly active antiretroviral therapy (ARV) and its 
associated laboratory support. 

 Orphan and support model, which includes: orphanage care, community 
assistance, and subsidies for school expenses.  

There are three main elements in each sub-model: population target groups as in the 
AVERT model, unit costs and coverage or access targets. (Stover, 2002, p.5).  
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The RNM is designed for use by multi-disciplinary teams including the expertise in 
demography, epidemiology, health finance, and planning as well as representatives of 
different parts of society such as government, civil society, private sector, and donors. 
(Stover, 2002, p.5).  

The Goals Model (GM) appears to be an upgraded version of the RNM and makes 
use of outputs from the Spectrum group of models (described below), which includes 
a demographic model that provides estimates of historical data on HIV and AIDS 
prevalence by age and gender. Both the GM and Spectrum models are public domain 
and available on the Futures Group website (www.futuresgroup.com). The purpose of 
the GM is essentially the same as that of the RNM, and is aimed at multi-disciplinary 
strategic planning teams for evaluating the resource requirements and impacts of 
various interventions. The impacts are indicated through providing results with and 
without interventions. (Stover, 2003).  

The intervention programmes included in the model are (Stover, 2003, p.75):  

 Care and treatment: palliative care, OI treatment, OI prophylaxis, ARV, and 
nutirition. 

 Prevention: Mass media, VCT, community mobilization, peer counseling of 
commercial sex workers, school-based programmes, programmes for out-of 
school youth, workplace programmes, condom social marketing, public sector 
condom promotion, STI treatment, PMTCT, outreach for men who have sex 
with men, intravenous drug use outreach, and blood safety. 

 Other: orphan support, social support, policy (development), management, 
research, etc.  

The model incorporates a simple HIV/AIDS and STD transmission model. The 
impact of prevention interventions on behaviour is calculated using an “impact 
matrix” that provides the percentage changes in behaviour resulting within a recipient 
population. The percentage changes are derived from published literature. (Stover, 
2003, p.73). The probability of infection is calculated using the equation implemented 
in the AVERT model and originally developed by Weinstein et al (1989, quoted in 
Stover 2003, p.90).  

http://www.futuresgroup.com/
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Figure 2.1: A simple representation of the Goals Model 
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The Spectrum Model incorporates a range of models developed by the Futures Group 
which have been combined as specific modules. The modules include: 

 Demographic projections (DemProj model): This produces projections for a 
population for country or region by age and gender, based on demographic 
assumptions concerning fertility, mortality and migration. The model is capable of 
producing demographic indicators for a period of fifty years into the future. It is 
also possible to produce rural projections.  

 Family planning (FamPlan model): This model focuses on determining the 
gaps in achieving desired fertility within a specified population.  

 AIDS Impact Model (AIM model): The AIM model is used by UNAIDS to 
produce their national estimates every two years. The model focuses on AIDS-
related outputs, such as HIV prevalence, HIV incidence, and AIDS mortality by 
age and gender. It also projects tuberculosis, measles, malaria, AIDS orphans and 
health system expenditure resulting from AIDS. It also accounts for those on 
ARV.  

 Reproductive Health (RAPID model): This focuses on fertility and the 
influence of population growth on scarce resources and is not focused on 
HIV/AIDS – although the demographic effects of AIDS are inputs to the model.   

 Reproductive Health for Adolescents (NewGen model): This model focuses 
on reproductive health issues for adolescents. It generates outputs on pregnancy, 
terminations, HIV prevalence and incidence, STI prevalence and incidence, and 
cost of treating STIs. Inputs upon which these results are based include fertility 
data, marriage rates and sexual behaviour.  
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 Benefit-cost (BenCost model): This model focuses primarily on cost-benefit 
analysis of family planning initiatives. It can also assess the economic costs and 
benefits resulting from changes in family planning behaviour.  

 Prevention of mother to child (PMTCT model): This model specifically 
focuses on a cost-benefit analysis of programmes that introduce treatment and 
other initiatives to prevent the transmission of HIV from a mother to a child. 
Eight treatment options (drug therapies) are offered, including no treatment. The 
model includes the effectiveness of voluntary counseling and testing offered to 
pregnant women, and the implications of breastfeeding alternatives.  

The Spectrum Model can be used to generate a substantial number of outputs over 
selected projection years. It includes default options on fertility rates, mortality rates, 
mortality tables, fertility rate differentials by age, male/female birth ratios etc. but 
nevertheless permits alternative data inputs.   

Within South Africa models have evolved along a fairly narrow path, with policy-
makers and research groups showing very little enthusiasm for major investments in 
this area. The initial work, although having broader spin-offs, was primarily sparked 
by the perceived needs of the insurance industry. The models consequently limited 
their focus to outputs useful to this market. Over time, however, the broader needs of 
society have caused some deepening of the modeling work, almost exclusively 
involving research work suggested and supported by the Actuarial Society of South 
Africa (ASSA). The resulting models are ultimately put in the public domain.  

The ASSA models (from 500 to 2000) focus on standard demographic outputs, 
equivalent to many of those of the DemProj and AIM models in the Spectrum 
Modeling system. Variations on the ASSA model base include attempts to develop an 
intervention model similar to the GM and RNM and a sub-population model for firm 
level analysis. Certain of these issues will be discussed in the next section.  

2.3 South Africa and Aids modeling – a brief history 

2.3.1 Overview 

This section provides brief review of the development of AIDS modeling in South 
Africa and certain of the influencing factors. The purpose is to examine key objectives 
and parameters of these models – and where possible to provide some idea of where 
things stand at present.  

2.3.2 South African modeling, Doyle to ASSA2000 

The initial modeling attempts that occurred in South Africa occurred in a period of 
general ignorance and concern about the potential impact of HIV/AIDS on South 
Africa. From 1989 serious attempts were made to model the impact in South Africa 
using demographic models through initiatives arising within the insurance industry 
which saw the impact of AIDS both as a risk as well as an opportunity. The first 
model, often referred to as the “Doyle model” was developed by Peter Doyle from 
metropolitan Life. (Doyle et al, 1991).  

The so-called “Doyle model” (now referred to as the Metropolitan Model) was the 
work of actuaries, rather than demographers. It was a proprietary model owned by 
Metropolitan Life. As a consequence neither model nor its key components were in 
the public domain. The Actuarial Society of South Africa (ASSA) felt however that 
there was need for a similar model that could be placed in the public domain. 
(Slawski, 1998, p.3).  
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A model was consequently developed in 1996 emanating from ASSA and placed in 
the public domain. The initial model focused on the “black epidemic” – but was 
ultimately replaced by a projection focusing on the population as a whole. This was 
done to incorporate the “realization that South Africa is experiencing a single epidemic that 
cannot be separated into sub-epidemics (for example the black epidemic, the homosexual epidemic, 
etc.). (Slawski, 1998, p.3).  

A need was also felt to use this model to validate the 1996 census results as the AIDS 
Committee of ASSA had become concerned about the possibility that the impact of 
AIDS was not given sufficient attention by demographers. (Slawski, 1998, p.4). 

The model (the ASSA500) was then adjusted to allow for (Slawski, 1998, p.4): 

 “National population and mortality estimates; 

 Decreasing fertility of non-HIV positive women over time; 

 The negative impact of HIV on fertility; 

 A lightning of non-HIV mortality over time (particularly that of infants and 
children); and 

 Net national migration.”  

However, as the ASSA models were largely emanating from the actuarial profession, 
who tend to focus on individual firm impacts and requirements, questions were raised 
about the appropriateness of a national model for this purpose. The need to model 
sub-populations, such as assured lives or members of a group scheme, consequently 
surfaced. (Slawski, 1998, p.4). However, little was done about this until 2000 (see 
below).  

Subsequent to the development of the ASSA600 model further improvements were 
incorporated in an upgraded series of models referred to as the ASSA2000 suite. This 
suite includes a national model four-race model (ASSA2000), a national no-race model 
(ASSA2000lite). Changes in these models include (Dorrington, 2000, p.8): 

 Improvements to the fit to ANC survey data; 

 Allowing separate male and female assumptions; 

 Separate modeling of population groups;  

 Establishing limits to the mortality and fertility trends over time; 

 Establishing a limit to immigration over time; 

 Introducing a Weibull distribution to the HIV survival curve; 

 Introducing two distributions for HIV survival for children under 14; 

 Disaggregating the ‘contagion matrix’ into more measurable and controllable 
parameters (although this is reported in Dorrington (2000, p.8) it was never 
actually implemented); and 

 Making use of the latest mortality data for the purposes of “calibration” 
(Dorrington et al, 2001, p.3).  

As already noted, the ASSA2000 models include a four “race” version which models 
each of the four population groups separately at the national level. The results are 
aggregated to produce a national population estimate. This version of the model was 
also used to produce a series of provincial estimates consistent with the national 
projection. This exercise is discussed in Dorrington, 2000.  
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The ASSA2000 suite also includes a “lite” version which does not differentiate by 
population group and is largely similar to the ASSA600 model. (Dorrington, 2000, 
p.3).  

2.3.3 Sub-population models 

As already noted the national population models were regarded as unsuitable for 
estimating AIDS impacts on very narrowly defined populations, such as those within 
a pension fund or firm. National modeling exercises are “macro” in nature and 
involve inter-relationships between aggregated variables. Very specific populations 
however represent only a small part of the overall population with the result that 
certain aspects of a group that can be aggregated away when large, may impact 
significantly on a more narrowly defined group.  

Population models are characterized by three significant variables, births (entrants to a 
population), migration (entrants and departures from a population), and deaths 
(departures from a population). Modeling a sub-population merely involves extending 
the possible range of entrants and departures from a particular population. For a 
particular firm, for instance, births are not relevant as entrants, but new employees 
are. Departures from the population now occur through resignations, retrenchments, 
retirement (early due to sickness or disability, or normal), and death. Consideration for 
the development of a sub-population model therefore arises when the entrants and 
exits from a defined population reflect a relatively significant variable and where these 
cannot be reduced to births, deaths and migration.   

A sub-population model was therefore developed for ASSA by Leigh Johnson and is 
described in Johnson (2000) prior to completion of the model. The aim is “ to develop a 
spreadsheet model that can be used to forecast the impact of HIV/AIDS on a selected population. 
… The South African models that currently exist are either appropriate only to modeling the 
national population, or are proprietary – many suffer from other limitations. There is thus a need, in 
South Africa, for a publicly available model that can forecast the impact of AIDS and evaluate the 
effectiveness of different AIDS management strategies in a sub-population.” (Johnson, 2000, p.iii).   

Sub-population models in use at the time of the ASSA initiative include the 
Momentum model, the Lifeworks model, the Actuarial Solutions model and the 
KNOWAIDS model. (These are described in Johnson, 2000, pp.3-5). These models 
were developed with reference to workforce populations. Other modelers have 
adapted the output from national AIDS models in sub-populations – under the 
simplifying assumption that they are dealing with closed populations. (Johnson, 2000, 
p.iii).  

The sub-population approach developed by Johnson specifically approaches the 
problem of modeling a workforce population, although it clearly has broader 
applications. The sub-population model is divided into three sub-models (which has 
now been included into a single model in the latest version), which separately models 
entrants into a select population, the select population and former members of the select population. 
The incidence rates are from the ASSA2000 model. The spread of the disease is 
modeled separately for each sub-model. (See Johnson, 2000, pp.iii-v for a full 
explanation of the model).  

The sub-population model has recently been adapted to incorporate the separate 
models for the three sub-populations (entrants, select and former members) into a 
single model. (See Rosenberg et al, 2002, for an account of the restructured model and 
its components).  
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2.3.4 Incorporating behavioural change 

The ASSA2000 models are limited in their ability to assess policy interventions or 
behavioural change, both within the workplace and in the national population. 
Expanding the models to incorporate this is a complex enterprise. Clear complications 
arise in that interventions are multi-dimensional in their impact, and incorrectly 
allowing for these impacts will contaminate the model outcomes. For instance, in the 
case of antiretroviral therapy if the preventive aspects of treatment are not accounted 
for, the accumulation of HIV positive relative to HIV negative individuals will 
generate an acceleration of new infections in the model which would not happen in 
real life. In essence this requires that the model be able to estimate behavioural 
changes based on changes in the circumstances of particular risk groups.   

Taking the above into account an attempt to model sub-populations based on a 
socioeconomic status, apart from race and “job-grade” using a “population” rather 
than a “sub-population” model, was attempted using the ASSA2000 model, which 
was adapted to differentiate between urban and rural populations. (Dorrington et al, 
2001b). This involved a study of a number of sub-Saharan countries where the 
differences in urban and rural demographic structures was sufficiently important that 
they also required separate treatment. “The ASSA2000 Urban-Rural model is based on the 
ASSA2000 model. In essence the ASSA2000 model was stripped to two population groups and 
the migration structure enhanced to allow for net urbanization (in addition to the net international 
migration already incorporated into the model). (Dorrington et al, 2001b, p.4).  

 

Box 2.1 – Data input requirements for the ASSA2000 Rural/Urban  
      model 

 

The ASSA2000 Urban Rural model required the following additional data to run 
(Dorrington 2001b, p.5): 

 “Antenatal prevalence: antenatal sentinal data by site and split by urban and rural 
testing centers. A weighting can be associated with each site. The user can also 
decide whether to use a median, crude average or weighted average of the various 
sites to derive the the estimated antenatal sero-prevalence for each of the urban 
and rural populations. The national prevalence is based on a weighted average (by 
number of pregnant women in the population) of the urban and rural population. 
The national prevalence is based on a weighted average (by number of pregnant 
women in the population) of the urban and rural total results.  

 Non-AIDS mortality: the user needs to input male and female non-AIDS mortality 
rates by (individual) age for both the urban and rural regions, as well as a non-
AIDS mortality improvement index.  

 Fertility: the user needs to input the total and (individual) age specific fertility rates 
for both the total and the urban populations for each calendar year between 1980 
and 2000. These are non-HIV fertility rates as the model explicitly allows for the 
effect of HIV infection on fertility by age and duration since sero-conversion.  

 Migration: the user is required to input the number of migrants by (individual) age 
and sex from the rural regions into urban centers as well as the total net 
immigration per annum to be assumed for each year.  

 Starting population: The user needs to input starting population profiles by 
individual age and sex of both the total and the urban populations.  
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 Other data: before calibrating the model the following data is also required: 

 The proportion of adults with sexually transmitted diseases within 
each country (split by sex, and urban and rural region); 

 The age profile of the sexual partners of women at each age; 

 The proportion of adults engaged in commercial sex work (split by 
sex, and urban and rural region); 

 The proportion of the population who use condoms by age in each 
of the risk groups; 

 The proportion of urban and rural women who make use of public 
health clinics.”  

 

“Within this modeling exercise if data were not available from national demographic and health 
surveys the model uses a set of default assumptions based on the population in the KwaZulu-Natal 
province of South Africa.” (Dorrington, 2001b, p.5).  

 

The ASSA2000 model does not explicitly allow for behavioural change options, such 
as for instance changes in sexual behaviour. In order to model behavioural changes 
resulting from policy interventions Dorrington et al (2001b, p.14) recommend the use 
of two separate algorithms depending upon whether the change relates to sexual 
behaviour (such as Uganda) or an external influence (such as Botswana) where the 
government is to introduce antiretroviral therapy. If the change is behavioural 
Dorrington et al  (2001b, p.14) recommend the use of a “trigger”. In cases of an 
“external change” it is suggested that discrete changes are required to survival curves, 
mother-to-child transmission probabilities, etc.  

As a consequence of the need to model the potential affects of behavioural change an 
adaptation of the ASSA2000lite model was used to investigate the possible affects of 
four interventions, STI treatment, voluntary counseling and testing (VCT), prevention 
of mother-to-child transmission (PMTCT), and antiretroviral treatment. (Johnson et 
al, 2002b). Aside from the intervention assumptions added to the model, survival was 
modeled using four stages of disease progression before death in accordance with the 
World Health Organisation staging system. This differs from ASSA2000 where a 
Weibull distribution was used for the full progression from infection to death. The 
first two stages are treated as asymptomatic, stage three involves AIDS-related 
complexes, and stage four is regarded as full-blown AIDS. A Wiebul distribution is 
used to distribute the time spent in each stage. The model also includes a two-stage 
differential (i.e. different from adults) staging system for children (in the model 
regarded as those under 14. A Weibull distribution is also used to distribute the time 
spent in each stage. (Johnson et al, 2002b, p.8).  

The overall results of the intervention model scenarios analysed in Johnson et al, 2002 
suggest the following infections averted by 2015: 

 The STI programme: 880,000 infections averted; 

 The VCT programme: 360,000 infections averted; 

 The PMTCT programme: 630,000 infections averted; and 

 The ART programme: 1,400,000 infections averted. 

This analysis and adaptation to the ASSA2000 model represent a significant step 
forward in providing a useful vehicle for allowing the results of the various important 
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empirical studies to be tested for their potential usefulness in curbing the disease over 
time. Resource requirements can consequently be prioritized better.  

2.3.5 Concluding remarks 

The evolving process of model development and HIV/AIDS quantitative analysis has 
moved considerably from its initial narrow insurance industry focus into the area of 
policy intervention and behavioural change modeling. Much of this evolution is 
reflected in the separate initiatives resulting in the modeling framework developed by 
the Futures Group. A distinct lack exists in South Africa at present with respect to the 
development and maintenance of a multi-disciplinary public domain process to 
implement these various models in the interests of a broader understanding and 
consensus on future policy options and directions. Although initiatives exist within 
Government and advocacy groups, no substantial thrust exists which brings together 
all the best information to construct scenarios that best reflect the future alternatives.  

2.4 The ASSA2000 models 

This section provides a more detailed review and discussion of the components of the 
ASSA range of models and their assumptions. The purpose is to make explicit key 
assumptions and limitations within the current modeling framework. Table 2.1 
provides a summary of components and assumptions used in the ASSA models over 
time. The basis for the assumptions, to the extent that they have been published, are 
also provided.  

 



Table 2.1 – Review of key assumptions in the ASSA models  

Model components Assumption Basis Reference Comment 

P
o

p
u

la
ti

o
n

 

Population base 

The model was parametised to produce a 
population of 42.2 million as at the date of 
the 1996 census. The starting population (i.e. 
that of 1985) was estimated on the basis of 
“Sadie's estimate of the 1970 de jure 
population.” Dorrington, 1998, appendix 3.  

Sadie, 1988. Census 1996. Dorrington, 1998, 
Appendix 3.  

 

F
e
rt

il
it

y
 

Non-HIV fertility 

For the ASSA600 model the fertility of HIV 
negative women was set to fall in line with 
historical trends over time. (Dorrington, 
1998). For the ASSA2000lite the same rates 
were used until 1996, thereafter they were 
assumed to trend logistically to ultimate rates. 
(Dorrington, 2000, appendix A). 

For the ASSA600 there was little evidence 
to support a range of extreme estimates 
of fertility for South Africa. Sadie 1988 
and 1993 was assumed to provide the 
most reasonable basis upon which to 
proceed. Subsequent estimates from 
SADHS 1998 provided a basis for 
improved estimates in the ASSA2000lite. 

Sadie, 1988 and 1993, 1998 
SADHS – both quoted in 
Dorrington et al 1998. 

 

HIV positive fertility 

Various ratios of HIV+ to HIV- fertility rates 
by age and risk group were constructed. 
These were used to weight down the fertility 
of HIV- females in all risk groups. 
 
“Although … such a ratio will be as much a 
function of duration of being infected as it is 
a function of age no data is as yet available to 
allow duration of infection to be taken into 
account. Thus it was decided to model the 
fertility of HIV-positive women as a multiple 
of HIV-negative women …” . (Dorrington, 
1998, appendix 4.). The ratios were based on 
the results of Zaba and Gregson, 1998. 

Zaba and Gregson (1998) concluded that 
fertility of HIV positive women is lower 
than HIV negative women in all but the 
15-19 age group, and that the differential 
increases with age and epidemic duration. 
The latter result is caused by the early 
onset of sexual activity – which is 
associated with higher HIV prevalence. 
They also note that HIV prevalence 
estimates based on ANC data 
underestimate the true prevalence in 
women of childbearing age. 
 
In a chort study in rural Tanzania Hunter 
et al (2003) found a 29% reduction in 
fertility in HIV positive women. This 
reduction was most significant in the 
terminal stages of infection. However, no 
clear relationship with duration of 
infection could be determined. 

Zaba and Gregson, 1998 – 
also used as the basis for 
the assumptions used in 
Dorrington, 1998, appendix 
4. 
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Model components Assumption Basis Reference Comment 

Male to female births 

The proportion of male births is equivalent 
to 103 births to every 100 female births. This 
assumption is regarded as having little impact 
on the outcomes of the model. 

This is regarded as consistent with 
assumptions made by other 
demographers in South Africa.  
 
  

Dorrington, 1998, 
Appendix 7. 

The DemProj model assumes a default of 
105 male births to every female birth. 
Stover (1999b, p.53) indicates that for 
most countries it will vary between 103 to 
105.  

Fertility rates 
generally 

The ASSA600 model set a downward trend 
with the final total fertility rate set at 1.5.  
Incorporates a table of past fertility rates 
directly. Future decreases in fertility are 
limited to an ultimate fertility rate. This was 
set to that in ASSA600 up to 1996 and after 
that it was assumed to trend, logistically, to 
the ultimate rates. 

The ultimate fertility rate was based on 
rates used by the US Census Bureau. No 
motivation is provided on the why the US 
Census Bureau is used and what the 
alternatives are. 

Dorrington, 2000, p.12, 40.  

M
o

rt
a
li

ty
 

HIV survival – 
gender and age 

Both males and females by age taken as a 
median of 11 years. The model can apply 
different survival options by age and gender. 
(The paper refers to 10 years but the actual 
model is set at 11 years for the 14-24 
population group, and 10 years for the rest). 

The results fit reported mortality well - in 
conjunction with other assumptions in 
the calibration process. However, 
information from Boerma et al (1998) was 
taken into account. 

Dorrington, 2000, p.10. Females are infected earlier, and will 
consequently have longer survival times 
for these age categories. Incorporating 
these effects may be important in future 
modeling.  

HIV survival – 
probability of survival 

A Weibull distribution is used in ASSA2000, 
replacing a "unique survivor function" in 
ASSA600. This was replaced by a four stage 
clinical staging function in the ASSA2000 
intervention model.  

The Weibull distribution is assumed to be 
more flexible and in fairly common use. 
However, the Weibull distribution was set 
to largely reproduce earlier results in 
ASSA600 because of the previous good 
fit. The clinical staging system is based on 
that developed by WHO (Maartens, 
1999). The Gomperz distribution was 
found to have a better fit in Uganda 
(Johnson, 2000, p.32).  

Dorrington, 2000, p.13. 
Johnson, 2000, p.32. 
Johnson et al, 2002b, p.9. 
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Model components Assumption Basis Reference Comment 

HIV survival –  

paediatric 

A mortality rate of 30% per annum is 
assumed for those born with HIV. A Weibull 
distribution and 5 years mean survival were 
assumed for those infected by mother's milk. 

There is a much higher median term to 
death for perinatally infected children. 
The option to model bimodal mortality 
separately also allows for policy modeling. 
These assumptions are consistent with 
Boerma et al (1998). 

From Dorrington, 2000, 
p.13 - the results of Spira et 
al, (1999) are relied on. 

 

Non-HIV survival – 
reduced mortality 
over time 

For the years 1985-1999 this was set to the 
1985 mortality in the ASSA600. After 1999 
the mortality is assumed to trend, logistically, 
to the ultimate rates (based on the US Census 
Bureau). 

 Dorrington, 2000, p.40.  

Mortality rates 
generally 

Incorporates a table of mortality rates 
directly. Future decreases in mortality are 
limited to an ultimate mortality rate.  

The ultimate mortality rate was based on 
rates used by the US Census Bureau.  

Dorrington, 2000, p.12. Although there is no clear motivation 
provided for this assumption it is 
reasonable under the circumstances. 

R
is

k
 G

ro
u

p
s 

Imported HIV 
positives 

These were set to calibrate the model. 
Varying the imported number of HIV 
positives has the effect of changing the 
location of the epidemic in time. 

There is no basis for this number. These 
are adjusted to achieve the desired fit to 
the observed data (ANC survey and 
reported mortality).  

Dorrington, 2000, p.43. There is no strong empirical basis for this 
assumption. This component is used to 
calibrate the model. Nevertheless, given 
the fit to the ANC data, the assumption is 
reasonable. 

Contagion matrix 
disaggregation 

The contagion matrix has been disaggregated 
into "measurable and meaningful" 
components. 

This was to make the model less of a 
curve-fitting instrument.  

Dorrington, 2000, p.13. The components in the contagion matrix 
cannot be reduced to empirically 
verifiable assumptions although 
disaggregated. All that is clarified is the 
assumption made. The calibration 
exercise consequently remains a curve-
fitting exercise. However, this adjustment, 
although referred to in Dorrington 2000, 
was ultimately not implemented. The 
AIDS Impact Model (AIM) however does 
include certain of the suggested 
parameters for the contagion matrix.  
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Model components Assumption Basis Reference Comment 

Behavioural risk 
groups (percentage 
in each risk group) 

This was set to equal those on the ASSA600 
model. In the ASSA provincial model these 
were set as per the Metropolitan model 
(sometimes referred to as the Doyle model). 

Personal communication with Thomas 
Muhr, Metropolitan Life. 

Dorrington, 2000, p.43. There is no strong empirical basis for this 
assumption. This component is used to 
calibrate the model.  

Probability of partner 
in risk group 

This was taken as a population-group 
weighted average of the proportions used in 
the Metropolitan-Doyle model. 

Personal communication with Stephan 
Kramer, Metropolitan Life. 

Dorrington, 2000, p.41. There is no strong empirical basis for this 
assumption. This component is used to 
calibrate the model. 

Male/female to 
female/male 
transmission 
probabilities per 
sexual contact 

“The PRO and STD to PRO or STD were 
set to 0,009 which was a weighted average of 
the probabilities given in a paper by Rehle et 
al … weighted roughly by the proportions of 
STDs from the SADHS (1999). The RSK to 
RSK was set to 0,002 on the basis of the 
figures in Rehle et al … . The STD to/from 
RSK are set as the square route of the 
product of these two probabilities.” 

The key assumptions are based on a paper 
by Rehle et al (undated) referred to in 
Dorrington, 2000. The STD group 
assumptions are derived from the 
SADHS (2000).  

Dorrington, 2000, p.41. There is a weak empirical basis for this 
assumption. This component is used to 
calibrate the model. Although there is 
some empirical basis for STI prevalence 
levels, there is little basis for applying this 
to an “STD” behavioural risk group. 
 
Although there is some evidence for 
transmission probabilities within certain 
groupings of the population, the key issue 
involves the proportion represented by 
each group with a set of transmission 
probabilities.   

Male to female to 
female to male 
transmission 
probabilities for 
various combinations 
of risk group 

encounters 

“The ASSA600 ratio of two was used for the 
RSK to RSK combination. A lower ratio of 
1.5 was assumed for the PRO and STD to 
PRO or STD combinations… . The STD 
to/from RSK ratio was set to be the average 
of these two ratios.” (Dorrington, 2000, 
p.41). 

The key assumptions are based on a paper 
by Rehle et al (undated) on the AVERT 
model referred to in Dorrington, 2000. 
 
 

Dorrington, 2000, p.41. Rehle et al (1999, p.35) also note that: 
“Most of the published literature on transmission 
probabilities report on cumulative risk estimates, 
such as risk ratios or odds ratios. Cumulative 
risk, however, does not reflect the risk per sex act, 
since it is the result of cumulative sex acts, of 
which only a fraction have occurred in the presence 
of an STD. Depending upon available specific 
research findings on HIV infectiousness and 
susceptibility to HIV associated genital tract 
infections, future versions of AVERT may 
incorporate additional stratification of the STD 
cofactor effect estimates to distinguish between the 
infectiousness of HIV-infected individuals and 
the STD effect on the susceptibility of HIV-
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Model components Assumption Basis Reference Comment 

uninfected individuals.” 

Number of new 
partners per year 

The figures were set to 200, 10, and 1 for the 
PRO, STD and RSK groups respectively. 

The assumptions from Doyle and Millar 
(1990), referred to in Dorrington (2000) 
were used. 

Dorrington, 2000, p.41. There is no strong empirical basis for this 
assumption. This component is used to 
calibrate the model. Empirical data can be 
used to strengthen assumptions made in 
the calibration process.  

Contacts per new 
partner 

The figures were set to 1, 11, and 65 for the 
PRO, STD and RSK groups respectively.  

These assumptions, together with the 
number of imported HIV positives were 
set by trial and error to produce a fit to 
the ANC data. 

Dorrington, 2000, p.42. Comment same as above. 

Net-migration group 

The net-immigration group is set to the same 
behavioural risk group proportions as for the 
South African population.  

These assumptions were made due to the 
absence of any empirical data. 

Dorrington, 1998, pp.3-4. This assumption in the model has no 
sound empirical basis and is potentially an 
area for improvement in the model. The 
impact of a larger group coming into the 
country, with higher prevalence rates may 
produce very different results to those in 
the model. Given the potential 
importance of this variable, greater 
consideration needs to be given to its role 
in the modeling process and the accuracy 
of the number. 
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Model components Assumption Basis Reference Comment 

C
o

n
d

o
m

s 

 Condom use 

Figures of condom usage, based on figures 
provided by the Department of Health (1999) 
were assumed to be average of usage in all 
the risk groups on the assumption that usage 
in the PRO and STD groups was half that in 
the RSK group, from which the condom 
usage for each risk group was calculated. 

Source data was obtained from the 
Department of Health (1999). The 
distribution between risk groups was not 
based on any study. 

Dorrington, 2000, p.41. Although there is some empirical basis 
for condom use, this information may not 
be adequate for the purposes of 
modeling. Without firm information on, 
amongst other issues, the probability of 
use in high risk situations and 
effectiveness this component of the 
model is merely used as part of the 
calibration exercise. 

Probability of 
effectiveness 

In Dorrington (2000) it is assumed to be 95 
percent. 

  There is little basis for this assumption. A 
sensitivity analysis should accompany use 
of this variable. 

S
e
x
u

a
l 

a
c
ti

vi
ty

 Sexual activity 

Female sexual activity was determined 
through adjusting the curve until it fitted the 
ANC HIV prevalence in 1995. The male 
curve was set to reproduce the age 
distribution of reported male AIDS cases in 
1995. 

There was no empirical basis for the 
sexual activity curve for males and 
females. The curves were derived to fit 
reported HIV prevalence - to the extent 
this was available. 

Dorrington, 1998, 
Appendix 7. 

There is no strong empirical basis for this 
assumption. This component is used to 
calibrate the model. This component can 
also be used to assist in estimating the 
impact of behavioural change. However, 
relating this to empirical data will be 
difficult. 

M
ig

ra
ti

o
n

 

International 

Future net inward migration is assumed to 
continue at the 1996 Census migration level 
of 190,000 per annum. This is assumed to 
decline logistically toward zero over 30 years. 

The starting point is based on the 1996 
Census. However, no motivation other 
than "some debate within and outside the 
AIDS Committee" is found for this 
assumption.  

Dorrington, 2000, p.12. Immigration is likely to have a crucial 
effect on changes to the demographic 
make-up of South Africa. The assumption 
made in the ASSA2000 model does not 
have a sound foundation. (Note comment 
above on migration). 

Inter-provincial 

No provision is made for this possibility in 
ASSA2000. 

  Intuitively this variable must have a 
substantial influence on risk group 
changes, structural changes in 
populations, and fertility rates. 

Urban-rural 

No provision is made in the model for this 
possibility in ASSA2000. 

  As above. 
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Model components Assumption Basis Reference Comment 

S
o

c
io

e
c
o

n
o

m
ic

 g
ro

u
p

s 

Population groups 

Population groups are modeled only in the 
full version of ASSA2000. The assumptions 
within the model (such as risk group 
percentages) are used to fit reported ANC 
data. 

Very little epidemiological data exists to 
calibrate the model using population 
groups. Mortality data has not been 
available since 1990 (this information is 
being collected again but is not published) 
and ANC data since 1995 (this data is 
collected but not made publicly available). 

Dorrington, 2000, p.11. The use of population groups as a basis 
for modeling is potentially questionable. 
There are a large number of 
socioeconomic groups within a 
population group that, if properly 
accounted for, would improve the 
specificity of the model. It would also 
provide a more useful basis for analysis. 

Job category 

Job categories are not used as a component 
of the standard ASSA2000 model. They have 
been used in the sub-population model 
developed by Johnson L for ASSA (2000).  

Prevalence varies according to age, 
population group, gender, income, 
occupation, education, province and 
urban-rural status. Most of the sub-
population models use age, gender and 
job grade (or salary) as factors affecting 
prevalence, and make adjustments in 
respect of different industries and 
provinces. 

Johnson, 2000, p.48. 
Rosenberg et al, 2002.  

Final adjustments to the incidence and 
prevalence rates from ASSA 2000 were 
ultimately based on company data. 
(Johnson L, personal communication, 
2003).  

Province 

The ASSA provincial model is actually the 
ASSA2000 model calibrated for each 
province. The base population for 1985 had 
to be constructed - as the provinces did not 
exist in 1985. Here the 1996 Census numbers 
by age, gender and population group were 
adjusted by the re-estimation of the 1996 
census population (Dorrington, 1999) by age, 
gender and population group. These figures 
were then projected backwards to 1985 using 
the four population group ASSA model. The 
models were then calibrated to the provincial 
ANC figures. 

The provincial models were essentially 
calibrated along the same lines as the 
national model, but using provincial 
specific information.  

Dorrington, 1999a 
(referenced in Dorrington 
2001).  

No account was taken on inter-provincial 
and urban/rural migration, except in the 
estimation of the base population. This 
implies that the provincial models are 
actually “closed”. 
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Model components Assumption Basis Reference Comment 

Private sector health 
service user 

This was included in the ASSA intervention 
model only. Here the medical scheme 
population was separated modeled as a select 
risk group. Although this was not the 
intention of the original exercise, the medical 
scheme population can be regarded as a 
rough proxy for private health sector users. A 
profile of the medical scheme population was 
established by age, gender, population group 
and skill level. HIV prevalence levels 
corresponding to each of these demographic 
and socioeconomic categories was then 
estimated. No interventions were assumed in 
the modeling. Here it is assumed that the 
initial (1985) proportion of the population is 
17%, that 13% of all births are to women in 
medical schemes, and that 13% of individuals 
under the age of 14 are covered by medical 
schemes. 

These assumptions were based on 
unpublished estimates by CARe (Centre 
for Actuarial Research) of HIV 
prevalence in different age, gender skill 
and population groups for 1999. The 
estimates were based on attempts to 
reconcile outputs from the ASSA2000 
model with data from a number of 
workforce prevalence surveys conducted 
in various industries.  

Johnson et al, 2002b, p.63. There are many difficulties associated 
with this exercise. It would be useful to 
model the private sector user population 
as a distinct socioeconomic group. 
However, the medical scheme population 
is not a perfect proxy for private sector 
users (or the relevant socioeconomic 
group) - especially for ambulatory care.  
 
Most medical schemes provide access to 
ART – although very variable. As a 
consequence any modeling needs to 
account for the differences in mean 
survival and behavioural responses 
associated with access to ART treatment.  
 
The job grade information cannot be 
checked for its appropriateness for the 
purposes of extrapolation. It would have 
been more appropriate to model the total 
population able to use the private sector, 
as this would involve a relative coherent 
population with identifiable demographic 
features. 

Public sector health 
service user 

This was included in the ASSA intervention 
model only. These estimates are based on the 
prevalence of women attending public 
antenatal clinics (most of whom, it is 
assumed, are not medical scheme 
beneficiaries). Parameters for the non-
medical scheme population are set so as to 
reproduce these levels of HIV prevalence for 
pregnant women. 

It is essentially assumed that there are two 
socioeconomic groups: the medical 
scheme population and the non-medical 
scheme population.  

Johnson et al, 2002b, p.7. The assumption that two socioeconomic 
groups can be created based on use of 
either public or private sector services 
fails to account for more important 
differentiating factors: employment 
status, educational status, etc. 
 
The reliability of these assumptions and 
estimates are suspect. 
 
An improvement to the approach might 
consider specifying coherent 
socioeconomic groups, independently of 
their use of public or private sector health 
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Model components Assumption Basis Reference Comment 

services, and mapping them onto the 
health sectors.  

B
e
h

a
vi

o
u

ra
l 

c
h

a
n

g
e
 

Behavioural change  

Behavioural change is not endogenous to the 
model. However, adjustments to certain of 
the assumptions within the model can be 
used to achieve this effect. These features are 
examined in both the regional modeling 
exercise (Dorrington et al, 2001) and in the 
ASSA intervention model. The model can 
allow for changes in the number of unsafe 
sexual partnerships each female has per year. 
The Uganda study assumed an arbitrary 50% 
reduction in the number of new sexual 
partners over a 10 year period. 

Behavioural change may be influenced by 
both knowledge of someone dying, or 
government intervention. However, the 
latter should be modeled differently to the 
former.  

Dorrington et al, 2001b, 
p.14. 

The ASSA2000 intervention model 
provides the most consistent attempt 
(within the public domain) to integrate 
government interventions into the 
modeling framework. However, the 
structure of the model does not easily 
lend itself to this form of analysis. 
Behavioural changes resulting from 
structural changes in socioeconomic 
characteristics are not endogenous to the 
model.  
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Model components Assumption Basis Reference Comment 

C
a
li

b
ra

ti
o

n
 

Survey data 

The total prevalence of pregnant women was 
divided by 0.9 (in ASSA600 and carried 
forward into ASSA2000) on the assumption 
that although some 80% of women probably 
used public ANC clinics, they accounted for 
90% of births and that the prevalence of 
those using private clinics was relatively low. 
The model simply increases the age-specific 
rates for all pregnant women by 20%, the 
average excess in the most recent years, to get 
the prevalence rates of those attending ANC 
clinics. 

The distributions used do not have an 
empirical basis.  

Dorrington, 2000, p.9. The extrapolation of the ANC survey 
onto the national population through the 
ASSA2000 model, and earlier versions, 
has a weak empirical basis. This is less a 
problem of the models and is related to 
the poor availability of high quality 
prevalence surveys. It is however unclear 
from the research reports how sensitive 
the overall projections are to a reasonable 
range of alternatives. 

Mortality data 

The model is calibrated to reproduce (as far 
as possible) the pattern and the level of 
deaths (adjusted for under-reporting). 

Source data is based on registered deaths 
adjusted for under-reporting, by age and 
gender. 

Dorrington, 2000, p.8. This exercise serves to minimize the 
potential error associated with the 
assumptions used to calibrate the model 
based on information only from the ANC 
surveys. It is however not a sufficient 
protection against errors in the ANC 
survey itself. Assumptions used in the 
calibration of the model will be greatly 
improved through additional surveys to 
support or moderate the ANC survey.   

Initial infections 

Initial infections are introduced into the 
model to begin the epidemic. The number of 
new infections introduced are used to 
calibrate the model. Varying the starting 
number has the effect of shifting the 
epidemic either forward or backward. 
"Rough calibration of the model was carried 
out by adjusting the number of imported 
HIV positives, which, in effect changes the 
location of the epidemic through time." 
(Dorrington, 2001b, p.43). 

The starting number is arbitrary and 
derived via the calibration process. 

Dorrington, 2001, p.43. This "variable" is essentially an adjuster 
used to fit the model to external data, 
such as mortality and the ANC survey. 
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Model components Assumption Basis Reference Comment 

P
ro

je
c
ti

o
n

 

p
e
ri

o
d

 

Reliability of projection 
period 

The ASSA models can generate projections 
to 2025.  

    The modeling of the population and the 
AIDS epidemic together involves the 
interaction of a large number of variables. 
This reduces the possibility of an accurate 
projection very far into the future. This 
caution is also emphasized by Dorrington 
(2000, p.11). 

 



Those assumptions and components of the ASSA2000 models with a stronger 
empirical basis are: 

 Population base; 

 Non-HIV fertility; 

 HIV and fertility (the various studies that suggest a reduced fertility are however 
not conclusive and could change); 

 Male to female births (although no adequate motivations were provided, it is 
assumed that this is not likely to be incorrect); 

 HIV survival – probability of survival (although most studies suggest relatively 
consistent mean survival, there is still much doubt concerning the impact of age, 
socioeconomic status, etc. on relative survival, as well as how this ultimately 
impacts on infection rates); 

 HIV survival – paediatric (the evidence here, although still weak is probably 
sufficient to generate a reasonable picture of reality); 

 Non-HIV survival and mortality rates (this was not adequately motivated in the 
source material on the model – however, it is assumed that this has a verifiable 
basis). 

The motivations underpinning assumptions for a significant part of the core ASSA 
model have little reliable basis in empirical data, even where data exists. Here 
assumptions derive substantially from the calibration exercise. The following 
variables/components fall into this category: 

 Imported HIV positives; 

 Behavioural risk groups; 

 Probability of partner in risk group; 

 Male/female to female/male transmission probabilities per sexual contact 
(although there is empirical evidence on this a concern arises as to the feasibility 
of reliable information being generated); 

 Male/female to female/male transmission probabilities for various combinations 
of risk group encounters; 

 Number of new partners per year; 

 Condom use including both the probability of use and the effectiveness of that 
use (use of the empirical data that exists nevertheless requires significant 
discretion from the modeler in assuming the relationship between condom use 
and the probability of infection); 

 Sexual activity by age and gender; 

 Net immigration; and 

 Extrapolation of the ANC survey data. 

Arising from this discussion a number of issues are raised concerning further 
modeling efforts. It should be noted, however, that these comments are intended to 
further debate and do not question the reasonableness of the efforts and assumptions 
made to date.  

 Behavioural risk groups: The model allocates the population from the 14th year 
into one of various “behavioural” groups where they remain throughout their 
lives. The division of the ASSA models into risk groups PRO, STD, RSK etc. is 
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accepted as having more relevance to the “calibration” exercise (i.e. fitting the 
model to the ANC survey data and reported mortality data) the following issues 
arise:  

 The risk groups cannot be reduced to an observed group within the 
population. 

 The behavioural risk groups cannot be seen separately from 
socioeconomic risk groups – the modeling process mixes the two 
issues. For instance a person with a symptomatic STD has a higher 
transmission probability than one without. However, a lower-income 
person is less likely to treat the STD timeously because of poor 
access to health services. Is this behavioural or socioeconomic? The 
model cannot differentiate.  

 Population groups: The ASSA2000 full model is calibrated around four 
population groups (black, white, coloured and Asian). Population-group specific 
fertility and mortality rates are used as well as the ANC prevalence information. 
As a consequence socioeconomic differences within population groups are 
ignored.  

 Job categories: Although the use of job categories, used in the sub-population 
models, provide some basis for socioeconomic differentiation, their infection 
levels and risk of infection derive from determinants such as education and 
employment status. The job category prevalence levels are derived initially from 
company-level surveys. As such they have an empirical basis. Furthermore, very 
little can be said about their families and communities.  

 Provincial models: The provincial ASSA2000 modeling exercise does not 
account for inter-provincial migration into the future or urban – rural shifts. 
Inter-provincial migration is largely linked to urbanization at present in South 
Africa. Such shifts will influence fertility rates and mortality profiles, both of 
which are very different between urban and rural settings. HIV risk is also 
influenced by these migration patterns – as existing male-female differentials 
within the 15+ population, which increases risky sexual behaviour – will diminish 
over time as the differentials normalize. Much of this complexity is not accounted 
for.  

 Private sector health service: Usage of the private health system, particularly 
hospital services, is a function of medical scheme cover. However, many people 
not in a medical scheme use private primary care services on an out-of-pocket 
basis. Furthermore, many higher income people, within certain age categories, are 
not members of medical schemes for various reasons including adverse selection. 
They will however use the private sector when they need health care, either via a 
medical scheme or on an out-of-pocket basis. As a consequence, private sector 
users are a function of income rather than medical scheme membership, with a 
larger portion of the population using private primary care services than private 
hospital services. For these reasons the medical scheme population is insufficient 
as a proxy for socioeconomic differentiation. Furthermore, this group will also 
have access to antiretroviral therapy, altering the standard model relationships 
fundamentally.  

 Public sector health service use: The population using the public sector ANC 
services may be smaller than the assumptions used in the ASSA2000 intervention 
model. The ANC population is also likely to include a range of socioeconomic 
groups, based on educational level achieved and employment status, where the 
risk of infection and prevalence is lower.  



employment growth and development initiative                                         HSRC 
 

   

 30 

 Modeling socioeconomic groups: Greater focus is required on modeling the 
disease within defined socioeconomic groups. Greater effort would be required of 
researchers, and especially those setting up surveys, to obtain and identify factors 
that differentiate risk along these lines. This would contribute toward a better 
understanding of the epidemic and the consequences and importance of 
contributing risk factors.  

 Behavioural change: Behavioural change options need to be understood more 
and introduced into the modeling work as endogenous variables. Use of such 
variables would test the sensitiveness of the epidemic to alternative behaviour 
patterns, where no empirical data is available. The availability of empirical data 
will provide parameters within which the cost and required effectiveness of 
interventions can be assessed. To a large extent such experimentation with the 
ASSA model has occurred through the development of the intervention model 
with similar work by the Futures Group. This work needs greater emphasis in the 
future. 

 Migration: Despite some accommodation of migration within the ASSA2000 
models, they remain essentially closed population models. The provincial 
modeling excludes any assessment of inter-provincial or urban/rural movements, 
while the national model accounts for immigration crudely. Certain exercises 
carried out with both the ASSA models as well as the Futures Group models 
incorporate migration as a variable without necessarily giving full recognition to 
the manner in which it drives the epidemic.   

2.5 Concluding Remarks 

Demographic models of the HIV/AIDS epidemic represent a significant 
development improving the knowledge and quality of debate in the area. They also 
present a major opportunity for dealing with other diseases prevalent for similar 
reasons.  

Although the models have not yet achieved their rightful place in decision-making 
processes, it is not long before they become indispensable to any sensible discussion 
on the dynamics and intervention options surrounding HIV/AIDS. Although gaps 
currently exist in what they can achieve at present, this is inevitable with any model – 
where a balance must be attained between trying to get answers to everything and 
answering those questions that really matter.  
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3 Economic Modeling of  the Impact of  

HIV/AIDS 

3.1 Introduction 

This section reviews what is known concerning the impact on employers and the 
economy. The review follows the established logic, which has focused the assessment 
of impact within a series of “channels”. These operate from households to the 
employed environment, the government and back to households. A number of issues 
are raised about the current understanding of these channels, and potential gaps in 
available data and knowledge.  

3.2 Channels Defining the Impact 

There are a number of complex and inter-related ways in which HIV/AIDS can affect 
the economy, both from the supply and demand side. Supply side effects would inter 
alia include, reduced size of labour force, loss of key skills, loss of savings and 
increased costs of production. Demand side effects could include, increased 
government expenditure and changes to household spending plans. Many of these 
“channels” are well reported in the literature and form the basis for modeling 
HIV/AIDS impacts on the economy.  

The following have been identified in a number of studies and articles: 

 Population/labour supply: A lower overall population and labour force growth 
rate, affecting both the production side and the expenditure side of the economy. 
(BER, 2001, p.3). (Greener, 2002, p.50). (Arndt et al, 2000, p.9). 

 Labour productivity:  

 The age structure of the population and labour force will change – 
the proportion of young people working will increase, which reduces 
the average experience and productivity of the labour force. 
(Greener, 2002, p.50). (Arndt et al, 2000, p.9). 

 In situations where important skills are in short supply, the loss of 
skilled workers will have a strongly negative impact on productivity. 
(Greener, 2002, p.50). 

 Total factor productivity:  

 Direct costs to the private business sector, e.g. increased 
contributions by firms to their employee’s pension, life, disability and 
medical benefit schemes. (BER, 2001, p.3). (Arndt et al, 2000, p.9). 

 Indirect costs to the private business sector, e.g. firms having to face 
the costs associated with increased absenteeism, training recruitment, 
and sick pay. Reduced labour and multi-factor productivity could 
present other costs to firms. (BER, 2001, p.3). (Greener, 2002, p.50). 
(Arndt et al, 2000, p.9). 

 Government spending: Higher government expenditure due to the increased 
direct and indirect costs (similar to the case for business), the increased demand 
for public sector health services and the orphan legacy of the HIV/AIDS 
epidemic. (BER, 2001, p.3). (Arndt et al, 2000, p.9). 
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 Household spending patterns:  

 Households are likely to face additional out-of-pocket spending on 
health care products and services (i.e. costs not covered by medical 
schemes), as well as for funeral services. (BER, 2001, p.3).  

 This will result in reduced savings, as at least part of the additional 
expenditure will be taken from income that would otherwise be 
saved. (Greener, 2002, p.50). (Arndt et al, 2000, p.9). 

 Increased private sector demand for health services. (ING Barings, 
2000, p.9).   

 Household and government spending patterns: Reduced investment (both 
public and private), due to: 

 Lower expected profits, or increased economic uncertainty, and 

 Diminished ability to finance investment due to lower savings.  
(Greener, 

2002, p.50). 

From the above only the assumptions underpinning population/labour supply, 
productivity, and household spending/savings patterns are reviewed below as they are 
directly relevant to the broader project.  

3.3 Population/labour supply 

Changes in labour supply could result in increases in the cost of labour as shortages 
begin to arise. South Africa is however characterized by labour surpluses in unskilled 
workers, and shortages in higher skills. Most HIV/AIDS economic impact 
evaluations performed on South Africa have relied on estimating labour supply effects 
using assumptions based on HIV prevalence by skills group based on extrapolations 
from the ANC survey and modeled using the ASSA (and associated) models. (ING 
Barings, 1999 and 2000) (Arndt & Lewis, August 2001) (BER, 2001). (See table 2.2).  

However, the actual impact on higher skills groups appears significantly lower than 
that assumed by these studies (see section 2) which implies that labour supply 
problems should not occur due to AIDS. For lower skilled groups, where prevalence 
is higher domestic labour supply reductions could be matched by immigration, a 
factor not taken into account in any of the quantitative analyses.  

3.4 Labour productivity 

A number of studies assume quite substantial labour productivity losses as a 
consequence of AIDS. Productivity loss assumptions are linked in two studies, Arndt 
& Lewis (August 2001) and ING Barings (1999 and 2000) to projected AIDS deaths. 
AIDS deaths here are used as proxies for morbidity impacts. The BER study links 
productivity losses (40 percent) to AIDS sick employees rather than AIDS mortality. 
However, no indication is provided how the AIDS sick are estimated.  

The source information for labour cost and productivity impacts for all the studies 
cited in table 3.1 is a document distributed by Metropolitan (Moore, undated – 
possible 1999 or 2000) which states without analysis and support data that the “direct 
costs of AIDS will be felt through escalating employee benefit and medical scheme costs. In fact, the 
cost of an average set of benefits is expected to double for many schemes by 2005, and triple by 2010. 
In schemes where the employer is fully responsible for increases in risk benefit costs, we project that this 
could add around 15 % to the remuneration budget of a manufacturing company by 2005 and 30% 
by 2010. In schemes where this risk is passed on to members, life, disability and medical benefits are 
likely to be halved by 2005, and be one-third of their current level by 2010. … We estimate that 
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indirect costs could add a further 10% to the remuneration budget of a typical manufacturing 
company by 2005, and 15% by 2010.” (p.4 and p.7).  
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Table 3.1: Labour Productivity assumptions  

Study Morbidity effect on productivity Productivity loss* 
Period 
applicable 

Arndt & Lewis 
labour input reduced in accordance with 
projected AIDS deaths 50% in t+1 2 years 

ING Barings 
labour input reduced in accordance with 
projected AIDS deaths  4 months pa (i.e. 33%) 2 years 

BER 
employees sick with AIDS - no indication of 
how estimated 40% not indicated 

Source: van den Heever, 2002. 

*Applicable uniformly to all skills categories   

 

The direct and indirect employee benefit cost assumptions are central to the 
assumptions driving expenditure trends, within both government and private 
households, in the various economic assessments. Both ING Barings and BER refer 
to estimates produced by Metropolitan and then settle on slightly different 
assumptions. Haacker (2002, p.21) also relies on Metropolitan –referring to the 
secondary source Abt Associates (2000).  

ING Barings adopts the Metropolitan results, but assumes 66 percent employer 
responsibility for costs (as opposed to 50 percent), whereas BER chooses a more 
conservative set of assumptions but adopts Metropolitan’s assumption concerning the 
level of employer responsibility for overall costs (50 percent). 

Only BER separates out the public sector part of the employee benefit impact. 
However, it appears that the other studies merely include the public sector as part of 
the total employed environment.  
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Table 3.2: Direct and Indirect Employee Benefit Cost Assumptions  

Employee benefit assumptions: direct costs 

  Employer 
responsibility 

Pass on as 
price 
increase 
(PPI) 

Highly skilled Skilled 
Semi- and 
unskilled 

Study 2005 2010 2005 2010 2005 2010 

Private sector 

Arndt & Lewis na  na na na na na na 

ING Barings 66% 50% 15% 30% 15% 30% na na 

BER 50% 50% 5% 10% 5% 10% None None 

Metropolitan* 50%   15% 30% 15% 30% na na 

Public sector 

Arndt & Lewis na  na na na na na na 

ING Barings na  na na na na na na 

BER     5% 10% 5% 10% None None 

*referred to by ING Barings and BER        

         

Employee benefit assumptions: indirect costs 

  
Employer 
responsibility 

  Highly skilled Skilled 
Semi- and 
unskilled 

Study   2005 2010 2005 2010 2005 2010 

Private sector 

Arndt & Lewis   na na na na na na 

ING Barings 66% 50% 10% 15% 10% 15% na na 

BER 50% 50% 5% 10% 5% 10% None None 

Metropolitan* 50%   10% 15% 10% 15% na na 

Public sector 

Arndt & Lewis   na na na na na na 

ING Barings   na na na na na na 

BER     5% 10% 5% 10% None None 

Source: van den Heever, 2002. 

*Referred to by ING Barings and BER 

The above differ quite considerably from estimates based on actual employer studies 
reported for instance in Rosen et al (2003). (See table 3.3). The additional direct costs 
of AIDS in six large employers range from 0.4 percent (retail company) to a high of 
5.9 percent in a mining company. This latter cost is in a company with a prevalence of 
29 percent. Interestingly the second highest estimated cost (3.7 percent) is in a 
company with only 7.9 percent prevalence. The additional cost is clearly related to 
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better employee benefits. What is important, however, is that these estimated costs do 
not nearly approach the cost levels estimated by Metropolitan.  

Table 3.3: Estimated “AIDS Tax” on Six Surveyed Employers 

Sector Utility 
Agri-
bus. Mining 

Metals 
Proc. Retail Media 

Estimated HIV positive labour force 
(%) 7.9% 23.7% 29.0% 23.6% 10.5% 10.2% 

AIDS cost as a percentage of salaries 
and wages (%) 3.7% 1.8% 5.9% 1.9% 0.4% 2.4% 

Source: Based on Rosen, 2003. 

3.5 Household spending patterns 

Household savings impacts appear endogenously determined in Arndt & Lewis, 
where the impact on savings results from decreased government savings (based on 
expenditure increase assumptions). (Table 3.3).  

ING Barings sees household savings reduced by 7.8 percent in 2010 and 6.5 percent 
by 2010. This is primarily due to increased private expenditure on healthcare. (Table 
3.3).  

BER appears to differ from ING Barings and assumes that 50 percent of the 
increased out-of-pocket expenditure on healthcare is financed from savings. (Table 
3.3).  
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Table 3.3: Household Spending Assumptions 

Study Expenditure Savings 

Arndt & Lewis 
Health spending increases to 10-15% of 
total 

Only appears to provide the impact on aggregate savings 
- resulting from decreased government savings. 

ING Barings 
25% of higher cost to the private sector will 
be spent on healthcare. 

Savings change derived from drop in combined demand 
effects lower labour income, lower population, higher 
wage costs. Result: 2005 (-4.5), 2010 (-7.8), and 2015 (-
6.5). 

BER 
60% of direct costs spent on healthcare. 
Rest in normal fashion (including 
healthcare). 

50% out-of-pocket costs are financed from savings 

Source: van den Heever, 2002. 

 

The impact of Government expenditure is seen by these studies as critical in driving 
the impact on GDP and the macroeconomy. The models assume savings-driven 
investments and, effectively, no access to foreign capital.  

There is a significant divergence in the assumptions concerning government 
expenditure between the three studies. Differences relate to the assumed cost of 
AIDS treatment, and how government responds to projected increases in need.  

Arndt & Lewis stands out in assuming a somewhat bold 6.9% per annum real increase 
in health expenditure, beginning from 1997. Substantial increases are also posed by 
ING Baring and BER, both of whom assume straight-line adjustments to meet 
increased need, one at R3,750 per patient per annum, and the other at R16,900 per 
patient per annum.  

Interestingly, ING Barings makes no assumptions concerning Social Development 
spending on social grants, differing from the other studies. However, both Arndt & 
Lewis and BER are conservative in the proposed increases, postulating that 
government will not experience an increase in demand consistent with the increase in 
need. No clear reasons for this assumption are made, however, apart from 
administrative constraints.   

3.6 Concluding Remarks 

The source information for many of the general economic evaluations performed on 
the potential impact of AIDS on the South African economy have been particularly 
weak as they relate to labour supply, productivity and cost. Studies of actual 
employers, rare though they are in the literature, are extremely revealing and show 
very different numbers to those provided in some of the more publicized economic 
evaluations.  
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4 Review of  Surveys in South Africa 

4.1 Introduction 

A number of studies have attempted to project the impact of HIV/AIDS in South 
Africa using population models of various sorts. However, until recently only a 
limited number of surveys were available with which to calibrate the models. The 
annual surveys carried out by the National Department of Health within public sector 
ante-natal clinics (ANCs) until quite recently represented the most reliable source of 
information on the status of the epidemic. A recent survey carried out by the HSRC 
(2002), has however cast doubt on the extrapolations from the ANC survey with 
widely diverging national and regional prevalence estimates. 

 A particular shortfall in the collection of information on the epidemic has been 
involved the effect employment status has on the risk of becoming infected with HIV. 
Although some studies have been performed on particular employers, the information 
is rarely made public, and often collected in manner that makes extrapolation difficult.  

This section therefore reviews some information on HIV/AIDS projections, both 
generally and in relation to the employed population.  

4.2 National and regional Prevalence  

The impact on provinces of HIV/AIDS, despite the existence of projections, is not 
certain. Routinely collected data from the antenatal clinic (ANC) surveys performed 
annually by the Department of Health, which have to date represented the only 
source of hard information on the epidemic, are too limited to provide reliable 
planning information. A recent survey carried out by the Human Sciences Research 
Council (HSRC, 2002), casts doubt on the numbers arising from the ANC surveys as 
well as the associated extrapolations.  

The HSRC study surveyed a national sample of the population by age, gender and 
socioeconomic status. This differs from the ANC survey which only samples pregnant 
women attending public sector antenatal clinics. The ANC survey sample is not 
directly comparable to the HSRC sample (see section 2). This has been performed 
using the ASSA2000 demographic model which generates HIV prevalence, AIDS 
sickness, AIDS mortality, non-AIDS mortality, and population estimates and 
projections.  

The projections for the ASSA 2000 model involve three key calibration exercises. The 
first is to ensure that census estimates of total population are achieved by the model. 
The second uses the ANC data to estimate prevalence for one known part of the 
population. The third is to ensure that the projections achieve the known national 
mortality profile, by age and gender, for the latest year in which such information 
exists. Making sure these various sets of data match known data with the model 
minimizes any overall error, at least at a national level. (See section 2).  

The ASSA2000 provincial estimates (ASSA2000, 2002) differ substantially from those 
published in the HSRC report (2002, p.50). The ASSA model produces a prevalence 
of 23.8 percent versus 15.6 percent resulting from the HSRC study for the age group 
15-49 (2002). There are also significant differences by province. HIV prevalence in 
KwaZulu-Natal is estimated to be 15.7 percent in the HSRC study compared to 32 
percent projected by the ASSA 2000 model for adults in the age group 15-49 (2002). 
High prevalence rates for Gauteng, Free State and Mpumalanga suggested by the 
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ANC surveys are however confirmed in the HSRC study – although they differ in 
magnitude. (See figure 4.1). 

Figure 4.1 – Provincial Estimates of HIV Prevalence (2002)(ages 15-49):  
ASSA 2000 vs HSRC 
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Source: ASSA 2000, HSRC 2002 

The HSRC found the highest prevalence rates within the urban informal sector (28.4 
percent for 2002) with the next highest in urban formal areas (15.8 percent in 2002). 
Farms and tribal areas had the lowest prevalence rates at 11.3 percent and 12.4 
percent respectively. If this survey is a true reflection of the epidemic the highest 
priority areas for intervention are urban areas. (HSRC, 2002, p.51)    

4.3 Prevalence of the Employed Population 

When various studies are compared HIV prevalence rate estimates show a high degree 
of variability. (See table 4.1). Sectors such as Mining, Forestry, Metals, Machinery, and 
Transport show some consistency. Retail, Communication, Finance and Insurance, 
and General government show lower estimates when actual studies are reviewed. This 
shows that the methodology used by ING Barings, where an extrapolation of 
assumed HIV prevalence by skills group is performed, appear to overestimate 
potentially lower risk sectors. It should be noted that the firm-level surveys are small 
samples, and may not easily be extrapolated onto an entire industry.  
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Table 4.1: Compared estimates of HIV prevalence by economic 
sector  

Sector 

 (Dorrington 
and Acott) 

(2002) 

ING Barings 

(2002) 

Rosen 2003 

(2002) 

Unemployed 28.7%   

Financial 3.0% 10.3%  

Government 12.6% 20.4%  

Industrial (light manufacturing) 12.6% 19.2%  

Industrial (heavy manufacturing) 16.0% 17.6%  

Industrial (wholesale) 7.6%   

Industrial (retail) 5.3% 17.7% 10.50% 

Industrial (land and water transport) 22.5%   

Industrial (other) 16.7%   

Resources (forestry and coal) 17.2%   

Resources (gold and metal ore) 23.6% 23.8% 29% 

Resources (petr. and metal manuf.)* 13.8%   

TMT (post and telecom) 6.0%   

TMT (IT and research) 1.1%   

Utility     7.90% 

Agribusiness   23.70% 

Metals processing  16.6% 23.60% 

Media   10.20% 

Business services  13.0%  

Health  16.7%  

Agriculture, forestry, fishing  19.3%  

Forestry products  16.8%  

Chemicals  17.5%  

Construction  19.9%  

Catering and accommodation  19.2%  

Transport and storage  19.5%  

Communication   13.7%   

Source: Dorrington and Acott as derived from provisional ratios that have not yet been published of 
sectors to national population as reported in Johnson et al, 2002a, p.23. Rosen 2003, ING Barings 
1999. (Also see box 4.1). 

*Petroleum and metal manufacturing 

Box 4.1: Explanation to table 4.1 
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The comparative estimates are extrapolations from studies performed in a range of 
years prior to 2005. Their results were then extrapolated to a 2002 equivalent to more 
easily enable comparison.  

 ING Barings: These results are taken from ING Barings, 1999, p.16, and reflect 
projections based on extrapolations from assumptions on the HIV prevalence by 
skills group. The mix of skills groups by economic sector then results in the 
estimates for 2002. Use was made of the ASSA model for performing the 
projections.  

 Johnson: These results are taken from Johnson, 2002a, p.22 and involve the 
unpublished provisional results of work by Dorrington and Acott. They are 
reported as very tentative.   

 Rosen: These results are taken from Rosen 2003, and represent firm level estimates 
of prevalence for the year 2002. The results are reported for the economic sector 
within which the employer falls.  

 

 

4.4 HIV/AIDS Risk by Skills Group 

A number of studies have used a common approach to estimating sectoral 
HIV/AIDS prevalence, which resulted in very similar estimates of HIV prevalence by 
broad job category. (Arndt & Lewis, 2001) (BER, 2001) (ING Barings, 1999 and 
2000).  

These estimates by job category were based on an extrapolation of ANC survey 
results by race and use of the ASSA model. (See box 4.2 for a commentary). The 
results suggest surprisingly high prevalence estimates for skilled (20.2 percent) and 
highly skilled (13.1 percent to 13.3 percent) job categories. (See table 4.2).  



employment growth and development initiative                                         HSRC 
 

   

 42 

Box 4.2: Comment on Methodology for Estimating HIV Prevalence by Job 

Category 

 

 

ING Barings’ methodology for their estimates by skills group are unclear, except to 
say that they are a combination of results coming out of the ASSA model, provincial 
data from a report by J Slawski (1998), and Census information. This however 
conveys very little information on how the assumptions were arrived at. Arndt & 
Lewis (2000 & 2001) do not do their own analysis and merely adopt the figures 
arrived at by ING Barings (2000).  

This is the only substantive comment on methodology in the ING Barings study of 
1999 which resulted in their sectoral estimates. “The ASSA model is set up to operate 
separately for each population group using the general assumptions outlined in figure 2 [these refer 
to standard assumptions used in the ASSA600 model – which did not make use of 
population groups]. Independent AIDS estimates for each population group allow us to overlay 
the forecasts with skill and sectoral information from the 1996 population census. … The HIV+ 
infection rates for the white and Asian populations are ignored due to their low values. … The 
HIV+ infection rates for coloureds lags the HIV+ infection rate within the black population by five 
years.” (ING Barings, 1999, p.11).   

BER (2001) utilize estimates from Abt & Associates/AIDS Research Unit 
Metropolitan Life (June 2000). According to BER, the skills HIV profiles were 
derived from overlaying the available 1996 census data with age, gender and racial 
HIV profiles per province; the historical skills data, which served as inputs into the  
Abt/Metropolitan (June 2000) study were supplied by Dr C van der Merwe of 
Quantec. The following caveat to the use of this data is reflected in a footnote to the 
main text: 

“However, an analysis of primary prevalence data according to socio-economic (or skills) group and by 
sector is required before a final word can be spoken in this regard. It is clear that more research is 
necessary; high-skills prevalence levels is a key issue regarding the macro-economic impact of 
HIV/AIDS.” (BER, 2001, Fn 12, pp.11-12.)  

 

 

The latter do not compare well with actual survey results within a high risk firm 
(freight and trucking company in Gauteng) where significant differences are noted 
between employees in management and administration and driver and operators. (See 
table 4.2).  

A recent survey conducted by the Centre for Actuarial Research (CARe) in 
conjunction with the Treatment Action Campaign (TAC) of access to antiretroviral 
therapy (ART) in medical schemes, found 90 percent of beneficiaries, in a sample 
study covering schemes representing 80 percent of all beneficiaries in medical 
schemes, have access to triple therapy. The study also finds a low enrolment (0.3 
percent) of scheme beneficiaries in AIDS programmes. (Stein et al, 2002). This would 
suggest an HIV prevalence rate of around 4.6 percent in 2002, comparable to the 24.1 
percent of the total adult population for those in the age range 20-64. (Van den 
Heever, 2002, p.41).  

It is expected that prevalence rates for the current medical scheme population will 
peak at around 6 to 7.5 percent (Johnson et al, 2002a, appendix A). These estimates 
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however do not account for the potential impact ART has on the medical scheme 
population. The results therefore suggest that the skilled and highly skilled employed 
population, i.e. those most likely to be in a medical scheme, have significantly lower 
prevalence rates than suggested by crude extrapolations from the ANC survey.  

4.4.1.1 Table 4.2: HIV infection rates assumed for South Africa’s Labour 
Force – comparative assumptions 

 Highly skilled Skilled Semi- and unskilled 

 Study 2005 2010 2005 2010 2005 2010 

Arndt & Lewis 13.10%  22.80%  32.80%  

ING Barings 13.10%  22.80%  32.80%  

BER 13.30% 16.70% 20.20% 23.80% 22.80% 26.30% 

Evian (2002) 2000   2000  

 Man & Admin  Drivers and Operators 

Freight and trucking in 
Gauteng 4.10%    20.60%  

Source: based on data reported in van den Heever, 2002. 

The assumed prevalence rates reported in table 4.2 are consequently not supported 
by empirical evidence.  

4.5 Concluding Remarks 

There are numerous gaps in the HIV prevalence surveys produced in South Africa to 
date. Certain of these gaps relate to the information collected while others to the 
dissemination of that information. Certain of the studies are carried out in such a 
manner that their results cannot easily be extrapolated onto the general population. 
The ANC survey carried out by the national Department of Health is limited to 
females within a very specific economic status. It would consequently be useful to use 
other surveys to adjust the results and potential extrapolations from the ANC survey. 
Where these occur however, the results are either regarded as proprietary or the 
research groups themselves, for a variety of reasons, limit access. 

However, there are clear directions emerging from the data collected: 

 The combination of ANC survey data and reported mortality information 
provides a basis for reasonable assumptions to be made to achieve an 
extrapolation onto the national population. Although the degree to which the 
ASSA2000 model can explain what is happening in the epidemic may be suspect 
in a range of areas, the estimates of total prevalence, sickness and mortality are 
potentially the best estimate of the overall epidemic.  

 The HSRC survey exhibits some unusual results, which differ from the 
ASSA2000 extrapolations. Until the detailed data is available for examination the 
overall results should probably not be regarded as accurate. However, the survey 
may prove more relevant for providing estimates of the relative differences in 
prevalence between income, education and population groups.  

 Prevalence estimates for the employed population are confounded by the lack of 
public domain information on prevalence by skills group and associated 
socioeconomic markers. Modeling exercises involving crude extrapolations from 
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the ASSA models appear to have systematically biased the prevalence estimates of 
certain sectors and skills groups upwards. Employer-level surveys and 
information from medical schemes suggest far lower estimates in key sectors, as 
well as lower rates for higher skills groups.  
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5 Risk Factors Affecting HIV/AIDS and AIDS  

5.1 Introduction 

This section provides a review of factors contributing to the risk of HIV infection 
from empirical research. Where no information could be found on a potential risk 
factor the basis for its contribution to risk is outlined.  

The purpose of this review is to identify the hierarchy of risk factors that may explain 
variations in the epidemic. This is contrasted with approaches used by demographic 
models, such as the ASSA2000. 

5.2 Factors Contributing to HIV Risk 

5.2.1 Review of Risk Factors 

Table 5.1 provides a summary of risk factors reported in a range of studies, where 
some empirical data is available on risk factors. The risk factors with common features 
are grouped into risk areas: 

 Community practices: This involves community-specific practices linked to 
rituals, myths, and religious beliefs, etc. which could alter a community’s risk of 
HIV infection. In certain circumstances the existence of certain practices could 
explain a variation in prevalence within a socioeconomic or population group.  

 Demographic risk: This involves basic features of the demographic structure 
(age, gender, etc.) which could explain relative risk.  

 Economic Status: Economic status can cause variations in vulnerability to 
disease generally as well as increase HIV risk. This can also involve access to 
social services, which may prove inadequate where reliance is placed on 
government. 

 Sexual behaviour: Patterns of sexual behaviour may significantly increase the 
risk of HIV infection. The cause of high-risk patterns of behaviour may however 
be entrenched as a result of factors outside the control of the relevant individuals.  

 Stability of lifestyle: A cohesive family and community, irrespective of income 
level, will be better protected from disease and disaster. Breaking up cohesive 
community and family structures will have an influence on factors such as sexual 
behaviour.   

 

 



 

Table 5.1:  Risk Factors Contributing to Increased HIV Prevalence 

Risk 
area 

Risk factor Comment 

C
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m
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Circumcision Circumcision reduces the levels of ulcerative STIs. It is unclear how much it 
contributes to direct transmission of HIV. The findings of a meeting of 
international researchers were as follows: “… participants determined that there is 
considerable evidence supporting a protective effect of male circumcision on HIV infection in 
men in sub-Saharan Africa. Participants also concluded that there are many unknowns. 
These relate to the mechanisms and the role of the foreskin in the acquisition of HIV 
infection by men; the existence of, as yet, unexplored confounders in the attribution of 
causality; and the expected effect of male circumcision on HIV infection in different 
populations. Little is known about the cost-effectiveness of male circumcision among high 
risk versus low risk sero-negative men, while questions remain about the relationship 
between age of circumcision and risk of HIV infection. There is very little experience 
concerning the practicality, feasibility, acceptability, and cost-effectiveness of male 
circumcision as an HIV intervention. The effect of male circumcision on male and female 
risk behaviour is not known, but behavioural changes related to circumcision status that 
result in reduced protection and increased risk-taking could well reduce the beneficial effect 
of male circumcision.” van Dam J, et al, 2000, pp.2-3)  

Thus although circumcision may result in reduced infections in certain settings, it may not 
be relied upon as a policy variable.  

Knowledge of 
HIV/AIDS 
risk 

In the absence of other interventions knowledge may not reduce risky 
behaviour. Adolescent girls in poor socioeconomic circumstances are not 
always able to insist on safe sex practices.   

“The research illustrates a range of different positions in relation to HIV/AIDS and 
STDs varying from a high level of knowledge and little or no sense of risk, through a high 
sense of risk with little knowledge or even misinformation, to no knowledge and no sense of 
risk. Only a minority of women in the four studies had a high level of knowledge and a 
sense of risk proportionate to their sexual behaviour, and only a small proportion of this 
group were able to ‘negotiate’ safer sex on this basis.” (UNAIDS, 1999 - results of a 
four country analysis of youth and the risk of HIV/AIDS.)  

D
e
m

o
g
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p

h
ic

 r
is

k
 

Age and 
gender 

Sexual activity is closely correlated with age. There are however distinct 
patterns of HIV prevalence by age and gender. Females are infected at an 
earlier age than males. Causes for this are complex and include social, 
economic and cultural factors. (See MacPhail et al, 2000). Also see Williams et 
al (2000) who make use of a model to explain the asymmetry in transmission 
between age and prevalence curves.  

Biologically male to female transmission of HIV is more efficient (at least 24 
times – UNAIDS, 1995) as are STIs (by at least 15 percent -UNAIDS, 1995). 
“Postulated as the major factors responsible for differential transmission are the larger 
mucosal surface area exposed to virus in women and the greater viral inoculum present in 
semen compared with vaginal secretions. Male-to-female transmission of some STDs is at 
least 15% more efficient than female-to-male transmission. Young girls are particularly 
vulnerable. Their immature cervix and relatively low vaginal mucus production presents less 
of a barrier to HIV, making them biologically more vulnerable to infection than older pre-
menopausal women.” (UNAIDS, 1995). 
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Risk 
area 

Risk factor Comment 
E

c
o
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Education Educational status is closely correlated with socioeconomic status. Although 
there are other factors contributing to variations in risk, the heterosexual 
epidemic is biased toward lower socioeconomic groups.  

“Almost universally however, the epidemic has disproportionately affected individuals and 
communities who are marginalized or discriminated against for reasons of sex, age, 
ethnicity, race, sexuality, economic status, and cultural, religious or political affiliation. To 
address the vulnerability of such individuals and communities to HIV/AIDS, it is 
particularly essential that the response be expanded beyond risk-reduction strategies.” 
(UNAIDS, 1998) 

Employment 
status 

The relationship between employment status and HIV risk is complex as for 
women, particularly when young, could offer protection even if in a relatively 
low socioeconomic group. Males with the same employment and 
socioeconomic status may face increased risk as they are in a position to seek 
partners who are younger and unemployed. 

“More insight into the determinants of STIs in the NIS can be gained from studying the 
demographic characteristics (age, sex, and marital and employment status) of patients 
treated by public STI clinics. Most STI patients are young, between 15 and 30 years old. 
STI rates among teenagers are increasing and STIs among seven to 14 year olds have 
become a major concern. In Belarus, 75 percent of 15- to 19-year-old STI patients are 
female. The proportion of students among syphilis patients decreased from 4 percent to 1 
percent from 1988 to 1996; at the same time the proportion of unemployed persons rose to 
48 percent. Further inquiries into the demographic correlates of STI infections are 
required.” (UNAIDS, 1998b) 

Financial 
independence 
of women 

Reduced financial independence of females, particularly in younger age 
categories, places them at higher risk of infection, as sexual relationships 
incorporate a strong element of economic survival. This factor is therefore 
influenced by factors such as educational status and migration (Zuma et al, 
2000) which contribute to employability. 

Health 
service access 

Access to health services influences early diagnosis and treatment of STIs as 
well as Voluntary Counseling and Testing services for HIV/AIDS. Access 
should be distinguished from service quality – which may be high in pockets.  

Income level Income may be a significant factor, but the relationship may differ between 
communities. (Johnson, 2002, p.16). The HSRC survey (2002) shows 
prevalence rising initially as income increases, and then decreasing 
significantly. As with education, income is both determined by and a 
determinant of socioeconomic status. Such a correlation with income can 
also be seen in prevalence information by job category which shows a decline 
as skills level rises.  

Industry The business model pursued by employers within specific industries has a 
clear relationship to increased risk of HIV infection. Those industries that 
involve destabilizing family and community life face higher prevalence levels. 
Industries that draw their employees from lower socioeconomic communities 
are also at higher risk. Also see Rosen (2003) for the different prevalence 
estimates generated at a firm level.  
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Risk 
area 

Risk factor Comment 

Occupation Data on employed groups is scarce. (Johnson, 2002, p.20). Lower 
occupational categories are associated with significantly higher prevalence. 
Some occupations face specific risks which increase their risk relative to the 
general risk for their skill level. (Also see comment on income level).  

Population 
group 

Virtually all surveys carried out in South Africa suggest that the black 
population is at significantly higher risk, even when socioeconomic indicators 
are controlled for (educational status, income, and job category). However, 
this may be related to variations in employment by age and gender (see 
section 6.4) suggesting that socioeconomic disadvantage persists in ways not 
revealed by educational status or income. Also see HSRC (2002) for survey 
results by income level.  

Urbanisation The process of urbanization contributes to gender differentials in urban and 
rural areas. There are also the consequences of a breakdown of more socially 
cohesive rural communities for unstable urban ones (Barnett et al, 2000) at 
least for one or two generations.  

Also see Lurie et al 2000a and 2000b and the comment to migration.  
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Knowledge 
and beliefs 

Although in some instances knowledge and beliefs could increase risk, in 
others they could reduce risk. The relationship is not consistent.  

Prevalence of 
STIs 

STIs increase the risk of transmission per sexual contact. Factors contributing 
to high prevalence of STIs are: poor access to health services, poor use of 
health services, and poor quality of health services. Low-income communities 
typically experience lowered access to good quality health services.  

Sexual 
activity 

Sexual activity is a function of age and gender.  

High risk 
forms of sex 

High risk forms of sex leading to increased risk of HIV infection are strongly 
linked to financial independence and economic status. 

Commercial 
sex and sex 
for support 

It is expected that commercial sex work, and sex for support increases risk of STIs and 
HIV. However, both activities relate to the inability to earn an income by women.  

Violence in 
sexual 
relationships 

The link with HIV prevalence potentially occurs through factors such as lifestyle instability. 
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Alcohol use Alcohol use is a symptom of reduced social, community and family stability. 
Alcohol use serves to exacerbate other factors influencing the risk of HIV 
infection. 

Marital status Marital status appears to have a protective effect in the early stages of the 
epidemic but not in the mature phase. 

Geographic 
risk 

Differences in prevalence between provinces in South Africa are determined 
to some extent by differences in the maturity of the provincial epidemics. 
They are also largely attributable to differences in the socio-demographic 
factors. (Johnson, 2002a, p.33). 
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Risk 
area 

Risk factor Comment 

Migration Male to female ratios in an area are important. Furthermore, migrant women 
are at high risk of infection, related to high levels of unemployment, which 
leads to commercial sex work. Some of the results and conclusions from the 
Carletonville AIDS Project are provided below. 

“HIV prevalence among migrants is consistently higher than among their partners; and 
migrants and their partners have consistently higher rates of HIV compared to non-
migrants and their partners.” (Lurie et al, 2000b).  

“Among the first 346 people recruited into the study, overall HIV prevalence 
was 20.5%. HIV prevalence among male migrants living on the gold mines in 
Carletonville was 27.7%; among their rural partners HIV prevalence was 
15.2%. Prevalence of HIV among migrants in Richards Bay was 22.4% and it 
was 20% among their rural partners. Among non-migrant men, HIV 
prevalence was 17.8% and 12.9% among their partners.” (Lurie et al, 2000b). 

“HIV prevalence was significantly higher among migrant women (50.9%) than among 
non-migrant women (38.7%) … Age specific HIV prevalence rates were consistently 
higher amongst migrants than non-migrants, reaching a peak of 80% in 20-24 year old 
migrant women and 58.6% in 25-29 year old non-migrant woman.” (Zuma et al, 
2000). 

“Until now, it has been widely believed that in the context of migrant labour, it is returning 
male migrants who infect their rural partners. However, we have recorded high rates of 
HIV discordance, particularly among couples in which the male is a migrant. Further, we 
found that women are almost as likely as men to be the positive HIV partner in a 
discordant couple. These findings indicate the bi-directionality of transmission among 
migrant couples which has important implications for prevention programmes aimed at 
migrants and their partners.” (Lurie et al, 2000a). 
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5.2.2 Discussion 

The factors that contribute to risk of HIV infection are complex and inter-related. 
However, it appears possible to unravel some of this complexity. If a distinction is 
made between risk factors that are causal and symptomatic, important relationships 
emerge suggesting the key determinants of the epidemic lead from economic status. 
Specific risk factors operating at a more local level, such as circumcision and access to 
STI treatment, should result in variations in prevalence when controlling for 
socioeconomic status.  

The risk factors showing both direct and indirect links to economic status are as 
follows: 

 Community practices: 

 Circumcision: Although there is no direct relationship between 
economic status and circumcision as a practice, the poor access to 
health services for low-income communities with uncircumcised 
males will increase the prevalence of STIs and consequently HIV. 
However, as noted above, circumcision is not appropriate as an 
intervention variable.  

 Demographic risk: 

o Age and Gender: Large age differentials in infection rates are 

associated with disparities in economic status of female partners in 

negotiating safer sexual practices. 

 Stability of lifestyles:  

 Alcohol use: Alcohol use is typically prevalent in low-income 
communities that lack social cohesion – often male-dominated 
immigrant communities or employment environments dependant on 
migrant labour.  

 Migration: This factor refers broadly to international and intra-
national migration including movements from rural to urban areas. 
Male-female differentials in migration patterns occur primarily as a 
consequence of economic necessity. Females remain behind until 
males become economically established.  

 Sexual behaviour:  

 Prevalence of STIs: STI prevalence is influenced by access to health 
services, which is lower for low-income communities; by the inability 
of economically dependant females to negotiate when sex occurs, i.e. 
they cannot withdraw from sex when symptomatic STIs occur.   

 High-risk forms of sex: As with STIs, high-risk sexual practices 
represent a high risk of HIV infection for females who are 
economically dependent on males.  

 Commercial sex and sex for support: As noted already, economically 
dependent females are unable to protect themselves from high-risk 
forms of sex, or to reduce the prevalence of STIs.  

The linkage between economic status and HIV risk is quite clear. However, it is not 
entirely clear what variable best describes economic status. Three variables are 
typically focused on, income level, job category, and education. Job category can 
however be eliminated as it is largely a proxy for income and/or education.  

The review suggests a high degree of correlation between income and education with 
HIV prevalence in univariate analysis. As would be expected with variables that are 
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strongly linked, multivariate analysis becomes confused (due to co-linearity). This 
issue will be explored further in section 6.   

5.2.3 An Ordering of Risk Areas – a Suggested Transmission Mechanism 

An ordering of the risk areas, with some risk factors separated out is suggested in this 
section. The purpose is to clarify the transmission mechanism from economic status 
to higher prevalence of HIV. Figure 5.1 provides an illustration of the indicative 
transmission mechanism.  

According to this transmission mechanism economic status impacts on the stability of 
lifestyles, which in turn impacts on sexual behaviour. Here high-risk sexual behaviour 
results in an increased direct risk of HIV transmission per sexual contact, and an 
increased indirect risk through the prevalence of STIs. Increased prevalence of STIs is 
influenced by economic status through poor access to health care services. This factor 
coupled with sexual behavour, itself independently influenced by economic status, 
causes a high risk of HIV transmission per sexual contact.  

Lifestyle stability can be influenced by economic status indirectly through migration 
caused by economic need. Migration in itself directly contributes to unstable lifestyles. 
Armed conflict can influence the epidemic both through impacts on economic status 
and directly through unstable lifestyles resulting from social disruption.  
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Figure 5.1: Suggested Inter-relationship of Risk Areas  

 

The transmission mechanism occurring in the ASSA2000 demographic model does 
not directly address the issues raised in the transmission mechanism described above. 
Although economic status can be accommodated through defining specific groups 
based on socioeconomic characteristics, sexual behaviour and prevalence of STIs are 
dealt with as part of the model calibration process without determining the 
relationship between these factors and economic status. Migration is utilised in the 
model as a factor that could increase the population within certain age and gender 
categories. It does not however allow migration to be a determinant of social 
instability with consequences for both sexual behaviour and STI prevalence. As 
economic status and migration are dynamic through time, the existing ASSA models 
cannot accurately project future demographic trends beyond five to ten years.  

5.3 Concluding Remarks 

This section reviewed existing findings on the relationship between a number of risk 
factors related to HIV prevalence and structured them into a transmission 
mechanism. The development of this transmission mechanism tries to establish a 
useful relationship between demographic and economic factors. The approach also 
highlights those aspects of the transmission mechanism that the ASSA2000 
demographic model does not directly address.  

A central risk area causally related to increased levels of HIV is economic status. This 
issue will be dealt with in more depth in section 6. 
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6 Economic Status  

6.1 Introduction 

Many social and economic variables point toward the economic status of individuals 
and communities. These include: area type, employment status, educational status, 
occupation, income level, etc. This section focuses on three variables that could best 
encapsulate economic status at a very fundamental level, income, education and 
employment status. Their relationship to each other and the risk of HIV infection are 
also examined.  

6.2 Income 

The HSRC survey found interesting differences in HIV prevalence by socioeconomic 
status and race. Prevalence generally amongst very low-income groups was around 14 
percent, with significantly higher rates amongst the black population group. Overall 
those whose incomes were “enough for most important things” drop to 6.5 percent, 
while those with “some money for extras” drops to 5 percent.  

Table 6.1: Prevalence of HIV of persons 15 years and older by a 
measure of disposable household income, South Africa 2002 

Income 
Whole 
sample 

Black White Coloured Indian 

Not enough money for basics 13.9% 14.5% 6.2% 7.6% 1.9% 

Enough for basics, short for others 14.0% 16.1% 6.4% 4.4% 3.7% 

Enough for most important things 6.5% 9.4% 3.7% 7.8% 0.5% 

Some money for extras 5.0% 10.3% 4.6% 2.7% 0.0% 

Source: HSRC, 2002, p.54 

The influence of increased income is however likely to differ by gender. Higher 
incomes for men are often used to acquire sexual partners. For women increased 
incomes will allow them to be more selective in their relationships. Thus, for 
particular income groups increased incomes for males will result in a higher HIV 
prevalence. By contrast, females may experience lower prevalence rates if employed 
than if unemployed. (Johnson et al, 2002, p.16). However, this may not be consistent 
at all income levels. Higher income levels should be associated with lower prevalence 
for both males and females as other factors limiting HIV risk begin to dominate.   

6.3 Education 

Johnson et al (2002a, p.17) note that education is a significant determinant of HIV risk 
in multivariate analysis, but that the odds ratios by educational level are not 
substantially different from one. They conclude that this suggests that socioeconomic 
factors are less significant determinants of HIV risk than other factors, and that they 
can be confounded with a variety of other factors. Williams et al (2000), referred to in 
Johnson 2002a, found similar relationships between levels of education and HIV 
prevalence among women in univariate analysis, but did not find that education was 
important in multivariate analysis.  
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When aggregated, prevalence appears to increase with educational status until matric 
after which it declines significantly. However, this largely follows the trend in the 
black population due to its greater weighting in the total. For whites and coloureds it 
increases for those with a primary school level education, after which it declines 
steeply. These trends are similar to those found in the ANC surveys. The Indian 
population is generally low and doesn’t show a consistent trend, probably due to the 
low overall population and small sample. In aggregate those persons with a tertiary 
education have a prevalence rate of 6.5 percent, and those with a matric 15.3 percent.  
What is unclear from the data provided in the survey is how the educational grouping 
is broken down by age, gender, employment status and income. (The unusual result 
for white people with a primary school education appears anomalous and probably 
needs some review.)  

Table 6.2: Prevalence of HIV of persons 15 years and older by 
educational level and by race, South Africa 2002 

Education 15 years Black White Coloured Indian 

No school 8.30% 8.70% 0% 5.20% 0% 

Primary school 12.10% 12.60% 10.70% 8.30% 1.20% 

High school 14.90% 17.20% 7.70% 5.10% 0.80% 

Matric 15.30% 21.10% 4.40% 6.40% 3.00% 

Tertiary education 6.50% 10.20% 3.60% 2.70% 0.30% 

Source: HSRC, 2002, p.54 
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Box 6.1:  UNAIDS analysis of relationship between educational status and 

HIV/AIDS prevalence 

 

 

“In an attempt to draw correlations between sexual behaviour and education, UNAIDS analysed 
the results of studies conducted mostly among 15-19-year-olds in 17 African and 4 Latin American 
countries. The analysis showed that as the level of education increases, some kinds of risky behaviour 
increase in frequency while other kinds decrease. Better-educated girls tend to start having sex later: 
the proportion of girls who were sexually experienced by the age of 18 was 24% lower among those 
with a secondary education than among those who had been only to primary school. However, the 
reverse was true of boys in many countries. A further risk pattern, seen in both sexes, was that better-
educated individuals were generally more likely to have casual partners.”  

“On the other hand, people with more education were far more likely to protect themselves by using 
condoms for casual sex. An increase of even a few years of schooling translated into a rise in condom 
use, especially among girls.” 

“While greater condom use among better-educated people was seen in all of the studies analysed by 
UNAIDS, some unexpected reversals in risk were found in countries where the HIV prevalence rate 
is 8% or higher. In Uganda and Zambia, for example, the more education boys had, the more likely 
they were to be virgins at the age of 18. In those same countries and in Kenya and Malawi, education 
did not make men more likely to have casual sex partners. In Zimbabwe, the more education women 
had, the less casual sex they had. These results suggest that the best-educated people in the countries 
hardest hit by the AIDS epidemic may be shifting towards less risky behaviour. If this is true, it has 
encouraging implications for the future course of the epidemic.”  

“In Uganda … although the prevalence of HIV infection among young pregnant women rose with 
level of education in the earlier years of the epidemic, the trend has been reversed in more recent years. 
While falling HIV infection rates have been seen in young women of all educational levels, the fall 
has been most dramatic among the better educated. Among young women with a secondary education, 
the infection rate in 1995-1997 was nearly half that in the early 1990s.” 

Source: UNAIDS, Report to the Global HIV/AIDS Epidemic - June 2000 

 

6.4 Employment Status 

Kirk (2001), referred to in Johnson (2001a), finds that in densely populated areas low 
rates of unemployment are associated with high levels of HIV prevalence among 
ANC attendees. However, ANC attendees represent a limited portion of the 
population and these results cannot therefore be generalized. Johnson et al (2002, 
p.17) suggests these results indicate that in urban communities with high levels of 
economic activity, poor women are more at risk of infection than they would be if 
levels of economic activity were lower.  

Johnson et al (2002a, p.19) attempts a matrix of relationships (table 6.3) to reflect the 
inter-relatedness of community and individual socioeconomic “markers” such as 
income, education and employment status. The relationship is seen as non-linear with 
low prevalence at both high and low socioeconomic categories. The highest risk 
groups involve communities living in townships and rural areas with high levels of 
inward and outward migration (medium socioeconomic profile) and individuals with a 
maximum of a high school education, semi- and unskilled, and receiving an income 
(medium individual socioeconomic status). The next highest risk group are those with 
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low individual socioeconomic status living in an area with a medium socioeconomic 
profile. Johnson et al (2002a) however groups together education and an assumed 
employment status in one for individual socioeconomic status. Consequently, the 
possibility that employment status may vary by education level achieved and 
population group in a manner that could explain HIV prevalence variations by 
educational level is not accounted for. 

Figure 6.1 (based on the 1996 census) shows significant variations in employment by 
age and gender for those with a matric. Only 10.5 percent of black females with a 
matric are employed in the age category 20-24 compared to 19.3 percent of black 
males. In the same age category for all other population groups with a matric, 63.5 
percent of males and 57.4 percent females are employed.  For the age category 25-
29,employment moves up to 46.9 percent for black males and 25.5 percent for black 
females. These employment levels compare poorly with the 87 percent for males and 
71.2 percent for females in all other population groups. Table 6.4 summarises the 
employment status by population group (“black” and “other”) and educational level. 
The results indicate that significant disparities exist in the employment of black males 
and females as compared to other population groups for all educational levels except 
tertiary education, where the employment levels are comparable. The lower levels of 
black female employment remain significant for all educational levels until tertiary 
education.  

Figure 6.1: Employed with Matric: by age and gender and population 
group (black = “B”) and Other = “0”) (percentage employed in each 
age category) 

 

Source: Census 1996 
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Table 6.4: Percentage of population employed, unemployed or not 
employed, by educational level and gender 

Population Employed 

 African/Black Other Overall Total 

Education level Male Female Total Male Female Total Male Female Total 

Primary School 37.5% 17.9% 27.0% 49.3% 28.5% 37.8% 38.8% 19.1% 28.2% 

High School 34.4% 19.3% 26.4% 52.1% 31.0% 41.0% 39.2% 22.4% 30.3% 

Matric 43.7% 26.0% 34.7% 71.9% 53.8% 62.5% 56.8% 39.0% 47.7% 

Tertiary 80.0% 78.7% 79.3% 84.3% 70.9% 77.6% 82.8% 74.1% 78.2% 

Total 38.0% 20.7% 28.8% 61.3% 41.3% 50.8% 43.8% 25.8% 34.2% 

Population Unemployed 

 African/Black Other Overall Total 

Education level Male Female Total Male Female Total Male Female Total 

Primary School 21.1% 21.5% 21.3% 11.4% 10.1% 10.7% 20.1% 20.3% 20.2% 

High School 17.7% 23.3% 20.7% 8.7% 7.7% 8.2% 15.2% 19.2% 17.3% 

Matric 24.9% 33.2% 29.1% 5.4% 5.4% 5.4% 15.9% 20.2% 18.1% 

Tertiary 7.1% 8.2% 7.7% 1.6% 2.1% 1.9% 3.5% 4.6% 4.0% 

Total 20.0% 23.1% 21.7% 7.4% 6.9% 7.1% 16.8% 19.1% 18.1% 

Population Not Employed 

 African/Black Other Overall Total 

Education level Male Female Total Male Female Total Male Female Total 

Primary School 41.4% 60.5% 51.6% 39.2% 61.4% 51.5% 41.1% 60.6% 51.6% 

High School 47.9% 57.4% 53.0% 39.2% 61.3% 50.9% 45.5% 58.4% 52.4% 

Matric 31.4% 40.8% 36.2% 22.7% 40.8% 32.1% 27.4% 40.8% 34.3% 

Tertiary 12.9% 13.1% 13.0% 14.1% 26.9% 20.6% 13.7% 21.4% 17.8% 

Total 42.0% 56.2% 49.6% 31.4% 51.8% 42.1% 39.3% 55.1% 47.7% 

Source: Census 1996 

Given the above, use of education alone as a “socioeconomic marker” will not fully 
account for different levels of economic status within educational groups or the 
specific vulnerability of young black females resulting from their economic 
dependency on males earning incomes. All population groups show the tendency for 
males to enter the job market first. However, black females show a pronounced lag far 
in excess of other population groups. It is possible that over the medium to long-term 
differentials in employment by population group will diminish. For the present, 
however, it is highly probable that such differences in employment by age and gender 
significantly influence the risk of HIV infection.   
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6.5 Concluding Remarks 

The relationship between economic status and the risk of HIV infection is both 
significant and complex. In the absence of additional modifiers income may be a poor 
indicator of economic status as it can say little about the probability that an individual 
will remain in a given position throughout their lifetime. Furthermore, factors which 
locate an individual within particular strata of society, may be significantly more 
important than earnings at a given point in time. Educational status may provide a 
better indication of the lifetime economic status of an individual than income. 
However, for lower educational levels it is necessary to account for employment 
status, by population group, age and gender.  
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7 Methodology For Modeling Sectoral Impacts 

7.1 Overview 

This section outlines the proposed approach for modeling the HIV/AIDS impact on 
South Africa’s economic sectors making use of the ASSA2000 demographic model. 
The purpose of the exercise is to provide some reasonable estimates of the likely 
impact of the epidemic over the medium-term as well as to look at the relationship 
between a selected sector of the economy and the broader community.  

7.2 Risk Group and Sectoral Analysis 

Income is not an adequate indicator of long-term risk because income changes with 
both education and age. Education, on the other hand is potentially useful if 
prevalence survey information is available to permit the calibration of a population 
model. Until the Human Sciences Research Council Survey (2002) came out such 
information was not available. The ANC survey data provides prevalence by 
educational level, but for a select and biased socioeconomic group, which cannot be 
separately identified in the census information. The HSRC survey (2002) provides 
prevalence rates by educational level for the total population, allowing the 
determination of separate groupings.  

A further important factor influencing both income and education is employment status. 
Each broad educational category shows distinct employment patterns by race and age. 
The risk of an unemployed person with a matric should intuitively be different to the 
risk of someone unemployed with a tertiary education. However few surveys have 
attempted to estimate this. There are gender-specific differences in employment by 
population group and educational status, with blacks showing very different patterns 
with considerably more unemployed females in the age range 16-25 than black males 
and other “race” groups. (See section 6). 

A number of risk groups will be identified based on their socioeconomic status. The 
socioeconomic groups will involve a division into four educational groups: up to 
primary school (includes no schooling), high school, matric (with and without 
exemption) and tertiary education (all post matric qualifications). These groups will be 
divided into three further sub-groups based on employment status: employed, 
unemployed and not employed. Although it is recognized that the not employed group 
incorporates a large number of unemployed, who have become despondent (would 
work, but have stopped looking), this will still be regarded as a relatively homogenous 
grouping.  

The approach envisages two stages to the analysis. Stage one involves an extrapolation 
of the various risk groups from a standard run of the ASSA2000lite model. These 
results are distributed by the four educational groups by employment status, age and 
gender. Stage two involves a calibration of four versions of the model around the 
same educational groups, with the results distributed by employment status. The 
outputs of the four separate models are aggregated to obtain the required outputs for 
the population as a whole.  

A sub-population model is not regarded as appropriate for the stage two exercise as 
national populations are examined for each socioeconomic sub-group. This approach 
has also been used in a number of research reports (van den Heever AM, 2000) (van 
den Heever AM, 2002a, b and c). 
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The results of both stage one and two will be used to construct the overlay for 
extrapolation onto skills groups onto the economic sectors. The structural breakdown 
of the educational make-up of each skills group will be obtained from the Census 
(1996), October Household Survey 1998, and the latest Labour Force Surveys.  

The analysis in stage one will make use of the HSRC survey (HSRC, 2002) to 
distribute the national population projection into the four educational categories by 
age and gender. Certain assumptions will be made to distribute the results by 
educational category using the 1996 census (the absolute prevalence levels will 
however not be used, only their relative relationship to each other. The prevalence 
levels from the HSRC survey will be adjusted proportionately upward to match the 
national prevalence estimates from the ASSA2000lite standard run), by age and 
gender, by employment status, using the three categories of employment status. (See 
figure 7.1). The assumptions used to achieve the distribution by employment status 
will however suffer from the absence of hard information on the difference in 
prevalence rates between the employed, unemployed and not employed populations.  

A separate assumption for each educational group is made here concerning the 
prevalence difference between the employed and unemployed population. A 
differential for the unemployed is assumed from the average projection for a risk 
group. The not employed population is assumed to have the same prevalence results by 
age and gender as the “employed population. This is a crude assumption, but there is 
no reliable information that would suggest they need to have a higher risk status than 
the employed population, as this group is not employed by choice.  

The use of the above differential is only a starting position for the analysis. The 
approach allows for alternative differentials to be applied if empirical evidence can be 
found to reasonably justify an assumption. A sensitivity analysis will be performed to 
test the importance of all the employment status assumptions.  

The calibration of four ASSA models to fit the educational groups in stage two will 
make use of the results in stage one. The following outcomes of stage one will assist 
in the calibration of the models: 

 Starting populations for each of the four socioeconomic categories will have been 
generated and will include: 

 Starting population for 1985 for each of the socioeconomic 
categories; 

 Initial infections. 

 The HIV prevalence rates by age and gender and educational category will have 
been generated for the projection period. 

 The mortality profile by age and gender and educational category will have been 
generated for the projection period. 

The above results will be utilized to guide decisions in the calibration of the models 
and need not determine what is done.  

The outputs of stage two will involve the generation of a similar set of information to 
that of stage one: HIV prevalence, AIDS sickness, AIDS mortality by education, 
employment status, age and gender. This information will then be mapped onto 
occupational categories, based on their make-up by education, age and gender (for the 
employed group). 
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Figure 7.1: Modelling approach 

 

7.3 Proposed Household Analysis 

The household level study will be performed only for the selected sector. The results 
of the broader sectoral analysis will be mapped onto household-level information to 
provide an idea of the extent to which the employed population influences their 
communities. Only household types with at least one person employed in the motor 
vehicle industry will be examined.  

Information from the October Household Survey allows a relationship to be created 
back to the household. Each individual covered in the survey is related to the head of 
household, and each individual has a unique identifier allowing their individual 
information to be linked to the same information for other individuals. Thus, the 
relationship of a person, by employment status, to the head of household can thus be 
determined.  

The household analysis will involve the following: 

 The household will not attempt to look at multi-year estimates of HIV/AIDS 
impacts, except to a limited extent. The focus will be on providing a cross-
sectional analysis for a target year – to be set at 2005.  

 The determination of a number of household types based on socioeconomic 
status. Here it is not useful to use educational status as this may vary in the 
household. The highest educational level by household would be an option if 
education were to be used. The following will be used, unless found inappropriate 
for any reason: 

  Average household income; 
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 Enumerator Area Type: Urban/rural with an indication of dwelling 
arrangements.  

 The households will be further broken down into family types. This will be 
determined using the information provided in the OHS indicating the relationship 
to the head of household. Four family types, are envisaged at this stage: 

 Married with children; 

 Married with no children; 

 Single with children; and 

 Single with no children. 

 An age and gender structure will be created for each standard household type. 
The results of the modeling exercise by sector, age and gender will be mapped 
onto the household and family structures remaining consistent with age, gender, 
education and employment status. Individual household variations within a 
standard type will not be feasible. However, variations between family and 
household types will be possible. The intention is to provide, inter alia, the 
following information: HIV prevalence, sickness and mortality of key members of 
households (e.g. head of household, parents, and children) by household type and 
family type. 
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8 Concluding Remarks 

The information underpinning estimates of the HIV/AIDS epidemic remains poor 
and influences both the assumptions utilized to model the disease, as well as the 
design of those models. The development of a range of population models, although 
improving the debate around a number of aspects of the epidemic, still relies heavily 
on assumptions that have no empirical basis. Although the models are run in order to 
fit prevalence and mortality data, very little apart from these results may be accurate or 
useful.  

Economic modeling of the epidemic is very poor and is of a significantly lower 
standard than the demographic modeling. The assumptions are very problematic, 
often based on untested and outdated work.  

The risk factors that contribute to the disease suggest a particular inter-relationship 
that has not been incorporated in any of the demographic or economic modeling that 
has occurred to date. Migration, urbanization and biases in the availability of social 
services directly influence the epidemic at a point in time and over time. As these 
variables change, so do the factors causing the epidemic. These dynamics are 
aggregated away in the population models. There is very little than can be done about 
this until the models are re-designed. Even the modeling work that has attempted to 
incorporate elements of behavioural change suffers from the same flaws. There is 
consequently a need for new models and new empirical data to support these models.  

The review however contributed to a number of methodological issues important to 
the approach proposed for modeling the impact of HIV/AIDS on South Africa’s 
economic sectors, as well as the household types related to a target sector. These are: 

 The importance of economic status as a determinant of HIV risk; 

 The components of economic status that best define HIV risk, such as: 

 Education; and 

 Employment status. 
However, missing in the existing framework is some attempt to incorporate the issue 
of migration as a risk factor.  

The methodology provided in this report for the sectoral modeling exercise was 
subject to open critique prior to finalisation. Following commentary on the issues 
raised, a final report was produced on the review and approach, and the modeling 
exercise will now proceed.  
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