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Abstract
We used an established microsimulation model, quantified to a rural South African setting with a
well-developed antiretroviral treatment program, to predict the impact of antiretroviral therapy on
the HIV epidemic in the population aged 50+. We show that the HIV prevalence in patients aged
50+ will nearly double in the next 30 years, while the fraction of HIV infected patients aged over
50 will triple in the same period. This ageing epidemic has important consequences for the South
African health-care system, as older HIV patients require specialized care.
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Introduction
Antiretroviral therapy (ART) is changing the character of the HIV epidemic in sub-Saharan
Africa. At the individual level, ART has increased survival of those infected. At the
population level, widespread availability of ART could result in the overall ageing of the
infected population. ART use in sub-Saharan Africa is expanding rapidly, with an estimated
3.9 million patients on treatment in 2009 [1]. Estimates show that there are already about 3
million people over 50 years living with HIV in sub-Saharan Africa [2]. Recently, Mills et al
argue for more attention to be paid to HIV infected older people in terms of prevention and
care [3]. In the United States, estimates from the CDC show that about 29% of the entire
population living with HIV was aged over 50 years in 2008 [4], and projections show that in
about 5 years time, more than half of all HIV infected patients will be aged over 50 years
[5]. Although it is clear that the number of HIV infected elderly (aged over 50) in sub-
Saharan Africa will rise as a result of the ART roll-out, the magnitude of this phenomenon
has not yet been quantified. One of the countries most likely to be confronted with this
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shifting epidemic is South Africa, where nearly 6 million people are estimated to be HIV
infected, of whom 970,000 were on ART in 2009 [6]. HIV prevalence in the population
aged over 50 in South Africa is estimated at about 9% [2, 7].

Methods
To predict the impact of the current ART roll-out on age- and sex-specific HIV prevalences
in South Africa up to 2040, we used an established mathematical model (STDSIM) that
simulates individuals in a dynamic network of sexual contacts [8, 9]. The model is tailored
to the Hlabisa sub-district in KwaZulu-Natal, South Africa (Supplementary Digital Content).
This area has a high HIV prevalence [10] and a well-developed ART program [11, 12]. In
the model, the survival of ART-naïve HIV infected patients is on average 10 years. We
assumed ART to increase survival from start of treatment by a factor 3 and decrease
infectivity by 92%, as observed in recent studies [13, 14]. We assumed ART to be initiated
at CD4 cell counts of ≤200 cells/μL in the period 2004 - 2010, and ≤350 cells/μL in 2011,
according to the new WHO guidelines [15]. The model contains an age-specific partner
change rate, and frequency of intercourse within a sexual relationship. In previous
applications of our model [9] decreasing trends of sexual activity by age in the population
aged 15-49 were simply extrapolated to the over-50 group because of lack of available data
on sexual behaviour in the population aged 50+. This resulted in a negligible level of risk
behaviour and HIV-incidence in the over-50 group, which is inconsistent with recent local
data in terms of HIV prevalence in this group [7]. Therefore, we now assumed partner
acquisition rates to remain at the same level from age 45 onwards, while the frequency of
sexual contacts within a relationship is reduced by 25% for those aged over 50. The ART
roll-out in Hlabisa is part of the South African national ART roll-out aimed at achieving
universal coverage. Therefore, we assume that the impact of ART on the course of the
epidemic is not affected by migration.

Results
Figure 1A shows the projected trends in HIV prevalence in the population aged 15-49 and
50+ in Hlabisa. While HIV prevalence in the 15-49 group would more than halve in the
period 2010-2040 from 28% to 9%, the HIV prevalence in the population aged 50 years and
older is estimated to nearly double in the same period, from about 9% (8% in women; 11%
in men) to 17% (16% in women; 17% in men). The total number of HIV infections in those
aged over 50 is expected to have increased by 51% in 2025 (49% for men; 53% for women),
after which the number of HIV infections in this age group remains relatively stable (figure
1B). The absolute number of HIV infections in the elderly is estimated to even have doubled
by 2025 when comparing to 2004, the year the ART roll-out in the area started. As a result,
the age distribution of HIV infected patients would change considerably (figure 1C). This is
especially true for men, where currently less than 1 in 12 HIV infected people is aged over
50; in 2040 this would be 1 in 4.

Discussion
We show that the number of HIV infected elderly will increase substantially over the
coming decades. This will further complicate an ongoing epidemiological transition in South
Africa, where projections show that, despite the excess mortality due to HIV, the population
aged over 60 years is estimated to more than double by 2030 due to lower all-cause
mortality rates [16]. Cardiovascular risk factors are already prevalent among South African
adults, with high levels of obesity, hypertension, and cigarette smoking [17]. In addition,
HIV infection and ART have been found to be further independent risk factors for
cardiovascular diseases and other age-related chronic conditions [18]. The ageing of the HIV
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epidemic will also have important consequences for the organization of HIV care and
prevention. Treated HIV is a chronic condition interacting with and accelerating ageing. Co-
morbidities, interactions with other drugs, and drug toxicity complicate antiretroviral
treatment in the elderly, who often require individualized regimens and careful monitoring
[18]. Furthermore, disease progression increases with age at acquiring HIV, and
effectiveness of ART is lower in people initiated at an older age than at younger age [18]

The above-mentioned processes are not accounted for in the model, however, it is unlikely
that they will severely affect our results. A reduced effectiveness of ART and thus increased
transmission probability of HIV, coupled with the expected lower all-cause mortality [16],
may result in an even more substantial increase in the number of HIV infected elderly
compared to our model predictions. On the other hand, our assumption that the full WHO
treatment guidelines will be implemented in 2011 will result in a slight overestimation of the
number of HIV infected elderly, since under the current South African ART policy only
pregnant women and TB infected patients are eligible for ART at ≤350 cells/μL, while for
others the ≤200 cells/μL threshold remains for the time being. Furthermore, disease
progression is generally faster in the elderly [18], but this is likely to have a limited impact
on our predictions since these patients often die of other causes. Finally, we did not consider
the impact of ART and HIV on the population growth in the area because long-term
projections on population size and structure would require additional assumptions regarding
future changes in fertility and background mortality rates which are not only influenced by
HIV and ART, but also other processes such as economic growth, and political and
economic stability.

We used a 92% reduction in infectivity due to ART and a factor 3 increase in ART naive
based on the best available estimates, but some argue that this might be overly optimistic
[19]. If we assume an 80% reduction instead, HIV prevalence in the population aged over 50
will increase even further to about 26% in 2040, and the total number of HIV infected
individuals aged over 50 will have doubled by 2040 (results not shown). Also, increased
survival benefits [20] will result in a further increase in the HIV prevalence (to 25% in
2040) and the total number of HIV infected elderly (a 90% increase in 2040 compared to
2010). The proportion of HIV infected patients aged over 50 only changes slightly under
these alternative assumptions (results not shown).

In conclusion, we show that the HIV epidemic in South Africa is at a critical turning point.
While the number of infections among young people will continue to decline [6], the
number of HIV infections in the elderly can be expected to increase by about 50% in the
next fifteen years. In the near future this group will need to be an important focus of
attention, and creative solutions need to be found to alleviate further stress placed on an
already overburdened health system through the increased need for specialized care, and
interacting with other public health problems of an ageing population.
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Figure 1. HIV prevalence (in the 15-49 and 50+ age groups), total number of infections, and age
distribution of HIV infected patients over the period 2000-2040 in the Hlabisa sub-district of
KwaZulu-Natal, South Africa, predicted with the STDSIM model
A = HIV prevalence in those aged 15-49 and 50+ years. Data points from HIV surveillance
in Hlabisa [5, 7], B = Absolute number of HIV infections among the population aged 50+ in
the Hlabisa sub-district (total population size approximately 280,000 in 2009), C = Age
distribution of HIV infected men and women in 2010, 2025 and 2040.
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