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HIV in Africa – change in incidence 2010-2022 

UNAIDS 2023



HIV incidence in east and southern Africa 

Reasons for the decline
- Increased proportion of PLHIV on ART and virally suppressed
- VMMC
- Some effect of PrEP (although PrEP uptake generally low)
(earlier declines due to decline in condomless sex)

UNAIDS 2023

Based on 
Spectrum 
AIMS model



Viral load suppression in all PLHIV - Examples

Malawi 2020 87.3%

Zimbabwe 2020 77.3%

Eswatini 2021 88.6%

Uganda 2020 75.4%

Lesotho 2020  81.0%

Mozambique 2021  64.1%

PHIA surveys  https://phia.icap.columbia.edu/
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So, for example, 
Malawi has an HIV 
prevalence in adults 
of 8.9% but a 
prevalence of 
unsuppressed HIV of 
only 1.1%
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Years of lost life (YLL) (before age 90)  How can we predict the implications of alternative policies ?

If we are considering introducing a policy, we would like to have thought through the 
longer-term implications for health.

How can we do this ?

We are likely to have some evidence from randomized trials to inform the 
effectiveness of the intervention(s), but how do we translate this into predicting the 
long-term health outcomes for all relevant policy options ?  

We generally use models to predict these.
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Years of lost life (YLL) (before age 90)  
Individual-based models

11

An individual-based model is designed to simulate experiences of  
people in a population over time

Each time the model is run it generates a simulated “data set” of 
variable values for a cohort of individuals representing the population 
of interest
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(Note that any time step length can be chosen)

Developing an individual-based model is 
mostly about specifying the expressions 
which determine how each variable is 
updated from one time step to the next.
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Years of lost life (YLL) (before age 90)  Measures of health - Years of Life Lost
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incurred

0 DALYs
incurred
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(DALYs incurred given by width of black)

Years of lost life (YLL) (before age 90)  
DALYs - Disability adjusted life years
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Years of lost life (YLL) (before age 90)  

Often the policy questions involve the trade-off between health benefits provided 
by the intervention and cost to the health care system.

A certain amount of resource spent on an effective intervention can avert loss of 
healthy life years ie. can avert DALYs (or increase QALYs)

Cost effectiveness analysis is about allocating resources across the whole health 
care system so that we incur as low a number of DALYs as possible across the 
population with the budget available.

Cost-effectiveness analysis as a means of maximising population health



In some individual-based models, the experience of each individual is 
entirely independent of the other individuals.  

In other models, a person’s health experience can depend on others.
A common example of this is in modelling of infectious diseases.

But there are also other examples, such as when a person’s health choices 
(e.g. diet) are influenced by others in their social network.

Years of lost life (YLL) (before age 90)  Individual-based models of Infectious Diseases
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Presence of infection

We consider the outcomes of a whole population of people, including those who 
could potentially be susceptible to infection as well as those already infected.

Years of lost life (YLL) (before age 90)  Modelling infection within a population - individual based models
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Example

A simulated woman has condomless sex with a man within a given age group

Given what we know about the prevalence of unsuppressed HIV in simulated men 
in that age group, and the risk of HIV transmission given unsuppressed HIV, we can 
calculate the probability she becomes infected.

We generate a random number between 0 and 1 and if this is below the probability 
value then she is modelled to acquire HIV.

Years of lost life (YLL) (before age 90)  
Modelling infection within a population - individual based models



Years of lost life (YLL) (before age 90)  
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Modelling infection within a population - Compartmental models

# people 
susceptible 
to infection

# of people 
infected 

# people 
recovered and 
no longer 
susceptible

Conceptually similar to individual-based models, in that we model susceptibility to 
infection and infectiousness, but instead of tracking individuals over time we track the 
size of subgroups (compartments) within the population; e.g....



Years of lost life (YLL) (before age 90)  

Dynamic models: allow outcomes for a person to be influenced by others in the 
population, such as when modelling infectious diseases. Models which are not 
dynamic are often referred to as static. 

Other types of model include decision tree and Markov state-transition models.  

Returning now to individual-based models.......

Types of mathematical models



Years of lost life (YLL) (before age 90)  

At any one time point we consider costs incurred in each living 
person.   We can sum these over any time period

Costs incurred

costs
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Years of lost life (YLL) (before age 90)  

Components of costs considered might include:
 Testing for presence of infection 
 Clinic attendance costs
 Drug costs
 Hospitalisation costs
 Costs of monitoring

Costs incurred

costs
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Years of lost life (YLL) (before age 90)  

DALYs averted

Summarizing results from a modelling exercise - Cost and effectiveness 
of alternative policies plotted on a “cost- effectiveness plane” 
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DALYs averted

Cost and effectiveness of alternative policies plotted on a cost- 
effectiveness plane 
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Years of lost life (YLL) (before age 90)  

DALYs averted

Cost and effectiveness of alternative policies plotted on a cost- 
effectiveness plane 
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Increment in 
cost ($million)
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0

Which policy should we adopt ?

We use cost-effectiveness 
analysis to answer this.

Which policy is consistent with 
optimizing the use of the 
available health care budget, 
accounting for all heath care 
needs ?

Each point represents a possible policy
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Years of lost life (YLL) (before age 90)  Immediate ART initiation

Interpretation Our estimates suggest that earlier eligibility for antiretroviral therapy is very cost effective in low income and 
middle-income settings,



Years of lost life (YLL) (before age 90)  HIV Modelling Consortium (hivmodeling.org) 

A collaboration 
between all 
major modelling 
groups working 
on HIV in context 
of sub-Saharan 
Africa



Years of lost life (YLL) (before age 90)  Dolutegravir replacing efavirenz as first line ART - 2017

Trade off being modelled was not just around costs



Years of lost life (YLL) (before age 90)  
Potential effects of disruptions to HIV programmes due to COVID-19

Trade off being modelled was not around costs



Years of lost life (YLL) (before age 90)  Cab-LA PrEP introduction

Trade off being modelled was not just around costs



Years of lost life (YLL) (before age 90)  Cab-LA PrEP introduction



Years of lost life (YLL) (before age 90)  Cab-LA PrEP introduction
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Years of lost life (YLL) (before age 90)  

• Modelling has the potential to help inform policy decision making and hence 
improve population health.  We all have a stake in this.

• But this depends on our models being as well informed as possible.  

• To achieve this requires widespread engagement with modelling.

• It is critical that epidemiologists and clinical disease specialists are able to 
understand modelling sufficiently to help to critique existing models and help to 
improve them.

• We are aiming to develop material to help those with no prior experience learn 
about individual based models by building (initially) simple models themselves.

Capability building for modelling



Years of lost life (YLL) (before age 90)  Capability building for modelling

https://docs.google.com/document/d/1fH0qKeLpvSRBNEePDYS9eaet4qJCQBOvr9kbJlyJVq4/edit             

This can be accessed at:

hivmodeling.org 

in “Resources”

https://docs.google.com/document/d/1fH0qKeLpvSRBNEePDYS9eaet4qJCQBOvr9kbJlyJVq4/edit


Years of lost life (YLL) (before age 90)  Capability building for modelling
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