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Abstract

The Policy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about development 
issues. An objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The papers carry the 
names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.
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This paper is a product of the Health Nutrition and Population Global Practice Group. It is part of a larger effort by the 
World Bank to provide open access to its research and make a contribution to development policy discussions around the 
world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The authors may be 
contacted at mgorgens@worldbank.org.   

An accurate measurement of HIV incidence is a key 
for policy makers and HIV program managers direct-
ing national HIV response. However, there is no perfect 
method to measure or estimate the rate at which new HIV 
infections occur in a population. This review compiles and 
triangulates longitudinal HIV incidence and prevalence 
data from published studies and trials, national reports and 
surveys, and the Joint United Nations Programme on HIV/
AIDS estimates from the Spectrum model, focusing on 20 
countries in Sub-Saharan Africa with generalized HIV epi-
demics. Three main points can be taken from this analysis 
of HIV incidence trends. First, modeled HIV incidence 
and nationally reported HIV prevalence levels in young 
females suggest that national HIV incidence has declined 

since 2000 in all except three countries analyzed (stable esti-
mated HIV trends in Burkina Faso, Burundi, and Uganda), 
but trial and survey data suggest that in some demographics, 
HIV incidence remains critically high. Second, all mod-
eled national HIV incidence curves and most empirically 
observed trends commenced a downward trajectory prior to 
the introduction of anti-retroviral therapy programs around 
2004, suggesting the contribution of other factors, such as 
HIV prevention programs and natural epidemic dynamics, 
to this decline. Third, modeled HIV incidence estimates, 
including the incidence peaks in the past, exhibit much 
variation between Spectrum model versions and when new 
data are added, emphasizing the uncertainty of model out-
puts and the need to use incidence estimates with caution. 
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Understanding and monitoring longitudinal HIV incidence trends is imperative for 
tracking progress towards HIV prevention goals, including how incidence trends have 
changed through increasing antiretroviral therapy (ART) coverage.  There are several 
ways that HIV incidence can be assessed, empirical and modeled, and each method has 
its limitations.  Incidence can be directly measured from prospective cohort studies, but 
logistical and financial restraints make this difficult to carry out at a scale that provides 
sufficient precision of the incidence estimate. Sampling of specimen within a population 
and using laboratory assays and testing algorithms that identify recent HIV infection can 
infer HIV incidence, though this method requires local validation against HIV incidence 
estimates obtained by other methods. Proxies of HIV incidence, such as HIV prevalence 
trends in young females, can also be used to infer incidence trends, as most HIV 
infections within this demographic are recent.  However, this method requires repeat 
cross-sectional measurements over several years in order to infer any incidence trend.  
Finally, HIV incidence can be obtained through back-calculation models that use various 
HIV epidemiological data, including HIV prevalence and mortality rates, to estimate 
incidence within the adult population.  Here, estimated incidence chiefly relies on 
prevalence estimates and factors that affect survival, including the effect of age and co-
factors of transmission as well as the model’s accurate representation of sexual 
behavior and transmission dynamics. 
 
Modeled incidence estimates provided by UNAIDS are key information that policy 
makers and HIV program managers use to monitor the dynamics of the HIV epidemics in 
various countries.  Therefore, it is important to evaluate how these HIV incidence and 
proxies of it (HIV prevalence trends in young females) correspond to modeled incidence 
data.  To date, no report has comprehensively triangulated and compared modelled HIV 
incidence against several forms and sources of directly and indirectly measured 
incidence across multiple countries.   
 
We therefore compared UNAIDS incidence estimates from the Spectrum model to 
directly measured incidence from published studies and trials.  We also compared 
UNAIDS modeled estimates to HIV prevalence trends in young females, as a proxy of 
incidence, using cross-sectional data from published studies and trials and national 
surveys, such as from antenatal sentinel surveillance and population-based surveys 
(Demographic and Health Survey/AIDS Indicator Survey data). This report represents a 
comprehensive source of both modeled and empirical incidence trends in several 
countries. 
 
A select group of countries were chosen for this analysis due to their known generalized 
HIV epidemics (epidemics in which HIV is highly disseminated within the general 
population): Botswana, Burundi, Burkina Faso, Congo, Central African Republic, Ethiopia, 
Ghana, Kenya, Lesotho, Namibia, Nigeria, Malawi, Mozambique, Rwanda, South Africa, 
Swaziland, Tanzania, Uganda, Zambia, and Zimbabwe.  Within each country, multiple 
forms and sources of incidence data, modeled and empirical, were graphed alongside 
ART coverage data, and longitudinal trends are described.  Specifically, incidence trends 
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were evaluated for 1) rising or falling curves and rates of change between 1990 and 
2012, 2) how well empirical and modeled UNAIDS data match each other, and 3) 
dynamics before and during the ART scale-up period (2004 –2012). 
 
Briefly, it was found that the countries analyzed experienced overall decreases in 
UNAIDS modeled incidence since 2000, with the exception of Burkina Faso, Burundi, and 
Uganda.  Modeled incidence in these three countries has shown very little change, and 
in some cases, a slight upward trend through some years.  There is great variation in the 
slope of downward trends across countries since 2004, with some having small and 
moderate declines (slope -0.01 to -0.06), and others with steeper and more dramatic 
declines (slope -0.08 to -0.14). Available antenatal sentinel surveillance and population-
based survey data in young females support these HIV trends, though the dynamics may 
slightly differ by rates of change and/or timing. In Nigeria, the Spectrum-estimated HIV 
incidence decline is not supported by the ANC-derived HIV prevalence in young females 
in the time period 2005-2010. Relatively few directly measured incidence data have 
been reported from HIV intervention trials or observational studies (we found 43 
sources of measured incidence data from 10 of the selected countries); however, the 
reported HIV incidence levels tend to be higher than modelled national incidence 
estimates and are likely due to intentional targeting of high risk populations in research.  
We observed that modeled HIV incidence had begun to decline prior to ART scale-up,    
and in most cases where HIV data prior to 2004 were available, HIV prevalence trends in 
young females 15-24 supported this incidence decline prior to ART scale-up.  This 
analysis, however, was not designed to assess the impact of the increasing coverage of 
ART on HIV incidence trends in the selected countries.  Therefore, it is difficult to 
determine if or how much ART scale-up has contributed to incidence decline, though its 
effect cannot be ruled out, as recent data show that increased ART coverage reduces 
transmission risk in a South African hyperendemic HIV situation (Tanser et al. 2013). At 
the same time, new analyses from South Africa (Shisana et al. 2014) suggest no change 
in HIV incidence in two inter-survey periods stretching from 2005 to 2012, despite 
significant ART scale-up in that time period. 
 
In conclusion, three main points can be taken from this analysis of HIV incidence trends 
in Sub-Saharan Africa: 1) Modeled HIV incidence and nationally reported HIV prevalence 
levels in young females suggest that national HIV incidence has declined since 2000 in all 
except three countries analyzed (stable estimated HIV trends in Burkina Faso, Burundi, 
and Uganda), but trial and survey data suggest that in some demographics, HIV 
incidence remains critically high; 2) All modelled national HIV incidence curves and most 
empirically observed trends commenced a downward trajectory prior to the 
introduction of ART programs around 2004, suggesting the contribution of other factors, 
such as HIV prevention programs and natural epidemic dynamics, to this decline; and  3) 
Modelled HIV incidence estimates including the incidence peaks in the past, exhibit 
much variation between Spectrum model versions and when new data is added, 
emphasizing the uncertainty of model outputs and the need to use incidence estimates 
with caution.
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Accurate and representative HIV incidence estimates are imperative for policy makers 
and program managers to be able to assess progress in meeting HIV programmatic goals 
and make decisions in regard to allocation of financial and health resources.  While 
modeled UNAIDS Spectrum incidence estimates are valuable, it is important to 
remember that these estimates are derived from ANC and DHS prevalence data and rely 
on multiple assumptions, which are imperfect for the reasons to be discussed further in 
this document.   
 
Triangulation of multiple forms of incidence data, including from published studies and 
trials, provides a comprehensive illustration of HIV incidence trends, though few reports 
have done so.  Some reports of incidence trends at the country level exist, but are 
restricted to those using sentinel surveillance and DHS/AIS data, with little, if any 
measured incidence data from clinical trials or other studies. Those that have done this 
for multiple countries within Sub-Saharan Africa have concentrated on comparing ANC, 
DHS, and Spectrum data (Mahy, Garcia-Calleja, and Marsh 2012; Montana, Mishra, and 
Hong 2008).  None of these reports have also described these incidence trends in 
relation to ART scale-up. In a technical meeting on the large estimated declines in HIV 
incidence in countries with generalized HIV epidemics in 2013, the importance of going 
back to observational HIV data and drawing comparisons between such real-world data 
and modeled incidence trends was emphasized (HIV Modelling Consortium, 18-19 Sept 
2013 London).  
 
As such, the rationale for this data review was to triangulate multiple types of HIV 
incidence data and describe trends prior to and through ART scale-up within a select 
group of Sub-Saharan countries.  Specifically, this document focuses on assessing 
incidence trends between 1990 and 2012, comparing directly measured incidence from 
clinical and observational cohort studies, indirectly measured incidence proxies 
(prevalence among females age 15-24), and modeled incidence estimates (Spectrum).   

1. RATIONALE 
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To address and meet Millennium Development Goal (MDG) 6 targets of reversing 
HIV/AIDS spread by 2015, a firm commitment to HIV prevention efforts must be 
maintained globally and nationally.  Indeed, national and regional strategies call for a 
50% reduction in the number of new HIV infections by 2015 (Southern African 
Development Community 2009; Assembly 2012) and national-level indicators and 
targets have been established to monitor progress towards this goal.   
 
As we near 2015, it is important to assess progress that has been made in reaching HIV 
prevention goals.  Reducing HIV incidence is the main goal and indicator of successful 
HIV prevention, and therefore, accurate monitoring and assessment of temporal HIV 
incidence trends at national and sub-national levels is imperative.  A number of methods 
exist in which the rate at which new HIV infections occur can be determined, though 
each method has its limitations and biases.  Additionally, increasing ART coverage in 
many countries has introduced further complications of inferring incidence levels from 
HIV prevalence data. Since each of the current methods is imperfect at determining HIV 
incidence, it is useful to triangulate and compare different incidence estimates to gain 
an understanding of the rate new infections occur in a population.   
 
The next sections describe the different methods and structures in place used to 
monitor incidence and how ART scale-up has influenced these estimates. This is 
followed by a discussion of methods and data sources used in this review and 
description of incidence trends country by country.  Sub-Saharan countries with 
generalized HIV epidemics were chosen for this review, including: Botswana, Burundi, 
Burkina Faso, Congo, Central African Republic, Ethiopia, Ghana, Kenya, Lesotho, 
Namibia, Nigeria, Malawi, Mozambique, Rwanda, South Africa, Swaziland, Tanzania, 
Uganda, Zambia, and Zimbabwe. 
 
 
2.1. Monitoring HIV incidence 
 
National HIV prevalence trends within the overall population have been used in the past 
to assess the success of HIV prevention efforts, with prevalence increases clearly 
indicating failure to prevent new infections.  However, in an era of increasing ART 
coverage, this method is no longer suitable to accurately understand the dynamics of 
the HIV epidemic.  More individuals infected with HIV are living longer lives due to 
increased access to and improved ART drugs, thereby influencing an upward trend in 
HIV prevalence, as they remain longer in the HIV+ population (Zaidi et al. 2013).  Indeed, 
Rehle et al. showed that “excess HIV prevalence,” due to longer survival on ART, added 
on average 2.1 percentage points to prevalence within the population aged 15-49 in 
South Africa’s 2008 HH Survey (Rehle et al. 2010).   As such, longitudinal prevalence 

2. INTRODUCTION 
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trends, especially as ART scale-up increases, can be misleading about the rate of 
acquisition of new infections in the overall population. 
 
However, prevalence trends within specific population strata can be used as a proxy for 
incidence within larger populations and have been established as national-level 
indicator data.  Estimating HIV incidence from prevalence within the entire HIV positive 
population is challenging, as the long average duration of HIV infection makes it difficult 
to detect changes in new infections within older age groups and these estimate are 
largely dependent on assumptions made on mortality, which are becoming more 
complex as ART prolongs survival.  Therefore, prevalence trends within the younger 
population (adults 15-24) are regarded as a proxy for HIV incidence within the entire 
population, and the highest rates of new infections typically fall within young adults, 
especially females (UNAIDS 2012a, 2013a).  For generalized epidemics, such as seen in 
the majority of Sub-Saharan Africa, HIV surveillance among antenatal clinic (ANC) 
attendees and routine Demographic and Health or AIDS Indicator Surveys (DHS/AIS) 
provide important HIV prevalence data to track HIV trends at national and global levels, 
including for the United Nations General Assembly Special Session on HIV/AIDS 
(UNGASS) and the Global AIDS Response Progress Report (GARPR) data collection.  It is 
worth noting, however, that using HIV prevalence trends within youth may become 
more complicated as long-term survivors of mother-to-child transmission of HIV age, 
and therefore may bias prevalence increases within this indicator population, such as 
has been seen in Eastern Zimbabwe (Eaton et al. 2013). 
 
2.1.1. Empirical measurements of HIV prevalence used to inform HIV 
incidence estimates 
 
2.1.1.1. ANC Sentinel Surveillance  
 
Anonymous and unlinked testing of samples from women attending antenatal clinics is 
used to measure HIV prevalence within a cross-section of the sexually active population 
and is used to generate HIV incidence estimates.  These surveys have been completed 
every 1-3 years and thus, can be used to longitudinally monitor HIV epidemic trends, 
including being the primary (and until recently, with repeat DHS, the only available data 
on HIV infections over time in Africa) source of prevalence trends in young people for 
UNGASS and GARPR indicators.  
 
However, sentinel surveillance has many limitations and biases.  First, ANC data are 
limited to pregnant women using ANC sentinel site clinics, biasing the data upward, as 
these women are sexually active and at risk for sexual transmission of HIV, and HIV 
prevalence data are greatly influenced by changes within this demographic.  Prior to the 
ART era, the ANC-derived HIV prevalence was chiefly affected by lower fertility in 
women with advanced HIV infections and by a selection bias for unprotected sexual 
activity especially among younger women. Now, ART scale-up has helped restore 
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fertility in HIV+ women (Kim Powers, personal communication).  Family planning 
promotion in HIV+ women may reduce the numbers of them attending antenatal clinics.  
Second, ANC survey data represent only the geographical regions covered by 
participating antenatal sentinel sites.  It is possible that those sites that were added in 
later years to the sentinel system are at an earlier HIV epidemic stage than those 
included early or represent lower level epidemics, if more highly affected areas were 
chosen first for surveillance.  Finally, in sites having trouble reaching necessary sample 
size, or wanting better estimates for the incidence proxy, oversampling among 15-24 
year olds has been recommended (WHO, UNAIDS, and CDC 2003).  Any modifications in 
sampling/oversampling will bias the longitudinal HIV prevalence trend. The direction in 
which it would do so is difficult to predict and is largely dependent on compositional 
changes happening within ANC population sites, with regard to age, geographic 
residency, treatment coverage, fertility behaviors, etc. 
 
2.1.1.2 Demographic and Health Surveys/AIDS Indicator Surveys 
 
Data from national population-based surveys, including DHS/AIS, have also been used to 
estimate HIV incidence and supplement prevalence data from antenatal clinics. These 
surveys are typically done by sampling and testing for HIV within households for which 
the residents have given their individual consent.  Although they have the advantage of 
including both male and female HIV data, population-based surveys are more expensive 
and logistically difficult to carry out, and therefore, are performed less frequently.  
Additionally, these data can be biased by non-response (either by individual refusal to 
participate or household absence at time of survey).  As voluntary counseling and 
testing services become increasingly available, more non-response bias from individuals 
already knowing their HIV status, including those previously testing positive for HIV, may 
be introduced into DHS/AIS surveys (Kim Powers, personal communication), bringing in 
considerable uncertainty around the estimates when non-response is high.  However, 
preliminary work suggests that DHS response rates are not declining, despite potential 
increases in testing, and therefore it is unlikely that any potential bias in survey data is 
increasing (Mark McGovern, personal communication).  
 
DHS/AIS prevalence data obtained across two household sero-surveys can be used to 
mathematically estimate incidence, also incorporating cohort mortality or survival after 
infection data into the equation (Hallett et al. 2010; Hallett et al. 2008).  These methods 
for inferring incidence are limited by the number of sero-surveys conducted, as 
incidence can only be estimated for the inter-survey period.  Assessing temporal 
incidence trends will be only possible when countries have completed at least three of 
these surveys.  In the meantime, as we have done here, focusing on DHS/AIS prevalence 
trends within females 15-24 is another way of descriptively inferring incidence, as most 
infections within this group are likely to be recent. 
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2.1.2. Empirical measurements of HIV incidence  
 
2.1.2.1. Cohort studies and ALPHA Network 
 
While ideal, directly and accurately measuring HIV incidence on a population level is 
challenging.  Doing so requires prospectively following a cohort of HIV-negative 
individuals and diagnosing new HIV infections.  This type of study is logistically complex 
and expensive and thus often considered to be unrealistic for measuring national 
incidence in resource poor settings.  Importantly, enrollment into a cohort can influence 
behavior changes and bias HIV incidence estimates.  Additionally, individuals or 
populations participating in biomedical trials may have been chosen for their high HIV 
risk. 
 
Despite the challenges of maintaining them, several long-term cohorts have been 
established in various parts of Sub-Saharan Africa, generating invaluable epidemiological 
data.  To facilitate meta-analysis of multiple cohort data, collaborations between groups 
with established HIV cohorts and comparable data sets have been facilitated through 
the ALPHA Network (Analysing Longitudinal Population-based HIV/AIDS data on Africa).  
Set up in 2005 with funding from The Wellcome Trust and coordinated by the 
Department of Population Health at the London School of Hygiene & Tropical Medicine, 
the ALPHA Network “aims to maximize the usefulness of data generated in community-
based longitudinal HIV studies in Sub-Saharan Africa for national and international 
agencies involved in designing or monitoring interventions and epidemiological 
forecasting” (http://www.lshtm.ac.uk/eph/dph/research/alpha/index.html).  The 
Network links 10 previously existing sites spread across Kenya (African Health 
Population Research Centre; Kisumu), Malawi (Karonga), South Africa (uMkhanyakude; 
Agincourt), Tanzania (Kisesa; Ifakara), Uganda (Masaka; Rakai), and Zimbabwe 
(Manicaland).   
 
Prior to forming the Network, each site had been individually conducting its own studies 
on HIV spread and risk, prevention and treatment, and developing field and analytical 
methods.  Now together, these sites have been able to replicate technical methods and 
analyses across cohorts and share the results of their studies in regular teaching and 
analytical workshops.  A key finding from a joint HIV incidence analysis of ALPHA 
Network sites revealed a common age-sex distribution pattern of HIV incidence among 
young ages at all sites, but more inter-site variation at older ages (Todd et al. 2008).  
Further analysis revealed a secondary HIV incidence peak occurring among older 
participants in some of the sites, prompting investigation of HIV risk factors at all ages, 
not just among youth (Barnighausen et al. 2007; Barnighausen et al. 2008; Lopman et al. 
2008).  Additionally, more recent data from ALPHA Network sites have been used to 
inform the Spectrum model’s assumptions on the age-pattern of HIV incidence and 
survival (UNAIDS Reference Group on Estimates 2012). However, no comprehensive 
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triangulation and comparison of these ALPHA site data against nationally reported HIV 
prevalence and modeled Spectrum incidence trends has been published.   
2.1.2.2. Laboratory Assays and Laboratory-based Testing Algorithms 
 
HIV incidence can be inferred in clinical trials and cohort studies through the use of 
laboratory assays detecting recent infection, including the BED capture enzyme 
immunoassay (BED-CEIA), which was, until recently, the only commercially and globally 
available assay.  This assay measures a biomarker that rises during early infection, and 
can be used cross-sectionally to discriminate between recent (less than six months) and 
older HIV infections.  However, this assay is prone to misclassification of individuals with 
older infections (Hargrove et al. 2008) and cross-sectional BED incidence estimates have 
been higher than those obtained from longitudinal follow-up (Karita et al. 2007; 
McDougal et al. 2006), thus raising concerns on the use of this assay to accurately 
measure incidence despite locally established correction factors. 
 
Other laboratory-based assays used for measuring incidence exist, and can be used in 
combination with the BED-CEIA.  Instead of measuring only biomarker quantity, the 
strength, or avidity, of the biomarker in an assay can also be measured, as avidity 
increases through early HIV infection.  The Multi-Assay Algorithm (MAA) measures both 
avidity and quantity of the biomarker/antibody response, using the BED-CEIA assay 
along with a second assay that specifically measures binding strength.  Additionally, the 
Limiting Antigen Avidity (LAg-Avidity) assay has been recently developed, improving 
upon the measurement of low and high avidity antibodies and using a more cross-
reactive marker to eliminate bias from populations with different HIV subtypes (an issue 
with the BED-CEIA).  Both the MAA and LAg-Avidity assays have been shown to have 
lower false recent rate than the BED-CEIA (Eshleman et al. 2013; Laeyendecker et al. 
2013; WHO and UNAIDS 2013).  The LAg-Avidity assay is now commercially available, 
and the United States Centers for Disease Control and Prevention (CDC) Division of 
Global HIV/AIDS (DGHA) has been recommended it for incidence surveillance, instead of 
the BED_CEIA, in countries outside of the US supported by President’s Emergency Plan 
For AIDS Relief (PEPFAR) funding (WHO and UNAIDS 2013). In the 2012 HIV population-
level HIV survey in South Africa, a HIV incidence algorithm was used based on the Lag-
Avidity assay in combination with a negative ARV test and a viral load >1,000 copies/ml 
(Shisana et al., 2014). At the same time, indirect HIV incidence estimates were 
generated using the inter-survey mathematical modelling method according to Hallett 
et al. 2008 and 2010. 
 
Current research and development efforts are focused on developing assays able to use 
dried blood spot specimens in validated incidence assays, which would make HIV 
detection more rapid and logistically feasible in resource-limited settings. 
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2.1.3. Modeled incidence  
 
HIV epidemic dynamics, including incidence, can be inferred through mathematical 
modeling, taking into account multiple factors associated with the epidemic 
(demographics, risk factors, prevalence, probability of transmission, ART coverage, etc.).  
Several modeling approaches that estimate new HIV infections and incidence exist from 
individual research groups and organizations, including the Modes of Transmission 
(http://www.who.int/bulletin/volumes/90/11/12-102574/en/index.html) and Actuarial 
Society of South Africa models 
(http://aids.actuarialsociety.org.za/404.asp?pageid=3145). UNAIDS has been using 
Spectrum modeling software for over a decade to estimate national HIV epidemic 
trends, including recent reporting of incidence trends.  Using a set of input parameters 
and model equations, the Estimation and Projection Package (EPP) with Spectrum 
estimates HIV incidence by fitting prevalence trends in ANC data (Brown et al. 2010; Bao 
et al. 2012), incorporating inputs such as ART coverage and mortality rates.  These 
projections are then calibrated to national population-based survey estimates of HIV 
prevalence to generate national HIV prevalence and incidence estimates, and then 
stratified by age and sex based on demographic data. The most updated version of 
Spectrum (as of January 2014) now included DHS/AIS in the fitting process and has 
eliminated the second calibration step. 
 
It is important to keep in mind that EPP/Spectrum generates estimates for both national 
HIV prevalence and incidence, which may or may not be in agreement with empirical 
measurements, including nationally reported data.  Preliminary work from Eaton et al. 
suggested that when comparing EPP prevalence trends to that from DHS/HH survey 
data, prevalence declines may have been overestimated by the modelling process in 
southern African countries (Jeff Eaton, personal communication).  
 
EPP and Spectrum are updated frequently, adding in new features to improve user 
interface and refine the model.  These updates to the model include better assumptions 
and the addition of recent data that should improve upon previous estimates and more 
accurately model HIV population dynamics. While these improvements to the software 
package are positive, one must be aware that updates to the model can change previous 
estimates and outputs generated by earlier versions of Spectrum.  Comparing estimates 
from 2010 and 2013 UNAIDS Global HIV/AIDS Reports (the 2012 Spectrum version 
represents an update from its 2010 version), there is no consistent trend in how the 
different versions influence historical incidence trajectories between 2001 and 2009 
(Figure 1 and 2).  Out of a group of Sub-Saharan African countries, some countries 
(Burkina Faso, Central African Republic, Namibia, Rwanda, South Africa, Swaziland, 
Zimbabwe) show a greater decrease in incidence rate from 2001-2009 using the 2010 
Spectrum estimates (Figure 1); other countries (Botswana, Congo, Ghana, Kenya, 
Lesotho, Malawi, Mozambique, Nigeria, Tanzania, Uganda, Zambia) show greater 
decreases using 2012 Spectrum incidence rate estimates (Figure 2). Figures 1 and 2 are 
only meant to provide an illustration of how much incidence estimates can change 
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between updates in the model, and UNAIDS cautions against comparing Spectrum 
estimates from different models, as this may lead to misleading conclusions.2  As such, 
only the most recent UNAIDS HIV incidence estimates available at the time of this report 
have been used in our main analysis. Nevertheless, it is important to point out how 
consecutively produced national Spectrum estimates can vary, especially as it may 
change the level of HIV programmatic success that was assumed to have been made in 

previous years. 
 
Spectrum estimates are also sensitive to additional data; when comparing incidence 

2 For more information regarding the Spectrum estimation methodology and 
changes between models, please refer to (Hogan and Salomon 2012; UNAIDS 
2013b).  

Figure 1. Countries for which 2010 Spectrum 
software shows greater change 2001-2009 

Figure 2. Countries for which 2012 Spectrum 
software shows greater change 2001-2009 
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curves accessed from the AIDSinfo Online Database from the 2012 and 2013 UNAIDS 
reports, only differing by one more years of data, several countries showed considerable 
difference between the two incidence curves. In many cases estimated peak incidence 
was higher from the 2013 report (12 out of 19 countries had higher incidence peaks 
using the 2013 report data; median difference between highest incidence from 2013 to 
2012 report among these 12 countries, 0.33, but as high as 1.37) sometimes occurring in 
a different year than the 2012 report, and these changes were evident as far back as 
1990 (Annex 2). 
 
Still, changes in incidence, estimated by Spectrum, have been important for measuring 
progress in the global fight against HIV/AIDS at regional and country levels.  The 2012 
Global AIDS report grouped countries by overall changes in incidence between 2001-
2011, with those falling into categories of increasing incidence over 25%, stable 
incidence (less than 25% change in incidence, up or down), and those with reductions in 
incidence greater than 25% and 50%. Although the majority of countries in the 2012 
report have estimated incidence reductions over 25%, a third of them are estimated to 
have experienced stable incidence, or worse, incidence increases over 25% between 
2001 and 2011 (including Congo, Lesotho, Nigeria, Tanzania, and Lesotho, which have all 
experienced stable incidence over that period).  
 
 
2.2. Effect of ART on prevalence data, mortality, and infectiousness 
 
Achieving universal access to ART (reaching 80% of those in need of treatment) is a 
global priority, and the provision of ARVs is a key component of combination HIV 
prevention strategies, as ART reduces the likelihood of both sexual and mother-to-child 
transmission of HIV.  Following the hallmark HPTN052 study showing that early HIV 
treatment of HIV positive partners among sero-discordant couples significantly reduced 
transmission to their partners (Cohen et al. 2011), there has been a push in the global 
community for using HIV treatment as prevention on a population level ('Treatment as 
prevention for HIV'  2011).  As progress towards achieving universal access is made 
(global ART coverage was estimated at 65% in 2012), the effects of ART on national HIV 
epidemics and measurements of it will increasingly become more prominent. 
 
HIV prevalence is determined by HIV incidence and mortality, and the availability of ART 
makes inferring incidence from prevalence – in the absence of good mortality data - 
more challenging.  As already mentioned, ART also influences fertility patterns, and the 
tracking of ANC trends is complicated by the effects of ART and declining HIV incidence 
on the age-distribution of HIV prevalence, shifting it towards less fertile age-groups. 
Another factor to be considered is the influence of ART patient demographics, for 
instance on Spectrum projected incidence.  HIV incidence is commonly estimated for the 
adult population 15-49, but not all patients on ART are within this demographic (10-20% 
of ART patients are already over 50, and this percentage will increase as the ART patient 
cohort ages. This factor affected the 2012 UNAIDS estimates, and this assumption was 
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changed for the 2013 round of UNAIDS estimates (which will be released later this year) 
to account for the increasing fraction of persons on ART who are over 50 (Jeff Eaton, 
personal communication).  
 
Epidemic models allowing for ART effects on survival and infectiousness do so with the 
current incomplete understanding of such effects and can be affected by inaccuracies in 
reported numbers of individuals on ART.  As ART is scaled-up and ART eligibility 
broadened, more error in the reporting of patient numbers may occur in the stretched 
ART programs.  Additionally, self-reported adherence to therapy may be higher than 
actual adherence, thus potentially overestimating the effect of ART use on patients’ 
infectiousness. Spectrum currently sets ART’s transmission reduction effect at 92% 
(based on HPTN052 clinical trial), whereas real-world programmatic data suggest a 
lower effect, with 15-30% of patients on ART maintaining viral loads at infectious levels 
(Kranzer et al. 2013; National AIDS and STI Control Programme 2013; Justman et al. 
2013). In the Spectrum model, assumptions around ART are most likely to affect the HIV 
incidence estimates of the most recent years, since HIV prevalence data are not 
sufficient to robustly infer HIV incidence in these recent years.  
 
This brief account of how HIV incidence can be estimated through different direct and 
indirect methods, compared and tracked over time, illustrates that there is no perfect 
method, but that there are increasingly reliable ways to estimate this key metric of the 
HIV response. 
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For each of the 20 included countries, the following questions were posed:  
 

1) Is modeled UNAIDS incidence rising/falling, and at what relative rate of change?  
2) How well does empirical data (ANC, DHS/AIS, clinical trials and observational 

studies, including ALPHA Network) match modeled incidence trends? 
3) How have these incidence trends changed prior to and during ART scale-up? 

 
To address these questions, multiple forms and sources of incidence data have been 
used here: 1) Nationally reported prevalence data from ANC reports and DHS/AIS, 
focusing on females 15-24, 2) HIV prevalence and incidence data within young females 
obtained from ALPHA Network studies, 3) Directly measured incidence data from 
published clinical trials and/or observational studies (unrelated to ALPHA network), and 
4) Modeled incidence and ART coverage data obtained from Spectrum.   
 
Nationally reported HIV prevalence data in females 15-24 were obtained directly 
through ANC sentinel surveillance reports available online or from DHS/AIS reports 
found through MeasureDHS website’s,  http://www.measuredhs.com/ and 
http://www.statcompiler.com/.  UNAIDS/GARPR Indicator 1.6 (HIV prevalence in young 
people) data were accessed from the AIDSinfo Online Database 
(http://www.aidsinfoonline.org/ ) and used to supplement when ANC or DHS/AIS 
reports were not available for later years.  Although Indicator 1.6 data guidelines 
request antenatal clinic attendees data (aged 15-24) be used, the inclusion of 
population based survey data, for both sexes, is also allowed.  
 
Directly measured HIV prevalence and incidence data were identified through PubMed 
and Google Scholar searches of published HIV trials or observational studies using 
keywords “HIV epidemiology” or “HIV incidence” paired with the name of the included 
countries. For ALPHA Network site data, the names of the various ALPHA sites combined 
with “HIV” were used in searches, and recent publications from the ALPHA Network 
were used to find older publications as per their citation lists.   
 
Modeled incidence estimates from Spectrum were downloaded directly from the 
UNAIDS AIDSinfo website (http://www.unaids.org/en/dataanalysis/datatools/aidsinfo/ 
). Estimated ART coverage among those eligible for treatment was obtained from a 
variety of sources: for the years 2004-2007 - UNAIDS Report on the global HIV/AIDS 
epidemic 2008 (based on ART eligibility CD4 at or <200); for the years 2009-2011 - 
UNAIDS Report on the global AIDS epidemic 2012 (based on ART eligibility CD4 at or 
<350) and http://aidsinfo.unaids.org (accessed June 2013); for 2012 – WHO Global 
update on HIV treatment 2013: results, impact and opportunities and 
http://aidsinfo.unaids.org (accessed October 2013) based on ART eligibility CD4 at or 
<350). 

3. METHODS OF ANALYSIS  
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Incidence from HIV trials and cohort studies is commonly reported as a rate, as events 
(sero-conversions per 100 person years) of HIV negative individuals.  Spectrum, on the 
other hand, reports an annual incidence figure, as a percentage.  These two incidence 
measurements are not the same, but within a year time frame and so long as 
cumulative incidence is below 10%, both cumulative incidence and incidence rate will be 
very similar (Martin 2009).  Incidence rates obtained from published trials and studies 
are very often calculated over several years, and therefore, the assumption was made 
that these rates are steady throughout that time period, in order to compare these data 
to the annual incidence estimate provided by Spectrum.    
 
The following Sub-Saharan countries were selected for this analysis based on having a 
generalized HIV epidemic: Botswana, Burundi, Burkina Faso, Congo, Central African 
Republic, Ethiopia, Ghana, Kenya, Lesotho, Namibia, Nigeria, Malawi, Mozambique, 
Rwanda, South Africa, Swaziland, Tanzania, Uganda, Zambia, and Zimbabwe.  These 
countries have been subdivided into groups based on the slope of modeled incidence 
trends since the beginning of ART scale-up in 2004, including those showing stabilized 
incidence trends and those with downward trends. Most countries fell into the latter 
category and were further split into three groups based on the slope of the modeled 
incidence decline. The slope of incidence changes over percent reduction in incidence 
from 2004 was chosen to evaluate trends, as we found this to be more reflective of 
declining incidence trends.  Percent reduction can be misleading in cases where a large 
percent reduction has been achieved with only a moderately declining slope, or a 
moderate percent reduction, but a steep declining slope is observed.  The latter case 
indicates greater change for countries starting at a higher incidence level.   
 
Tables have been used to summarize country specific data per group, but each country 
will be discussed in detail individually.

Table 1. Types of HIV incidence data to be analyzed and comparisons made 
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4.1 Countries with stabilized modeled HIV incidence trends 2004-2012 
 
Three Sub-Saharan countries in this review have stabilized (slope of 0 from 2004-2012) 
modeled HIV incidence trends from 2004-2012: Burkina Faso, Burundi, and Uganda.  If 
any change occurred during this period, it was only a very slight upward (Uganda) or 
downward (Burundi) trend.  Spectrum estimates from both of the countries show an 
overall increasing incidence trend from 1996 (Uganda) and 2001 (Burundi) on.  Empirical 
data in females 15-24 from ANC and DHS reports do not support modeled incidence 
trends for Burkina Faso and Burundi (ANC and DHS data show a downward trend, while 
modeled incidence does not), and it is difficult to identify a clear trend from measured 
incidence in Uganda.  Burkina Faso and Burundi have among the lowest UNAIDS 
incidence estimates in this review (0.05% and 0.06%), while Uganda’s incidence 
estimate for 2012 is 0.77%.  Although estimated incidence trend in this group is level 
from 2004-2012, incidence changed between 3% (increase for Uganda) and 28% 
(decrease for Burundi) during this period.  ART coverage among those eligible for it 
reached 58% and above in 2012 for all three countries.   
 

 
 
4.1.1. Burkina Faso 
 
(Refer to Table 1, Figure 3, and Figure 4)     
 
The largest decreases in modeled incidence occurred prior to 2001 in Burkina Faso, 
dropping from 0.73 % to 0.06% (1990 – 2001).  After that, relatively little change in 
estimated incidence occurred through 2012.  Due to the low incidence, the overall rate 
of change from 2004 – 2011 was minor, and only a 12% reduction (0.06 – 0.05%) in 
incidence was achieved during the ART scale-up period.  DHS HIV prevalence data from 
females 15-24 tell a different story, suggesting a steep decline in new infections in the 
youth during a period of stable Spectrum-modeled HIV incidence (it cannot be excluded 

Table 2. Summary of HIV incidence trends and ART coverage:  
Countries with a stabilized trend 2004-2012 

4. ANALYSIS OF INCIDENCE TRENDS 
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that HIV incidence shifted to older age groups). In Burkina Faso, Spectrum estimates the 
HIV incidence curve without available ANC data prior to the predicted incidence peak, 
which can be problematic. Although ART coverage reached 70% in 2012, modeled 
estimates suggest incidence had been declining well before ART scale-up began and 
changed very little through ART scale-up. 
 
 
 

 
 
4.1.2. Burundi 
 
(Refer to Table 1, Figure 5, and Figure 6) 
 
According to UNAIDS estimates, Burundi has seen reduced modeled incidence rates 
over the past 15 years.  HIV incidence peaked in 1993 at 0.95%, after which it 
dramatically declined to 0.06% in 2001.  Between 2001 and 2012 modeled incidence 
rises and falls slightly, though overall, the trend is towards stability, settling at 0.06% in 
2012.  During ART scale-up (2004-2012) modeled incidence was reduced by 28% (though 
the slope was close to zero) and ART coverage reached 58% in 2012.  Similar to Burkina 
Faso, the decrease in HIV prevalence in young females does not match the Spectrum-
derived HIV incidence and it can be speculated that there could be increased HIV 
incidence in older people to lead to the present Spectrum-estimated trajectory.  
 
 
 
 

Figure 3. Burkina Faso:  
HIV prevalence (females 15-24) 
and modelled incidence (adults 

  

Figure 4. Burkina Faso:  
HIV prevalence (females 15-24) 

and national ART coverage  
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4.1.3. Uganda 
 
(Refer to Table 1, Figure 7, Figure 8, and Figure 9) 
 
Estimated incidence in Uganda was on dramatic downward trend from 1990 - 1996 
(2.71 – 0.44%, over 80% drop in incidence), after which there has been an overall slight 
upward trend, even through ART scale-up (2004-2012), which reached 64% in ART 
coverage levels in 2012. Estimated incidence peaked within this period at 0.9% in 2008.  
Modeled incidence then dropped to 0.77% in 2012, and 122,806 new cases in adults 
were estimated that year.    
 
Uganda has hosted many clinical trials and observational studies and maintains two 
ALPHA Network field sites.  In most cases, directly measured incidence rates from 
studies focusing on the general population are slightly higher or lower (1990-1994) than 
UNAIDS estimates, falling just outside of the upper and lower estimate range.  Incidence 
rates measured in intervention trials or within specific demographics are considerably 
higher than modeled incidence.  There were few nationally reported prevalence data in 
females 15-24 available for this review, but this proxy of incidence from AIS reports does 
support a slight upward trend from 4.3% in 2005 to 4.9% in 2011.  Additionally, directly 
measured prevalence from ALPHA Network studies supports a downward incidence 
trend between 1990 and 1994, with wide prevalence variation between sites (see Annex 

Figure 5. Burundi:  
HIV prevalence (females 15-24) 
and modelled incidence (adults 

  

Figure 6. Burundi:  
HIV prevalence (females 15-24) 

and national ART coverage 

 24 



2).  Considering that Uganda hosts two ALPHA sites, it is surprising that more empirical 
HIV incidence and prevalence data could not be found past 1994. 
 

 
 
 4.2 Countries with a downward modeled HIV incidence trend (modest 
decline 2004-2012) 
 
Most countries in this analysis had downward trends in Spectrum-modeled incidence 
between 2004 and 2012, though there is much variance in the slope of the decline.  The 
following countries show only modest declines (slope -0.01 to -0.03) during this period: 
Central African Republic, Congo, Ethiopia, Ghana, Kenya, Nigeria, Rwanda, and Tanzania. 
 
There are no unifying trends within this group, with the exception of all countries having 
reached a low to medium modeled incidence level in 2012 (ranging 0.03 – 0.41%) (Table 
2).   Despite the relatively low incidence level, there is much diversity in the size of the 
HIV epidemic with regard to the number of new infections each year in these countries.  

Figure 7. Uganda: 
HIV prevalence (young females) and 

incidence (adults)  

Figure 8. Uganda: 
HIV prevalence (young females) 

and national ART coverage  

Figure 9. Uganda: 
HIV incidence (adults) and 

national ART coverage  

-----High and low incidence estimates from Spectrum software 
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For instance, Ethiopia had a very low modeled national incidence in 2012 (0.03%), but 
contributed an estimated 10,503 new adult cases to the global burden, whereas Congo’s 
estimated incidence in 2012 (0.16%) led to an estimated 3,371 new adult infections in 
2012 (Table 2).  Kenya and Nigeria had an estimated 85,263 and almost 200,000 new 
adult infections that same year, respectively (Table 2). Similarly, a wide range of ART 
coverage values in 2012 (22-87%) and of percent reduction in incidence since ART scale-
up (25% - 76%) exists in this group (Table 2).   
 

 
4.2.1. Central African Republic 
 
(Refer to Table 2, Figure 10, and Figure 11) 
 
Modeled HIV incidence in the Central African Republic has been on a steady downward 
trend since 1995.  In spite of having very poor ART coverage (22% in 2011), estimated 
HIV incidence was reduced by 45% (0.53 to 0.29%) between 2004 and 2011.  ANC 
prevalence data in females aged 15-24 support the downward trend, although at a 
steeper decline, and Mahy et al. reported that between 2000 and 2011, DHS prevalence 
in that same demographic was reduced by 26% (Mahy, Garcia-Calleja, and Marsh 2012).  
 
 

Table 3. Summary of HIV incidence trends and ART coverage:  
Countries with a modest downward trend 2004-2012 
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4.2.2. Congo 
 
(Refer to Table 2, Figure 12, and Figure 13) 
 
Congo’s modeled HIV incidence has been on a steady downward trend since 1991, and 
between 2004 and 2012, estimated HIV incidence was reduced by 52% (0.34-0.16%).  
Indicator 1.6 (young people) prevalence data also support this decline.  ART scale-up has 
been poor, estimated at 39% coverage in 2012.   
 
 

Figure 10. Central African Republic:  
HIV prevalence (females 15-24) and 
modelled incidence (adults 15-49) 

Figure 11. Central African Republic:  
HIV prevalence (females 15-24) and 

national ART coverage 

Figure 12. Congo:  
HIV prevalence (females 15-24) 

and modeled incidence (adults 15-
 

Figure 13. Congo:  
HIV prevalence (females 15-24) 

and national ART coverage 
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4.2.3. Ethiopia 
 
(Refer to Table 2, Figure 14, and Figure 15) 
 
Ethiopia has seen great declines in modeled incidence estimates since 1995, especially 
between 1995 and 2004 (0.56 – 0.11%), and less so from 2004-2012 (0.11 – 0.03%).  A 
76% reduction in modeled incidence since 2004 was achieved during ART scale-up, and 
ART coverage reached 60% in 2012.  Despite overall great success in reducing incidence, 
Ethiopia’s HIV epidemic should not be overlooked; there were 10,503 estimated new 
adult cases in 2012. 
 
DHS prevalence data in females 15-24 are lower than that from ANC surveys, but both 
data sets follow a similar trend and show curves that are consistent with the modeled 
incidence data.  While this is not altogether surprising, as these data sets inform the 
Spectrum model, not all prevalence data from national surveys match incidence trends 
so well; Swaziland is an excellent example in which HIV prevalence derived from 
antenatal surveillance within females 15-24 does not show similar dramatic declines as 
UNAIDS modeled incidence estimates. 
 

 
Published literature analyzing nationally reported HIV prevalence trends in Ethiopia also 
supports declining incidence.  Hladik et al. describes inter-ANC site variation, but more 
prevalence declines within the 15-24 age group for both rural and urban sites (Hladik et 
al. 2006).  Mahy et al. report that ANC and DHS prevalence among women 15-24 was 

Figure 14. Ethiopia:  
HIV prevalence (females 15-24) and 
modeled incidence (adults 15-49)  

Figure 15. Ethiopia:  
HIV prevalence (females 15-24) 

and national ART coverage  
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reduced by 83% and 55%, respectively, from 2000-2011 (Mahy, Garcia-Calleja, and 
Marsh 2012).3  
 
 
4.2.4. Ghana 
 
(Refer to Table 2, Figure 16, and Figure 17) 
 
Modeled HIV incidence in Ghana has been on a downward trend since 1996, including 
through ART scale-up. Incidence was on the decline before ART scale-up, though there 
was a 70% reduction in incidence (0.17 – 0.05%) during that period (2004-2012), at the 
end of which ART coverage reached 58%.  
 
ANC prevalence in females 15-24 show a more dramatic decline than modeled incidence 
between 2002 and 2005.  It continues on an overall downward trend through 2011, 
though it rises and falls between some years.  Between 2000 and 2011, Mahy et al. 
described a 46% change in ANC prevalence among women 15-24 (Mahy, Garcia-Calleja, 
and Marsh 2012).  Few studies reporting directly measured incidence in Ghana have 
been carried out, though one study reported an incidence rate of 1.09/100 person years 

3 Montana et al. point out that ANC data in younger women (ages 15-24) is not 
representative of all women within this age group; this study found that HIV prevalence 
was significantly lower among DHS samples from young women living within 15km of 
ANC sites than actual prevalence measured from ANC surveys between 2003 and 2005 
(Montana, Mishra, and Hong 2008). 

Figure 16. Ghana:  
HIV prevalence (females 15-24) 

and incidence (adults)  

Figure 17. Ghana:  
HIV prevalence (females 15-24), incidence 

(adults) and national ART coverage  
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among women in a microbicide trial occurring 2004-2006. (Peterson et al. 2007).  This 
incidence rate is much higher than the UNAIDS incidence annual estimates for that same 
period (0.17% in 2004, 0.15% in 2005, 0.14% in 2006), presumably because the trial 
enrolled women with above-average HIV risk. 
 
 
4.2.5. Kenya 
 
(Refer to Table 2, Figure 18, and Figure 19) 
 
In 2012, it was estimated by UNAIDS that Kenya experienced 85,263 new HIV infections 
in adults and children, with modeled incidence at 0.41% for the adult population.  These 
modeled estimates show the steepest declines in HIV incidence happening between 
1994 and 1999 (2.15 – 0.7%), after which the downward trend continues, but at a much 
slower rate.  During ART scale-up (2004-2012), modeled incidence declined by 25% (0.54 
– 0.41%), while ART coverage reaching 73% in 2012. 
 

 
Trends from HIV prevalence in females 15-24 measured by ANC sentinel surveillance 
and DHS show similar curves, although they appear to have happened after modeled 
incidence trends began to decline.  The steepest decline in the prevalence trend from 
ANC data happened between 2000 and 2004, as compared to the most dramatic 
declines in modeled incidence occurring between 1994 and 1999.  Similarly, the slower 
decline in both ANC and DHS prevalence started between 2003 and 2004, whereas this 

Figure 18. Kenya:  
HIV prevalence (young females) 

and incidence (adults)  

Figure 19. Kenya:  
HIV prevalence (young females), incidence 

(adults), and national ART coverage 
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began in 1999 for modeled incidence. However, ANC and DHS prevalence data were not 
available prior to 2001, so it is unknown how these trends compared to incidence trends 
during that same period.   Mahy reported that there was a 69% and 24% reduction in 
ANC and DHS prevalence, respectively, among women 15-24 from 2000-2011, though 
the change in DHS prevalence was not statistically significant (Mahy, Garcia-Calleja, and 
Marsh 2012). 
 
Despite having a large population at risk and hosting two recently joined ALPHA 
Network sites, there are very few published studies reporting measured HIV incidence 
or prevalence within females aged 15-24.  However, in the few studies that have 
reported this data, the values have been much higher than national HIV prevalence data 
and modeled incidence estimates.  Although Chege et al. focused on females aged 18-24 
in Kisumu, prevalence in this age group and region of Kenya between 2007 and 2008 
(17.24%) far exceeds nationally reported prevalence data for that same time period 
(5.7%, ANC 2008)(Chege et al. 2012).  Measured incidence rates were also much higher 
than modeled incidence, though these rates were taken from high-risk populations, 
including discordant couples and highly sexually active women, and not representative 
of the general Kenyan adult population. 
 
 
4.2.6. Nigeria 
 
(Refer to Table 2, Figure 20, and Figure 21) 
 

Spectrum estimated incidence had been on the rise in Nigeria until 1999, after which 
there is a downward trend through 2012.  Between 2004 and 2012, modeled incidence 
was reduced by 49% (0.45-0.23%).  Sentinel surveillance data reveal a similar curve 

Figure 20. Nigeria: 
HIV prevalence (females 15-24) and 
modeled incidence (adults 15-49) 

Figure 21. Nigeria: 
HIV prevalence (females 15-24) and 

national ART coverage 
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through 2005, but the curve levels off after this point and does not support the 
continued decline shown by modeled incidence data, though few data during this period 
brings uncertainty to recent HIV epidemic trends in Nigeria.   Despite current estimates 
of the HIV incidence rate in Nigeria being relatively low, Nigeria had an estimated 
199,921 new HIV infections in adults in 2012. 
 
Nigeria also has among the lowest ART coverage in the countries surveyed, reaching 
only 32% in 2012. 
 
 
4.2.7. Rwanda 
 
(Refer to Table 2, Figure 22, and Figure 23) 
 
There has been a steady downward trend in Rwanda’s modeled incidence since 1991, 
reaching 0.13% in 2012.  ART scale-up happened relatively quickly, rising from 10% to 
71% between 2004 and 2007 and achieving 87% ART coverage by 2012.  During this 
same period, modeled HIV incidence was reduced by 42%.  
 
Very few nationally reported HIV prevalence data were found for Rwanda, and what 
was available does not show any consistent trend.  DHS prevalence data among young 

women show very little change between 2005 and 2010, whereas prevalence data from 
UNAIDS Indicator 1.6 are grossly not in agreement with that from DHS.   
 

Figure 22. Rwanda:  
HIV prevalence (females 15-24) 

and incidence (adults)  

Figure 23. Rwanda:  
HIV prevalence (females 15-24), incidence 

(adults), and national ART coverage  
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There are also few published studies on prevalence and incidence trends in Rwanda.  
Kayirangwa et al. reported that prevalence, including among females aged 15-24, was 
higher in urban vs. rural ANC clinics between 1998 and 2003 (Kayirangwa et al. 2006) 
and Kayibanda et al. noted that prevalence measured from ANC clinics is higher than 
that measured from DHS in 2005 (Kayibanda et al. 2011).  Only one study was found 
reporting directly measured incidence in Rwanda, and it measured an incidence decline 
(3.5 -2.1/100 person years) between 2006 and 2008 (Braunstein et al. 2011), though this 
was within female sex workers  and is not generalizable to the adult population.   
 
 
4.2.8. Tanzania 
 
(Refer to Table 2, Figure 24, and Figure 25) 
 
Modeled HIV incidence in Tanzania has been on a downward trend since 1992, reaching 
0.32% in 2012.  A 38% reduction in modeled incidence was seen between 2004 and 
2012 (0.5 – 0.32%), and ART coverage reached 61% at the end of this period.  
 
There are few nationally reported prevalence data available to infer and/or support 
incidence trends, and the data available do not agree with each other.  ANC prevalence 

in females aged 15-24 more closely mimics the little change seen in modeled incidence 
between 2004 and 2008, whereas prevalence obtained from AIS and Indicator 1.6 

Figure 24. Tanzania:  
HIV prevalence (young females) 

and incidence (adults) 

Figure 25. Tanzania:  
HIV prevalence (young females), incidence 

(adults), and national ART coverage 

-----High and low incidence estimates from Spectrum software 
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suggests a downward trend from 2004 to 2011.  Furthermore, the prevalence values 
within that period from ANC, AIS, and Indicator 1.6 sources widely vary from each other, 
with ANC prevalence being higher than that of AIS.  Mishra et al. also noted that lower 
HIV prevalence was found in AIS samples from women located within 15km of ANC 
clinics that prevalence from the clinics themselves (Montana, Mishra, and Hong 2008).  
 
Tanzania has two ALPHA Network field sites and has hosted a number of HIV trials and 
studies within the general adult population and specific demographics.  With the 
exception of a few early cases, these measured incidence rates are higher than modeled 
incidence estimates, falling well outside the higher confidence bound of the UNAIDS 
incidence estimates.  Additionally, HIV prevalence within women in Moshi was higher 
than nationally reported estimates between 2003 and 2004 (Ramjee et al. 2008).  
 
 
4.3. Countries with a downward HIV incidence trend (moderate decline 
2004-2012) 
 
Three countries show moderate declines (slopes -0.05 to -0.06) in modeled HIV 
incidence: Lesotho, South Africa, and Zimbabwe.  UNAIDS incidence estimates for 2012 
in this group are among the highest out of countries surveyed in this report, but no 
other unifying trends exist besides similar slopes during ART scale-up.   
 

 
 
4.3.1. Lesotho 
 
(Refer to Table 3, Figure 26, and Figure 27) 
 
Between 1990 and 1997, modeled HIV incidence in Lesotho rapidly and drastically 
increased, peaking at an estimated 5.04%.  The trend then turned around, declining to 
2.66% by 2004.  After that period, modeled incidence changes occurred much less 

Table 4. Summary of HIV incidence trends and ART coverage:  
Countries with a moderate downward trend 2004-2012 
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rapidly, with a reduction of only 15% between 2004 and 2012 (2.66 – 2.26%).  Nationally 
reported prevalence data (ANC and DHS in females aged 15-24 combined with Indicator 
1.6 data) support this downward trend from 2000-2011; however, it is these data that 
inform the Spectrum model.  The greatest modeled incidence declines occurred well 
before initiation of ART scale-up, but it cannot be excluded that the increasing ART 
coverage from 26% in 2007 to 58% in 2011 helped halt, and then turn around, incidence 
that had been slowly rising between 2005 and 2008.  

4.3.2. South Africa 
 
(Refer to Table 3, Figure 28, Figure 29, Figure 30, and Figure 31) 
 
South Africa is suffering from the largest HIV epidemic in the world, including new 
infections.  In 2012, it was estimated that there were 346,034 new cases of HIV in 
adults.  Modeled incidence rose dramatically from 1990 – 1998, reaching 2.85%.  It has 
been on a downward trend since then and was reduced by 30% from 2004 – 2012 (1.96-
1.37%).  ART coverage reached 80% at the end of that period. 
 
Comprehensive HIV incidence estimates are available from the South African National 
HIV Prevalence, Incidence, and Behavior Survey, 2012. HIV incidence in adults aged 15-
49 years was directly measured at 1.72% (CI95% 1.38; 2.06) for 2012, using a multi-assay 
testing algorithm. This is higher than the 2012 Spectrum estimate for 2012 of 1.37%. In 
addition, HIV incidence was indirectly estimated through modelling from three surveys 
to be 2.2% (2002-2005), 1.9% (2005-2008), and 1.9% (2008-2012) (Shisana et al. 2014).  
These estimates are slightly higher than UNAIDS estimates for the same period up until 
2011 (which extend from 2.26% in 2002 to 1.72% in 2011).   
 

Figure 26. Lesotho:  
HIV prevalence (females 15-24) and 
modeled incidence (adults 15-49) 

Figure 27. Lesotho:  
HIV prevalence (females 15-24) 

and national ART coverage 
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Nationally reported HIV prevalence data in females aged 15-24 suggest a downward 
incidence trend, however, the recent analysis by Shisana et al. suggests that the strong 
HIV incidence declines in youth (from 2.8% in 2002/05 to 1.5% in 2008/12) are not 
reflected in older adults, leading to an overall stable HIV incidence situation as described 
above(Shisana et al. 2014).4  Survey data also suggest that HIV prevalence levels in 
young females in the general population are lower than those in young ANC clients, with 
a steeper downward trend. Mahy et al. reported that between 2000 and 2011 there was 
a 17% change in population-survey-derived HIV prevalence in young females (Mahy, 
Garcia-Calleja, and Marsh 2012). Johnson et al., using an adapted STI–HIV Interaction 

4 Notably, modelled incidence from Shishana et al in males is lower than females, 
but this could be biased from higher non-response and testing refusal from males.  

Figure 28. South Africa:  
HIV prevalence (young females) 

and incidence (adults) 

Figure 29. South Africa:  
HIV prevalence (young females) and 

national ART coverage 

Figure 30. South Africa:  
HIV incidence (adults) and 

national ART coverage 

 36 

                                                        



model and the ASSA2003 AIDS and Demographic model, reported that HIV incidence 
rates in 15–49 year olds declined significantly between 2000 and 2008 (by 27% in the 
STI–HIV model and by 31% in the ASSA2003 model). Both models also estimated a small 
reduction in HIV incidence owing to ART by 2008 (Johnson et al. 2012). 
 
 

 
 
South Africa has been a site of many HIV clinical trials and studies, including those from 
two ALPHA Network sites.  Most of these studies that have directly measured and 
reported incidence have focused on women, and the incidence rates measured from 
them are much higher than UNAIDS estimates.  Prevalence measured from these studies 
also tends to be higher than nationally reported values from sentinel surveillance and 
DHS-type household studies.   
 
Tanser et al. reported incidence rates in a general population cohort from 2007 – 2011 
in KwaZulu-Natal, and data from this study show a downward trend in incidence rates, 
with values closer to Spectrum estimated incidence.  Additionally, this study showed 
that increasing ART coverage in a community affected individuals’ risk of acquiring HIV.  
Just by living in a community with high ART coverage (30 to 40% of all HIV-infected 
individuals on ART), an HIV-uninfected individual was 38% less likely to acquire HIV than 
someone living in a community where ART coverage was low (<10% of all HIV-infected 
individuals on ART) (Tanser et al. 2013).  

Figure 31. South Africa:  
Modelled and Directly Measured HIV incidence (adults) 
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4.3.3. Zimbabwe 
 
(Refer to Table 3, Figure 32, and Figure 33) 
 
Zimbabwe had been experiencing a terrible HIV epidemic in the early 1990s, based on 
modeled incidence, peaking at an estimated 5.84% in 1993.  However, over the next 11 
years incidence steeply dropped to 1.45% in 2004.  Change in incidence after that (2004-
2012) was less drastic.  However, a 34% reduction in incidence (1.45 – 0.96%) was 
achieved during this period, and ART coverage levels peaked at 83% in 2011, declining 
slightly to 79% the next year. 

 
Nationally reported prevalence data support the downward trend in modeled incidence.  
ANC and DHS prevalence in females aged 15-24 together follow a similar curve, but it 
occurs slightly later.  Overall, Mahy et al. reported a 63% and 34% change in ANC and 
DHS prevalence, respectively, in this same demographic between 2000 and 2001 (Mahy, 
Garcia-Calleja, and Marsh 2012).  
 
Directly measured prevalence and incidence from trials and studies, including those 
data from the ALPHA Network site in Manicaland, also support HIV incidence declines.  
Although most of the data are derived from females and both prevalence and incidence 
tend to be higher than nationally reported and modeled estimates, there is a general 
trend downward. 

Figure 33. Zimbabwe:  
HIV prevalence (young females), incidence 

(adults) and national ART coverage 

Figure 32. Zimbabwe: 
HIV prevalence (young females and 

incidence (adults) 

 38 



 
4.4. Countries with downward HIV incidence trends (steep decline 2004-
2012) 
 
Countries within this group have experienced the steepest declines (slope -0.08 to -0.14) 
by UNAIDS HIV incidence estimates.  All of the countries within this group had high 
modeled incidence estimates in 2012 and reductions in incidence between 37% and 
47%.  With the exception of Mozambique, ART scale-up has been successful and was 
69% and above in 2012.  The size of the epidemic in this group is variable – Swaziland 
has the highest 2012 incidence estimate in this group and is almost two times that of 
Mozambique’s (2.04% vs. 1.03%, but ten times as many new infections were estimated 
in Mozambique (103,514) than Swaziland (10,287). 
 
 
 

 
 
4.4.1. Botswana 
 
(Refer to Table 4, Figure 34, and Figure 35) 
 
Based on Spectrum estimates, Botswana has made great progress in reducing HIV 
incidence.  Modeled incidence peaked in 1995 at 5.75%, but since then, it has been 
rapidly declining.  ART scale-up has also been highly successful; within eight years 
coverage went from 44% to over 95%. HIV incidence was reduced by 44% (2.23 – 1.25%) 
in that same period, but it is important to note that a steep downward trend had begun 
years prior to ART roll-out in 2004. 

Table 5. Summary of HIV incidence trends and ART coverage:  
Countries with a steep downward trend 2004-2012 
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Both ANC and BAIS prevalence data in females aged 15-24 also support the modeled HIV 
incidence trend in Botswana, with Mahy et al. reporting a 63% and 41% change in ANC 
and DHS prevalence, respectively, between 2000 and 2011 (Mahy, Garcia-Calleja, and 
Marsh 2012).  
 

 
4.4.2. Malawi 
 
(Refer to Table 4, Figure 36, and Figure 37) 
 
Modeled HIV incidence in Malawi has been on a downward trend since 1995, continuing 
through 2012.  Between 2004 and 2012, estimated incidence was reduced by 44% (from 
1.37% to 0.77%), and ART coverage reached 69%.  From 2003 and on, nationally 
reported prevalence data in females aged 15-24 support modeled incidence trends, 
though the decline is considerably steeper.  Mahy et al. reported a 68% and 43% 
reduction in ANC and DHS prevalence in females 15-24, respectively, from 2000 – 2011 
(Mahy, Garcia-Calleja, and Marsh 2012). 
 
Malawi has hosted a number of HIV trials and studies, including those from the Karonga 
site of the ALPHA network.  In general, directly measured incidence rates from these 
trials show no specific upward or downward trend, but are higher than modeled 
incidence estimates.  The higher incidence data from trials may be explained by a high 
risk female population recruited for these microbicide efficacy studies. On the other 
hand, prevalence levels from these studies are lower than nationally reported 
prevalence data. It should be noted that these data were measured in young women in 

Figure 34. Botswana:  
HIV prevalence (females 15-24) 
and modelled incidence (adults 

 

Figure 35. Botswana:  
Prevalence (females 15-24) and 

national ART coverage 
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Karonga, suggesting how variable prevalence data may be at the local level in Malawi, 
stressing how any one site may deviate from national data. 
 

 
4.3.3. Mozambique 
 
(Refer to Table 4, Figure 38, and Figure 39) 
 
Mozambique has a large HIV epidemic, with an estimated 103,514 new cases in adults in 
2012.  Modeled incidence had been on the rise until 2002, at which point it was 
estimated at 1.83%.  It then turned around and followed a downward trend reaching 
1.03% in 2012.     
 
The shape of the curve from ANC prevalence in females 15-24 is similar to and supports 
the modeled incidence trends, albeit, it is shifted just after incidence – the high 
prevalence peak and subsequent decline occur a few years after the Spectrum incidence 
peak and decline.  This is based on the assumption that the 2004 ANC data point is not 
an outlier, and indeed, is representative of overall prevalence trends within young 
females.  If not, very little change occurred in ANC prevalence within this demographic 
between 2001 and 2009. 
 
 

Figure 37. Malawi:  
HIV prevalence (young females), incidence 

(adults), and national ART coverage 

Figure 36. Malawi:  
HIV prevalence (young females) 

and incidence (adults) 
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ART coverage in Mozambique was reported at 45% in 2012.  Although modeled 
incidence had begun a downward trend prior to ART scale-up initiation in 2004, it was 
further reduced by 37% (from values of 1.64% to 1.03%), with a steady decline through 
that period.   
 
 

 
4.4.4. Namibia 
 
(Refer to Table 4, Figure 40, and Figure 41) 
 
According to Spectrum outputs, HIV incidence rose quickly in Namibia, peaking at 2.7% 
in 1998, and then turned around, with steep declines until 2007 and then a slower rate 
of change through 2012.  ANC prevalence in females aged 15-24 supports the 
downward decline, and Mahy et al. also reported a 59% change in this same 
demographic from 2000 – 2011 (Mahy, Garcia-Calleja, and Marsh 2012).  
 
While the steepest declines in incidence happened prior to ART scale-up, it is worth 
noting that Namibia, a country with a high incidence in 2004, experienced a 47% 
reduction (1.53 – 0.81%) in incidence by 2012.  At this point, ART coverage had reached 
over 95% in 2011 and dropped slightly to 90% in 2012. 
 
Only one study could be found reporting measured incidence from a trial or study in 
Namibia.  This study found that between 2007 and 2009, HIV incidence in the general 
population of the Windhoek region was 2.1/100 person years (Aulagnier et al. 2011).  
This measured value is higher than Spectrum estimates for that same period (0.96-

Figure 38. Mozambique:  
HIV prevalence (females 15-24) and 
modeled incidence (adults 15-49) 

Figure 39. Mozambique:  
HIV prevalence (females 15-24) and 

national ART coverage 
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0.81%).  This is not surprising, as it is expected that an urban area, and this country’s 
capital, would have a higher incidence than the national value.  
 
 

4.4.5. Swaziland 
 
(Refer to Table 4, Figure 42, and Figure 43) 
 
Swaziland had one of the world’s highest modeled HIV incidence rates in 2012, at 2.04%, 
but contributed far fewer new infections in adults that same year (10,287) than the 
majority of the countries in this group.  Between 1990 and 1996, modeled incidence 
steeply rose to 5.07%, but then declined through 2012.  However, this trend is not 
reflected in ANC prevalence data; instead, there is very little change in prevalence 
among females aged 15-24 between 2000 and 2011. 
 
Swaziland is in the unique position to have nationally-representative directly observed 
HIV incidence data from the Swaziland HIV Incidence Measurement Survey (SHIMS) 
conducted in 2011. HIV incidence in adults aged 18-49 years was 2.4% (Kingdom of 
Swaziland Ministry of Health 2012), which compares very well to the Spectrum HIV 
incidence estimate of 2.47% for 2011. Incidence estimates obtained using LAg-Avidity 
EIA (2.6%) and a nucleic acid amplification test (2.6%) compared favourably to directly 
observed incidence (2.4%). The incidence estimate derived from the BED assay (13.1%) 
was not comparable to directly observed incidence, indicating that the BED assay 
overestimates incidence and is not appropriate for use in populations with high ART 
coverage.  

Figure 40. Namibia:  
HIV prevalence (females 15-24) and 

incidence (adults) 

Figure 41. Namibia:  
HIV prevalence (females 15-24), incidence 

(adults) and national ART coverage 
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ART scale-up has been successful, reaching 83% and 82% in 2011 and 2012.  During that 
same period (2004 – 2012), there was a 38% reduction in modeled HIV incidence (3.29 – 
2.04%), though incidence had been declining prior to ART scale-up initiation. 

 
4.4.6. Zambia 
 
(Refer to Table 4, Figure 44, and Figure 45) 
 
Modeled HIV incidence in Zambia has been on an overall decline since 1992, starting at 
2.59% and reaching 0.79% in 2012.  Zambia achieved high levels of ART coverage (82% 
in 2011 and 79% in 2011), and during the period of scale-up (2004 – 2011), incidence 
was reduced by 47% (1.49 – 0.79%).   
 
DHS and Indicator 1.6 data reflect a downward trend, and Mahy et al. reported a 23% 
change in DHS prevalence among women aged 15-24 (Mahy, Garcia-Calleja, and Marsh 
2012) between 2000 and 2011.  However, there is very little overall change in ANC 
prevalence among this same demographic from 2002 to 2007.  Few trials or studies have 
measured HIV prevalence or incidence in Zambia, but those that have reported higher 
values than nationally reported prevalence or UNAIDS incidence estimates.  
 
 
 
 
 
 

Figure 42. Swaziland:  
HIV prevalence (females 15-24), and 

modeled incidence (adults 15-49) 

Figure 43. Swaziland:  
HIV prevalence (females 15-24) and 

national ART coverage 
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Figure 44. Zambia:  
HIV prevalence (young females) and 

incidence (adults) 

Figure 45. Zambia:  
HIV prevalence (young females), incidence 

(adults), and national ART coverage 
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The purpose of this review was to comprehensively triangulate, describe, and analyze 
longitudinal HIV incidence trends in select Sub-Saharan African countries between 1990 
and 2012.  Proxies of HIV incidence (HIV prevalence in young females) from nationally 
reported sources and published studies were compared to each other, and UNAIDS 
modeled HIV incidence curves were compared to HIV incidence empirically obtained 
from trials and studies.  In addition, HIV incidence trends were related to temporal 
trends in ART scale-up from 2004 to 2012.  
 
One challenge encountered in this review was the scarcity of measured HIV incidence 
data in many countries.  There is a dearth of published studies reporting directly 
measured HIV incidence, including those from the ALPHA Network, and for many 
countries, no measured HIV incidence data could be identified. The scarcity of data is 
most profound before 2001, which presents a challenge to the certainty in which 
national HIV epidemics can be modeled prior to this year.  Uganda, Zimbabwe, and 
South Africa are exceptions to this general lack of measured incidence data, as a number 
of studies reporting HIV incidence rates from intervention trials or observational studies 
have been carried out in these countries. In general, measured HIV incidence rates tend 
to be higher in sub-national studies in specific demographics than corresponding 
UNAIDS incidence estimates for these three countries, though incidence rates measured 
within the general population (not specific demographics or high-risk groups) of Uganda 
tend to be similar to the UNAIDS estimates and the overall incidence trend in Zimbabwe 
mirrors that projected by Spectrum.  
 
Another difficulty in longitudinally assessing incidence trends was the scarcity of repeat 
cross-sectional, nationally representative HIV prevalence surveys.  In many cases, only a 
few ANC and DHS/AIS reports through the years of interest could be readily found, 
leaving few data points from which to infer long-term incidence trends.  While many of 
the individual reports from sentinel surveillance or DHS/AIS surveys could be obtained 
from Measure DHS, governmental websites, or other online sources, a central 
repository for these reports, even within the UNAIDS website, would be a useful 
resource for those conducting similar analyses.  Recently (as of late 2013, before 
compilation of data in this review), national Spectrum files used to estimate prevalence 
were made available by UNAIDS through request at http://apps.unaids.org/spectrum/.  
 
ANC data was more abundant than DHS/AIS data, which comes as no surprise due to the 
logistical and financial challenges of carrying out household-based surveys.  However, as 
pointed out by Montana et al., in the cases of Ethiopia and Tanzania (Mahy, Garcia-
Calleja, and Marsh 2012), and also found here in other countries (Lesotho, South Africa, 
and Botswana), HIV prevalence in young ANC clients aged 15-24 is higher than 
prevalence measured in females from DHS/AIS in the same age bracket, a chief reason 
being different sexual behaviors in these two groups.  Also, ANC data are subject to a 

5. DISCUSSION 
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number of influencers and biases, including natural and HIV/ART related fertility 
changes within a population and the varying composition of the surveillance sample as 
new sites are included in surveys.  Data from DHS also carry their own unique biases 
such as test refusal; therefore, the sources of data available and used in the Spectrum 
model, along with their inherent biases, will greatly influence UNAIDS estimates, 
potentially in a way that may not accurately reflect incidence within the general 
population. It is difficult to predict in what direction these biases may affect the 
resulting modeled incidence trends, as the overall effect will likely be multi-factorial and 
change over time. However, preliminary work is being conducted to specifically 
investigate the effects of biases on HIV prevalence data, including underestimation of 
HIV prevalence due to testing refusal of survey respondents knowing their positive 
status. 
 
In general, most nationally reported HIV prevalence trends within females 15-24 are in 
agreement with the direction of modeled incidence trends from Spectrum (e.g. Central 
African Republic, Congo, Ethiopia, Ghana, Kenya, Tanzania, Lesotho, South Africa, 
Zimbabwe, Botswana, and Namibia), though the relative amount of change may be 
quite different in these two data sources (e.g. Tanzania, Swaziland, Zambia), or the 
timing of changes may (e.g. Burundi and Kenya) may not match.  Since ANC and DHS/AIS 
prevalence data inform the Spectrum model, it is not surprising that most of these 
trends reflect each other. 
 
Few research trials or studies exist in which measured HIV incidence trends have been 
assessed over long –periods of time; most incidence rates were measured over a few 
years to assess the impact of an intervention or suitability of a site for an intervention 
trial.  A consistent finding in countries with directly measured HIV incidence from trials 
or studies was that these empirical incidence rates were higher than the modeled 
UNAIDS estimates.  This is likely due to such studies focusing on higher-risk 
demographics (ex. high-risk young women, discordant couples), or geographic areas 
with higher HIV transmission intensity than the national average situation.  Most studies 
included in this review are not representative of national incidence, as very few have 
included more than one trial site or region within a country5. Trial and study 
sites/populations are also atypical, as they have more resources with regard to service 
provision and ability to implement ART scale-up and other interventions.  Altogether, 
these findings suggest that modeled national incidence estimates are not indicative of 
incidence within specific demographics and/or regions. The wide range of HIV incidence 
levels in different demographics is well illustrated by the South African 2012 national 
HIV incidence estimates (Shisana et al., 2014):  At 1.72% for adults aged 15.49 years, but 
0.55% in young men, 2.54% in young women, 3.08% in adults cohabiting, and 4.54% in 

5 One important exception is the SHIMS study, whose directly measured incidence value 
of 2.4% in 2011 is in close accordance with the Spectrum incidence estimate of 2.47%.  
The SHIMS incidence survey was designed to be nationally representative.    
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Black African females aged 20-34 years (Spectrum estimate national level for 2012 at 
1.37%).  
 
In all countries included here, there has been a considerable decrease in modeled HIV 
incidence from peak levels, with variations in how much and at what rate this fall in 
modeled incidence may have occurred in different countries.  Although HIV prevention 
progress can be assessed by a few measures of incidence reduction (percent change, 
value in 2012, rate of change), it is important to consider all of them on a country-by-
country basis, as only using one may provide the full picture of the progress that has 
been made in addressing the national HIV epidemic or its current state.  High or low HIV 
incidence rates can translate into very different number of new HIV infections 
depending on the countries’ population sizes. Ethiopia had a very low incidence rate in 
2012 (0.03%), but it still experienced an estimated 10,503 new infections that same 
year.  Nigeria had a lower estimated incidence rate than Tanzania (0.23% vs. 0.32%), but 
it had nearly three times as many estimated new infections in 2012 (199,921 vs. 68,683).  
On the other hand, Swaziland, a much less populous country, had a high estimated 
incidence in 2012 (2.04%), but the number of new HIV cases in adults was much smaller 
at 10,287.  Historical numbers of new HIV infections determine current ART needs and 
expenditures, while current (and future) new infections determine the additional, long-
term treatment liabilities in countries.  
 
Percent reduction of modeled incidence is another useful measure to assess progress in 
addressing the HIV epidemic, but it, too, cannot provide the whole picture. For example, 
while Ghana’s modeled incidence dropped 70%, from 0.18% to 0.05%, the slope of 
Botswana’s decline (2.23% to 1.25%) from 2004-2012 is steeper, despite a lower percent 
reduction in incidence (44%).  Additionally, this measure is strongly influenced by its 
historical incidence data and the height of the incidence peaks in the past, which can be 
problematic, as different versions of Spectrum can provide varying estimated levels, 
resulting in different percent reductions across software versions. When comparing 
longitudinal incidence trends using estimates from both 2010 and 2012 Spectrum 
software, it was found that incidence reduction was greater for some countries using 
2010 Spectrum estimates (Burkina Faso, Central African Republic, Namibia, Rwanda, 
South Africa, Swaziland, Zimbabwe), and greater for others (Botswana, Congo, Ghana, 
Kenya, Lesotho, Malawi, Mozambique, Nigeria, Tanzania, Uganda, Zambia) using 2012 
Spectrum (Fig. 1 and 2).  These differences in incidence reduction comparing 2012 vs 
2010 Spectrum estimates are quite extreme in some cases: Ghana (56% vs 17%), Nigeria 
(49% vs 3%), and Uganda (39% vs 4%).   
 
If different Spectrum versions or the addition of one more year of data into the current 
Spectrum software (see Annex 2) result in different incidence estimates and historical 
peaks, this suggests some uncertainty in past estimations and future projections of HIV 
incidence, and complicates the assessment of the HIV epidemic.  This is especially 
important as UNAIDS determines national progress using modeled HIV incidence 
changes, categorized by increasing incidence over 25%, stable incidence (less than 25% 
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change in incidence, up or down), and incidence reduction greater than 25% and 50%.  
Additionally, variable HIV incidence data across years may over/underestimate those in 
need of treatment in the present and future.  In some cases, recent modeled HIV 
incidence estimates and trends may be too optimistic.  ANC data from Nigeria suggest 
that HIV incidence has stabilized, whereas Spectrum estimates continue to decline.  
Also, in cases where incidence has been directly measured in trials or studies, these 
values are often higher than modeled incidence (a large caveat being that many of these 
studies have been done in high-risk populations).  Because of this potential uncertainty 
in Spectrum estimates and its recent trends, it will be very important in the future to 
continue to collect and analyze empirical incidence data, directly and indirectly 
measured.  
 
Thus, it was chosen to group countries and assess overall progress in reducing incidence 
by the rate of change in modeled incidence between 2004 and 2012.  By this measure, 
Botswana and Swaziland have made the most recent progress in reducing national 
incidence.  In these cases, and the other countries with steep Spectrum modeled 
incidence declines (Malawi, Mozambique, Namibia, and Zambia) the downward trend in 
HIV incidence began prior to ART scale-up; thus, additional mechanisms are likely 
responsible for the reduction before and through this period. Investigation of what 
factors influenced the decline, including prevention programs and/or natural epidemic 
declines, in these countries is warranted (an analysis of epidemic, behavioral and 
program data to understand reasons for epidemic change in selected countries is being 
conducted by Imperial College London and funded by the World Bank). 
 
Three countries in this analysis have shown very little change in, or stabilized, modeled 
incidence between 2004 and 2011.  These countries include Burkina Faso, Burundi, and 
Uganda.  Both Burkina Faso and Burundi support small HIV epidemics (no more than 
4,502 estimated new infections in 2012) with recently low estimated incidence levels, so 
the stabilized trend is not as concerning compared to Uganda’s large epidemic. (122,806 
new estimated infections in Uganda for 2012).  
 
A focus of this review was to describe how incidence trends changed, if at all, during 
ART scale-up, with the acknowledged caveat that doing so is complicated by the 
inclusion of ART into the Spectrum estimation process, and the resulting incidence 
curves cannot be interpreted to assess ART effects on national-level HIV incidence. 
Additionally, the extent to which ART scale-up contributed to incidence trends cannot 
be determined without examining the effects that other HIV prevention programs (male 
circumcision and voluntary counseling and testing), HIV risk behavior changes in the 
population, or natural epidemic dynamics, could have also had (as previously 
mentioned, the Imperial College analysis addresses this issue).  Despite these significant 
limitations to our analysis, it is evident that in all countries, modeled HIV incidence had 
started to decline prior to ART scale-up, and in most of these cases, the steepest 
declines happened well before 2004. In some cases, there was very little change or even 
an upward trend in modeled incidence during ART scale-up (2004-2012), but the design 
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of this assessment is unable to determine what effect, if any, ART had on national HIV 
incidence trends. It is interesting to note that the inter-survey HIV incidence levels in 
South Africa are level at 1.9% for 2005-08 (ART coverage in the range of 20-30% [CD4 
200 threshold]) and equally 1.9% for 2008-12 (ART coverage rising to 66% in 2011 [CD4 
350 threshold]), hence showing no clear impact of the significant ART scale-up on 
model-inferred HIV incidence.   While unable to conclude through this analysis, it is 
possible that ART might have had an influence on sustaining the downward trajectory of 
the epidemics in some countries. 
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The purpose of this document was to longitudinally describe and analyze HIV incidence 
trends in 20 Sub-Saharan African countries, using multiple sources and forms of data, 
empirical and modeled, and to assess how these data related to each other.  It was 
found that modeled incidence trends are generally in congruence with nationally 
reported incidence proxy data from ANC and DHS/AIS reports, and both sets of data 
indicate that incidence has been on the decline in all countries analyzed here.  However, 
measured incidence rates and prevalence coming from published studies and ALPHA 
network sites show variation from the modeled and nationally reported data, more 
often with higher values.  A caveat is that these data come from discrete field sites and 
regions, and too few studies have provided temporal data across multiple sites for 
comparison with nationally reported data to help validate modeled HIV incidence 
trends.  More focus should be given to efforts to longitudinally measure and monitor 
incidence within and across geographical areas. 
 
This analysis also sought to investigate the dynamics of incidence trends prior to and 
during ART scale-up.  In all countries, a downward trend in modeled incidence had 
begun prior to scale-up, suggesting other factors responsible for reduced incidence, 
such as HIV risk behavior changes or the natural rises and falls of an epidemic.  While it 
cannot be ruled out that increased national ART coverage helped maintain downward 
modeled incidence trends, but concluding so was beyond the scope of this review.  
Furthermore, it is likely too early for the effects of ART scale-up to be observed at the 
population level, even for descriptive purposes, and current efforts are going into 
investigating what led to incidence declines prior to scale-up (previously mentioned 
Imperial College studies, funded by the World Bank). 
 
In conclusion, while modeled incidence trends are encouraging and suggest a positive 
evolution towards lower national HIV incidence levels, maintaining this progress or 
rejuvenating efforts to break stagnant incidence trends will be helped with accurate and 
representative incidence data and a better understanding of how and why incidence 
began to decline within each country (and whether these declines have stabilized or 
continue to decline in recent years).  This requires continual updates to Spectrum 
software based on the latest understanding of how various factors influence HIV 
epidemic dynamics (ART’s and other interventions’ effects on prevalence data and risk 
of transmission, biases from prevalence data, ART adherence and efficacy estimates, 
and changing/aging HIV+ population dynamics).  Finally, increased availability and 
measurement of empirical HIV epidemiological data (as for instance through the 
ongoing TasP trials) will greatly improve the understanding of the HIV epidemic on the 
ground and provide further information to improve the Spectrum model. 

6. CONCLUSION 
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Botswana 
 

  

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral 
coverage (%) 

1990 - - 1.95 - 
1991 - - 2.77 - 
1992 - - 3.73 - 
1993 - - 4.65 - 
1994 - - 5.35 - 
1995 - - 5.75 - 
1996 - - 5.73 - 
1997 - - 5.50 - 
1998 - - 5.01 - 
1999 - - 4.42 - 
2000 - - 3.85 - 
2001 35.1 - 3.35 - 
2002 31.6 - 2.94 - 
2003 32.5 - 2.56 - 
2004 - 18.2 2.23 44 
2005 26.1 - 1.98 64 
2006 25.0 - 1.85 76 
2007 24.6 - 1.74 79 
2008 - 10.7 1.72 - 
2009 20.8 - 1.59 90 
2010 - - 1.38 93 
2011 16.1 - 1.30 >95 
2012 - - 1.25 95 

 
ANC data sources: Botswana Second Generation HIV/AIDS Antenatal Sentinel Surveillance Technical Report 2009 and 
2011   
  
National DHS and AIS data sources: Botswana AIDS Impact Survey 2004 and 2008 
 
Burkina Faso  
 

  

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral 
coverage (%) 

1990 - - 0.73 - 
1991 - - 0.70 - 
1992 - - 0.65 - 
1993 - - 0.56 - 
1994 - - 0.45 - 
1995 - - 0.35 - 
1996 - - 0.27 - 
1997 - - 0.20 - 
1998 - - 0.14 - 
1999 - - 0.10 - 
2000 - - 0.07 - 
2001 - - 0.06 - 
2002 - - 0.06 - 
2003 1.9 1.3 0.06 - 
2004 1.5 - 0.06 7 
2005 1.4 - 0.06 19 
2006 1.0 - 0.06 31 
2007 1.3 - 0.06 35 
2008 0.4 - 0.07 - 
2009 1.3 - 0.06 44 
2010 0.7 0.3 0.07 50 
2011 - - 0.06 57 
2012 - - 0.05 70 

 
ANC data sources: Burkina Faso UNGASS Report 2008 and Burkina Faso GARPR 2012 
     
National DHS and AIS data sources: Burkina Faso DHS 2005 and 2010  

ANNEX 1: Country and year specific incidence and 
prevalence data, including sources 
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Burundi 
 

  

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral 
coverage (%) 

1990 - - 0.61 - 
1991 - - 0.77 - 
1992 - - 0.90 - 
1993 - - 0.95 - 
1994 - - 0.87 - 
1995 - - 0.71 - 
1996 - - 0.51 - 
1997 - - 0.34 - 
1998 - - 0.17 - 
1999 - - 0.11 - 
2000 7.1 - 0.07 - 
2001 - - 0.06 - 
2002 - 3.8 0.06 - 
2003 3.9 - 0.08 - 
2004 - - 0.09 6 
2005 - - 0.09 13 
2006 - - 0.09 17 
2007 - - 0.10 23 
2008 - - 0.10 - 
2009 1.3 - 0.08 35 
2010 0.8 0.8 0.08 45 
2011 - - 0.08 54 
2012 - - 0.06 58 

 
ANC data sources: HIV and AIDS epidemiological surveillance report for the WHO African region: 2007 update, Burundi 
UNGASS Report 2010, Burundi Bilan des Realisation du Plan d'Action National de Lutte contre le SIDA 2011 
 
National DHS and AIS data sources: Burundi HH 2002 and DHS 2010 
 
 
Central African Republic 
 

  

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral 
coverage (%) 

1990 - - 1.18 - 
1991 - - 1.17 - 
1992 - - 1.18 - 
1993 - - 1.17 - 
1994 - - 1.15 - 
1995 - - 1.13 - 
1996 - - 1.07 - 
1997 - - 1.00 - 
1998 - - 0.91 - 
1999 - - 0.81 - 
2000 - - 0.74 - 
2001 - - 0.67 - 
2002 - - 0.62 - 
2003 - - 0.58 - 
2004 - - 0.53 3 
2005 - - 0.48 4 
2006 - - 0.44 6 
2007 8.21 - 0.40 21 
2008 - - 0.37 - 
2009 7.22 - 0.34 23 
2010 - - 0.32 24 
2011 4.83 - 0.29 22 

 
 
ANC data sources: Central African Republic UNGASS Report 2008 and 2010, Comite National de Lutte Contre le SIDA 
2012 Rapport d'Activite au Niveau du Pays Republique Centrafricaine 
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Congo 
 

  

Prevalence among females 15-24 (%) Spectrum estimates 

Indicator 1.6 - HIV 
prevalence in young 

people 15-24 (%) 

National Antenatal 
Sentinel 

Surveillance 
Surveys 

National Demographic 
and Health or AIDS 

Impact Surveys 
Incidence in 

adults 15-49 (%) 
Antiretroviral 
coverage (%) 

1990 - - 0.81 - - 
1991 - - 0.84 - - 
1992 - - 0.81 - - 
1993 - - 0.82 - - 
1994 - - 0.76 - - 
1995 - - 0.71 - - 
1996 - - 0.66 - - 
1997 - - 0.62 - - 
1998 - - 0.54 - - 
1999 - - 0.53 - - 
2000 - - 0.49 - - 
2001 - - 0.44 - - 
2002 - - 0.39 - - 
2003 - - 0.36 - - 
2004 - - 0.34 2 - 
2005 2.6 - 0.31 11 - 
2006 - - 0.29 12 - 
2007 - - 0.27 17 2.6 
2008 - - 0.26 - - 
2009 - 2.4 0.24 24 1.9 
2010 - - 0.21 41 - 
2011 - - 0.18 44 1.79 
2012 - - 0.16 39 - 

 
ANC data source: Congo UNGASS Report 2008 
   
National DHS and AIS data source: Congo AIS 2009 
 
 
Ethiopia 
 

  

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral coverage 
(%) 

1990 - - 0.36 - 
1991 - - 0.44 - 
1992 - - 0.52 - 
1993 - - 0.55 - 
1994 - - 0.56 - 
1995 - - 0.56 - 
1996 - - 0.54 - 
1997 - - 0.51 - 
1998 - - 0.46 - 
1999 - - 0.41 - 
2000 - - 0.35 - 
2001 12.4 - 0.29 - 
2002 11.0 - 0.22 - 
2003 8.6 - 0.15 - 
2004 - - 0.11 4 
2005 5.6 1.1 0.08 7 
2006 - - 0.06 18 
2007 3.5 - 0.04 29 
2008 - - 0.04 - 
2009 2.6 - 0.03 36 
2010 - - 0.03 47 
2011 - 0.5 0.02 56 
2012 - - 0.03 60 

 
ANC data source: Report on the 2009 Round Antenatal Care Sentinel HIV Surveillance in Ethiopia 
     
National DHS and AIS data sources: Ethiopia DHS 2005 and 2011   
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Ghana 
 

  

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral 
coverage (%) 

1990 - - 0.22 - 
1991 - - 0.25 - 
1992 - - 0.29 - 
1993 - - 0.34 - 
1994 - - 0.36 - 
1995 - - 0.37 - 
1996 - - 0.37 - 
1997 - - 0.34 - 
1998 - - 0.31 - 
1999 - - 0.28 - 
2000 - - 0.25 - 
2001 - - 0.23 - 
2002 3.8 - 0.20 - 
2003 3.2 1.2 0.18 - 
2004 2.5 - 0.17 3 
2005 1.9 - 0.15 5 
2006 2.5 - 0.14 12 
2007 2.6 - 0.13 15 
2008 1.9 - 0.11 - 
2009 2.1 - 0.10 28 
2010 1.5 - 0.08 36 
2011 1.7 - 0.07 47 
2012 - - 0.05 58 

 
ANC data sources: Ghana HIV Sentinel Survey Report 2007, Ghana UNGASS Report 2008, Ghana Country AIDS 
Progress Report 2012 
  
National DHS and AIS data source: Ghana DHS 2003 
 
 
 

Study reference 
Incidence rate/100 

person years 
Time frame of 

study 
Study/Trial 
population Region 

Peterson et al., PLoS One 2007 1.09 2004-2006 Women in microbicide trial  
Kumasi and 

Accra 
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Kenya 
 

  

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral 
coverage (%) 

1990 - - 1.07 - 
1991 - - 1.53 - 
1992 - - 1.99 - 
1993 - - 2.24 - 
1994 - - 2.15 - 
1995 - - 1.80 - 
1996 - - 1.40 - 
1997 - - 1.07 - 
1998 - - 0.84 - 
1999 - - 0.70 - 
2000 18.0 - 0.72 - 
2001 13.1 - 0.66 - 
2002 10.8 - 0.61 - 
2003 9.1 5.9 0.58 - 
2004 6.2 - 0.54 6 
2005 6.8 - 0.52 14 
2006 5.6 - 0.51 27 
2007 - - 0.52 38 
2008 5.7 - 0.53 - 
2009 - 4.5 0.49 51 
2010 4.6 - 0.46 61 
2011 - - 0.44 72 
2012 - - 0.41 73 

 
ANC data sources: Sentinel Surveillance of HIV & STDS in Kenya Report 2006 and Sentinel Surveillance of HIV & 
Syphilis from Antenatal Clinics in Kenya Report 2010 
 
National DHS and AIS data sources: Kenya DHS 2003 and 2008-2009 
 
 

Study reference 

Prevalence 
among 

females  15-24 
(%) 

Incidence 
rate/100 

person years 
Time frame of 

study 
Study/Trial 
population Region 

Brubaker et al., HIV 
Med 2011  4.6 2005-2007 Discordant couples Kisumu 

Chege et al.,  J Infect 
Dev Ctries 2012 17.24     (18-24)  2007-2008 Adult general 

population Kisumu 

Van Damme, NEJM 
2012  4.7 2009-2011 PrEP among women 

18-35  (control) Bondo 

Baeten et al., NEJM 
2012  1.9 2008-2010 PrEP in discordant 

couples (placebo) 
Eldoret, Kisumu, 

Nairobi, Thika 
ALPHA network study     
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Lesotho 
 

  

Prevalence among females 15-24 (%) Spectrum estimates 
Indicator 1.6 - 

HIV prevalence 
in young people 

15-24 (%) 

National Antenatal 
Sentinel Surveillance 

Surveys 

National Demographic 
and Health or AIDS 

Impact Surveys 
Incidence in 

adults 15-49 (%) 
Antiretroviral 
coverage (%) 

1990 - - 0.49 - - 
1991 - - 0.93 - - 
1992 - - 1.62 - - 
1993 - - 2.52 - - 
1994 - - 3.57 - - 
1995 - - 4.46 - - 
1996 - - 4.98 - - 
1997 - - 5.04 - - 
1998 - - 4.72 - - 
1999 - - 4.20 - - 
2000 21.7 - 3.75 - - 
2001 - - 3.32 - - 
2002 - - 2.95 - - 
2003 24.2 - 2.77 - - 
2004 - 15.4 2.66 4 - 
2005 20.5 - 2.66 11 - 
2006 - - 2.67 22 - 
2007 18.7 - 2.77 26 18.7 
2008 - - 2.85 - - 
2009 - 13.6 2.69 50 19.6 
2010 - - 2.38 56 - 
2011 - - 2.26 58 16.88 
2012 - - 2.26 54 - 

 
ANC data sources: Lesotho ANC HIV and Syphilis Sentinel Surveillance Synopsis 2003, 2005, and 2007 
  
National DHS or AIS data sources: Lesotho DHS 2004 and 2009  
 
Malawi 
 

  

Prevalence among females 15-24 (%) Spectrum estimates 
Indicator 1.6 - 

HIV prevalence 
in young people 

15-24 (%) 

National Antenatal 
Sentinel Surveillance 

Surveys 

National Demographic 
and Health or AIDS 

Impact Surveys 
Incidence in 

adults 15-49 (%) 
Antiretroviral 
coverage (%) 

1990 - - 2.36 - - 
1991 - - 2.44 - - 
1992 - - 2.45 - - 
1993 - - 2.49 - - 
1994 - - 2.51 - - 
1995 - - 2.48 - - 
1996 - - 2.41 - - 
1997 - - 2.30 - - 
1998 - - 1.85 - - 
1999 - - 2.03 - - 
2000 - - 1.91 - - 
2001 9.3 - 1.76 - - 
2002 - - 1.63 - - 
2003 18.3 - 1.49 - - 
2004 - 9.1 1.37 5 - 
2005 14.3 - 1.25 11 - 
2006 - - 1.15 21 - 
2007 12.3 - 1.04 35 12.3 
2008 - - 0.79 - - 
2009 - - 0.88 47 12.3 
2010 - 5.2 0.82 54 - 
2011 - - 0.79 67 8.21 
2012 - - 0.77 69 - 

 
ANC data source: Malawi HIV and Syphilis Sero–Survey and National HIV Prevalence and AIDS Estimates Report for 
2007 
 
National DHS or AIS data sources: Malawi DHS 2004 and 2010  
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Malawi 
 

  

Prevalence 
among females 

15-24 (%) 
Incidence rate/100 

person years 
Time frame of 

study 
Study/Trial 
population Region 

Crampin et al., 
AIDS 2003 

8.9 (ANC),  
11.4 (general 
population) 

 1998-2001 

Women from 
antenatal clinics and 

studies of 
mycobacterial 

disease (control) 

Karonga 

Kumwenda et al., 
Sex Transm Dis 

2006 
 4.86 1999-2001 

Women from 
postnatal or family 

planning clinics 
Blantyre 

Kumwenda et al., 
Sex Transm Dis 

2006 
 4.2 1999-2001 

Women from 
postnatal or family 

planning clinics 
Lilongwe 

Crampin et al.,     J 
Acquir Immune 

Defic Syndr 2008 

8.8 (1999-2001), 
6.0 (2002-2004)  1999-2004 Women from 

antenatal clinics Karonga 

Abdool et al., AIDS 
2011  1.78 2005-2009 

Women in 
microbicide study 

(control) 
Lilongwe 

Abdool et al., AIDS 
2011  4.9 2005-2009 

Women in 
microbicide study 

(control) 
Blantyre 

Keating et al., PLoS 
One 2011  4 2009 Pregnant women 

Lilongwe Lilongwe 

ALPHA network study     

 
Mozambique 
 

 

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral 
coverage (%) 

1990 - - 0.27 - 
1991 - - 0.38 - 
1992 - - 0.49 - 
1993 - - 0.61 - 
1994 - - 0.74 - 
1995 - - 0.90 - 
1996 - - 1.09 - 
1997 - - 1.29 - 
1998 - - 1.50 - 
1999 - - 1.67 - 
2000 - - 1.79 - 
2001 12.5 - 1.83 - 
2002 13.1 - 1.83 - 
2003 - - 1.74 - 
2004 15.6 - 1.64 3 
2005 - - 1.52 7 
2006 - - 1.39 12 
2007 11.3 - 1.29 24 
2008 - - 1.19 - 
2009 12.0 11.1 1.13 34 
2010 - - 1.09 41 
2011 - - 1.02 46 
2012 - - 1.03 45 

 
ANC data sources: Mozambique 2012 GARPR 
   
National DHS or AIS data source: Mozambique AIS 2009 
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Namibia 
 

  

Prevalence among females  15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 

(%) 
Antiretroviral coverage 

(%) 
1990 - - 0.49 - 
1991 - - 0.72 - 
1992 - - 1.02 - 
1993 - - 1.39 - 
1994 - - 1.78 - 
1995 - - 2.15 - 
1996 - - 2.44 - 
1997 - - 2.64 - 
1998 - - 2.70 - 
1999 - - 2.64 - 
2000 - - 2.50 - 
2001 - - 2.29 - 
2002 - - 2.03 - 
2003 - - 1.78 - 
2004 15.2 - 1.53 22 
2005 - - 1.31 62 
2006 14.2 - 1.12 64 
2007 - - 0.96 88 
2008 10.6 - 0.88 - 
2009 - - 0.81 78 
2010 10.3 - 0.78 90 
2011 - - 0.82 >95 
2012 - - 0.81 90 

 
ANC data source: Namibia UNGASS Report 2010 
 

  
Incidence rate/100 

person years 
Time frame of 

study Study/Trial population Region 
Aulagnier et al., PLoS One 2011 2.4 2007-2009 Adult general population Windhoek 
ALPHA network study    

 
Nigeria 

 

  

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral 
coverage (%) 

1990 - - 0.22 - 
1991 - - 0.26 - 
1992 - - 0.30 - 
1993 - - 0.34 - 
1994 - - 0.39 - 
1995 - - 0.43 - 
1996 - - 0.48 - 
1997 - - 0.51 - 
1998 - - 0.53 - 
1999 - - 0.56 - 
2000 - - 0.55 - 
2001 6.0 - 0.54 - 
2002 - - 0.51 - 
2003 5.3 - 0.49 - 
2004 - - 0.45 2 
2005 4.3 - 0.40 6 
2006 - - 0.37 13 
2007 - - 0.34 26 
2008 4.2 - 0.31 - 
2009 - - 0.28 25 
2010 4.1 - 0.27 27 
2011 - - 0.26 30 
2012 - - 0.23 32 

 
ANC data source: 2010 Nigeria National HIV Sero-prevalence Sentinel Survey 
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Rwanda 

  

Prevalence among females 15-24 (%) Spectrum estimates Indicator 1.6 - 
HIV prevalence 
in young people 

15-24 (%) 

National Antenatal 
Sentinel Surveillance 

Surveys 

National Demographic 
and Health or AIDS 

Impact Surveys 
Incidence in 

adults 15-49 (%) 
Antiretroviral 
coverage (%) 

1990 - - 0.92 - - 
1991 - - 0.96 - - 
1992 - - 0.87 - - 
1993 - - 0.76 - - 
1994 - - 0.67 - - 
1995 - - 0.60 - - 
1996 - - 0.57 - - 
1997 - - 0.51 - - 
1998 - - 0.45 - - 
1999 - - 0.39 - - 
2000 - - 0.34 - - 
2001 - - 0.27 - - 
2002 - - 0.25 - - 
2003 - - 0.23 - - 
2004 - - 0.22 10 - 
2005 - 1.5 0.21 29 - 
2006 - - 0.18 52 - 
2007 - - 0.17 71 3.5 
2008 - - 0.18 - - 
2009 - - 0.16 77 3.7 
2010 - 1.5 0.13 84 - 
2011 - - 0.13 82 1.86 
2012 - - 0.13 87 - 

 
National DHS or AIS data sources: Rwanda DHS 2005 and 2010/2011 
 

Study reference 
Incidence rate/100 

person years Time frame of study 
Study/Trial 
population Region 

Braunstein et al., Sex Transm Dis 2011 3.5 (2006-2007),  
2.1 (2007-2008) 2006-2008 Female sex workers - 

 
South Africa 

  

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral 
coverage (%) 

1990 - - 0.15 - 
1991 - - 0.30 - 
1992 - - 0.55 - 
1993 - - 0.93 - 
1994 - - 1.41 - 
1995 - - 1.93 - 
1996 - - 2.40 - 
1997 - - 2.72 - 
1998 - - 2.85 - 
1999 - - 2.81 - 
2000 - - 2.67 - 
2001 23.1 - 2.49 - 
2002 23.5 - 2.26 - 
2003 24.8 - 2.09 - 
2004 25.1 - 1.96 4 
2005 24.9 16.9 1.85 15 
2006 22.4 - 1.79 21 
2007 22.1 - 1.73 28 
2008 21.7 13.9 1.72 - 
2009 21.7 - 1.75 42 
2010 21.8 - 1.78 57 
2011 20.5 - 1.72 66 
2012 - - 1.37 80 

 
ANC data sources: The 2011 National Antenatal Sentinel HIV & Syphilis Prevalence Survey in South Africa, The 2010 
National Antenatal Sentinel HIV & Syphilis Prevalence Survey in South Africa 
  
National DHS or AIS data sources: South African National HIV Prevalence, HIV Incidence, Behaviour and Communication 
Survey 2005 and 2008 
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South Africa 

  
Study reference 

 

Prevalance 
in young 

females (%)  
Incidence rate/100 

person years 
Time frame 

of study 
Study/Trial 
population Region 

Coleman et al.,  
J Acquir Immune Defic Syndr Hum 

Retrovirol 1997 

6.3 (1992),   
9.7 (1993),    
14 (1995) 

 1992-1995 Women from 
antenatal clinics Hlabisa, Durban 

Auvert et al.,  
PLoS Med 2005  2.11 2002-2004 Young men (18-24) 

in circumcision trial 
Orange Farm and 
surrounding areas 

Jewkes et al.,  
BMJ 2008  4.07 2003-2004 

Young adults (15-26) 
in intervention trial 

(control) 
Eastern Cape 

Mavedzenge et al.,  
J Acquir Immune Defic Syndr 2011  6.75 2003-2005 Women in 

prevention trial Durban 

Mavedzenge et al.,  
J Acquir Immune Defic Syndr 2011  3.33 2003-2005 Women in 

prevention trial Johannesburg 

Ramjee et al.,  
J Acquir Immune Defic Syndr 2008 39.2 (18-25) 5 2003-2005 

Women in 
preparatory study for 

microbicide  trial 
Durban 

Ramjee et al., 
 J Acquir Immune Defic Syndr 2008 36.8 (18-25) 6 2003-2005 

Women in 
preparatory study for 

microbicide  trial 
Hlabisa 

Rice et al.,  
BMC Public Health 2007 

30.3 (ANC), 
15.2 (general 
population) 

 2005 
Women from 

antenatal clinics and 
in general population 

Hlabisa 

Moodley et al.,  
AIDS 2009  10.7 2006-2007 Pregnant women Mpumalanga, Eastern 

Cape and Free State 

Abdool et al., 
 AIDS 2011  3.82 2005-2009 

Women in 
microbicide study 

(control) 
Durban 

Abdool et al.,  
AIDS 2011  11.5 2005-2009 

Women in 
microbicide study 

(control) 
Hlabisa 

Nel et al., 
 PLoS One 2012  14.8 2007-2009 Non pregrant women     

(18-35) Ladysmith 

Nel et al.,  
PLoS One 2012  6.3 2007-2009 Non pregrant women     

(18-35) Edendale 

Nel et al.,  
PLoS One 2012  7.2 2007-2009 Non pregrant women     

(18-35) Pinetown 

Abdool et al.,  
Science 2010  9.1 2007-2010 

Women in 
microbicide trial 

(placebo) 
KwaZulu-Natal 

Van Damme,  
NEJM 2012  3.4 2009-2011 PrEP among women 

18-35  (control) Bloemfontein 

Van Damme, 
 NEJM 2012  6 2009-2011 PrEP among women 

18-35  (control) Praetoria 

Gómez-Olivé   
et al. AIDS Care 2013 18.40  2010-2011 Adult general 

population Ehlanseni 

ALPHA network study     
 
South African National HIV Incidence, Prevalence, and Behaviour Survey, 2012, Data and Estimates 

  

    HIV Incidence (%) 
Survey Year or Inter-

Survey Period 
Age Group and 
Demographic   

95% Confidence Interval 
(Low) 

95% Confidence Interval 
(High) 

Modeled 

2002–2005  

Total 15–49   2.20 0.90 4.00 
Males 15-49 1.20 0.10 3.00 

Females 15-49  3.20 1.80 5.00 
Total 15–24 2.80 1.70 4.20 
Males 15-24 0.60 0.10 1.60 

Females 15-24 5.30 3.60 7.10 

2005–2008  

Total 15–49   1.90 0.80 3.30 
Males 15-49 1.60 0.60 3.00 

Females 15-49  2.20 1.00 3.60 
Total 15–24 2.30 1.20 3.50 
Males 15-24 1.40 0.50 2.30 

Females 15-24 3.50 2.10 4.90 

2008–2012 

Total 15–49   1.90 0.80 3.10 
Males 15-49 1.60 0.60 2.70 

Females 15-49  2.10 1.00 3.40 
Total 15–24 1.50 0.80 2.30 
Males 15-24 1.00 0.40 1.60 

Females 15-24 2.10 1.20 3.10 

Direct 
Measurement 2012 

Total 15–49   1.72 1.38 2.06 
Males 15-49 1.21 0.97 1.45 

Females 15-49  2.28 1.84 2.74 
Total 15–24 1.49 1.21 1.88 
Males 15-24 0.55 0.45 0.65 

Females 15-24 2.54 2.04 3.04 
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Swaziland 
 

  

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral 
coverage (%) 

1990 - - 0.54 - 
1991 - - 1.16 - 
1992 - - 2.12 - 
1993 - - 3.27 - 
1994 - - 4.30 - 
1995 - - 4.92 - 
1996 - - 5.07 - 
1997 - - 4.84 - 
1998 - - 4.45 - 
1999 - - 4.07 - 
2000 35.4 - 3.75 - 
2001 - - 3.48 - 
2002 39.4 - 3.36 - 
2003 - - 3.27 - 
2004 39.4 - 3.29 14 
2005 - - 3.21 27 
2006 34.6 - 3.03 35 
2007 - 22.7 2.85 42 
2008 38.1 - 2.74 - 
2009 - - 2.57 64 
2010 34.7 - 2.50 73 
2011 34.0 - 2.47 83 
2012 - - 2.04 82 

 
ANC data source: Swaziland Country Report on Monitoring the Political Declaration on HIV/AIDS 2012 
 
National DHS and AIS data source: Swaziland DHS 2006-2007 
 
Tanzania 
 

  

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral 
coverage (%) 

1990 - - 1.25 - 
1991 - - 1.33 - 
1992 - - 1.34 - 
1993 - - 1.29 - 
1994 - - 1.21 - 
1995 - - 1.08 - 
1996 - - 0.97 - 
1997 - - 0.87 - 
1998 - - 0.76 - 
1999 - - 0.71 - 
2000 - - 0.64 - 
2001 - - 0.59 - 
2002 - - 0.55 - 
2003 - - 0.53 - 
2004 7.4 4.0 0.50 <1 
2005 - - 0.48 5 
2006 6.8 - 0.46 14 
2007 - - 0.42 31 
2008 5.3 3.6 0.40 - 
2009 - - 0.38 32 
2010 - - 0.34 38 
2011 - - 0.34 40 
2012 - - 0.32 61 

 
ANC data sources: Tanzania Surveillance of HIV and Syphilis Infections Among Antenatal Clinic Attendees 2003/4, 
2005/06, 2008 
     
National DHS and AIS data sources: Tanzania AIS 2003-2004, Tanzania AIS/Malaria Indicator Survey 2007-2008 and 
2011-2012 
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Tanzania 
 
 

 

Prevalence 
among females  

15-24 (%) 

Incidence 
rate/100 person 

years 
Time frame of 

study 
Study/Trial 
population Region 

Boerma et al.,  
Sex Transm Dis 2003 5.32  1996-1997 Adult general 

population Kisesa 

Wambura et al., 
 J Acquir Immune Defic 

Syndr 2007 
 

.81 (1994-1997)   
1.24 (1996-2000)    
1.13  (1999-2004) 

1994-2003 Adult general 
population Kisesa 

Bloom et al.,  
Sex Transm Infect 2002 5.4 (1994-1995) 

0.84  Females 
(1996-1997),   0.73 
Males (1996-1997) 

1994-1995,  
1996-1997 

Adult general 
population Kisesa 

Ramjee  et al., 
 J Acquir Immune Defic 

Syndr 2008 

11  (Baseline 
Prevalence 18-25) 1.3 2003-2005 

Women in 
preparatory study 

for microbicide  trial 
Moshi 

Geis et al.,  
J Acquir Immune Defic 

Syndr 2011 
 1.35 2002-2006 Adult general 

population Mbeya 

Watson-Jones et al., 
NEJM 2008  4.12 2004-2006 

HSV-2+ women 
from STD treatment 

trial (placebo) 

North-
western 

Tanzania 
Munseri et al., 

 BMC Public Health 2013  0.85 2007-2008 Police officers Dar es 
Salaam 

Kapiga et al.,  
PLoS One, 2013  3.7 2008-2010 

Women working in 
food and 

recreational facilities 

Northern 
Tanzania 

ALPHA network study     

 
 
Uganda 
 

  

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral 
coverage (%) 

1990 - - 2.71 - 
1991 - - 2.06 - 
1992 - - 1.48 - 
1993 - - 1.01 - 
1994 - - 0.73 - 
1995 - - 0.55 - 
1996 - - 0.44 - 
1997 - - 0.47 - 
1998 - - 0.51 - 
1999 - - 0.55 - 
2000 - - 0.62 - 
2001 - - 0.64 - 
2002 - - 0.67 - 
2003 - - 0.73 - 
2004 - - 0.75 12 
2005 - 4.3 0.79 21 
2006 - - 0.84 27 
2007 - - 0.90 33 
2008 - - 0.90 - 
2009 - - 0.89 41 
2010 - - 0.87 45 
2011 - 4.9 0.83 54 
2012 - - 0.77 64 

 
National DHS and AIS data sources: Uganda HIV/AIDS Sero-behavioural survey 2004-2005, Uganda AIS 2011 
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Uganda 
 

Study reference 

Prevalence 
among females 

15-24 (%) 

Incidence 
rate/100 

person years 
Time frame of 

study 
Study/Trial 
population Region 

Ahmed et al.,  
AIDS 2001  1.71 1994-1998 Community HIV 

prevention trial Rakai 

Mulder et al.,   
BMJ 1995 

Ages 13-24:     
9.9 (1989),      
 7.3 (1994) 

0.73  
(1989-1991), 

0.71         
(1992-1994) 

1989-1994 Adult general 
population Masaka 

Wawer et al.,  
AIDS 1997 

Adults 15-24: 20.6 
(1990), 16.45 

(1992) 

2.1          
 (1990-1991),   

2  
(1991-1992) 

1990-1992 Adult general 
population Rakai 

Kengeya-Kayondo et al., 
Int J Epidemiol 1996  

0.82 (1990), 
0.69 (1991), 
0.57 (1992), 
0.89 (1993), 
0.45 (1994) 

1990-1994 Adult general 
population Masaka 

Arroyo et al.,   
J Acquir Immune Defic 

Syndr 2006 
 Ages 14-90: 

1.27 1999-2002 Adult general 
population Rakai 

Brown et al.,  
AIDS 2007  1.6 1999-2004 Women 18-35 Kampala 

Gray et al.,  
Lancet 2007  1.33 2004-2006 Control men in 

circumcision trial Rakai 

Tobian et al., 
 AIDS 2009  1.09 2004-2006 Men undergoing 

circumcision Rakai 

Ruzagira et al.,  
PLoS ONE 2011 

Ages 18-24: 10.3 
(2004) 1.04 2004-2007 Adult general 

population Masaka 

Guwatudde et al.,  
PLoS ONE 2009 Adults 15-24: 5.8 0.77 2006-2007 Adult general 

population Kayunga 

Seeley et al.,  
Sex Transm Dis 2012  4.9 2009- 2011 Fishing 

communities Lake Victoria 

Baeten et al.,  
NEJM 2012  2.07 2008-2011 

PrEP in discordant 
couples (placebo 

group) 

Jinja, Kabwoh, 
Kampala, Mbale, 

Tororo 
ALPHA network study     

 
Zambia 
 

  

Prevalence among females 15-24 (%) Spectrum estimates Indicator 1.6 - 
HIV 

prevalence in 
young people 

15-24 (%) 

National Antenatal 
Sentinel Surveillance 

Surveys 

National Demographic and 
Health or AIDS Impact 

Surveys 
Incidence in 

adults 15-49 (%) 
Antiretroviral 
coverage (%) 

1990 - - 2.50 - - 
1991 - - 2.53 - - 
1992 - - 2.59 - - 
1993 - - 2.51 - - 
1994 - - 2.43 - - 
1995 - - 2.33 - - 
1996 - - 2.23 - - 
1997 - - 2.10 - - 
1998 - - 1.98 - - 
1999 - - 1.88 - - 
2000 - - 1.79 - - 
2001 - - 1.75 - - 
2002 16.3 11.1 1.66 - - 
2003 - - 1.59 - - 
2004 11.5 - 1.49 7 - 
2005 - - 1.38 16 - 
2006 14.6 - 1.35 26 - 
2007 15.6 8.5 1.27 46 16.8 
2008 - - 1.15 - - 
2009 - - 1.02 81 13.8 
2010 - - 0.99 72 - 
2011 - - 0.96 82 - 
2012 - - 0.79 79 - 

ANC data sources: Zambia UNGASS Report 2008, Zambia Country Report: Monitoring the Declaration of Commitment on 
HIV and AIDS and the Universal Access 2010, ANC Sentinel Surveillance of HIV/Syphilis trends in Zambia 1994-2002 
National DHS and AIS data sources: Zambia DHS 2001-2002 and 2007 
Zambia 
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Study reference 
Incidence rate/100 

person years 
Time frame of 

study Study/Trial population Region 

Abdool et al., 
AIDS 2011 3.57 2005-2009 Women in microbicide study 

(control) Lusaka 

 
Zimbabwe 
 

  

Prevalence among females 15-24 (%) Spectrum estimates 

National Antenatal Sentinel 
Surveillance Surveys 

National Demographic and 
Health or AIDS Impact Surveys 

Incidence in 
adults 15-49 (%) 

Antiretroviral 
coverage (%) 

1990 - - 4.03 - 
1991 - - 4.89 - 
1992 - - 5.49 - 
1993 - - 5.84 - 
1994 - - 5.78 - 
1995 - - 5.47 - 
1996 - - 4.86 - 
1997 - - 4.16 - 
1998 - - 3.48 - 
1999 - - 2.87 - 
2000 29.0 - 2.38 - 
2001 25.2 - 1.98 - 
2002 20.8 - 1.72 - 
2003 - - 1.56 - 
2004 17.4 - 1.45 1 
2005 - - 1.35 4 
2006 12.5 10.9 1.31 11 
2007 - - 1.29 18 
2008 - - 1.28 - 
2009 11.6 - 1.25 37 
2010 - - 1.22 54 
2011 - 7.3 1.16 77 
2012 - - 0.96 79 

 
ANC data sources: Zimbabwe UNGASS Report 2008, Zimbabwe GARPR 2012 
 
National DHS or AIS data sources: Zimbabwe DHS 2005-2006 and 2010-2011 
 
 

Study reference  

Prevalence 
among females 

15-24 (%) 

Incidence 
rate/100 

person years 
Time frame of 

study 
Study/Trial 
population Region 

Gregson et al.,  
AIDS 1997 Ages 15-29: 21.8  1993-1994 Adult general population Manicaland 

Boerma et al., 
 Sex Transm Dis 2003 11.67  1998-2000 Adult general population Manicaland 

Kumwenda et al.,  
Sex Transm Dis 2006  4.78 1999-2001 

Women attending 
postnatal or family 

planning clinics 
Harare 

Brown et al.,  
AIDS 2007  4.1 1999-2004 Women (18-35) Harare and 

Chitungwiza 

Marsh et al., 
 J Int AIDS Soc 2011   1998-2005 

Women from antenatal 
clinics and in general 

population 
Manicaland 

Corbett et al.,  
AIDS 2007  1.2 2002-2004 

Employees from 
businesses included in 

VCT study 
Harare 

Mavedzenge et al.,  
J Acquir Immune Defic 

Syndr 2011 
 2.72 2003-2005 Women in prevention trial Harare 

Abdool et al.,  
AIDS 2011  2.71 2005-2009 Women in microbicide 

study (control) Harare 

Abdool et al.,  
AIDS 2011  3.29 2005-2009 Women in microbicide 

study (control) Chitungwiza 

ALPHA network study     

  

ANNEX 2: Changes to Spectrum data curves from 2012 to 
2013 
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2013 Spectrum data changes shape of curve 
 

 
 

  

___ Incidence (%), adults 15-49 (source: UNAIDS Global Report on HIV/AIDS, 2012)  

___ Incidence (%), adults 15-49 (source: UNAIDS Global Report on HIV/AIDS, 2013) 
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2013 Spectrum estimates generate higher incidence peaks 

 

  

___ Incidence (%), adults 15-49 (source: UNAIDS Global Report on HIV/AIDS, 2012)  

___ Incidence (%), adults 15-49 (source: UNAIDS Global Report on HIV/AIDS, 2013) 
   

  
 

 

68 



 
Very little difference between 2012 and 2013 Spectrum data: 

 

 
 

 
 
 
 
 
 
  

___ Incidence (%), adults 15-49 (source: UNAIDS Global Report on HIV/AIDS, 2012)  

___ Incidence (%), adults 15-49 (source: UNAIDS Global Report on HIV/AIDS, 2013) 
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