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10 Abbreviations 

 
Abbreviations 
 
AIDS  acquired immune deficiency syndrome 
ANC  antenatal care 
ANRS  Agence nationale de recherches sur le sida et les hépatites virales 
ART  antiretroviral treatment or therapy 
ARV  antiretroviral 
CAPRISA Centre for the AIDS Programme of Research in South Africa 
CD4+  surface protein on T-helper lymphocyte cells 
CCR5  chemokine (C-C motif) receptor 5 
CXCR4  chemokine (C-X-C motif) receptor 4 
DALY  disability adjusted life year 
DHS+  Demographic and Health Survey with non-nominal HIV testing 
DMPPT  Decision Makers’ Programme Planning Tool 
DNA  deoxyribonucleic acid 
DSMB  data safety monitoring board 
EPP  Estimates and Projection Package 
FDA  Food and Drug Administration 
FTC  emtricitabine 
GALT  gut associated lymphoid tissue 
GP  glycoprotein 
HIV  human immunodeficiency virus 
HLA   human leucocyte antigen 
HPTN  HIV Prevention Trials Network 
HVTN  HIV Vaccine Trials Network 
IEC  information education communication 
IgA  immunoglobulin A 
IgG  immunoglobulin G 
iPrEx  Iniciativa profilaxis pre-exposición 
MC  male circumcision 
MMC  medical male circumcision 
MOT  modes of transmission 
MSM  men who have sex with men 
NIH  National Institutes of Health (USA) 
NSP  needle syringe programme 
OST  opioid substitution treatment 
PEPFAR President’s Emergency Plan for AIDS Relief 
Phambili to move forward (in Xhosa language) 
PK/PD  pharmacokinetic/pharmacodynamic 
PrEP  pre-exposure prophylaxis 
PWID  people who inject drugs 
QALY  quality adjusted life year 
RCT  randomised controlled trial 
RNA  ribonucleic acid 
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SACEMA South African Centre for Epidemiological Modelling and Analysis 
START  Strategic Timing of Antiretroviral Therapy 
STI  sexually transmitted infection 
TasP  treatment as prevention 
T4P  (early) treatment for prevention 
TDF  tenofovir disoproxil fumurate 
UNAIDS United Nations Joint Programme on HIV/AIDS 
VMMC  voluntary medical male circumcision 
VOICE  Vaginal and Oral Interventions to Control the Epidemic 
WHO  World Health Organization 
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14 General Introduction 
 
Background 
 
This thesis addresses the topic of policy making and programme planning in 
response to the global human immunodeficiency virus (HIV) epidemic, with a 
specific focus on the challenges inherent in attempting to assess the likely 
epidemic impact and cost of adding novel tools to HIV prevention programming. 
The emerging biomedical HIV prevention tools that will serve to illustrate these 
challenges are voluntary medical male circumcision (VMMC), systemic and topical 
pre-exposure prophylaxis (PrEP), HIV vaccines, and structural interventions for 
people who inject drugs (PWID). The objective of the thesis is to explore the 
potential contribution of mathematical modelling to informed decision-making. Its 
hypothesis is that modelling results are a useful addition to the evidence and other 
factors that influence the HIV prevention policy and programme development 
process, if the models from which they are derived are well constructed and 
parameterised, their structures and results can be compared, and their findings, 
including the results of sensitivity analyses, are clearly communicated to decision-
makers. Examples are provided of modelling consensus exercises, systematic 
reviews, and modelling of the uncharted territory of changes in risk environments. 
The thesis concludes with a discussion of the factors that make mathematical 
modelling relevant to decision-making. This includes the knowledge translation 
hurdles involved in faithfully and effectively communicating the meaning of 
modelling estimates to decision makers and being transparent about the inherent 
limitations of the visions that models paint of potential future scenarios. 
 
This introduction sets the stage, beginning first with some basic background on 
the state of our knowledge about how HIV attacks the immune system, how many 
people live with this retrovirus worldwide, and what we understand about the 
importance of tailored, combination HIV prevention. The second section presents a 
summary of the current evidence on emerging biomedical HIV prevention tools, 
with a focus on VMMC, PrEP, and HIV vaccines. The theme of evidence-informed 
decision making and the contribution that mathematical modelling of novel HIV 
prevention strategies can make to decision making are introduced in the third 
section, along with the tenet that triangulation of findings, through consensus 
processes, systematic reviews, and other methodologies can strengthen this 
contribution. The introduction concludes with the outline of the thesis. 
 
HIV and the global epidemic it has caused 
 
Thirty-two years after the disease that is now known as acquired immune 
deficiency syndrome (AIDS) was recognised(1)and more than a century after its 
causative infectious agent, HIV(2)(3))(4), crossed species from chimpanzees to 
humans in the Congo River Basin(5), HIV remains a daunting challenge to human 
health and well being. HIV transmission has slowed in many parts of the world, 
notably in many of the most heavily affected countries in sub-Saharan Africa. At 
the same time, scale-up of access to antiretroviral therapy (ART) has accelerated, 
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permitting people living with HIV to lead longer, healthier lives. The result is that, 
using improved data and modelling methodologies, UNAIDS estimates that the 
number of people living with HIV worldwide at the end of 2011 was 34 million 
[31.4-35.9]. This number is expected to increase over the coming years, even if 
incidence were to continue to decline, as more people living with HIV access life-
prolonging antiretroviral therapy (ART). Global HIV prevalence among adults aged 
15 to 49 years at end-2011 is estimated at just under one per cent (0.8%)(6). 
 
The retrovirus HIV can be transmitted through unprotected sexual activity, the use 
of contaminated injecting equipment, or from a mother to her infant during 
pregnancy, delivery, or breastfeeding. Once in the body, it attacks the immune 
system, initially in the gastrointestinal tract, home to the largest amount of 
lymphoid tissue in the body(7). Its prime target is the T-helper cells that are 
generated in the thymus and then migrate to the gut associated lymphoid tissue 
(GALT) and other lymphoid tissues to take up their role as the ‘conductor’ of the 
immune response. They activate B-cells to turn into antibody-making plasma cells, 
stimulate other T-cells to mature into memory cells, and signal to macrophages 
and cytotoxic T-cells that there is work to be done(8)(9). T-helper cells express a 
signature cell-surface marker called the CD4+ receptor on their outer membrane 
that provides a landing site for HIV to start its docking process through its 
glycoprotein (GP) 120 envelope spike(10). The process of docking causes a 
change in the configuration of gp120 giving the virus access to one of two other 
receptors, the chemokine receptors CCR5 or CXCR4. This then creates a 
structural change in the gp41 envelope protein of the virus, permitting the initiation 
of fusion between the viral envelope and the cell membrane, the first step to cell 
entry(11). 
 
Once inside the cell, HIV takes over the cell’s genetic machinery to undergo 
reverse transcription from RNA to DNA. It replicates itself and then breaks open 
the T-cell, killing it in a process called apoptosis and disseminating itself to infect 
more T-cells and other cellular targets. This sets up a chronic state of immune 
system activation that correlates with disease progression(12), with HIV 
persistence causing immune activation that in turn contributes to HIV 
persistence(13). Once the CD4+ count in the blood falls below a certain level as 
capacity to keep up with regeneration declines(14), people become susceptible to 
other pathogens and begin to feel ill. This process can take months to years as the 
virus steadily weakens immune system defences. HIV strains that preferentially use 
the CXCR4 chemokine receptor are associated with faster disease progression(15), 
as are other factors including host genetics(16). Some HLA (human leucocyte 
antigen) alleles (HLA-B*57, HLA-B*27; HLA-B*51) are associated with slower 
disease progression, although the virus itself evolves to counter immune 
responses (17). The CCR5delta32 mutation, found more frequently in populations 
of European descent(18) protects against HIV infection when both gene alleles are 
affected and slows disease progression if only one allele is affected.  
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Natural history cohorts before the era of ART suggested a mean progression time 
to AIDS of 10 years, although AIDS can develop in as little as two years in a 
proportion of patients(19). When people do seek health care to determine the 
cause of their symptoms, often many years after they first became infected, their 
CD4+ count levels are often well-below current ART eligibility guidelines(20)(21). 
Recent figures indicate that although median CD4 cell counts at ART initiation 
increased between 2000 and 2009, they have remained below 200 cells/μL in low-
and middle-income countries and below 300 cells/μl in high-income countries(21). 
In light of this, it is encouraging that a South African study has demonstrated life 
expectancies around 80% of normal for patients who start treatment before their 
CD4 count drops below 200 cells/μL(22). 
 
About 50% of all those living with HIV worldwide are estimated to not know their 
serostatus(23), meaning that they have never received a test for HIV or, if they have 
been tested, learned its result. From a prevention perspective, knowledge of HIV 
status is the doorway to developing the motivation and acquiring the skills and 
tools to protect oneself from acquiring HIV and to prevent transmission to others if 
one is already infected. From a treatment perspective, HIV testing is the first step 
on the road to clinical assessment, care, life-prolonging ART, and support for 
those found to be HIV-positive. Stigma and discrimination, fear, potential violence 
and rejection, testing costs, personal expense in time or resources for transport, 
and other factors impede many from learning whether they have HIV infection or 
not(24)(25). Those who are unaware of their status may unwittingly transmit the 
virus to their sexual partners, to those who use their injecting equipment, and to 
offspring. Despite promising progress in the response to the HIV epidemic, it is 
clear that unless the barriers to HIV testing uptake are effectively addressed(26) 
and, arguably more importantly, unless we grapple effectively with the upstream 
structural determinants of HIV vulnerability and risk(27), HIV will be with us for 
many decades to come.  
 
HIV infection is preventable – no one in this day and age should be acquiring it. 
Although, despite population growth, the numbers of new cases have fallen from 
3.2 million [2.9-3.4 million] in 2001, still during 2011 alone 2.5 million [2.2-28 
million] people newly acquired HIV infection(6). Each one of these people will 
eventually require ART for their remaining lifetime once it is initiated. Within 6 
months of initiation of effective ART, the risk of transmitting HIV to others falls 
dramatically to negligible levels. People who have no detectable virus in their 
bloodstream, as determined by an undetectable plasma viral load measurement, 
and without any sexually transmitted infection that might increase levels of virus in 
their genital secretions are highly unlikely to transmit HIV infection to a sexual 
partner (28)(29). Antiretroviral prophylaxis in the form of antiretroviral drugs taken 
by women who are pregnant or breastfeeding lowers viral load, resulting in marked 
reductions in HIV transmission to a foetus during pregnancy or childbirth or to an 
infant during breastfeeding(30)(31), while delaying HIV progression in the 
mother(32). 
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An estimated 9.7 million people were receiving ART at the end of 2012(33), with the 
current global objective being 15 million people on ART by the year 2015 – known 
as the ‘15 by 15’ goal(34). However, over 24 million people living with HIV were not 
receiving treatment in 2012 and each year an additional 2 million or more people 
newly acquire HIV infection. In July 2013, the World Health Organization (WHO) 
published updated guidelines recommending ART for all those with a CD4 count 
below 500 cells/ L(35), swelling the numbers of those that are eligible for treatment 
according to the previous guidelines of 350 cells/ L from 16.6 to 25.8 million(36). A 
‘test and treat’ approach in which all those who test HIV-positive are offered ART, 
regardless of CD4 count, has been on the conceptual horizon and actively 
advocated for some time(37). Such an approach could help minimize loss to 
follow-up in the cascade between testing and eventual treatment that is seen now 
in high-income settings, such as the USA where over 50% of people who have 
been diagnosed with HIV are not in care(38), as well as in low- and middle-income 
countries(39)(40)(41). However, the treatment cascade is not the traditionally 
conceived linear model it is often thought to be, as people who have never been in 
pre-ART care can start on ART and those lost to follow-up can re-enter the 
cascade(42). Furthermore, it remains unclear whether early treatment would reduce 
or improve quality of life and result in better or worse retention and adherence. As 
for the individual clinical benefits of early treatment, the START (Strategic Timing of 
Antiretroviral Therapy) trial(43) underway in 35 countries, which has completed 
enrolment of 4000 people with CD4 counts above 500 cells/uL(44), should provide 
the definitive answer. In the long run, early treatment could lead to changes in the 
population of people living with HIV, with those acquiring HIV in the presence of 
scaled-up early treatment programmes possibly having weaker immune system 
function or exceptionally risky HIV-related behaviour(45). Although universal 
access to ART theoretically could lead to elimination of HIV through reduced HIV 
transmission if it were to be achieved(46), this scenario is hypothetical and it is 
evident that other forms of HIV prevention will remain essential to the HIV response 
in the absence of a cure(47)(48). 
 
Combination HIV Prevention 
 
The efforts currently underway to increase ART coverage beyond 9.7 million 
people will have prevention spin-offs with decreased HIV transmission risk for 
those on ART(28). Nonetheless, intensifying HIV prevention to stop the incoming 
flow of people newly infected with HIV makes logical sense. The question is how 
best to accomplish this. By the mid 1990s it was clear that investments in HIV 
information-education-communication, known as IEC, had failed to affect risk 
behaviour outside of specific high-risk settings such as the sex work milieu(49). 
Individually focused behavioural interventions had assumed that people had the 
agency to make choices and the wherewithal to enact changes in their lives to 
protect themselves and others from HIV infection. Attention turned to the societal 
conditions that create contexts of risk, maintain situations of vulnerability, and 
undermine people’s ability to act on prevention advice(50). Inspired by countries 
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such as Brazil, Thailand, and Uganda, all of which had introduced an array of 
biomedical, behavioural, and structural approaches generating sharp, sustained 
declines in HIV incidence, the term ‘combination prevention’ was coined. It had 
become evident that effectively addressing the social drivers of HIV risk and 
vulnerability meant altering the context within which health is produced and 
reproduced(51)(52).  
 
The next step was the ‘Know your epidemic, know your response’ strategy(53). It 
brought together data on the scientific evidence of what worked in HIV prevention, 
country-specific HIV epidemiological data, trends in HIV transmission determined 
through the ‘Modes of Transmission’ methodology(54), information on existing 
prevention resource allocation, qualitative and focused research findings that 
would help explain trends, and the voices of all stakeholders in a participatory 
evaluation of a country’s HIV prevention strategy. Revelation of the disconnects 
between where HIV transmission was happening and where prevention resources 
were being spent underscored the need for a cost-effective evidence-informed HIV 
prevention strategy tailored to each country’s own epidemic and addressing the 
context-specific needs of those most vulnerable to HIV(55). The objective was to 
combine biomedical, behavioural, and structural approaches to create contexts 
that empower people to protect themselves, foster healthy choices, and provide 
people with the tools to enact those decisions, giving them an array of HIV 
prevention options for different situations and times of their lives(56). 
 
Emerging biomedical HIV prevention approaches 
 
A number of biomedical approaches to HIV prevention have been the focus of 
randomised controlled trials since 2003. Following almost two decades of 
observational evidence from a number of studies that male circumcision (MC) was 
associated with lower HIV prevalence(57)(58), three large clinical trials of medical 
male circumcision (MMC) got underway in South Africa, Kenya, and Uganda. 
Recruiting 10,000 men to be randomised to circumcision right away or wait for 24 
months before being circumcised, these trials produced consistent and compelling 
findings by late 2006(59)(60)(61). All three trials were stopped early on the 
recommendation of their data safety monitoring boards (DSMB) when it was 
deemed unethical to continue to withhold MMC from the control arms. Given the 
level of HIV risk reduction seen in the trials (about 60%), WHO and UNAIDS 
produced recommendations in March 2007 recommending MMC as an important 
additional HIV prevention strategy in areas of high HIV incidence, low MC 
prevalence, and with a predominantly heterosexual epidemic(62). In the ensuing 
years, the original study sites have documented sustained (58% in Kenya (63)) or 
increasing protection (73% in Uganda(64)) or lowered community HIV 
prevalence(65) and incidence(66) (Orange Farm, South Africa). Devices that can 
reduce both the surgical time and the level of health cadre required to perform 
male circumcision, without increasing adverse events, now show 
promise(67)(68)(69)(70). One elastic ring radial compression device(71)(72) was 
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approved for marketing by the USA FDA in 2012(73) and prequalified by WHO in 
2013(74), however it is currently unclear that its use would result in cost savings in 
sub-Saharan Africa compared to the standard forceps-guided method used for 
adult male circumcision(75) . 
 
Pre-exposure prophylaxis (PrEP) with antiretroviral (ARV) drugs for HIV-
seronegative people has also been the focus of a number of clinical trials. Topical 
PrEP in the form of 1% tenofovir gel applied vaginally before and after sex reduced 
HIV acquisition by 39% in the CAPRISA 004 study of 889 women, increasing to 
54% for women who reported using the product as instructed in more than 80% of 
their sex acts(76). Tenofovir gel in the same 1% formulation and used peri-coitally 
as in CAPRISA 004 is currently the focus of the large FACTS 001 study in South 
Africa(77). Daily oral PrEP tablets taken to achieve systemic levels of tenofovir 
(TDF) and emtricitabine (FTC) provided 44% protection in the iPrEx trial involving 
2499 men and transgendered women who have sex with men in Peru, Brazil, 
Ecuador, South Africa, Thailand, and the USA(78). The same combination of 
TDF/FTC reduced HIV risk by 75% in the Partners’ PrEP trial among 4758 
serodiscordant couples in Kenya and Uganda(79) and by 62% among 1219 
heterosexual men and women in the TDF-2 trial in Botswana(80). The TDF-only 
arm of Partners’ PrEP demonstrated a 67% reduction in risk(79). Relative risk 
reductions among active arm trial participants found to have detectable plasma 
tenofovir diphosphate, the active form of tenofovir disoproxil fumurate, were 92% 
in iPrEx(78), 86% in the Partners’ PrEP TDF arm, and 90% in its TDF/FTC arm(79). 
 
Based on the IPrEX and Partners’ PrEP results, the US Food and Drug 
Administration (FDA) in 2012 approved daily TDF/FTC to be used in combination 
with safer sex practices for the reduction of risk of sexually acquired HIV among 
adults at high risk of HIV exposure(81). Also in 2012, WHO published guidance on 
the use of oral PrEP for serodiscordant couples and for men and transgender 
women who have sex with men at high risk of HIV infection in the context of 
demonstration projects(82). In 2013, the last of the original placebo-controlled 
PrEP trials, the Bangkok Tenofovir Study, reported a reduction in HIV risk of 49% 
in a study of 2,413 men and women who inject drugs in Bangkok, Thailand(83). 
 
Other trials of topical and oral PrEP have produced conflicting results. The VOICE 
trial of daily oral TDF, daily oral TDF/FTC, or 1% tenofovir gel applied daily tested 
against placebo tablets or gel, conducted among 5000 women in South Africa, 
Zambia, and Zimbabwe, closed trial arms early for futility or completed them with 
lack of efficacy(84)(85). The Fem-PrEP trial of oral TDF/FTC among 2120 women in 
Kenya, South Africa, and Tanzania concluded with no indication of 
effectiveness(86). Although differences in the trial populations, their sexual 
behaviours, genital mucosal integrity, and other co-factors for HIV acquisition may 
have played a role(87), the critical difference both within and between trials was 
adherence(88). Clearly, just like male and female condoms, oral and topical PrEP 
only have a chance to work if they are used. 
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An HIV vaccine is likely to be some years away although promising proof of 
concept has been shown in the RV144 trial involving more than 16,400 community-
recruited people in Thailand. It evaluated the efficacy of a prime-boost regimen of 
4 doses of ALVAC recombinant canarypox vaccine accompanied by 2 doses of 
AIDSVAX B/E matched to HIV clades circulating in Thailand(89). Over 42 months of 
follow-up, the vaccine arm had a 31% reduction in the risk of HIV acquisition. 
Building on these results, the Pox-Protein Public-Private Partnership or ‘P5’ that 
was established in 2010 is developing, analysing, and selecting protein 
components of a vaccine and accompanying adjuvants (substances that serve to 
enhance the immune response to a vaccine) in order to advance and ultimately 
license an HIV pox-protein vaccine candidate(90). Analysis of the immune 
correlates of HIV infection risk in the RV144 trial indicates that plasma IgG antibody 
levels against the HIV envelope’s variable region 1 and 2, known as V1/V2, are 
associated with a lower infection risk while anti–HIV-1 envelope plasma IgA 
antibody responses correlate directly with infection risk(91). The first safety trial in 
infants born to HIV-infected women of the ALVAC-HIV vCP1521, the vaccine that 
was used as the prime in the RV144 trial, has been completed in Uganda with no 
safety concerns(92).  
 
While the RV144 trial was underway, discouraging news came from the STEP 
Study (USA) and Phambili trial (South Africa) that were testing a Merck product 
consisting of 3 vaccinations of adenovirus that had been synthetically modified to 
contain gag, pol, and nef proteins from HIV. The replication-deficient adenovirus 
vector was intended to carry the HIV genes into the cell, generating both humoral 
and cellular immunity(93). Not only did the vaccine regimen not show protective 
efficacy against HIV but risk appeared to be enhanced in trial participants who had 
pre-existing immunity to the adenovirus vector(94). Then in 2009 exciting news 
emerged about broadly and potent neutralising antibodies. New technologies in 
the form of high-throughput neutralization had permitted the screening of 
antibody-containing culture supernatants from activated memory B cells in the 
blood of a clade A-infected African donor. The result was the isolation for the first 
time of two monoclonal antibodies that target a broadly neutralizing antibody 
epitope * , are potent in minute concentrations, and bind tightly to the virus’ 
antigenic site(95). Within months, two broadly neutralising antibodies, VRC01 and 
VRC02, from another HIV-positive person, were found to neutralise over 90% of 
190 viral strains representing all major circulating clades and including viruses from 
both people with acute and those with chronic HIV infection(96).  
 
Discouragingly, the latest clinical trial (HIV Vaccine Trials Network 505) of a 
recombinant DNA priming vaccine given 3 times, followed by a recombinant 

*An epitope is that part of an antigen that the immune system recognizes. A broadly 
neutralizing antibody epitope is an epitope that evokes antibodies that are broadly   
neutralizing.  
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vaccine boost using a weakened adenovirus type 5 (Ad5) vector, involving 2504 
circumcised, adenovirus-5 antibody-free men who have sex with men (MSM) study 
participants, was recently halted by its DSMB when it observed a non-statistically 
significant increase in HIV acquisition among volunteers in the investigational 
vaccine group compared to those in the placebo group. Furthermore, the vaccine 
regimen failed to reduce viral load in those who became infected, which was an 
additional trial endpoint(97). On a counterpoint, a promising area of current 
investigation uses bioinformatics to model back to find the unmutated common 
ancestor B-cell that initially responded to the virus. If we could mimic the 
subsequent evolution in the virus that exposed epitopes to which we then 
responded, we could better understand how to stimulate neutralising antibody and 
extend its breadth(98). However, an HIV vaccine that has proven efficacious in 
clinical trials still seems a considerable time away(99)(100)(101). 
 
VMMC scale-up is well underway in a number of sub-Saharan African settings with 
high HIV prevalence(102) and the feasibility is being assessed of establishing oral 
PrEP demonstration projects, outside specific short-term post-trial access 
programmes such as iPrEx OLE(103) and Partners’ PrEP(104). The extent to which 
HIV prevention trial results can be reproduced in real word settings remains to be 
seen. In addition to the considerable concerns of delivery logistics and financing 
are the challenges of matching supply and demand, minimising drug resistance, 
and determining with which people what prevention options would best suit them 
for what period of their lives. Clinical trials are designed to study potential HIV 
prevention tools in a controlled way with strict inclusion and exclusion criteria for 
trial participation. All trial arms receive a standard of prevention package including 
condoms, treatment for sexually transmitted infections (STIs), and frequent HIV 
testing and counselling. Initiatives aiming to translate HIV prevention trial results 
into programmes on the ground may encounter constraints and challenges in 
trying to reproduce trial findings or may find synergies when other HIV prevention 
modalities are being scaled up community-wide at the same time and new social 
and sexual community norms are forming. Four large cluster randomised 
controlled trials of combination prevention are underway in heterogeneous 
community settings in Zambia and South Africa(105), Hlabisa, South Africa(106), 
Botswana(107), and Iringa, Tanzania(108) with the objective of determining the 
impact on HIV prevalence and incidence of implementing diverse community-wide 
combination HIV prevention and treatment programmes. 
 
Evidence-informed decision-making and the contribution of 
mathematical modelling of HIV prevention strategies 
 
Evidence-based decision-making in public health has been defined as making 
decisions based on the best available scientific evidence, using data and 
information systems systematically, applying program-planning frameworks, 
engaging the community in decision making, conducting sound evaluation, and 
disseminating what is learned(109). In the real world, it is evident that the process 
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of making health policy is not divorced from politics, although this relationship is 
often neglected despite the fact that content, context, process, and actors all inter-
relate during policy formulation(110). Thus, rather than the term ‘evidence-based’, 
the term ‘evidence-informed’ more accurately reflects what is a complex and 
dynamic process that does not start and end with only the scientific evidence. The 
expression ‘evidence-informed’ recognises the fact that many other elements play 
a role in decision-making, including cultural appropriateness, concerns about 
equity and human rights, feasibility, and opportunity costs(111). Thus, scientific 
research can identify problems, propose solutions, and forecast the likely effects of 
different policy choices but it cannot be the only consideration(112). On the other 
hand, it is unconscionable to not consider the evidence when making policy on 
health issues, as may be seen when vested interests either seek to ensure their 
own priorities are accommodated or act to keep issues off decision-making 
tables(113). 
 
Mathematical modelling and other advanced analytical methods have been used to 
make better military and industrial choices(114). In the HIV field, mathematical 
modelling can contribute to HIV policy making processes by, for example, 
predicting the future course of the HIV epidemic; estimating the need for 
prevention, treatment, care, and support services; assessing the impact of past 
programmes; and shedding light on what the alternative choices might cost and 
what impact they might have. Thus, mathematical modelling can inform optimal 
resource allocation decisions, answering key policy formulation questions such as: 
‘What will happen if we do this?’, ‘What is the best way to do this?’, and ‘How 
much will it cost?’(115). However, mathematical modelling can highlight but not 
answer questions about acceptability, ethical choices, or equity concerns. It 
generally does not address prevailing cultural, social, political, or moral/legal 
norms that clearly can influence feasibility. However, it can draw out the 
implications of the prioritisation of certain programmes to specific populations, 
with respect to cost and potential epidemic impact.  
 
Among the models used in the HIV field, the Estimation and Projection Package 
(EPP) and Spectrum are often used together to produce national trends in HIV 
prevalence and incidence, AIDS deaths, numbers of children orphaned by AIDS, 
and numbers of people newly needing ART(116)(117). The Modes of Transmission 
model of new infections pinpoints where new infections are occurring in a 
population to inform prevention programming tailored to local epidemics 
(118)(119). All three models, which have been iteratively revised as new information 
has emerged, would be substantially improved by valid, reliable HIV incidence 
assays(120). Such assays could also help determine the impact of large-scale 
interventions on the incidence of new infections, when triangulated with other 
epidemiological and programme implementation information(121). 
 
Modelling used to assess the potential cost and impact of strategies such as 
VMMC, PrEP, HIV vaccines, and ‘Test and Treat’ has involved a number of 
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different approaches, primarily using transmission models. These have included 
compartmental models in which individuals in the population are assigned to 
different subgroups or compartments and move to other compartments at 
determined rates as opposed to being part of a distribution that changes; 
stochastic simulation models in which random variations occur in one or more 
inputs over time versus deterministic models in which events are not subject to 
chance; and micro-simulation models in which the effects of changes in policy are 
simulated at the level of the individuals, i.e at the micro level, rather than at the 
population level. Cost-effectiveness models have generally been either 
transmission models or Markhov models in which risk is continuous over time and 
there is a known probability or rate of transition from one health state to another. 
Some models include unit costs derived locally through facility-based costing 
exercises whereas others extrapolate from other costing exercises or desk 
reviews.  
 
The parameters and underlying assumptions in the ‘black box’ of mathematical 
modelling can vary tremendously. Making these explicit and engaging in 
transparent discussions about them can help untangle the disparate results of 
different modelling exercises that seemingly have addressed the same question. 
For example, in the case of modelling the impact of a novel HIV tool to prevent 
sexual transmission, differing assumptions may be made about the frequency of 
sexual activity, type of sexual activity (vaginal, anal, oral), type of sexual 
partnership, extent of assortative mixing, probability of unprotected sex, 
background HIV prevalence, knowledge of serostatus, the force of infection, and 
other factors, even before assumptions are made about acceptability, efficacy, 
durability, effect on risk behaviour, cost, and likely uptake in prioritised or non-
prioritised populations. 
 
Different modelling approaches assessing the impact of a novel HIV prevention 
technology can be applied independently by experts to a variety of settings using 
assumptions that are informed by all available data relevant to each setting. The 
findings may or may not have much relevance for local decision-making or have a 
more general application, unless the ‘black box’ of assumptions can be 
interrogated. In light of the heterogeneity of modelling results, it is the hypothesis 
of this thesis that not only is it possible but that it is critical to come to a broad 
consensus about the utility of a new technology and its potential, or lack thereof, 
to contribute meaningfully and cost-effectively to national HIV prevention 
strategies, depending on country context. The focus needs to be less about the 
precision of estimates and more about identifying good decisions(122), if 
mathematical modelling is to contribute tangibly to policy decision-making. The 
challenge then becomes one of knowledge translation and how best to formulate 
the findings in a way that will provide decision makers with crisp, clear, and easy-
to-communicate arguments. They need these if they are to introduce the idea of a 
new HIV prevention modality at the policy-making tables that assess the 
opportunity costs of acting or not acting. 
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Outline of the thesis 
 
Part 1 describes the current state of the HIV epidemic worldwide before 
addressing trends in HIV prevalence and incidence in 18 sub-Saharan African 
countries and issues related to key populations. These populations are key to the 
dynamics of an epidemic and key to effective responses to it. Their explicit and 
active engagement in the design, implementation, and evaluation of an HIV 
prevention programme are essential to its effectiveness. What population 
constitutes a key population is context-specific and can include men who have sex 
with men, sex workers, transgendered people, people who inject drugs, young 
women in high HIV prevalence settings, prisoners, fisher folk, and migrants, among 
others (Chapter 2)(123). The concept of evidence-informed and human rights-
based HIV prevention combining behavioural, biomedical, and structural 
approaches is introduced, with a focus on realigning national resource allocation 
and tailoring programmes to local epidemics. Emphasis is placed on the 
importance of intensity, quality, and scale to have an impact, along with monitoring 
and measuring impact and triangulating data to build an evidence base on 
synergies between the different levels and components of combination HIV 
prevention (Chapter 3)(124). In Chapter 4 a recommendation is made to speed up 
the testing of novel biomedical HIV prevention tools through accelerated 
assessment of potentially beneficially combinations in innovative randomised 
controlled trials that assess more than one biomedical tool against a common 
control. These could include VMMC for male partners and 1% tenofovir gel for 
seronegative female partners, early treatment for HIV-positive people and oral 
PrEP for their seronegative partners, oral PrEP combined with immunization, co-
formulation of an HIV vaccine and an antiretroviral-containing microbicide (topical 
PrEP) in a vaginal ring, or combining a vaccine and a long-acting injectable PrEP 
agent(125). 
 
In Part 2, the policy background to VMMC is described through an assessment of 
the observational and randomised controlled trial evidence for action on male 
circumcision, published shortly after UNAIDS and WHO issued recommendations 
on male circumcision for HIV prevention. It includes a random-effects meta-
analysis of the trial data compared with observational evidence collected since 
1986, demonstrating virtually identical findings of a 58% protective effect (Chapter 
5)(126). Chapter 6 is a systematic review of the implications of male circumcision 
for women(127) while Chapter 7(128) explores the social and legal barriers to male 
circumcision as an HIV prevention strategy in sub-Saharan Africa, with a focus on 
acceptability, availability, and good quality of services as a requirement of the 
international human right to health. Informed consent, privacy, and confidentiality 
are highlighted for men, as are the human rights of their female partners and the 
importance of social change communication strategies that effectively convey the 
partially protective effect of male circumcision. An update on the evidence 
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concerning MC and other sexually transmitted infections, MC and women, and MC 
for MSM is provided in Chapter 8, along with an outline of operational research 
issues(129). Factors influencing key barriers and facilitators influencing the speed 
of VMMC scale-up at country level are explored using the Diffusion of Innovation 
framework(130) in Chapter 9(131).  
 
Part 3 examines the contribution of mathematical modelling and costing to policy-
making on VMMC, beginning with an assessment of the results of six simulation 
models exploring the population-level impact of VMMC scale-up in high HIV 
prevalence settings. Eight key questions are addressed: the expected impact on 
population HIV incidence, the overall impact on HIV incidence in women, the 
impact of circumcising HIV-positive men, the effect of risk compensation, the 
impact on incidence by age group circumcised, the effects of speed of service 
scale-up, the impact if other prevention initiatives are scaled up at the same time, 
and the discounted savings (Chapter 10)(132). A Decision-Makers Programming 
Planning Tool (DMPPT) based on these findings and incorporating country-specific 
epidemiology and facility-based costing information was used to estimate the 
costs and potential impact of scaling up VMMC to reach 80% coverage by 2015 in 
13 priority countries of sub-Saharan Africa. Chapter 11 presents the cumulative 
number and percentage of infections that would be averted between 2011 and 
2025 by this strategy in each country and the actual achievement of each country 
toward its 80% objective(133). The cost of this strategy would be 1.5 billion USD 
between 2011 and 2015 with an additional 0.5 billion USD required to maintain 
coverage out to 2025, by which time the net savings would be 16.5 billion USD in 
averted ART costs. This would entail a total of 20.34 million adult male 
circumcisions between 2011 and 2015 and 8.42 million more between 2016 and 
2025 (Chapter 12)(133). Chapter 13 describes the components of demand creation 
for VMMC and the challenges of costing it for inclusion in resource needs 
estimates(135). 
 
Part 4 presents the promise of PrEP using antiretroviral drugs to prevent HIV 
acquisition, emphasising that PrEP programmes should be tailored to those most 
likely to be adherent, providing them with state-of-the art counselling and support 
to achieve high adherence during the period of time that they choose to use this 
method of prevention (Chapter 14)(136). In a systematic review of cost-
effectiveness modelling studies addressing the cost and impact of PrEP for HIV 
prevention, 13 studies were included. PrEP for key populations at highest risk of 
exposure was the most cost-effective strategy. Underlying assumptions about 
cost, epidemic context, individual adherence, programme coverage, and 
prioritisation strategy were the considerations that most influenced cost-
effectiveness (Chapter 15)(137). 
 
In Part 5, teams of modellers were asked to assess the potential impact of RV144-
like vaccines on HIV transmission in terms of infections averted over a 10-year 
period by single mass vaccinations of 30% and 60% of sexually active adults. 
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They were provided with unpublished information on interval-specific vaccine 
efficacies that included 60% efficacy at 12 months post-vaccine regimen. Some 
modellers included the hypothetical effect of boosters at 1 year and 5 years. 
Overall, a vaccine regimen similar to RV144 would avert 5-15% of infections and 
would be cost-effective in high incidence countries. If it were to be as effective in 
key populations, such as MSM, as it was among Thai heterosexuals then 
prioritising such populations for vaccination would be more efficient (Chapter 
16)(138). 
 
In Part 6, after a systematic literature review to identify environmental (macro and 
micro) determinants of HIV risk among people who inject drugs, three cities with 
severe injecting-associated epidemics, Odessa (Ukraine), Karachi (Pakistan), and 
Nairobi (Kenya) were chosen to model the potential impact of changes in the risk 
environment. The hypothetical structural interventions examined were elimination 
of police beatings in Odessa, Ukraine; actions to reduce the rate of transition from 
inhalation and smoking to injecting in Karachi, Pakistan; and removing legal 
impediments to needle-syringe programmes (NSP) and opioid substitution 
treatment (OST) in Nairobi, Kenya. The models suggested that between 4-19% of 
new HIV infections in Odessa, 65-98% in Karachi, and 14% in Nairobi could be 
averted by structural changes to the risk environment. Further, reducing unmet 
need by 60% for NSP, OST, and ART from 2010 to 2015 could prevent 41%, 43%, 
and 30% of incident HIV infections in these three cities, respectively. The literature 
review found that less than a quarter of epidemiological studies were designed to 
assess environmental influences and less than a third of studies had been 
conducted in those countries with the greatest burden of HIV among people who 
inject drugs (Chapter 17)(139). 
 
The thesis concludes with a discussion in Chapter 18 that reflects on the lessons 
learned about the potential role of mathematical modelling in the HIV policy-
making process, the extent to which modelling can inform decision-making, and 
the conditions under which this can occur. Other factors influencing decision-
making are highlighted, including equity and ethical considerations, and 
suggestions are made about how best to interpret and communicate with 
stakeholders about estimates derived from modelling exercises.  
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Abstract At the end of 2011, about half of the 34.0 million
[31.4–35.9 million] people living with HIV infection knew
their HIV status. With large regional variations, an estimated
0.8 % of all adults aged 15 to 49 years have HIV infection
and HIV subtype diversity is increasing. Although HIV
incidence has declined in 39 countries, it is stable or increasing
in others. HIV prevalence continues to rise as antiretroviral
treatment scale-up results in fewer HIV-related deaths while
new infections continue to occur. Increased treatment uptake
is likely reducing HIV transmission in countries with large
mortality declines. Key populations, including sex workers,
men who have sex with men, transgender people, people who
inject drugs and young women in high prevalence settings
require effective prevention programs urgently. Correcting
mismatches in resource allocation and reducing community
viral load will accelerate incidence declines and affect future
epidemic trends, if concerted action is taken now.

Keywords HIV . AIDS . HIV prevalence . HIV incidence .

HIV-related mortality . Global epidemic trends . Country
responses . Key populations . Community viral load

Introduction

More than 30 years have passed since the first cases of what
would subsequently be known as acquired immunodeficien-
cy syndrome (AIDS) were diagnosed in New York City and

California [1]. On the scientific front, tremendous progress
has been made in identifying a retrovirus, the human immu-
nodeficiency virus (HIV), as the cause of AIDS [2••], de-
vising diagnostic tests [3] and developing effective
antiretroviral treatment (ART) regimens [4]. On the public
health front, HIV prevention approaches based on aware-
ness raising about the need for behavior change, offers of
HIV testing and counselling, and promotion of correct and
consistent male and female condom use have led to declines
in HIV incidence in many countries. New biomedical HIV
prevention modalities, such as voluntary medical male cir-
cumcision (VMMC) [5], oral pre-exposure prophylaxis (oral
PrEP) [6], topical PrEP (microbicides) [7], and early ART
for prevention [8••] purposes are showing promise. At the
same time, there is increasing recognition that the structural
determinants of HIV risk undermine people’s capacity to
avoid HIV exposure and acquisition and, if they already
have HIV infection, to prevent onward transmission.

On the one hand, there is much to celebrate. The numbers
of new cases of HIV infection in both adults and children are
falling, fewer people living with HIV are dying from AIDS-
related causes, and enabling policy frameworks have been
implemented to structure and speed progress against the
HIV epidemic. On the other hand, the size and nature of
the challenges before us underscore the fact that, despite
persistent and intensifying scientific efforts to find a cure
[9•] and to create an efficacious vaccine [10], the HIV
epidemic will be with us for decades to come. In summa-
rizing the current state of the HIV epidemic, this article will
permit readers to determine for themselves whether the glass
is optimistically ‘half-full’ or soberly ‘half-empty’.

Global Figures and Epidemic Trends

Across the globe at the end of 2011, 34.0 million [range of
uncertainty: 31.4–35.9 million] people were living with HIV
infection [11], of whom about 50 % know their HIV status
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[12]. Globally, 0.8 % of all adults aged 15 to 49 years have
HIV infection. The global figures mask large regional dif-
ferences, with sub-Saharan Africa (SSA) continuing to
shoulder the largest burden, with 69 % of all prevalent
HIV infections and close to 1 in 20 adults (4.9 %) living
with HIV. One-third of all people with HIV globally reside
in 9 countries in southern Africa that account for 2 % of the
world’s population [13]. In terms of numbers of infections,
the next most affected region is South and South-East Asia
and, when East Asia is added, the overall Asia region is
home to almost 5 million people living with HIV. Three
other regions follow, each with 1.4 million people living
with HIV: Eastern Europe and Central Asia, North America,
and Latin America. The remaining 4 regions are home to
1.49 million people in total, completing the ten-region pic-
ture of prevalent HIV infections. The ranges around the
UNAIDS estimates (Table 1) define the boundaries within
which the actual numbers lie, based on the best available
information. They remain relatively wide, reflecting the
incomplete picture that current data provide.

Every single one of the 10 regions has experienced an
increase in HIV prevalence, comparing 2011 with 2001, with
the exception of the Caribbean region that had an apparent
decline in its point estimate from 240,000 in 2001 to 230,000
in 2011. For South and South East Asia, Latin America, the
Caribbean, and North America the 2011-point estimates lie
within the 2001 ranges of uncertainty, suggesting that ob-
served increases might not be significant. However, for the
other 6 regions, sub-Saharan Africa, Eastern Europe and
Central Asia, Western and Central Europe, East Asia, the
Middle East, North Africa, and Oceania, the 2011-point esti-
mate is clearly outside the 2001 range, signalling a likely
significant increase in the numbers of people living with HIV.

HIV prevalence can rise if people are living longer with
HIV as a result of life-prolonging antiretroviral therapy or if
increasing numbers of people are newly acquiring HIV

infection. Steadily increasing access to antiretroviral therapy
is estimated to have added 14 million life-years in low- and
middle-income countries (LMIC) since 1995, with 8 million
people on ART at the end of 2011, a 20-fold increase since
2003 [11]. The result has been that from the mid-2000s the
number of people dying of AIDS-related causes has fallen
steadily. This is reflected in global tuberculosis-related AIDS
deaths declining 9 % from 2005 to 2009 and 13 % from
2009 to 2011 [14]. However, age-standardised death rates in
the two decades between 1990 and 2010 paint a different
picture: the decline of 21.5 % in all cause death rates con-
trasts starkly to the 258 % increase in the age-standardised
death rate for AIDS [15]. Similarly, years lived with disabil-
ity per 100,000 globally increased only 2.5 % for all causes
versus 109.4 % for HIV between 1990 and 2010 [16].

While absolute numbers of deaths due to HIV have been
declining, HIV incidence, ie, new HIV infections, has also
declined, falling from 3.2 million (2.9–3.4 million) in 2001
to 2.5 million (2.2–2.8 million) in 2011, despite an
expanding world population. Two-thirds of the new HIV
infections averted in 2010 and 2011 were those that would
have occurred among infants. In fact, new infections in
children over these 2 years decreased by 24 % [12]. This is
primarily due to increasing program coverage for the preven-
tion of mother-to-child transmission (PMTCT). This decline
is set to accelerate now as the Global Plan toward elimination
of new infections in children by 2015 gathers speed [17].

The overall incidence decline, which began from a peak
in 1997, partially counterbalances increasing HIV preva-
lence due to ART expansion (Fig. 1). Each person with
HIV infection will eventually require ART. An estimated
6.8 million people who are currently eligible for ART do not
have access to it [11]. The 2015 goal of 15 million people on
ART, known as ‘15 by 15’, means that these people who are
already eligible, as well as others who will become eligible
for treatment, need to be reached with treatment services by

Table 1 HIV prevalence by
region Region Adults and

children with HIV
Range Prevalence

age 15–49
Range

Sub-Saharan Africa 23.5 million 22.1–24.8 million 4.9 4.6–5.1

South and South-East Asia 4.0 million 3.1–4.6 million 0.3 0.2–0.3

East Asia 830,000 590,000–1.2 million 0.1 <0.1–0.1

Eastern Europe and Central Asia 1.4 million 1.1–1.7 million 0.4 0.3–0.5

North America 1.4 million 1.1–1.8 million 1.0 0.6–1.0

Latin America 1.4 million 1.1–2.0 million 0.6 0.5–1.0

West and Central Europe 900,000 830,000–1.0 million 0.2 0.2–0.3

Middle, East, and North Africa 300,000 250,000–360,000 0.2 0.1–0.2

Caribbean 230,000 200,000–250,000 1.0 0.9–1.1

Oceania 53,000 47,000–60,000 0.3 0.2–0.3
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2015. The 2010 World Health Organization ART guidelines
recommend treatment initiation when CD4 cell counts fall to
350 cells/uL [4], however, in high-income countries, in-
creasingly people are starting ART at 500 cells/uL as the
benefits of earlier treatment become evident. The definitive
answer about individual clinical benefits of early treatment
is expected from the START (Strategic Timing of
Antiretroviral Therapy) trial underway in 35 countries that
will soon complete enrolment of 4000 people with CD4
counts above 500 cells/uL [18]. Participants are being ran-
domized to start treatment immediately or wait until
reaching CD4 350 cells, with follow-up planned out to
December 2015. Pending the START trial results, there is
increasing interest in a ‘test and treat’ approach [19], in
which people, particularly those more likely to be lost to
follow-up after an HIV diagnosis, may be offered ART at
the time of HIV diagnosis regardless of CD4 count.

Thus, growing numbers of people worldwide will be placed
on life-saving ART in the coming years, whether treatment
eligibility remains at CD4 350 or it increases to 500, as guide-
lines and practices change. The result will be increasing lon-
gevity for people living with HIVand continued growth in the
size of the global epidemic, despite the progress being made to
stop the constant incoming flow of new HIV infections.

As the number of people living with HIV continues to
expand, HIV subtype diversity will likely increase as HIV
continues to evolve through mutation and recombination.
Although the global HIV epidemic arose from a handful of
HIV group M viruses [20] that jumped species in the Congo
River basin likely around 1908, the HIV epidemic today is
very diverse [21••]. Advances in genomic sequencing
methods, such as deep DNA sequencing, have greatly im-
proved our understanding and analysis of HIV genetic di-
versity and the geographical distribution of subtypes. HIV-1
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is now categorized into groups M (main), N (non-M, non-O),
O (outlier), and a tentative new group P. Group M has 9
subtypes or clades (A-D, F-H, J, and K), 51 circulating re-
combinant forms (CRF), and a large number of unique recom-
binant forms (URFs) [22]. Recombinant forms are created in
the presence of simultaneous or sequential infection with 2 or
more different HIV-1 subtypes through strand transfer during
reverse transcription [23]. Phylodynamic approaches are in-
creasingly being used to obtain estimates of sequence evolu-
tion rates and epidemic network parameters [24], with
mathematical modelling demonstrating that inter-subtype re-
combination has clearly been a substantial force in generating
HIV-1 groupM diversity [25]. Some regions, such as southern
Africa, have low viral diversity, whereas others have several
subtypes and circulating recombinants. Subtype C accounts
for 48 % of infections while subtypes A and B account for
12 % and 11 % of global HIV infections respectively [26].

Subtype specificity may be important for vaccine develop-
ment but does subtype matter for HIV progression and trans-
mission? Certain subtypes are now known to be associated
with faster HIV disease progression. Subtype D is associated
with higher viral load set points [27] and has a higher fre-
quency of syncytium formation and CXCR4 receptor use
associated with more rapid decreases in CD4 cell count.
Similar rapid CD4 declines are seen in infection with multiple
subtypes compared with infection with a single subtype [28,
29]. This underscores the importance of the positive dignity,
health, and prevention strategy in reducing the risk of super-
infection [30]. Subtype C strains use CCR5 receptors and
rarely switch to using CXCR4 or both, a switch that is nor-
mally associated with more rapid disease progression. This
may explain the slower progression seen in people with
subtype C compared with subtype D or A [31]. As for whether
certain subtypes are more easily transmitted, a study in
Uganda found that subtype A was more readily transmitted
heterosexually than subtype D [32]. Individuals who have
high viral set points and those who maintain high viral loads
in the absence of ART are more likely to transmit HIV infec-
tion [33], suggesting that they would be priority candidates for
early ART. Given the increasing recognition of the powerful
prevention benefits of ART through substantially reduced
transmission when viral load is suppressed [8••], ART scale-
up will have important effects in decreasing HIV incidence
globally at the same time that it will increase HIV prevalence.

National Responses and Trends

Some countries have made striking progress in preventing
new HIV infections while others lag behind and a few even
have increasing HIV incidence. For example, among 18 sub-
Saharan African countries with an HIV prevalence of 3 % or
more in 2011, Swaziland, South Africa, and Mozambique

had increasing HIV prevalence over the previous decade but
significantly declining HIV incidence (Table 2) while
Uganda experienced an increase in HIV prevalence along
with a 22 % increase in HIV incidence (Table 3).

In 2012, 186 countries, representing 96% of United Nations
member states, submitted comprehensive reports on their na-
tional AIDS responses to UNAIDS. These reports highlight
how well a country is performing in meeting the 2015 targets
that all countries agreed to when they signed on to the 2011
United Nations Political Declaration on HIV and AIDS:
Intensifying our efforts to eliminate HIV and AIDS [34] The
combination of these national AIDS response reports, which
include ART and prevention program coverage, with country-
specific estimates for HIV prevalence, AIDS-related mortality,
and HIV incidence, help paint a picture of what responses in
which countries are the most effective in addressing HIV.
Recent epidemic trends are analyzed by UNAIDS using pub-
lished peer-reviewed articles or through the use of recommended
modelling tools for national HIVestimations [35].

HIV incidence in adults 15–49 years old fell by more than
50 % in the decade from 2001 to 2011 in 25 countries, 12 of
which are in sub-Saharan Africa, 6 in the Caribbean, 6 in Asia,
and 1 in the Middle East. The sharpest regional declines were
in the Caribbean (42 %) and sub-Saharan Africa (25 %) [11].
Over the same period, adult HIV incidence increased by more
than 25% in 9 countries, 4 of which are in Eastern Europe and
Central Asia (Georgia, Kazakhstan, Kyrgyzstan, and the
Republic of Moldova), 4 are in Asia (Bangladesh, Indonesia,
Philippines, and Sri Lanka), and only 1 is in Africa (Guinea
Bissau). Of note, the numbers of new HIV infections had been
relatively stable in Eastern Europe and Central Asia until the
late 2000s when the increase began.

Is ART scale-up playing a role in country HIV incidence
declines? A clinical trial among discordant couples in 9 coun-
tries found a 96 % reduction in the risk of genetically-linked
HIV transmission when early ART at CD4 counts above 350
supressed viral load in the HIV-infected partner [8••]. In the
absence of treatment, infectivity is estimated to be 9 times
higher in early HIV infection and 7 times higher in late HIV
infection [36]. Further, the utility of mathematical modelling
to examine the potential impact of ARTon HIV incidence has
been explored, with a study of 12 models [37] finding broad
agreement regarding the short-term epidemiologic impact of
ambitious treatment scale-up, but more variation in longer
term projections and in the efficiency with which treatment
can reduce new infections [38].

An examination of trends in mortality could allow an as-
sessment of the possible role of ART scale-up in contributing
to declining HIV incidence. In fact, of the 14 countries that
have experienced a 50 % decline in mortality between 2005
and 2011, 7 of them had achieved 80 % or more coverage of
ART for eligible people and 3 had achieved 60 %–79 %
coverage. Nine of the 14 countries with these large mortality
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declines had a greater than 50 % decline in incidence from
2001–2011 [11]. This suggests that ART scale-up is likely
influencing HIV transmission; however the extent remains to
be determined.

What about the contribution of HIV prevention program-
ming to declining HIV incidence? UN member states have
pledged to meet Universal Access Targets [39] and
Millennium Development Goals [40] and have committed,

Table 2 African countries with HIV prevalence greater than 10 % in 2011

Countries 2001 2011 2001-2011

Prevalence Incidence Prevalence Incidence % Change in
Incidence

Swaziland 22.2 4.11 26.0 2.60 - 37%

Botswana 27.0 3.48 23.4 1.00 - 71%

Lesotho 23.4 2.67 23.3 2.47 - 7%

South Africa 15.9 2.42 17.3 1.43 - 41%

Zimbabwe 25.0 2.11 14.9 1.05 - 50%

Zambia 14.4 1.89 12.5 0.80 - 58%

Namibia 15.5 2.39 13.4 0.77 - 68%

Mozambique 9.7 1.63 11.3 1.13 - 31%

Malawi 13.8 1.74 10.0 0.49 - 72%

Source: UNAIDS Report on the Global AIDS Epidemic – 2012. Accessible at: http://www.unaids.org/en/media/unaids/contentassets/documents/
epidemiology/2012/gr2012/JC2417_GR%202012_Annexes_en.pdf and http://www.unaids.org/en/dataanalysis/knowyourepidemic/
epidemiologicalfactsheets/

Note: Green shading indicates significant decrease in incidence or prevalence; yellow shading indicates moderate decrease in incidence or
prevalence; red shading indicates increase in incidence or prevalence

Table 3 African countries with HIV prevalence between 3 % and 10 % in 2011

Countries 2001 2011 2001-2011

Prevalence Incidence Prevalence Incidence % Change in
Incidence

Cote d’Ivoire 6.2 0.39 3.0 0.15a  

Uganda 6.9  0.69 7.2  0.84 +22%

-54%

Tanzania 7.2  0.62 5.8  0.59 - 5%

Kenya 8.5  0.66 6.2  0.45 - 32%

CAR 8.1  0.67 4.6  0.29 - 57%

Cameroon 5.1  0.63 4.6  0.36 - 43%

Chad 3.7 nd 3.1 0.28 nd 

Congo 3.8 0.35 3.3 0.31 - 11%

Nigeria 3.7 0.42 3.7 0.36 - 14%

Source: UNAIDS Report on the Global AIDS Epidemic – 2012. Accessible at: http://www.unaids.org/en/media/unaids/contentassets/documents/
epidemiology/2012/gr2012/JC2417_GR%202012_Annexes_en.pdf and http://www.unaids.org/en/dataanalysis/knowyourepidemic/
epidemiologicalfactsheets/

Note: Green shading indicates significant decrease in incidence or prevalence; yellow shading indicates moderate decrease in incidence or
prevalence; red shading indicates increase in incidence or prevalence
a 2009 data
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for example, to 50 % reductions in sexual transmission and
50 % reductions in injecting drug use-related transmission
by 2015. To accomplish this, and other prevention goals
such as the elimination of new HIV infections in children,
countries are strengthening their combination prevention
programs. Combination prevention combines behavioral,
biomedical, and structural interventions to address both the
immediate risks and underlying causes of vulnerability to
HIV infection, as well as the pathways that link them [41]. It
is evidence-informed, human-rights based, and context-
specific. In order to be effective, prevention programs must
be tailored to local epidemics, with relevant components
delivered at an intensity, quality, and scale necessary to
achieve intended effects. Some countries have used the
‘Know Your Epidemic, Know Your Response’ process to
discover the extent of disconnects between the dynamics of
their epidemic and the resources they have committed to
addressing it [42]. Although this process can lead to re-
alignment of resources for improved cost-effectiveness, a
recent analysis of HIV prevention spending in 69 low- and
middle-income countries with a variety of epidemic types
revealed that spending patterns did not consistently reflect
either current evidence or the HIV-specific context of each
country [43•]. Recognition of the culture-specific aspects of
microepidemics in a country is an important first step toward
development of community-based organizations that can fos-
ter locally effective HIV responses [44]. In fact, bold and
collaborative leadership in local scale-up of HIV prevention
and treatment has been shown to underpin success in countries
as varied as Brazil, Botswana, Nigeria, and India [45].

With respect to sexual transmission of HIV, effective HIV
prevention programs can contribute to declining incidence
trends when they foster changes in sexual behavior toward
healthier patterns. Such prevention programming focuses on
increasing knowledge, raising awareness, building skills,
and creating safer sexual social norms. The agreed indica-
tors being tracked are sex before age 15 years, as reported
by young people age 15 to 24 years, and multiple partners in
the previous 12 months and condom use at last high-risk
sex, as reported by those aged 15–49 years. In 11 countries
with adult HIV prevalence greater than 1 %, 5 of which
experienced a greater than 50 % decline in HIV incidence,
significantly fewer young women are reporting sex before
age 15 years [11], suggesting that delayed sexual debut may
be contributing to reduced HIV incidence. Changes in the
indicators for adult sexual behavior are most striking in 3
countries with 50 % declines (Zambia, Malawi, and
Namibia), 2 countries with 26 %–49 % decreases (Kenya
and Mozambique), and 1 country with stable incidence but a
very large population (Nigeria). However, risky sex is on the
increase in some countries (Cote d’Ivoire, Guyana, and
Rwanda) and comprehensive and correct knowledge about
HIVand its transmission is suboptimal in many countries that

have an adult HIV prevalence over 1 %. For example, less
than 50% of young women in 26 of 31 countries and less than
50 % of young men in 21 of 25 countries conducting surveys
had adequate HIV-related knowledge [11].

Progress on increasing access to voluntary medical male
circumcision (VMMC) has been slow but steady since
WHO/UNAIDS recommended the procedure to reduce the
risk of sexual HIV acquisition in young men living in
countries with higher HIV prevalence [5]. The potential
impact is impressive, with mathematical modelling estimat-
ing 16.5 billion USD in cost savings by 2025 in averted HIV
infections for a 1.5 billion USD investment to reach 80 %
circumcision prevalence by 2015 in the countries with the
heaviest HIV burdens [46]. Kenya, Ethiopia, and Swaziland
have made the most progress, attaining 20 % of their national
targets. In Ethiopia and Swaziland infant male circumcision is
now offered to parents routinely. But the promise of male
circumcision will not be realized without task shifting and
the use of timesaving devices that are currently under evalu-
ation for safety and acceptability [47–49].

Key Populations

Key populations are defined as those that are key to the
dynamics of an epidemic and key to the response to it.
Without the explicit and active engagement of a key population
in the design, implementation, and evaluation of an HIV
prevention program addressing it, the program is likely to fail.
Which populations are key will be context-specific but vulner-
ability, marginalization, and inability to influence the environ-
ment within which risk is experienced are hallmarks. Legal and
policy barriers in many countries impede HIV prevention
programming for sex workers, men who have sex with men,
transgendered people, and people who inject drugs. Cultural
and economic impediments to education, self-actualization,
and financial independence combined with sexual violence
heighten HIV risk for young women in southern Africa [50].

Female sex workers were estimated in a systematic review
of studies representing almost 100,000 sex workers in 50
countries to have an overall prevalence of 11.8 % and a pooled
odds ratio of 13.5 for HIV infection. In 26 countries with
medium- and high-background HIV prevalence, HIV preva-
lence among sex workers rose to 30.7 % with an odds ratio of
11.6 [51•]. Almost 75 % of the 59 countries reporting to
UNAIDS about sex work indicated that they had implemented
comprehensive prevention programs for sex workers, howev-
er, most of these appear to be in urban settings and only 11
countries are reaching at least 80 % of sex workers in cities
[11]. Where services are provided, 85 countries report that
nearly 9 in 10 sex workers used a condom the last time they
had sex [12]. Given the disproportionate HIV burden borne by
sex workers and the likelihood of onward HIV transmission,
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this population should be prioritized for increased access to
ARTand to antiretroviral-based PrEP. However, this has to go
hand in hand with anti-stigma, anti-discrimination, and anti-
violence programs, as well as legal and policy changes and
engagement/empowerment strategies to change the risk envi-
ronment in which sex work is occurring [52].

Men who have sex with men (MSM) have a dispropor-
tionately high HIV burden, as a result of the high per-act and
per-partner transmission probabilities during anal sex, and
have higher rates of dual-variant and multiple-variant HIV
infection than heterosexual people in the same settings [53].
The global prevalence of HIV among MSM appears to have
increased from 2010 to 2012, although data are limited and
not readily comparable [11]. Although 146 countries now
include MSM in their national strategies, only 104 reported
HIV prevalence data in 2012, 62 reported prevention pro-
gram coverage among MSM, 100 reported HIV testing
coverage, and 96 reported on condom use. Median preven-
tion coverage in capital cities was 55 %, a median of 38 %
of MSM received an HIV test in the previous 12 months,
and 75 % of MSM in only 13 countries reported condom use
at last sex [11]. Although funding for HIV prevention
among MSM increased between 2006 and 2011, 92 % of
all spending on HIV programs for MSM came from inter-
national sources [11]. With a high force of infection and
clustering of HIV in MSM networks, antiretroviral-based
prevention strategies, whether PrEP for HIV-negative men
or ART for HIV-positive men, would help control epidemic
expansion but would require culturally competent care ac-
companied by decriminalization and reduction of stigma
and discrimination [54••].

Transgender women, estimated at 15 million globally, are
at extremely high risk of HIVacquisition compared with other
adults, with HIV prevalence as high as 68 % [55] and an odds
ratio of being infected of 48.8 (95 % confidence interval 12.2–
76.3) without significant differences between high-income
and low- and middle-income settings in a recent systematic
review and meta-analysis [56•]. Transgender women have a
female gender identity but a birth-assigned male sex. Lacking
access to information, services, and economic opportunities,
up to 44 % of transgender women in high-income countries
rely on sex work as their only source of income [57]. A
systematic review of studies in 14 countries on 5 continents
found that transgender women engaged in sex work are more
than 4 times as likely as other female sex workers to be living
with HIV [58]. This marginalized highly vulnerable popula-
tion is below the radar of the majority of national HIV pre-
vention programs, with the result that data on HIV prevalence
and program coverage are scarce. Only 43 % of countries
report that their national strategies address transgender people
and 40 % indicate that government service provision accounts
for less than 25 % of the programs and services that are
provided [11]. Engaging and empowering transgender women

to have a stronger voice is the only pathway to better surveil-
lance data, representation in HIV prevention research in ade-
quate numbers for analysis, effective prevention programs,
and promotion and protection of the rights of this neglected
key population.

A striking HIV prevalence, 22 times higher than that of
the general population, is found in 49 countries among
people who inject drugs (PWID), with 11 countries having
50-fold or more differences [11]. A recent systematic review
of studies from 14 countries found a significantly higher HIV
prevalence among female compared with male injectors [59],
reflecting the increased risks faced by women who inject and
who are not reached with HIV prevention services [60].
Although contaminated injecting equipment is the immediate
source, augmented by unprotected sexual intercourse, puni-
tive approaches rooted in perceptions of drug injecting as
illegal behavior are fuelling expanding epidemics, particularly
in Eastern Europe and Central Asia. Globally few countries
remain untouched. A systematic review conducted in 2007
found documented injecting drug use in 148 countries, HIV
infection associated with injecting in 120 of those countries,
and an estimated total of 15.9 million [11.0–21.2 million]
PWID, with the largest numbers being in China, the USA,
and Russia [61]. Worldwide 3 million (0.8–6 million) PWID
may be living with HIV. The HIV prevention evidence base
for injecting-related HIV is strong but many countries are
neither tracking HIV incidence nor implementing proven ef-
fective prevention such as needle-syringe programs (NSP) or
opioid substitution treatment (OST). Those that report that
they are providing injecting equipment are doing so at a
distribution rate of 2 needle-syringes per month, well below
the annual minimum threshold of 100 that demarcates low
coverage from medium coverage [11]. Among 57 reporting
countries, only 39 % of PWID have had an HIV test in the
previous 12 months and among 56 reporting countries, only 3
countries reported condom use above 75 % [11]. A global call
to action [62] and the 2010 Vienna Declaration [63] empha-
size the critical importance of science rather than ideology
informing HIV prevention. For example, reducing unmet need
among PWID by 60 % for NSP, OST, and ART from 2010 to
2015, would reduce HIV prevalence by 41%, 43%, and 30%
in the cities of Odessa, Karachi, and Nairobi, respectively
[64•]. With 30 % of new HIV infections outside sub-Saharan
Africa attributed to injecting, pragmatic harm reduction ap-
proaches, including experimentation with decriminalization of
personal drug use, as Portugal has done [65], are needed to
slow this expanding epidemic.

Young women constitute a key population in sub-Saharan
Africa, with those aged 15–24 years as much as 8 times more
likely than young men to be HIV-positive [66]. Although HIV
prevalence in young people aged 15 to 24 years fell more than
35 % between 2001 and 2011 [12], young women, particular-
ly in southern Africa, are still experiencing exceptionally high
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levels of HIV infection. To achieve greater impact on
preventing HIV transmission, an aggressive movement for
social transformation is required to address both the immedi-
ate practices that lead to HIVacquisition as well as the human
rights violations, harmful social norms, weak community and
leadership capacities, and disparities that underpin HIV risk
for women and for men in southern Africa [67]. The first step
is mobilization of communities for HIV prevention, with
strong male involvement, to design relevant strategies and
messages about the causes, consequences of, and solutions
to young women and girls’ vulnerability, including ‘zero
tolerance’ for gender-based violence and exploitation.

Conclusions

As global HIV prevalence stabilizes with increasing ART
scale-up and declining HIV incidence in many countries, there
is increasing interest in determining the mix of programs and
strategies that will be most cost-effective in reducing HIV
incidence most quickly in given epidemic settings. In addition
to correcting mismatches in resource allocation for HIV pre-
vention, the concept of tracking community viral load (CVL)
as a population-level biomarker for HIV burden and potential
transmission is compelling [68]. CVL is defined as the mean
of the most recent viral load test of all people living with HIV
within a specified geographic area over a specified period.
Ecological studies have demonstrated correlations between
decreases in CVL and reductions in HIV incidence. For ex-
ample, viral load reductions among PWID in Vancouver were
associated with decreased incidence in an HIV-negative
PWID cohort [69]. Increased uptake of more effective, potent,
and tolerable ART regimens in San Francisco between 2005
and 2008, concomitant with legal changes to facilitate HIV
testing, policy initiatives to promote expanded HIV testing,
increased acute HIV detection, and partner services, coincided
with a significant increase in the population rate of virologic
suppression from 46.8 % in 2005 to 78.1 % in 2008. Estimated
HIV incidence declined by over one-third between 2006 and
2008 [70••]. New empirical evidence from rural KwaZulu-
Natal, South Africa has resoundingly shown that individual
HIVacquisition risk significantly declines with increasing com-
munity ART coverage [71••]. Finally, CVL could be used to
predict the efficacy of early ART for prevention programs [72].

Future trends in the global HIV epidemic will be deter-
mined by the actions of individuals, couples, and communities
but, ultimately, it will be policy makers, implementers, civil
society, and funders that will be held accountable for choos-
ing, implementing, and evaluating tailored prevention pack-
ages judged to be optimal in specific circumstances [73], at the
same time that they scale up ART with its proven prevention
benefits and tangible impact on life expectancy [74]. As the
population of people living with HIV continues to age,

increasingly attention will need to turn to the challenges of
HIV and aging [75]. The potential for accelerated declines in
HIV incidence before the advent of an efficacious HIV vac-
cine is real. The glass is half full and the time to act is now.
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Combination prevention: a deeper understanding of
effective HIV prevention

Catherine A. Hankinsa and Barbara O. de Zalduondob

Evidence-informed and human rights-based combination prevention combines beha-
vioural, biomedical, and structural interventions to address both the immediate risks
and underlying causes of vulnerability to HIV infection, and the pathways that link
them. Because these are context-specific, no single prescription or standard package
will apply universally. Anchored in ‘know your epidemic’ estimates of where the next
1000 infections will occur and ‘know your response’ analyses of resource allocation
and programming gaps, combination prevention strategies seek to realign programme
priorities for maximum effect to reduce epidemic reproductive rates at local, regional,
and national levels. Effective prevention means tailoring programmes to local epi-
demics and ensuring that components are delivered with the intensity, quality, and
scale necessary to achieve intended effects. Structural interventions, addressing the
social, economic, cultural, and legal constraints that create HIV risk environments and
undermine the agency of individuals to protect themselves and others, are also public
goods in their own right. Applying the principles of combination prevention system-
atically and consistently in HIV programme planning, with due attention to context, can
increase HIV programme effectiveness. Better outcome and impact measurement using
multiple methods and data triangulation can build the evidence base on synergies
between the components of combination prevention at individual, group, and societal
levels, facilitating iterative knowledge translation within and among programmes.
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Introduction

Although new HIV infections declined to 2.7 million
(2.4–3.0million) in 2008, down from a peakof 3.5million
(3.2–3.8 million) in 1996, HIV prevalence continues to
rise. It reached 33.4 million (31.1–35.8 million) in 2008,
three-fold higher than in 1990 [1]. With the UNGASS
(2001 United Nations General Assembly Special Session
on AIDS) decade coming to a close and most countries far
short of their UNGASS prevention goals and targets, a
serious review of HIV prevention strategies and pro-
grammes is underway. Many countries are experiencing
important transitions in their epidemics, including in
parts of sub-Saharan Africa where evidence of increasing
injecting drug use and recognition of transmission among
men who have sex with men (MSM) are challenging
notions of a solely heterosexual African epidemic.

An estimated 2.9 million lives have been saved in low-
income and middle-income countries since triple drug
antiretroviral treatment (ART) started in 1996 [1]. Four
million people were on ART as of December 2008,
representing a 10-fold increase over 5 years [2]. Coverage
rose from 7% in 2003 to 42% in 2008, with dramatic
increases achieved in eastern and southern Africa (48%)
[2]. Recent guidance recommending that ART be started
earlier, at CD4 cell counts of less than 350 cells/ml [3], is
increasing national calculations of ART need by up to
50%.

Although there is growing evidence of success in HIV
prevention in diverse countries [4–5], time is being lost in
many others as the epidemic continues to evolve in the
absence of adequate responses. Every person who
becomes infected eventually requires ART for life and,
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daily, for every two people started on treatment, five new
infections are occurring. Thus, reducingHIV incidence is
critical to keeping the promise of universal access to HIV
prevention, treatment, care, and support and to reaching
the Millennium Development Goal (MDG) of halting
and reversing the HIV epidemic by 2015.

This paper describes how the call for combination
prevention became a clarion call. We review the
evolution of understanding about HIV prevention,
present the consensus definition of combination preven-
tion [6], and outline the ‘know your epidemic, know your
response’ strategy, with a focus on sub-Saharan Africa. We
conclude with a discussion of tailored programme
planning and evaluation challenges.

HIV prevention: the mainstay of the
response to AIDS

HIV prevention has been at the core of the AIDS response
since the early days when primary prevention was the
only life-saving strategy available. From 1988 to 1996,
countries applied a range of strategies in their Medium
Term Plans, from diagnosis and treatment of sexually
transmitted infections (STIs) to HIV education, condom
social marketing, policy dialogue, and legal protection for
people living with HIVand vulnerable groups [7]. When
ART became available, it was widely assumed that it
would boost prevention, as people would be more willing
to learn and disclose their HIV status and take necessary
steps to protect themselves and others from acquiring or
transmitting HIV.

Individual agency in HIV prevention
Considerable investments in information–education–
communication (IEC) and subsequently in behaviour–
change–communication (BCC) strategies resulted by the
mid-1990 s in near-universal awareness of HIV, with little
impact on reported risk behaviour outside sex work and
other high-risk settings [8]. Global HIV policy makers
began to recognize the need to couple interventions that
relied on individual agency with strategies to alleviate
vulnerability to infection [9–11]. A decade of disappoint-
ing individual-focused behavioural interventions [12] led
to calls to re-examine the theories andmodels of behaviour
change [9,13] and consider the societal conditions, such as
gender inequalities, sexual cultures, poverty, and access to
HIV services, that undermine people’s ability to act on
prevention advice. An expanded response to HIV was
proposed that would reinforce strategies of risk, vulner-
ability, and impact reduction [14,15].

Combination prevention enters the scene
Introduced in 2003 as a strategy ‘to use all appropriate
interventions to achieve maximum effect, including

behaviour change programmes, sexually transmitted
disease control, voluntary counselling and testing, harm
reduction, prevention of mother-to-child transmission,
blood safety, infection control in healthcare, structural
interventions, and programmes for people living with
HIV’ [16], combination prevention was conceived
broadly. It had been inspired by the recognition that
countries such as Uganda, Thailand, and Brazil had
generated sharp, sustained declines in HIV incidence
using an array of biomedical, behavioural, and structural
approaches. Visible, consistent, political leadership, and
community mobilization seemed critical components of
these successful national programmes, each of which had
deployed strategically chosen strategies to meet the
diverse needs of key populations at risk [17].

For several years, the term ‘combination prevention’
evolved to refer more narrowly to the combination of
strategies required to prevent sexual transmission, whereas
the term comprehensive prevention applied to prevention
programming addressing all modes of transmission.
Combination prevention was described as the ‘strategies
that informed individuals who are in a position to decide
for themselves can choose at different times in their lives
to reduce their risk of exposing themselves or others to
HIV’, with the limited applicability of such an approach
for many women and girls explicitly acknowledged
[18]. There was recognition of the need to adapt HIV
prevention programming in a balanced approach varying
by cultural context, population addressed, and stage of the
epidemic and to prioritize policies that would help reduce
the vulnerability of large numbers of people by creating
social, legal, and economic enabling environments in
which HIV prevention is possible [19].

At the global policy level, guiding principles and
recommended policy and programmatic actions for
intensifying HIV prevention emerged in 2005 [20].
These called for strategic, simultaneous implementation
of a combination of evidence-informed policies, and
programmatic actions, including biomedical and beha-
vioural approaches, promoting gender equality and
protection of human rights, to reduce HIV risk,
vulnerability, and impact. Practical guidelines followed
in 2007, endorsing locally owned and adapted, evidence-
informed HIV prevention strategies founded on respect
for human rights and responding to the particular needs
of people at highest risk of HIV exposure [21].

These developments occurred against the backdrop of the
movement ‘Towards Universal Access’, the focus of the
2006 UN General Assembly High-Level Meeting on
‘Universal Access’ reviewing implementation of the 2001
UNGASS Declaration of Commitment on HIV/AIDS
[22]. One hundred and eighty-nine countries endorsed a
Political Declaration on HIV/AIDS that called for
universal access to HIV prevention, treatment, care,
and support. Reaffirming prevention as the mainstay of
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the response to AIDS, countries pledged to intensify
efforts to ensure implementation of a wide range of
prevention programmes that take account of local
circumstances and ethical considerations. The signatories
committed to overcoming structural barriers to effective
HIV prevention – including harmful social, political,
legal, and economic conditions that individuals alone
cannot change – and ensuring the full enjoyment of all
human rights and fundamental freedoms by people living
with HIV and members of vulnerable groups [22]. It was
a broad agenda linked to regular, visible reporting on
progress.

Consensus on defining combination
prevention

The need for a combination of biomedical, behavioural,
and structural streams of action to reduce HIV
vulnerability and risk was underscored at the 2008
International AIDS Society conference in Mexico when
Myron Cohen argued that these strategies ‘have been
engaged for years; it is time for them to get married – and
they should do it today!’ [23]. A series of papers reviewed
the history of HIV prevention responses [24] and the state
of the art globally on biomedical [25], behavioural [12],
and structural interventions [26], highlighting the
challenges of designing and managing cost-efficient
and high-quality combination programmes at national
and sub-national levels [24,25,27]. An accompanying call
to action challenged governments, civil society, and
researchers to come to terms with complexity and get
moving on prevention [28]. As well, the Global
Prevention Working Group admonished the scientific,
policy, and implementing community to take on HIV
prevention more actively [29].

Linking the wave of support for combination prevention
that emerged in Mexico with more consistent program-
matic action [27], a series of broad consultations defined
combination prevention in practical, programmatic terms
[6,30]:

Combination prevention programmes are rights-based,

evidence-informed, and community-owned programmes

that use a mix of biomedical, behavioural, and structural

interventions, prioritized to meet the HIV prevention

needs of particular individuals and communities, so as to

have the greatest sustained impact on reducing new

infections. Well designed combination prevention pro-

grammes are carefully tailored to national and local needs

and conditions; focus resources on the strategic mix of

programmatic and policy actions required to address

documented risks and needs; and are thoughtfully

planned and managed to operate synergistically, strate-

gically, and consistently over time and on multiple levels

to address both immediate risks and underlying drivers of

vulnerability and risk. They mobilize community, private

sector, government, and global resources in a collective

undertaking. They require and benefit from enhanced

partnership and coordination. And they incorporate

sufficient flexibility to permit ongoing assessment and

continual improvement of strategies over time [6].

Compared with previous thinking, a broader recognition
emerged that structural approaches, that is, public health
programmes that promote health by altering the context
within which health is produced and reproduced [19,31],
are not a nice accompaniment to ‘the real stuff ’ of HIV
prevention strategies but are central to them [30,32–35].
For two decades, policy makers and advocates ruled out
initiatives to change the ‘social drivers’ of HIV risk and
vulnerability [35] as falling beyond the remit, and the
urgent time frame, of HIV responses. Today, there is a
growing desire to apply these principles systematically and
consistently in HIV programme planning and imple-
mentation. This has been accompanied by greater
willingness among policy-makers to budget for structural
as well as biomedical and behavioural strategies and
among donors to fund them [36–38]. Overall, there is
expanding commitment among implementers, research-
ers, civil society, government, and international partners
to be accountable for overcoming the insufficiently
strategic approach to HIV prevention that has delayed the
achievement of maximum impact [6].

Know your epidemic, know your response
and tailored programming

The entry point to combination prevention program-
ming is the ‘know your epidemic, know your response’
strategy [21]. Enabling countries to estimate a single-year
‘snapshot’ of incident infections anticipated over the
coming year, the Modes of Transmission (MoT)
methodology [39] uses data on current HIV and STI
prevalence and behavioural data, including sexual partner
types; numbers of individuals with particular exposures,
disaggregated by age and sex, and rates of these exposures.
Including data points from studies in diverse populations
and settings, the model provides a unified picture of the
relative contribution to HIV incidence of each examined
exposure and, by implication, the relative need for
services in various populations. All relevant data from
national and sub-national surveys, surveillance activities,
behavioural research, participatory mapping studies, rapid
assessments, stakeholder consultations, and key informant
interviews inform the modelling.

The MoT model shifts attention from where the
epidemic has been, as reflected by HIV prevalence,
to estimating where the next 1000 infections will arise
[39]. Having identified types of risk and exposure
and important sub-national variations, the combina-
tion prevention approach invites evidence-informed
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analysis–based on research and consultation with affected
communities – of the social, economic, geographic, and
cultural conditions that are underlying causes of HIV
infection [21,35]. Over 30 countries have conducted or
plan to conduct prevention programme review and MoT
analysis [40].

The next step, ‘know your response’, comprises a review
of HIV prevention policy and programmes and com-
parison of the profile of incident infections by mode of
transmission to the distribution of current expenditures
on prevention activities, using a national AIDS spending
assessment [41] (see Fig. 1). Even without consistent
records of the prevention information and services
provided and their costs, comparing modes of trans-
mission with HIV programme funding allocation can
reveal stark contrasts or gaps in a national response. These
syntheses of epidemiological, behavioural, and HIV
programme expenditure and trend data [42] are leading
several countries in eastern and southern Africa, eastern
Europe, and Asia Pacific to reorient their prevention
programmes.

For example, prior to MoT exercises [43], several
countries in sub-Saharan Africa had not recognized the
extent of HIV transmission or ensured access to
appropriate HIV services among MSM [44] or people
who inject drugs (Fig. 2). In 2009, Kenya acknowledged
that shifts in drug trafficking routes into and across Africa
were contributing to its epidemic [45], when its MoT
study estimated that 4% of new infections countrywide
are occurring among people who inject drugs [46],
rising to 6% in the capital Nairobi. Furthermore, one
in six new infections in Nairobi are occurring among
MSM, a population that has garnered little prevention
programming attention in Kenya. The MoT study in

Nigeria led national authorities to conclude that over
one-third of new infections are occurring among sex
workers, people who inject drugs, MSM, and their sexual
partners, indicating the need for greater attention to
focused programmes in this generalized epidemic [47].
Likewise, although the majority of new infections in
Swaziland and Lesotho are now due to sexual trans-
mission within stable heterosexual couples, prevention
programmes have not been directed towards the special
needs of serodiscordant couples. Investment in efficient
and acceptable ‘know your status’ strategies such as
couples counselling [48] and home-based testing and
counselling [49–51] can reach this population, previously
labelled ‘low-risk’, providing access to treatment which
can reduce transmission risk and to prevention strategies
adapted to serostatus. In sum, synthesis reviews usingMoT
modelling lay the foundation for evidence-informed
choices on which cost-effective strategies will best meet
the current, context-specific needs of those most
vulnerable while having the largest population-level
impact on epidemic dynamics.

Tailored programming
‘Knowyour epidemic, knowyour response’ is the first step,
but the choice of an effective, tailored prevention strategy
requires both participatory planning and integration of
services for synergistic effect. Good participatory practice
principles, which apply to the design of tailored preven-
tion programmes just as for the conduct of biomedical
HIV prevention trials [52], include respect, transparency,
inclusiveness, and accountability. Foundations for efficient
use of resources in HIV prevention are the Paris Principles
for Aid Effectiveness [53], situating countries in the driver’s
seat in national programme planning; the Three Ones
Principles [54,55], emphasizing the need for one national
strategic plan, one national AIDS authority, and one
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monitoring and evaluation system; and MoT synthesis
reviews, supporting countries to focus their programming
on current needs.

Adopting and implementing nondiscriminatory and
vulnerability-reducing laws and policies and promoting
changes in harmful attitudes and social norms are
strategies to interrupt transmission dynamics dictated
by unfavourable macro-environmental to micro-environ-
mental physical, social, economic, and policy conditions
[19,56]. Significant shifts in HIV risk can be achieved
through changing specific social norms and other societal
conditions, such as gender inequality, HIV-related stigma
and discrimination, food insecurity, and violations of
human rights. All of these can prevent people from
accessing HIV information and HIV services and
underpin HIV vulnerability (Fig. 3) [5,57,58]. Program-
matic strategies to combat the underlying determinants of
vulnerability and risk [5,59–62] begin with engagement
of affected communities and systematic situation analysis
of the multiple, interacting causes and available levers of
change [63]. For example, when the Uganda AIDS
Commission analysed the nature and levels of causes of
young people’s vulnerability to HIV, it consulted with
community youth, parents, educators, and service
providers [57]. It determined that conditions ranging
from cultural norms regarding sexuality and power, to
family obligations and expectations, and the quality of
available health services needed to be addressed [57].
Securing lasting improvement requires actions on
multiple fronts and levels to address coherently the
interacting biomedical, behavioural, and structural factors
underpinning vulnerability [64].

The recognition that HIV prevention campaigns can and
should seek to foster changes in harmful perceptions and
social norms was provoked by experts from low-income
and middle-income countries who argued cogently that
choice-focused behaviour change models, based on
secular, individualistic cultures of European descent,

had been overemphasized [13]. The rationale for
addressing social determinants of HIV vulnerability was
further buttressed by the parallel trend of expanding
recognition of relationships between health and human
rights [65–68]. A promising analytic framework bringing
these trends together links state human rights obligations
under national and international law with structural-
rights interventions to redress societal inequities, reduce
vulnerability to HIV, and expand access to treatment
[69].

Novel technologies
A number of biomedical tools, currently the subject of
randomized controlled trials (RCTs), will have implica-
tions for combination prevention if they prove effective.
Preexposure prophylaxis is being tested in several end-
point driven trials that may report results in 2010, with
CAPRISA 004 testing a vaginal gel containing tenofovir
reporting first. Furthermore, the vaccine field shows
promise with the discovery of two powerful antibodies
isolated from a developing country donor that neutralize
many HIV variants [70] and the finding that a prime-
boost combination of two HIV vaccine candidates
reduced the risk of HIV infection by about 30% [71].
As already seen following the male circumcision efficacy
trials revealing a protective effect of around 60% for
heterosexual men [72], knowledge translation into scaled-
up programmes can lag behind efficacy trial results.
Furthermore, monitoring impact to ensure that novel
efficacious biomedical prevention tools are appropriately
positioned within combination prevention programming
is essential to ensure that these do not displace or
undermine other effective strategies and are truly additive.
Social change communication and counselling support
are integral to the effective introduction of any partially
protective biomedical modality, in order to minimize any
risk enhancement/compensation subsequent to percep-
tions of decreased risk.

Building the evidence base on combination
prevention

The range of research required to evaluate, refine, and
cost proven models for all the policy and programmatic
actions recommended for a complete prevention response
is enormous. Although a variety of frameworks have been
proposed [10,11,31,35,73–75], creating and assembling
the knowledge necessary to support programme
decision-making on all these strategies has never been
seriously contemplated as a concrete goal. Under-
standably, research has focused on strategies to achieve
particular biomedical or behavioural objectives, such as
reducing reported STI, increasing HIV testing and
counselling, or increasing correct and consistent condom
use with casual sex partners. However, the combination
prevention framework posits that on the ground,
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Fig. 3. Young People Vulnerability Analysis conducted by
Uganda AIDS Commission, reproduced with permission.
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biomedical, behavioural, and structural determinants and
outcomes are interlinked.

Current knowledge
The science has lagged behind consensus on action for
combination prevention. This point is illustrated by the
lengthy debate as to what actually led to the decline in
Uganda’s HIV epidemic [76,77]. There were records of
policy positions, programme plans, and scattered data
collection on HIV prevalence and programme perform-
ance; however, in Uganda, as in most countries, there was
no repository documenting the range of activities and
coverage constituting the national HIV programme. An
extensive retrospective analysis, using mixed quantitative
and qualitative methods in a triangulated approach,
concluded that sexual behaviour change began in 1987
with shifts in social norms about concurrent partnerships
and postponement of sexual debut, accompanied by
increased condom use in the early 1990s [78]. This
analysis comes closest to answering ‘what happened in
Uganda?’ [77]; however, because key features including
government leadership and community mobilization
were not measured sceptics may remain unconvinced that
structural interventions were essential components of
Uganda’s effective response.

There is a substantial body of researchmeasuring the effec-
tiveness of biomedical strategies and testing individually
focusedbehavioural and/ormixedstrategies [25–27,79]. In
contrast, theevidencedemonstrating that specific structural
interventionshavemeasurableeffectsonHIVincidenceand
other biomarkers, such as STI incidence or pregnancy, is
meagre. Seemingly conflicting evidence about the effects
of poverty, gender inequality, social capital, and other
structural factors has been clarified recently by applying
theory and approaches from the social sciences that accom-
modate the diversity of social, cultural, and epidemiolo-
gical contexts, the individual agency, and the ‘embedded-
ness’ and complexity of socially constructed behaviour
[32,35,75,80]. These stress the multiplicity of causal
pathways connecting broad social and economic factors
with individuals’motivation and capacity to avoid risk [30].
However, the evidence base remains small compared with
the scale and diversity of the global challenge.

National AIDS programmes in southern Africa are not
waiting for definitive studies with experimental designs.
A number of large-scale communication programmes
aimed at fostering new sexual norms are underway to
discourage multiple and concurrent sexual partnerships in
order to bring the region’s explosive HIV epidemics
under control [81]. Some conducted baseline surveys to
enable programme evaluation in 2–3 years and all began
without the benefit of a RCT-tested model. They are
‘learning by doing’, adjusting implementation and
developing measurement methods as they go, hoping
these will be sensitive and yet comprehensive enough to
document inputs, context, and effects.

Changing socially constructed behaviour and social norms
is not easy and what works in one culture may or may not
work in another. For example, thePopularOpinionLeader
model based on theories of diffusion of innovation [82]
proved effective in promoting individual reductions in risk
behaviour and new HIV and/or STI among diverse
populations in the USA [83–85]. When tested in five
lower-income and middle-income countries, significant
reductions in HIV-related stigmatizing attitudes were
found at one site, but changes in risk behaviours or declines
in STI incidence did not occur at any site [86].

The relatively thin evidence base on structural interven-
tions poses a major challenge to decision-makers. Diverse
definitions of what constitutes a structural approach
[10,11,19,35], lack of clarity on the time required for
effects and their duration [35,87], and lack of operational
guidance [32] have hampered knowledge building. As the
focus of structural interventions can be the social,
political, economic, or physical environment, and include
services, policies, and regulations as well as community
processes that catalyze social and political change, it is
unlikely that a single conceptual model can encompass all
the variables and causal chains at work [10,11,88].
Nonetheless, a common framework would help build the
global knowledge and evidence base [35].

In practice, only a few programmes that can be considered
to include structural approaches have been reported in the
scientific literature. Among them are Sonagachi, a
community-oriented project in Calcutta, India, which
mobilized and empowered sex worker groups to create an
enabling environment, with HIV prevention defined as a
community issue [89]. Results of a cluster randomized
trial, the Intervention with Microfinance for AIDS and
Gender Equity (IMAGE) study conducted in South
Africa, revealed no reduction in HIV incidence, but did
suggest that microfinance combined with gender and
HIV training led to improvements in household
economic well being, women’s empowerment, and
reductions in levels of intimate partner violence [90],
as well as improvements in risk behaviours, increased
communication about sex, and greater uptake of HIV
testing [91]. The AVAHAN project covering over 80% of
the urban female sex worker population in Karnataka,
south India, highlights the importance of law, access to
justice, and programme scale-up to reach high HIV
service coverage among marginalized populations. HIV
prevalence did fall among young antenatal clinic
attendees, but its link to the programme was unclear [92].

Building the evidence base

Building the evidence for what works where, and for
whom, in combination HIV prevention can guide
programme managers, not only in designing programmes

Combination prevention Hankins and de Zalduondo S75



60 Chapter 3

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

but also in selecting appropriate methods to evaluate and
iteratively improve them. Three foundational concepts
are attention to context, development of a project
implementation pathway (PIP), and use of complemen-
tary evaluation strategies [93].

At the national level, information on social, cultural,
economic, and political context, if collected rigorously,
consistently, and preserved over periods of time, can
improve HIV incidence modelling and prevention impact
assessments [94], as well as the design of programmes. A
recent think tank, reviewing themes and heuristic tools
from research and evaluation science not widely applied
in national or sub-national HIV programmes [95],
concluded that because HIV prevention relies on human
behaviour and the dynamic meanings, relationships, and
societal conditions that shape it, significantly more
attention to context is required in programme evaluation.
Contextual confounders that were not investigated or
measured may help explain the weak effects or flat results
of recent randomized trials of behavioural HIV preven-
tion interventions [94,95].

Knowing how activities, such as providing HIV testing
and counselling or advocating with parliament to abolish
discriminatory laws, are expected to contribute to
reductions in HIV incidence at the population level is
critical. For example, seven different pathways whereby
gender inequality may influence HIV outcomes are
identified in guidance on implementing the UN Action
Framework on Women and Girls [96,97]. Description
and understanding of a PIP [98], a highly detailed causal
model of how each step in a project is expected to
contribute to the ultimate project outcome [99], assists
implementers in diagnosing failed assumptions or failing
strategies. In Progresa, an RCT of conditional cash
transfers as a policy instrument to achieve improvements
in maternal and child health and education in Mexico
[100], the development of a highly detailed PIP over
several rounds of intervention and refinement improved
project implementation and impact. Having an explicit
PIP is critical to identifying key milestones or inter-
mediate outcomes and to understanding what is and is not
working for specific audiences, making needed adjust-
ments, and transferring knowledge to others.

Building the evidence base for combination prevention
requires the design and implementation of programme
evaluations that assess three fundamental axes of
programme design: is the programme meeting the actual
needs of the populations most affected; is it being
implemented correctly with quality standards maintained,
including the meaningful engagement of people living
with HIVand avoidance of stigma-enhancing actions; and
is it implementing the needed activities on a scale that
will make a difference [99]. These questions are often
overlooked in studies that aim to evaluate whether an
HIV prevention programme ‘works’.

Debate continues over the appropriateness from an
ethical, feasibility, and utility viewpoint of applying RCT
designs, used to evaluate the effects of behavioural and
biomedical HIV prevention interventions, to structural
approaches which operate nonlinearly and over longer
periods [87]. Novel methodologies to evaluate combi-
nation prevention, such as stepped-wedge, selective
promotion, or adaptive trial designs, are being discussed
but experimental and quasi-experimental designs may be
both difficult and possibly unethical. Modelling HIV
incidence in relation to programmatic inputs, with
sensitivity analyses for estimated variables, could answer
critical questions concerning likely programme impact.
Fortunately, strategies are now being developed for
teasing out the additive and synergistic outcomes of
combination prevention programmes, given their flex-
ible, evolving designs. Prospective evaluations of com-
bination prevention programmes can use multiple
methods and data triangulation, capture unit costs, and
take far greater account of social context and other
structural conditions. However, measuring interactions
between biomedical, behavioural, and structural com-
ponents and at individual, group, and societal levels is a
key challenge of combination prevention evaluation.

Cross learning as communities and countries undertake
much more rigorous evaluation and learn from their own
HIV prevention programmes will be greatly facilitated if
they document their programme inputs more consistently
using a common language that permits comparison across
projects, regions, and countries [30], analysing inputs in
relation to measured or modelled trends in HIV
incidence.

Among the newer research initiatives is the US National
Institutes of Health ‘Methods for Prevention Packages’
programme (MP3) supporting behavioural and biome-
dical clinical scientists, epidemiologists, and clinical trial
design specialists to devise optimal prevention packages of
combination interventions for specific populations,
design clinical trials to rigorously examine the safety
and efficacy of these packages, and demonstrate that the
prevention package is acceptable to the target population
and that the study design is appropriate and feasible [101].
None of the five initial funded proposals explicitly
included a structural component but good participatory
practice and further reflection is leading in some cases to
recognition of the need for structural interventions to
complement behavioural and biomedical components.

The CAPRISA 007 RHIVA trial (Reducing HIV in
Adolescents), a cluster randomized trial underway in a
very high incidence area of Kwa-Zulu-Natal, is assessing
the impact of enhancing educational quality and
providing conditional cash transfers to high school
learners to reduce HIV incidence. Testing a structural
approach at the individual level, much as did the IMAGE
microfinance project among women in Limpopo, South
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Africa [90], the RHIVA trial secondary end-points
include individual academic performance, participation
in activities to build confidence in the future, and
knowledge of HIV status (Q.A. Karim, personal
communication). Addressing the extremely complex,
interwoven cultural, social, and economic vulnerability of
girls and young women in hyperendemic areas of
southern Africa will continue to preoccupy a broad
array of researchers and partners long into the future
[102].

Implementation science

Knowing your epidemic and response is critical in
deciding which services to provide towhom, but the new
field of implementation science research is needed to
address gaps in implementation, strengthening the
knowledge base on how to deliver interventions
effectively and efficiently, transfer interventions from
one setting or population to another, and make informed
choices about competing interventions [103]. Although
modelling demonstrates that the addition of novel
biomedical strategies to an existing prevention package
can have synergistic effects, hastening HIV incidence
declines [104], programme managers are understandably
concerned to ensure that any novel prevention modality
makes a net addition to existing efforts. Dialogue with
affected communities and monitoring and evaluation,
including operations research and programme quality
improvement [105] clearly play an important role in
improving overall HIV prevention programme effective-
ness. Operations research is complemented by broader
implementation science research which would, for
example, identify barriers to full scale-up of programmes
and compare implementation strategies aimed at enhan-
cing uptake to reduce HIV transmission.

Conclusion

As the fourth decade of AIDS approaches, primary
prevention is more important than ever. Around the
world, combination prevention programmes that draw
upon the social sciences and community experience, as
well as the best of biomedicine, can identify and respond
to the dynamic prevention needs of each affected
population. Beyond tailoring programmes to local
epidemics, it is essential that interventions be attuned
to people’s life conditions, address all the interacting
barriers to prevention, and be delivered with the intensity
and quality necessary to achieve intended effects.
Programme resources focused on evidence-informed,
human rights-based, sustained programme and policy
actions that reinforce community capacity and resilience
[106] will provide good value for money, including

benefits beyond the AIDS response. Further, many
structural interventions, which seek to reverse social,
economic, and physical conditions that undermine the
agency of individuals to protect themselves and others,
should be instituted regardless because they are public
goods in their own right [107].

Because on the ground, the multiple components should
be mutually reinforcing, implementation of combination
prevention requires an unprecedented level of partner-
ship, collaboration, and enhanced coordination in
programme design, resourcing, management, and evalu-
ation. Flexible cyclic designs can incorporate new tools or
emerging approaches and allow strategies to evolve in
response to epidemiological, social, and technological
change, including novel biomedical prevention tools.

Given the diversity of endogenous and contextual
influences on HIV risk perception and behaviour in
different settings, the search for stable, universal
combination prevention models that can be distributed
as set ‘packages’ of information and services is futile. It
implies lack of appreciation of the social nature of HIV
risk and vulnerability, or of the nature of social processes
[108]. As Urban Johnsson states, ‘To deal effectively with
the diverse HIV epidemic, we do not need more and
better patterns so much as we need more and better
tailors’ (U. Johnson, 2008, personal communication).
Tapping local knowledge and building enduring capacity
is especially important as combination prevention entails
working with time horizons that stretch beyond short 1–
3-year project funding cycles.

After nearly three decades of focus on short-term results,
the call for combination prevention recognizes that a
mixed approach addressing both immediate risks and
underlying causes is both possible and necessary.
Researchers, implementers, community members, and
policy makers working hand-in-hand across disciplines
and national boundaries offer the best hope for meeting
the challenge to deliver on the promise of Universal
Access and the MDGs. But unless the science of ‘what
works where, and why’ expands its base, examining
programmes on the ground and using theory and
methods from all the sciences, and unless it translates
the generated knowledge into dynamic and iterative
processes of synthesis, dissemination, exchange, and
ethically sound, coordinated application [109], combi-
nation prevention will not live up to its anticipated impact
in halting and reversing the HIV pandemic.
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   Although the annual number of new 
HIV infections (incidence) declined 
from a peak of 3.5 million in 1996 

to 2.6 million in 2009, the total number liv-
ing with HIV continues to rise as more peo-
ple live longer. While 6.6 million people 
with HIV are now on antiretroviral treat-
ment (ART), 9 million are waiting to receive 
it, with two people newly infected for every 
person starting ART ( 1). Twenty million more 
people are predicted to acquire HIV by 2031, 
which will increase treatment costs up to $35 
billion a year ( 2). This raises issues of sus-
tainability. Thus, reducing HIV incidence is 
critical to keeping alive the promise of uni-
versal access to HIV prevention, treatment, 
care, and support.

New biomedical tools with proven effec-
tiveness should be added to individual-level 
behavioral and population-level structural 
components, with national policies guided 
by cost-effectiveness and population impact 
assessed in randomized controlled trials 
(RCTs). Sequential implementation of each 
new biomedical intervention is an inevitable 
process for unlicensed products. However, 
we recommend accelerated assessment of 
potentially benefi cial combinations through 
innovative RCTs that assess more than one 
biomedical tool against a common control.

RCT Evidence of Success

Combinations of behavioral and structural 
intervention strategies to reduce vunerability 
and risk of HIV infection have been applied 
for nearly three decades with differing suc-
cess ( 3). However, a number of new bio-
medical tools have demonstrated success in 
RCTs: medical male circumcision (MMC); 
daily oral tenofovir (TDF) plus emtricitabine 
(FTC) used as preexposure prophylaxis (oral-
PrEP) by HIV-negative men who have sex 
with men (MSM); 1% tenofovir gel (micro-
bicide) applied vaginally before and after sex 
by HIV-negative women as topical PrEP; a 

prime-boost HIV vaccine regimen; and, most 
recently, immediate ART for the HIV-positive 
partner to prevent onward sexual transmission 
( 4– 7) (see the chart).

In contrast, daily oral TDF/FTC used as 
PrEP by heterosexual women did not appear 
to provide benefi t in the FEM-PrEP trial that 
is closing early after a planned interim review 
revealed equal numbers of HIV infections in 
the active and placebo groups ( 8). Indepen-
dent pharmacokinetic studies of oral dosing 
suggest that TDF drug levels are 10 to 100 
times lower in vaginal versus rectal tissues 
( 9). This might provide one explanation for 
the difference in effi cacy of oral TDF/FTC 
against vaginal (women) and rectal (MSM) 
HIV transmission. 

Recent findings indicate that early use 
of ART [treatment for prevention (T4P)] by 
an HIV-infected individual reduced hetero-
sexual transmission to an uninfected part-
ner by 96% when couples also received free 
condoms, safer-sex counseling, and treat-
ment for sexually transmitted infections 
(HPTN052) ( 10). This strengthens previous 
evidence from a meta-analysis of ART esti-
mating a 92% reduction in transmission ( 11). 
Although early ART for serodiscordant cou-
ples (where one partner is infected) may be 
feasible in many settings, offering immedi-
ate T4P to all who test HIV-positive is chal-
lenging in settings where barely 50% of those 
medically eligible (based on decline in CD4 T 
cell count) are receiving ART.

New Approaches to Trial Design

Specifi c approaches would include focused 
assessment of MMC combined with micro-
bicide gels for men’s female partners. A sec-
ond combination to evaluate would be T4P 
with antiretroviral (ARV) PrEP (microbi-
cide for women, oral for MSM) for the HIV-
negative partner. At least 7 of the 39 (18%) 
sexual transmissions in the HPTN052 trial 
involved virus that was genetically distinct 
from that of the primary infected partner 
and were thus presumably acquired from 
other partners outside the primary relation-
ship ( 10). Thus, the offer of ARV PrEP for 
the HIV-negative partner would likely add 
benefit to treating the positive partner in 
serodiscordant couples, would facilitate 
safer conception ( 12), and may provide a 
more cost-effective option per infection 

averted than early ART alone.
It is, however, widely accepted that a fully 

effi cacious vaccine providing durable (years) 
protection against HIV would have the big-
gest impact on HIV incidence. Neverthe-
less, mounting a protective immune response 
within hours of exposure is a biological chal-
lenge, particularly if viral exposure is high. 
Positive interactions could be explored by 
assessing the impact of combining vaccines 
with other biomedical interventions.

It is plausible that concomitant PrEP 
might prevent HIV acquisition during the 
course of immunizations before the full 
development of vaccine-induced immunity. 
A second potential positive impact would 
be seen if combining PrEP and vaccines had 
additive or synergistic interactions once the 
course of immunizations were complete. 
Current understanding is that HIV infection 
is mostly initiated by a single viral variant 
that requires local amplifi cation in mucosal 
tissue before disseminated systemic infection 
is established ( 13). When viral exposure is 
extremely high, as is the case in acute infec-
tion, multiple variants capable of establishing 
many foci of infection may be transmitted. 
Here, more than one biomedical technology 
is likely needed to prevent HIV acquisition.

Lessons might be learned from the Thai 
RV144 vaccine trial, based on a canary-
pox vector prime (ALVAC)–protein boost, 
that demonstrated partial protective effi cacy 
in cohorts at low risk of HIV exposure ( 6). 
Investigations are under way to try to defi ne 
the correlates of protection in this trial. It is 
unclear whether those infected had subopti-
mal immune responses relative to those pro-
tected or if they were exposed to a higher and/
or more frequent infectious challenge that was 
suffi cient to overcome the vaccine-induced 
immunity. If the latter, it is certainly plausible 
that the implementation of T4P, microbicides, 
oral PrEP, and/or MMC could reduce both the 
infectiousness and frequency of viral expo-
sure in a given population, providing condi-
tions that might signifi cantly increase vaccine 
effi cacy. This hypothesis could be explored 
in the design of the proposed ALVAC-
protein prime-boost trials based on the RV144 
results currently being discussed in Thailand 
and South Africa. 

Another unexplored possibility is that 
vaccinated subjects protected from infec-
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tion by also using 
ARV-PrEP might dis-
play boosted vac-
cine-induced immune 
responses (the virus 
working like a booster 
vaccination) each time 
they are exposed to HIV. 
This might focus vac-
cine-induced immune 
responses to better rec-
ognize virus from their 
infected par tner(s). 
Indeed, evidence from 
nonhuman pr imate 
(NHP) studies indicates 
that animals exposed to infectious virus 
when protected by PrEP demonstrate cellu-
lar immune responses to the challenge virus 
( 14,  15). Such immune responses in these 
nonvaccinated animals were insuffi cient to 
protect animals from subsequent challenge 
in the absence of PrEP ( 15). Studies are now 
needed to determine whether ARV-protected 
exposure to infectious virus in vaccinated 
animals can influence immune responses 
suffi ciently to increase vaccine effi cacy.

Dual-delivery technology for concomitant 
administration of vaccine candidates and vag-
inal ARV-microbicides is also under develop-
ment. The simplest approach is the co-formu-
lation of HIV vaccines in a microbicide car-
rier gel that might be amenable to repeatedly 
boosting vaginal immune responses, while at 
the same time delivering topical ARV protec-
tion against vaginal HIV acquisition. More 
sophisticated approaches have been the devel-
opment of intravaginal ring (IVR) technol-
ogy that could provide both sustained release 
of preventive ARV-drug dosing (months) and 
pulsed exposure of a vaccine (hours to days) 
( 16). Given that IVRs are capable of deliver-
ing ARV dosing for up to 3 months, incorpo-
rating a pulsed vaccine dose in each ARV-con-
taining IVR could provide regular boosting of 
vaginal immunity. Another possibility is the 
combination of vaccine candidates and long-
acting (months) injectable PrEP formulations 
such as the rilpivirine (TMC278) injectable 
nanosuspension ( 17). Here, both vaccine and 
injectable PrEP could be co delivered in a sim-
ilar fashion to injectable contraception, which 
would remove the issue of adherence (remem-
bering to take the drug).

However, combinations may also have 
negative implications. The most important 
of these is the possibility that individuals 
who are using condoms consistently may 
stop doing so in favor of a partially effec-
tive technology. Open-label trials (where 
participants know what they are using) with 

biological outcomes (HIV acquisition) are 
the best way to assess concerns about risk 
compensation (adjusting behavior based on 
perceived protection) while learning about 
implementation. Biomedical combinations 
may have other negative implications; for 
example, using the same ARV drugs for 
treatment and prophylaxis may exacer-
bate circulating drug resistance if effi cacy 
is only partial. These are complex issues, 
mandating timely communication about the 
rationale, design, and results of combina-
tion approaches.

Currently, most human clinical trials 
remain focused on determining safety and effi -
cacy of individual biomedical interventions. 
Although this remains a priority, we recom-
mend a broadening of focus to accelerate rig-
orous evaluation of combination approaches. 
This means a move away from single biomed-
ical interventions to an emphasis on combina-
tions that provide the greatest impact on HIV 
incidence in diverse epidemic scenarios. A 
coordinated approach tracked by normative 
bodies like Joint United Nations Programme 
on HIV/AIDS (UNAIDS) and World Health 
Organization is required to advance preven-
tion science effi ciently by designing and con-
ducting RCTs to assess the added value of 
single biomedical interventions or combina-
tion strategies ( 18). In addition, expansion of 
preclinical studies is needed to assess the bio-
logical plausibility of additive or synergistic 
interactions between ARV prophylaxis and 
vaccines to create lower-risk conditions that 
might make partially effi cacious vaccines a 
viable option.

We predict that combining implemen-
tation of new biomedical prevention tools 
to create additive or synergistic effects will 
stimulate incremental reductions in HIV 
incidence. This, in turn, will raise the bar 
of evidence required for evaluation of new 
approaches, as reduced incidence will neces-
sitate larger, and therefore more costly, tri-

als and place an intrinsic research value on 
higher-incidence cohorts. For PrEP, this 
will mean increasing emphasis on surrogate 
markers of activity, including pharmacoki-
netics and pharmacodynamics, to demon-
strate potential superiority over approaches 
with proven effi cacy in RCTs. For vaccines, 
it will require proof of effi cacy in NHP stud-
ies, defi nition of correlates of immune pro-
tection, and demonstration of their induction 
in early phase I/II clinical trials.

Study of the interactions among, and com-
binations of, novel HIV biomedical interven-
tion tools represents the next imperative for 
HIV prevention science—offering hope, 
at last, for a tangible impact on halting and 
reversing the HIV pandemic.
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Immediate ART for positive partners (HPTN052)

31 (1, 51)   
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44 (15, 63)   

57 (42, 68)   

96 (82, 99)†

60* (22, 80)

50 (15, 72)

50 (28, 66)

3.5

2.5

1.2

Effect size of biological intervention strategies to prevent HIV infection. Effect size is the relative reduction in the risk of acquir-
ing HIV between the intervention and control groups. CI, 95% confi dence interval. The last column shows the effectiveness 12 months 
from enrollment and initiation of the intervention.
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EDITORIAL REVIEW

Male circumcision for HIV prevention: from
evidence to action?

Helen A. Weissa, Daniel Halperinb, Robert C. Baileyc,

Richard J. Hayesa, George Schmidd and Catherine A. Hankinse

AIDS 2008, 22:567–574

Introduction

An estimated 2.5 million people were newly infected
with HIV in 2007, of whom two-thirds live in sub-
Saharan Africa [1]. In the context of the urgent need for
intensified and expanded HIV prevention efforts, the
conclusive results of three randomized controlled trials
(RCT) showing that male circumcision reduces the risk
of HIVacquisition by approximately 60% [2–4] are both
promising and challenging. Translation of these research
findings into public health policy is complex and will be
context specific. To guide this translation, we estimate the
global prevalence and distribution of male circumcision,
summarize the evidence of an impact on HIV incidence,
and highlight the major public health opportunities and
challenges raised by these findings.

Male circumcision prevalence

Male circumcision, one of the oldest and most common
surgical procedures, is practised for religious, social and
medical reasons. By reviewing nationally representative
data sources and assuming that all Muslim and Jewish men
are circumcised, we estimate that 30–34% of adult men
are circumcised worldwide [5]. Overall, an estimated 68%
of circumcised men are Muslim and 1% are Jewish, with

coverage almost universal in the Middle East, north
Africa, Pakistan, Bangladesh and Indonesia (Fig. 1). Male
circumcision is also practised for non-religious reasons
either neonatally or as a rite-of-passage to manhood; and
is very common in west Africa, parts of central and
eastern Africa, the United States, Republic of Korea,
and the Philippines [5]. Within countries, prevalence can
vary widely with religion, ethnicity and socioeconomic
status [5,6].

Evidence that male circumcision reduces
the risk of HIV infection

Biological evidence
Several plausible biological mechanisms could explain
the increased risk of HIVand other sexually transmitted
infections (STI) in uncircumcised men, including
microtears and lesions in the mucosal surface of the
inner foreskin and the longer survival of pathogens in
the warm, moist subpreputial space. Most importantly,
the inner foreskin is especially susceptible to HIV
infection, as a result of a lack of keratinization and the
high density of HIV target cells that are relatively
accessible to infection compared with their deeper
location under the keratinized surface of the outer
foreskin and the glans [7,8].
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Observational evidence
The hypothesis that male circumcision might protect
against HIV infection was first suggested in 1986 [9,10],
and was subsequently supported by ecological descrip-
tions of areas with low prevalence of male circumcision
and high HIV prevalence in sub-Saharan Africa in the late
1980s [11,12], and later across 118 developing countries
[13]. Further evidence comes from two systematic
reviews of observational studies comparing HIV risk
between circumcised and uncircumcised men in the same
populations [14,15]. One, restricted to sub-Saharan
Africa, included 27 studies [14], and the other was a
global review including 37 studies [15]. Circumcised men
were consistently found to be at lower risk of HIV
infection, and a meta-analysis of the 15 studies that
adjusted for potential confounders showed this reduction
to be large and highly statistically significant [adjusted
risk ratio (RR) 0.42, 95% confidence interval (CI)
0.34–0.54] [14]. Subsequent studies have found similar
significantly reduced risks among circumcised men
[16–18].

Evidence from the randomized controlled trials
Although compelling, the observational data do not prove
causality, and three RCT of circumcision among
consenting, healthy adult men in Uganda, Kenya and
South Africa were initiated in 2002–2003. Each trial was
halted early after recommendations by independent Data
and Safety Monitoring Boards in 2005–2006, when

interim analyses found a highly significant reduced risk of
HIV seroconversion among the men randomly assigned
to circumcision [2–4].

In total, 10 908 uncircumcised, HIV-negative adult men
were randomly assigned to intervention or control arms,
and followed for up to 2 years (Table 1). Overall retention
rates were high (86–92% at the end of follow-up, when
men in the control arms were offered circumcision). HIV
incidence was considerably lower in Uganda (1.33 per
100 person-years in the control arm) than in the other
two sites (2.1 per 100 person-years; Table 1), possibly
reflecting overall lower incidence in this population and
the inclusion of older men in the trial.

Table 1 shows the cumulative risk among men who were
HIV negative at enrolment, estimated using intention-to-
treat Kaplan–Meier analysis. There have been no
previous RCT of adult male circumcision [15], and to
summarize the protective effects seen in the trials, we
conducted a random-effects meta-analysis of results of
these three trials, following the recommendations of the
QUORUM statement for reporting trials as appropriate
[19]. There was no evidence of heterogeneity between
the trials (P¼ 0.86), and the summary rate ratio was 0.42
(95%CI 0.31–0.57; Fig. 2), corresponding to a protective
effect of 58% (95% CI 43–69%), identical to that found
in the observational studies (58%, 95% CI 46–66%)
[14].

568 AIDS 2008, Vol 22 No 5

Fig. 1. Global map of male circumcision prevalence at country level, as of December 2006. No data; <20% prevalence;
20–80% prevalence; >80% prevalence. Source: World Health Organization. The boundaries and names shown and the

designations used on this map do not imply the expression of any opinionwhatsoever on the part of theWorldHealthOrganization
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. Dotted lines on maps represent approximate border lines for which there may not yet be full agreement.
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The true biological protective effect of male circumci-
sion, however, may be better estimated by an ‘as-treated’
analysis [20], which assigns person-time according to the
actual circumcision status of participants. In each trial, not
all men adhered to the arm they were randomly assigned
to. For example, in the South African trial, 10.3% of
men randomly assigned to the control arm had been
circumcised outside the trial at month 21. This was
greater than in the other trials (1.1–1.3%) perhaps
because of the greater local availability of male
circumcision services. In each trial, approximately
5–6% of men randomly assigned to be circumcised

declined surgery. An ‘as-treated’ meta-analysis of the
three trials shows a stronger effect than the intention-to-
treat analysis (summary RR 0.35, 95% CI 0.24–0.54).

The Ugandan trial reported efficacy in subgroups, and
in general found greatest efficacy among men at higher
risk (those with two or more partners during follow up,
non-marital sexual partners, reporting transactional sex
or having a history of genital ulcers); i.e. approximately
70% risk reduction. These results agree with previous
observational data suggesting a stronger protective effect
in high-risk populations (summary RR 0.29, 95% CI
0.20–0.41) compared with general populations (RR
0.56, 95% CI 0.44–0.70) [14]. The Ugandan and Kenyan
trials found that circumcised men were at approximately
half the risk of self-reported or clinically diagnosed genital
ulcer disease (GUD) during the trial. This suggests that
the stronger protective effect in high-risk groups may be
caused partly by circumcision protecting against other
STI, especially GUD [21], thus providing additional
indirect protection against HIV [22]. Models based on the
Kisumu data estimate that approximately 10–20% of the
HIV infections prevented by male circumcision were
caused by efficacy against STI [23].

In the Kenyan and Ugandan trials there was little evidence
of a protective effect until 6–12 months after random-
ization. In contrast, in South Africa, a protective effect was
seen within 1–3 months (RR 0.23, 95% CI 0.05–1.04).
These differences may be due to chance, or differences in
behaviour such as the resumption of sex before complete
wound healing (which can take up to 6 weeks). Also, in
the Kenyan trial, four men in the circumcision arm
seroconverted within a month of randomization, and

Male circumcision for HIV prevention Weiss et al. 569

Table 1. Summary of the three randomized controlled trials of male circumcision on HIV acquisition in sub-Saharan Africa.

South Africa Kenya Uganda

Number enrolled Control 1582 Control 1393 Control 2522
Intervention 1546 Intervention 1391 Intervention 2474

Age range (years) 18–24 18–24 15–49
Median age (IQR) 21 (19.6–22.5) 20 (19–22) N/A
Age category (years)
�19 N/A N/A 28.0%
20–24 27.5%
25–29 18.3%
�30 26.2%

Setting Peri-urban area Urban area Rural
Method of circumcisiona Forceps-guided method by local

general practitioners
Forceps-guided method by
study clinicians

Sleeve procedure by
study clinicians

Visit schedule 3, 12 and 21 months 1, 3, 6, 12, 18 and 24 months 6, 12 and 24 months
Retention rate 92% at 21 months 86% at 24 months 90% at 24 months
Person-years of follow-upb 4693 4428 6744
HIV incidence in control arm 2.1 per 100 py 2.1 per 100 py 1.3 per 100 py
HIV cases (intervention:control) 20:49 19:46 22:45
Risk ratio (95% CI)b 0.41 (0.24–0.69) 0.41 (0.24–0.70) 0.43 (0.24–0.75)

Summary risk ratio (95% CI)c 0.42 (0.31–0.57)

CI, Confidence interval; IQR, interquartile range; py, person-years.
aSee WHO manual for further details (www.who.int).
bIntention-to-treat analysis among individuals who were HIV seronegative at baseline estimated with Kaplan–Meier analyses.
cEstimated with a random-effects meta-analysis.

Effect size

0.2 0.3 0.4 0.5 1 1.5

Study Risk ratio (95% CI)

0.42 (0.34,0.54)Observational studiesa

0.41 (0.24,0.69)South Africa

0.41 (0.24,0.70)Kenya

0.43 (0.25,0.75)Uganda

0.42 (0.34,0.57)Overall (95% CI)

Fig. 2. Random-effects meta-analysis for the randomized
controlled trials intention-to-treat analysis, with summary
risk ratio for the observational data. CI, Confidence interval.
aRisk ratio based on 15 studies that adjusted for potential
confounders [14].
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assuming a short period of abstinence after surgery, are
likely to have been already infected at baseline. Pooled
analyses of the trial data focusing on early seroconvertors
would help determine when and how protection begins.

What are the implications of the trials stopping early?
Larger than expected treatment effects that result in trial
termination may be due to chance, but the risk of
overestimating the treatment effect decreases when the
number of events is over approximately 200 [24]. After
the South African trial was published, it was suggested
that inferences from the trial may be weak because the
study was stopped early [25]. There are, however, several
reasons why early termination is unlikely to bias the
trial results. First, all three trials had conservative pre-
determined stopping rules that were met. Second, the
consistency of the results and indication of a somewhat
stronger effect of the intervention over time in two of
the trials argues that, if anything, the early stopping
may have underestimated the effect. Third, the overall
number of events is greater than the suggested threshold
of 200 [24]. Finally, the observed effect in each of
the male circumcision trials is not larger than expected,
but is identical to that seen in previous observational
studies.

The findings of the male circumcision trials are in contrast
to the recent disappointing results of other trials of HIV
prevention tools, including the cellulose sulfate micro-
bicide, the female diaphragm and gel, herpes simplex virus
suppressive therapy and, most recently, an adenovirus-
5-based HIV vaccine [26–29]. These results highlight the
need to expand services for confirmed HIV prevention
strategies including safe adult male circumcision.

Public health relevance of the trial results

Responding to the conclusive evidence that male
circumcision offers significant protection for men from
HIV infection, several countries are planning to introduce
or expand safe male circumcision programmes, including
Kenya, Zambia, Swaziland and Rwanda. International
funding agencies are also backing this strategy, with
programmes such as the US President’s Emergency
Plan For AIDS Research (PEPFAR) providing funds
to complement domestic funding for expanded cir-
cumcision services. Furthermore, the Agence Natio-
nale de Recherche sur la SIDA (ANRS), the Bill
and Melinda Gates Foundation and the US National
Institutes of Health are supporting operational and related
research.

Among the major concerns about the expansion of male
circumcision services for HIV prevention are surgical
complications, the potential for men to increase their
risky sexual behaviour if they believe themselves to be

fully protected, the optimal messages to relay about
offering male circumcision services to men who are HIV
seropositive, and the costs and opportunity costs of
expanding services in often overstretched health systems.
The trials provide initial insights into these issues;
however, further operational research is needed to
evaluate these concerns in the ‘real world’.

Complications of male circumcision
Adolescent or adult circumcision requires suturing and
can cause bleeding and, more rarely, haematoma or sepsis.
Comparing the adverse event rates in the three trials is
complex, as different definitions and criteria were used.
In the Kenyan trial, adverse events possibly, probably
or definitely related to circumcision occurred in 23 of
1334 circumcised participants (1.7%). All adverse events
were mild or moderate and resolved with treatment
within hours or days. In the South African trial, the
adverse event rate was 54 per 1495 (3.6%) in HIV-
negative men. In Uganda, the risk of an adverse event
related to surgery was higher, at 7.6% (178/2328). This
may be attributable to differences in adverse event case
management. The risk of moderate adverse events related
to surgery was 3% and there were five severe adverse
events (0.2%). All of these events were successfully
managed and resolved.

These trial data indicate that adult male circumcision can
be safely undertaken in limited-resource settings when
performed in a clinical setting by experienced, well-
trained providers. Similar conclusions were found from a
recent review of complications of male circumcision
in Anglophone Africa [30]. When male circumcision
is undertaken in un-antiseptic conditions, however, by
inexperienced providers with inadequate instruments, or
with poor aftercare, serious complications or even death
can result [31]. It is possible that unmet demand for male
circumcision may result in an increase in non-medical
circumcision services offered by untrained individuals as a
means of income generation, with a heightened risk of
significant harm. To assist in preventing these problems,
WHO/UNAIDS/JHPIEGO have produced a manual
for performing adult male circumcision under local
anaesthesia [32]. National policies, however, are needed
to maximize the safety, efficiency, and availability of male
circumcision service provision.

Behaviour change after male circumcision
The adoption of, or increase in, unsafe sex practices (‘risk
compensation’) after adult circumcision could potentially
offset the protective effect of male circumcision [33]. The
Rakai trial found no differences in sexual behaviour
during the trial by circumcision status. The South African
trial showed a significantly increased mean number of
sex acts between 4 and 21 months among men in the
circumcision arm, but not an increase in the number of
sexual partners or a change in condom use. In the Kenyan
trial there was a decline in reported risk-taking behaviour
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during the 24 months of follow-up in both arms. At
24 months, however, significantly fewer men in the
control arm reported unprotected sexual intercourse
(46 versus 51%) and these men were also more likely to
report consistent condom use (41 versus 36%). There was
also a tendency for a greater proportion of the uncir-
cumcised men to report practising sexual abstinence at
24 months (18 versus 14%).

Although reassuring, these trial data may not be
generalizable. The trials provided the highest standards
of preventive care, with men receiving intensive, indi-
vidual counselling and without knowing that circumci-
sion reduced their risk of HIV. The challenges of
expanding services within already overstretched health
systems include the need to provide adequate counsel-
ling to convey the message that male circumcision is a
risk-reduction strategy that provides partial protection
only.

The only data published on sexual behaviour after
adult male circumcision outside a clinical trial setting
support the RCT findings. In a cohort study of 648 men
in western Kenya [34], of whom half had elected to
become circumcised, circumcised men were no more
likely to report risky sexual behaviour (number of
unprotected sex acts, number of non-spousal partners,
inconsistent condom use) during the 12 month period
post-circumcision than uncircumcised men. Results
were unchanged when the postoperative period was
excluded. This study suggests that, within the context
of adequate counselling on risk reduction, circumcised
men did not increase their risky behaviour, but again
this study was conducted before dissemination of the
RCT findings. Further follow-up studies of men
choosing to be circumcised are needed as male
circumcision services are expanded and perceptions by
individuals and communities evolve. In addition further
work evaluating strategies to optimize counselling and
communication messages, including among men already
circumcized, in resource-poor settings is urgently
needed.

Cultural acceptability of male circumcision in
non-circumcising African communities
Concerns about the cultural acceptability of male
circumcision in Africa now seem unwarranted. Thirteen
acceptability studies from nine countries in sub-Saharan
Africa have shown that 29–81% (median of 62%)
of uncircumcised men wished to become circumcised,
50–79% of women favoured circumcision for their
partners, and 50–90% of men and women would
circumcise their sons [35]. The lowest level of accept-
ability among uncircumcisedmen (29%)was from a study
in easternUganda in 1997 [36], beforemale circumcision
was more widely perceived as possibly being associated
with HIV protection. More recently, the pre-trial data
fromRakai indicated that 60% of men were willing to be

circumcised [personal communication: Ron Gray] to
gain perceived HIV protection. Otherwise, more than
half of uncircumcised men in the regions studied were
willing to become circumcised. The main barriers to
acceptability were cost, fear of pain, and safety concerns,
with improved hygiene, perceived lower risk of STI and
other health benefits themain facilitators [35]. These data
suggest that culture and ethnicity are not major barriers
to the acceptability of male circumcision in most of sub-
Saharan Africa.

Sociocultural issues of expanding male
circumcision services
As a practice having strong sociocultural resonance, and
an occasionally controversial history in some parts of the
world, the expansion of male circumcision services
evokes challenges, including human rights, ethical and
legal issues [37–39]. The protection and promotion of
human rights is integral to all aspects of HIV prevention
and care, and all male circumcision services must ensure
that the procedure is carried out safely, under conditions
of informed consent and without discrimination. Further
research will be needed in different settings to obtain a
better understanding of the attitudes and the meaning
of circumcision among different groups, and to develop
appropriate education and counselling messages.

Neonatal circumcision is a simpler, cheaper, and safer
procedure than adult circumcision [5], and for reasons of
safety and cost, countries may decide to include neonatal
circumcision, under parental consent, as a longer-term
HIV prevention strategy. This would have the additional
benefit of greatly reducing the risk of urinary tract
infections in the first year of life [40].

Potential population-level impact of male
circumcision in sub-Saharan Africa
Modelling indicates that expanded services can have a
marked population-level effect on HIV incidence in a
very cost-effective manner. The population-level impact
could be greater than the individual-level efficacy if a
large proportion of men become circumcised, and,
assuming full coverage, male circumcision could avert
2.0 (95% CI 1.1–3.8) million new HIV infections and
0.3 (95% CI 0.1–0.5) million deaths over the next
10 years in sub-Saharan Africa, and 3.7 million (95% CI
1.9–7.5) new HIV infections and 2.7 (95% CI 1.5–5.3)
million deaths in the following 10 years [41]. A modelling
study based on scenarios in Nyanza province in western
Kenya, and Botswana, also found that male circumcision
programmes resulted in large and sustained declines in
HIV prevalence over time [42].

An alternative way to asses the population-level impact of
thewidespread coverage ofmale circumcision is by looking
again at the ecological correlations discussed earlier, which
represent a natural experiment. Countries with very high
or universal coverage of male circumcision have, without
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exception, relatively low and stable HIV prevalence which
has never exceeded approximately 6%. The importance of
male circumcision in ‘containing’ the HIV epidemic was
highlighted in the Four Cities’ Study [43], which found
higher levels of reported risk-taking behaviour inYaounde,
the capital city of Cameroon, where prevalence has been
fairly stable at below 7% for many decades, compared with
Kisumu, Kenya and Ndola, Zambia where HIV is more
prevalent. The authors concluded that biological co-
factors for HIV transmission, notably male circumcision
and herpes simplex virus type 2 infection, were likely to be
key factors in the HIVepidemic in sub-Saharan Africa and
this has been confirmed in subsequent modelling of the
data [44].

Cost-effectiveness of male circumcision for HIV
prevention in sub-Saharan Africa
Cost-effectiveness data from the Ugandan and South
African trials indicate that male circumcision is likely to
be a cost-effective, even cost-saving, intervention [33,45].
The South African estimate was modelled for Gauteng
Province, where HIV prevalence is 25.6%, and the
majority of men are uncircumcised. In this setting,
assuming full coverage of male circumcision, and using
cost data from the trial, the cost per HIV infection averted
was US$181 (80% CI US$117–306), with net savings of
US$2.4 million over 20 years (US$2411 per circumcision)
[45]. Similar findings were seen in Kisumu, where it is
estimated to cost $200 per HIV infection averted [personal
communication, N. Nagelkerke]. In contrast, in Rakai,
Uganda, with an HIV incidence of 1.2 per 100 person-
years, assuming 60% efficacy against female-to-male,
but not male-to-female transmission, and 75% coverage,
39 surgeries would be needed to prevent one HIV
infection over 10 years, at a cost of US$2631 per HIV
infection averted over 10 years [46]. Lifetime costs of
HIV infections were not included in that study and thus
potential cost savings were not calculated. As the benefits
of circumcision are likely to be lifelong, and economies of
scale should decrease costs, male circumcision is very
likely to be a cost-effective intervention.

Relevance of findings for female partners
We do not know whether male circumcision reduces the
risk of male-to-female HIV transmission. Observational
data fromUganda had previously suggested that circumci-
sion reduced the risk of HIV transmission [18], but recent
data from Uganda and Zimbabwe suggest little protective
effect [47]. An RCTof the impact of male circumcision
in protecting against male-to-female HIV transmission
in Rakai, Uganda, was stopped at an interim analysis
in December 2006 as there was little chance of eventually
finding a statistically significant impact [48], although a
protective effect cannot be ruled out, and the reduced risk
of GUD among circumcised men would be expected to
reduce the risk of transmission. Indirectly, women living in
high HIV prevalence settings with low male circumcision
prevalence will benefit if there is a reduction in HIV

incidence among men who are circumcised, especially in
programmes achieving wide coverage [41]. This is because
women would have a lower probability of encountering
a sexual partner with HIV infection. In addition, as for
men, there are direct non-HIV-related benefits to female
partners of circumcised men, most notably a lower risk
of human papillomavirus infection and cervical cancer
[13,49] and also possibly a lower risk of Chlamydia tracho-
matis [50]. If male circumcision services are expanded
without appropriate and sufficient individual counselling,
however, there is the potential for increased difficulty for
women to negotiate safer sex behaviour if their male
partners believe themselves to be protected from infection
[51]. Whenever possible, female partners should be
included in the education and counselling of men under-
going circumcision to provide support for adherence to
postoperative care instructions to minimize the risk of
transmission through the early resumption of sexual
intercourse.

There are also concerns regarding the potential for
confusion between conflicting messages for male circum-
cision and female genital mutilation/cutting (FGM/C),
sometimes called female circumcision, inwhich parts of the
external sexual organs of girls are removed. There are no
known health benefits associated with FGM/C. Although
in nearly all areas of Africa where men are not traditionally
circumcised there is also nopractice of FGM/C, it is critical
that the promotion of male circumcision clearly dis-
tinguishes it from FGM/C.

Relevance of findings for men who have sex with
men
Reported sex between men was uncommon in the three
African trials, and the implications of the trial findings for
men who have sex with men (MSM) are unclear. HIV
transmission from penile–anal intercourse is predomi-
nantly to the receptive partner [52], a risk unlikely to be
directly modified by his circumcision status. It is, however,
biologically plausible that male circumcision provides
partial protection against HIV acquired through insertive
anal intercourse, as it does for vaginal–penile intercourse.
There are few observational studies [53–56] and no RCT
of the impact of circumcision on HIV transmission among
MSM, and results are unclear. Definitive evidence may
come only from an RCT among MSM. Meanwhile, the
message for all men, regardless of sexual orientation or
circumcision status, must be that practising safer sex
behaviours, including correct and consistent condom use,
is the best way to avoid infection.

In conclusion, randomized controlled trials have provided
final conclusive evidence that male circumcision provides
approximately 60% protection against the heterosexual
acquisition of HIV in men. Male circumcision provides
only partial protection against HIV and it is essential
that services are embedded within comprehensive HIV
prevention programmes, with strong counselling
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messages and community campaigns conveying the
message that the procedure will reduce, but not eliminate,
HIV risk. If prudently developed, the increased provision
of accessible safe voluntary adult male circumcision
services could also increase opportunities to educate men
about reproductive and sexual health topics, including
hygiene, sexuality, gender relations and the need for
ongoing combination HIV prevention strategies.

The endorsement of male circumcision for HIV
prevention by the World Health Organization and
UNAIDS will probably increase the demand for safe
adult male circumcision services in settings with high
rates of heterosexual HIV transmission. Several agencies
have begun to fund the expansion of services, and
individual countries are deciding whether this would be
an appropriate addition to their HIV prevention
programmes, considering the local epidemiology of
HIV, cultural acceptability and feasibility of scaling-up
the procedure. Close monitoring and evaluation of these
programmes will be needed to ensure that effective
counselling and follow-up takes place and that service
expansion brings benefits to other health programmes.
For reasons of safety, cost and feasibility, countries may
also decide to promote neonatal circumcision as a long-
term strategy.

In summary, male circumcision provides a much needed
addition to the current HIV prevention armamentarium.
It is not a new, untested or unknown technology, but
possibly the oldest, and certainly the most common,
surgical procedure known. The evidence from the trials is
conclusive, and the challenges to implementation must
now be faced.

Conflicts of interest: None.

References

1. UNAIDS. AIDS epidemic update (http://www.unaids.org/en/
HIV_data/2007EpiUpdate/default.asp) December 2007.
Geneva: UNAIDS 2007

2. Bailey RC, Moses S, Parker CB, Agot K, Maclean I, Krieger JN,
et al. Male circumcision for HIV prevention in young men in
Kisumu, Kenya: a randomised controlled trial. Lancet 2007;
369:643–656.

3. Gray RH, Kigozi G, Serwadda D, Makumbi F, Watya S,
Nalugoda F, et al. Male circumcision for HIV prevention in
men in Rakai, Uganda: a randomised trial. Lancet 2007;
369:657–666.

4. Auvert B, Taljaard D, Lagarde E, Sobngwi-Tambekou J, Sitta R,
Puren A. Randomized, controlled intervention trial of male
circumcision for reduction of HIV infection risk: the ANRS
1265 Trial. PLoS Med 2005; 2:e298.

5. UNAIDS. Male circumcision: global trends and determinants of
prevalence, safety and acceptability. Geneva: World Health
Organisation 2007

6. Population andHealth InfoShare. MEASUREDHS (Demographic
and health surveys). 2006. Available at: http://www.phishare.org/
partners/MEASUREDHS/. Accessed: November 2007

7. McCoombe SG, Short RV. Potential HIV-1 target cells in the
human penis. AIDS 2006; 20:1491–1495.

8. Patterson BK, Landay A, Siegel JN, Flener Z, Pessis D, Chaviano
A, Bailey RC. Susceptibility to human immunodeficiency
virus-1 infection of human foreskin and cervical tissue grown
in explant culture. Am J Pathol 2002; 161:867–873.

9. Alcena V. AIDS in third world countries. NY State J Med 1986;
86:446.

10. Fink AJ. A possible explanation for heterosexual male infection
with AIDS. N Engl J Med 1986; 315:1167.

11. Moses S, Bradley JE, Nagelkerke NJ, Ronald AR, Ndinya-Achola
JO, Plummer FA. Geographical patterns of male circumcision
practices in Africa: association with HIV seroprevalence. Int J
Epidemiol 1990; 19:693–697.

12. Halperin DT, Bailey RC. Male circumcision and HIV infec-
tion: 10 years and counting. Lancet 1999; 354:1813–
1815.

13. Drain PK, Halperin DT, Hughes JP, Klausner JD, Bailey RC.Male
circumcision, religion and infectious diseases: an ecologic
analysis of 118 developing countries. BioMedCentral 2006;
6:172.

14. Weiss HA, Quigley MA, Hayes RJ. Male circumcision and risk
of HIV infection in sub-Saharan Africa: a systematic review and
meta-analysis. AIDS 2000; 14:2361–2370.

15. Siegfried N, Muller M, Deeks J, Volmink J, Egger M, Low N, et al.
HIV and male circumcision – a systematic review with assess-
ment of the quality of studies. Lancet Infect Dis 2005; 5:165–
173.

16. Reynolds SJ, Shepherd ME, Risbud AR, Gangakhedkar RR,
Brookmeyer RS, Divekar AD, et al. Male circumcision and risk
of HIV-1 and other sexually transmitted infections in India.
Lancet 2004; 363:1039–1040.

17. Baeten JM, Richardson BA, Lavreys L, Rakwar JP, Mandaliya K,
Bwayo JJ, Kreiss JK. Female-to-male infectivity of HIV-1 among
circumcised and uncircumcised Kenyan men. J Infect Dis 2005;
191:546–553.

18. Quinn TC, Wawer MJ, Sewankambo N, Serwadda D, Li C,
Wabwire-Mangen F, et al. Viral load and heterosexual transmis-
sion of human immunodeficiency virus type 1. Rakai Project
Study Group. N Engl J Med 2000; 342:921–929.

19. Clarke M. The QUORUM statement. Lancet 2000; 355:756–
757.

20. Shelton J. Estimated protection too conservative. Plos Med
2006; 3:e65.

21. Weiss HA, Thomas SL,Munabi SK, Hayes RJ.Male circumcision
and risk of syphilis, chancroid, and genital herpes: a systematic
review and meta-analysis. Sex Transm Infect 2006; 82:101–
109; discussion 110.

22. Fleming DT, Wasserheit JN. From epidemiological synergy to
public health policy and practice: the contribution of other
sexually transmitted diseases to sexual transmission of HIV
infection. Sex Transm Infect 1999; 75:3–17.

23. Desai K, Boily MC, Garnett GP, Masse BR, Moses S, Bailey RC.
The role of sexually transmitted infections in male circumci-
sion effectiveness against HIV – insights from clinical trial
simulation. Emerg Themes Epidemiol 2006; 3:19.

24. Montori VM, Devereaux PJ, Adhikari NK, Burns KE, Eggert CH,
Briel M, et al. Randomized trials stopped early for benefit: a
systematic review. JAMA 2005; 294:2203–2209.

25. Mills E, Siegfried N. Cautious optimism for new HIV/AIDS
prevention strategies. Lancet 2006; 368:1236.

26. HIV Vaccine Trials Network. Vaccination and enrollment are
discontinued in phase II trials of Merck’s investigational HIV
vaccine candidate: interim analysis of STEP study shows vaccine
was not effective. 2007. Available at: http://www.hvtn.org/pdf/
FINAL_HIV_Vaccine_Press_Release.pdf. Accessed: November
2007.

27. Ramjee G, Govinden R, Morar NS, Mbewu A. South Africa’s
experience of the closure of the cellulose sulphate microbicide
trial. PLoS Med 2007; 4:e235.

28. Padian NS, van der Straten A, Ramjee G, Chipato T, de BruynG,
Blanchard K, et al. Diaphragm and lubricant gel for prevention
of HIV acquisition in southern African women: a randomised
controlled trial. Lancet 2007; 370:251–261.

29. Watson-Jones D, Rusizoka M, Weiss H, Mugeye K, Baislye K,
Changalucha J, et al. Impact of HSV-2 suppressive therapy on
HIV incidence in HSV-2 seropositive women: a randomised
controlled trial in Tanzania. In: 4th IAS Conference on HIV
Pathogensis, Treatment and Prevention. Sydney, Australia; 22–
25 July 2007. Abstract MOAC104.

Male circumcision for HIV prevention Weiss et al. 573



Chapter 5 81

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

30. Muula AS, Prozesky HW,Mataya RH, Ikechebelu JI. Prevalence
of complications of male circumcision in Anglophone Africa: a
systematic review. BMC Urol 2007; 7:4.

31. Bailey RC, Egesah O. Assessment of clinical and traditional male
circumcision services in Bungoma District, Kenya: complication
rates and operational needs. 2006. Available at: http://www.aids
mark.org/resources/pdfs/mc.pdf. Accessed: November 2007.

32. WHO/UNAIDS/JHPIEGO. Manual for male circumcision un-
der local anaesthesia. World Health Organisation. 2006.
Available at: www.who.int/hiv/topics/malecircumcision/en/.
Accessed: November 2007

33. Cassell MM, Halperin DT, Shelton JD, Stanton D. Risk com-
pensation: the Achilles’ heal of innovations in HIV prevention?
BMJ 2006; 332:605–607.

34. Agot KE, Kiarie JN, Nguyen HQ, Odhiambo JO, Onyango TM,
Weiss NS. Male circumcision in Siaya and Bondo Districts,
Kenya: prospective cohort study to assess behavioral disinhibi-
tion following circumcision. J Acquir Immune Defic Syndr
2007; 44:66–70.

35. Westercamp N, Bailey RC. Acceptability of male circumcision
for prevention of HIV/AIDS in sub-Saharan Africa: a review.
AIDS Behav 2007; 11:341–355.

36. Bailey RC, Neema S, Othieno R. Sexual behaviors and
other HIV risk factors in circumcised and uncircumcised
men in Uganda. J Acquir Immune Defic Syndr 1999; 22:294–
301.

37. UNAIDS. Safe male circumcision and comprehensive HIV
prevention programming: guidance for decision makers on
human rights, ethical and legal considerations. Geneva:
UNAIDS; 2007.

38. Lie RK, Emanuel EJ, Grady C. Circumcision and HIV preven-
tion research: an ethical analysis. Lancet 2006; 368:522–
525.

39. USAID/AIDSMark. Male circumcision: current epidemiological
and field evidence: conference report. Washington, DC: USAID;
2003. Available at: http://www.synergyaids.com/documents/
MaleCircumcision_New.pdf. Accessed: November 2007.

40. Singh-Grewal D, Macdessi J, Craig J. Circumcision for the
prevention of urinary tract infection in boys: a systematic
review of randomised trials and observational studies. Arch
Dis Child 2005; 90:853–858.

41. Williams BG, Lloyd-Smith JO, Gouws E, Hankins C, Getz WM,
Hargrove J, et al. The potential impact of male circumcision on
HIV in sub-Saharan Africa. PLoS Med 2006; 3:e262.

42. Nagelkerke NJ, Moses S, de Vlas SJ, Bailey RC. Modelling
the public health impact of male circumcision for HIV pre-
vention in high prevalence areas in Africa. BMC Infect Dis
2007; 7:16.

43. Buve A, Carael M, Hayes RJ, Auvert B, Ferry B, Robinson NJ,
et al. The multicentre study on factors determining the differ-
ential spread of HIV in four African cities: summary and
conclusions.. AIDS 2001; 15 (Suppl 4):S127–S131.

44. Orroth KK, Freeman EE, Bakker R, Buve A, Glynn JR, Boily MC,
et al. Understanding differences between contrasting HIV
epidemics in East and West Africa: results from a simulation
model of the Four Cities Study. Sex Transm Infect 2007; 83
(Suppl 1):i5–i16.

45. Kahn JG, Marseille E, Auvert B. Cost-effectiveness of male
circumcision for HIV prevention in a South African setting.
PLoS Med 2006; 3:e517.

46. Gray RH, Li X, Kigozi G, Serwadda D, Nalugoda F, Watya S,
et al. The impact of male circumcision on HIV incidence and
cost per infection prevented: a stochastic simulation model
from Rakai, Uganda. AIDS 2007; 21:845–850.

47. Turner AN, Morrison CS, Padian NS, Kaufman JS, Salata RA,
Chipato T, et al.Men’s circumcision status and women’s risk of
HIV acquisition in Zimbabwe and Uganda. AIDS 2007;
21:1779–1789.

48. WHO/UNAIDS. New data on male circumcision and HIV pre-
vention: policy and programme implications. 2007. Available at:
http://data.unaids.org/pub/Report/2007/mc_recommendations_
en.pdf. Accessed: November 2007.

49. Castellsague X, Bosch FX, Munoz N, Meijer CJ, Shah KV, de
Sanjose S, et al. Male circumcision, penile human papilloma-
virus infection, and cervical cancer in female partners.N Engl J
Med 2002; 346:1105–1112.

50. Castellsague X, Peeling RW, Franceschi S, de Sanjose S, Smith
JS, Albero G, et al. Chlamydia trachomatis infection in female
partners of circumcised and uncircumcised adult men. Am J
Epidemiol 2005; 162:907–916.

51. Hankins C. Roundtable: male circumcision: implications for
women as sexual partners and parents. Reprod Health Matters
2007; 15:62–67.

52. Vittinghoff E, Douglas J, Judson F, McKirnan D, MacQueen K,
Buchbinder SP. Per-contact risk of human immunodeficiency
virus transmission betweenmale sexual partners.AmJ Epidemiol
1999; 150:306–311.

53. Buchbinder SP, Vittinghoff E, Heagerty PJ, Celum CL, Seage GR
III, Judson FN, et al. Sexual risk, nitrite inhalant use, and lack of
circumcision associated with HIV seroconversion in men who
have sex with men in the United States. J Acquir Immune Defic
Syndr 2005; 39:82–89.

54. Kreiss JK, Hopkins SG. The association between circumcision
status and human immunodeficiency virus infection among
homosexual men. J Infect Dis 1993; 168:1404–1408.

55. Sanchez J, Guanira J, Lama JR, Goicochea P, Segura P, Montoya
O. Circumcision among men who have sex with men in the
Andean Region. Symposium: Epidemiology: changing epide-
miology of STD in MSM. In: 17th International Society for
Sexually Transmitted Disease Research. Seattle, Washington;
29 July–1 August 2007.

56. Templeton DJ, Jin F, Prestage G, Donovan B, Imrie J, Kippax S,
et al. Circumcision status and risk of HIV seroconversion in the
HIM cohort of homosexual men in Sydney. In: 4th IAS
Conference on HIV Pathogenesis, Treatment and Prevention.
Sydney, Australia; 22–25 July 2007. Abstract WEAC103.

574 AIDS 2008, Vol 22 No 5



 



 

 
 

   Chapter 2 
 
 

Overview of the Current State of the 
HIV Epidemic 

 
Catherine Hankins 

 
Current HIV/AIDS Reports 2013 Jun;10(2):113-23. 

 

 

Chapter 6 
 

Male circumcision and risk of HIV 
infection in women: a systematic 

review and meta-analysis 

 
Helen A Weiss, Catherine A Hankins, Kim Dickson 

 
 

Lancet Infectious Diseases 2009; 9: 669-77 
 



84 Chapter 6

www.thelancet.com/infection   Vol 9   November 2009 669

Review

Male circumcision and risk of HIV infection in women: 
a systematic review and meta-analysis
Helen A Weiss, Catherine A Hankins, Kim Dickson

Male circumcision provides long-term indirect protection to women by reducing the risk of heterosexual men 
becoming infected with HIV. In this Review, we summarise the evidence for a direct eff ect of male circumcision on 
the risk of women becoming infected with HIV. We identifi ed 19 epidemiological analyses, from 11 study populations, 
of the association of male circumcision and HIV risk in women. A random-eff ects meta-analysis of data from the one 
randomised controlled trial and six longitudinal analyses showed little evidence that male circumcision directly 
reduces risk of HIV in women (summary relative risk 0·80, 95% CI 0·53–1·36). Defi nitive data would come from a 
further randomised controlled trial of circumcision among men infected with HIV in serodiscordant heterosexual 
relationships, but this would involve enrolling about 10 000 couples and is likely to be logistically unfeasible. As 
circumcision services for HIV prevention are scaled-up in high HIV prevalence settings, rapid integration with 
existing prevention strategies would maximise benefi ts for both men and women. Rigorous monitoring is essential to 
ensure that any adverse eff ects on women are detected and minimised.

Introduction
Three randomised controlled trials and over 
40 observational epidemiological studies have provided 
compelling evidence that male circumcision reduces the 
risk of heterosexual men becoming infected with HIV.1–4 
WHO-UNAIDS recommend that circumcision be added 
to present HIV-prevention strategies for HIV risk 
reduction in heterosexual men.5

Men who are not infected with HIV in high HIV-
prevalence settings will directly benefi t from expanded 
access to circumcision services, but the implications for 
women are less clear. Women are aff ected by circumcision 
as sexual partners and as parents.6 Studies of the 
acceptability of circumcision in southern and east Africa 
done before trials showed that a majority of women 
interviewed (median 69%; range 29–87%) favoured 
circumcision for their partners, and 81% (range 70–90%) 
were willing to circumcise their sons, if it were safe and 
aff ordable.7 A study from Mysore, India, also found that 
most women with uncircumcised sons (457 of 564; 81%) 
would defi nitely circumcise them if the procedure was 
off ered safely and free of charge.8

A woman’s risk of HIV infection depends on the 
prevalence of HIV infection among her male partners, 
the rate of forming partnerships, and the probability of 
becoming infected with HIV on exposure to an infected 
partner. Expanded male circumcision services will 
decrease the HIV prevalence in men, and mathematical 
modelling confi rms that, in high HIV-prevalence 
settings, women will benefi t from expanded 
circumcision services through a lower risk of exposure 
to men infected with HIV.9 In the absence of a direct 
protective eff ect of circumcision on male-to-female 
transmission, these benefi ts will likely take several 
years to become evident, and will increase over time, 
with subsequent reductions in rates of mother-to-child 
transmission.9,10 The eff ect of circumcision on the 
probability of becoming infected with HIV on exposure 

to an infected male partner will depend on whether 
there is a direct protective eff ect of circumcision on 
male-to-female transmission, as well as any eff ect of 
circumcision on HIV cofactors (ie, factors that aff ect 
HIV transmission probability) in either the man or the 
woman. Although there are few data on the direct eff ect 
of circumcision on male-to-female HIV transmission, 
randomised controlled trials show that circumcised 
men are at substantially lower risk of some cofactors 
(genital ulcer disease and possibly herpes simplex virus 
type 2).11–13 There is increasing evidence that female 
partners of circumcised men also have a reduced risk of 
cofactors, including genital ulcer disease14 and vaginal 
infections such as bacterial vaginosis and trichomonas 
infection.14,15

In this Review, we summarise the available 
epidemiological evidence of a direct eff ect of 
circumcision on male-to-female transmission of HIV, 
and discuss research and public health implications of 
our fi ndings.

Methods
Search strategy and selection criteria
Inclusion criteria were epidemiological studies of the 
association of HIV prevalence or incidence in women as 
the outcome, with male partners’ circumcision status as 
an exposure. We identifi ed such studies by searching 
PubMed with the following search string: (“HIV 
seropositivity/epidemiology”[MeSH] or “HIV sero-
positivity/etiology”[MeSH] or “HIV seropositivity/
prevention and control”[MeSH] or “HIV seropositivity/
transmission”[MeSH] or “HIV infections/epidemi-
ology”[MeSH] or “HIV infections/etio logy”[MeSH] or 
“HIV infections/prevention and control”[MeSH] or “HIV 
infections/transmission”[MeSH] or HIV[MeSH] or 
hiv[text word]) and (“epidemiologic studies”[MeSH] or 
“seroepidemiologic studies”[MeSH] or “risk 
factors”[MeSH] or “odds ratio”[MeSH] or 
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“prevalence”[MeSH] or “incidence”[MeSH] or “risk”-
[MeSH] or “cross-sectional studies”[MeSH] or “epi-
demiologic methods”[MeSH] or prevalence[text word] or 
incidence[text word]) and (journal article[pt] or letter[pt]) 
and “humans”[MeSH] and “female”[MeSH] and 
(“circumcision, male”[MeSH] or circumcision[text word]).

The initial search, done on Nov 27, 2008, identifi ed 
121 papers. The abstracts of these 121 papers were read 
by two reviewers (HAW and Natasha Larke, London 
School of Hygeine and Tropical Medicine, London, 
UK), and 41 were potentially relevant (ie, the abstract 
showed that the study included measures of eff ect size 
for HIV risk factors for women). The search was 

updated on Aug 8, 2009, identifying a further 17 papers, 
of which one was potentially relevant. Two studies from 
conference presentations were also included.16,17 Full 
copies of the 42 potentially relevant papers and two 
presentations were obtained, and one further paper18 
was identifi ed through the reference lists of relevant 
papers. 33 of these papers were deemed ineligible, 
with the most common reason being that they did 
not contain data on circumcision status of the male 
partner (fi gure 1). Additional relevant analyses were 
obtained from two authors (Gray RH, Johns Hopkins 
University, Baltimore, USA, personal communication; 
Lingappa J, University of Washington, Seattle, USA, 
personal communication). Of the 14 eligible studies, 
two included three subanalyses (Gray RH, personal 
communication),19 and one included two subanalyses 
(Lingappa J, personal communication). The fi nal review 
contained data on 11 distinct study populations, and 
included 19 analyses.

In addition, we reviewed data from the Demographic 
and Health Surveys (DHS) project20 to obtain self-reported 
prevalence of male circumcision, and national population-
based surveys done from 2001–05.21

Data extraction and analysis
11 studies contained relevant information and data were 
extracted by HAW and CAH. The data extracted included 
study design, study population, location, circumcision 
prevalence, HIV prevalence among women by 
circumcision status of their partner, and measures 
of eff ect. Unadjusted risk ratios (RRs) and 95% CIs 
were calculated from data given in the papers. 
Adjusted measures of eff ect were also extracted. To 
our knowledge, none of the studies included men 
infected with HIV on antiretroviral treatment, either 
because they were done before availability of 
treatment, or because such men were ineligible for the 
studies.

The association of male circumcision and HIV risk in 
women is best estimated from longitudinal studies, 
which, unlike cross-sectional studies, are able to 
distinguish the temporal sequence of exposure and 
infection with HIV (table 1). Specifi cally, in cross-
sectional studies of couples we do not know which 
partner was infected fi rst, and such information is 
essential to estimate the eff ect of circumcision on 
male-to-female transmission. For this reason, the primary 
analysis was restricted to longitudinal studies. Random-
eff ects meta-analysis was used to assess between-study 
heterogeneity, and to calculate the summary RR and 
95% CI. For consistency, unadjusted measures of eff ect 
for cross-sectional studies are presented as prevalence 
ratios, even if an odds ratio (OR) is presented in the 
original paper. The meta-analysis was done using 
the adjusted measure of eff ect ratio if available, otherwise 
the unadjusted measure was used. All analyses were 
done with Stata 10.1.

42 studies retrieved for
      detailed evaluation 

138 potentially relevant studies
           identified in PubMed search

14 studies eligible (totalling 19 analyses)
 10 published papers
 2 conference abstracts
 2 additional studies 

1 additional paper identified 
   from reference lists

2 conference abstracts added 

33 excluded for the following reasons 
 23 with no data on circumcision 
 status of male partner 
 3 with no original data (letter or 
 review paper)
 2 with ecological data
 1 on female circumcision 
 1 with no data on HIV in women
 1 case report
 1 study in people infected with 
 HIV only
 1 with duplicate data

2 studies (5 analyses) by author  

Figure 1: Flow diagram of study selection process

Level of evidence Number of analyses

Randomised–controlled trial15 + + + + 1 

Longitudinal studies of serodiscordant couples16,17 + + + 2 

Longitudinal studies among women only19,22 + + 4 

Cross-sectional studies among women18,23,24 + 3 

Cross-sectional studies among couples (Gray; Lingappa)25–28 + 9 

Ecological data + ··

Table 1: Summary of studies contributing to association of HIV infection and male partners’ circumcision 
status
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Results
Randomised controlled trial data
Good randomised controlled trials are the gold standard of 
epidemiological evidence (table 1). Only one trial of male 
circumcision has investigated the eff ect on women 
becoming infected with HIV.15 This trial, which enrolled 
men infected with HIV with no evidence of 
immunosuppression, with uninfected female partners, 
was done in Rakai, Uganda, in parallel with the trial among 
men not infected with HIV.3 Recruitment into the trial was 
stopped at interim analysis on the recommendation of the 
data safety monitoring board. This decision was on the 
basis of the futility of continuing to recruit because fewer 
serodiscordant couples had been enrolled concurrently 
than anticipated, decreasing the power to detect a protective 
eff ect. Couples were followed for up to 24 months, and 
17 (18%) of 92 women in the intervention arm became 
infected with HIV during follow-up compared with eight 
(12%) of 67 women in the control arm (adjusted hazard 
ratio [HR] 1·59, 95% CI 0·62–3·57; table 2).15 There was 
some evidence that recently circumcised men infected 
with HIV who resumed sexual activity early might be more 

likely to transmit HIV in the fi rst 6 months after surgery 
than those who wait until complete wound healing, but the 
numbers are too small to be conclusive. Among the 
18 couples in the intervention arm who resumed sex more 
than 5 days before certifi ed wound healing there were fi ve 
seroconversions (27·8%), compared with six among 
63 couples (9·5%) who fi rst had sex after this time 
(p=0·06). This latter fi gure is similar to the seroconversion 
risk among couples in the control arm (six of 68; 8·8%).15 
Since the trial was stopped early, the eff ect of circumcision 
on new HIV infections in female partners might have 
become stronger over time as the relative eff ect of any 
increased transmission among couples resuming sex 
before complete wound healing would be greatest in the 
fi rst few months after circumcision. However, overall, this 
trial provides no evidence of benefi t or harm of male 
circumcision on women becoming infected with HIV.

Population-based longitudinal studies among 
serodiscordant couples
The most informative observational designs to detect an 
eff ect of circumcision on women becoming infected are 

Setting (year of 
study)

Study population % with 
circumcised 
partner

HIV rate among women 
with circumcised partners

HIV rate among women with 
uncircumcised partners

Unadjusted RR* 
(95% CI)

Adjusted RR 
(95% CI)

Randomised controlled trial

Wawer (2009)15 Rakai, Uganda Female partners of men 
infected with HIV

58% 17/92 (18%) 8/67 (12%) 1·58 (0·68–3·66) 1·49 (0·62–3·57)†

Couples cohort

Baeten (2009)16 14 sites in east and 
southern  Africa

Female partners of men 
infected with HIV

34% 2·04 per 100 person-years 3·47 per 100 person-years 0·59 (0·31–1·13) 0·60 (0·31–1·16)

Reynolds (2006)17 Rakai, Uganda 
(1994–2004)

Female partners of men 
infected with HIV

13% 6·6 per 100 person-years 10·3 per 100 person-years 0·67 (0·45–1·00) ··

Cohort

Turner (2007)19 Uganda (low risk; 
1999–2004)

Family planning clinic 
attenders

36% 1·53 per 100 person-years 1·20 per 100 person-years 1·28 (0·69–2·35) 1·33 (0·72–2·47)‡

Turner (2007)19 Uganda (high risk; 
1999–2004)

Sexually transmitted 
diseases clinic attenders 
and sex workers

37% 0·84 per 100 person-years 3·23 per 100 person-years 0·26 (0·06–1·16) 0·16 (0·02–1·25)‡

Turner (2007)19 Zimbabwe 
(1999–2004)

Family planning clinic 
attenders

10% 4·57 per 100 person-years 4·19 per 100 person-years 1·10 (0·64–1·87) 1·12 (0·65–1·91)‡

Kapiga (1998)22 Dar es Salaam, 
Tanzania (1991–95)

Family planning clinic 
attenders

98% 2·6 per 100 person-years 9·2 per 100 person-years 0·28 (0·09–0·89) 0·29 (0·09–0·97)§

Cross-sectional

Allen (1991)18 Kigali, Rwanda 
(1986–87)

Women attending prenatal 
and paediatric clinics

34% 132/456 (29%) 275/887 (31%) 0·93 (0·78–1·11) ··

Chao (1994)23 Butare, Rwanda 
(1989–1991)

Antenatal clinic attenders 5% 75/307 (24%) 442/5286 (8%) 2·78 (2·23–3·47) 2·1 (1·5–2·9)¶

Hunter (1994)24 Nairobi, Kenya 
(1989–1991)

Family planning clinic 
attenders

91% 165/3930 (4%) 43/373 (12%) 0·36 (0·26–0·50) 0·34 (0·24–0·50)||

*The risk ratio shown is the prevalence ratio for cross-sectional studies and incidence rate (or hazard) ratios for the cohort studies and the randomised controlled trial. †Hazard ratio adjusted for age and condom 
use in past year. ‡Hazard ratio, adjusted for age, age at coital debut, contraceptive method, husband’s employment status, education, number of partners in past 3 months, and a product-interaction term 
between time and number of partners in past 3 months. §Rate ratio, adjusted for age, marital status, number of reported sexual partners in past year, gonorrhoea, candidiasis, and history of alcohol consumption 
during follow-up. ¶Odds ratio, adjusted for age, education, marital status, income, cigarette smoking, age at fi rst pregnancy, number of previous pregnancies, oral contraceptive use, past sex work, number of 
reported non-marital sexual partners in past 5 years, and history of sexually transmitted diseases. ||Odds ratio, adjusted for age, marital status, education, number of pregnancies, age at fi rst sex, number of 
abortions or miscarriages, number of lifetime sexual partners, number of partners in the past year, sex for gifts or money, sex during menstruation, history of injection in past 6 years, history of blood transfusion 
in past 6 years, and current sexually transmitted disease diagnosis.

Table 2: Summary of studies of the association of HIV infection in women and partners’ circumcision status
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longitudinal studies among monogamous HIV-sero-
discordant couples with the male partner infected with 
HIV and the female partner uninfected. To our knowledge, 
data from only two such studies are available.16,17 In the 
Rakai community cohort study of 343 HIV-serodiscordant 
couples with the male partner infected with HIV, 
participants were followed from 1994 to 2004.17 An updated 
analysis of data presented in a previous publication27 found 
that circumcision was associated with a borderline lower 
risk of women becoming infected with HIV (RR 0·67, 
95% CI 0·45–1·00; table 2). In an earlier analysis of the 
cohort, based on 224 couples, the overall RR was 0·41 
(95% CI 0·10–1·14),27 and circumcision had a substantially 
greater protective eff ect in couples where the men had viral 
loads below 50 000 copies per mL. However, there was no 
diff erence by viral load in the updated analysis (Gray RH, 
personal communication).

The recently completed Partners in Prevention trial16 of 
herpes suppressive treatment also provides data on the 
eff ect of male circumcision on HIV transmission to 
female partners. This multicentre study recruited 
3408 HIV-serodiscordant couples in 14 African sites. 
Among these, 1096 couples had a male partner who was 
infected with HIV and there was at least one follow-up 
visit of the female partner. Viral sequencing was used to 
determine whether incident HIV infections had 
happened within the partnership. There was some 
evidence that the female partners of circumcised men 
infected with HIV were less likely to become infected 
with HIV, although this was not statistically signifi cant 
(adjusted RR 0·60, 95% CI 0·31–1·16; table 2).

We included the trial data and the longitudinal 
observational studies15–17,19,22 in a random-eff ects meta-
analysis. The summary RR was 0·80 (95% CI 0·54–1·19; 
fi gure 2). Since there was some evidence of heterogeneity 
(p=0·05), this summary estimate should be interpreted 
cautiously.

Population-based observational studies among women 
We identifi ed seven observational analyses among 
women that included their male partners’ circumcision 

status as a risk factor for infection with HIV (table 2). All 
studies were from sub-Saharan Africa, three studies were 
cross-sectional, and four were longitudinal. Each of these 
studies relied on the women’s reports of their partners’ 
circumcision status, and hence the studies are susceptible 
to misclassifi cation of circumcision status. Results were 
inconsistent, with two studies fi nding a signifi cant 
protective eff ect of having a circumcised partner,22,24 one 
fi nding a signifi cant adverse eff ect,23 and four not fi nding 
a signifi cant association.18,19 The adjusted measures of 
eff ect are generally similar to the unadjusted measures, 
indicating relatively little confounding. The study found 
a signifi cantly increased HIV prevalence among 
5690 partners of circumcised men that attended antenatal 
clinics in the Butare region, Rwanda, revealing an HIV 
prevalence of 75 (24·4%) of 307 among women with 
circumcised partners and 442 (8·4%) of 5286 among 
women with uncircumcised partners (adjusted OR 2·1, 
95% CI 1·5–2·9).23 The association was similar in higher-
risk and lower-risk women, with higher-risk women 
defi ned as those who reported having more than one 
sexual partner in the past 5 years or having had sex to 
support themselves. Notably, the 2005 Rwanda DHS 
survey20 also found slightly higher HIV prevalence among 
self-reported circumcised men (3·5% prevalence among 
circumcised men, 2·1% prevalence among uncircumcised 
men).

Including these cross-sectional studies in women18,23,24 
made little diff erence to the summary RR (OR 0·81, 
95% CI 0·54–1·22) but increased the between-study 
heterogeneity (p<0·001) as expected, since it is to be 
expected that estimates from longitudinal studies would 
be more accurate, since partners’ reported (or observed) 
circumcision status at the time of HIV seroconversion is 
known.

Cross-sectional observational studies among couples
We identifi ed nine cross-sectional analyses on 
circumcision prevalence among HIV-serodiscordant 
couples (Gray RH, personal communication; Lingappa J, 
personal communication).25–28 These cross-sectional data 
provide weaker evidence than randomised controlled 
trials or longitudinal studies because it is unknown 
which partner in seroconcordant couples became infected 
fi rst, and whether transmission happened within the 
partnership. Table 3 summarises circumcision prevalence 
in seroconcordant couples infected with HIV (M+F+), 
serodiscordant couples with male partner that is infected 
(M+F–), serodiscordant couples with a female partner 
that is infected (M–F+), and seroconcordant couples that 
are not infected with HIV (M–F–). Given the partial 
protection of male circumcision against men becoming 
infected with HIV, we would expect a higher prevalence 
of circumcision in serodiscordant couples with a female 
index case (M–F+) than in seroconcordant couples that 
are infected with HIV. Similarly, if circumcision protects 
against women becoming infected by male partner 

Figure 2: Meta-analysis of longitudinal studies of the association of partner’s circumcision status and HIV risk 
in women
Weights are from random-eff ects analysis. Studies with boxes to the left of the vertical line at 1 favour circumcision 
and studies to the right favour non-circumcision.
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infected with HIV, one would expect a higher circumcision 
prevalence in M+F– couples than in concordant couples 
infected with HIV.

Circumcision prevalence in both M+F+ and M–F+ 
couples was available for only four studies, of which three 
were cross-sectional analyses from the Rakai population-
based cohort (Gray RH, personal communication). In 
Rakai, the prevalence of circumcision is higher in M–F+ 
couples than among seroconcordant couples infected 
with HIV, as expected, but there is little diff erence in 
circumcision prevalence between M+F– couples and 
seroconcordant couples infected with HIV, suggesting 
little eff ect of circumcision on women becoming infected 
with HIV. The fourth informative study, from Trinidad 
and Tobago, was a small study, but found circumcision 
prevalence similar in M+F+ (four of 34; 12%) and M–F+ 
(two of 20; 10%) couples, and circumcision prevalence 
higher in M+F– couples (fi ve of 16 [31%]; RR 2·66, 
95% CI 0·82–8·58 compared with M+F+ couples; de 
Gourville, WHO, Geneva, Switzerland, personal 
communication).

In summary, the cross-sectional studies of circumcision 
status in couples are not informative with regard to the 
eff ect of circumcision on women becoming infected with 
HIV.

Ecological data
Figure 3 shows the correlation of country-level male 
circumcision prevalence with national HIV prevalence 
(2001–05) among men and women aged 15–49 years, for 
all countries in sub-Saharan Africa with available 
data.20,21,29 HIV prevalence in both men and women is 
highest in countries in southern Africa where fewer men 
are circumcised (Zimbabwe, Zambia, South Africa, and 
Malawi). HIV prevalence is also high in Lesotho, where 
48% of men report being circumcised but the true fi gure 
is thought to be much lower than this since generally the 

foreskin is not removed during initiation.30 In other 
countries, the correlation between the prevalence of HIV 
in adult women and male circumcision suggests a clear 
population-level benefi t of circumcision to women, most 
likely through a reduced HIV prevalence in men and 
hence low risk of exposure.20,21

Discussion
Our Review fi nds little epidemiological evidence of a 
direct protective eff ect of male circumcision on women 
becoming infected with HIV, although such an eff ect 
cannot be ruled out. We do, however, see that in sub-
Saharan Africa, HIV prevalence in women is lower in 
countries with high levels of male circumcision. This is 
likely due to reduced exposure to HIV among women in 
settings where male circumcision is widespread.

The most rigorous study designed to directly estimate 
the eff ect of circumcision on women becoming infected 
is the randomised controlled trial from Rakai, Uganda.31 
However, because of the small numbers of partners 
enrolled concurrently and early termination of the trial, 
this trial does not provide evidence for or against an eff ect 
of circumcision on women becoming infected with HIV. 
Nevertheless, this trial does indicate a biologically 
plausible potential increased risk to female partners of 
circumcised men infected with HIV if sexual intercourse 
resumes before complete wound healing. Although 
mathematical modelling shows that this will have little 
population-level adverse eff ect because of the brevity of 
this healing period,9 this fi nding is clearly of concern for 
individual women, highlighting the need for careful 
counselling about the importance of abstaining from sex 
until complete wound healing. Whenever possible, 
female partners should also attend pre-circumcision 
counselling to reinforce this message. Another potential 
concern for women is that circumcised men might 
increase their risk-taking behaviour if they believe 

Setting (year of study) Circumcision 
prevalence in HIV 
seroconcordant 
couples

Circumcision 
prevalence in M–F+ 
serodiscordant 
couples

Circumcision 
prevalence in M+F– 
serodiscordant 
couples

RR for circumcision 
among M–F+ vs 
M+F+ couples 
(95% CI)

RR for circumcision 
among M+F– vs 
M+F+ couples 
(95% CI)

RR for circumcision 
among M–F+ vs M+F– 
couples (95% CI)

Rakai cohort 1994–9827 Rakai, Uganda (1999) ·· 50/187 (27%) 29/224 (13%) ·· ·· 2·07 (1·36–3·13)

Rakai cohort 2003 (Gray) Rakai, Uganda (2003) 22/154 (14%) 12/71 (17%) 23/118 (19%) 1·18 (0·62–2·25) 1·36 (0·80–2·33) 0·87 (0·46–1·63)

Rakai cohort 2004 (Gray) Rakai, Uganda (2004) 29/169 (17%) 22/75 (29%) 22/119 (18%) 1·71 (1·05–2·77) 1·08 (0·65–1·78) 1·63 (0·97–2·73)

Rakai cohort 2005 (Gray) Rakai, Uganda (2005) 38/184 (21%) 31/92 (34%) 24/115 (21%) 1·63 (1·09–2·44) 1·01 (0·64–1·59) 1·61 (1·02–2·55)

Partners in Prevention 
baseline data (Lingappa)

Southern Africa (2004–05) ·· 300/816 (37%) 81/346 (23%) ·· ·· 1·57 (1·27–1·94)

Partners in Prevention 
baseline data (Lingappa)

Eastern Africa (2004–05) ·· 956/1488 (64%) 300/763 (39%) ·· ·· 1·63 (1·48–1·80)

Carael25 Kigali, Rwanda (1986) 34/124 (27%) Unknown/10 Unknown/4 ·· ·· ··

De Gourville26 Trinidad and Tobago 
(1992–94)

4/34 (12%) 2/20 (10%) 5/16 (31%) 0·85 (0·17–4·23) 2·66 (0·82–8·58) 0·32 (0·07–1·44)

Malamba28 Kampala, Uganda (1998) 3/49 (6%) 24/102 (24%)* 24/102 (24%)* ·· ·· ··

*Data are for all serodiscordant couples, since the sex of the index partner was not given. 

Table 3: Summary of studies of male circumcision status among cross-sectional studies of serodiscordant HIV couples
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themselves to be fully, rather than partly, protected. To 
our knowledge, there are no data on risk behaviour after 
circumcision among men infected with HIV and there is 
no evidence of risk compensation in newly circumcised 
men that are not infected.1–3,32

The two longitudinal observational studies among 
serodiscordant couples suggest a modest reduced risk of 
becoming infected with HIV (RR 0·67, 95% CI 0·45–1·00; 
RR 0·60, 95% CI 0·31–1·16), and further data from 
similar study designs are needed, for example from HIV-
vaccine studies in serodiscordant couples. Observational 
studies that follow women but not their male partners 
have several fundamental limitations to exploring the 
association of male circumcision and female risk of 
becoming infected with HIV. First, there is the likely 
misclassifi cation of reported circumcision status of the 
partner where this has not been directly observed. Several 
studies have shown that self-reported circumcision status 
by men can be inaccurate.33,34 If such misclassifi cation 
was non-diff erential with respect to HIV status of the 
female partner, this would tend to bias any true 
association towards the null. With respect to how true the 
reports are of partners’ circumcision status, one study19 

did sensitivity analyses to adjust for misclassifi cation of 
circumcision status, and found that reporting errors were 
unlikely to have obscured an association between male 
circumcision and women’s risk of HIV.19 Second, female 
partners of circumcised men are less likely to be exposed 
to HIV infection because of lower prevalence in 
circumcised men, and hence an observed lower risk of 
HIV incidence in female partners of circumcised men 
might simply refl ect a lower HIV prevalence in their 
male partners. Third, the cross-sectional studies provide 
limited information because when each woman became 
infected with HIV is unknown, so the present partner 
might not be the one who infected her. This is less of a 
problem in longitudinal studies where few women 
reported multiple partners during the period of 
seroconversion, and analyses can be restricted to women 
reporting one partner during follow-up. For example, 
when women with multiple partners were excluded from 
one study, there was little change in eff ect.19 In our 
Review, these studies found inconsistent results, and this 
is likely because of these limitations.

Possible biological mechanisms for an eff ect of 
circumcision on reducing HIV transmission between 

Figure 3: Correlation of HIV prevalence in adult men and women with male circumcision prevalence
Male circumcision prevalence from DHS data20 and HIV prevalence in adults from population-based surveys.21 DRC=Democratic Republic of Congo.
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men and women include an eff ect of circumcision 
through reduced risk of HIV cofactors such as genital 
ulcer disease and other sexually transmitted infections in 
men infected with HIV or the female partner uninfected 
with HIV,14,15,35 or a direct biological mechanism (eg, if 
HIV were transmitted directly from the foreskin). 
However, most transmission of HIV between men and 
women is thought to happen through seminal fl uid, and 
recent data from a study among men who have sex with 
men indicate that cell-free HIV RNA in the seminal fl uid, 
rather than proviral DNA within lymphocytes in the 
semen might lead to HIV transmission.36 Although it 
seems unlikely that circumcision will aff ect seminal HIV 
viral load, this hypothesis could be investigated further. 
For example, seminal viral load could be compared 
among circumcised and uncircumcised men. Several 
studies have collected semen samples, including studies 
of human papillomavirus and circumcision status.37 Data 
from the three male circumcision HIV acquisition trials 
can also be used to investigate the role of circumcision in 
modifying the natural history of HIV infection, and 
subsequent male-to-female infectivity. For example, men 
who are circumcised before becoming infected with HIV 
might have a lower bolus of exposure because of a smaller 
mucosal surface area susceptible to infection, and hence 
lower blood plasma viral set point and seminal viral load 
compared with uncircumcised men or men who became 
infected with HIV before circumcision. Unfortunately, 
seminal viral loads are not available from these trials, but 
plasma viral setpoint could be compared with 
circumcision status among HIV seroconvertors.38

Given the limited evidence of a possible direct eff ect of 
circumcision on women becoming infected with HIV, it 
is worth considering whether another randomised 
controlled trial of circumcision among men infected with 
HIV and their uninfected partners is warranted and 
feasible. There are several reasons why it would be 

desirable to know whether male circumcision provides 
partial protection against male-to-female transmission of 
HIV, and if so, by how much.

First, without this information, it is not possible to 
provide fully informed advice on benefi ts or harms of 
circumcision to men infected with HIV and their 
partners. Second, in terms of public policy, the size of the 
cost-saving and long-term health benefi ts of circumcision 
depend on the likely protection aff orded to women. 
Third, further data are needed on personal risks and 
benefi ts of circumcision in men infected with HIV who 
choose to become circumcised.

However, a randomised controlled trial of circumcision 
among men infected with HIV and their uninfected 
female partners will be challenging, and sample size 
calculations on the basis of the summary effi  cacy of 20% 
from our meta-analysis suggests that it would need to 
identify, recruit, and retain about 10 000 HIV 
serodiscordant M+F– couples in a stable partnership 
with the man’s CD4 count above 250 cells per μL, and 
both partners willing for the man to be circumcised, 
willing to participate in the trial, of legal age to provide 
informed consent, and intending to remain in study area 
for 2 years (table 4). This would involve screening many 
tens of thousands of couples to identify those eligible, 
which might not be logistically feasible. Further, it could 
be argued that another randomised controlled trial of 
circumcision, albeit in men infected with HIV, would 
potentially cause confusion if it is not understood that 
the new trial intends to answer a diff erent scientifi c 
question. Such confusion could possibly delay scale-up 
of services if people perceive that male circumcision is 
still being tested as a strategy to prevent HIV.

There would also be some ethical concerns around a 
randomised controlled trial. In settings where 
circumcision is becoming the norm, asking half the men 
to remain uncircumcised until the end of the trial could 
be stigmatising. By contrast with other studies of 
serodiscordant couples, the trial would enrol only men 
infected with HIV with female partners that are 
uninfected. Participation would then imply that the men 
were infected with HIV, which again could be potentially 
stigmatising for them. These issues were less pertinent 
for the Rakai trial as it happened at the same time as the 
trial among men without HIV, and included men who 
chose not to know their HIV status.

Finally, the implications of such a trial are not 
straightforward. The Rakai trial showed that circumcised 
men infected with HIV benefi ted from a reduced risk of 
genitourinary disease,35 and their female partners had 
lower risks of Trichomonas vaginalis,15 so it is not clear 
that circumcision should be denied to men infected with 
HIV, even if there is no direct reduction in risk from men 
to women. Denying circumcision to men infected with 
HIV on their request when it is not medically 
contraindicated could imply their HIV status, potentially 
increasing stigma towards them and confl ating 

Rate ratio Person-years 
needed

Number of M+F– HIV-
serodiscordant couples to recruit

3 0·80 31 522 19 701

4 0·80 23 641 14 776

6 0·80 15 761 9850

8 0·80 11 821 7388

3 0·75 19 613 12 259

4 0·75 14 710 9194

6 0·75 9806 6129

8 0·75 7355 4597

*Sample size needed for individually randomised trials of male circumcision to 
reduce HIV incidence in women. Assuming 90% power, 95% signifi cance level, 
2 years follow-up, 20% loss of person-years. In the Rakai trial, the retention rate in 
men infected with HIV was 81% in the intervention arm and 86% in the control 
arm. Retention of female partners was 92%. Retention was probably assisted as 
many participants were in the Rakai Community Cohort Surveillance Study.

Table 4: HIV incidence per 100 person-years in placebo group translated 
into sample size needed for randomised trials*
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circumcision status with HIV serostatus in the 
community.

Male circumcision for the prevention of HIV is at 
present being expanded in several settings, and evidence 
of a direct benefi t to women would potentially increase 
funding, commitment, acceptance, and support for 
scale-up. Women will benefi t both from a reduced HIV 
prevalence in men, and lower rates of some other 
sexually transmitted infections, but also likely lower 
risks of human papillomavirus, cervical cancer, and 
vaginal infections.14,39 Although any direct reduction in 
the risk of women becoming infected with HIV because 
of circumcision would substantially enhance the overall 
eff ect of male circumcision programmes and lead to 
faster reductions in the incidence of HIV in women, 
this Review found no fi rm evidence for such a 
direct eff ect.

Conclusions
Although at a population-level, widespread male 
circumcision will benefi t women by reducing their risk of 
exposure to HIV, there are insuffi  cient data to know 
whether circumcision directly reduces risk of women 
becoming infected with HIV. A defi nitive answer would 
come from a randomised controlled trial of circumcision 
among heterosexual men infected with HIV in 
serodiscordant relationships, but such a trial is likely to be 
unfeasible. At present, circumcision services are being 
expanded for the prevention of HIV in several settings in 
southern and eastern Africa, and rapid scale-up of these 
services, integrated with existing prevention options (male 
and female condoms, treatment for sexually transmitted 
infections, testing, and counselling) would maximise the 
benefi ts to both men and women. Expansion of male 
circumcision services needs to include rigorous monitoring 
and evaluation to ensure that there are no adverse 
consequences for female partners of circumcised men.
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COMMENTARY
MEDICINE AND LAW

Male Circumcision as an HIV Prevention
Strategy in Sub-Saharan Africa
Sociolegal Barriers
Lawrence O. Gostin, JD
Catherine A. Hankins, MD, MSc, FRCPC

THE JOINT UNITED NATIONS PROGRAMME ON HIV/
AIDS (UNAIDS) and the World Health Organiza-
tion (WHO) recommend safe, voluntary male cir-
cumcision as an additional, important strategy

for the prevention of heterosexually acquired human
immunodeficiency virus (HIV) infection in men in areas
with high HIV prevalence and low levels of male circum-
cision.1 Comprehensive male circumcision services
should include HIV testing and counseling, partner
reduction, and male and female condom use.2 However,
male circumcision can have deep symbolic meaning that
could pose barriers to implementation. In some parts of
the world, male circumcision is a traditional practice
with religious or cultural significance; in others, it is a
common hygiene intervention; and in yet others, it is
unfamiliar or foreign. Consequently, the proportion of
men who are circumcised varies by country from less
than 5% to more than 80%, with an estimated 30% to
40% of adult men circumcised worldwide.3

Confirming a number of observational studies, 3 ran-
domized controlled trials in Africa have shown that circum-
cision reduces the likelihood of female-to-male HIV trans-
mission by 50% to 60%, leading the WHO and UNAIDS to
conclude that the evidence is “compelling.”1 There is no com-
parable evidence demonstrating that male circumcision pro-
tects against male-to-female transmission or male-to-male
HIV transmission.4 Male circumcision is a relatively simple,
inexpensive 1-time surgical procedure that is cost-
effective,5 but raises a host of ethical, legal, and human rights
challenges.6

Acceptability, Availability, and Quality
The international human right to health requires health ser-
vices to be acceptable, available, and of good quality.7 Re-
searchers report high rates of acceptability of male circum-
cision in populations in which circumcision is not
traditionally practiced, but public acceptance depends on
culturally sensitive scale-up adhering to medical ethics.8 Cir-
cumcision may be imbued with social meanings of manli-

ness, sexuality, or religious observance. Because circumci-
sion requires cutting the skin of the penis, the procedure
may be viewed with suspicion, particularly if outsiders pro-
pose it. Consequently, country planning should involve all
sectors of society, including government, health profession-
als, persons living with HIV, the media, nongovernmental
organizations, traditional health practitioners, as well as men,
women, and youth.

As an effective method of HIV prevention, male circum-
cision should be available and affordable to all who seek it
without discrimination on the basis of race, age, income,
or health status, unless medically contraindicated. Acces-
sibility, however, is limited by weak health systems in coun-
tries with endemic HIV in sub-Saharan Africa. Further-
more, reaching disadvantaged or marginalized individuals
is particularly difficult, especially rural residents, ethnic mi-
norities, migrants and refugees, male sex workers, prison-
ers, drug users, and the poor. Making male circumcision ac-
cessible requires human resources, training, infrastructure,
logistics, funding, quality assurance, monitoring, and evalu-
ation. Under conditions of human resource scarcity, it may
entail “task shifting” from surgeons and other physicians
to trained clinical officers and nurses. Recognizing the im-
portance of male circumcision, the President’s Emergency
Plan for AIDS Relief, the Global Fund, and the Gates Foun-
dation are providing support for service scale-up or opera-
tional research, despite an overall emphasis on treatment
over prevention.9

Ministries of Health and health professionals are respon-
sible for ensuring that good-quality male circumcision ser-
vices are provided under sanitary conditions. This requires
trained and skilled personnel, sterile equipment, universal
precautions, and monitoring adverse events. Traditional
healers may provide beneficial complementary care and
may play a role in service provision if neither safety nor
quality is jeopardized.

Author Affiliations: O’Neill Institute for National and Global Health Law, George-
town University, Washington, DC (Dr Gostin); and Department of Evidence, Moni-
toring, and Policy, Joint United Nations Programme on HIV/AIDS (UNAIDS), Geneva,
Switzerland (Dr Hankins).
Corresponding Author: Lawrence O. Gostin, JD, Georgetown University Law Cen-
ter, 600 New Jersey Ave NW, Washington, DC 20001 (gostin@law.georgetown
.edu).

©2008 American Medical Association. All rights reserved. (Reprinted) JAMA, December 3, 2008—Vol 300, No. 21 2539

Downloaded From: http://jama.jamanetwork.com/ by a University of Amsterdam User  on 05/29/2013



Chapter 7 97

HIV Testing, Counseling, and Education
The WHO and UNAIDS advise health professionals to rec-
ommend voluntary HIV testing to all individuals seeking male
circumcision services.2 Excluding men with HIV from male
circumcision or diverting them to an alternative service pro-
vider, potentially breaching their confidentiality and stig-
matizing them, constitutes discriminatory practices. Argu-
ably, circumcising men who are HIV positive is a poor use
of scarce resources because they already have the infec-
tion. However, human rights law cautions against compul-
sory testing or excluding individuals from services based
solely on their HIV status.7,10 Furthermore, asymptomatic
men who are HIV positive have low adverse event rates, simi-
lar to uninfected men,11 and will benefit from reduced geni-
tal ulcer disease.12

All sectors of society should be able to access accurate in-
formation about the benefits and risks of male circumci-
sion. Ministries of Health should initiate effective health edu-
cation campaigns, whereas health professionals should
communicate with patients and their sexual partners or par-
ents in a culturally and linguistically appropriate and effec-
tive way. This entails, for example, counseling men and
women about partial protection afforded against HIV and
benefits of male circumcision in reducing other sexually ac-
quired infections, such as genital ulcer disease and human
papillomavirus infection which can lead to penile or cervi-
cal cancer.13 Similarly, men and women should be coun-
seled to abstain from sex until complete wound healing oc-
curs after circumcision and to engage in safer sexual practices,
including correct male and female condom use thereafter.

Informed Consent, Privacy, and Confidentiality
Health professionals are responsible for providing full and
accurate information necessary to secure informed con-
sent for male circumcision, including risks, benefits, and the
right to refuse the procedure without risk of reprisal or other
adverse consequence. Clinical information should be com-
municated in a culturally appropriate manner, with due re-
gard for the person’s literacy, linguistic, and educational level.
Boys and men, moreover, should have the right to make de-
cisions about circumcision without undue influence from
peers, sexual partners, or health professionals. National laws
should allow mature minors the opportunity to make de-
cisions for themselves or at least empower boys to partici-
pate in the decision-making process in an age-appropriate
manner. For neonates or very young boys, parents or legal
guardians should make decisions in the child’s best inter-
ests. In some countries, fathers have primary or sole decision-
making authority for their children, but justice requires that
mothers have equal rights as parents.

Male circumcision can be imbued with social meaning that
could stigmatize individuals or result in discrimination. Keep-
ing a person’s HIV and circumcision status confidential is
therefore essential for the dignity of the person. Conse-
quently, national laws should ensure privacy, health pro-

fessionals should be trained to protect sensitive health in-
formation, and health records should be kept secure so that
unauthorized persons cannot gain access.

The Human Rights of Women
Male circumcision does not appear to offer a direct benefit
to women, although women would benefit over time if HIV
prevalence among men were significantly reduced. It is there-
fore important that male circumcision services do not di-
minish the resources and attention devoted to prevention,
treatment, and empowerment of women. Women are ex-
tremely vulnerable in many societies. Male condom use de-
pends on men’s willingness to use them, men can exert physi-
cal and economic power over women within and outside
of marriage, and society sometimes tolerates age-disparate,
intergenerational, and transactional sex, all of which may
increase risk to women.

In some societies, laws and customary practices are deeply
harmful to women (polygamy, sexual assault or rape within
and outside of marriage, wife inheritance [a man claiming
ownership of his brother’s wife when his brother dies], and
the legal preference for men in matters of property, di-
vorce, child custody, and inheritance, resulting in destitu-
tion for women). Some misinformed and dangerous cul-
tural beliefs persist in some parts of Africa (eg, having sex
with a virgin cleanses the body of HIV).

Male circumcision without adequate counseling about
wound healing and abstinence can enhance risk for both men
and women. Early postoperative resumption of sex delays
wound healing and increases the risk of HIV infection for
men and their partners. Women would be more vulnerable
if men, feeling safer because of circumcision, increased the
number of sexual partners or unsafe sexual encounters. Al-
though no evidence of such risk compensation was found
in randomized controlled trials, in 1 trial,14 circumcised men
reported a significantly higher frequency of sex than men
in the control group reported.

It is critically important to defend women’s human rights
generally, and in particular to protect the sexual partners of
men seeking circumcision. Sexual partners should be in-
volved in the decision-making process, without compromis-
ing men’s rights to consent and to privacy. Consequently, so-
cial change communication strategies should stress that male
circumcision is only partially protective and encourage strong
male involvement in reducing women’s vulnerability with mes-
sages that reinforce the importance of postponing sexual de-
but, partner reduction, and consistent male and female con-
dom use. Individual and joint counseling of men and women
should emphasize mutual commitment to sexual abstinence
during the postcircumcision healing period and to safer sexual
practices thereafter.15 Moreover, and importantly, govern-
ments should take strong measures to ensure that male cir-
cumcision is not used as an excuse to tolerate female genital
mutilation, which has no health benefits and is harmful to
the health and well-being of girls and women.
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Social Change for Health and Human Rights
Male circumcision, as part of comprehensive HIV prevention
and treatment, can reduce the burden of HIV in sub-Saharan
Africa and other parts of the world. It encourages men to ac-
cesshealthcareservices,receivebehavioralcounseling,andtake
active responsibility for theirhealth.Tobe fullyeffective,male
circumcision services, whether for adults, adolescents, or in-
fants, need to be scaled up to achieve coverage levels adequate
forpopulationeffect.Malecircumcisionwillhave tobeaccept-
able, available, and safe; sensitive to cultural and religious val-
ues; respectful of patients’ rights to consent and confidential-
ity; and defend human rights of girls and women.
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Male circumcision for HIV prevention: current
research and programmatic issues

Helen A. Weissa, Kim E. Dicksonb, Kawango Agotc and

Catherine A. Hankinsd

Randomized controlled trials in sub-Saharan Africa have shown that adult male
circumcision reduces the risk of HIV acquisition in men by about 60%. In this article,
we review recent data on the association of male circumcision and HIV/sexually
transmitted infection in men and women. This includes a summary of data showing
some evidence of an effect of male circumcision against genital ulcer disease, HSV-2
infection, human papillomavirus and Trichomonas vaginalis, but not Chlamydia
trachomatis or Neisseria gonorrhoea in men. Longitudinal studies among HIV
discordant couples suggest that male circumcision may provide some direct long-
term benefit to women, which may start after complete wound healing. Circumcision
may also protect against HIV acquisition in men who have sex with men (MSM) and
those who practice unprotected anal intercourse (either exclusively or predomi-
nantly), although these data are not consistent. To date, there is little evidence from
the few studies available of either unsafe practices or reported increases in risky
behaviour, or adverse changes in sexual satisfaction and function. As countries in
southern and eastern Africa scale up services, operational research will likely be
useful to iteratively improve programme delivery and impact while identifying the
best methods of integrating safe male circumcision services into HIV prevention
strategies and strengthening health systems.

� 2010 Wolters Kluwer Health | Lippincott Williams & Wilkins

AIDS 2010, 24 (suppl 4):S61–S69

Keywords: HIV, male circumcision, prevention

Introduction

Three randomized controlled trials (RCTs) in sub-
Saharan Africa have shown that adult male circumcision
reduces the risk of HIVacquisition in men by about 60%
[1–3]. In this article, we review recent data on biological
mechanisms by which male circumcision may protect
against infection, the impact of male circumcision on
HIV infection in women and men who have sex with
men (MSM), and impact on other sexually transmitted
infections (STIs), sexual behaviour, satisfaction and func-
tion. We also discuss current topics of concern including
the safety of the procedure, cost-effectiveness, potential

population-level impact, roll-out of circumcision and
operational research on scale-up of circumcision.

Biological mechanisms for a protective
effect of circumcision on HIV and sexually
transmitted infections

There are several plausible biological mechanisms by
which the foreskin may increase a man’s risk of acquiring
STIs, including microtears or abrasions in the inner
mucosal surface of the foreskin which is retracted over the
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Sector Unit, HIV Department, World Health Organization; Geneva, Switzerland, cImpact Research and Development
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shaft during intercourse. Further, the environment under
the foreskin is thought to favour pathogen survival and
replication.Recentevidencefor thiscomesfromaUgandan
study, in which penile (coronal sulcus) swabs from 14 adult
Ugandan men were taken approximately 2 weeks prior to
circumcision and again 12 months after circumcision [4].
Pyrosequencing techniques showed that circumcision was
associated with significant decreases in anaerobic bacteria,
including potential pathogens. The effect of circumcision
on bacterial flora may partly explain the increased risk of
genital ulcerdisease (GUD)andHIVinuncircumcisedmen
and of vaginal infections in their female partners [5].

The superficial layers of the penis contain a high density of
HIV-1 target cells including Langerhans/dendritic cells
and CD4/CD8 T lymphocytes [6–8], and HIV may gain
easier access to these through the thin foreskin [9]. A
recent study of adult male foreskins found no difference in
keratin thickness of the inner and outer foreskin [10],
although samples came from men undergoing circumci-
sion for medical indications, primarily phimosis, which
may have affected the results. This may suggest that other
mechanisms, as mentioned above, may be important.
However, recent data from Uganda suggest that the
surface area of the foreskin is related to risk of HIV
acquisition [11]. In this study, the foreskins of men
enrolled into the control arm of the RCTwere measured
and analysed in relation to HIV incidence prior to
circumcision. Men with the largest foreskin surface areas
had twice the HIV incidence rate of those in the lowest
quartile [adjusted rate ratio¼ 2.37, 95% confidence
interval (CI) 1.05–5.31]. Such an association is biologi-
cally plausible, as larger foreskins imply a larger absolute
number of HIV target cells. However, there was no
increased risk in men with mid-sized foreskins compared
with small foreskins, and there will have been scope for
measurement error of foreskin area [11]. Unfortunately, it
may be difficult to replicate these findings, as few studies
assess HIV incidence prior to male circumcision.

Thereisalsosomerecentevidencethat the foreskinmayplay
a role in enhancing HIV transmission from an uncircum-
cisedHIV-positive man to his partner. Analysis of foreskins
ofmenenrolledintheRakaiRCTshowedthatthoseofmen
with HIVand HSV-2 infections and higher HIV viral load
were substantiallymore likely to have epithelial and stromal
inflammation [12]. The authors suggest this may mean
uncircumcised men are more likely to transmit HIV,
especially when there is co-infection with HSV-2.

Circumcision and HIV/sexually
transmitted infections in heterosexual men

Effect of male circumcision on HIV
Several observational studies on circumcision and HIV
have been published recently, and most of these support

the findings from the RCTs and previous observational
epidemiological studies [1–3,13]. For example, in a
recent prospective cohort study of plantation workers and
adult dependents in rural Kericho, Kenya, circumcised
men were at one-third the risk of HIV acquisition
(adjusted hazard ratio¼ 0.32, 95% CI 0.15–0.68) [14].
However, these data are difficult to interpret, given the
high correlation of ethnicity and circumcision status in
this population (13% of 231 Luo men were circumcised
compared with 94% of 1147 non-Luo men). Although
numbers were small, there was no evidence of an asso-
ciation of circumcision with HIV incidence among the
Luo (hazard ratio¼ 1.09, 95%CI 0.12–4.91) or non-Luo
men (hazard ratio¼ 0.98, 95% CI 0.15–41.1), respect-
ively. Another study, among international truck drivers in
Azerbaijan also found that circumcised men were at
substantially lower risk of HIV [adjusted odds ratio
(OR)¼ 0.38, 95%CI 0.20–0.72] [15]. In contrast, a
national population-based study of 3025 men in South
Africa found no association of circumcision and prevalent
HIVeither overall or among men who were circumcised
before age 12 years (and hence before sexual debut)
compared with uncircumcised men (adjusted OR¼ 0.9,
95% CI 0.5–1.7) [16]. Similar data were seen in Kenya,
Lesotho and Tanzania [17].

It is perhaps not surprising that observational studies,
especially cross-sectional studies and surveys, find some-
what inconsistent results, given the limitations such as
misclassification of circumcision status [18], lack of
knowledge of relative timings of circumcision and HIV
infection, and insufficientmeasurement and adjustment for
confounding factors. Self-report of circumcision status is of
limited reliability in some settings. Additionally, unhy-
gienic circumcision practices, where blades are used on
several males, may increase risk of HIV transmission [19].
However, a recent Cochrane review of the circumcision
RCTs concluded that there was little potential for sig-
nificant biases affecting the trial results given the large
sample sizes, the balance of possible confounding variables
and the employment of acceptable statistical early stopping
rules [20]. There are two conclusions to be drawn: first,
observational studies and surveys may draw inaccurate
conclusions and second, medical male circumcision does
significantly reduce the risk of HIV acquisition.

Effect of male circumcision on ulcerative
sexually transmitted infection
It has been previously suggested that the protective effect
of circumcision on HIV may be mediated through a
protective effect of circumcision on GUD [21,22], and a
meta-analysis of observational studies suggested that cir-
cumcision reduces risk of genital ulcer diseases (GUDs),
including chancroid, syphilis and, to a lesser extent,
genital herpes [23].

The most common single cause of GUD worldwide is
HSV-2 infection, a driver of the HIVepidemic [24]. Data
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from the RCTs now enable us to further investigate the
associations of circumcision, GUD and HSV-2 infection
[25]. Two of the trials have reported the impact of
circumcision on HSV-2 acquisition, with both finding
some evidence of a protective effect [South Africa:
adjusted relative risk (RR)¼ 0.68, 95% CI 0.38–1.22;
Uganda: adjusted RR¼ 0.72, 95% CI 0.56–0.92
[26,27]], and modelling of the South African data
suggests that circumcision decreased the probability of
per-sex-act female–male transmission probabilities of
HSV-2 by almost 40% (RR¼ 0.59, 95% CI 0.36–0.91).
However, preliminary data from the Kenyan RCT found
no association of circumcision on HSV-2 incidence
(RR¼ 0.99, 95% CI 0.67–1.46) [25], suggesting that the
effect of circumcision on HSV-2 incidence is less clear
than its effect on HIV. This may be because HSV-2 is shed
from a wider area of the female genital tract than HIV is
more transmissible (and is hence less dependent
specifically on the foreskin as a portal of entry).

The risk of self-reported GUD was significantly lower
among circumcised men in the Kenyan trial (RR¼ 0.53)
and among both HIV-positive and HIV-negative men in
the Ugandan trials (RR¼ 0.63, 95% CI 0.5–0.8 and
0.59, 95% CI 0.50–0.69, respectively) [28–30]. In
general, the associations seen are weaker and less con-
sistent than the findings for the association with HIV
infection, perhaps not surprisingly due to the likely low
sensitivity and specificity of self-reports of symptoms of
GUD at booked visits.

Synergy of male circumcision status, genital
ulcer disease symptoms and HSV-2 infection on
HIV incidence
In 1989, a cohort study of clients of sex workers in
Nairobi found that uncircumcised men with GUD had
almost twice the risk of HIV seroconversion as
uncircumcised men without GUD (52.6 and 29.0%,
respectively, over 3 months) [22]. Recent data from the
Rakai RCT confirm this, and add HSV-2 infection status
(Table 1) [30]. HIV incidence was highest among men
who were uncircumcised, reported GUD symptoms and

had recently converted to HSV-2 (HIV incidence¼
9.88/100 person-years among men with all three of
these). HSV-2 seronegative men were at lowest risk of
HIV (<1/100 person-years) unless they were uncircum-
cised and reported GUD symptoms (incidence �4/100
person-years). However, because of the low prevalence of
GUD symptoms in the population (3.9%), a relatively small
proportion of the effect of circumcision onHIVwas due to
symptomatic GUD (11.2%). Further, the low incidence of
HSV-2 in this population meant that only 8.6% of HIV
infections were estimated to be mediated through HSV-2
seroconversion, with wide confidence intervals (95% CI
�1.2 to 77.7). Finally, therewas little effect of circumcision
on HIV incidence among men who were HSV-2 positive
at enrolment (adjusted RR¼ 0.89, 95% CI 0.49–1.60) in
the Rakai study, suggesting that circumcision did not
substantially reduce recurrences of genital herpes, and
hence risk of HIV, in men with preexisting HSV-2
infection. In contrast, circumcision did provide some
protection against HIV infection among HSV-2 serocon-
vertors (adjusted RR¼ 0.56, 95% CI 0.19–1.57).

In the South African trial in which men were aged 18–
24 years, HIV incidence was also highest among HSV-2
seroconvertors who were uncircumcised, but in contrast
to the Ugandan data, there was a strong protective effect
of circumcision regardless of HSV-2 status (negative,
positive or seroconvertor) [26]. For example, the effect
among those HSV-2 positive at baseline was 0.37 (95% CI
0.09–1.55) in the intention-to-treat analysis, similar to
the effect in the Ugandan data when restricted to men
aged 18–24 (adjusted RR¼ 0.50, 95% CI 0.20–1.23).
These results suggest that circumcision may have a
stronger protective effect among younger men who have
recently seroconverted to HSV-2 and are experiencing
more frequent recurrences of genital herpes.

The data suggest that the protective effect of circumcision
on HIV is largely direct, rather than through indirect
protection against ulcerative GUD. However, circumci-
sion does provide some protection against GUD and
possibly HSV-2, and these factors are strongly associated
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Table 1. Effects of HSV-2, circumcision status and genital ulcer disease symptoms on HIV incidence in the Ugandan trial.

Rank Status HIV incidence per 100 person-years (95% CI)

1. HSV-2 seroconvertor, uncircumcised, GUD symptoms 9.88 (2.7–25.3)
2. HSV-2 seroconvertor, circumcised, GUD symptoms 6.45 (0.2–35.9)
3. HSV-2 seropositive, uncircumcised, GUD symptoms 4.25 (1.4–9.9)

HSV-2 seropositive, circumcised, GUD symptoms 4.10 (0.8–11.9)
HSV-2 negative, uncircumcised, GUD symptoms 3.94 (1.1–10.1)

4. HSV-2 seroconvertor, uncircumcised, no GUD 3.13 (1.4–6.2)
5. HSV-2 seroconvertor, circumcised, no GUD 1.95 (0.5–5.0)
6. HSV-2 seropositive, uncircumcised, no GUD 1.45 (0.9–2.3)

HSV-2 seropositive, circumcised, no GUD 1.37 (0.8–2.2)
7. HSV-2 seronegative, uncircumcised, no GUD 0.64 (0.4–1.0)
8. HSV-2 seronegative, circumcised, no GUD 0.26 (0.1–0.5)

HSV-2 seronegative, circumcised, GUD 0 (0–6.3)

CI, confidence interval; GUD, genital ulcer disease. Data from [30].
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with HIV incidence. The protective effect of circumci-
sion on GUD among HSV-2-negative men suggests that
circumcision protects against nonherpetic ulceration.

Male circumcision and HIV infection in
women

Over time, expansion of male circumcision services will
decrease HIV prevalence in men, and mathematical
modelling confirms that women will benefit from
expanded circumcision services through a lower risk of
exposure to HIV-infected men, especially in high HIV
prevalence settings [31].

There is, however, relatively little evidence of a direct
impact of male circumcision on risk of HIV infection in
women. A RCT conducted in Rakai, Uganda,
randomized 922 HIV-infected men to either immediate
or delayed circumcision [32]. Of these, 159 couples were
enrolled and followed for at least one visit (mean follow-
up time¼ 1.3 years). The trial was stopped early due to
the small number of female partners enrolled at the same
time as the men, and evidence was inconclusive (hazard
ratio¼ 1.58, 95% CI 0.68–3.66) for HIV incidence in
partners of circumcised versus noncircumcised men.

In the recently completed multicentre Partners in
Prevention RCT of herpes suppressive therapy [33],
3408 HIV serodiscordant couples were recruited in 14
African sites. Among these, 1096 couples had a male
HIV-positive partner and at least one follow-up visit of
the female partner. Viral sequencing was used to
determine whether incident HIV infections had occurred
within the partnership. There was some evidence that the
female partners of HIV-positive circumcised men were
less likely to acquire HIV, although this was not
statistically significant (adjusted RR¼ 0.60, 95% CI
0.31–1.16). This finding is similar to that from the Rakai
cohort study (adjusted hazard ratio¼ 0.67, 95% CI 0.45–
1.00) [34].

A systematic review estimated an overall 20% reduction in
HIV incidence in female partners of circumcised versus
noncircumcised men [35]. However, this was largely
based on observational studies, which are susceptible to
biases, including misreporting of the male partners’
circumcision status at the time of infection. A definitive
answer of any direct benefit of male circumcision on
male–female HIV transmission would come from an
RCT of circumcision among heterosexual HIV-positive
men in discordant relationships, with viral sequencing for
confirmation of source of infection, but such a trial is
likely to be unfeasible for logistical reasons [35].

Of concern, the Ugandan RCT suggested a potential
increased risk to female partners of HIV-positive
circumcised men if sexual intercourse resumes before
completewound healing [32]. An increased risk during the
healing period is biologically plausible and highlights the
need for careful precircumcision and postcircumcision
counselling on the need for abstinence until full wound
healing, followed by consistent condomuse.Counselling is
likely to be most effective if female partners are included
where possible, and messages include full measures to
protect female partners including condom provision, HIV
counselling and testing, and risk reduction counselling. At
a population-level,mathematical modelling shows that any
transient increased risk will have little population-level
adverse impact due to the relative brevity of this healing
period [31], but it would be useful to include rigorous
monitoring and evaluation of expansion of male circumci-
sion services to ensure that there are no adverse con-
sequences for female partners of men who become
circumcised.

Male circumcision and nonulcerative
sexually transmitted infection in men and
women

Table 2 summarizes evidence from the RCTs on the
effect of circumcision on nonulcerative STIs. The
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Table 2. Impact of male circumcision on nonulcerative sexually transmitted infections in the African randomized controlled trials.

STI Population Trial Reference Outcome measure RR 95% CI

Trichomonas vaginalis HIV-negative men South Africa [36] Prevalence 0.53 0.28–1.02
Kenya [37] Incidence 0.77 0.44–1.36

HIV-negative wives of HIV-negative men Uganda [5] Prevalence 0.52 0.05–0.98
Wives of HIV-positive men Uganda [32] Prevalence 0.43 0.18–1.02

Bacterial vaginosis (BV) HIV-negative wives of HIV-negative men Uganda [5] Prevalence 0.80 0.71–0.89
Severe BV [5] 0.31 0.18–0.54
BV Wives of HIV-positive men Uganda [32] Prevalence 0.80 0.65–0.97
Chlamydia trachomatis HIV-negative men South Africa [36] Prevalence 0.56 0.32–1.00

Kenya [37] Incidence 0.87 0.65–1.16
Neisseria gonorrhoea HIV-negative men South Africa [36] Prevalence 0.94 0.69–1.29

Kenya [37] Incidence 0.95 0.68–1.34
High-risk HPV HIV-negative men South Africa [38] Prevalence 0.68 0.52–0.89

Uganda [27] 0.65 0.46–0.90

CI, confidence interval; GUD, genital ulcer disease; RR, relative risk; STI, sexually transmitted infection.
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strongest effect of circumcision was observed on Tricho-
monas vaginalis prevalence in the South African trial, where
circumcised men were less likely to be infected at the final
follow-up visit compared to uncircumcised men (adjusted
odds ratio 0.53, 95% CI 0.28–1.02) [36] and a weaker
effect on T. vaginalis incidence was seen in the Kenyan trial
[37]. A reduced risk of T. vaginalis in wives of circumcised
men was seen in the Ugandan trials of both HIV-positive
and HIV-negative men, along with a reduced risk of
bacterial vaginosis in wives of HIV-negative, but not HIV-
positive, circumcised men [5,32]. There is relatively little
evidence of an effect of circumcision on Chlamydia
trachomatis, and no evidence for an effect on Neisseria
gonorrhoea among men in the trials [36,37].

Finally, a strong effect of circumcision was also observed
on the prevalence of human papillomavirus (HPV) at the
final follow-up visit in both the Ugandan and South
African trials [27,38]. In both trials, the prevalence of
high-risk HPV (HR-HPV) isotypes was approximately
30–35% lower in the circumcised arm compared to
control arm. The consistent findings of these trial results
confirm a meta-analysis of observational studies which
found that circumcised men were at significantly lower
risk of HPV (OR¼ 0.52, 95% CI 0.33–0.82) [39]. There
are, however, debates about possible detection bias [40] if
samples are taken from sites which tend to have higher
prevalence of HPV in HPV-infected circumcised than in
HPV-infected uncircumcised men [41–43], such as the
glans/corona (sampled in the Ugandan trial) or possibly
the urethra (sampled in the South African trial). More
generally, a lower risk of HPV prevalence among
circumcised men could indicate that circumcision
decreases either HPV incidence or increases clearance
rates. The few studies which have looked at this suggest
that the impact of circumcision on HPV prevalence is
more likely due to an impact on clearance than incidence
[44–46]. Further work is needed to elucidate these
findings, and the implications for lower risks of cervical
and penile cancers.

Male circumcision and HIV infection in
men who have sex with men

There is a growing body of literature on the impact of
circumcision among MSM, as discussed in a recent
comprehensive review [47]. One might expect little
effect of circumcision on HIV transmission among MSM
overall, as most infections occur through unprotected
receptive penile–anal intercourse [48], and circumcision
status of the receptive partner would not be expected to
modify this risk. However, it is biologically plausible that
circumcision provides partial protection against HIV and
other STIs acquired through insertive penile–anal inter-
course, through similar mechanisms as for penile–vaginal

intercourse. Based on this, several recent studies have
focused on the effect of circumcision among men who
primarily engage in insertive anal sex [49–53]. These
include the first study from sub-Saharan Africa on
circumcision and HIV risk among MSM [51], in which
378 men were recruited through respondent-driven
sampling in Soweto, South Africa. In this population,
28% of MSM reported unprotected insertive anal
intercourse in the past 6 months, and 85% reported ever
having insertive anal intercourse. HIV prevalence was
substantially lower among circumcised men than among
uncircumcised men (5.8 vs. 17.3%; adjusted OR¼ 0.2,
95% CI 0.1–0.2). However, in this sample, the majority
of men (84%) also had sex with women, so it is difficult to
quantify any effect of circumcision on HIV transmission
between men. Similar effects have been seen in Australia
and Latin America [49–50] but not in the United States
[52–54] among MSM who report to be exclusively or
predominantly insertive.

Most studies have looked at whether circumcision
protects against HIV or other STI in MSM regardless
of insertive/receptive practice, and a systematic review
and meta-analysis of 14 observational studies found little
association between circumcision and HIV infection
(OR¼ 0.86, 95% CI 0.65–1.13) [55]. However, there
was substantial heterogeneity of effect between these
studies. A subgroup analysis restricted to studies con-
ducted before widespread availability of HAART found a
significant association (OR¼ 0.47, 95% CI 0.32–0.69;
based on three studies). This may be a chance finding, or
may be explained by increases in sexual risk behaviours
of MSM after HAART, or a limited additional benefit of
circumcision given lower viral loads of men on HAART.
A meta-analysis of the association of circumcision with
STIs other than HIV found little effect (OR¼ 1.02, 95%
CI 0.83–1.26; based on seven studies).

Despite a lack of strong evidence for an effect of
circumcision among MSM, a cost-effectiveness study
of various circumcision strategies for HIV prevention
amongMSM inAustralia found that circumcision could be
cost-effective, assuming a 60% efficacy among insertive
men and that 33% of men were insertive only, 57%
insertive and receptive, and 10% receptive only [56].
However, results were very context-specific and sensitive
to assumptions including a very high uptake of circumci-
sion. The results of studies of the willingness of MSM to
be circumcised vary. A 2008 study among MSM in three
UK cities found that only 10% of uncircumcised men
would be willing to participate in a research study on
circumcision and HIV (L.M. McDaid, personal com-
munication), and a similar question asked in China found
that 17% of uncircumcised were ‘absolutely’ willing
to participate in a trial [57]. In a US study, 53% of
uncircumcisedMSMwould bewilling to be circumcised if
itwere proven to reduceHIVamongMSM[58] (a different
question to the UK and Chinese studies).

Male circumcision for HIV prevention Weiss et al. S65
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Current operational research issues of male
circumcision for HIV prevention

Following the recommendations published by WHO/
UNAIDS in 2007 [59], several countries in southern and
eastern Africa began introducing or expanding safe male
circumcision programs. Operational research studies have
been designed to monitor key programmatic issues
including the safety of the procedure, the effectiveness
of counselling to minimize risk compensation (i.e.
increased unprotected sex among circumcised men who
perceive they have an ‘invisible condom’), impact on sexual
function and satisfaction and methods to match supply and
demand of circumcision. In addition, a website has been
createdwhich acts as global resource centre of circumcision
for HIV prevention and contains information on research,
training and implementation of circumcision [60].

Safety of male circumcision

Common complications of male circumcision include
bleeding, wound infection and swelling. Circumcision is
a more complex procedure in adolescents and adults than
in infants, requiring suturing. In the trials, complications
were observed in 2–7% of HIV-negative men [3,61,62]
and in 6–8% of HIV positive men [3,62]. The majority of
these were mild. In the Rakai and Kenyan trials, safety
increased with number of surgeries performed by the
physician. However, there is potential for a higher risk of
complications outside of trial settings characterized by
training, supervision and adequate resources [62]. A
systematic review of circumcision complications among
men in Anglophone Africa showed that prevalence of
complications varied widely (from 0 to 24%). Most of
these were minor, but these risks are still cause for
concern [63]. A further review showed that circumcision
was safest in neonates and that the procedure can be
associated with serious complications, especially when
conducted by untrained providers, with inadequate
equipment, or in unhygienic conditions [64]. For
example, a study among 562 adolescents from the
Babukusu ethnic group in western Kenya found that 18%
of men had a complication when the procedure was
performed by an untrained medical provider without
adequate equipment and that 35% had complications
when the procedure was performed traditionally [29].

To help ensure the provision of safe and efficient adult
male circumcision services, national clinical protocols and
quality assurance standards have been, or are being,
developed; WHO/UNAIDS have produced guidelines
on provision of safe circumcision [65–66]. As neonatal or
infant circumcision is a simpler and safer procedure than
adult circumcision, WHO/UNAIDS recommendations
encourage countries to consider expanding services
amongst infants as a longer-termHIV prevention strategy.

Sexual behaviour following male
circumcision

There are concerns that postcircumcision risk compen-
sation, that is increases in unsafe sexual practices, may
occur if men and their partners perceive that circumcision
provides complete protection from HIV infection. The
trials found few differences in reported sexual behaviour
by circumcision status [1–3]. Further, a recent pooled
analysis of the three trials found that most newly
circumcised men (over 95% in Kisumu and Rakai;
78% in South Africa) delayed sexual intercourse until after
wound healing [67]. However, this may not reflect
patterns of behaviour change during scale-up of
circumcision for several reasons. First, men enrolled in
the trials did not have compelling evidence that circum-
cision reduced the risk of HIV. Furthermore, they
received repeated behavioural counselling that may be
difficult to replicate outside a trial setting in already
overstretched health services. Results from one study
conducted outside a trial setting but prior to the trials
results are promising. Among 648 men from western
Kenya, those who elected to be circumcised reported
similar risky sexual behaviour following the procedure
compared to men who remained uncircumcised [68]. It
is reassuring that mathematical modelling suggests that
if risk compensation is confined to newly or already
circumcised men and their partners, there will be little
impact on the population-level protective effect of
circumcision [69]. However, the beneficial effect of
circumcision could be reduced if risk behaviours increase
across the entire population, including uncircumcised
men and their partners [31]. Ongoing work is being
conducted in the trial sites to monitor reported behaviour
during scale-up, including two studies in Nyanza region,
one of which is following newly circumcised and
uncircumcisedmen for 24months, to monitor behaviour,
perceptions of HIV risk and sexual function and
satisfaction, and the other is assessing community-level
perceptions of circumcision and HIV risk up to 5 years
after initiation of scale-up [70]. Similar studies might be
useful, including work to evaluate optimal counselling
strategies among men requesting circumcision, but also
among men already circumcised, uncircumcised men and
their partners, and to assess the effectiveness of social
change communication strategies aimed at reinforcing
safer sex norms as male circumcision services are
scaled up.

Sexual satisfaction and function

To our knowledge, there has not been a systematic review
of the evidence of any impact of circumcision on sexual
function. Observational studies of the effect of circumci-
sion on sexual satisfaction and function tend to be small
and subject to biases as adult men are often circumcised
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for medical reasons that affect sexual function. Data from
the trials suggest no discernable impact of circumcision
on sexual satisfaction and function. In the Ugandan trial,
very high levels of satisfaction (>98%) were reported in
both arms of the trial [71], and there was similarly no
evidence that circumcision affected sexual satisfaction of
the female partners [72]. Similarly, in Kenya, there was no
difference in reported sexual function between circum-
cised and uncircumcised men, although circumcised men
reported increased penile sensitivity and enhanced ease of
reaching orgasm [73].

Cost-effectiveness of male circumcision for
HIV prevention

As a one-off procedure requiring no ongoing user-
adherence, male circumcision is likely to be a cost-
effective HIV prevention strategy [69,74]. The estimated
cost per adult male circumcision is betweenU$ 30 and 60,
depending on the setting [75], with neonatal circumci-
sion costing about a third of this. Models estimate a cost
per HIV infection averted of betweenUS$ 100 and 400 in
high HIV prevalence settings over a 20-year period [31].
Comparative modelling of the cost per HIV infection
averted assuming 80% adult and newborn males were
circumcised by 2015 showed a cost per HIV infection
averted of US$ 500 or less in six countries (Kenya,
Lesotho, South Africa, Swaziland, Zambia and Zim-
babwe). Given the costs of treatment, circumcising
sexually active adult men is actually cost-saving, with
potential net cost-savings of US$ 20.2 billion between
2009 and 2025 [76]. In addition, circumcision provides
protection against urinary tract infections in children [77]
and other sexually transmitted infections in adults, so
cost-savings are likely to be greater.

Scale-up of male circumcision services for
HIV prevention

Thirteen southern and eastern African countries
(Botswana, Kenya, Lesotho, Malawi, Mozambique,
Namibia, Rwanda, South Africa, Swaziland, Tanzania,
Uganda, Zambia and Zimbabwe) with high HIV
prevalence, low levels of male circumcision and
generalized heterosexual epidemics are WHO/UNAIDS
priority countries for male circumcision scale-up and are
moving forward at varying speeds to develop national
programmes [78]. The progress of implementation of
circumcision in these countries has recently been
reviewed [79].

Key elements considered critical to male circumcision
programme scale-up include leadership and partnerships;
situation analysis; advocacy; enabling policy and regulat-

ory environment; costing and impact analyses, strategy
and operational plans for national implementation;
quality assurance and improvement; human resource
development; commodity security; and social change
communication, and monitoring and evaluation. By the
end of 2009, all 13 countries had conducted situation
analyses, were developing policies and strategies to guide
scale-up and had conducted some initial training of
providers on safe male circumcision. Botswana, Kenya
and Swaziland had begun to implement quality assurance
programmes. Progress in the scale up of service provision
has been slower than anticipated but experience is
growing. For example, although by the end of October
2009 Kenya had completed over 40 000 circumcisions in
the first year of scale-up [60], a further acceleration of
pace occurred with the launch of a Rapid Results
Initiative that sawover 36 000 circumcisions performed in
30 days (Z. Mwandi, personal communication). Other
countries, including South Africa, Swaziland, Zambia
and Zimbabwe, have set up some service delivery
pilot programmes but these have not yet been scaled
up nationally.

The most rapid progress has been in countries such as
Kenya and Botswana where the Ministry of Health has
taken leadership for programme scale-up and politicians
have ‘championed’ the cause. These results suggest that
country ownership and leadership make scale-up of
programmes more likely to succeed.

Conclusion

Male circumcision is the only intervention to have proven
efficacy against HIV infection in adults in multiple RCTs.
This protection is only partial (approximately 60%) and,
therefore, safe male circumcision services should also
include services that promote and provide male condoms,
STI management and safer sex counselling. These
services should be integrated within existing HIV
prevention programmes including strategies to strengthen
community support for safer sex norms. As countries in
southern and eastern Africa scale up services, operational
research will be essential to iteratively improve pro-
gramme delivery and impact while identifying the best
methods of integrating safe male circumcision services
into comprehensive HIV prevention strategies while
strengthening health systems.
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Abstract

Background: Following confirmation of the effectiveness of voluntary medical male circumcision (VMMC) for HIV
prevention, the World Health Organization and the Joint United Nations Programme on HIV/AIDS issued recommendations
in 2007. Less than 5 y later, priority countries are at different stages of program scale-up. This paper analyzes the progress
towards the scale-up of VMMC programs. It analyzes the adoption of VMMC as an additional HIV prevention strategy and
explores the factors may have expedited or hindered the adoption of policies and initial program implementation in priority
countries to date.

Methods and Findings: VMMCs performed in priority countries between 2008 and 2010 were recorded and used to classify
countries into five adopter categories according to the Diffusion of Innovations framework. The main predictors of VMMC
program adoption were determined and factors influencing subsequent scale-up explored. By the end of 2010, over 550,000
VMMCs had been performed, representing approximately 3% of the target coverage level in priority countries. The ‘‘early
adopter’’ countries developed national VMMC policies and initiated VMMC program implementation soon after the release
of the WHO recommendations. However, based on modeling using the Decision Makers’ Program Planning Tool (DMPPT),
only Kenya appears to be on track towards achievement of the DMPPT-estimated 80% coverage goal by 2015, having
already achieved 61.5% of the DMPPT target. None of the other countries appear to be on track to achieve their targets.
Potential predicators of early adoption of male circumcision programs include having a VMMC focal person, establishing a
national policy, having an operational strategy, and the establishment of a pilot program.

Conclusions: Early adoption of VMMC policies did not necessarily result in rapid program scale-up. A key lesson is the
importance of not only being ready to adopt a new intervention but also ensuring that factors critical to supporting and
accelerating scale-up are incorporated into the program. The most successful program had country ownership and
sustained leadership to translate research into a national policy and program.
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Introduction

In 2009, more than 25 y after HIV was first identified, 2.6

million people had become infected, and there were an estimated

33.3 million people living with HIV worldwide [1]. In the absence

of a vaccine, the next best means to combat new HIV infections is

the implementation of evidence-based prevention strategies

including male and female condoms [2], antiretroviral prophylaxis

to prevent vertical transmission from mother to child [3,4], harm

reduction for people who inject drugs [5], and, most recently,

treating HIV-infected people in serodiscordant couples with

antiretroviral drugs to reduce transmission to partners [6].

However, the scale-up of these HIV prevention programs remains

challenging despite evidence demonstrating their effectiveness.

The use of male and female condoms, despite decades of

promotion and distribution, remains suboptimal. The use of

female condoms as a prevention strategy for HIV is reportedly

lower than male condom use, including in countries in sub-

Saharan Africa, where the majority of new HIV infections are

occurring through heterosexual transmission [7] and are predom-

inantly among women.

Evidence demonstrating the effectiveness of voluntary medical

male circumcision (VMMC) in preventing HIV sexual transmis-

sion was first released in 2005 from the South Africa (Orange

Farm) randomized controlled trial (RCT) [8]. This was followed

by results in 2006 from RCTs in Uganda (Rakai District) and

Kenya (Kisumu) [9,10]. All three RCTs confirmed that male

circumcision performed by well-trained and equipped medical

providers is safe and reduces the risk of heterosexual acquisition of

HIV infection among men by as much as 60%. These RCT results

confirmed decades of evidence from observational studies

suggesting male circumcision’s strong protective effect for men

against HIV [11]. Male circumcision also has a strong protective

effect against other sexually transmitted infections in men and in

women [12–16]. Although there is no conclusive evidence that

medical male circumcision has a direct effect on women’s risk of

HIV infection [17], a systematic review, largely based on

observational studies, estimated an overall 20% lower HIV

incidence in female partners of circumcised men, compared with

partners of uncircumcised men [18].

Following the release of the results of the RCTs, in 2007 the

World Health Organization (WHO) and the Joint United Nations

Programme on HIV/AIDS (UNAIDS) convened an international

consultation of stakeholders from a range of disciplines to review

the body of evidence from the three trials and the wealth of earlier

ecological and observational studies [19]. The consultation

resulted in a firm endorsement of the evidence from the three

trials, and the formulation of eleven key conclusions and

recommendations for the implementation and scale-up of VMMC

programs in countries and settings with generalized high-

prevalence HIV epidemics and low levels of male circumcision

[19].

WHO and UNAIDS identified 13 countries in southern and

eastern African as high-priority countries for the implementation

and rapid scale-up of VMMC programs: Botswana, Kenya,

Lesotho, Malawi, Mozambique, Namibia, Rwanda, South Africa,

Swaziland, Tanzania, Uganda, Zambia, and Zimbabwe. These

countries have been working towards the implementation of

VMMC programs using operational guidance developed by

WHO and UNAIDS. The guidance emphasizes ten essential

components of program implementation: leadership and partner-

ships, situation analysis, advocacy, enabling policy and regulatory

environments, national strategy and operational plans, quality

assurance and improvement, human resource development,

commodity security, social change communication, and monitor-

ing and evaluation [20].

A consensus report of six different models showed that in

settings with high HIV prevalence and low circumcision

prevalence, one new HIV infection could be averted for every

five to 15 circumcisions performed [21]. More detailed modeling

was incorporated into the Decision Maker’s Program Planning

Tool (DMPPT), and it is estimated that scaling up circumcision

programs to reach 80% of adult uncircumcised men within 5 y in

13 priority countries would require a total of 20.3 million

circumcisions to be performed and a further 8.4 million between

2016 and 2025, averting an estimated 3.4 million new HIV

infections and 386,000 AIDS deaths through 2025 [22]. Despite

convincing results demonstrating that VMMC is an effective, cost-

saving intervention in the fight against HIV, there have been

major challenges and barriers to implementing programs in the

high priority countries.

This paper analyzes the progress towards achievement of

VMMC for HIV prevention program scale-up in 13 priority

countries. We analyze the adoption of VMMC as an additional

HIV prevention strategy. We further explore the factors that may

have expedited or hindered the adoption of VMMC policies and

strategies as well as initial program implementation in the 13

priority countries to date. We also explore the factors that may

have influenced subsequent program scale-up. Challenges en-

countered and lessons learned are highlighted for application to

countries still in the early stages of VMMC scale-up as well as to

other potential HIV prevention strategies such as topical (vaginal

and rectal microbicides) and oral pre-exposure prophylaxis.

Methods

The actual numbers of VMMCs performed in priority countries

per calendar year since 2008 were recorded and the totals used to

classify countries into five adopter categories according to the

Diffusion of Innovations (DOI) framework. Country progress

towards achievement of the goal of circumcising 80% of eligible

men was also calculated [22].

The DOI and ExpandNet frameworks were selected to analyze

the status of VMMC programming in the 13 priority countries as

they are complimentary theories that both refer to the process by

which innovations are disseminated and taken to scale. The DOI

and ExpandNet frameworks highlight the importance of the

nature of the innovation itself and the sociopolitical context or

environment in which diffusion takes place (see Figure 1). Whereas

the DOI theory addresses the diffusion of any innovation, the

WHO ExpandNet framework explicitly addresses the adoption

and scale-up of public health programs and services in the health

sector. Both frameworks stress that innovations that are Credible,

Observable, and Relevant; have Relative advantages; are Easy to

install and understand; and are Compatible and Testable
(‘‘CORRECT’’) are most likely to be successfully adopted and

scaled up [23].

The DOI theory defines diffusion as the process by which an

innovation is communicated through certain channels over time

among members of a social system [24]. The DOI theory posits

that regardless of the setting, initially there are a few individuals

who adopt innovations, known as the ‘‘innovators’’—these are

those who are willing to adopt new ideas before they are

mainstream. Following this, another small proportion, the ‘‘early

adopters,’’ of the population follow. The ‘‘early majority’’ is the

next group to adopt the innovation. By this time, more than half of

Lessons from Male Circumcision Program Scale-Up
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the population has adopted the innovation. The ‘‘late majority’’ is

the next group to accept new interventions; the ‘‘laggards’’ are the

last to adopt innovations, they represent those who are least likely

to accept innovation (see Figure 2). While the DOI theory refers to

the adoption pattern of individuals within a community, we

applied these concepts to analyze the adoption of VMMC policies,

strategies, and initial program implementation by countries. The

DOI framework was used to define the adoption status of each

country to comparatively assess progress towards scale-up among

the 13 priority countries.

In order to facilitate analysis using the DOI framework, six

program components based on key elements defined as essential

for the operationalization of VMMC programs described in the

WHO/UNAIDS operational guidance were used to assess overall

country progress towards VMMC program scale-up [20]. The six

elements selected were those for which progress towards scale

up over a 3-y period could be objectively quantified. A country

was assigned a score for each key element, ranging from 0

(no progress) to 3 (maximum progress). A total scale-up score, a

composite indicator of progress in program scale-up, was

calculated for each country. Additionally, further analyses were

undertaken in order to understand if there were differences in the

contributions of the six key elements to the overall DOI adoption

status, since one can argue that some elements are better

predictors of adoption and scale-up than others. To do this, the

association between the DOI classification ‘‘adopter status’’ and

the scores on the individual elements of scale-up was determined

using a crude estimation of association based on an R-squared

analysis.

The ExpandNet framework is based on the theory underpin-

ning the DOI model and supplemented with experiences apply-

ing the model in low-resource settings [25]. The ExpandNet

framework views scaling up as an open system that draws on five

interacting elements: the innovation itself, the resource team, the

scale-up strategy, the user organization, and the environment. We

used the ExpandNet framework to explore the factors that may

Figure 1. Comparison of Diffusion of Innovation and ExpandNet frameworks. A comparison of the DOI and ExpandNet frameworks is
shown. Whereas the DOI describes the process through which innovations are adopted and diffused through the population, the ExpandNet
framework specifically addresses the diffusion and scale-up of public health interventions. As highlighted in the figure, the ExpandNet framework
reflects the earlier thinking of the DOI and incorporates the elements of context as environment, communication channels as scale-up strategy, and
adoption by the population as adoption by the organization implementing the intervention.
doi:10.1371/journal.pmed.1001133.g001
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have influenced subsequent program scale-up, highlighting factors

specific to VMMC.

Results

The ‘‘CORRECT’’ attributes of VMMC are highlighted in

Table 1. Male circumcision, an old procedure but an innovation

for HIV prevention, has many of the ‘‘CORRECT’’ attributes

needed to enhance scalability. VMMC is Credible, with consistent

evidence of reduced HIV rates from numerous Observational

studies and RCTs conducted by respected researchers in Africa,

where the intervention is Relevant, as it provides a new solution to

address a high-burden public health problem; VMMC has

Relative advantages, as it is a one-time intervention conferring

lifetime reduction in risk of HIV infection. Medical male

circumcision is not particularly Easy to install, as it is a surgical

intervention that requires training and expertise, with complex

social and cultural barriers that need to be overcome as programs

are scaled up. However, it is a one-time intervention, provides a

rare opportunity to reach men, and it is cost saving [22,26].

Medical male circumcision is Compatible with existing national

priorities for HIV prevention in the priority countries. In all

priority countries, VMMC services have been or are being pilot

Tested, providing critical information for moving to scale.

Table 2 shows that between 2008 and 2010, an estimated total

of 559,528 VMMCs for HIV prevention have been done in the 13

priority countries, with a large majority (417,974) done in 2010.

Kenya has carried out the largest number (232,287) of VMMCs,

followed by South Africa (145,475) and then Zambia (81,849).

Table 2 also shows the classification of countries according to DOI

adopter status. The innovator (8% of countries), Kenya, started

performing VMMCs in or before 2008 and reached more than

10,000 VMMCs in 2008. Early adopters (23% of countries), South

Africa, Zambia, and Swaziland, started in or before 2008. The

early majority (38% of countries), Botswana, Zimbabwe, Tanza-

nia, Namibia, and Mozambique started in 2009. The late majority

(15% of countries), Uganda and Rwanda, started in 2010 and did

more than 1,000 VMMCs. The laggards (15% of countries),

Malawi and Lesotho, did fewer than 1,000 VMMCs in 2010. The

distribution of the total scale-up scores reflecting adoption status

among the 13 countries in this study compares well with the

distribution proposed by the DOI theory. Also highlighted in

Table 2, only Kenya appears to be on track towards achievement

of the DMPPT-estimated 80% coverage goal by 2015, having

already achieved 61.5% of the DMPPT target. None of the other

countries—including the early adopters—appear to be on track to

achieve their targets.

Table 3 shows the scoring scheme for each of the six key

elements derived from the WHO/UNAIDS operational guidance,

reflecting also the time when the different milestones were

achieved (earlier completion resulting in higher scores). Table 4

shows the scores for each element by country and reflects the

progress in scaling up key program elements in all of the priority

countries. The total scale-up scores calculated for each of the 13

countries ranged from a low of 4 (Mozambique) to a high of 17

(Kenya) out of a maximum score of 18. To date, all countries have

conducted a situation analysis to assess the acceptability of

introducing VMMC programs with the support of a WHO toolkit

[27]. At least seven countries had conducted their situation

analyses in 2008, within a year of the release of the WHO/

UNAIDS recommendations. Beyond the conduct of the situation

analysis, progress towards the other key elements of scale-up varies

significantly among the 13 countries.

In particular, large variation is seen in the leadership scores,

with only Botswana, Kenya, Rwanda, and Swaziland having

clearly identifiable prominent national champions for VMMC.

We found that although almost all countries had a dedicated

national focal person for VMMC in place, Botswana and Kenya

had identified theirs within the first year of scale-up. Twelve out of

the 13 countries had nationally approved policies for VMMC

scale-up by the end of 2010, with Botswana and Kenya having

their policies in place within a year of the WHO/UNAIDS

recommendations. By the end of 2010, only Mozambique and

Uganda did not have nationally approved scale-up strategies.

Figure 3 summarizes the results of the R-squared analysis for

each of the six key elements of scale-up identified in this study. The

figure shows each of the 13 countries according to their DOI

classification and their scores on the individual elements of

VMMC program scale-up (Table 4), together with a crude

estimate of association (R-squared) computed by assigning a linear

score to the DOI classes. The association values can range from 0

to 1, with an R-squared value of 1 indicating perfect association.

For this analysis, the association values ranged from 0.16 to 0.57.

As the results suggest, conducting a pilot program (R-squared =

0.57) may be the most important predictor of DOI class, followed

by establishing a male circumcision focal point (R-squared =

0.27), developing a national male circumcision policy (R-squared

= 0.27), and developing a national implementation strategy

Figure 2. Diffusion of Innovation adoption status. The typical distribution of categories of adopters according to the DOI theory is shown in
this figure. The very first adopters or innovators typically represent 2.5% of the population. The next group of adopters, called early adopters,
represent about 13.5% of the population and are followed by the early majority, who represent approximately 34% of the total population. The next
34% of the population to adopt are the late majority; this group is followed by the remaining 16% of the population, who are the laggards, the last to
adopt a new innovation.
doi:10.1371/journal.pmed.1001133.g002
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Table 1. ExpandNet innovation characteristics.

Innovation Element Key Questions for Scale-Up Male Circumcision

Credible 1. Have results of pilot testing the innovation been
documented? 2. How sound is the evidence? 3. Is
further evidence/better documentation needed? 4.
Has the innovation been tested in the type of setting
where it will be scaled up?

Ecological studies show lower prevalence of HIV infection in
countries with high rates of circumcision.

Epidemiological studies show that circumcised men have a
consistently lower incidence of HIV than uncircumcised men, even
after adjusting for differences in sexual behavior.

Three independent RCTs showed that circumcision reduced the risk of
HIV infection in young men.

Research was conducted by credible researchers in directly relevant
settings in African countries.

Male circumcision is not a new procedure, but is an innovation for
HIV prevention, with potential for significant impact in countries with
generalized HIV epidemics and low prevalence of circumcision.

Observable How observable are results? Results from the epidemiological studies and RCTs are unequivocal in
demonstrating lower HIV incidence in circumcised men.

Impact of program scale-up on incidence of HIV infection will
take some time to be realized.

Impact on AIDS and AIDS-related mortality will be even more distal.

Modeling, costing, and impact studies indicate that VMMC is
cost saving and will benefit both men and women.

Relevant Does the innovation address a felt need,
persistent problem, or policy priority?

VMMC addresses the persistent problem of finding ways to
prevent HIV in generalized heterosexual epidemics.

It is directly relevant in southern and eastern African countries
that have the greatest HIV incidence and burden of infection.

Relative advantages 1. Does the innovation have relative advantage over
existing practices? 2. Is it more cost-effective than
existing practices or alternatives?

VMMC is only a one-time intervention, resulting in lifelong
lower risk of HIV infection in men.

VMMC programs are a rare opportunity to reach young men
through health services and provide good sexual and reproductive health
and HIV risk reduction counseling.

VMMC has been demonstrated to be highly cost-effective and
cost saving for all priority countries. The potential impact is substantially
greater than other HIV prevention interventions.

Ease to install 1. What degree of change from current norms, practices,
and levels of resources is implied in the innovation? 2.
What is the level of technical sophistication needed to
introduce the innovation? 3. Are major additional
human or financial resources and commodities needed
to introduce the innovation?

VMMC is a challenging intervention to implement since it
requires surgical skills that are in short supply in the Africa region.

The number of circumcisions necessary to achieve rapid
impact on the HIV epidemic is large, with consequently potentially
large implications for human resources, facilities, and supplies.

VMMC is a straightforward minor outpatient surgical procedure,
but must be performed by adequately trained and equipped teams.

Compatible 1. Is the innovation compatible with current values or
services of the user organization? 2. Will it be
difficult to maintain the basic values of the
innovation as expansion proceeds? 3. Will changes in
logistics need to be made to accommodate the
innovation? 4. Which components will need local
adaptation to be relevant for changes in local context?

VMMC is consistent with already existing national priorities
for comprehensive HIV prevention.

There are a wide range of sociocultural factors that need
to be considered when scaling up VMMC programs.

Countries need to ensure that VMMC is promoted in a culturally sensitive
way and does not introduce stigma associated with circumcision status.

The implications of VMMC for women also need to be taken into
account when scaling up programs.

Testable Can the user organization test the innovation
in stages without fully adopting it?

Pilot projects have been set up in all 13 priority countries and tailored
to local contexts. The pilots have provided information for subsequent
program scale-up.

Lessons from Male Circumcision Program Scale-Up
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(R-squared = 0.26). The role of having a national champion (R-

squared = 0.17) and conducting a situation analysis (R-squared

= 0.16) was shown to have a weaker predictive value on the

likelihood of VMMC adoption and program scale-up.

Specific examples of how the ‘‘user organization,’’ ‘‘resource

team,’’ scaling-up strategy, and environment influenced scale-up

are highlighted in Box 1. The type of policy document developed

varies by country: some countries have stand-alone policy

documents, while others have VMMC incorporated into other

HIV prevention policies. Governments have been engaged in the

setting up of pilot sites to test the feasibility of scale-up in all

countries.

Discussion

We found that the DOI theory was most useful in analyzing the

adoption and initial implementation of VMMC programs, while

the ExpandNet theory helped to explore the factors that have

facilitated or hindered scale-up. The analysis shows that although

progress in VMMC program implementation has been made in all

13 countries within the first 3 y of the release of the WHO/

UNAIDS recommendations, much more needs to be done if

countries are to take programs to scale and achieve their targets of

circumcising 80% of eligible men by 2015. The innovator country,

Kenya, and the early adopters (South Africa, Zambia, and

Swaziland) initiated VMMC program implementation soon after

the release of the recommendations by adopting national policies

and strategies and starting to perform VMMCs as part of pilot

programs in 2008. However, only Kenya appears to be on track to

achieving 80% coverage by 2015. To date, VMMC programs in

priority countries have reached only approximately 3% of the

target coverage level of 80% of eligible African men proposed by

Njeuhmeli et al. [22]. Clearly an accelerated pace of VMMC

service delivery is needed to take programs to scale and to

maximize the impact of the programs.

Although the rate of adoption of VMMC programs varies

among the 13 priority countries, the initiation of program

adoption and initial implementation as a whole have been carried

out relatively quickly compared to other public health interven-

tions. Although there is much more research and scientific

discovery now than ever before, the uptake of innovations does

not seem to be much faster than it was 100 y ago. A review of nine

landmark clinical procedures suggested that, on average, it takes a

minimum of 6.3 y for research evidence to reach reviews, papers,

and text books. They estimated that a further 9.3-y transition

period is needed to implement the evidence from scientific

publications [28]. ExpandNet case studies of scaling up reproduc-

tive health interventions indicate that about 10 y is required to

Innovation Element Key Questions for Scale-Up Male Circumcision

Since VMMC scale-up requires substantial infrastructure and human and
financial resources, incremental approaches to scale-up have been used.

Best combination for service delivery scale-up is yet to be determined,
as well as how to balance supply and demand creation.

doi:10.1371/journal.pmed.1001133.t001

Table 1. Cont.

Table 2. Service delivery statistics.

Countries Number of Male Circumcisions Done in Each Calendar Year
DOI Adopter Status
Classification

Estimated Number
of VMMCs to Reach
80% Coverage

Achievement
towards 80%
Coverage

2008 2009 2010 Total

Kenyaa 11,663 80,719 139,905 232,287 Innovator 377,788 61.5%

South Africa 5,190 9,168 131,117 145,475 Early adopter 4,333,134 3.4%

Zambia 2,758 17,180 61,911 81,849 Early adopter 1,949,292 4.2%

Swaziland 1,110 4,336 18,869 24,315 Early adopter 183,450 13.3%

Botswana 0 5,424 5,773 11,197 Early majority 345,244 3.2%

Zimbabwe 0 2,801 11,176 13,977 Early majority 1,912,595 0.7%

Tanzania 0 881 28,562 29,443 Early majority 1,373,271 2.1%

Namibia 0 224 1,763 1,987 Early majority 330,218 0.6%

Mozambique 0 100 7,633 7,733 Early majority 1,059,104 0.73

Uganda 0 0 9,052 9,052 Late majority 4,245,184 0.2%

Rwanda 0 0 1,694 1,694 Late majority 1,746,052 0.1%

Malawi 0 0 300 300 Laggard 2,101,566 ,0.1%

Lesotho 0 0 219 219 Laggard 376,795 0.1%

Total 20,721 120,833 417,974 559,528 20,333,693 2.68%

These data were compiled by the PEPFAR Male Circumcision Technical Working Group and largely reflect data collated from sites funded by this agency.
aNyanza Province only.
doi:10.1371/journal.pmed.1001133.t002
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scale up from pilot testing to nationwide expansion [25,29].

Whereas in the case of VMMC, within 4 mo of the results of the

three RCTs being released (in December 2006), WHO/UNAIDS

had endorsed VMMC as a safe and effective means of HIV

prevention and published recommendations for the implementa-

tion and scale-up of VMMC programs [19]. Less than a year later,

pilot programs were initiated in the priority countries. Within 3 y

of the release of the WHO/UNAIDS recommendations, the

majority of the 13 priority countries had established national

policies/strategies for HIV prevention that included VMMC and

had begun to initiate service delivery. However, although the

uptake of VMMC RCT evidence was relatively quick, it took

almost two decades from the first cohort data [30] to the RCT

meta-analysis, and implementation research is still insufficient.

Potential predictors of innovation and early adoption of the

VMMC programs identified by this analysis include having a

VMMC focal person, establishing a national policy, and having an

operational strategy, as well as having a pilot or demonstration site

Table 3. VMMC key elements of program scale-up scoring key.

Score

Situational
Analysis Completed
(Full or Selective)

Leadership:
Prominent
National
Champion
Engaged

Leadership:
National
Dedicated Focal
Point in Place

VMMC Policy or
Similar Guidance
Approved

National Strategy
and Operational/
Implementation
Plan Approved

Pilot/Demonstration
Sites: Government
Involvement

3 Completed all or
some elements
before the end
of 2008

Influential national
leader/advocate
engaged for
VMMC in 2007

National VMMC task
force constituted
that meets regularly
by end of 2008

Formal policy or
guidance, either
separate or integrated
into other national policy,
approved by end 2008

Approved by
end of 2008

Pilots set up with
government engagement
by 2008

2 Completed all or
some elements
before the end
of 2009

Influential national
leader/advocate
engaged for
VMMC in 2009

National VMMC task
force constituted by
end of 2009

Policy or equivalent
approved during 2009

Approved during
2009

Pilots set up with
government engagement
by 2009

1 Completed all or
some elements
before the end
of 2010

Influential national
leader/advocate
engaged for
VMMC in 2010

National VMMC task
force constituted by
end of 2010

Draft policy, not yet
approved or completed,
during 2010

Draft or approved
during 2010

Pilots set up with
government engagement
by 2010

0 None, or initial
steps in progress

No leader/advocate
engaged in VMMC
early in the process

No national VMMC
task force
established

No policy or policy
guidance

None No government
involvement or no
pilot programs

doi:10.1371/journal.pmed.1001133.t003

Table 4. Country progress with scaling- up VMMC programs in focal countries (December 2010).

Country Key Elements of VMMC Program Scale-Up
Total Scale-Up
Score)

Situational
Analysis
Completeda

(Full or Selective)

Leadership:
Prominent
National
Champion
Engaged

Leadership:
National
Dedicated Focal
Point in Place

VMMC Policy or
Similar Guidance
Approveda

National Strategy
and Operational/
Implementation
Plan Approveda

Pilot/
Demonstration
Sites: Government
Involvement

Botswana 3 3 3 3 2 2 16

Kenya 3 3 3 3 2 3 17

Lesotho 3 0 1 1 1 1 7

Malawi 1 0 1 1 1 1 5

Mozambique 3 0 0 0 0 1 4

Namibia 3 0 2 1 1 2 9

Rwanda 1 1 1 1 1 2 7

South Africa 2 0 1 1 1 2 7

Swaziland 3 1 2 2 2 3 13

Tanzania 2 0 1 1 2 2 8

Uganda 2 0 1 1 0 1 5

Zambia 2 0 2 2 2 2 10

Zimbabwe 3 0 1 2 1 1 8

Score range is 0 (lowest) to 3 (highest).
aThe grading is based on the date of publication or official launch of these documents.
doi:10.1371/journal.pmed.1001133.t004
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Figure 3. Association of scale-up element scores and Diffusion of Innovation adoption status. The correlation between each of the six
elements of scale-up and DOI adoption status is shown in this figure. The scores obtained (ranging from 0 to 3) for each element by each country is
shown (on the vertical axis) in relation to the adoption status (shown on the horizontal axis). Having a pilot program appears to be the strongest
predictor of adoption status; this can be seen in the linear clustering of the countries. Conversely, having conducted a situational analysis appears to
the least predictive of adoption status; the clustering of the countries is less linear and appears more random. BOT, Botswana; KEN, Kenya; LES,
Lesotho; MAL, Malawi; MOZ, Mozambique; NAM, Namibia; RWA, Rwanda; SAF, South Africa; SWA, Swaziland; TAN, Tanzania; UGA, Uganda; ZAM,
Zambia; ZIM, Zimbabwe.
doi:10.1371/journal.pmed.1001133.g003
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with government involvement. These are important elements in

confirming country ownership of the program. To create an

environment for increasing country ownership and country-to-

country learning, preparatory multi-stakeholder meetings were

held in Kenya, Lesotho, Swaziland, Tanzania, and Zambia in

2006 [31–36]. Apart from Lesotho, all the other countries that

held early stakeholder consultations are classified within the early

majority, possibly also highlighting the significant role of the

environment.

The DOI and the ExpandNet frameworks both postulate that

the sociopolitical context and cultural relevance of an innovation

are also critical factors influencing the widespread adoption of an

innovation. The DOI theory also emphasizes that opinion leaders

directly affect the adoption of an innovation; this explains why

some innovations are quickly adopted in one setting but fail to take

off in others. It is therefore interesting to note that from our

analysis, the role of having a national champion engaged early on

in the process does not appear to be a predictor of adoption status.

However, despite the low association scores that having a national

champion was shown to have in this analysis, we also know from

our program implementation experience that former Botswana

President Festus Mogae and Kenya’s Prime Minister Raila Odinga

were prominent leaders that championed VMMC programs in

their respective countries [37]. In addition, in 2009, South Africa

acquired a government that prioritized the strengthening of HIV

programs, and on World AIDS Day in December 2009, the new

president of South Africa publicly announced the government’s

determination to move the AIDS agenda forward, saying, ‘‘Let the

politicization and endless debates about HIV and AIDS stop’’ and,

regarding the need to struggle against AIDS as they had done with

apartheid, ‘‘We have no choice but to deploy every effort, mobilize

every resource, and utilize every skill our nation possesses.’’

[38,39] This commitment at the highest level undoubtedly

contributed to the significant number of VMMCs (131,117)

performed in South Africa in 2010. Botswana had strong political

support from their former President Festus Mogae; however, his

presidency ended at the end of March 2008. This may explain

why Bostwana has reached only 3.2% of its 2015 DMPPT target

despite strong momentum in the initial phases.

In Kenya, consistent political support and ongoing community

consultation have allowed implementation challenges to be

addressed as they arise [40]. Kenya established a national VMMC

task force that engaged all the key partners and was replicated at

the provincial level. In addition, in 2007, Kenya initiated

community mobilization activities that engaged community

leaders and other key stakeholders in VMMC program imple-

mentation and generated the demand for services. These activities

helped to overcome some of the initial political and cultural

tensions and to accelerate service delivery [41] This further

highlights the importance of the sociopolitical context and

environment as well as sustained leadership at all levels (described

in the ExpandNet framework) for moving ‘programs from initial

adoption to scale-up. As suggested by the results of this study, it

might therefore be that the consistency of political support and

leadership, at all levels, is more important than just the initial

engagement. This is due to the fact that while adoption is a one-

time event, the scaling up of an innovation such as VMMC is an

iterative process carried out over an extended period of time that

requires continued political support and, in many instances, the

input of decision makers to resolve implementation challenges as

they arise. This ongoing need for political support and the

involvement of decision makers is highlighted in the Kenya

experience. An evaluation of the first year of VMMC program

implementation in Kenya provides insights into some of the

challenges of the Kenya program, including human resource

constraints, inadequate infrastructure, and shortages of equipment

and supplies, as well as difficulties with data management [40].

Despite challenges, the innovative responses that the Kenya

Ministry of Health implemented in collaboration with other

partners facilitated the translation of the national policies and

programs into service delivery. Program managers facing

shortages in human resources and inadequate infrastructure would

not, without strong political support, be able to address these

implementation challenges to the scale-up of an innovation.

While this analysis has not focused on the differences between

country strategies for VMMC scale-up, the choice of strategy

undoubtedly had an impact on VMMC program implementation

and subsequent scale-up. For example, the scale-up strategy of

Botswana has differed from that of other countries that

acknowledge the need for a phase of vertical programs—the

‘‘catch-up’’ phase—to rapidly expand access to safe VMMC

services in addition to a strategy for integration [19]. The

Botswana strategy has focused on the integration of VMMC

within existing health services; this is perhaps a reflection of the

country’s experience with scaling up ART. This may explain why

Botswana has not performed as many VMMCs as the early

adopter countries even though it had a VMMC focal person,

policy, and strategy early on in the process. The timing of when

countries conducted a situation analysis does not appear to have a

bearing on the process of adoption of VMMC programs.

However, for this analysis we did not take into account the type

of situation analysis that was conducted or the process for

dissemination and utilization of the situation analysis findings.

This analysis is not intended to criticize progress in any

particular country; rather, it is an attempt to identify elements

critical to success and underscore some of the challenges to scale-

up. While medical male circumcision has many of the ‘‘COR-

RECT’’ characteristics, it is difficult to scale up the intervention,

particularly as a result of human resources limitations in terms of

both quantity and quality [42]. Also challenging are logistics and

supply management: successful scale-up will in part depend on the

definition and accessibility of commodities essential for VMMC

programming and the appropriate allocation of resources to

support commodity procurement and supply chain logistics [43].

This study suggests that the adoption of a health services

innovation—the development of national policies and strategies,

and the initiation of pilot programs—and program scale-up are

distinct processes. This is clearly illustrated by the limited progress

made towards scale-up by the early adopter countries. Thus,

although the DOI theory was useful for predicting the adoption of

VMMC as an innovation for HIV prevention, it was less useful as

a model to describe what is actually needed to scale up VMMC

services. The ExpandNet framework helps to provide some

insights into the critical components required for scale-up.

Limitations
The VMMC scale-up process has not been well documented in

countries and therefore data were obtained from limited sources.

The total scale-up score has not been used or validated in other

programs and is reliant on assessments by a number of key

informants who have been closely involved in VMMC scale-up at

global and national levels. These individuals were interviewed and

the information triangulated in an attempt to limit the potential

bias. We limited our predictors of adoption status to the elements

defined in the WHO/UNAIDS operational guidance, and yet

there may be other important program elements that are not well

captured in the guidance. We have attempted to draw out some of

these other factors in the discussion but recognize that there may
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be other elements of program adoption that are not easily

quantifiable.

Although the scores have captured the time when the different

milestones were recorded and published, these only indirectly

reflect the timing and pace of scale-up. The date of publication

may have been several months after the work was initiated and/or

completed, so the impact of the element may have been realized.

The number of male circumcisions performed in priority countries

may be underestimated as the data largely reflects male

circumcisions done through programs funded by the United

States President’s Emergency Plan for AIDS Relief (PEPFAR).

However, in many of the priority countries, initial male

circumcision sites have been set up by PEPFAR implementing

partners working closely with government. Finally, the quantita-

tive analyses included in this study were based on a total sample of

13 countries. As such, although the results are indicative of

experiences of these specific countries, the ability to generalize

these findings to other contexts is limited.

Conclusion
Three years after the WHO/UNAIDS recommendations to

expand, promote, and integrate VMMC into comprehensive HIV

prevention packages, VMMC has been adopted as a national HIV

prevention strategy and implementation has been initiated in all of

Box 1. ExpandNet VMMC Components

User organization: the organizations and programs
adopting the innovation

N National Ministries of Health in all 13 priority countries
have taken ownership and are leading the roll out in most
countries.

N All countries have coordination structures (VMMC task
forces) that are functioning to varying degrees. These task
forces are partnerships between the Ministries of Health
and the implementing partners. Kenya and South Africa
also have provincial task forces.

N Human resource constraints—lack of personnel at national
and facility level.

Environment: the social, cultural, political, and
economic context within which scaling up takes place

N Notable political champions in Botswana and Kenya.
Political changes in Botswana and South Africa affected
initial trajectories both negatively and positively.

N Gaining political support – it has been a process to get
political buy-in in some countries

N Global and national advocacy has moved some ‘‘early
adopter’’ countries; peer pressure is working to bring the
‘‘late majority’’ on board. Preparatory stakeholders meet-
ings were held in 2006 in five countries (Lesotho, Kenya,
Tanzania, Swaziland, and Zambia) before the release of the
WHO/UNAIDS recommendations. Regional consultations
were held and national stakeholders meetings held in all
countries after the release of the recommendations.

N Cultural context: issue raised of conflation with female
genital mutilation (which occurs in some parts of Kenya
and Uganda). In Lesotho, Malawi, and South Africa, cultural
issues have been a challenge—the role of traditional
providers has caused much debate and tensions. Lack of
traditional male circumcision in Swaziland facilitated
adoption.

N Legal issues: few countries have laws governing practice of
traditional circumcisers. Task shifting, while successful in
Kenya, is a challenge in other countries.

Resource team: those involved in the development
and testing of the innovation and/or seeking to
promote its wider use

N Developing countries look to WHO to provide norms and
standards, therefore the timely release of the WHO/
UNAIDS recommendations provided guidance for national

policy and strategy development.

N The recommendations address the sociocultural, gender,
and human rights issues that countries need to consider as
well as health service issues, and therefore provide a
comprehensive framework for policy development.

N The UN provided tools and guidance for scale-up,
including operations guidance, legal regulatory tool,
clinical manual for practice, and training, quality assurance,
monitoring, and evaluation.

N Funding from donor organizations was made available and
coordinated to enhance capacity of Ministries of Health
and provider organizations in country.

N Partners in countries available to provide technical support
for scale-up.

N Coordinated international leadership and advocacy sup-
ported country action.

N Strong partnerships between governments and non-
governmental organizations have facilitated program
scale-up in Kenya and, recently, Tanzania.

Scaling up strategy: the means by which the
innovation is communicated, disseminated,
transferred, or otherwise promoted

N Policy development was diverse across countries with
differing types of policy instruments, e.g., Botswana has no
separate policy but strategy with policy elements; Zambia
sent Information note to Cabinet; Kenya developed policy
guidelines; dedicated policies were developed in Lesotho,
Namibia, South Africa, Swaziland, Uganda, and Zimbabwe.

N Country strategies developed that include objectives,
target population, numbers of men to be reached, costs,
service delivery strategies, resource mobilization, monitor-
ing, and evaluation.

N DMPPT used to estimate cost, impact, pace of scale-up,
and to develop or revise strategies.

N Different scale-up strategies have influenced program
implementation. Most countries have ‘‘catch-up’’ strategies
to reach adult men—Kenya, Swaziland, Zimbabwe, Zam-
bia—however, implementation varies; Kenya has gone
ahead with focused campaigns to achieve numbers, while
Botswana is focusing on integrated service delivery.

N Demand creation—matching services to demand is
difficult.

N Communicating partial protection and risk compensation
are challenging.

Lessons from Male Circumcision Program Scale-Up
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the priority countries. Policies, national scale-up strategies, and pilot

projects have been put in place, and by the end of 2010,

approximately 559,528 VMMCs had been performed in the priority

countries, and yet this represents only about 3% of what is needed to

achieve country-derived targets. The variability in progress in scale-

up of male circumcision is evident, and the two diffusion frameworks

suggest that the adoption of VMMC as a HIV prevention innovation

does not guarantee scale-up. A key lesson is the importance of not

only being ready to adopt a new intervention but also ensuring that

those factors that accelerate and sustain program implementation are

built and maintained. The most successful national program

exhibited country ownership and sustained leadership at all levels,

in addition to the adoption of a national policy and strategy to

translate the research into a viable program.
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Editors’ Summary

Background. Every year, more than 2.5 million people
(mostly in sub-Saharan Africa) become infected with HIV, the
virus that causes AIDS. There is no cure for HIV/AIDS and no
HIV vaccine. Consequently, global efforts to combat HIV/
AIDS are concentrating on evidence-based prevention
strategies such as voluntary medical male circumcision
(VMMC). Circumcision—the removal of the foreskin, a loose
fold of skin that covers the head of the penis—reduced HIV
transmission through sexual intercourse by 60% in men
in trials undertaken in sub-Saharan Africa, so in 2007, the
World Health Organization (WHO) and the Joint United
Nations Programme on HIV/AIDS (UNAIDS) recommended
implementation of VMMC programs in countries with a
generalized HIV epidemic and low levels of male
circumcision. They also identified 13 countries in southern
and eastern Africa as high priority countries for rapid VMMC
scale-up. Mathematical modeling suggests that 20.3 million
circumcisions by 2015 and 8.4 million circumcisions between
2016 and 2025 are needed to reach 80% VMMC coverage in
these countries. If this coverage is achieved, it will avert
about 3.4 million new HIV infections through 2025.

Why Was This Study Done? Despite convincing evidence
that VMMC is an effective, cost-saving intervention in the
fight against HIV/AIDS, national VMMC scale-up programs in
the priority countries are currently at very different stages. A
better understanding of the challenges faced by these
programs would help countries still in the early stages of
VMMC scale-up implement their national programs and
would facilitate implementation of other HIV prevention
strategies. In this study, the researchers use the Diffusion of
Innovations (DOI) theory to analyze progress towards VMMC
scale-up in the priority countries and to identify the factors
that may have expedited or hindered program scale-up. This
theory seeks to explain how, why, and at what rate new
ideas and technology spread through cultures. It posits that
a few individuals (‘‘innovators’’) adopt new ideas before they
become mainstream ideas. A few more individuals—the
‘‘early adopters’’—follow the innovators. The ‘‘early majority’’
is the next group to adopt the innovation, followed by the
‘‘late majority’’ and the ‘‘laggards.’’

What Did the Researchers Do and Find? The researchers
used the annual number of VMMCs performed in the priority
countries since 2008 to classify the countries into DOI
adopter categories. They calculated a total scale-up score for
each country based on six key elements of program scale-up
(such as whether and when a VMMC policy had been
approved). Finally, they analyzed the association between
the DOI adopter category and the scores for the individual
scale-up elements to determine which elements predict
adoption and VMMC scale-up. By the end of 2010, about
560,000 VMMCs had been completed, less than 3% of the
target coverage for the priority countries. Kenya, the only
DOI innovator country, had completed nearly two-thirds of
the VMMCs needed to reach its target coverage and was the
only country on track to reach its target. The early adopters
(South Africa, Zambia, and Swaziland) had initiated VMMC

program scale-up soon after the release of the 2007
recommendations and had started VMMC scale-up pilot
programs in 2008 but were far from achieving their VMMC
targets. Having a VMMC focal person, establishing a national
policy, having an operational strategy, and establishing a
pilot program all predicted early adoption of VMMC scale-up.

What Do These Findings Mean? These findings show
that, three years after the WHO/UNAIDS recommendation to
integrate VMMC into comprehensive HIV prevention
programs, VMMC scale-up activities had been initiated in
all the priority countries but that progress towards the 80%
coverage target was variable and generally poor.
Importantly, they show that early adoption of VMMC as a
national program had not necessarily resulted in rapid
program scale-up. Although these findings may not be
generalizable to other settings, they suggest that countries
endeavoring to scale up VMMC (or other HIV prevention
strategies) must not only be ready to adopt VMMC but must
also ensure that all the factors critical to supporting and
accelerating scale-up are incorporated into the scale-up
program. Finally, these findings show that the most
successful national programs are those that involve
country ownership of the program and that have sustained
leadership at all levels to facilitate the translation of research
into national policies and programs.

Additional Information. Please access these websites via
the online version of this summary at http://dx.doi.org/10.
1371/journal.pmed.1001133.

N This study is part of a PLoS Collection of articles on VMMC
(http://www.ploscollections.org/VMMC2011) and is further
discussed in a PLoS Medicine Review Article by Hankins
et al. (http://dx.doi.org/10.1371/journal.pmed.1001127)

N Information is available from WHO, UNAIDS, and PEPFAR
on all aspects of HIV/AIDS

N NAM/aidsmap provides basic information about HIV/AIDS,
summaries of recent research findings on HIV care and
treatment, and information on male circumcision for the
prevention of HIV transmission

N Information is available from Avert, an international AIDS
charity on many aspects of HIV/AIDS, including informa-
tion on aspects of HIV prevention, and on HIV/AIDS in
Africa (in English and Spanish)

N The Clearinghouse on Male Circumcision, a resource
provided by WHO, UNAIDS, and other international bodies,
provides information and tools for VMMC policy develop-
ment and program implementation

N Wikipedia has a page on Diffusion of Innovations theory
(note: Wikipedia is a free online encyclopedia that anyone
can edit; available in several languages)

N Personal stories about living with HIV/AIDS are available
through Avert, through NAM/aidsmap, and through the
charity website Healthtalkonline
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Policy Forum

Male Circumcision for HIV Prevention in High HIV
Prevalence Settings: What Can Mathematical Modelling
Contribute to Informed Decision Making?
UNAIDS/WHO/SACEMA Expert Group on Modelling the Impact and Cost of Male Circumcision for HIV

Prevention"*

Background

Three recent randomised controlled

trials [1–3] in Kenya, South Africa, and

Uganda have confirmed previous obser-

vational studies [4] and ecological experi-

ence [5] and demonstrated beyond rea-

sonable doubt that male circumcision

performed by well-trained medical profes-

sionals reduces the risk of men acquiring

HIV through female-to-male transmission

by approximately 60% [5,6]. Further-

more, results from the Kenyan trial

indicate that the protective effects of

circumcision are sustained for at least

42 mo [7], which suggests that circumci-

sion is likely to provide life-long partial

protection.

Although the evidence from the rando-

mised trials is compelling, the longer-term

population-level impact of introducing or

expanding safe male circumcision services

within comprehensive HIV prevention

programmes remains unknown. Conse-

quently, although some countries with a

high prevalence of HIV have held stake-

holder meetings and are developing poli-

cies on male circumcision for HIV pre-

vention, many have not done so. In

addition, the introduction and/or expan-

sion of male circumcision programmes for

HIV prevention raises a host of ethical,

legal, and human rights issues [8–10].

Furthermore, the introduction/expansion

of these programmes could be hindered by

weak health infrastructures, scarce human

resources for health [11], cultural con-

cerns, political barriers, and financial

constraints. In the face of these challenges,

some decision-makers in sub-Saharan

Africa are asking whether the introduction

or expansion of male circumcision services

for the reduction of HIV incidence will be

cost-effective over the short, medium, and

long term.

Estimating the long-term population

impact and cost-effectiveness of male

circumcision programmes requires math-

ematical modelling approaches. However,

when different modelling approaches use

different baseline assumptions and input

variables, they sometimes produce con-

flicting results. The Joint United Nations

Programme on HIV/AIDS (UNAIDS),

the World Health Organization (WHO),

and the South African Centre for Epide-

miological Modelling and Analysis (SA-

CEMA) recently convened three expert

group meetings in Geneva (2005), Stellen-

bosch (2007), and London (2008) to review

published and unpublished modelling

The Policy Forum allows health policy makers
around the world to discuss challenges and
opportunities for improving health care in their
societies.
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Summary Points

N Mathematical models can estimate the population-level impact of male
circumcision on HIV incidence in high HIV prevalence settings, but different
methods, assumptions, and input variables can produce conflicting results.

N UNAIDS/WHO/SACEMA recently convened experts to review the outcomes of
six simulation models on key policy and programmatic decision-making
questions.

N Large benefits of male circumcision among heterosexual men in low male
circumcision, high HIV prevalence settings were found: one HIV infection being
averted for every five to 15 male circumcisions performed, and costs to avert
one HIV infection ranging from US$150 to US$900 using a 10-y time horizon.

N The models predicted that both premature postoperative resumption of sexual
intercourse and behavioural risk compensation, if confined to newly or already
circumcised men and their partners, have only small population level effects on
the anticipated impact of male circumcision service scale-up on HIV incidence.

N Women benefit indirectly from reduced HIV prevalence in circumcised male
partners and male circumcision service scale-up acts synergistically with other
strategies to reduce HIV disease burden.

N The modelling results have informed development of a pragmatic decision-
makers’ programme planning tool.

" Membership of the UNAIDS/WHO/SACEMA Expert Group on Modelling the Impact and Cost of Male
Circumcision for HIV Prevention is provided in the Acknowledgments.
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work. Specifically, the expert group meet-

ings assessed the potential population-

level effects of male circumcision on HIV

incidence predicted by these models and

determined the relevance of mathematical

modelling approaches to informed deci-

sion-making about the scale-up of male

circumcision programmes.

The Mathematical Models

At the 2008 meeting, the expert group

reviewed the following mathematical mod-

els for the effects of male circumcision on

HIV incidence and prevalence:

N A deterministic compartmental model

based on scenarios for settings similar

to Botswana and Nyanza Province,

Kenya [12];

N A stochastic simulation model that

included parameters empirically de-

rived from a cohort in Rakai, Uganda

[13];

N A very simple compartmental model

using South African data to estimate

epidemiological parameters and to

construct an aggregate model for sub-

Saharan Africa [14];

N Two deterministic compartmental

models of heterosexual HIV spread

in populations stratified for sex and

risk behaviour [15,16];

N An individual-based micro-simulation

model with formation and dissolution

of heterosexual relationships and HIV

transmission modelled as stochastic

events [17].

To estimate the costs associated with

changes in HIV prevalence and incidence

predicted by each model, the expert group

used data from a cost-effectiveness study

based on the randomised controlled South

African trial [18,19], costing information

from the randomised controlled Kenyan

[20] and Ugandan trials [13], and data

from costing studies conducted in Lesotho

[21], Swaziland [22], and Zambia [23].

Summary properties of these models

(and two additional modelling exercises

published after the third meeting [24,25]),

are shown in Table 1, together with key

results.

The six models considered by the expert

group had been independently applied to

various settings to estimate the overall

impact on HIV incidence of the scale-up

of male circumcision. The models had also

been used to estimate the relative impact of

the scale-up of male circumcision among

different population subgroups, on the

numbers needed to treat, and on cost-

effectiveness. Finally, the models had been

used to investigate the influence of factors

such as declining HIV incidence, potential

changes in risk behaviour, and the effects of

other HIV prevention programmes. Be-

cause observational data on HIV risk and

circumcision status among men who have

sex with men do not suggest a strong

protective effect [26], this population was

not included in any of the models. With one

recently submitted exception [16], the

models had all been published in peer-

reviewed scientific journals with detailed

supplementary material before being con-

sidered by the expert group.

As shown in Table 2, although the

models used different methods, baseline

assumptions, and input variables, their

essential components were similar. For

example, the models’ programmatic, bio-

logical, and behavioural variables general-

ly included age group targets, risk group

targets, speed of service scale-up, final

level of male circumcision coverage

reached, presumed risk of female-to-male

and male-to-female HIV transmission,

HIV acquisition and transmission risk

during postoperative wound healing, and

potential risk compensation [27], such as

less frequent condom use and increased

numbers of sex partners. Modelled out-

comes included impact on HIV incidence

and HIV prevalence, and the number of

male circumcisions required to avert one

HIV infection. A brief summary of the

models and the analyses conducted with

each one is provided in Text S1, and the

presentations made at the last two expert

group meetings are provided in Text S2.

Application of the Models to
Key Questions

Before its third meeting, the expert

group identified eight key questions with

implications for policy and programmatic

decision-making. They then considered the

findings from the models relevant to each of

the questions in turn at the meeting. Not all

of the models addressed all of the topics.

Furthermore, in many cases, the quantita-

tive outputs from the models could not be

directly compared because alternative un-

derlying assumptions had been made and

their results related to different contexts.

For this reason, the expert group did not

attempt to quantify the variation in model

results formally even though each of the

published articles contained an analysis of

the uncertainty in the relevant model’s

projections.

During the discussion of each preselected

topic, a broad qualitative consensus

emerged from the findings of the specific

models being examined, which was agreed

upon by all the members of the expert

group. Indeed, the varied nature of the

models and the independence of the

researchers involved in these modelling

exercises provide support for the generali-

sability of the findings of the expert group.

What Is the Expected Impact on
HIV Incidence of Scaling Up
Male Circumcision
Programmes?

The expected impact of scaling up male

circumcision services depends on several

critical factors including baseline male

circumcision and HIV prevalence; wheth-

er HIV incidence is increasing, stable, or

declining; the time period of model

projections; and the speed of scale-up.

WHO/UNAIDS guidance on pro-

gramme implications [6] states that the

greatest potential public-health impact will

be in settings where HIV is hyperendemic

(HIV prevalence in the general population

exceeds 15%) and is spread predominantly

through heterosexual transmission, and

where a substantial proportion of men

(e.g., greater than 80%) are not circum-

cised. The six models, therefore, focused

on settings that have an epidemic profile

similar to this.

The models predicted that, using a 10-y

time horizon, one new HIV infection

would be averted for every five to 15

men newly circumcised. For the most

successful interventions, where almost all

men are circumcised, HIV incidence

could be reduced by ,30%–50% over

the same period, with prevalence following

this decrease with some delay (Figure 1;

Table 1). Inevitably, the absolute number

of male circumcisions required to avert

one HIV infection increases as HIV

incidence declines over time.

In countries with lower levels of HIV

prevalence and incidence, such as

Uganda, the number of male circumci-

sions required to avert one new infection is

higher (Table 1) [13]. However, on the

basis of its analysis of the model predic-

tions, the expert group agreed that even in

such countries, programmes that focus on

subpopulations with a high HIV preva-

lence and incidence would have substan-

tial impact on HIV incidence. Pro-

grammes that fall into this category

might include, for example, those that

focus on geographic areas of low male

circumcision prevalence or on subgroups

of heterosexual men at higher risk of HIV

exposure. These subgroups include HIV-

negative men in serodiscordant couples

and men more likely to have multiple sex

partners, such as soldiers, truck drivers,
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miners, labour migrants, or patients at-

tending sexually transmitted disease (STD)

clinics. The expert group noted that,

according to a systematic review and

meta-analysis, men at higher risk of STD

benefit from higher levels of protection

when circumcised (adjusted risk ratio

[RR]= 0.29, 95% confidence interval

[CI] 0.20–0.41) [4].

What Is the Overall Impact on
HIV Incidence in Women?

As sexual partners and parents, women

are affected by male circumcision [28,29].

Although an observational study suggested

that circumcision of HIV-positive men

might reduce transmission to HIV-negative

female partners [30], no such direct effect

was observed in a trial that was prematurely

closed for futility [31]. However, among

those couples who resumed sexual activity

soon after circumcision a nonstatistically

significant but nonetheless concerning trend

was found in this trial toward an increased

risk of HIV infection in women assessed

6 mo after their partners’ circumcision.

All six models showed that women, even

if not directly protected, would benefit

indirectly from the introduction or expan-

sion of male circumcision services because

their probability of encountering an HIV-

infected male sexual partner gradually

declines with programme scale-up. In the

models, these indirect benefits increase

over time, taking some years to become

evident (Figure 1). The expert group noted

that these indirect benefits would eventu-

ally reduce the number of women needing

services to prevent mother-to-child HIV

transmission, although the proportion of

people living with HIV who are women

would increase [14].

In addition, the expert group reviewed

empirical data that show that male

circumcision reduces the acquisition of

herpes simplex virus type-2 [32], syphilis,

and chancroid in HIV-negative men

[3,33], and accumulating evidence that

the circumcision of HIV-positive men

provides direct benefit to women by

reducing genital ulcer disease [34], which

may decrease the likelihood of HIV

transmission. In the Ugandan trial, wom-

en who were the sexual partners of

circumcised HIV-negative men had less

genital ulcer disease and bacterial vagino-

sis, and fewer Trichomonas vaginalis infec-

tions than women with uncircumcised

male partners [35]. Although all these

conditions, with the possible exception of

bacterial vaginosis [36], are associated

with an increased risk of female HIV

acquisition, only one of the models

analysed by the expert group explicitly

included this mechanism [17], which was

also not fully represented in another recent

study [37].

Overall, the expert group concluded

that any of these mechanisms for the

reduction in HIV acquisition for women

could enhance the overall impact of male

circumcision and could hasten reductions

of HIV incidence among women.

What Is the Impact of
Circumcising HIV-Positive Men?

WHO/UNAIDS advise against pro-

moting male circumcision for HIV-posi-

tive men, but state that it should not be

Table 2. Range of variables in the different models.

Author All Models
Williams
et al. [14]

Nagelkerke
et al. [12]

Gray
et al. [13]

Hallett
et al. [15]

White
et al. [17]

Alsallaq
et al. [16]

Baseline HIV incidence
(per 100 person-years)

1.2–4.5 2.4 2.2–4.5 1.2 3.2 1.3–3.2 3.9

Baseline HIV prevalence (%) 11–36 20 18–36 11 23 11–25 28.8

Baseline male circumcision
prevalence (%)

0–50 35 10 16 0 0–50 27.5

Reduction of female-to-male
transmission due to
circumcision (%)

30–76 60 40–75 40–70 60 30–76 60

Target age groups 5-y age groups No age structure No age structure 15–49 5-y age groupsa 5-y age groups No age structure

Target risk groups High- versus low-risk
behaviour men

All men All HIV-negative
men

All men High- versus low-risk
behaviour mena

All HIV-negative
men and all men

High- versus low-
risk behaviour men

Time to reach intended
coverage (y)

0–20 5 or 10 Approximately 10 0–10 5 0–20 0–10

Final circumcision prevalence
reached (%)

25–100 100 50–80 25–100 90 50–100 100

Reduction of male-to-female
transmission risk (%)

0–70 0 0–25 40–70 0–30 0–50 0

Proportion of men who resume
sex before wound healing (%)

0–60 N/A N/A N/A 0–40 15–60 N/A

Relative risk of acquiring or
transmitting HIV during wound
healing

Up to 2.3 N/A N/A N/A 0–2 2.3b N/A

Increase in sexual partner
numbers postcircumcision (%)

0–200 0 0 0–100 0 0 0–200

Reduction in condom use (%) 0–100 N/A 0–100 N/A 0–100 in casual
partnerships

0–100 in casual
and sex worker
contacts

N/A

aThese analyses published in [43].
b.6 mo.
N/A, not applicable.
doi:10.1371/journal.pmed.1000109.t002
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denied unless medically contraindicated

[6]. HIV testing is recommended for all

men seeking male circumcision, but is not

mandatory [6]. The systematic refusal to

circumcise HIV-positive men based on

their HIV status alone may increase

stigma for all uncircumcised men.

The expert group found that one model

predicted that circumcision of HIV-posi-

tive men in the context of capacity

constraints would mean that fewer HIV-

negative men would be circumcised, thus

reducing the population-level impact of a

circumcision programme on HIV inci-

dence over the short term [17]. However,

the model also suggested that under some

circumstances, this negative result may be

partially offset by lower rates of genital

ulcer disease and reduced onward HIV

transmission to female partners [17].

Two models showed that, assuming no

direct effect of circumcision on male-to-

female HIV transmission, premature post-

operative resumption of sex by HIV-

positive men is unlikely to have an adverse

population-level effect on overall HIV

incidence because any increased risk only

applies for a short period of time, a matter

of weeks [15,17]. When the proportion of

HIV-positive men resuming sex early was

set at 60%, one model showed that the

population-level effect on anticipated HIV

incidence remains small [17]. It should be

noted that in the trials, only 4%–20% of

HIV-negative men resumed sex early [1–

3]. Nonetheless, the expert group conclud-

ed that, regardless of serostatus, it is

important to counsel newly circumcised

men and their partners on the potential for

disruption of wound edges if sex is

resumed too soon after surgery.

The proportion of male circumcisions

performed on HIV-positive men will

depend on HIV prevalence and on how

many clinically eligible HIV-positive men

request surgery. This number is influenced

by scale-up strategies (e.g., there is a

higher HIV prevalence in STD clinics),

the perception of circumcision in the

community (e.g., whether it is perceived

as a marker of HIV-negative status or as a

marker of higher risk), and messages given

to men testing positive or declining HIV

testing. Notably, one of the models

indicates that good uptake among men

with the highest risk of HIV exposure

could amplify the impact of circumcision

programmes [15], even though focusing

programmes on such subgroups will likely

lead to more men who are already infected

being circumcised.

What Is the Effect of Risk
Compensation?

As observed with antiretroviral treat-

ment, a decrease in perceived risk can result

in an increase in sexual risk-taking behav-

iour, a phenomenon termed ‘‘risk compen-

sation’’ [27,38,39]. The randomised trials

of male circumcision [1,3,40] and an

observational study [41] found minimal or

no behavioural risk compensation among

recently circumcised men, although inten-

sive health education during the trials

might have mitigated risk compensation.

The models showed that if risk compen-

sation is confined to newly or already

circumcised men and their partners, it has

only a small effect on the projected

population-level impact of male circumci-

sion on HIV incidence [15–17]. At high

levels of risk compensation (e.g., no male or

female condom use), women who partner

with circumcised men believing them to be

HIV-negative may be placed at increased

individual risk despite lower HIV incidence

in the whole population [15].

Furthermore, the models suggested that

the beneficial impact of male circumcision

for both men and women would be

substantially reduced if risk behaviours

increase across the entire adult population,

including among uncircumcised men and

their partners. In light of these findings,

the expert group agreed that there is a

clear need for intensive social change

communication campaigns, aimed at the

whole population, to prevent increases in

risk behaviours.

How Do the Effects Vary by Age
Group Circumcised?

It is clear that a scale-up of male

circumcision that prioritises the treatment

of subgroups of heterosexual men at the

highest risk of HIV exposure will have the

most rapid initial impact. These subgroups

vary by country but include seronegative

men in discordant couples identified

Figure 1. Reductions in HIV incidence by coverage level. This figure shows model estimates for the reduction in HIV incidence 10 y after the
programme begins, among circumcised men, women, uncircumcised men, and the population overall, at varying levels of circumcision uptake (from
a baseline of 0%). The model [15] is a deterministic compartmental simulation of the heterosexual spread of HIV in a sex- and sexual-activity stratified
population, parameterised for Southern and Eastern African populations. The model assumes that there is a 60% reduction in female-to-male
transmission for circumcised men, that there is no direct reduction in male-to-female transmission from circumcised men, and that 5%, 20%, 35%,
50%, 70%, and 90% of men are circumcised within 10 y of the intervention being scaled-up. Note: Since the fraction of men circumcised increases
over time, the weighted-average of reductions in incidence in these demographic groups at year 10 is not expected to equal the reduction in
incidence in the whole population over the first 10 y of the intervention.
doi:10.1371/journal.pmed.1000109.g001
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during couple counselling and testing,

STD clinic attendees, and adult males

15–34 y old. In many settings HIV

incidence is highest among 25- to 34-y-

old men [42] rather than 15- to 24-y-olds.

Because changes may occur over time,

HIV incidence monitoring in relevant

subpopulations is essential to ensure that

priority groups continue to be accurately

identified.

The models indicated that circumcising

men who have not started sexual activity

leads to the greatest population-level

benefit in the long term, whereas circum-

cising 25- to 34-y olds has the biggest

benefit over the following 10 to 20 y;

circumcising 50-y-old men has little effect

on HIV incidence [17,43]. In the context

of parents and guardians deciding to

circumcise their sons [9] as neonates

rather than when they are older, since

the procedure is simpler, cheaper, and

incurs fewer adverse events, the models

show that reductions in population inci-

dence would probably take 20 to 25 y to

become evident, other factors being equal.

Of course, circumcising both adult males

and neonates would maximise the short-

and long-term impact of circumcision on

HIV incidence. But, if a fully effective

HIV vaccine for adults is widely accessible

by 2025 or high levels of treatment uptake

are achieved [44], some neonatal circum-

cision performed now solely for the

purpose of HIV prevention would have

been unnecessary and thus the projections

of cost-effectiveness of this strategy would

be exaggerated.

How Do the Effects Vary with
Speed of Service Scale-up?

All the models showed that rapid

expansion of male circumcision coverage

will result in earlier and larger effects on

HIV incidence (Figure 1), assuming that

safety standards and the quality of coun-

selling and postoperative care are main-

tained. The models showed that whether

scale-up rates are constant, faster initially

then slowing, or slower initially with

subsequent acceleration, they can still

achieve a specified goal by the target date.

However, studies in Lesotho, Swaziland,

and Zambia found that a faster initial

scale-up would avert between 13.7% and

16.1% more infections by 2015 compared

to a linear scale-up, whereas a slower

initial scale-up would result in 219.7% to

214.5% fewer infections averted, assum-

ing a target coverage in each country of

around 50% by 2015 [45]. Thus, the

expert group concluded from both the

models and empirical data that rapid

initial scale-up accrues direct and indirect

effects earlier and is considerably more

cost-effective, with fewer circumcisions

required to avert one infection and more

HIV infections averted at lower cost per

infection averted over time.

How Does Scale-up of Other
Prevention Initiatives at the
Same Time Affect the Impact of
Male Circumcision Scale-up?

The introduction or expansion of male

circumcision services will occur in settings

where behavioural prevention pro-

grammes (e.g., campaigns to increase male

and female condom use or to reduce

numbers of sexual partners) and biomed-

ical measures (e.g., antiretroviral treat-

ment) may be reducing sexual HIV

transmission. Unlike other HIV preven-

tion strategies that depend on user-adher-

ence, male circumcision, once performed,

is likely to provide lifelong partial protec-

tion against HIV, on the basis of the

available evidence. Furthermore, the

scale-up of male circumcision to reduce

HIV incidence provides an opportunity to

enhance other prevention strategies such

as counselling to reduce risky behaviours,

to increase correct and consistent male

and female condom use, and to encourage

knowledge of HIV serostatus.

All the models showed that male

circumcision would not, in isolation, have

sufficient impact to stop the HIV epidemic

(Table 1). However, one model showed

that substantial synergies are likely to be

achieved by combining approaches [15]

with the greatest impact generated when

circumcision is scaled up in parallel with

an intensified focus on reducing sexual risk

behaviour. Importantly, the expert group

agreed that increasing prevention choices

for people while treatment access is

expanding could potentially speed the

decline of the epidemic.

What Are the Discounted
Savings?

The estimated costs per adult male

circumcision are between $30 and $60

[45] depending on the programme setting,

with neonatal circumcision costing about

one-third this amount. The models esti-

mate costs per infection averted of be-

tween $150 and $900 in high HIV

prevalence settings over a 10-y time

horizon, and $100 to $400 when including

infections averted to 20 y. All the models

indirectly confirmed that the most favour-

able cost-effectiveness ratios will be seen

where HIV incidence is highest. By

comparison, estimates of discounted life-

time treatment costs typically exceed

$7,000 per HIV infection if only first-line

treatment is provided, and twice as much

if second-line treatment is available [46].

This estimate assumes first line antiretro-

viral treatment costs of $300 per patient

per year rising to $500 by 2015, laboratory

and service delivery costs of $300 per

patient per year, survival of 85% in the

first year after treatment initiation and

95% in subsequent years, and 3% discount

rate. Thus, circumcising sexually active

males of any age is likely to be cost saving

[17,18].

From Models to Decision
Making

To assist countries in scaling up safe,

voluntary male circumcision services,

WHO, UNAIDS, and partners have

produced extensive guidance and several

useful tools. For example, they have

produced human rights guidance, a situ-

ational analysis toolkit, a communications

framework, a surgical manual and training

modules, a legal and regulatory self-

assessment tool, and a monitoring and

evaluation tool.

Importantly, the Futures Institute in

collaboration with UNAIDS and the

Health Policy Initiative has produced a

pragmatic, decision-makers’ programme

planning tool [47] that helps analysts and

decision-makers understand the costs and

impacts of policy options. This tool

calculates the cost of male circumcision

services by delivery mode on the basis of

clinical guidelines and locally derived

inputs for staff time and salaries, supplies,

equipment, and shared facility and staff

costs. It allows decision-makers to make

programmatic choices of the intended

target population by age (newborn, ado-

lescent, adult) and risk, while varying

service delivery modes and ancillary ser-

vices, scale-up rates, and coverage goals.

The tool estimates HIV incidence, HIV

prevalence, AIDS deaths, overall costs,

and net cost per HIV infection averted as

a function of numbers of male circumci-

sions performed for each service delivery

and coverage timeframe option.

The expert group confirmed that this

simple, user-friendly tool produces results

consistent with the academic mathemati-

cal models that they considered. Because

academic models cannot be parameterized

for every setting and cannot explore every

possible type of intervention, the published

results from modelling studies cannot be

directly relevant to all settings. However,

by using the models to refine and validate
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a user-friendly tool that can be deployed

locally, decision-makers can indirectly

access the main findings from academic

modelling studies.

Why was it important to use modelling

studies to refine a tool to be used by

decision-makers to design tailored local and

national programmes for the scale-up of

male circumcision services? Rapid scale-up

of male circumcision services in high HIV

prevalence settings in sub-Saharan Africa

will require substantial funding and many

skilled personnel in the short term [19]. It is

critical that unintended consequences of

scale-up be monitored and rectified; that

additional funding is provided; that the new

services strengthen existing surgical, sexual,

and reproductive health programmes; and

that this biomedical addition to combina-

tion HIV prevention acts synergistically

with other strategies to stimulate and

maintain HIV incidence declines. Thus,

mathematical modelling by itself is impor-

tant because it shows the potential for

substantial reductions in HIV transmission

through the introduction or expansion of

male circumcision services. But more

importantly, the decision-makers’ pro-

gramme planning tool, which is informed

by the modelling consensus presented here,

shows what programmes for the scale-up of

male circumcision can achieve in specific

settings, over what time frame, and at what

cost. Finally, provided it is updated with

coverage and cost figures as programmes

scale up, the tool can also be used to

monitor progress and optimize strategies.
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Abstract: Scaling up voluntary medical male circumci-
sion (VMMC) for HIV prevention is cost saving and creates
fiscal space in the future that otherwise would have been
encumbered by antiretroviral treatment costs. An invest-
ment of US$1,500,000,000 between 2011 and 2015 to
achieve 80% coverage in 13 priority countries in southern
and eastern Africa will result in net savings of
US$16,500,000,000. Strong political leadership, country
ownership, and stakeholder engagement, along with
effective demand creation, community mobilisation, and
human resource deployment, are essential. This collection
of articles on determining the cost and impact of VMMC
for HIV prevention signposts the way forward to scaling
up VMMC service delivery safely and efficiently to reap
individual- and population-level benefits.

Male Circumcision for HIV Prevention

Despite a 22-fold increase since 2001 in the number of people

receiving antiretroviral therapy, two people acquire HIV infection

for every person starting treatment [1]. Scaling up evidence-

informed HIV prevention programs is imperative. In the HIV

prevention toolbox of behavioural, biomedical, and structural

approaches to combine for maximum effect [2], VMMC is an

essential tool in all high HIV prevalence, predominantly

heterosexual epidemic settings. It provides lifelong partial

protection for men against HIV infection [3–6] and reduces their

likelihood of genital ulcers [7,8], syphilis [9], and penile cancer

[10].

Observational data and ecological studies have suggested for

decades that male circumcision provides a level of protection from

HIV infection for men [11]. Three randomised controlled trials

[3–5] conducted in the last decade found a 57% protective effect

against HIV for men who became circumcised [6]. All three trials

were stopped prematurely because it was deemed unethical to

withhold VMMC from men in the control arm waiting to be

circumcised.

Following trial results, the World Health Organization (WHO)

and the Joint United Nations Programme on HIV/AIDS

(UNAIDS) rapidly convened stakeholders in March 2007 to

evaluate the strength of the evidence and to consider the policy

and programmatic implications. The resulting recommendations

addressed the essential components for program implementation

in 13 priority countries (Botswana, Kenya, Lesotho, Malawi,

Mozambique, Namibia, Rwanda, South Africa, Swaziland,

Tanzania, Uganda, Zambia, and Zimbabwe) in eastern and

southern Africa with settings of high HIV prevalence and low

levels of male circumcision [12,13].

Male circumcision is the oldest and most common surgical

procedure. With 30% of men globally and 67% of men in sub-

Saharan Africa circumcised [14], social and cultural factors are the

main determinants of acceptability [6,15–18]. In sub-Saharan

Africa, male circumcision was found to be acceptable to men and

women in non-circumcising communities if readily accessible and

provided safely [18]. Mathematical modelling has shown that

medical male circumcision is highly cost-effective, with costs to

avert one HIV infection ranging from US$150 to US$900 using a

ten-year time horizon, and one new HIV infection averted for

every five to fifteen procedures performed [19].

Given these levels of acceptability, cost, and potential impact,

VMMC provided by well-trained, well-equipped providers in

hygienic settings should be scaled up rapidly in high HIV

prevalence settings to reap both individual- and population-level

benefits. Policy makers and program planners interested in moving

services to scale are faced, however, with decisions about which

populations to prioritise (newborns, adolescents, adults, men at

higher risk of HIV exposure, such as those in serodiscordant

couples), what service delivery models to use (fixed, outreach,

mobile), which human resources to deploy (physicians, clinical

officers, nurses), how to create demand and match supply to it, and

what speed of scale-up is both desirable and feasible.

Policy makers in high HIV prevalence countries will find

valuable information to support rapid scale-up of services in this

collection on the cost and impact of VMMC for HIV prevention.

The articles highlight progress to date, explore challenges to

Review articles synthesize in narrative form the best available evidence on a topic.
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overcome, and provide solutions to facilitate scale-up. By moving

forward now, leaders will set their countries on course to achieve

the 50% reduction in sexual transmission of HIV by 2015 that

they signed on to at the United Nations General Assembly in June

2011 [20].

Numbers of Male Circumcisions Needed

How many medical male circumcisions will need to be

performed in the 13 priority countries for maximum impact?

The first step towards answering this question is assessing baseline

prevalence of male circumcision in each country, recognising that

self-reported circumcision status, as Thomas et al. [21] demon-

strate for Lesotho, can be inaccurate. Njeuhmeli et al. [22]

estimate the number of VMMC procedures needed to reach 80%

prevalence using the Decision Makers’ Program Planning Tool

[23] for male circumcision, an interactive tool that incorporates

country-specific demographics, epidemic dynamics, and locally

derived cost estimates. An estimated 20.3 million circumcisions

among men 15–49 years of age are needed to close the gap by

2015. Once eligible uncircumcised men have been reached

through ‘‘catch-up’’ campaigns, annual costs fall because ongoing

programs need only maintain coverage while shifting to long-term

sustainable strategies. These could include systematically offering

the procedure to one cohort per year, such as young men turning

15 years of age or all male newborns.

As Mwandi et al. [24] detail, Kenya is on track, with over 66%

of its target for Nyanza Province met through sustained

government leadership, financial and technical support of

international donors, and a partnership strategy that has engaged

a broad array of stakeholders. Swaziland has reached 13%,

Zambia and Botswana have attained 4%, and Tanzania and

South Africa have met 3% of their respective 2015 80% objectives,

through campaigns that picked up speed in 2010 (see Figure 1).

Efficiently Mobilising Human Resources

Among the impediments to scaling up VMMC services are

concerns about human resources. Curran et al. [25] review the

concepts of task shifting and task sharing and describe approaches

to expanding the health sector workforce through redeployment of

existing personnel and use of expatriate volunteers, drawing on

experiences in Tanzania, Kenya, and Swaziland. Scaling up

VMMC requires a streamlined campaign footing and rapid

mobilisation of human resources to eventually achieve a steady

state that will make fewer demands on the health care system.

Both surgical and non-surgical efficiency gains have significant

impacts on per procedure costs and therefore on the numbers of

medical male circumcisions that can be performed. Significant

efforts are underway to test a number of medical devices that, if

found to be safe, acceptable, and effective, would dramatically

reduce procedure times [26–28] and speed the scale-up.

Determining Costs of Scale-Up

VMMC scale-up planning requires cost estimates for commod-

ity procurement, supply chain management, and disposal of waste

generated by male circumcision programs. Edgil et al. [29]

describe a costing framework for these program components for

Swaziland, emphasising the advantages of a standard kit of the

consumables and dedicated instruments necessary for one male

circumcision procedure [30,31].

VMMC program planning necessitates the design and imple-

mentation of effective demand creation strategies that encourage

men to consider male circumcision for HIV prevention and

actively seek out VMMC services. Timely matching of supply to

demand is critical to avoid men seeking unsafe procedures because

waiting times are too long. Mahler et al. [32] describe how this

challenge was met while ensuring service quality and efficiency in

Iringa, Tanzania. As Bertrand et al. [33] underscore, demand

creation strategies must be tailored to specific country contexts to

determine the most effective mix of mass media, small media,

outreach, and community mobilisation communication approach-

es. Recognising that no standard package applies in all settings,

they propose a seven-step methodology to estimate demand

creation costs for inclusion in country VMMC costing estimates.

The United States President’s Emergency Plan for AIDS Relief

(PEPFAR) (through the US Agency for International Development

Health Policy Initiative) and the UNAIDS supported primary data

collection activities to estimate facility-based unit costs for

VMMC, as currently delivered, in Uganda, Kenya, Zambia,

Zimbabwe, South Africa, and Namibia. These estimates were

revised to include a more comprehensive assessment of cost

components, including waste management, supply chain manage-

ment, training, and overhead costs. Assumptions were made about

future task shifting and task sharing to optimise the volume and

efficiency of services [31]. Unit cost estimates, excluding demand

creation costs, were estimated at US$80.13 per adult VMMC.

Country unit costs were then adjusted to account for differences in

labour costs, and sensitivity analyses assumed a 20% higher and

20% lower unit cost.

Combining unit cost data with the numbers of VMMCs needed

to achieve 80% coverage in all 13 countries results in an estimated

US$1,500,000,000 required between 2011 and 2015. Maintaining

80% coverage in all 13 countries between 2016 and 2025 would

require an additional US$500,000,000. Sensitivity analyses under-

score the importance of minimising costs while ensuring safe, high-

quality procedures accompanied by effective HIV prevention

messages. If unit costs were 20% higher, an additional

US$500,000,000 would be required over the full 2011–2025 period,
while a 20% decrease in unit costs would reduce overall resources

required by US$500,000,000. Given the estimated discounted

individual lifetime cost of antiretroviral therapy of US$7,400,
VMMC is not only cost-effective in these countries—it is cost

saving. Net savings from 2011 to 2015 due to averted treatment and

care costs amount to US$16, 00,000,000. Therefore, an initial

investment now in VMMC, although substantial, will be returned

many fold. It will create fiscal space in the future that otherwise

would have been encumbered by antiretroviral treatment costs.

Estimating the Impact

Just how many infections could be averted by scaling up VMMC

to reach 80%male circumcision prevalence in all countries in eastern

and southern Africa in five years and maintaining that coverage

through to 2025? Where would the largest impact be seen? Through

2025, 3.4 million new HIV infections would be averted, as Figure 2

shows, with South Africa alone averting over 1 million new HIV

infections between 2011 and 2025. More than 20% of projected new

HIV infections would be averted in Botswana, Lesotho, Malawi,

Namibia, Rwanda, Swaziland, Uganda, Zambia, and Zimbabwe.

The number of VMMCs needed to avert one HIV infection ranges

from a low of four in Zimbabwe to a high of 44 in Rwanda.

Among the infections averted are those among women who

benefit indirectly from VMMC scale-up. As more men become

circumcised, women are less likely to encounter sexual partners

who have HIV infection. Eventually, even uncircumcised men will

benefit indirectly from VMMC scale-up [19]. Early on, most HIV

infections averted occur among men, but the proportion among

PLoS Medicine | www.plosmedicine.org 2 November 2011 | Volume 8 | Issue 11 | e1001127
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Figure 1. Achievement towards target of 80% coverage. This figure illustrates that most countries have had only limited success in bridging
the gap between historical male circumcision levels and the 80% target. The one exception is Kenya, which has achieved more than 66% of its
objective, primarily in Nyanza Province.
doi:10.1371/journal.pmed.1001127.g001

Figure 2. Cumulative number and percentage of HIV infections averted between 2011 and 2025 by scaling up adult VMMC to reach
80% coverage in five years. This figure illustrates the significant impact that achieving 80% VMMC coverage of 15- to 49-year-old men would have
on the epidemics in 13 countries in eastern and southern Africa. South Africa can avert the largest number of HIV infections (over 1 million between
2011 and 2025); Zimbabwe can avert the highest percentage of new HIV infections (almost 42%). More than 20% of new HIV infections would be
averted between 2011 and 2025 in nine countries: Botswana, Lesotho, Malawi, Namibia, Rwanda, Swaziland, Uganda, Zambia, and Zimbabwe. Nyanza
refers to Nyanza Province in Kenya: the data presented are only for Nyanza Province in Kenya, as this is the only province in Kenya with prevalence of
male circumcision lower than 80% and is the province with the highest HIV prevalence compared to the national average.
doi:10.1371/journal.pmed.1001127.g002
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women steadily increases over time until almost half of all HIV

infections averted in the year 2025 are those that would have

occurred among women.

The anticipated impact of scaling up VMMC is directly

proportional to the pace and scale of implementation. Decreasing

VMMC coverage targets from 80% to 50% results in a decline in

the total number of HIV infections averted from 3.4 million to 1.1

million. Reducing the time to achieve 80% coverage from five

years to one year has the opposite effect, increasing the number of

HIV infections averted from 3.4 million to 4.1 million. This

decreases the cost per HIV infection averted and increases total

cost savings due to HIV infections averted. Maximum epidemic

impact accrues the more quickly maximum coverage is achieved.

Determinants of Early Adoption and Sustained
Scale-Up

Some countries need to offer medical male circumcision to

fewer than 500,000 men and could achieve 80% coverage in less

than two years, while those that have to offer circumcision to more

than 2–3 million men will take longer. However, it is not just the

size of the task that will determine whether objectives are met,

impact is realised, and cost savings occur. As Dickson et al. [34]

demonstrate, key barriers and facilitators are influencing the speed

of scale-up. Characteristics of the response to the compelling

scientific evidence of the HIV prevention benefits of VMMC in

each of the 13 countries permit a classification of countries into

four categories: innovators, early adopters, early and late majority,

and laggards. Against a backdrop of varying sociopolitical and

cultural contexts, the key drivers of early adoption and sustained

scale-up are country ownership, explicit political leadership,

engagement of stakeholders, and community mobilisation.

Conclusion

What will it take for the citizens of the 13 priority countries in eastern

and southern Africa to reap the prevention benefits of VMMC?

Domestic funding can be mobilised and international funding accessed

through PEPFAR, the Bill & Melinda Gates Foundation, and the

Global Fund to Fight AIDS, Tuberculosis and Malaria. However, it

will take leadership and visible champions at all levels to mobilise and

deploy this funding for maximum effect. This is precisely the ‘‘decisive,

inclusive, and accountable leadership’’ called for in the United Nations’

2011 political declaration on HIV/AIDS [20]. It will take community

conversations to create new social norms about male circumcision in

previously non-circumcising communities. It will take women speaking

out on the HIV prevention benefits and the desirability of male

circumcision for their sexual partners, brothers, and sons. It will take

tailored communication strategies to create demand for VMCC

services, and it will take program planners who have anticipated

increasing demand and are matching it with supply of safe, acceptable,

and accessible services. It will take continued innovations in medical

device development and testing, along with other efficiency gains, to

decrease procedure times and thereby increase access.

Above all, it will take vision by government leaders who

understand that promoting effective VMMC programming now

will create synergies to more rapidly halt and reverse their

countries’ epidemics. Scaling up VMMC requires considerable

short-term investment of financial and human resources to

accelerate gains toward coverage objectives. Once achieved,

countries will arrive at a sustained and sustainable ‘‘cruising’’

level requiring far fewer resources to maintain 80% coverage. The

challenge before them is to climb over the ‘‘catch-up’’ hump to

reap substantive HIV prevention benefits. The faster that

countries do this, the more rapidly will both direct benefits for

men and indirect benefits for women accrue. Six million people

are on antiretroviral therapy, 9 million more are eligible today,

according to the current WHO recommendations of providing

antiretroviral treatment for patients with CD4 cell counts of ,350

cells/ml [35], and pressure is mounting to offer even more people

treatment for prevention [1,36]. The opportunity costs of not

taking action to scale up VMMC safely and rapidly now to prevent

new HIV infections and create fiscal space are too high to ignore.

This is on our watch—what role is each one of us playing to ensure

that VMMC contributes fully to halting and reversing the HIV

epidemic in eastern and southern Africa?
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Abstract

Background: There is strong evidence showing that voluntary medical male circumcision (VMMC) reduces HIV incidence in
men. To inform the VMMC policies and goals of 13 priority countries in eastern and southern Africa, we estimate the impact
and cost of scaling up adult VMMC using updated, country-specific data.

Methods and Findings: We use the Decision Makers’ Program Planning Tool (DMPPT) to model the impact and cost of
scaling up adult VMMC in Botswana, Lesotho, Malawi, Mozambique, Namibia, Rwanda, South Africa, Swaziland, Tanzania,
Uganda, Zambia, Zimbabwe, and Nyanza Province in Kenya. We use epidemiologic and demographic data from recent
household surveys for each country. The cost of VMMC ranges from US$65.85 to US$95.15 per VMMC performed, based on a
cost assessment of VMMC services aligned with the World Health Organization’s considerations of models for optimizing
volume and efficiencies. Results from the DMPPT models suggest that scaling up adult VMMC to reach 80% coverage in the
13 countries by 2015 would entail performing 20.34 million circumcisions between 2011 and 2015 and an additional 8.42
million between 2016 and 2025 (to maintain the 80% coverage). Such a scale-up would result in averting 3.36 million new
HIV infections through 2025. In addition, while the model shows that this scale-up would cost a total of US$2 billion
between 2011 and 2025, it would result in net savings (due to averted treatment and care costs) amounting to US$16.51
billion.

Conclusions: This study suggests that rapid scale-up of VMMC in eastern and southern Africa is warranted based on the
likely impact on the region’s HIV epidemics and net savings. Scaling up of safe VMMC in eastern and southern Africa will
lead to a substantial reduction in HIV infections in the countries and lower health system costs through averted HIV care
costs.
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Introduction

Three randomized controlled trials have shown that voluntary

medical male circumcision (VMMC) reduces heterosexual HIV

acquisition in men by up to 60% [1–3]. On the basis of these trial

results, the World Health Organization (WHO) and the Joint

United Nations Programme on HIV/AIDS (UNAIDS) now

recommend that VMMC be offered to heterosexual men in

combination with other effective HIV risk reduction interventions

in settings with generalized HIV epidemics and where a

substantial proportion of men are not circumcised [4].

The long-term population-level impact of implementing and

scaling up VMMC services is expected to be considerable in terms

of HIV infections averted, as well as net savings associated with the

reduced need for treatment, care, and support of infected

individuals. Previous model-based studies estimated that VMMC

scale-up in countries with generalized HIV epidemics could result

in substantial reductions in HIV transmission and prevalence over

time among both men and women [3,5–9]. A recent review of

these studies concluded that one HIV infection could be averted

for every five to 15 VMMCs performed [10]. Modeling studies

also have found that expansion of VMMC services produces net

savings when compared to lifetime HIV treatment costs [8,9,11].

In addition, studies have shown VMMC to be protective against

some other sexually transmitted infections (STIs) in both men and

women. VMMC has been found to reduce the risk of herpes

simplex virus-2 in men [12] and human papillomavirus in men

[12–15] and their female partners [16], and is associated with a

reduction in the risk of genital ulcer disease [3,17] and genital

cancers [18–20] in both men and women.

In light of this evidence, in early 2007, WHO and UNAIDS

identified the following priority countries for VMMC scale-up:

Botswana, Lesotho, Malawi, Mozambique, Namibia, Rwanda,

South Africa, Swaziland, Tanzania, Uganda, Zambia, Zimbabwe,

and Nyanza Province in Kenya (Figure 1). Four years later, most

of these 13 countries have developed plans for VMMC scale-up

and are at various stages of program implementation. However,

with a few exceptions (e.g., Nyanza Province in Kenya and the

Iringa Region in Tanzania), progress in expanding VMMC

services remains slow [21].

There is consensus that VMMC scale-up will require substantial

funding and massive efforts to adequately train personnel, equip

facilities, and ensure the regular distribution of necessary

commodities—mostly in settings with weak health systems and

resource constraints. As background for the scale-up of safe

VMMC, WHO, UNAIDS, and collaborating partners have

developed a number of guidelines and toolkits, including a

recommended minimum package of VMMC services [22] and

clinical guidelines for the provision of these services [23]. In

addition, to facilitate a more rapid scale-up of safe VMMC, WHO

has outlined considerations for models to optimize the volume and

efficiency (MOVE) of VMMC services [24]. Central to these

considerations is the efficient use of facility space through the

dedication of multiple surgical beds to one surgical team and the

coordination of client flow; the efficient use of staff time through

task shifting and task sharing, including deployment of non-

physicians to complete all or specific steps in VMMC surgery; and

the bundling of commodities and supplies required to perform

VMMC, including consumable materials and surgical instruments

[24].

To support decision making and planning for VMMC scale-up,

the United States Agency for International Development (USAID)

Health Policy Initiative collaborated with UNAIDS to develop the

Decision Makers’ Program Planning Tool (DMPPT) [25]. This

modeling tool, which has been reviewed by an expert panel [10],

allows analysts and decision makers to estimate the epidemiologic

impact and cost of alternative programmatic options for scaling up

VMMC.

The objective of this study is to estimate the country-specific

epidemiologic impact and the cost and net savings associated with

scaling up VMMC services based on MOVE considerations in the

13 priority countries in eastern and southern Africa. The

perspective that is taken is that of governments and their

international partners in their roles as health program funders.

To do this, we run country-specific DMPPT models and explore

how the results for each country vary by VMMC effectiveness,

VMMC coverage level, time to scale-up, level of post-circumcision

behavior change, VMMC unit cost, and antiretroviral therapy

(ART) cost.

This study expands on previous related work [8,9,11] in several

ways. All of our analyses are country-specific and based on the

most recent data on HIV and male circumcision prevalence

available. Our calculations provide more comprehensive estimates

of VMMC-related costs than was the case in previous studies since

they include costs for supply chain management and waste

management, as per WHO’s recent recommendations for efficient

VMMC scale-up [24]. In addition, we provide country-specific

results on impact (VMMC per HIV infection averted), cost-

effectiveness (cost per HIV infection averted) and cost savings (cost

of VMMC relative to the averted cost of lifetime provision of

ART).

Methods

The Model
The DMPPT is a Microsoft-Excel-based modeling tool that

estimates the epidemiologic impact (HIV infections averted) and

the cost and net savings associated with different programming

scenarios for VMMC scale-up. A list of all the equations used in

the model can be found in Table S1. Additional details, including

a copy of the workbook and the model manual [25], can be found

at http://www.malecircumcision.org/programs/DMPPT.html.

The DMPPT is a compartmental deterministic model in which

the population is disaggregated into four sex/age groups (females

ages 15–24 y, males ages 15–24 y, females ages 25–49 y, and

males ages 25–49 y). For each population group, a susceptible and

infected population is described [26,27]. The susceptible popula-

tion is increased by people aging into it (15-y-olds entering the

younger age group and 25-y-olds leaving the younger age group

and entering the older age group) and decreased by non-AIDS

deaths and new infections. The infected population is increased by

new infections and decreased by non-AIDS deaths, AIDS deaths,

and aging out.

In the model, HIV incidence (the proportion of the susceptible

population becoming infected each year) is the product of HIV

prevalence in the population and the force of infection. The force

of infection is determined by the base rate of infection (which is a

fitting parameter specific to each population group), changes in

behavior, and changes due to male circumcision. Changes in

behavior are assumed to occur as the epidemic progresses because

of two key influences. Individuals with the riskiest behaviors are

assumed to become infected first and die sooner than the rest of

the population. Also, as AIDS deaths accumulate, a powerful effect

on individual behavior is assumed, as those who know someone

who has died from AIDS are motivated to adopt safer behaviors.

Thus, the force of infection can drop over time as the cumulative

number of AIDS deaths increases. The amount of the effect is

determined by a fitting parameter that produces the best fit to the

Impact and Cost of VMMC for HIV Prevention
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historical HIV prevalence trend. The impact of other prevention

interventions is incorporated through exogenous reductions in the

force of infection. The effect of male circumcision on the force of

infection is simply the increase in the prevalence of male

circumcision multiplied by the reduction in susceptibility due to

circumcision.

For each scenario of interest, the DMPPT model generates two

projections: a baseline projection, in which male circumcision

coverage is held constant at the pre-scale-up level, and a scale-up

projection where VMMC coverage is scaled up to the desired

coverage level. In the baseline projection, new infections increase

over time in response to the initial force of infection. This causes

HIV prevalence to rise rapidly in early years. The force of

infection then declines somewhat as AIDS deaths accumulate and

prevalence stabilizes. Implementation of a male circumcision

program can cause a further reduction in the force of infection

(depending on the increase in male circumcision coverage), leading

to a decline in new infections and HIV prevalence. There is some

concern that men who undergo circumcision may develop a false

sense of protection against HIV and thereafter decrease or even

stop previously implemented protective behaviors [28,29]. Post-

circumcision behavior change is modeled in the DMPPT as a

proportional change in the force of infection, with a VMMC scale-

up scenario in which circumcision does not lead to any behavior

change being modeled as having a 0% post-circumcision behavior

change effect.

The DMPPT model calculates the yearly cost of the additional

circumcisions (the number of VMMCs required above and beyond

those occurring at pre-scale-up coverage levels) as the sum of the

additional circumcisions performed per annum times the VMMC

unit cost. The model also calculates the net savings associated with

HIV infections averted and the subsequent treatment costs

averted.

Demographic, Epidemiologic, and Sexual Behavior Data
The demographic and epidemiologic inputs required to

estimate the epidemiologic impact of VMMC scale-up include

the following:

N Demographic data—size of adult population by sex and age

group, adult population growth rate, crude birth rate, crude

death rate, proportion of population surviving to age 15 y, pre-

scale-up male circumcision prevalence.

N Epidemiologic data—HIV prevalence among adults by sex

and age group; effectiveness of male circumcision in

preventing HIV infection; underlying HIV transmission factors

based on scientific evidence, including probability of transmis-

sion from mother to child; fertility reduction due to HIV.

Figure 1. Geographic distribution of HIV and male circumcision prevalence. For the 13 countries included in the study, the map on the left
indicates the prevalence of HIV in adults ages 15 to 49 y. The map on the right indicates the percentage of men who are circumcised.
doi:10.1371/journal.pmed.1001132.g001
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N Sexual behavior data—sexual mixing patterns by sex and age

group, post-circumcision behavior change (change in condom

use and/or change in number of sexual partners following

VMMC resulting from lowered perceived risk).

We obtained the required demographic, epidemiologic, and

sexual behavior data for each country from recent household

surveys [30–42] and Spectrum, a modeling software package, which

includes a demographic platform populated with UN population

data [27,43,44]. Country-specific pre-scale-up population charac-

teristics, including size of the adult population, adult population

growth rate, male circumcision and adult HIV prevalence, and HIV

incidence, are shown in Table 1. A complete listing of the data used

for each country is available from the authors upon request.

Cost Data
A breakdown of the VMMC unit cost used in the model is

provided in Table 2. With the exception of the waste management

and supply chain costs, the unit cost components are derived from

a VMMC costing study conducted in Zimbabwe in 2010 as part of

a multi-country study that also included Kenya, Namibia, South

Africa, Uganda, and Zambia [45–50]. Zimbabwe was chosen

because it is one of the first countries to scale up VMMC services

following WHO’s MOVE considerations for more efficient use of

facility space and staff time and for the bundling of the

commodities required to perform VMMC [24]. Information on

required inputs and costs was collected from sites providing

VMMC in Zimbabwe. This includes data on both direct costs

(consumables, staff costs, and training costs) and indirect costs

(capital costs, maintenance and utility costs, support overhead, and

management overhead). Because significant variations in labor

costs were noted across countries, we vary the staff costs by

country, adjusting them by after tax median monthly disposable

salary. We also adjust the costing information collected in the

Zimbabwe study for underreporting on waste management and

other supply chain costs [51]. We base the waste management

costs on a costing analysis conducted in Swaziland, a detailed

description of which is provided elsewhere [52]. The VMMC unit

cost used for each country is shown in Table 3.

For lifetime HIV treatment costs, we use the default discounted

value in the DMPPT model (US$7,400) [25]; we use the same

value for all countries. This value includes costs of AIDS treatment

and care, including ART, treatment of major opportunistic

infections, laboratory tests, and home-based care. The lifetime

HIV treatment cost is based on a unit cost of US$155 for first-line

antiretroviral drugs and US$1,678 for second-line antiretroviral

drugs [53]. We also assume that need for treatment begins after

8 y of infection and that the annual continuation rate on ART is

97.5% [27].

Table 1. Pre-scale-up population characteristics, by country.

Country
Population Aged 15–
49 y (Millions)

Adult Population
Growth Rate
(Percentage)

Male Circumcision
Prevalence
(Percentage)

Adult HIV Prevalence
(Percentage)

Adult HIV Incidence
(Percentage)

Botswana 1.08 2.42 10.2 22.9 2.0

Lesotho 1.06 1.34 0.0 23.6 2.9

Malawi 6.84 3.02 20.7 12.5 1.0

Mozambique 10.32 2.45 59.5 12.9 1.4

Namibia 1.09 2.22 21.0 14.1 0.8

Nyanza Province, Kenya 1.51 2.80 44.8 13.1 1.6

Rwanda 4.49 3.29 10.0 3.1 0.3

South Africa 26.84 0.89 44.7 16.9 2.1

Swaziland 0.59 1.51 8.2 26.4 3.2

Tanzania 19.63 2.89 66.8 6.7 0.8

Uganda 14.16 3.87 24.8 6.5 0.7

Zambia 6.85 2.61 10.8 14.9 1.6

Zimbabwe 6.19 1.50 10.3 17.9 2.2

Table 1 provides the size of the 2008 population aged 15–49 y, adult population growth rate, and adult HIV incidence from Spectrum, which is populated with UN
population data [27,43,44]. The years for the pre-scale-up male circumcision and adult HIV prevalence data are as follows: Botswana (2004) [30], Lesotho (2004) [9,39],
Malawi (2004) [40], Mozambique (2003) [35], Namibia (2007) [38], Nyanza Province, Kenya (2008/2009) [36], Rwanda (2005) [9,34], South Africa (2008), Swaziland (2006/
2007) [32], Tanzania (2007/2008) [42], Uganda (2004) [37], Zambia (2007) [31], and Zimbabwe (2005/2006) [33].
doi:10.1371/journal.pmed.1001132.t001

Table 2. VMMC unit cost components.

Category Cost Component Cost (US$)

Direct costs Consumables 28.67

Waste management 9.39

Other supply chain 10.91

Staff costs Variablea

Training costs 1.70

Indirect costs Capital costs 0.45

Maintenance and utility costs 3.24

Support overhead 4.42

Management overhead 2.32

Table 2 presents the components of the VMMC unit cost used in this study. The
VMMC unit cost was derived based on a VMMC costing study conducted in
Zimbabwe in 2010 [50] and supplemented with analysis of data from Swaziland.
aWe vary staff costs by country, adjusting them by after tax median monthly
disposable salary.

doi:10.1371/journal.pmed.1001132.t002
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Following common practice in economic evaluation, we apply

an annual discount rate of 3% on future expenditures and savings

[54] as well as on infections averted [55].

Base Case and Sensitivity Analysis
Our analyses are limited to the scale-up of VMMC services

among males ages 15 to 49 y who are HIV-negative. For all

models, we assume that the scale-up begins in 2011 and that the

pace of scale-up is slower at first, followed by a more rapid scale-

up, and then another slow period of scale-up, to allow for training

and other logistic developments likely to occur in the early stages

of implementation. The model observation period for all models is

2011 to 2025. This allows us to evaluate the 15-y impact of

VMMC more comprehensively.

For the base case, we assume the following:

N VMMC effectiveness—we use 60% for the protective effect of

VMMC and assume that the effect is constant over the model

simulation period [1,56].

N Target VMMC coverage level—male circumcision coverage is

increased from pre-scale-up levels to 80% of HIV-negative

males ages 15 to 49 y.

N Time to 80% scale-up—male circumcision coverage is

increased from pre-scale-up levels to 80% of HIV-negative

males ages 15 to 49 in 5 y, with the coverage target reached by

2015 and maintained at 80% thereafter.

N Post-circumcision behavior change—no post-circumcision

behavior change is associated with VMMC scale-up.

N VMMC unit cost—the VMMC unit cost used for each country

is shown in Table 3.

Given uncertainty in model inputs, we also conduct sensitivity

analyses, exploring various alternative scenarios. We vary VMMC

effectiveness, VMMC coverage level, time to scale-up, level of

post-circumcision behavior change, VMMC unit cost, and lifetime

HIV treatment cost as follows:

N VMMC effectiveness—34% and 77% (versus 60%) [1].

N Target VMMC coverage levels—50% and 100% (versus. 80%).

N Time to 80% scale-up—1, 10, and 15 y (versus 5 y).

N Post-circumcision behavior change—a 30% post-circumcision

behavior change effect is associated with MMC scale-up

(versus no post-circumcision behavior change, or 0%).

N VMMC unit cost—country base case unit cost 620% as

shown in Table 3.

N Lifetime ART cost—ART cost is assumed to decline over

time, leading to a lifetime cost of US$3,400 (versus US$7,400)
[53].

Results

Base Case—80% VMMC Coverage by 2015
The number of additional VMMCs required to achieve 80%

male circumcision coverage by 2015 is presented in Table 4. A

total of 20.34 million VMMCs are required to scale up male

circumcision coverage to 80% by 2015 in Botswana, Lesotho,

Malawi, Mozambique, Namibia, Rwanda, South Africa, Swazi-

land, Tanzania, Uganda, Zambia, Zimbabwe, and Nyanza

Province in Kenya. When taking the longer-term view (to 2025),

an additional 8.42 million VMMCs are required between 2016

and 2025, for a total of almost 29 million VMMCs in the model’s

full study period (2011–2025). The number of VMMCs needed to

achieve 80% male circumcision by 2015 varies by country, with

the largest number of VMMCs required in South Africa (the

country with the largest population and a high adult HIV

prevalence) followed by Uganda (the country with a large and fast-

growing population and low baseline VMMC prevalence),

Malawi, Zambia, and Zimbabwe (also countries low baseline

VMMC prevalence).

We find a strong impact of scaling up VMMC to achieve 80%

coverage by 2015 on the number of adult HIV infections averted.

A total of 430,000 HIV infections are averted in the 13 countries

between 2011 and 2015, while almost 3.36 million HIV infections

are averted by 2025 (Table 4). South Africa is the country with the

largest number of HIV infections averted (with more than 1

million infections averted between 2011 and 2025) followed by

Zimbabwe, Zambia, and Uganda. More than 20% of new HIV

infections are averted between 2011 and 2025 in all countries

except Mozambique, Nyanza Province (Kenya), South Africa, and

Tanzania (the countries with the highest baseline VMMC

Table 3. VMMC unit cost by country.

Country VMMC Unit Cost—Base Case (US$) VMMC Unit Cost Range (US$)

Botswana 78.07 62.45–93.68

Lesotho 83.78 67.03–100.54

Malawi 83.78 67.03–100.54

Mozambique 86.29 69.03–103.55

Namibia 86.60 69.28–103.92

Nyanza Province, Kenya 74.89 59.92–89.87

Rwanda 80.13 64.10–96.16

South Africa 95.15 76.12–114.18

Swaziland 74.83 59.86–89.79

Tanzania 82.56 66.04–99.07

Uganda 65.85 52.68–79.02

Zambia 89.65 71.72–107.58

Zimbabwe 78.23 62.58–93.87

Table 3 shows the country-specific VMMC unit costs used in the study. To obtain the VMMC unit cost for each country, we vary staff costs in each country, adjusting
them by after tax median monthly disposable salary [51]. The range used in the sensitivity analysis is country base case unit cost 620%.
doi:10.1371/journal.pmed.1001132.t003
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prevalence). Zimbabwe is the country with the highest percentage

of new HIV infections averted, with 42% of new infections averted

between 2011 and 2025. The large benefit of VMMC in

Zimbabwe is largely driven by the currently low prevalence of

VMMC (10.3%) and high HIV prevalence (17.9%) and incidence

(2.2%).

The number of VMMCs required to avert one HIV infection is

calculated by dividing the additional number of VMMCs required

by the number of HIV infections averted over the relevant time

period. For the period 2011–2015, the number of VMMCs per

HIV infection averted ranges from 25 in Swaziland to 239 in

Rwanda, while for the full study period (2011–2025), the number

of VMMCs per HIV infection averted ranges from four in

Zimbabwe to 44 in Rwanda (Table 4). For the period 2011–2025,

the number of VMMCs per HIV infection averted is ten or less in

all countries except Malawi, Namibia, Rwanda, and Uganda, each

of which has a relatively low incidence of HIV.

Although circumcision of HIV-infected men has not been found

to directly reduce HIV transmission to their female partners [57],

and the primary impact of increasing VMMC coverage is to

reduce the number of new HIV infections in men, the number of

new infections in women is also reduced. This occurs by reducing

the exposure of women to HIV-infected men. That is, as HIV

incidence decreases in men following VMMC scale-up, the

probability of women encountering infected male partners

decreases, with a consequent reduction in HIV incidence among

women. The HIV infections averted (presented in Table 4) thus

represent infections averted in both men and women. Figure 2

illustrates the male and female HIV infections averted over time,

by country, for 2011–2025. In all countries, the cumulative

number of male HIV infections averted between 2011 and 2025 is

higher than the cumulative number of female HIV infections

averted. In the early years, the HIV infections averted occur

mostly among men, but over time, the proportion of HIV

infections averted in women steadily increases, with new HIV

infections averted in women representing almost half of the total

HIV infections averted in 2025.

Figure 3 shows the discounted cost of scaling up VMMC to

achieve 80% coverage by 2015 for each of the 13 priority

countries for the period 2011–2015. The cost ranges from

US$12.53 million in Swaziland (the country with the smallest

number of additional VMMCs required) to US$376.55 million in

Table 4. Impact of VMMC on HIV infections averted in base case, by country, 2011–2015 and 2011–2025.

Country Time Period
Additional VMMCs
(Millions)

HIV Infections
Averted (Millions)

HIV Infections
Averted (Percentage)

VMMC per HIV
Infection Averted

Botswana 2011–2015 0.35 0.01 12 36

2011–2025 0.49 0.06 28 8

Lesotho 2011–2015 0.38 0.01 12 28

2011–2025 0.54 0.11 37 5

Malawi 2011–2015 2.10 0.03 11 66

2011–2025 3.04 0.24 28 13

Mozambique 2011–2015 1.06 0.03 5 38

2011–2025 1.53 0.22 13 7

Namibia 2011–2015 0.33 0.00 9 109

2011–2025 0.48 0.02 25 26

Nyanza Province, Kenya 2011–2015 0.38 0.01 6 36

2011–2025 0.57 0.07 16 8

Rwanda 2011–2015 1.75 0.01 10 239

2011–2025 2.53 0.06 29 44

South Africa 2011–2015 4.33 0.14 7 30

2011–2025 5.94 1.08 20 5

Swaziland 2011–2015 0.18 0.01 12 25

2011–2025 0.27 0.06 34 5

Tanzania 2011–2015 1.38 0.02 3 56

2011–2025 1.98 0.20 9 10

Uganda 2011–2015 4.25 0.05 10 91

2011–2025 6.35 0.34 25 19

Zambia 2011–2015 1.95 0.04 12 43

2011–2025 2.87 0.34 30 8

Zimbabwe 2011–2015 1.91 0.06 13 31

2011–2025 2.17 0.57 42 4

Total 2011–2015 20.34 0.43 8 47

2011–2025 28.76 3.36 22 9

Table 4 presents the additional VMMCs and the impact of VMMC on HIV infections averted for 2011–2015 and 2011–2025 for the base case scenario. HIV infections
averted are not discounted.
doi:10.1371/journal.pmed.1001132.t004
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South Africa (the country with the highest number of additional

VMMCs required), with a total of US$1,520,000,000 needed to

scale up VMMC coverage to 80% in the 13 countries by 2015.

The cost for the period 2011–2025 is shown in the first column of

Table 5. A total of over US$2,000,000,000 is needed to scale up

VMMC coverage to 80% by 2015 and maintain this level of

coverage in the 13 countries until 2025.

Combining the cost data with the number of HIV infections

averted, we obtain the discounted cost per HIV infection averted.

The cost per HIV infection averted for the period 2011–2025

ranges from US$369 in Zimbabwe, where adult HIV prevalence is

17.9%, to US$4,096 in Rwanda, where adult HIV prevalence is

lower than in any of the other 13 countries studied (3.1%). The

overall cost per HIV infection averted for 2011–2025 for all 13

countries is US$809.
Finally, we calculate the net savings associated with VMMC

scale-up. The savings due to future ART costs avoided (with the

discounted value of lifetime HIV treatment costs estimated at

US$7,400 per infection) minus the discounted VMMC costs

amount to US$16,510,000,000 for the 13 countries from 2011 to

2025 (Table 5). The net savings can also be combined with the

number of HIV infections averted to obtain the net savings per

HIV infection averted. For 2011–2025, this value ranges from

US$3,304 in Rwanda to US$7,031 in Zimbabwe. The overall net

savings per HIV infection averted for 2011–2025 for all 13

countries is US$6,608.

Sensitivity Analysis
Table 6 presents the results of the sensitivity analysis. The table

provides the values for the HIV infections averted, the number of

VMMCs per HIV infection averted, the cost per HIV infection

averted, and the net savings per HIV infection averted for 2011–

2025 for each parameter examined. The values for the base

scenario (80% male circumcision coverage within 5 y) are shown

in the third column of Table 6.

The results help to confirm the internal consistency of the

DMPPT model and show that, in large measure, the VMMC

impact, cost, and savings results that we observe in the base case

are robust to changes in VMMC effectiveness, VMMC coverage,

time to scale-up, level of post-circumcision behavior change,

VMMC unit cost, and lifetime HIV treatment cost.

Our analysis varying VMMC effectiveness shows that even if we

assume much reduced effectiveness (34% instead of 60%), high

numbers of infections are averted and net savings per infection

Figure 2. HIV infections averted in base case, by male and female, by country, 2011–2025. Figure 2 provides data for males and females
for 2011–2025 for the base case scenario in which 80% coverage of VMMC is reached in 2015 and maintained thereafter, and there is no post-
circumcision risk behavior change.
doi:10.1371/journal.pmed.1001132.g002
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averted are obtained. The same is true if the VMMC coverage

target is reduced from 80% to 50% or if the time to achieve 80%

VMMC coverage is increased to 10 or 15 y.

To assess the potential impact of post-circumcision risk behavior

change, the model calculates the impact of risky sexual behaviors

reverting to patterns that existed earlier in the epidemic, prior to the

scale-up of VMMC services. It should be noted that this impact is

different from the early resumption of sexual activity before complete

wound healing that can also be an issue of concern in the context of

expanding VMMC services. The impact is the result of behavior

change due to a false perception that VMMC has eliminated the risk

of HIV transmission. As compared to no post-circumcision risk

behavior change, assuming 30% post-circumcision risk behavior

change results in a decrease in the HIV infections averted, an increase

in the numbers of VMMCs per HIV infection averted, an increase in

the cost per HIV infection averted, and a decrease in net savings. In

all of the countries studied except Rwanda, VMMC scale-up remains

cost saving, even with 30% post-circumcision risk behavior change.

In Rwanda, the country with the lowest HIV prevalence, scaling up

VMMC in the presence of this level of post-circumcision risk

behavior leads to an increase in the number of new HIV infections.

Predictably, decreasing (increasing) the base case VMMC unit

cost by 20% results in a decrease (increase) in the cost per HIV

infection averted and an increase (decrease) in the net savings per

HIV infection averted in countries. Assuming the lower VMMC

unit cost for each country, the cost and net savings associated

with scaling up VMMC coverage to 80% by 2015 and

maintaining this level of coverage in the 13 countries until 2025

are US$1,620,000,000 and US$16,900,000,000 instead of

US$2,020,000,000 and US$16,510,000,000 in the base case.

Assuming the higher VMMC unit cost, the cost of scaling up

VMMC services in the 13 countries is US$2,430,000,000,
resulting in net savings of US$16,090,000,000.
Reducing lifetime ART cost from US$7,400 to US$3,400 does

significantly reduce the net savings per infection averted in all

countries, although it remains well above US$2,000 in almost all

countries. Rwanda is the only country where such a reduction in

lifetime ART cost would lead to net losses per infection averted.

Net savings associated with scaling up VMMC coverage is reduced

to US$6,480,000,000 in the 13 countries if lifetime ART cost is

US$3,400.

Discussion

To support decision making and planning for VMMC scale-up

in Botswana, Lesotho, Malawi, Mozambique, Namibia, Rwanda,

Figure 3. Cost for scaling up VMMC coverage in base case, by country, 2011–2015. Figure 3 provides the discounted cost of scaling up
VMMC coverage for 2011–2015 for the base case scenario in which 80% coverage of VMMC is reached in 2015 and maintained thereafter, and there is
no post-circumcision risk behavior change.
doi:10.1371/journal.pmed.1001132.g003
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South Africa, Swaziland, Tanzania, Uganda, Zambia, Zimbabwe,

and Nyanza Province in Kenya, we estimate the country-specific

impact and cost of scaling up VMMC services using the DMPPT

model developed by the USAID and UNAIDS. Our study suggests

that rapid scale-up of VMMC in eastern and southern Africa is

warranted based on the likely impact on the region’s HIV

epidemics and the resultant cost savings.

Model results also show that, although the primary impact of

scaling up VMMC coverage is to reduce the number of new HIV

infections in men, the intervention also prevents HIV infections in

women. While the cumulative number of male HIV infections

averted between 2011 and 2025 is higher than the cumulative

number of female HIV infections averted, the proportion of HIV

infections averted in women steadily increases until HIV infections

averted in women represent almost half of the new HIV infections

averted in 2025.

Our results show that the costs per infection averted are

comparable to the estimated cost per infection averted of a

number of key HIV prevention interventions implemented in the

region. The cost per HIV infection averted, which ranges from

US$369 in Zimbabwe to US$4,096 in Rwanda, is below US$1,000
in all countries except Malawi, Namibia, Rwanda, and Uganda.

These costs per infection averted are comparable to those of

prevention of vertical transmission (US$663 per HIV-positive

birth averted), voluntary counseling and testing (US$1,315 per

HIV infection averted), and prevention of STIs (US$321–
US$1,665) [58].
Our results are somewhat sensitive to changes in VMMC

effectiveness, VMMC coverage targets, time to scale-up, and

VMMC cost. Nonetheless, all of the values tested for these

parameters resulted in lives saved and cost savings for all countries.

It is especially important to note that even if VMMC coverage is

scaled up to 50% in 5 y instead of to 80%, high numbers of

infections will be averted and net savings per infection averted will

be obtained in all countries except Mozambique and Tanzania—

the two countries where pre-scale-up coverage is higher than 50%.

This is critical because even though there is no evidence available

yet on the feasibility of scaling up VMMC coverage to 80%, there

is evidence that VMMC coverage rates of above 50% can be

reached through VMMC scale-up efforts [56].

Similar to the results reported by other authors, our results

suggest that post-circumcision risk behavior change is unlikely to

completely reverse the benefits of male circumcision, with the

possible exception of Rwanda. In the case of Rwanda, the low

incidence of HIV (0.3%) means that risk compensation associated

with male circumcision could actually make the epidemic worse.

In the remaining countries, the negative consequences from a 30%

risk compensation would be insufficient to fully reverse the benefits

of VMMC. In all countries, it is critical that VMMC programs

emphasize that male circumcision is not 100% protective and that

condom use and other behavioral risk reductions remain essential

[8,59]. Effective messaging in this regard is critical to ensure that

men and their sexual partners do not increase their sexual risk

behaviors following VMMC scale-up.

This study has a number of limitations. Because this model was

designed primarily for advocacy purposes, certain elements are not

modeled, including treatment, a more fully articulated age

structure, and force of infection, which probably leads to an

overestimate of the impact of male circumcision.

Another limitation is that we use pre-scale-up male circumcision

coverage estimates based on men’s self-reported circumcision

status in household surveys. There is some evidence that

uncircumcised and partially circumcised men may report being

circumcised in some populations [60]. Unfortunately, there is no

information available on the prevalence of this phenomenon in the

countries studied. In the one country where partial circumcision is

known to be widely practiced (Lesotho), we assume baseline

VMMC prevalence to be at 0% rather than using the self-reported

data.

Additional limitations relate to our cost assumptions. Ideally, we

would have obtained country-specific VMMC unit cost estimates

based on the MOVE model instead of only adjusting the staff costs

by country based on after-tax median monthly disposable salary.

However, this model for delivering VMMC was available in only a

Table 5. Total cost and net savings per HIV infection averted for base case scenario, by country, 2011–2025.

Country
Cost of VMMC Scale-Up,
2011–2025 (US$ Millions)

Cost per HIV Infection
Averted, 2011–2025 (US$)

Net Savings, 2011–2025
(US$ Millions)

Net Savings per HIV
Infection Averted, 2011–
2025 (US$)

Botswana 32.79 693 317.14 6,707

Lesotho 34.97 442 550.57 6,958

Malawi 218.46 1,216 1,110.98 6,184

Mozambique 113.32 704 1,077.25 6,696

Namibia 35.52 2,558 67.21 4,842

Nyanza Province, Kenya 36.38 660 371.23 6,740

Rwanda 173.78 4,096 140.21 3,304

South Africa 489.47 605 5,498.55 6,795

Swaziland 17.18 406 295.88 6,994

Tanzania 140.40 950 953.74 6,450

Uganda 357.29 1,408 1,520.36 5,992

Zambia 220.42 869 1,679.41 6,623

Zimbabwe 153.84 369 2,930.64 7,031

Total 2,023.80 809 16,513.15 6,608

Table 5 provides the discounted cost of scaling up VMMC coverage, cost per HIV infection averted, and net savings per HIV infection averted for 2011–2025 for the base
case scenario. HIV infections averted are discounted.
doi:10.1371/journal.pmed.1001132.t005
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limited number of sites. Our VMMC unit cost, which is higher

than that used in previous studies [8,11,59,61,62], reflects a better

understanding of the service delivery components required for

such a program, including waste management and logistics

associated with the scaling up of VMMC services [52]. It should

also be noted that countries are procuring the same circumcision

kits and are adopting the same service delivery model that was

costed in this study. If possible, we would also have adjusted

VMMC unit cost over time and scale [63,64]. However, no

information is currently available on how VMMC unit cost might

vary over time and with scale. Another limitation is that we do not

include costs associated with demand creation in our study [65].

Finally, it would have been preferable for us to obtain country-

specific ART costs; however, country-specific data for the 13

countries studied were not available.

HIV prevalence and incidence estimates used in the model and

how they compare to the actual present and projected prevalence

and incidence in each of the selected countries is another factor

that affects the accuracy of our findings. A steeper decline in

baseline incidence, for example, will result in fewer infections

averted as a result of VMMC. Conversely, if these incidence trends

are overly optimistic, then the number of infections available to be

averted by VMMC may in turn be larger than estimated here.

We also recognize that our modeling assumes that males seeking

out VMMC services are typical of the general male population in

the selected age range. If, for example, those seeking out VMMC

services are in fact those who are at least risk of becoming infected

(perhaps VMMC clients already disproportionately use condoms),

then the benefits of VMMC are likely to be overestimated.

Conversely, if those who are at most risk of infection (those with a

large number of partners and/or low condom use) are dispropor-

tionately attracted to VMMC services, then the modeling

presented in this paper may underestimate the value of VMMC

scale-up. Given that VMMC client sexual behavior, relative to the

behavior of the general male population, remains unknown, it is

not possible to determine whether our projections are underesti-

mated or overestimated.

There are also a number of prevention benefits that are

indirectly associated with seeking out VMMC services. These

include the benefits of counseling and testing, STI treatment, and

early antiretroviral treatment. For example, for those males who

seek out VMMC services but find that they are already HIV-

infected, there could be societal prevention benefits if these men

subsequently are able to access early treatment and reduce their

infectivity. Since we focus only on the direct benefits received by

those receiving VMMC and do not quantify any additional

benefits of counseling and testing, STI treatment, and early

antiretroviral treatment as a result of seeking VMMC services, it is

possible that the prevention benefits of VMMC could be

underestimated.

The past year has been marked by important advances in HIV

prevention, including the finding that early treatment initiation

reduces sexual transmission by as much as 96% in stable

serodiscordant couples [66]. However, the population-level impact

of treatment is not currently well known. And coverage of those

eligible for antiretroviral treatment under WHO guidelines

remains low, with less than half of people needing treatment

having access to it in eastern and southern Africa in 2010 [67].

VMMC is a one-time surgical procedure with the promise of

substantial impact on population-level HIV incidence. Its effects

accrue to both men and women, and it compares favorably with

other HIV prevention programs in terms of cost-effectiveness.

Countries are adopting WHO/UNAIDS recommendations to

incorporate VMMC within their HIV prevention portfolios. Best

practices from Kenya [68], Tanzania [69], and South Africa [56]

show that with government leadership, community involvement,

and collaboration among partners, it is possible to scale up rapidly

by implementing service delivery models that take into consider-

ation available resources, efficiency, and quality to achieve the

maximum public health impact. To ensure that high coverage

rates are achievable, countries and their international partners

should allocate enough resources to take advantage of the returns

on investment predicted for this biomedical HIV prevention

modality.
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Editors’ Summary

Background. Every year, about 2.5 million people (mainly
in sub-Saharan Africa) become infected with HIV, the virus
that causes AIDS. There is no cure for HIV/AIDS.
Consequently, prevention of HIV transmission is very
important. Because the most common HIV transmission
route is through unprotected sex with an infected partner,
individuals can reduce their risk of HIV infection by
abstaining from sex, by having only one or a few partners,
and by using male or female condoms. There is also strong
evidence that voluntary medical male circumcision
(VMMC)—the removal of the foreskin, the loose fold of
skin that covers the head of the penis—reduces the
heterosexual acquisition of HIV in men by about 60%. In
2007, the World Health Organization (WHO) and the Joint
United Nations Programme on HIV/AIDS (UNAIDS)
recommended that VMMC should be offered to men as
part of comprehensive HIV risk reduction programs in
settings with generalized HIV epidemics and low levels of
male circumcision. They also prioritized 13 countries in
eastern and southern Africa for VMMC program scale-up.

Why Was This Study Done? The impact of VMMC scale-
up in terms of HIV infections and AIDS deaths averted
(epidemiologic impact) is expected to be large, and the
intervention should also reduce the costs associated with the
treatment, care, and support of infected individuals.
However, VMMC scale-up will require substantial funding
and considerable effort by countries—many of which have
weak health systems and limited resources—to train
personnel, equip facilities, and provide the necessary
commodities. To support planning for VMMC scale-up, the
United States Agency for International Development Health
Policy Initiative has collaborated with UNAIDS to develop the
Decision Makers’ Program Planning Tool (DMPPT), a
mathematical model that allows analysts and decision
makers to estimate the epidemiologic impact and cost of
alternative VMMC scale-up programs. In this study, the
researchers use DMPPT to estimate the impact and cost of
scaling up adult VMMC in the 13 priority countries in eastern
and southern Africa.

What Did the Researchers Do and Find? The researchers
derived VMMC unit costs for each priority country based on a
cost assessment undertaken in Zimbabwe, one of the first
countries to scale up VMMC services using WHO’s ‘‘Models
for Optimizing Volume and Efficiencies’’ (MOVE) guidelines.
They fed these costs and recent epidemiologic data
(including HIV infection rates and the effectiveness of
VMMC in preventing HIV transmission) and demographic
data (including the adult population size and pre-scale-up
male circumcision prevalence) collected in each country into
the DMPPT, together with information on the lifetime costs
of HIV treatment. Results from running the DMPPT model
suggest that scaling up adult VMMC to reach 80% coverage
in the 13 priority countries by 2015 would require 20.33
million circumcisions to be completed between 2011 and
2015. To maintain this coverage, a further 8.42 million
circumcisions would be required between 2016 and 2025.
Such a scale-up would avert 3.36 million new HIV infections

through 2025 and would cost US$2,000,000,000 between
2011 and 2025. However, it would result in net savings
(because of averted treatment and care costs) of
US$16,510,000,000.

What Do These Findings Mean? These findings suggest
that rapid VMMC scale-up in eastern and southern Africa is
warranted, given its likely impact on the region’s HIV
epidemics and the resultant cost savings. However, the
accuracy of these findings depends on the assumptions built
into the DMPPT and on the data fed into it. For example,
there could be risk behavior changes after circumcision. That
is, risky sexual behaviors may increase in men who have
been circumcised. However, the researchers show that,
except in Rwanda, post-circumcision risk behavior change
is unlikely to completely reverse the benefits of VMMC. These
modeling results also assume that men seeking out VMMC
services are typical of the general male population, but if
they are actually at unusually low risk of HIV infection, then
the benefits of VMMC reported here are likely to be
overestimated. Finally, these findings assume 80% VMMC
coverage. This may be optimistic, although results from
Kenya indicate that this target is achievable. Thus, countries
and their international partners must allocate sufficient
resources to VMMC scale-up to achieve high coverage
rates if they are to take full advantage of the benefits
predicted here for VMMC scale-up.

Additional Information. Please access these websites via
the online version of this summary at http://dx.doi.org/10.
1371/journal.pmed.1001132.

N This study is part of a PLoS Collection of articles on VMMC
(http://www.ploscollections.org/VMMC2011) and is further
discussed in a PLoS Medicine Review Article by Hankins
et al. (http://dx.doi.org/10.1371/journal.pmed.1001127)

N Information is available from WHO, UNAIDS, and PEPFAR
on all aspects of HIV/AIDS; the 2011WHO/UNAIDS progress
report on VMMC scale-up in the 13 priority countries is
available

N NAM/aidsmap provides basic information about HIV/AIDS,
summaries of recent research findings on HIV care and
treatment, and information on male circumcision for the
prevention of HIV transmission

N Information is available from Avert, an international AIDS
charity on many aspects of HIV/AIDS, including informa-
tion on all aspects of HIV prevention, and on HIV/AIDS in
Africa (in English and Spanish)

N The Clearinghouse on Male Circumcision, a resource
provided by WHO, UNAIDS, and other international bodies,
provides information and tools for VMMC policy develop-
ment and program implementation, including information
on the DMPPT and the MOVE guidance

N Personal stories about living with HIV/AIDS are available
through Avert, through NAM/aidsmap, and through the
charity website Healthtalkonline
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Abstract

Background: This paper proposes an approach to estimating the costs of demand creation for voluntary medical male
circumcision (VMMC) scale-up in 13 countries of eastern and southern Africa. It addresses two key questions: (1) what are
the elements of a standardized package for demand creation? And (2) what challenges exist and must be taken into account
in estimating the costs of demand creation?

Methods and Findings: We conducted a key informant study on VMMC demand creation using purposive sampling to
recruit seven people who provide technical assistance to government programs and manage budgets for VMMC demand
creation. Key informants provided their views on the important elements of VMMC demand creation and the most effective
funding allocations across different types of communication approaches (e.g., mass media, small media, outreach/
mobilization). The key finding was the wide range of views, suggesting that a standard package of core demand creation
elements would not be universally applicable. This underscored the importance of tailoring demand creation strategies and
estimates to specific country contexts before estimating costs. The key informant interviews, supplemented by the
researchers’ field experience, identified these issues to be addressed in future costing exercises: variations in the cost of
VMMC demand creation activities by country and program, decisions about the quality and comprehensiveness of
programming, and lack of data on critical elements needed to ‘‘trigger the decision’’ among eligible men.

Conclusions: Based on this study’s findings, we propose a seven-step methodological approach to estimate the cost of
VMMC scale-up in a priority country, based on our key assumptions. However, further work is needed to better understand
core components of a demand creation package and how to cost them. Notwithstanding the methodological challenges,
estimating the cost of demand creation remains an essential element in deriving estimates of the total costs for VMMC
scale-up in eastern and southern Africa.
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Introduction

By 2007, three clinical trials had provided compelling evidence

that voluntary medical male circumcision (VMMC) reduces

female-to-male HIV transmission by about 60% [1–3]. Following

a review of these results in 2007, the World Health Organization

and the Joint United Nations Programme on HIV/AIDS

(UNAIDS) recommended that VMMC services be expanded as

part of a comprehensive HIV prevention package, especially in

settings with high HIV prevalence, low levels of male circumcision

(MC), and generalized heterosexual epidemics [4]. With the

support of the international donor community, the following 13

country governments in eastern and southern Africa considered

scaling up VMMC services: Botswana, Kenya, Lesotho, Malawi,

Mozambique, Namibia, Rwanda, South Africa, Swaziland,

Tanzania, Uganda, Zambia, and Zimbabwe.

VMMC service implementation and scale-up success depend on

both the supply of, and the demand for, high-quality safe services

for those who would most benefit. Elements of supply include

voluntary HIV testing and counseling offered prior to the surgery,

MC counseling, the surgical procedure; routine follow-up visits

and other contacts (e.g., short message service [SMS] messaging to

facilitate return in case of adverse events), and emergency services

in case of complications. Facility-level costs associated with the

PLoS ONE | www.plosone.org 1 November 2011 | Volume 6 | Issue 11 | e27562
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supply of VMMC services include direct and indirect labor,

material, equipment, and overhead (including maintenance and

utilities). Additional costs include those for training, policy

development, and supply chain management (including waste

disposal). In collaboration, the United States Agency for

International Development (USAID) and UNAIDS have assisted

countries in estimating the direct costs of scaling up VMMC

services by supporting facility-based cost data collection to

populate the Decision Makers’ Program Planning Tool, which

estimates both the cost and HIV impact of various programming

options [5,6]. Such costing studies have been conducted in Kenya,

Namibia, South Africa, Uganda, Zambia, and Zimbabwe, and are

underway in Tanzania and Malawi.

‘‘Demand’’ refers to the level of interest or motivation to access

services and obtain the procedure on the part of the population

prioritized for VMMC. Demand creation aims to influence the

attitudes, intentions, and, ultimately, the decisions of men to seek

VMMC services. Demand creation comprises a constellation of

activities designed to increase awareness of VMMC among both

men and women (including guardians of adolescents), provide

factual information regarding its benefits, inform the population

about where services can be obtained, dispel myths, influence

community norms regarding MC, and encourage men and

adolescent boys to seek these services, thus increasing the flow of

clients to them. We are unaware of any attempts to date to

understand and estimate the cost of demand creation for VMMC

[7–10].

There is a growing literature of acceptability studies that

attempt to measure how receptive men in different countries are to

MC, the reasons for their interest, and the barriers to getting

circumcised [11–16]. Westercamp et al. [15], summarizing 13

qualitative studies conducted in nine countries in sub-Saharan

Africa, found that 65% of men (range, 29%–87%) were willing to

become circumcised, 69% (47%–79%) of women favored

circumcision for their partners, and 71% (50%–90%) of men

and 81% (70%–90%) of women were willing to circumcise their

sons. Whereas acceptability studies provide useful insights into the

attitudes, perceptions, and values of men and women in different

countries, specific factors that influence the demand for VMMC

likely vary by setting, requiring local information gathering to

inform demand creation programs.

The aim of this paper is to propose an approach for estimating

the costs of demand creation for VMMC scale-up by addressing

the following questions. (1) What are the elements of a

standardized package for demand creation? (2) What methodo-

logical challenges exist and must be taken into account in

estimating the costs of demand creation? (3) Taking these

challenges into account, what are the recommended steps in

costing VMMC demand creation? Drawing on the principles and

experience of demand creation in other areas of public health, we

explore adaptations to the field realities of VMMC programs in

eastern and southern Africa.

Methods

In any type of multi-country costing exercise, it is important to

develop a standard list of items to be costed, even if these countries

do not incur all of the expenses and/or incur other costs not on the

list. As no such standard package appears to exist for VMMC

demand creation, we conducted a key informant study aimed at

identifying (1) elements in a standard demand creation package

and (2) the percentage of the demand creation budget to allocate

to different types of communication (i.e., channel mix).

Using purposive sampling, we recruited seven key informants to

participate in the study. We conducted interviews by telephone in

early 2011; these lasted an average of 1 h. We obtained written

responses when phone conversations were not possible. The

discussion guide appears in Text S1. The informants were

communication specialists working for agencies providing demand

creation technical assistance to African governments actively

involved in VMMC scale-up and administering specific budgets

for demand creation. The agencies for whom they were working

were the Academy for Educational Development/C-Change in

Kenya; the Center for Communication Programs, Johns Hopkins

Bloomberg School of Public Health in South Africa; Jhpiego, an

affiliate of Johns Hopkins University in Tanzania; and Population

Services International in Kenya and Zambia.

Results

Demand Creation Packages and Channel Mix for
Resource Allocation
With respect to the potential elements of a demand creation

package and recommended resource allocation across communi-

cation channels (i.e., channel mix), key informants emphasized the

difficulty of employing a ‘‘one size fits all’’ approach to demand

creation, given the spectrum of media environments ranging from

urban South Africa to rural Tanzania. Nonetheless, they

addressed the question: ‘‘What do you consider to be the ideal

resource allocation for communication for male circumcision?’’

Their responses were divided among mass media, print materials

(small media), and outreach/mobilization. The recommended

budget allocation for mass media relative to all forms of

communication channels ranged from 20% to 60% (with

responses almost evenly distributed across this range). Most

wanted some, if not all, mass media funding to go to radio, with

the exception of South Africa, where more than 80% of the

population watches television. There was strong support for the

use of ‘‘targeted radio’’_i.e., regional or community stations near

VMMC sites that broadcast specific information related to the

services provided in that area (e.g., the date and time when

services will be available at a particular location). One informant

strongly advocated local radio but recommended a relatively small

allocation because ‘‘local radio is so inexpensive in our country.’’

Television, which was allocated less than 10% in all budgets,

was not considered essential for several reasons. One informant

mentioned that it was useful for creating awareness about the

benefits of VMMC at the start of the scale-up but was not an

effective mechanism for prompting men to make a decision to

undergo VMMC or go to a VMMC site. This same informant

would consider using television in a similar situation if the budget

for VMMC communication was generous. Other limitations of

television that were mentioned were its inability to reach some

rural areas and/or the frequent shut-downs of electricity. By

contrast, another informant was far more positive about the

potential of television, especially drama series, for social modeling

(i.e., exposing men to desirable models of behavior, including

VMMC). He noted that television drama on its own would be

insufficient and that additional advertising would be required,

particularly in environments where there is a diversity of media

available to consumers. Others commented that television can be

useful and inexpensive if a news program does a feature on the

VMMC program or a television talk show invites staff to serve as

guests. This television coverage comes at no expense to the

VMMC program and increases its visibility.

There was little enthusiasm for billboards; only one informant

would give them 10% of the budget (for use in urban areas only)

Costing Demand Creation for MMC Scale-Up
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and the others would allocate zero. The perceived limitation is that

billboards do not lend themselves to communicating a lot of

information on a complex topic. Moreover, they generally are not

available in rural areas. One informant cited wall hangings outside

of shops as a viable alternative to billboards in rural areas.

Programs that opt to use billboards can increase their effectiveness

by including a link to service delivery, such as a helpline number.

Informants allocated the remaining support (ranging from 30%

to 60%) to outreach. Several informants included the costs of print

materials (small media) in outreach, presumably because they are

an essential element contributing to effective outreach. Programs

often had at least two types of brochures: one for the prospective

client and one for the female partner. Two informants cited a third

type of brochure: in one case, it was for adolescents and their

guardians, and in another, a flyer for clients to read at VMMC

sites while waiting for the procedure. Other print materials

included posters—for use in service delivery locations to announce

the next date or ongoing availability of service—and flyers. One

program in South Africa had discovered that the cost of small

media can be prohibitive, depending on the size of the intended

population.

SMS, a form of text messaging, was mentioned by three key

informants but none of the respondents included it in the

hypothetical allocation of funds across channels. The experience

in the Iringa Region of Tanzania, illustrated a potentially effective

use of this medium. Although the Iringa Region is rural, many

clients and prospective clients own cell phones. At a very low cost,

the VMMC program has worked with the local phone provider to

make a series of text messages available to the public. If a person

texts ‘‘TOHARA’’ (‘‘circumcision’’ in Swahili), he/she receives

two messages on the benefits of VMMC. Texting ‘‘WAPI’’

(‘‘where’’ in Swahili) sends a message on where and at what times

VMMC services will be available. For clients who are circumcised,

texting ‘‘BAADA’’ (‘‘after’’ in Swahili) triggers 8–10 messages over

a 6-wk period, including messages on wound care, healing, and

abstinence. At 6 wk, men receive a message that it is now

permissible to have sex, but that they should use condoms and

stick with one partner. These messages are free of charge to the

user. The phone company reported that the VMMC program had

the largest number of users of any ‘‘company’’ that year. The key

informant from South Africa referred to the ‘‘combination

approach’’ of alerting cell phone owners to information on a

website (which they then would access through their cell phone)

and using the messaging service to deliver follow-up reminders for

men who opt to be circumcised. He stated that the use of cell

phone technology for the promotion of HIV prevention and

VMMC needs to be integrated into social mobilization activities

through which phone numbers can be gathered, because sending

unsolicited SMS messages generally is illegal.

Key Considerations in Designing and Costing Successful
Demand Creation Programs
Key informants provided other useful insights for the design and

costing of successful demand creation programs based on their

experiences with VMMC demand creation.

N Interpersonal communication is essential for demand creation

for VMMC (e.g., community health workers, community

mobilizers, small media [brochures]). Mass media can create

awareness of VMMC, but interpersonal communication serves

as the catalyst to action.

N Programs should take advantage of existing community

organizations and partner programs, piggybacking the

VMMC content onto the existing outreach efforts of trusted

organizations. Efficient use of resources requires training

existing outreach personnel to discuss VMMC in the broader

context of HIV prevention and paying them when they give

talks on VMMC.

N Targeting educational institutions (e.g., schools, universities)

allows programs to reach adolescents and young men in these

settings–the age groups that to date have proven most

receptive to VMMC.

N Integrating VMMC messages into the broader context of HIV

prevention (and not as an isolated topic) is essential. The

messages must convey that VMMC is only partially protective

against HIV transmission and that behavioral risk-reduction

strategies remain essential to safer sex strategies to protect

oneself and one’s sexual partners (e.g., correct and consistent

condom use, reducing one’s number of partners). Messaging

may be intensified during campaign periods, especially to alert

the population to dates and locations where teams will be

performing VMMC.

N Creating demand for VMMC among men over the age of 25

has proven more difficult in some settings than attracting

adolescents and younger men to VMMC services. In

estimating future costs, it is essential to take into account the

additional costs of strategies tailored to reach this ‘‘harder to

reach’’ segment of the population.

N Seasonal variability is also a factor. This type of variability

takes two forms: (1) natural, caused by locally occurring events

independent of VMMC programs (e.g., school holiday periods,

cooler temperatures), and (2) programmatically induced,

resulting from efforts by governments to intensify the delivery

of services in hopes of stimulating demand during certain

periods. In some cases, the intensified programs are scheduled

to occur with naturally occurring events (e.g., school holidays).

The Rapid Results Initiative in Kenya illustrates this case.

N Collaboration between partners (government, technical assis-

tance agencies, and local community organizations) is essential

for ensuring both initial success and sustained effects of

VMMC demand creation efforts. Currently, the nature and

extent of this collaboration varies by country (e.g., high in

Kenya and Tanzania, lower in Zambia), but collaboration

remains an important factor in most programs.

N Collaboration also extends to the divide between VMMC and

traditional MC. A key informant based on South Africa shed

light on the importance of collaboration, although admitted it

was still a work in progress. The informant relayed that there

was an existing partnership in the Eastern Cape where trained

medical professionals aided in traditional MC when medical

emergencies necessitated it. Further communication between

the two sectors is underway, but according to the informant,

other activities have taken priority.

N Rather than individual program branding, a strong national

VMMC symbol, such as a logo that links the media messages

to actual VMMC service delivery sites, would facilitate

personal action by men who have been motivated to seek

services.

Challenges in Estimating the Cost of Demand Creation to
Reach Universal Coverage
Given the lack of a standard package of VMMC demand

creation activities, country programs have opted to use different

channels to reach prospective clients, with a strong focus on

interpersonal communication strategies using mobilizers or peer

educators. Table S1 outlines the types of mass and interpersonal
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channels used to date. The lack of a standard or recommended

package of communication activities to serve as a starting point for

costing demand creation activities for VMMC is by no means

unique. In virtually every health domain, effective communication

programs aimed at creating demand are those tailored to the

specific behavior change or demand creation objective, taking into

account context-specific factors.

Even with a standard package of VMMC demand creation

activities, costs would vary by country or program, based on

factors such as geographical area to be covered, size of the

population within the target area, mix of communication channels

to be used, number of languages required to reach the majority of

the intended audience, readiness of men in a specific community

to accept VMMC services (especially regarding the procedure

being performed in a clinical setting), availability of in-country

production facilities for broadcast or print materials, and cost of

media time for broadcast of radio and television spots during peak

hours.

Different regions of a country may have contrasting require-

ments for creating sufficient demand for VMMC services. In

Tanzania, for example, current MC prevalence based on self-

reporting varies by setting, with urban areas estimated at 88%

prevalence and rural areas at closer to 60% [17]. MC prevalence

also varies by region, reaching a high of nearly 100% in Lindi and

a low of 21% in Shinyanga. As a result of this wide variation,

USAID and UNAIDS currently are working with the government

of Tanzania and with Jhpiego to evaluate potential demand

creation resource requirements for significant scale-up of VMMC

services in the eight regions of the country prioritized by the

Tanzanian Ministry of Health. This exercise involves evaluating

the scale-up required for VMMC services in each region,

identifying the most effective communication strategies for those

regions, and costing the demand creation strategy.

The cost of demand creation varies both by the comprehen-

siveness of the communication program and the extent of

adherence to standards of best practice for demand creation.

Programs that use multiple and reinforcing channels have stronger

effects than single channel programs [18], and those that run for a

longer duration show greater effects than shorter ones [19]. The

norms of best practice dictate the use of formative research and

pretesting of materials before production. Costing studies often

exclude research costs and focus instead on programmatic costs,

but formative research and pretesting are essential parts of the

design and implementation of sound communication programs,

regardless of the objective. Comprehensive communication

programming goes well beyond messages directed toward the

primary audience of adolescent and adult men. For example,

Table S2 presents an overview of a demand creation strategy for

Nyanza Province, Kenya, produced by the USAID-funded

program C-Change (managed by the Academy for Educational

Development) in 2010. A comprehensive program functions at

multiple levels, reaching multiple audiences in an effort to achieve

multiple outcomes.

Perhaps most challenging, public health officials at all levels lack

hard data on the cost of ‘‘convincing one individual to adopt one

public health behavior,’’ and this is certainly the case for

‘‘triggering the decision’’ to seek MC services. As of 2006, there

were only 35 studies in the published literature on the cost-

effectiveness of behavior change communication for health

interventions in low- and middle-income countries [20]. Not

surprisingly, the reported costs differed markedly by type of health

behavior. In terms of demand creation for VMMC, to our

knowledge no studies have been published to date on attempts to

evaluate the effectiveness of VMMC communication, let alone its

cost-effectiveness (i.e., the cost for demand creation per VMMC

performed).

Even when the ‘‘cost per unit of change’’ (that is, costs related to

demand creation activities per VMMC performed) is estimated in

one population or setting, this estimate would not be generalizable

to other populations, given variations in the supply of and demand

for VMMC services. In geographical areas with a high latent

demand for VMMC (e.g., a community with many ‘‘early

adopters’’), it would be less costly to create demand for one

VMMC than in an area with relatively low demand because of, for

example, cultural norms that previously have not included MC, or

where there is high pre-existing circumcision prevalence. In short,

any estimate on the cost of demand creation in the scale-up of

VMMC will be imprecise by definition. Yet the compelling need

for cost estimates to assist in planning and budgeting justifies

further pursuit of this question.

In sum, although the concept of a ‘‘standard package’’ for

VMMC demand creation is desirable to planners, it is not realistic

in practice. One can assemble a list of activities that serve as a

widely used ‘‘menu’’ of the most common communication

activities. Yet the allocation of costs to these different items will

vary depending on a number of factors cited above. In fact,

tailoring demand creation to the specific context increases its

effectiveness and makes it more cost-efficient.

Illustrative Case Study with Cost Data on Demand
Creation for VMMC in Tanzania
To date, there has been very little systematic costing of demand

creation activities. Although programs keep financial records of

expenses for demand creation activities as part of their overall

VMMC projects or programs, few have extracted these data for

purposes of analyzing the distribution across different channels.

One exception is the Jhpiego program in Tanzania. In this section,

we present a description of the context for the VMMC program

and the demand creation activities conducted in two regions—

Iringa and Njombe—during an 8-wk period from June to August

2011.

Demand creation in the Iringa Region—Dondosha

mkonosweta! In February of 2011, authorities in the Iringa

Region of Tanzania, with support from the USAID-funded

Maternal and Child Health Integrated Program (MCHIP),

through Jhpiego—an affiliate of Johns Hopkins University—

began preparations for a June/July 2011 VMMC campaign

designed to serve 20,000 clients in 8 wk at 21 sites. Concerned that

the easy-to-reach clients had been served during the previous

campaign and normal service delivery, the team endeavored to

design a multi-channel communications initiative to launch and

sustain the campaign. Focus group discussions were held to better

understand male and female opinions about VMMC, garner their

levels of knowledge about the purpose of VMMC, and gauge their

knowledge of service locations. This formative assessment was used

to design a communications campaign using the local slang term

for the foreskin. ‘‘Dondosha mkonosweta! Kitendo rahisi, sasa ni bure!’’

(‘‘Take off your sweater sleeve! Easy to do, now free!’’) was tested

and approved with the target audience and became the campaign

slogan. Materials designed with the new slogan included print

media, mass media, and text messaging.

Print media. Print media included the following: billboards

targeting men and women placed in key markets and road stops;

posters promoting the campaign and service sites (paper and

plastic—for longer durability in the wet climate) (see Text S2);

flyers advertising the campaign and service sites; pop-up banners

to use at outreach activities, the launch event, and for the exteriors
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of service sites; and informational brochures for men, women, and

adolescents and their guardians.
Mass media. Radio is the primary mass media in the Iringa

Region. Therefore the campaign produced three radio spots (one

targeting men, one targeting women, and one with general

information) and aired them in heavy rotation (at least eight times

per day) on a regional radio station and community stations in

facility catchment areas. Broadcasts of these spots began one week

before the campaign launch and ran until 2 wk before the end of

the campaign. Additionally, radio talk shows featuring regional

officials aired during the campaign period.
Text messaging. Print and mass media materials were used

to promote a text messaging service, as described in the results

from the key informant interviews above.
Community. The team again relied on HIV prevention

partners (also funded by USAID) to promote VMMC through

their scheduled interpersonal communication activities. These

partners received print materials and training from MCHIP on

VMMC messages. The campaign teams conducted outreach visits

to community leaders and groups, primary and secondary schools,

and churches in the facility catchment areas. An experiential

media agency also promoted the campaign in facility communities

through road shows, community events, and football games. An

‘‘emergency team’’ was designed to be quickly deployed to sites

experiencing ebbs in client flow in order to create more demand.
Media campaign results. Although no formal evaluation

has been completed of this demand creation activity, the June/July

2011 VMMC campaign in the Iringa Region served 31,046

clients, more than 150% of the intended number. The campaign

reached more than 150,000 people during experiential media

activities alone. The mix of print and mass media, coupled with

community-based activities, helped bring clients in large numbers

to the service delivery sites.

Jhpiego tracked the costs for demand creation activities in this

campaign. The data in Table S3 indicate that the expenses for

demand creation across channels came to US$266,950. As shown
in Figure 1, 70% of the funding supported mass and small media,

29% was used for community mobilization, and 1% went to other

channels. The final column in Table S3 presents a more detailed

percentage breakdown by specific channel of communication. The

largest demand creation expenses (40% of the total) were for the

production of pamphlets, flyers, posters, and other supporting

print materials for clients/parents. Following in second place was

drama and street theater (27%). Production cost and rental space

for billboards represented 24% of the total. Other categories of

demand creation expense included the production and broadcast

of materials for radio (5%), cell phone messaging (2%), honoraria/

per diem payments for mobilizers and peer educators (1%), and

training for mobilizers and peer educators (1%).

In presenting data on this program, we must warn against any

interpretation that ‘‘one size fits all’’ in terms of demand creation.

If one considers even a handful of the more active VMMC

programs, this diversity becomes readily apparent. Orange Farm

in South Africa represents one VMMC site with a community-

wide rollout and a gradually expanding radius of influence;

VMMC programs with different models are evolving in other

parts of South Africa. The Kenya program has concentrated

largely on a single province, Nyanza, but with high intensity of

activity. Tanzania has focused its programmatic efforts on several

provinces. Swaziland is unique, with an accelerated scale-up to

reach a high percentage of males in a traditionally non-

circumcising society. Thus, these data should be considered as

descriptive of one program only: the demand creation efforts

implemented by MCHIP in Tanzania.

Discussion

The key informant interviews conducted in this study revealed a

wide range of views on the elements of a standard package for

VMMC demand creation, as reflected by the diversity of answers

on resource allocation across channels. A first step toward

estimating future costs would be to collect actual cost data to

learn how countries have allocated their demand creation

resources to date. Clearly, data should be collected from all

organizations involved in VMMC demand creation in a given

country to learn how countries allocate their demand creation

Figure 1. Percentage of budget for demand creation costs for Jhpiego VMMC campaigns in Iringa and Njombe Regions, Tanzania.
doi:10.1371/journal.pone.0027562.g001
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resources between organizations that would likely play comple-

mentary roles.

Second, the primary channels for effective demand creation for

VMMC include targeted radio and interpersonal communication

or outreach, accompanied by print materials tailored for both men

and women. Television, billboards, and other media play minor

supporting roles in most VMMC scale-up settings. Depending on

the costs charged by local phone companies, text messaging can

represent a low-cost, promising strategy that deserves further

exploration.

Third, these common elements do not lend themselves to a

standardized package for demand creation that is applicable across

countries. Rather, each country should determine the communi-

cation strategies and elements for successful demand creation,

from which the costing estimates will derive. To complicate the

matter further, different elements may be used in different parts of

the program (e.g., billboards in urban but not rural areas). The

mantra that communication programs must be tailored to the local

needs of a specific country or regional context holds for VMMC.

Fourth, costing demand creation presents a greater methodo-

logical challenge than costing service delivery, in part because

there is no straight line ‘‘dose–response’’ relationship (i.e., the

delivery of a given amount of communication does not yield a

predictable uptake in VMMC services). For example, it is possible

to estimate the service delivery costs to provide 1,000 VMMC

procedures in a given location with fair accuracy. However, one

cannot predict with the same accuracy the increase in service

uptake that will be generated by a given level of demand creation

activity.

Fifth, it is unclear how demand creation costs may need to vary

over time. One could argue that demand creation for VMMC

services would require a large initial investment to create

awareness, which then would be followed by smaller investments

once a critical mass of knowledge has been created. Alternatively,

one could argue that, in the early stages of scale-up, there may be

latent demand for VMMC and that only over time, once this

demand has been met, would there be a need for demand creation

among those who need to be convinced of the value of VMMC.

This study has several limitations. First, the number of

informants was small, hence the word ‘‘exploring’’ in the title of

this article. Second, the key informant interviews did not include a

wider group of participants such as government officials working

in VMMC programs in the prioritized countries. These individ-

uals are central to the strategic direction of demand generation

programming and implementation in country. However, at the

time of this data collection, they did not manage the budgets for

demand creation activities, making it difficult for them to answer

questions regarding the cost of different elements of the campaign.

For this reason, the researchers selected persons known to manage

large United States President’s Emergency Plan for AIDS Relief–

funded VMMC communication budgets. In future studies of this

nature, it will be important to increase the number of key

informant interviews, include a larger number of the 13 countries,

and ensure the participation of a wider range of participants,

including government officials responsible for the VMMC scale-

up.

Based on these findings and caveats, our proposed approach

requires country-specific analysis, with the data for each country

aggregated to reach a total across the 13 countries working to scale

up VMMC. The steps in the proposed approach are as follows. (1)

Base the costing exercise on existing estimates of the number of

adolescent and adult males who would need to be circumcised to

achieve the saturation level in each country (see Box 1). (2) Identify

the provinces or populations with low levels of MC prevalence to

prioritize for VMMC programs. (3) Access the demand creation

strategy for each country, working with local communication

experts to develop such a strategy if one has not been developed

and adapting elements from other programs with well-defined

strategies (e.g., the Nyanza Province VMMC communication

guide [21]). (4) Assess the current rate of VMMC scale-up, the

level of coverage already reached, and the coverage objective, so

as to estimate the additional work needed in a given country. (5)

Collect data on the levels of expenditures for VMMC demand

creation from relevant organizations for two consecutive years (see

Text S3 for sample format). (6) Define a 5-y demand creation

program to reach 80% of uncircumcised males, with specific

outputs by region for each year, taking into consideration the

urban/rural distribution of men to be reached, the degree of

difficulty of reaching different populations, the number of local

languages into which materials would need to be translated, and

related factors. (7) Budget the expenses in these plans; compare

existing levels of expenditure on demand creation to those

elaborated in the plan and adjust as necessary in light of current

levels of expenditure.

This approach represents a significant data collection challenge,

even for countries that have cost data available on VMMC

activities. For those that have yet to begin the start-up in a major

way, it may be necessary to use the costs of a ‘‘peer country’’ to

impute cost estimates.

Three adjustments to such cost estimates are required. First, it is

essential to budget the cost of designing a systematic strategy for

demand creation, rather than simply estimating production and

distribution costs. Most countries with strong demand creation

efforts have benefited from external technical assistance for

program design, and such costs must be figured into the

calculations. Second, it is important to introduce an adjustment

factor for start-up, on the assumption that a country’s program

must achieve some momentum before demand creation activities

begin to increase service utilization. It stands to reason that certain

portions of the population will be more likely to participate in the

VMMC program from the outset and less likely to need

encouragement from demand creation outreach. Third, it is

important to estimate the added cost of communication programs

intended for ‘‘harder-to-reach’’ populations, such as men over

25 y of age. Operational research on the costs of effective demand

creation among these men in comparison to those 15–25 y of age

could inform the field usefully.

In estimating costs, assumptions should be made explicit.

Formative research and pretesting of materials should always form

part of essential demand creation costs in a well-designed

communication program. Although monitoring and evaluation

of demand creation activities inform iterative adjustments to create

and sustain strong programs, these costs should be tabulated as

part of the overall monitoring and evaluation budget, rather than

in the communication budget. Further, estimated costs for demand

creation exclude costs related to client counseling. Although

counseling contributes to confirming an individual decision to

move forward with VMMC, it can be argued that by the time

clients are in the clinic to receive that counseling, the demand

already has been created.

We base this article on the premise that demand creation is

essential for the scale-up of VMMC in eastern and southern

Africa. This assumption stems from the fact that almost every

major public health intervention designed to bring about behavior

change (e.g., condom promotion to prevent HIV, use of bed nets

to reduce malaria, adoption of contraception to space or limit

births) has both supply and demand components. There is a

growing literature on the effectiveness of communication cam-
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paigns in different areas of public health (e.g., meta-analysis

performed by Snyder [19]). To date, we have no rigorous

evaluation of demand creation for VMMC. Yet as programs

advance, we anticipate that evaluation data will be forthcoming on

the effectiveness of VMMC demand creation interventions on

increasing VMMC uptake.

Finally, costing demand creation for VMMC assumes political

will on the part of governments in the 13 countries to mobilize

their own domestic resources and/or make use of available funds

from international development partners to support VMMC scale-

up, including effective demand creation programs. Where this is

not the case and, even more markedly, where there is opposition to

the promotion of VMMC, these estimates could be rendered

useless rather than informing decision making on program

planning.

Despite these challenges, we believe that the 13 priority

countries in eastern and southern Africa can arrive at a reasonable

estimate of the costs of demand creation for their VMMC services

by following the steps outlined in this paper.
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 CURRENT
OPINION The promise of pre-exposure prophylaxis with

antiretroviral drugs to prevent HIV transmission:
a review

Catherine A. Hankinsa,b and Mark R. Dybulc,d

Purpose of review

Public health experts are wrestling with how to translate recent scientific findings from pre-exposure
prophylaxis (PrEP) effectiveness trials into real-world programmes. This review summarizes clinical trial
findings on oral and topical PrEP, discusses how decision-makers can evaluate the place of PrEP within
combination prevention and highlights anticipated developments that could be important in future
HIV-prevention strategies.

Recent findings

PrEP taken daily as oral tablets to create systemic protection has been found to be effective in the Pre-
Exposure Prophylaxis Initiative (iPrEx), Partners’ PrEP and TDF2 trials, but not in Fem-PrEP or the Vaginal
and Oral Interventions to Control the Epidemic (VOICE) tenofovir arm. Tenofovir gel for topical protection
was effective in CAPRISA 004 when used peri-coitally but not in VOICE with daily use. These findings
underscore the importance of adherence to achieve adequate drug levels and the potential additive role of
PrEP within combination prevention. Pivotal phase III trials are underway of the dapivirine ring, whereas
phase I trials of injectable formulations show promise.

Summary

Antiretroviral-based HIV-prevention programmes should be tailored to those most likely to be adherent,
providing them with state-of-the-art counselling and support to achieve high adherence during the time
period of use. Long-acting products, if found well tolerated and effective, could be ideal for overcoming
adherence challenges.

Keywords

combination HIV prevention, pre-exposure prophylaxis, programme implementation, tenofovir

INTRODUCTION

An estimated 2.2 million individuals acquired HIV
infection in 2011 [1], making it paramount to
expand HIV-prevention choices for people world-
wide. Pre-exposure prophylaxis (PrEP) for HIV is the
use of antiretroviral drugs to prevent HIV acqui-
sition [2]. The concept of chemoprophylaxis using
the same product for prevention as for treatment is
not novel. Travellers to malaria-endemic areas use
drugs to prevent malaria and antiretroviral prophy-
laxis is proven to prevent mother-to-child HIV
transmission [3–5]. There is now a growing body
of evidence that PrEP, as oral tablets and injections
to create systemic protection or gels and rings
applied vaginally or rectally for local topical protec-
tion, in combination with safer sex measures, is
effective in preventing sexual transmission of
HIV.

Although early trials of vaginal microbicides
[6–8] were not successful, they provided a founda-
tion for subsequent efforts, culminating in proof-of-
concept results for a vaginal gel containing the
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nucleotide reverse transcriptase inhibitor, tenofovir
[9]. After systemic tenofovir, administered by intra-
venous, subcutaneous or oral routes, prevented
acquisition of simian and simian-HIVs in non-
human primates [10

&&

], clinical trials of oral PrEP
in diverse populations and settings began in 2005.
They focused on either 300mg tenofovir disoproxil
fumarate (TDF) or 300mg TDF/200mg emtricita-
bine (FTC) taken once daily.

Tenofovir and FTC are phosphorylated intra-
cellularly to form active agents that inhibit HIV
replication. Tenofovir diphosphate concentrations
are about 100-fold higher in rectal tissue than in
cervicovaginal tissue with oral TDF/FTC [11] and
about 1000-fold higher in vaginal tissues with teno-
fovir gel than with oral TDF/FTC [10

&&

].
Recently, the US Food and Drug Administration

(US FDA) approved daily TDF/FTC (Truvada) for oral
PrEP, to be used in combination with safer sex
practices to reduce risk of sexually acquired HIV
infection in adults at high risk of HIV exposure
[12]. TDF/FTC for PrEP must only be used by indi-
viduals confirmed to be HIV-negative who continue
to be HIV-negative during use, when tested at least
every 3 months. PrEP is contraindicated in indivi-
duals with unknown or positive HIV status. The

WHO has released recommendations for PrEP
use in demonstration projects for serodiscordant
couples and for men and transgender women who
have sex with men [13]. These projects studying
service delivery models, acceptability, cost–effec-
tiveness, adherence, safety, drug resistance and
other aspects in real-world settings will inform guid-
ance to be released within 5 years for PrEP imple-
mentation and scale-up.

Biomedical HIV prevention options have
expanded recently. Voluntary medical male circum-
cision (VMMC) reduces HIV transmission from
females to males by about 60% [14–16], with
scale-up underway in countries with predominantly
heterosexual epidemics [17]. Treatment of HIV-
positive persons decreases circulating HIV levels,
thereby reducing onward transmission [18]. Build-
ing on the backbone of behaviour change, male and
female condoms, and structural interventions, com-
bination prevention strategies incorporating novel
biomedical modalities could bring about an HIV-
free generation.

Public health experts are wrestling with how to
translate scientific findings from PrEP effectiveness
trials into real-world programmes. This review sum-
marizes clinical trial findings on oral and topical
PrEP, discusses how decision-makers can evaluate
the place of PrEP within combination prevention
and highlights anticipated developments that could
be important in future prevention strategies.

TOPICAL AND ORAL PRE-EXPOSURE
PROPHYLAXIS: WHAT DO CLINICAL
TRIALS REVEAL ABOUT EFFECTIVENESS?

The South African Centre for the AIDS Programme
of Research in South Africa (CAPRISA) 004 trial
among 889 women reported the first positive PrEP
findings in July 2010. Overall effectiveness of 1%
tenofovir vaginal gel used before and after sex was
39% [hazard ratio 0.61; 95% confidence interval (CI)
0.40–0.94; P¼0.017], increasing to 54% for women
who reported using the product as instructed for
more than 80% of their sex acts (P¼0.025) [9].
Threshold tenofovir diphosphate concentrations
for protection are unknown, but a case–control
analysis revealed that women with cervicovaginal
fluid concentrations above 1000ng/ml had a 74%
lower risk of HIV acquisition than women in the
placebo arm [19].

In November 2011, the 5000-women Vaginal
and Oral Interventions to Control the Epidemic
(VOICE) trial’s Data Safety Monitoring Board
(DSMB), however, recommended stopping the teno-
fovir gel arm early for lack of efficacy [20]. Con-
ducted in South Africa, Zambia and Zimbabwe,

KEY POINTS

� Pre-exposure prophylaxis (PrEP) taken daily as oral
tablets to create systemic protection has been found to
be effective in the Pre-Exposure Prophylaxis Initiative
(iPrEx), Partners’ PrEP and TDF2 trials, but not in the
Fem-PrEP or the Vaginal and Oral Interventions to
Control the Epidemic (VOICE) trial tenofovir arm.

� Tenofovir vaginal gel for topical protection was found
effective in CAPRISA 004 when used peri-coitally, but
not in VOICE with daily use.

� Tenofovir and emtricitabine (FTC) are phosphorylated
intracellularly to form active agents that inhibit HIV
replication, with concentrations 100-fold higher in
rectal tissue than in cervicovaginal tissue with oral
tenofovir disoproxil fumarate (TDF)/FTC and 1000-fold
higher in vaginal tissues with tenofovir gel than with
oral TDF/FTC.

� Both oral and topical PrEP trial findings underscore the
importance of adherence to achieve adequate drug
levels and the potential additive role of PrEP within
combination prevention.

� Pivotal phase III trials are underway of the dapivirine
ring, phase I trials of injectable formulations show
promise, and trials of oral PrEP with either intermittent
dosing or new products such as maraviroc are
enrolling participants.
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VOICE tested 1% tenofovir gel used daily, whether
or not sex was anticipated or had occurred. Only
after study completion will data analysis indicate
whether women used the gel and it provided no
protection or they simply did not use it.

The South African Follow-on AIDS Consortium
of Tenofovir Studies (FACTS) 001 trial enrolling
2900 women uses the same peri-coital dosing as
CAPRISA 004 [21]. The US FDA considers FACTS
001 the second pivotal trial needed for licensure
of coital-use 1% tenofovir gel and has agreed to fast
track approval should it confirm a reduction in
women’s risk of HIV acquisition [22]. Meanwhile,
CAPRISA 008 is exploring the acceptability and
feasibility of offering tenofovir gel in family plan-
ning clinics to CAPRISA 004 participants.

Trials of oral PrEP for HIV have also had mixed
results. The Pre-Exposure Prophylaxis Initiative
(iPrEx) trial in Brazil, Ecuador, Peru, South Africa,
Thailand and theUS evaluated daily oral TDF/FTC in
2499 HIV-negative men or transgender women who
have sex with men. Recruited participants were
considered at higher risk for HIV exposure because
they used condoms inconsistently or not at all
during sex with a partner of positive or unknown
HIV status, had high numbers of sex partners or
exchanged sex for commodities. They were random-
ized to once-daily TDF/FTC versus placebo.Whereas
the overall reduction in risk was 44% (95% CI
15–63), plasma and intracellular drug levels among
those in the active arm differed: 8% of seroconvert-
ers versus 54% of nonseroconverters had detectable
drug [23]. Those who took the pills were almost 13
times less likely to seroconvert than those with no
drug detected (OR 12.9; 95% CI 1.7–99.3): a 92%
reduction in HIV acquisition risk (CI 40–99%). On
the basis of the iPrEx findings, the US Centers for
Disease Control released interim clinical guidelines
for similar patients [24]. A post-trial implementation
study, iPrEx-open label extension (OLE), is gather-
ing ‘real-world’ information on ways to improve
adherence while reducing HIV testing frequency
to quarterly, rather than monthly, as in the trial.
It will determine whether knowledge of PrEP effec-
tiveness stimulates improved adherence, thereby
reducing the risk of HIV acquisition, or leads to
behavioural risk compensation, that is an altered
perception of risk associated with more risky sexual
behaviours [25].

In July 2011, the DSMBs of two trials, the
Partners’ PrEP trial in Kenya and Uganda among
4758 serodiscordant heterosexual couples (one
partner was HIV-positive and one was HIV-negative)
and the Botswana TDF2 HIV Prevention Study
(TDF2) trial in Botswana among 1219 heterosexual
men and women, recommended revealing their

results publicly. TDF/FTC taken daily reduced HIV
risk by 62% (95% CI 23–83; P¼0.03) in TDF2 [26

&&

]
and by 75% (95% CI 55–87; P<0.001) in Partners’
PrEP [27

&&

]. The TDF-only arm of Partners’ PrEP
found a 67% (95% CI 44–81; P<0.001) reduction
in risk. Whereas TDF2 is offering TDF/FTC to all
participants after the trial, Partners’ PrEP, having
found no significant difference between TDF alone
and TDF/FTC, has randomized placebo recipients to
the two active arms. Of note, the TDF2 trial was
underpowered to show differences in PrEP effective-
ness between men and women, whereas the
Partners’ PrEP trial found no significant difference
by sex.

In contrast, the VOICE trial closed its oral TDF
arm for futility in September 2011 [28] and the
completed Fem-PrEP trial, conducted among 2120
HIV-negative women in Kenya, South Africa and
Tanzania, found that TDF/FTC taken daily did not
protect women. Although 95% of women in both
arms of Fem-PrEP reported that they usually or
always took their pills and pill counts suggested that
study drug was taken on 88% of days, only 15% of
seroconverting women had target plasma drug
levels at either end of the infection window. The
investigators concluded that the study could not
evaluate PrEP effectiveness due to poor adherence
[29

&&

].

KEY ISSUES IDENTIFIED IN THE CLINICAL
TRIALS

Among the key issues that clinical trials conducted
to date have identified are adherence, drug resist-
ance, behavioural risk compensation and safety.

Adherence

Although differences in the populations studied,
sexual behaviours, genital mucosa integrity and
other co-factors for HIV acquisition plausibly con-
tributed to the divergent trial results; low levels of
actual use leading to inadequate drug concen-
trations in the genital tract was clearly a key factor
[30

&&

,31
&

,32
&

]. Whereas self-reportedmedication use
and pill counts were generally unreliable across
the trials, there was a clear relationship between
detectable drug levels as a marker of adherence
and outcome. In Partners’ PrEP, a medication event
monitoring system (MEMS) and unannounced
household visits, along with partner support,
achieved the highest adherence levels. Drug was
detected in 82% of 902 samples from a random
sub-group of 198 active-arm participants who did
not acquire HIV. Relative risk reductions were
86% with detectable TDF and 90% with detectable
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TDF/FTC in Partners’ PrEP [27
&&

] and 92% with
detectable TDF/FTC in iPrEX [23].

It remains to be seen which of the adherence
support measures used in the clinical trials can be
effective in PrEP roll-out, but iPrEX found both next-
step counselling and neutral assessment to be feas-
ible, acceptable low-intensity approaches [33

&

]. In
next-step counselling, patients are experts, with
providers assisting patients to identify adherence-
related needs and solutions for incorporating PrEP
within the context of their lives. Evaluation is
underway in iPrEx-OLE to determine whether this
brief adherence-support discussion approach corre-
lates with drug detection levels [34].

The frequency of dosing could impact adher-
ence. However, a study using MEMS in African men
who have sexwithmen and sexworkers found lower
adherence to intermittent (twice a week) and post-
coital dosing than to daily PrEP [35

&

].

Drug resistance

No case of drug resistance was seen in trial partici-
pants who became infected after being placed on
tenofovir-containing PrEP [23,26

&&

,27
&&

]. All five
cases of resistance found in the iPrEx, Partners’ PrEP
and TDF2 started PrEP with unrecognized acute
infection, highlighting the critical importance of
ensuring that people starting PrEP are not in the
HIV-negative window period before HIV antibodies
appear. These five cases occurred against a backdrop
of a total of 118 infections averted in these trials. It is
predicted that drug resistance from treatment scale-
up will far exceed that from PrEP [36].

Behavioural risk compensation

As seen in other biomedical HIV prevention trials,
reported risky sexual behaviours declined in all arms
of the PrEP trials and remained lower through the
trials than at baseline. However, participants
received monthly counselling, HIV testing and
access to condoms. Interestingly, in iPrEX, efficacy
was highest in those least likely to report condom
use for receptive anal sex at baseline [23], suggesting
individual selection preferences for different pre-
vention methods. Whether expectation of known
benefit will lead to risk compensation remains to be
seen in follow-up studies.

Safety

Adverse events among thousands of healthy, HIV-
negative trial participants were not severe and
generally declined after the first month
[23,26

&&

,27
&&

]. Decreases in bone mineral density

scores were seen in TDF2 [26
&&

] and iPrEx [37], but
were not measured in Partners’ PrEP or Fem-PrEP,
and periods of observation were short (1–2 years).
Further monitoring of the effects of TDF and TDF/
FTC on bone mineral density over longer periods of
use is warranted. Likewise, monitoring liver and
kidney (proximal tubular) function, after establish-
ing initial normal hepatic and renal function, will be
important in longer-term demonstration projects.
Although safety studies of tenofovir use in preg-
nancy have been generally reassuring [38–40],
ongoing assessment of exposed infants to rule out
longer-term effects remains important.

Next steps
As conditions of US FDA approval, Truvada’s
manufacturer, Gilead Sciences, Inc., will develop
an adherence questionnaire to assist prescribers in
identifying individuals at risk for low adherence,
evaluate viral isolates from individuals who acquire
HIV while taking TDF/FTC for drug resistance and
collect data on pregnancy outcomes for womenwho
become pregnant while taking TDF/FTC for PrEP.

PRE-EXPOSURE PROPHYLAXIS AS A
COMPONENT OF COMBINATION
PREVENTION

The challenge for policy makers is to decide what
role PrEP should play in strengthening country
combination prevention programmes to meet
Universal Access Targets [41] and Millennium
Development Goals [42]. Combination prevention
combines behavioural, biomedical and structural
interventions to address both the immediate risks
and underlying causes of vulnerability to HIV infec-
tion and the pathways that link them [43]. It is
evidence-informed, human rights-based and con-
text-specific. Effective prevention programmes are
tailored to local epidemics, with relevant com-
ponents delivered at an intensity, quality and scale
necessary to achieve intended effects. The added
value of systemic or topical PrEP within combi-
nation prevention will depend on its efficacy,
cost–effectiveness, acceptability and the availability
of resources.

In terms of population-level impact, mathemat-
ical modelling predicts that tenofovir gel used by
South African women in 80% or more of sexual
encounters would avert up to 2 million new infec-
tions and 1 million AIDS deaths over 20 years, with
gel use as low as 25% being cost effective [44].
Studies of oral PrEP cost–effectiveness have esti-
mated cost per HIV infection averted [45,46

&

,47],
cost per quality-adjusted life year (QALY) gained
[46

&

,48–52], cost per disability-adjusted life year
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(DALY) averted [53
&

], cost per year life saved [54] and
PrEP years per infection averted [55]. Some models
address PrEP in general, whereas others prioritize
key populations in epidemic settings as diverse as
southern Africa, the USA, Botswana, Kenya,
southern India, South Africa, Ukraine and Peru.
Although the overall results are heterogeneous, PrEP
is generally estimated to be a potentially cost-effec-
tive addition to HIV-prevention programmes,
particularly when those at highest risk of HIV
exposure are prioritized [56].

A mathematical model that translates adherence
data fromthe trials intopopulation-level predictions,
based on the population proportions in each adher-
ence category, estimates that adherence is as import-
ant as efficacy in determining programme success
[57]. Modellers could usefully examine key questions
concerning implementation, as was done for VMMC
[58] prior to the refinement of a decision-maker’s
programme planning tool [59]. This tool is actively
used by countries planning national VMMC pro-
grammes and tracking implementation costs [60].
Unlike the VMMC vertical programme approach, a
PrEP-inspired practical, user-friendly interactive
modelling tool informed by modelling consensus
would need to address the cost and impact of intro-
ducing PrEP programming against a backdrop of
scale-up of other prevention programmes and anti-
retroviral treatment.

Pre-exposure prophylaxis prevents acute HIV
infection and its high viraemia fuelling HIV trans-
mission [61], constituting primary prevention and
providing partial protection, as do VMMC and cor-
rect and consistent male and female condom use.
PrEP can be complementary to early treatment for
prevention (T4P), another novel antiretroviral-based
strategy that also requires knowledgeofHIV status. In
the HIV Prevention Trials Network (HPTN 052) trial,
T4P reduced genotypically linked HIV transmission
by96%amongserodiscordant coupleswhen theHIV-
positive partner began HIV treatment at CD4 cell
counts between 350 and 550cells/ml [62

&&

]. Some
couples may prefer PrEP for the seronegative person
to early treatment for the seropositive person.
Regardless of whether treatment is initiated early
or according to local treatment eligibility criteria,
PrEP may be useful for the seronegative partner for
the 6months until the partner achieves undetectable
viral loads on treatment. PrEP may reduce the risk of
HIV acquisition peri-conceptuallywhen serodiscord-
ant couples desire pregnancy [63,64].

The acceptability of PrEP has been assessed in
populations as diverse as men who have sex with
men in China [65,66], Thailand [67,68], Peru [69],
France [70], Canada [71], the USA [72,73] and
Australia [74,75]; serodiscordant couples in Kenya

[76
&

]; female sex workers in China [77] and truck
drivers in India [78]. A study among 1790 sex
workers, men who have sex with men, people
who inject drugs, serodiscordant couples and young
women in Peru, Ukraine, India, Kenya, Botswana,
Uganda and South Africa found that respondents
generally perceived that PrEP would give them fur-
ther HIV prevention choices and 61% reported they
definitelywould use PrEP [79]. Policymakers, health-
care workers and representatives of nongovernment
organizations involved in HIV prevention in the
same countries expressed appreciation of the poten-
tial benefits of PrEP in prioritizing and empowering
key populations. Perceived challenges and program-
matic considerations resulted in about half indicat-
ing that they would wait to see PrEP implemented in
other countries before introducing it in their own
[80

&

]. Healthcare providers interviewed in California
during the year after the iPrEx results acknowledged
implementation challenges, but most expressed
optimism that they couldprescribe andmonitor PrEP
in their practice [81].

A key consideration will be provider capacity to
assist confirmed HIV-negative people in deciding
whether they could adhere and when and for how
long PrEP might be a good choice for them to comp-
lement condom use and other safer sex measures. As
with contraceptive choices, rather than being a con-
tinuous prevention strategy, PrEP might be selected
by people as circumstances in their lives change or in
the context of certain sexual partnerships.

Equity and justice are key ethical issues for
decision-makers wishing to avoid exacerbating
existing healthcare inequalities [82]. Universal
access to antiretroviral treatment has not been
achieved in many countries under existing national
guidelines [83]. Difficult decisions are required to
make PrEP available for those at highest risk of HIV
exposure, particularly those who are marginalized
and stigmatized. At the population level, prioritiza-
tion of PrEP for those at highest risk of HIV exposure
will require addressing structural barriers such as
stigma and discrimination, criminalization and lack
of tailored healthcare delivery into which PrEP pro-
gramming can be integrated. Although PrEP is not
approved by national authorities [84] other than the
FDA, debate is underway on whether it should be
part of the prevention package offered to all HIV-
prevention trial participants or as a comparator arm
in trials of novel strategies.

FUTURE DEVELOPMENTS

The PrEP research pipeline is diversifying, in terms
of candidate drugs, dosing strategies and delivery
mechanisms.
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Local prophylaxis
Over 70 microbicide candidates are in the preclin-
ical development pipeline, including 35 attach-
ment, fusion and entry inhibitors [85

&&

,86]. The
hyperosmolar properties of vaginal tenofovir gel
have been modified for rectal use, with a safety
and adherence phase II trial planned for USA, Peru,
South Africa and Thailand [87].

Long-term controlled release dosage forms for
intravaginal delivery of antiretroviral prophylaxis
are the subject of intense interest among engineers
and pharmaceutical scientists [88

&&

]. Both the
Microbicide Trial Network’s ASPIRE trial [89] and
the International Partnership for Microbicides Ring
Study [90] are pivotal phase III trials evaluating a
vaginal ring that slowly releases the non-nuclease
reverse transcriptase inhibitor (NNRTI) dapivirine to
bind to and disable HIV’s reverse transcriptase
enzyme. These vaginal rings, inserted and removed
by the women themselves, are flexible products that
fit comfortably high up inside the vagina, are sel-
dom felt by either partner during sex and are already
widely used to deliver hormonal contraception.

Systemic prophylaxis
Findings are awaited from the phase III Bangkok
Tenofovir Study, following 2413 people who inject
drugs [91]. Phase II trials of intermittent PrEP with
TDF/FTC are enrolling in France [92] and the USA
[93] to determine whether intermittent pre- and
post-exposure dosing provides comparable effec-
tiveness with decreased pill requirements and
decreased symptoms. HPTN 069 is testing the entry
inhibitor maraviroc against TDF/FTC, alone or in
combination [94].

Animal studies of integrase strand inhibitors
[95,96] showpromise andphase I trials of long-acting
injectables, such as the NNRTI rilpivirine (TMC 278)
[97] and the HIV integrase inhibitor S/GSK1265744
[98], have reported safety and tolerability.

Multiuse technologies

Work is proceeding to develop multipurpose tech-
nologies such as vaginal rings that avert unintended
pregnancies and prevent sexually transmitted infec-
tions, including HIV [99]. In addition, considerable
thought is being given to designing innovative trials
to assess potentially beneficial combinations of pre-
vention tools, such as oral PrEP provided concom-
itantly with an HIV vaccine. Such a combination
might prevent HIV acquisition during the course of
immunizations before full development of vaccine-
induced immunity or might influence immune
responses sufficiently during HIV exposure to
increase the likelihood of vaccine protection [100

&

].

CONCLUSION

The incorporation of PrEP into combination HIV-
prevention programming is in its formative stage
[101]. Thirty years into the HIV epidemic, the cur-
rent HIV-prevention armamentarium is failing to
stop HIV transmission. Clearly, people need HIV
prevention options for different periods in their
lives as their own circumstances change. PrEP-based
discreet, user-controlled protection against HIV
transmitted through sex will potentially range from
pills and coital gel to rings and long-lasting inject-
able formulations.

Tailored communication strategies accompa-
nying PrEP introduction need to emphasize the
importance of correct and consistent usage, along
with the partial protection it affords, and that PrEP
is additional to other safer sex strategies, including
the correct and consistent use of male and female
condoms. As HIV testing and counselling is scaled
up, people will increasingly be able to adopt HIV-
prevention strategies based on knowledge of
serostatus, including the use of antiretroviral-based
strategies such as PrEP and T4P. Programme
planners and healthcare personnel prescribing
any antiretroviral-based prevention strategy should
tailor such programmes to those most likely to be
adherent, providing them with state-of-the-art
counselling and ensuring effective support to
achieve high adherence during the period of time
they use it. Long-acting products formulated as
rings or injectables, if found well tolerated and
effective, could be ideal for overcoming PrEP
adherence challenges.
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The Cost and Impact of Scaling Up Pre-exposure
Prophylaxis for HIV Prevention: A Systematic Review of
Cost-Effectiveness Modelling Studies
Gabriela B. Gomez1*, Annick Borquez2, Kelsey K. Case2, Ana Wheelock3, Anna Vassall4,

Catherine Hankins1,4

1Department of Global Health, Academic Medical Centre, University of Amsterdam and Amsterdam Institute for Global Health and Development, The Netherlands,
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Abstract

Background: Cost-effectiveness studies inform resource allocation, strategy, and policy development. However, due to their
complexity, dependence on assumptions made, and inherent uncertainty, synthesising, and generalising the results can be
difficult. We assess cost-effectiveness models evaluating expected health gains and costs of HIV pre-exposure prophylaxis
(PrEP) interventions.

Methods and Findings: We conducted a systematic review comparing epidemiological and economic assumptions of cost-
effectiveness studies using various modelling approaches. The following databases were searched (until January 2013):
PubMed/Medline, ISI Web of Knowledge, Centre for Reviews and Dissemination databases, EconLIT, and region-specific
databases. We included modelling studies reporting both cost and expected impact of a PrEP roll-out. We explored five
issues: prioritisation strategies, adherence, behaviour change, toxicity, and resistance. Of 961 studies retrieved, 13 were
included. Studies modelled populations (heterosexual couples, men who have sex with men, people who inject drugs) in
generalised and concentrated epidemics from Southern Africa (including South Africa), Ukraine, USA, and Peru. PrEP was
found to have the potential to be a cost-effective addition to HIV prevention programmes in specific settings. The extent of
the impact of PrEP depended upon assumptions made concerning cost, epidemic context, programme coverage,
prioritisation strategies, and individual-level adherence. Delivery of PrEP to key populations at highest risk of HIV exposure
appears the most cost-effective strategy. Limitations of this review include the partial geographical coverage, our inability to
perform a meta-analysis, and the paucity of information available exploring trade-offs between early treatment and PrEP.

Conclusions: Our review identifies the main considerations to address in assessing cost-effectiveness analyses of a PrEP
intervention—cost, epidemic context, individual adherence level, PrEP programme coverage, and prioritisation strategy.
Cost-effectiveness studies indicating where resources can be applied for greatest impact are essential to guide resource
allocation decisions; however, the results of such analyses must be considered within the context of the underlying
assumptions made.
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Introduction

Since the announcement of the results of HIV pre-exposure

prophylaxis (PrEP) trials and the HPTN052 early treatment for

prevention trial, there have been crucial policy discussions about

the use of antiretroviral (ARV) drugs to prevent HIV acquisition

or transmission. With regards to PrEP, encouraging results were

first reported for men and transgender women who have sex with

men in the iPrEX trial [1], which showed a 44% (95% CI 15–63)

reduction in HIV acquisition with a daily dose of tenofovir/

emtricitabine (TDF/FTC). In two large trials, the Partners PrEP

[2] and TDF2 [3] studies, PrEP was found to be effective in

reducing the risk of heterosexual HIV transmission using either

TDF or TDF/FTC daily (Partners PrEP) and TDF/FTC daily

(TDF2). However, FEM-PrEP [4], a trial recruiting heterosexual

women in South Africa, Tanzania, and Kenya for daily TDF/

FTC was closed prematurely in 2011 for futility as was the oral

TDF arm of the VOICE trial [5] in women in South Africa,

Uganda, and Zimbabwe. Two topical PrEP trials have tested the

efficacy of 1% TDF gel and a third, FACTS001 [6], is currently

recruiting women in South Africa. The CAPRISA 004 trial [7] in

Kwa Zulu-Natal found that pre- and post-coital vaginal TDF gel

reduced women’s acquisition risk by 39% (95% CI 6–60) but the

VOICE trial stopped its gel arm when it became evident that daily

gel use was safe but not effective [8].

Clinical guidance on oral PrEP has already been offered by the

US Centers for Disease Control and Prevention, the Southern

African HIV Clinicians Society, World Health Organization

(WHO), and the British Association for Sexual Health and HIV

[9–13]. An advisory panel to the US Food and Drug Adminis-

tration recently recommended oral TDF/FTC for preventive use

among people at higher risk of HIV exposure [14]. As PrEP

emerges as an option for inclusion in the HIV prevention toolbox,

it is important for national policy and decision makers to identify

where PrEP may fit best within already established HIV

prevention programming (and budgets) and the potential impli-

cations of introducing such policy changes. In particular, decision

makers need information translating the trial results into potential

population-level impact and cost-effectiveness to ensure that any

additional investment will have the maximum possible effect on

the epidemic.

Economic and mathematical models provide a framework to

integrate information on efficacy, effectiveness, costs, and patient

outcomes to support decision making and resource allocation [15].

However, due to their complexity, dependence on assumptions

made, and inherent uncertainties, generalising results from these

models can be difficult. In this review, we aim to assess published

cost-effectiveness models that have evaluated the expected health

gains and costs of PrEP interventions. Specifically, our objectives

are: (1) to describe modelling approaches of cost-effectiveness

analyses of PrEP; (2) to compare the effects of epidemiological and

cost assumptions on cost-effectiveness results; and (3) to explore the

potential impact on cost-effectiveness estimates of five issues raised

by policy makers [16–18] when considering PrEP implementation:

prioritisation, adherence, behaviour change, toxicity, and resistance.

Methods

We performed a systematic review of the published literature

following the protocol available in Text S2 and adhering to the

PRISMA guidelines for reporting of systematic reviews (Text S1:

PRISMA checklist) [19] and guidelines for appraisal of economic

evaluations [20].

Search Strategy, Inclusion Criteria, and Study Selection
A broad strategy using both MeSH headings and free text, with

no language limitations, was used to search PubMed/Medline, ISI

Web of Knowledge (including Web of Science, Current Contents

Connect, Derwent Innovations Index, CABI: CAB Abstracts, and

Journal Citation Reports), Centre for Reviews and Dissemination

databases (including DARE - Database of Abstracts of Reviews of

Effects, NHS EED - NHS Economic Evaluation Database, and

HTA database - health technology assessments), EconLIT, and

region-specific databases (African Index Medicus, Eastern Med-

iterranean Literature (WHO), Index Medicus for South-East Asia

Region, LILACS for Latin America). Our searches covered all

published research up to the last search performed 14 January

2013 with no limitations on publication date. The following

keywords were used: ‘‘cost’’ AND ‘‘tenofovir OR pre-exposure

prophylaxis OR chemoprophylaxis OR PrEP’’ AND ‘‘HIV.’’

Citations and bibliographies of full text reports retrieved were

reviewed for additional relevant articles. Abstracts from interna-

tional conferences identified in the searches were also reviewed, as

was the website of the International AIDS Economic Network.

Experts were consulted for additional studies. We included all

modelling studies reporting both cost and impact of a potential

roll-out of a PrEP programme. We excluded those studies where

costs were not assessed. No restrictions were made on the type of

model, geography, mode of transmission, or impact (effectiveness)

metric chosen. We included studies looking at both topical and

systemic PrEP products. Full published papers were eligible, as

well as abstracts from conferences providing sufficient information.

Two authors (GBG and AB) screened titles and abstracts to

identify potentially relevant articles. Full text reports of these

articles were assessed independently for inclusion.

Data Extraction and Analysis
Data were extracted from selected studies by one reviewer

(GBG) into prepared data sheets and independently cross-checked

by a second assessor (AB). For conference abstracts selected for

inclusion, we contacted the first author listed for further

information. Extracted information on the study design included

the type of study, viewpoint of analysis, timeframe, setting and

population, background HIV prevalence or incidence, mode of

HIV transmission, and a detailed description of alternative

programmes compared in the studies (baseline scenario and PrEP

scenario). We also tabulated data on the impact including risk

heterogeneity, efficacy or effectiveness of PrEP, adherence (to

programme or individual), behavioural change expected after

introduction of PrEP, resistance, toxicity due to PrEP use, and

disability-adjusted life year (DALY)/quality-adjusted life year

(QALY) assumptions. A description of economic assumptions

includes expected drug cost, other service costs, costs above service

level, downstream antiretroviral treatment (ART) costs averted,

discount rates, and, finally, cost-effectiveness results by metric and

the conclusions presented in each publication. Prioritised scenarios

were defined as those scenarios where PrEP was offered to specific

sub-populations within the population modelled. While providing

a critical assessment and narrative review of the studies included,

we did not attempt to perform a meta-analysis due to the

variability across the studies in reporting outcomes. Therefore, we

adjusted estimates of cost-effectiveness for inflation to US$2012 to

be able to compare studies from different years [21]. For those

studies reporting cost/DALY averted, cost/QALY averted, or

cost/life-year saved (LYS), we compared the estimates to a

benchmark for cost-effectiveness [22] of one times the gross

domestic product per capita (GDP/capita) per DALY averted, per
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QALY gained, or per LYS, depending on the unit of outcome

used by each study. While DALYs, QALYs, and LYS are not

equivalent, and decision rules vary by setting, this gives a broad

indication of potential cost-effectiveness. The values for current

GDP/capita were sourced from the World Bank databank for

each country [23]. There is much controversy around decision

rules [24], and while the comparison against GDP is the

conventional approach, it should be noted that this may not

represent the true opportunity cost in countries where less cost-

effective health interventions are not being implemented at scale.

Results

We screened 961 titles and abstracts retrieved from 14

electronic databases. After performing web searches and consult-

ing experts in the field, 36 full text articles were evaluated. We also

reviewed the reference lists and citations of these articles. Of these

36, 13 studies were included in the review [25–37]: 11 peer-

reviewed publications and two peer-reviewed conference abstracts

(Figure 1). Articles excluded are listed in Table S1 and a summary

of conclusions of the articles included are presented in Table S2.

We present in Tables 1 to 4 the data extracted from the studies

reviewed by study design, description of alternative programmes

compared, impact, and cost assumptions. All studies were

published between 2007 and 2013 and modelled the impact and

cost, from a health care provider perspective, of PrEP scale-up in

diverse settings. These settings included: heterosexual transmission

in generalised epidemics in sub-Saharan Africa—the Southern

Africa region [25], South Africa [28,30,31,32,36,37]), and other

modes of transmission in concentrated epidemics—among people

who inject drugs (PWID) in Ukraine [33]; and men who have sex

with men (MSM) in the USA [26,29,34,35] and in Peru [27].

Timeframes varied from 5 to 20 y. All studies focused the models

on high prevalence/incidence populations (Table 1).

In all models, the comparison scenario did not include PrEP

and assumptions varied regarding current treatment scale-up:

from no ART programme included [25,26,32] to ART coverage

remaining stable at a current level [27,29,31,34,35] or an ongoing

ART programme coverage expansion [28,30,33,36,37]. While

most of the studies looked at systemic PrEP (daily oral dosing), two

studies in South Africa looked at vaginal gels [31,32]. Coverage

assumptions were stated as scenarios. The criteria used to

characterise priority populations varied among the studies,

including high risk of acquisition (defined by sexual activity,

condom use, or HIV incidence) [25–27,35,37], age

[25,30,31,34,36], and timing of PrEP use [28] in relation to users’

life events (Table 2).

All models were transmission models, except for two Markov

simulations [31,34]. Efficacy and effectiveness estimates varied

from estimated ranges that were assumed prior to the results from

clinical trials and had wide ranges (from 10% to 90%)

[25,26,30,33,34] to estimates available directly from clinical trials

[27–29,31,32,35–37]. Several authors interpreted effectiveness as

being dependent on the product efficacy and the individual-level

Figure 1. Flow diagram of study selection. Region-specific databases can be accessed as follows: African Index Medicus, http://indexmedicus.
afro.who.int/; Eastern Mediterranean Literature, http://www.emro.who.int/; Index Medicus for South-East Asia Region, http://www.hellis.org/; LILACS,
Latin America, http://www.bireme.br/iah2/homepagei.htm.
doi:10.1371/journal.pmed.1001401.g001
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adherence, specifically modelling this interaction [25–29,32,36].

Adherence assumptions varied from random [25] to profiles based

on observations from published trials [27–29,32]. Potential

behaviour change following the introduction of a PrEP pro-

gramme was included in the models as an increase in the number

of sexual partners [25,26], changes in condom use [27,30], or both

[35]. Drug resistance associated with PrEP use was explicitly

modelled in one study [25], while in two further studies it was

Table 1. Study design.

Reference Study Type Setting/MoT Population Timeframe
HIV Incidence/
Prevalence

Generalised epidemics in southern Africa

Abbas [25] Deterministic simulation; Risk
heterogeneity by age, sex, sexual
behaviour, and HIV drug resistance

Southern Africa/
Heterosexual

15–49 y; General
population

10 y Prevalence: 20%a

Pretorius [30] Deterministic simulation; Risk
heterogeneity by age and sex

South Africa/
Heterosexual

15–49 y; General
population

10 y (programme
scale-up: 5 y)

Prevalence: 620% in
2008b

Hallett [28] Microsimulation; Risk heterogeneity
by age, sex, sexual behaviour, and
conception intentions or pregnancyc

South Africa/
Heterosexual

Serodiscordant
couples

Each person is tracked
until his/her 50th y

n/a

Williams [32] Deterministic simulation; Risk
heterogeneity not included

South Africa/
Heterosexual

15–49 y; General
population

From 2012 to 2020
(scale-up by 2015)

Prevalence:
approximately 16% in
2012b

Walensky [31] Monte Carlo state simulation; Risk
heterogeneity by age

South Africa/
Heterosexual

Women at higher
risk

Each person is
tracked until death

Incidence: ,25 y, 2.2%;
.25 y, 1.0%

Alistar [37] Compartmental dynamic simulation
Risk heterogeneity by sexual behaviour
behaviour (number of partners and
condom use)

South Africa/
Heterosexual

15–49 y; General
population

20 y Initial prevalence in
adults: 17.9% and initial
incidence: 1.4%

Cremin [36] Deterministic simulation;
Risk heterogeneity by age, sex, male
circumcision status, behavioural; risk
(partner change rate, condom use)

South Africa/
Heterosexual

15–54 y; General
population

10 y (programme
scale-up: 5 y)

Age- and sex-specific
prevalence peaking at
30–44 y (women: .40%
and 35–44 y men:
.30%).

Concentrated epidemics among MSM in high-income countries

Desai [26] Stochastic simulation; Risk heterogeneity
by age, sexual risk behaviourd

USA (NYC)/MSM 13–40 y; High
risk MSM

5 y Prevalence: 14.6% in
2008

Paltiel [34] Monte Carlo state simulation; Risk
heterogeneity by age (assumed higher
incidence by age group)

USA/MSM Average 34 y; High
risk MSM

Each person is
tracked until death

Incidence: 1.6% annual

Koppenhaver [29] Compartmental dynamic simulation
Risk heterogeneity not included

USA (urban)/MSM 13–40 y; All MSM 20 y Prevalence: 17.5%

Juusola [35] Deterministic simulation; Risk
heterogeneity by sexual behavioure

USA/MSM 13–64 y; 20 y Prevalence: 12.3%;
Incidence: 0.8% annual

Concentrated epidemics among MSM in low- and middle-income countries

Gomez [27] Deterministic simulation; Risk
heterogeneity by sexual behaviour

Peru (Lima)/MSM All MSM 10 y (programme
scale-up: 5 y)

Incidence: MMSM, 1%;
MMSW, 2.5%; SW, 3.1%;
Trans, 7.3%

Concentrated epidemics among PWID in low- and middle-income countries

Alistar [33] Compartmental dynamic simulation
Risk heterogeneity by IDU behaviour

Ukraine/IDU and
heterosexual

15–49 y 20 y Initial prevalence: 41.2%
PWID, 1% general
population

Study type refers to the type of model and the inclusion of risk heterogeneity in the population modelled. Setting/MoT refers to the geographical setting and the mode
of transmission modelled.
aFemale:male ratio 1.66, based on data from urban antenatal care attendees in Zambia.
bModel initiated at a high prevalence then fitted to Department of Health data.
cTwo types of couples were defined: (1) lower risk couples based on reported data from the Partners in Prevention HSV/HIV Transmission Study [49], and (2) couples at a
higher risk reflecting a higher incidence. ‘‘Partners in Prevention’’ assumptions: incidence low (1.8/100 person-years at risk, high condom use); ‘‘more typical couples’’
assumptions: 50% of serodiscordant couples involved HIV-1 infected men. Compared to the partners in prevention cohort: condom use within the stable partnership
was reduced by 25%, 50% more of the HIV-1 uninfected partners in couples had external partners, and frequency of unprotected sex with external partners was
doubled.
dVery high risk was defined as a participant reporting unprotected sex in the last 6 mo or in exchange for money or drugs, anonymous sex, $5 sexual or needle sharing
partners, and/or an STI diagnosis in the last 6 mo.
eThe authors run the model separately for low risk and high risk populations. Therefore PrEP use in one group does not have an impact on the other (the mixing is
considered totally assortative).
IDU, injection drug use; MMSM, men who mostly have sex with men; MMSW, men who mostly have sex with women; n/a, not applicable; SW, sex worker;
Trans, transgender or trans-sexual; USA (NYC), United States of America (New York City).
doi:10.1371/journal.pmed.1001401.t001
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Table 2. Alternative programmes compared.

Reference Base Comparison Scenario PrEP Intervention

PrEP
Regimen Prioritisation Coverage

Generalised epidemics in southern Africa

Abbas [25] No PrEP. ART was not modelled. Once daily
oral dosing

No prioritisation: general
population. By sexual activity: two
highest sexual activity groups
prioritised. By age: 15–20 y group
prioritised.

Percent of the population using PrEP:
Optimistic scenario, 75%; Neutral scenario,
50%; Pessimistic scenario, 25%

Pretorius [30] No PrEP. ART coverage expands at
its current rate. ART efficacy: 90%
reduction in transmission
probability.

Once daily
oral dosing

No prioritisation: 15–35 y; By age:
15–25 y, or 25–35 y

Percent of women using PrEP: 20%,
dropout rate:1.5%

Hallett [28] No PrEP. ART initiation for the infected
partner when CD4 cell count fell below
200 cells/ml. In a separate scenario,
expansion of eligibility criteria for ART
initiation was included (below 350 CD4
cells/ml).

Once daily
oral dosing

No prioritisation: Always use PrEP
after diagnosis partner. By timing:
Up to partner’s ART init; up to
partner’s ART init+1 y; during
conception/pregnancya

Percent of the population using PrEP:
see prioritisation

Williams [32] No PrEP. The scale-up of ARV
therapy was not modelled.

Vaginal gel,
two doses
pericoitally

PrEP used only by women Percent of sex acts protected: High:
90%, Medium: 50%, Low: 25%

Walensky [31] No PrEP. Patients identified as
HIV infected received ART as
per guidelines.

Vaginal gel,
two doses
pericoitally

PrEP used only by women. By
age: #25 y (high inc. group)

Cohort-wide PrEP use continues until
HIV infection or death.

Alistar [37] No PrEP. 40% HIV infected patients
received ART as per guidelines. ART
efficacy: 95% reduction in
transmission probability.

Once daily
oral dosing

No prioritisation: general use; By
sexual activity: groups of high
number of partners and low
condom use

Rate of recruitment into the program:
25%, 50%, 75%, 100%. Included a rate
of dropout from PrEP.

Cremin [36] ART efficacy: 96% reduction in transmission
probability. Baseline scenarios varied: from
status quo with current scale-up of ART to
counterfactual including MC and ART scale-up.
All scenarios included a 7/100 PY dropout rate
while on ART.

Once daily
oral dosing

No prioritisation: 15–54 y; By age:
15–24 y

Percent of the population group
using PrEP: 40%, 80%

Concentrated epidemics among MSM in high-income countries

Desai [26] No PrEP. The scale-up of ARV
therapy was not modelled.

Once daily
oral dosing

No prioritisation—results not
shown. Results for scenarios
targeting high risk MSM only.

25% high riskb; (5.2% of all MSM)c;
Discontinuation rate: 40% per year

Paltiel [34] No PrEP. Patients identified as HIV
infected received ART as per guidelines.

Once daily
oral dosing

No prioritisation: all MSM. By age:
,20 y.

Cohort-wide PrEP use continues
until HIV infection or death.

Koppenhaver
[29]

No PrEP. 25% of susceptible
and undiagnosed MSM are tested
per year, if eligible they start
ART as per guidelines.

Once daily
oral dosing

No prioritisation: all MSM. 100%

Juusola [35] No PrEP. Patients identified as HIV
infected received ART as per guidelines.

Once daily
oral dosing

No prioritisation: all MSM; By
sexual activity: high risk MSM.

100%, 50%, 20% of all MSM
or those at high riskd

Concentrated epidemics among MSM in low- and middle-income countries

Gomez [27] No PrEP. Patients identified as HIV
infected received ART as per guidelines
(CD4,200 cells/ml) to achieve 40% coverage.

Once daily
oral dosing

No prioritisation: uniform coverage.
By sexual activity: some and high
prioritisation.

Low 5%; High 20%

Concentrated epidemics among PWID in low- and middle-income countries

Alistar [33] No PrEP. Limited coverage of MMT and ART. Once daily
oral dosing

No prioritisation: all PWID: in
all cases, MMT and PrEP are
given only to PWID.

25%, 50% uninfected PWID. Included a
rate of dropout from PrEP.

aPeriod trying to conceive and while pregnant.
bThe authors also considered a scenario of 2.5% coverage, but explored results for the 25% scenario.
cDefined as those with more than five partners per y.
dCoverage includes only people fully adherent to PrEP.
init, initiation; MC, male circumcision; MMT, methadone maintenance treatment; n/a, not applicable.
doi:10.1371/journal.pmed.1001401.t002
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represented as a decrease in the rate of virologic suppression while

on subsequent treatment [31,34]. The studies did not assume any

reduction in the quality of life or disability weights due to PrEP

use, with the exception of three studies where toxicity to PrEP was

addressed through a reduction in the quality of life and/or an

excess fatality rate among PrEP users (Table 3) [31,34,35].

The majority of studies presented costs for PrEP programmes

including drugs and monitoring costs, except for two studies that

included drug costs only [25,32]. Costs above service level were

only included in two studies, as overheads [31] or a mark-up

percentage of 5% [27]. Overall PrEP programme costs were

consistent among studies by setting and ranged from high in the

USA (between US$8,000 and US$12,000 per person-year) to low

in South Africa (between US$80 to US$250). All cost estimates

were driven by the cost of drugs. Three studies in the USA

[26,29,35] and six in South Africa [28,30–32,36,37] included

averted ART costs. Ranges of estimated cost of ART were

consistent among studies and context-specific (,US$1,000 per

person-year in South Africa to .US$15,000 per person-year in

the USA) (Table 4).

We present all cost-effectiveness estimates in Table 5 by

epidemiological context and scenario modelled.

Generalised Epidemics in Southern Africa (n= 7)
Studies on topical PrEP and two studies on oral PrEP suggest

the intervention to be cost-effective (topical PrEP: ,200 US$/
DALY [32], ,3,000 US$/LYS [31]; oral PrEP: ,5,000 US$/
QALY [28],,2,800 US$/QALY [37]) using benchmarks for cost-

effectiveness specific to South Africa [22]. Three studies reported

cost/infection averted only, estimates ranging from US$1,000 to

39,900 [25,30,36].

For topical PrEP, the two studies presented different estimates of

cost-effectiveness: less cost-effective in Walensky et al. [31]

(,US$1,600–US$2,700/life year saved) than in Williams et al.

[32] (,US$18–US$181/DALY averted) due to a more compre-

hensive set of assumptions in the former (i.e., inclusion of the

above service level costs of providing PrEP, adverse outcomes,

topical PrEP toxicity, and resistance as well as a lifelong use of

PrEP and discounting) [31,32]. Prioritisation to high-risk key

populations (high incidence groups, such as young women in

South Africa) and improvements in adherence maximised the

effectiveness of a topical PrEP programme [31,32].

For oral PrEP, the impact was estimated to be higher if PrEP

was prioritised for use among people at higher risk of HIV

acquisition compared to no prioritisation strategy in four of the

five studies included (i.e., higher sexual activity groups in Abbas et

al. [25], couples at higher risk in Hallett et al. [28], people with

high number of partners and low condom use in Alistar et al. [37],

and younger women in Pretorius et al. [30]). In Cremin et al. [36],

the authors compared PrEP prioritised to 15 to 24 years old to no

prioritisation (PrEP available to the total adult population: 15 to

54 years old) and found the impact of the two strategies was very

similar. However, the group prioritised (15 to 24 years old) did not

present the highest risk of infection in this population. The impact

of prioritising by age may be more evident when the intervention

is aimed at age groups where incidence peaks (in this case among

the 25- to 34-year age group).

Four studies analysed the interactions between oral PrEP and an

expanding ART programme. Pretorius et al. found oral PrEP cost-

effectiveness and its impact at population level to be considerably

reduced if PrEP is added to the expanding ART programme [30].

Accordingly, Alistar et al. and Cremin et al. found that expanding

ART coverage in this setting will be the more attractive strategy

than investing in oral PrEP [36,37]. However, Alistar et al. found
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Table 5. Cost-effectiveness estimates by scenario.

Reference Scenario Description: Prioritisation Estimate

Measure
US$ in
Publication 2012US$

Generalised epidemics in southern Africa

Abbas [25] Pessimistic: high sexual activity group Cost/infection averted 2,949–9,923 3,450–11,609

Pessimistic: 15–20 y Cost/infection averted 20,202–67,970 23,636–79,525

Pessimistic: no prioritisation Cost/infection averted 20,164–67,842 23,591–79,375

Neutral: high sexual activity group Cost/infection averted 1,160–3,904 1,357–4,567

Neutral: 15–20 y Cost/infection averted 8,968–30,173 10,492–35,302

Neutral: no prioritisation Cost/infection averted 9,629–32,398 11,265–37,905

Optimistic: high sexual activity group Cost/infection averted 638–2,147 746–2,512

Optimistic: 15–20 y Cost/infection averted 5,723–19,254 6,695–22,527

Optimistic: no prioritisation Cost/infection averted 6,812–22,918 7,970–26,814

Pretorius [30] Optimistic: women 15–25 y, no behaviour change Cost/infection averted .25,000 .26,625

Optimistic: women 15–35 y, no behaviour change Cost/infection averted .22,500 .23,963

Optimistic: women 25–35 y, no behaviour change Cost/infection averted .20,000 .21,300

Medium efficacy: women 25–35 y, behaviour change Cost/infection averted .30,000 .31,950

Hallett [28] Efficacy range, high risk: conception or pregnancy use Cost/infection averted 26,000 to 8,000 26,192 to 8,256

Efficacy range, low risk: conception or pregnancy use Cost/infection averted 22,000 to 12,000 22,064 to 12,384

Efficacy range, high risk: up to ART initiation Cost/infection averted 22,200 to 21,000 22,270.4 to 21,672

Efficacy range, high risk: always use PrEP Cost/infection averted 0–26,000 0–26,832

Efficacy range, low risk: always use PrEP Cost/infection averted 6,000–66,000 6,192–68,112

Optimistic, low risk, high ART cost: up to ART initiation Cost/infection averted 3,000 3,096

Optimistic, low risk, high ART cost: up to ART initiation +1 y Cost/infection averted 3,000 3,096

Optimistic, high risk: up to ART initiation Cost/QALY gained 2200 to 500 2206a to 516a

Optimistic, low risk: up to ART initiation Cost/QALY gained 260–1,600 268a–1,651a

Pessimistic, high risk: up to ART initiation Cost/QALY gained 700–1,900 722a–1,960a

Pessimistic, low risk: up to ART initiation Cost/QALY gained 2,500–4,900 2,580a–5,056a

Williams [32] CAPRISA efficacy: high coverage Cost/infection averted 420–2,982 447–3,175

CAPRISA efficacy: low coverage Cost/infection averted 562–4,222 598–4,496

CAPRISA efficacy: high coverage Cost/DALY averted 18–130 19a–138a

CAPRISA efficacy: low coverage Cost/DALY averted 27–181 28a–193a

Walensky [31] CAPRISA efficacy, test freq 3 mo: high incidence women Cost/life year saved 1,600 1,704a

CAPRISA efficacy, test freq 1 mo: high incidence women Cost/life year saved 2,700 2,876a

Alistar [37]b PrEP: no prioritisation recruitment rate 25% to 100%, no ART expansion Cost/QALY gained 1,200 1,200a

PrEP: high risk group recruitment rate 50% to 100%, no ART expansion Cost/QALY gained CS CSa

PrEP: no prioritisation recruitment rate 25% to 100%, ART +25% as per guidelines Cost/QALY gained 980–1,050 980a–1,050a

PrEP: high risk group recruitment rate 100%, ART +25% as per guidelines Cost/QALY gained 50 50a

PrEP: no prioritisation recruitment rate 25% to 100%, ART +50% as per guidelines Cost/QALY gained 900–1,000 900a–1,000a

PrEP: high risk group recruitment rate 100%, ART +50% as per guidelines Cost/QALY gained 160 160a

PrEP: no prioritisation recruitment rate 25% to 100%, ART +75% as per guidelines Cost/QALY gained 860–970 860a–970a

PrEP: high risk group recruitment rate 100%, ART +75% as per guidelines Cost/QALY gained 210 210a

PrEP: no prioritisation recruitment rate 25% to 100%, ART +100% as per guidelines Cost/QALY gained 840–950 840a–950a

PrEP: high risk group recruitment rate 100%, ART +100% as per guidelines Cost/QALY gained 230 230a

PrEP: no prioritisation recruitment rate 25% to 100%, universal ART +25% Cost/QALY gained 810–940 810a–940a

PrEP: high risk group recruitment rate 100%, universal ART +25% Cost/QALY gained 220 220a

PrEP: no prioritisation recruitment rate 25% to 100%, universal ART +50% Cost/QALY gained 760–900 760a–900a

PrEP: high risk group recruitment rate 100%, universal ART +50% Cost/QALY gained 280 280a

PrEP: no prioritisation recruitment rate 25% to 100%, universal ART +75% Cost/QALY gained 740–890 740a–890a

PrEP: high risk group recruitment rate 100%, universal ART +75% Cost/QALY gained 290 290a
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Table 5. Cont.

Reference Scenario Description: Prioritisation Estimate

Measure
US$ in
Publication 2012US$

PrEP: no prioritisation recruitment rate 25% to 100%, universal ART +100% Cost/QALY gained 740–880 740a–880a

PrEP: high risk group recruitment rate 100%, universal ART +100% Cost/QALY gained 300 300a

Cremin [36]c PrEP: no prioritisation, cov 4.4% of 15–54 y (baseline: status quo, current
ART scale-up)

Cost/infection averted 9,390 9,390

PrEP: prioritisation, cov 7.3% of 15–24 y (baseline: status quo, current
ART scale-up)

Cost/infection averted 10,540 10,540

No PrEP, 80% universal ART (baseline: 80% ART200 and 80% MC) Cost/infection averted 10,530 10,530

PrEP: 15–24 y cov 40%, 80% universal ART (baseline: 80% ART200, 80% MC,
80% ART350)

Cost/infection averted 39,900 39,900

PrEP: 15–54 y cov 80%, 80% universal ART (baseline: 80% ART200, 80% MC) Cost/infection averted 20,500 20,500

Concentrated epidemics among MSM in high-income countries

Desai [26]d Exposure, pessimistic: high adherence Cost/QALY gained 6,661–36,268 7,793e–42,433e

Exposure, pessimistic: medium adherence Cost/QALY gained 55,167–84,774 64,545f–99,185f

Exposure, pessimistic: low adherence Cost/QALY gained 113,601–143,208 132,913f–167,553

Adherence, pessimistic: high adherence Cost/QALY gained CS–8,158 CSe–9,545e

Adherence, pessimistic: medium adherence Cost/QALY gained CS–10,327 CSe –12,082e

Adherence, pessimistic: low adherence Cost/QALY gained CS–13,499 CSe –15,793e

Basic, pessimistic: high adherence Cost/QALY gained CS–15,099 CSe –17,665e

Basic, pessimistic: medium adherence Cost/QALY gained 17,168–46,775 20,086e–54,726f

Basic, pessimistic: low adherence Cost/QALY gained 66,896–96,502 78,268f–112,907

Exposure, optimistic: high adherence Cost/QALY gained CS–9,925 CSe –11,612e

Exposure, optimistic: medium adherence Cost/QALY gained 13,307–42,914 15,569e–50,209f

Exposure, optimistic: low adherence Cost/QALY gained 46,502–76,109 54,407f–89,047f

Adherence, optimistic: high adherence Cost/QALY gained CS CSe

Adherence, optimistic: medium adherence Cost/QALY gained CS CSe

Adherence, optimistic: low adherence Cost/QALY gained CS CSe

Basic, optimistic: high adherence Cost/QALY gained CS–1,009 CSe –1,180e

Basic, optimistic: low adherence Cost/QALY gained 37,947–67,553 44,398e–79,037f

Basic, optimistic: medium adherence Cost/QALY gained CS–28,393 CSe –33,220e

Paltiel [34] Medium efficacy: no prioritisation Cost/QALY gained 298,000 359,984

High efficacy: no prioritisation Cost/QALY gained 107,000 129,256f

Medium efficacy, low cost Cost/QALY gained 114,000 137,712f

Medium efficacy: young Cost/QALY gained 189,000 228,312

Koppenhaver
[29]

High adherence: no prioritisation Cost/QALY gained 353,739 376,732

iPrEX adherence: no prioritisation Cost/QALY gained 570,273 607,341

Juusola [35] Cov 100%, PrEP cost US$26/d, no resistance: high risk MSM Cost/QALY gained 52,443 55,852f

Cov100%, PrEP cost US$26/d, no resistance: no prioritisation Cost/QALY gained 216,480 230,551

Cov 100%, high eff, PrEP cost US$26/d, no resistance: high risk MSM Cost/QALY gained 35,080 37,360e

Cov 100%, high eff, PrEP cost US$26/d, no resistance: no prioritisation Cost/QALY gained 146,228 155,733

Cov 100%, PrEP cost US$15/d, no resistance: no prioritisation Cost/QALY gained 131,277 139,810f

Cov 100%, PrEP cost US$50/d, no resistance: high risk MSM Cost/QALY gained 104,516 111,310f

Cov 100%, PrEP cost (50% ARV), no resistance: high risk MSM Cost/QALY gained 25,165 26,801e

Cov 100%, PrEP cost (75% ARV), no resistance: high risk MSM Cost/QALY gained 38,804 41,326e

Cov 100%, no resistance, 8% reduction QoL: high risk MSM. Cost/QALY gained 95,006 101,181f

Cov 100%, PrEP cost US$26/d, resistance: high risk MSM Cost/QALY gained 57,861 61,622f

Cov 100%, PrEP cost US$26/d, resistance: no prioritisation Cost/QALY gained 233,040 248,188

Cov 50%, PrEP cost US$26/d, no resistance: high risk MSM Cost/QALY gained 44,556 47,452e

Cov50%, PrEP cost US$26/d, no resistance: no prioritisation Cost/QALY gained 188,421 200,668
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PrEP to be cost saving, when delivered to individuals at greater

risk of infection with no ART expansion [37]. Cremin et al. [36]

found that a PrEP intervention was not cost-saving when

implemented on top of a base case that included an 80% coverage

of ART for people with CD4 counts of less than 200 cells/ml and

male circumcision to be scaled up to 80%. Hallett et al. compared

Table 5. Cont.

Reference Scenario Description: Prioritisation Estimate

Measure
US$ in
Publication 2012US$

Cov 50%, high eff, PrEP cost US$26/d, no resistance: high risk MSM Cost/QALY gained 26,766 28,506e

Cov 50%, high eff, PrEP cost US$26/d, no resistance: no prioritisation Cost/QALY gained 120,080 127,885f

Cov 50%, PrEP cost US$15/d, no resistance: no prioritisation Cost/QALY gained 113,935 121,341f

Cov 50%, PrEP cost US$50/d, no resistance: high risk MSM Cost/QALY gained 89,658 95,486f

Cov 50%, PrEP cost (50% ARV), no resistance: high risk MSM Cost/QALY gained 20,930 22,290e

Cov 50%, PrEP cost (75% ARV), no resistance: high risk MSM Cost/QALY gained 32,743 34,871e

Cov 50%, no resistance, 8% reduction QoL: high risk MSM. Cost/QALY gained 72,762 77,492f

Cov 50%, PrEP cost US$26/d, resistance: high risk MSM Cost/QALY gained 56,492 60,164f

Cov 50%, PrEP cost US$26/d, resistance: no prioritisation Cost/QALY gained 226,325 241,036

Cov 20%, PrEP cost US$26/d, no resistance: high risk MSM Cost/QALY gained 40,279 42,897e

Cov20%, PrEP cost US$26/d, no resistance: no prioritisation Cost/QALY gained 172,091 183,277

Cov 20%, high eff, PrEP cost US$26/d, no resistance: high risk MSM Cost/QALY gained 22,374 23,828e

Cov 20%, high eff, PrEP cost US$26/d, no resistance: no prioritisation Cost/QALY gained 105,066 111,895f

Cov 20%, PrEP cost US$15/day, no resistance: no prioritisation Cost/QALY gained 103,841 110,591f

Cov 20%, PrEP cost US$50/d, no resistance: high risk MSM Cost/QALY gained 81,593 86,897f

Cov 20%, PrEP cost (50% ARV), no resistance: high risk MSM Cost/QALY gained 18,637 19,848e

Cov 20%, PrEP cost (75% ARV), no resistance: high risk MSM Cost/QALY gained 29,458 31,373e

Cov 20%, no resistance, 8% reduction QoL: high risk MSM Cost/QALY gained 62,431 66,489f

Cov 20%, PrEP cost US$26/d, resistance: high risk MSM Cost/QALY gained 78,884 84,011f

Cov 20%, PrEP cost US$26/d, resistance: no prioritisation Cost/QALY gained 303,091 322,792

Concentrated epidemics among MSM in low- and middle-income countries

Gomez [27] Low coverage: high prioritisation Cost/DALY averted 403–637 415g–657g

Low coverage: some prioritisation Cost/DALY averted 447–707 461g–729g

Low coverage: no prioritisation Cost/DALY averted 1,076–1,702 1,110g–1,756g

High coverage: high prioritisation Cost/DALY averted 665–1,052 686g–1,085g

High coverage: some prioritisation Cost/DALY averted 886–1,400 914g–1,445g

High coverage: no prioritisation Cost/DALY averted 1,125–1,779 1,161g–1,835g

Concentrated epidemics among PWID in low- and middle-income countries

Alistar [33] MMT 25%, no PrEP Cost/QALY gained 530 546h

MMT 25%, ART 80% (for IDU and general population), no PrEP Cost/QALY gained 870 896h

MMT 25%, ART 80% (for IDU and general population), PrEP 25% to 50% Cost/QALY gained 3,080–3,910 3,172h–4,027i

PrEP 25% to 50% Cost/QALY gained 14,590–14,680 15,028–15,120

MMT 25%, PrEP 25% to 50% Cost/QALY gained 4,800–6,100 4,944i–6,283i

ART 80% (for IDU and general population), PrEP 25% to 50% Cost/QALY gained 3,290–4,210 3,389h–4,336i

Thresholds used to determine cost-effectiveness, based on World Bank database [23]. Bold-black signifies an estimate is cost-effective or very cost-effective with regards
to the country-specific threshold.
aFor South Africa, an intervention is considered very cost-effective at a threshold of less than 16GDP per capita, US$8,070.
bIn Alistar et al., several scenarios were considered for ART recruitment rates of 25%, 50%, 75%, and 100% in addition to the 40% status quo coverage as per guidelines
and following universal access.
cIn Cremin et al., several scenarios were considered for ART coverage. ART200: coverage of ART in HIV-infected people starting at CD4 count of ,200 cells/ml; ART350:
coverage of ART in HIV-infected people starting at CD4 count of ,350 cells/ml; universal ART: coverage of ART in HIV-infected people starting at any CD4 count level.
dIn Desai et al., the authors considered three effectiveness mechanisms: basic, adherence-dependent, and exposure-dependent.
eFor USA, an intervention is considered very cost-effective at a threshold of less than 16GDP per capita, US$48,442.
fFor USA, an intervention is considered cost-effective between 16GDP per capita, US$48,442 and 36GDP per capita, US$145,326.
gFor Peru, an intervention is considered very cost-effective at a threshold of less than 16GDP per capita, US$ US$6,009.
hFor Ukraine, an intervention is considered very cost-effective at a threshold of less than 16GDP per capita, US$3,615.
iFor Ukraine, an intervention is considered cost-effective between 16GDP per capita, US$3,615 and 36GDP per capita, US$10,845.
cov., coverage; CS, cost saving; freq, frequency; MC, male circumcision; MMT, methadone maintenance treatment; QoL, quality of life; resist., resistance.
doi:10.1371/journal.pmed.1001401.t005
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early ART to PrEP in HIV-serodiscordant couples, finding that if

higher risk couples change their behaviour (for example through

risk reduction counselling), earlier initiation of ART might become

a cost-effective alternative to oral PrEP [28]. Assumptions about

behavioural change (an increase in the number of partners) was a

key driver of cost-effectiveness in Abbas et al. [25], while Pretorius

et al. [30] found a lesser impact on cost-effectiveness following

changes in condom use. This might be explained by the inclusion

in Pretorius et al. of a background decrease in condom use with

age, with older women tending to have less condom use. Hallett et

al. did not include changes in behaviour due to oral PrEP

introduction in their analyses. Resistance and toxicity levels did

not significantly affect cost-effectiveness estimates [25,31].

Concentrated Epidemics among MSM in the USA (n= 4)
Pre-iPrEX modelling studies estimated cost-effectiveness of

PrEP interventions among MSM with mixed results in the USA.

The cost per QALY gained presented by Paltiel et al. [34] was

considerably higher (US$298,000/QALY gained) than that

presented by Desai et al. [26] (from cost saving to a maximum

of US$143,208/QALY gained). This difference is primarily due to

the inclusion of benefits from reduced onward transmission in the

latter. The authors of post-iPrEX studies are in agreement that

PrEP use among populations of MSM in the USA could have a

significant impact on the domestic HIV epidemic. However,

Koppenhaver et al., while exploring only scenarios with no

prioritisation, found a PrEP intervention not to be cost-effective

[29]. Juusola et al. found PrEP to be cost-effective under certain

assumptions (i.e., prioritisation scenarios and no prioritisation

scenarios including high product effectiveness or low drug costs

[US$15/day for oral PrEP to the equivalent of 50% or 75% the

cost of ART]) [35]. Both studies concluded that a PrEP

programme might not be affordable due to the high cost of drugs

used for PrEP (US$8,000 to US$9,300 per person-years for PrEP

drugs only) [29,35]. In this setting, the benefits of PrEP were

expected to be offset by relatively small increases in the number of

partners in one study [26]. Conversely, resistance was not found to

have a strong impact on cost-effectiveness estimates [34,35].

Varying levels of toxicity to PrEP had the potential to

counterbalance PrEP benefits in two studies [34,35].

Concentrated Epidemics among MSM in Peru (n= 1)
PrEP could be a cost-effective addition to current prevention

programmes in Peru for MSM populations (up to US$1,702/
DALY averted) using benchmarks for cost-effectiveness specific to

Peru [22]. However, even if PrEP drugs are expected to cost less

than in settings such as the USA, a PrEP programme in this

middle-income country might well require significant expenditure

[27]. Behaviour change was not estimated to significantly affect

cost-effectiveness estimates. It would result in detrimental effects

(increases in the number of infections) only if PrEP efficacy and

adherence were both assumed to be low [27]. The effect of

prioritisation appears to be less pronounced in those scenarios with

high coverage levels where saturation of coverage of those at

highest risk occurs early during implementation and higher levels

of coverage of lower-risk populations is achieved [27].

Concentrated Epidemics among People Who Inject
Drugs in Ukraine (n= 1)
Alistar et al. [33] found PrEP not to be a cost-effective

intervention in isolation from other HIV control interventions for

use among populations of PWID (US$14,590–US$14,680/QALY

gained) using benchmarks for cost-effectiveness specific to Ukraine

[22]. PrEP is considerably less attractive when compared to the

expansion of either methadone maintenance therapy (US$530/
QALY gained) or to the combination of methadone maintenance

therapy and ART for those in need (US$870/QALY gained) [33].

Discussion

This systematic review included 13 modelling studies estimating

the cost and potential population-level impact of introducing a

PrEP programme in generalised and concentrated epidemic

settings. Our findings show that PrEP is estimated to have the

potential to be a cost-effective addition to HIV prevention

programmes in some settings. However, the cost-effectiveness of

PrEP is likely to depend on considerations such as cost, the

epidemic context, PrEP programme coverage and prioritisation

strategies, as well as individual adherence levels and PrEP efficacy

estimates.

To prevent heterosexual transmission in the generalised

epidemics of southern Africa, PrEP is potentially a cost-effective

intervention. Topical PrEP, in particular, could have a significant

impact in South Africa, providing a much-needed female-initiated

prevention option. However, it should be noted that funding PrEP

while other potentially more cost-effective HIV prevention

interventions remain under-funded may have high opportunity

costs. In concentrated epidemics, such as MSM-driven epidemics

both in Peru and in the USA, PrEP could have a substantial

impact on the epidemic but may not be affordable at current drug

prices. In Ukraine, expansion of ART coverage and methadone

maintenance treatment programmes for PWID should be a first

priority, with PrEP potentially added on within a combination

prevention framework. However, evidence to date shows PrEP

might not be cost-effective in this setting at current drug prices.

Nevertheless, findings from the phase III Bangkok Tenofovir

Study of PrEP among PWID will shed light on the efficacy

estimates of PrEP in this population and inform future model

estimates in similar epidemic contexts [38].

In all settings, the price of drugs is a limiting factor in terms of

affordability of PrEP programmes as has been previously suggested

[39,40], and is key to determining cost-effectiveness. Moreover,

the findings above predominately exclude important service and

above service costs of providing PrEP (i.e., regular HIV testing and

blood chemistry panels; the costs of possible adverse outcomes,

including PrEP-related toxicity and potential drug resistance

attributable to PrEP; and system-wide costs of implementing a

PrEP programme). All of these should be considered to improve

the validity and utility of estimates. Another key limitation among

the studies is that the majority did not include savings in treatment

and hospitalisation due to secondary infections averted. Although

carrying significant uncertainties, the inclusion of these benefits

allows a more informed consideration of potential PrEP benefits

within broader programmatic planning for HIV prevention and

care.

In the models reviewed, several prioritisation strategies were

explored. Prioritisation by sexual activity characteristics to deliver

PrEP to those populations at highest risk of HIV exposure

improved the cost-effectiveness estimates. However, the extent to

which prioritising populations at higher risk improves cost-

effectiveness results in the models depends largely on the

assumptions made about sexual mixing and risk heterogeneity.

Extra costs related to the identification and engagement of priority

populations were not included in any of the studies, neither were

considerations in terms of economies of scale. Furthermore, as

results from the enrolment phase of iPrEX Ole show (65% of trial

participants decided to continue taking PrEP), not all individuals at

Review of PrEP Cost-Effectiveness Studies

PLOS Medicine | www.plosmedicine.org 13 March 2013 | Volume 10 | Issue 3 | e1001401



Chapter 15 205

higher risk are willing to use PrEP [41]. Identifying and

meaningfully engaging those at highest risk in tailored HIV

prevention strategies represents a significant challenge for decision

makers, health care providers, and prevention advocates.

Prioritisation by age was a strategy advanced in several studies.

In the studies reviewed, prioritisation by age group resulted in a

lower cost-effectiveness benefit compared to prioritisation strate-

gies based on self-reported risk behaviour [25,30,31,34]. However,

the former has the advantage of being straightforward to

implement compared to a selection of potential PrEP users based

on self-reported risk behaviour. In contexts such as South Africa

and the USA, age prioritisation clearly would focus on those

populations at higher risk of HIV acquisition. Another prioritisa-

tion strategy analysed in one study was the delivery of PrEP

depending on the stage in users’ lives. In reality, PrEP use will not

need to be sustained throughout an individual’s lifetime but may

vary as his or her risk situation changes over time. People may opt

to use PrEP during specific higher risk life periods, such as during

periods of active sex work or when serodiscordant couples are

trying to conceive a child [42,43]. Understanding potential

scenarios of PrEP use over the life cycle is essential for decision

makers to be able to evaluate the possible impact of PrEP

programmes in their local contexts. An additional consideration

concerns intermittent PrEP. The first report of safety and

adherence to an intermittent PrEP regimen in Kenya showed

that among MSM and female sex workers adherence was lower

than for daily dosing [44]. Results from two phase II trials

underway in France [45] and the USA [46] will help inform

adherence requirements and, should intermittent pre- and post-

exposure dosing be proven effective, help tailor PrEP programmes

to consumer demand [47].

Behavioural change due to PrEP use and adherence to PrEP

were estimated to have potentially significant impacts on

programme effectiveness. While the emergence of drug resistance

due to PrEP programme scale-up and PrEP-related toxicity

assumptions did not significantly affect cost-effectiveness estimates,

improvement of drug resistance surveillance systems as well as

effective adherence counselling will be essential components of

PrEP programme implementation, in addition to behavioural

counselling.

This review has several limitations. The geographical coverage

of the studies reviewed is partial and both the impact and cost

evaluations are highly setting-specific, limiting the generalisability

of the findings. We were unable to perform a meta-analysis due to

the variability across studies in reporting outcomes. Nevertheless,

in order to compare cost-effectiveness estimates across settings, we

used the thresholds proposed by the WHO-CHOICE Project and

the Commission on Macroeconomics as a benchmark [22]. These

standards are based on the GDP per capita, assuming that a

society is willing to pay the equivalent of up to one GDP per capita

(for highly cost-effective interventions) or between one and three

times the GDP per capita (for a cost-effective intervention for a

DALY averted, QALY saved, or LYS). This is a normative

selection of cost-effectiveness thresholds, albeit regarded as useful

from a decision analytic perspective [24].

It is worth noting that, with the exception of four studies in

South Africa [28,30,36,37], research comparing the potential

trade-offs of earlier treatment for prevention versus PrEP remains

an important gap in the literature that should be addressed,

especially in concentrated epidemics. Cost-effectiveness studies

that demonstrate where resources applied can have the greatest

impact will help inform this complicated decision-making, but

these are not the only considerations. The decision to include a

PrEP option within the combination prevention package requires

input from all strata of society. For instance, in contexts where

universal access to ART for patients in need has not been

achieved, PrEP programme planning processes will be challenged

by concerns about social justice, equity, and affordability. This is

in addition to the hurdles of overcoming the marginalisation,

stigmatisation, and criminalisation of many of the populations that

would most benefit from tailored HIV prevention programming

that includes the choice of PrEP. Disentangling these issues will be

critical for effective decision-making, as will the consideration of

potential synergies between an expanded testing and treatment

programme and a PrEP programme.

While the interest of donors for modelling studies that compare

the cost-effectiveness of different HIV prevention methods is

expected to increase [48], current evidence is already available to

aid policy makers in assessing PrEP as a new prevention option. In

this context, our review sheds light on the main considerations that

decision makers need to address when judging the relevance of

cost-effectiveness estimates of a potential PrEP programme and

the potential gaps in the modelling evidence. Given that our

review shows that setting and target population are critical drivers

of cost-effectiveness, the next step is to conduct context-specific

demonstration studies, including comprehensive cost analyses, of

different prioritisation and adherence promotion strategies to

ensure that the maximum benefit from the introduction of PrEP is

realised within combination HIV prevention programmes.
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Editors’ Summary

Background Every year approximately 2.5 million people
are infected with HIV, the virus that causes AIDS. Behavioral
strategies like condom use and reduction of sexual partners
have been the hallmarks of HIV prevention efforts. However,
biological prevention measures have also recently been
shown to be effective. These include male circumcision,
treatment as prevention (treating HIV-infected people with
antiretroviral drugs to reduce transmission), and pre-expo-
sure prophylaxis (PrEP), where people not infected with HIV
take antiretroviral drugs to reduce the probability of
transmission. Strategies such as PrEP may be viable
prevention measure for couples in long-term relationships
where one partner is HIV-positive and the other is HIV-
negative (HIV serodiscordant couples) or groups at higher
risk of HIV infection, such as men who have sex with men,
and injection drug users.

Why Was This Study Done? The findings from recent
clinical trials that demonstrate PrEP can reduce HIV trans-
mission have led to important policy discussions and in the
US, Southern Africa, and the UK new clinical guidelines have
been developed on the use of PrEP for the prevention of HIV
infection. For those countries that are considering whether
to introduce PrEP into HIV prevention programs, national
policy and decision makers need to determine potential
costs and health outcomes. Cost-effectiveness models—
mathematical models that simulate cost and health effects of
different interventions—can help inform such decisions.
However, the cost-effectiveness estimates that could provide
guidance for PrEP programs are dependent on, and limited
by, the assumptions included in the models, which can make
their findings difficult to generalize. A systematic comparison
of published cost-effectiveness models of HIV PrEP interven-
tions would be useful for policy makers who are considering
introducing PrEP intervention programs.

What Did the Researchers Do and Find? The researchers
performed a systematic review to identify published cost-
effectiveness models that evaluated the health gains and
costs of HIV PrEP interventions. Systematic reviews attempt
to identify, appraise, and synthesize all the empirical
evidence that meets pre-specified eligibility criteria to
answer a given research question by using explicit methods
aimed at minimizing bias. By searching databases the
authors identified 13 published studies that evaluated the
impact of PrEP in different populations (heterosexual
couples, men who have sex with men, and injection drug
users) in different geographic settings, which included
Southern Africa, Ukraine, US, and Peru.
The authors identified seven studies that assessed the
introduction of PrEP into generalized HIV epidemics in
Southern Africa. These studies suggest that PrEP may be a
cost effective intervention to prevent heterosexual transmis-
sion. However, the authors note that funding PrEP while
other cost-effective HIV prevention methods are underfund-

ed in this setting may have high opportunity costs. The
authors identified five studies where PrEP was introduced for
concentrated epidemics among men who have sex with men
(four studies in the US and one in Peru). These studies
suggest that PrEP may have a substantial impact on the HIV
epidemic but may not be affordable at current drug prices.
The authors also identified a single study that modeled the
introduction of PrEP for people who inject drugs in the
Ukraine, which found PrEP not to be cost effective.
In all settings the price of antiretroviral drugs was found to
be a limiting factor in terms of affordability of PrEP programs.
Behavioral changes and adherence to PrEP were estimated
to have potentially significant impacts on program effec-
tiveness but the emergence of drug resistance or PrEP-
related toxicity did not significantly affect cost-effectiveness
estimates. Several PrEP prioritization strategies were ex-
plored in included studies and delivering PrEP to populations
at highest risk of HIV exposure was shown to improve cost-
effectiveness estimates. However, the extra costs of identi-
fying and engaging with high-risk populations were not
taken into consideration. The authors note that the
geographic coverage of identified studies was limited and
that the findings are very dependent on the setting which
limits generalizability.

What Do these Findings Mean? These findings suggest
that PrEP could be a cost-effective tool to reduce new HIV
infections in some settings. However, the cost-effectiveness
of PrEP is dependent upon cost, the epidemic context,
program coverage and prioritization strategies, participants’
adherence to the drug regimen, and PrEP efficacy estimates.
These findings will aid decision makers quantify and
compare the reductions in HIV incidence that could be
achieved by implementing a PrEP program.

Additional Information. Please access these Web sites via
the online version of this summary at http://dx.doi.org/10.
1371/journal.pmed.1001401.

N The US National Institute of Allergy and Infectious Diseases
has information on HIV/AIDS

N aidsmap provides basic information about HIV/AIDS,
summaries of recent research findings on HIV care and
treatment, and has a section on PrEP

N Information is available from Avert, an international AIDS
charity, on many aspects of HIV/AIDS, including HIV
prevention

N AVAC Global Advocacy for HIV Prevention provides infor-

N The US Centers for Disease Control and Prevention also has
information on PrEP

N The World Health Organization has a page on its WHO-
CHOICE criteria for cost-effectiveness
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Modeling the impact of RV144-like vaccines on HIV transmission

Catherine A. Hankinsa,∗, John W. Glasserb, Robert T. Chenb

a Office of the Deputy Executive Director, Programme Branch, Joint United Nations Programme on HIV/AIDS, Geneva, Switzerland
b Centers for Disease Control and Prevention, Atlanta, GA 30333, United States

Some 30 years after the public first became aware of AIDS,
the need for a safe, effective, and affordable HIV vaccine remains
compelling [1]. To date, the road to an HIV vaccine has been
rocky, marked by the well-publicized failures of the first two can-
didates to reach large population trials. The first, a recombinant
gp120 AIDSVAX® B/E vaccine, proved ineffective [2,3]. The second,
a recombinant adenovirus 5 gag/pol/nef HIV-1 vaccine, actually
increased the risk of HIV acquisition among vaccinees relative to
placebo recipients [4]. Then, just as vaccine developers were return-
ing to their drawing boards [5], the bumpy road evened out. On 20
October 2009, results of RV144 – a large, long duration, expensive
(∼120 million US$), community Phase III trial in Thailand evaluat-
ing a combination of two vaccines, ALVAC® HIV vaccine (a 4-dose
prime) and the aforementioned AIDSVAX® B/E vaccine (a 2-dose
boost) – were announced at the AIDS Vaccine 2009 Conference in
Paris, France. There were 51 infections in 26,507 vaccinated person-
years versus 74 in 26,478 unvaccinated person-years (p = 0.04).
Excluding 7 trial participants who were infected before vaccination,
this prime-boost combination reduced the risk of HIV infection by
31.2% (95% CI, 1.1–51.2) overall compared to placebo [6].

In March of 2010, at the request of the Ministry of Public Health
in Thailand, a consultation was co-sponsored by the WHO, UNAIDS,
Global HIV Vaccine Enterprise, Thai Ministry of Public Health,
and US Military HIV Research Program to address the utility of
RV144 trial results, particularly public health and future access;
ethical, regulatory, and community issues; science and vaccine
development; and clinical trial design and statistics. Among the
recommendations was to encourage modeling teams to estimate
the cost and impact on the HIV epidemic of vaccine regimens with
varying efficacy and durability, including a 31% efficacious gen-
eral population vaccine with a 1-year duration of protection [7].
Accordingly, the editors invited modelers capable of evaluating the
potential impact of RV144-like vaccines to investigate a common
scenario with variations for a number of countries. This special issue
of Vaccine contains several articles from this joint modeling exer-
cise, along with several other HIV vaccine papers, most of which
were presented at a satellite symposium, entitled ‘Preparing for
the Availability of a Partially Effective HIV Vaccine’, held at the AIDS
Vaccine 2010 Conference in Atlanta, USA.

∗ Corresponding author.
E-mail address: hankinsc@unaids.org (C.A. Hankins).

In view of earlier disappointments [2–4], the RV144 trial results
represent a significant scientific achievement, demonstrating for
the first time that a preventive HIV vaccine is possible. Many ques-
tions remain, however, including (1) the immune correlates of
protection in this community-based trial whose participants gen-
erally were at low risk of HIV infection; (2) whether, in view of
the rapidly waning efficacy, booster doses could usefully main-
tain protection; (3) whether the vaccine was equally efficacious
among those at higher risk of HIV infection; and (4) what lessons
could be learned for combinations of partially effective biomedical
interventions [8].

There are challenges inherent in analyzing observations from
clinical trials and reporting their results [9], and the RV144
trial posed some unique challenges. Generally, vaccine efficacy is
defined as the complement of the relative risk among vaccinated
and unvaccinated persons, estimated as one minus the incidence
rate ratio [10]. The 31.2% efficacy at 42 months – derived from
the numbers reported above – is an average over the entire RV144
trial. The points in Fig. 1a illustrate estimates derived from cumula-
tive infections and person-time at risk [see also 6, Table 1c]. These
observations were analyzed and presented in this manner because,
when HIV incidence is low, as in the Thai population studied,
interval estimates of vaccine efficacy (the points in Fig. 1b repre-
sent infections and person-times at risk during successive 6-month
intervals) may be so variable that patterns are difficult to perceive.
This is the first challenge.

Several possible modes of vaccine action have been described
[11]: vaccination may afford some degree of protection to all recip-
ients; that is, vaccinees may be protected from infection, but only
in some proportion of their exposures. Although such exposures
might be sufficiently intimate for infection (e.g., contact with the
body fluids of infectious persons), transmission might not occur if
the dose of pathogens is too low. Alternatively, vaccination may
take in some proportion of recipients; that is, some vaccinees may
be protected from infection in all such exposures. Further, if vac-
cinated persons do become infected, they may be less infectious
than unvaccinated people. The RV144 prime-boost regimen had
no effect, however, on the early HIV-1 viral loads or CD4+ T-
cell counts of participants who did acquire HIV post-vaccination
[6]. Finally, as these two conceptual modes of protection are
not mutually exclusive, the risk of infection per exposure could
be reduced only in some vaccinees (i.e., some may be partially
immune).

0264-410X/$ – see front matter © 2011 Published by Elsevier Ltd.
doi:10.1016/j.vaccine.2011.07.001
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Fig. 1. Cumulative and interval-specific vaccine efficacies from the clinical trial of RV144. The estimates in (a) are located at the ends of successive 6 month intervals, with
those at 12, 24, 36, and 42 months having been reported [6, Table 1c], while those in (b) are located at their mid-points.

In this special issue about the potential impact of a modestly
effective HIV vaccine in Thailand, South Africa, Australia, and the
United States, two teams (Grey et al. and Hontelez et al.) modeled
individuals, while the others modeled groups of – for their purposes
– similar individuals. In models of groups, called compartmental
or population-based models, exponentially distributed residence
times (or sojourns) in the various compartments or states are easy
to program – if we denote by X the number of people in any state,
the per capita rate of change in this number, dX/Xdt, is the recipro-
cal of the mean sojourn – and convenient because X may approach
but will never become zero (or negative). Other distributions are
more realistic biologically; the gamma (a statistical distribution
describing times to randomly occurring events), for example, can
be modeled as a sum of exponential distributions.

The second challenge posed by the RV144 trial results is that, in
estimating the impact of any intervention whose efficacy varies,
one requires a function for efficacy at all times t. Proportional
hazards analysis of individual infections in the RV144 trial yields
the relationship illustrated by the red or dashed line in Fig. 1b,
whose equation is VE = 1 − exp[− 2.4 + 0.76 × log(t)], where t is time
in days since vaccination (Don Stablein, personal communication).
Solely for mathematical convenience, we approximated this sur-
vival function with that illustrated by the blue or solid line in
Fig. 1b, whose equation is VE = 0.78 × exp[− 0.06t], where t is time
in months since vaccination. We fitted this equation to the interval
estimates illustrated using Breslow’s approximation of the likeli-
hood [12]. (For interpretation of the references to color in this figure
the reader is referred to the web version of the article.)

Were efficacy to vary inversely with risk and the above-
mentioned protective modes of vaccine action to be disjoint
(mutually exclusive and exhaustive), one could conclude that
vaccination afforded degree protection. Because members of sub-
populations at higher risk of HIV exposure are by definition more
frequently or intensely exposed, more of them would be infected
during any period. If, in contrast, vaccination took in some pro-
portion of recipients, there would be no such difference between
those at higher and lower risk. While the inverse relationship
between risk and efficacy is suggestive [6, Table 2], the efficacies
by self-reported risk category do not differ significantly, nor does
the greater point estimate among medium compared to low-risk
groups make biological sense. Understanding the mode of vaccine
action is the third challenge.

Finally, to ensure that results were comparable, we asked the
modelers not only to employ the exponential function illustrated
by the blue or solid line in Fig. 1b for efficacy at all times t since
vaccination, but to report fractions of infections averted over a 10-
year follow-up period by single mass vaccinations of 30% and 60%
of sexually active adults. The temporal decay of vaccine efficacy led
inevitably to explorations of the impact of booster vaccinations at

1- to 5-year intervals. Pending results of studies underway to deter-
mine if vaccinees respond immunologically to booster doses, the
modelers simply assumed that vaccine efficacy could be restored
by boosting. Another variation on the reference scenario was vac-
cinating persons attaining sexual maturity during follow-up. Given
that the efficacies of this prime-boost combination among pop-
ulations exposed to HIV via different modes of transmission are
indistinguishable we did not specify a mode of vaccine action.

The modelers found that RV144-like vaccines would have mod-
est impact, averting 5–15% of infections over 10-year periods,
especially in countries with high incidence (see Andersson et al.,
Nagelkerke et al. in this issue.). Vaccination would be cost-effective
in South Africa if the complete prime-boost regimen were priced
around 150 US$ per person (see Hontelez et al. in this issue)
whereas in the United States a price of 500 US$ per person would
meet conventionally accepted cost-effectiveness thresholds (see
Long and Owens in this issue). Because efficacy wanes so quickly,
periodic boosting of immune responses would be necessary to
sustain protection (see Schneider et al. in this issue). Two teams
investigated prioritizing women sex workers, their clients, and peo-
ple who inject drugs (see Long and Owens, Andersson and Stover in
this issue), with the proviso that the RV144 trial was conducted in
a lower-risk population. These teams found that prioritizing sub-
populations at higher risk of HIV exposure was more efficient, even
if efficacy were lower than observed in the RV144 trial, than vacci-
nating all members of the sexually active population. Grey et al.in
this issue found comparable benefits among Australian men who
have sex with men when they assumed that vaccination would be
as efficacious in this sub-population as observed among heterosex-
uals in Thailand.

While mathematical models can estimate the population-level
impact of partially efficacious vaccination strategies on HIV inci-
dence in different settings, they may produce conflicting outcomes
if methods, assumptions, and parameters vary. In this series of
articles, we sought to examine the results of different modeling
approaches when the teams made similar assumptions (e.g., the
exponential function for efficacy), and assessed similar interven-
tions (e.g., the impact of 30% versus 60% coverage among sexually
active adults on 10-year HIV incidence) in various settings. The con-
sistency of modeled findings, demonstrating that a vaccine that
is modestly efficacious in a population at low risk of heterosex-
ual HIV exposure could have tangible population-wide benefits,
is encouraging. While such consistency suggests that these find-
ings are robust, this exercise is but a first step in understanding
the place of a partially effective vaccine in combination with other
behavioral, structural, and biomedical HIV prevention approaches
[13].

Mathematical models cannot be parameterized for every con-
ceivable setting nor used to explore all possible HIV prevention



214 Chapter 16

C.A. Hankins et al. / Vaccine 29 (2011) 6069–6071 6071

programs, but modeling studies can refine and validate simpler
decision-making tools. Modeling contributed in a tangible way to
informed decision-making about male circumcision [14], refining
a Decision Makers Programme Planning Tool [15]. Six countries in
sub-Saharan Africa have completed facility-based costing studies
and, in two further countries, studies are underway to estimate
the requisite parameters. This user-friendly tool can estimate the
cost and impact of a variety of programmatic approaches by vary-
ing, for example, speed of scale-up, key populations prioritized for
tailored programs, and task-shifting or task-sharing modes of pro-
gram delivery. Resource allocation tools that incorporate synergies
from overlapping interventions and accommodate economies and
diseconomies of scale can inform policy and programming [16].
Concerns about striking context-appropriate balances of treatment
versus prevention programming, maximizing human and financial
resources, and addressing equity issues also affect policy deci-
sions. Mathematical models and tools derived from them bring yet
another dimension to the decision-making process, provided their
assumptions are transparent, reasonable, and accepted.

With RV144 as a benchmark and continued scientific progress,
including the identification of several broadly neutralizing anti-
bodies that target multiple strains of HIV [17,18], recent exciting
developments in mucosal immunization against HIV-1 [19], and
a novel vaccine candidate that significantly suppresses viral load
after infection [20], the dream of a safe, effective, and affordable
HIV vaccine seems more realistic than ever.
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HIV and risk environment for injecting drug users: the past, 
present, and future
Steff anie A Strathdee, Timothy B Hallett, Natalia Bobrova, Tim Rhodes, Robert Booth, Reychad Abdool, Catherine A Hankins

We systematically reviewed reports about determinants of HIV infection in injecting drug users from 2000 to 2009, 
classifying fi ndings by type of environmental infl uence. We then modelled changes in risk environments in regions 
with severe HIV epidemics associated with injecting drug use. Of 94 studies identifi ed, 25 intentionally examined risk 
environments. Modelling of HIV epidemics showed substantial heterogeneity in the number of HIV infections that 
are attributed to injecting drug use and unprotected sex. We estimate that, during 2010–15, HIV prevalence could be 
reduced by 41% in Odessa (Ukraine), 43% in Karachi (Pakistan), and 30% in Nairobi (Kenya) through a 60% reduction 
of the unmet need of programmes for opioid substitution, needle exchange, and antiretroviral therapy. Mitigation of 
patient transition to injecting drugs from non-injecting forms could avert a 98% increase in HIV infections in Karachi; 
whereas elimination of laws prohibiting opioid substitution with concomitant scale-up could prevent 14% of HIV 
infections in Nairobi. Optimisation of eff ectiveness and coverage of interventions is crucial for regions with rapidly 
growing epidemics. Delineation of environmental risk factors provides a crucial insight into HIV prevention. Evidence-
informed, rights-based, combination interventions protecting IDUs’ access to HIV prevention and treatment could 
substantially curtail HIV epidemics.

Introduction
The estimated number of injecting drug users (IDUs) 
worldwide was 15·9 million (range 11·0–21·2 million) 

in 2007,1 of whom around 3 million were infected with 
HIV. HIV infection was reported in 120 (81%) of the 
148 countries in which use of injecting drugs was 
documented. HIV prevalence in IDUs was 20–40% in 
fi ve countries and more than 40% in nine.1 Extreme 
hetero geneity in HIV epidemics between, and some-
times within, countries, and the tendency for rapid HIV 
transmission between IDUs have been hallmarks of 
HIV epidemics associated with IDUs since the 
pandemic began.

Search strategy and selection criteria

We searched BIOSIS (ISI-CE BIOSIS previews), PubMed, and 
Embase for publications written in English, French, Spanish, 
Ukrainian, or Russian between 2000 and 2009. Our search had 
three required components: “HIV”, “HIV infections”, “HIV”, 
“AIDS”, “human immunodefi ciency virus”, “acquired 
immunodefi ciency syndrome”, or “acquired immune defi ciency 
syndrome”; “substance abuse, intravenous”, “IDU”, “IDUs”, 
“injecting drug”, “intravenous drug”, “intravenous substance”, 
“injecting substance”, or “injecting drug use”; and “risk factor”, 
“correlate”, or “determinant”. We searched reference lists from 
retrieved manuscripts. Abstracts were examined to assess 
eligibility for inclusion, and we excluded studies in which HIV 
infection was not an outcome, multivariate analyses of risk 
factors were not done, or data for injecting drug users were not 
reported separately from those for users of non-injecting drugs. 
We excluded commentaries, editorials, and reviews. To obtain 
data for modelling scenarios, the same keywords were used 
with “Kenya”, “Pakistan”, and “Ukraine”. We also hand-searched 
published work from the UNAIDS data archive, peer-reviewed 
abstracts from conference proceedings, and national AIDS 
programme data.

Key messages

• Understanding of the risks of HIV infection in injecting drug users (IDUs) should go 
beyond the individual and assess structural and environmental infl uences that shape 
risk practices and vulnerability to infection.

• Over the past decade, only a quarter of epidemiological studies explicitly aimed to 
study risk factors operating in the HIV risk environment in IDUs. 

• Over the past decade, fewer than a third of studies that examined risk factors for 
HIV infection in IDUs were done in countries with high HIV burdens in IDUs. 

• Sexual transmission among IDUs and from IDUs to people who do not inject drugs can 
be a major factor in epidemics; in injectors, risk of HIV infection attributable to 
unprotected sex was nearly 5% during 2010–15 in Karachi, Pakistan, and Nairobi, 
Kenya, but was 15–45% in Odessa, Ukraine.

• Reduction of the unmet need of opioid substitution, needle and syringe programmes, 
and antiretroviral therapy by 60% during 2010–15 could prevent 41% of incident 
HIV infections in Odessa, 43% in Karachi, and 30% in Nairobi.

• Local HIV epidemics are sensitive to diff erent types and amounts of structural 
changes: mitigation of the expected transition of non-injecting drug use to injecting 
drug use by 8–12% in Karachi could prevent 65–98% of incident HIV infections; 
elimination of laws prohibiting opioid substitution in Nairobi and scaling up of 
services to 80% coverage could prevent 14% of incident HIV infections in IDUs. 

• Extreme heterogeneity in global and local HIV epidemics in IDUs necessitates 
implementation of a tailored combination of interventions that addresses population 
determinants of HIV transmission, informed by a comprehensive analysis of local risks 
operating at many degrees of infl uence. Structural HIV prevention interventions are a 
crucial element of a combined prevention approach. 

• In regions with rapidly growing epidemics (eg, Nairobi), rapid optimisation of 
eff ective and widespread opioid substitution and needle and syringe programmes is 
crucial. Interventions that protect access to HIV prevention and treatment for IDUs 
can have substantial eff ect on local HIV epidemic trajectories.
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Since sharing of syringes by IDUs was identifi ed as a 
risk factor for HIV infection nearly 25 years ago, 
investigators have concentrated on circumstances in 
which sharing occurs (ie, who injects with syringes 
previously used by whom, the reasons for sharing, and 
locations where sharing takes place). Eff orts have been 
made to diff erentiate risks for acquisition of HIV from 
injection with used syringes (ie, risk to self ) versus 
loaning, renting, or selling of syringes (ie, risk to 
others); use of potentially contaminated syringes to 
measure or mix drug preparations (eg, frontloading or 
backloading); and the joint use of injection paraphernalia 
(eg, cookers, cotton, water, or ampoules).2 The role of 
personal and social networks as key infl uences of HIV 
risk behaviours in IDUs has been reported, consisting 
of studies of HIV serostatus of network members and 
subgroups of IDUs that can form transmission bridges 
(eg, male IDUs who have unprotected sex with other 
males, or IDUs who are sex workers).3 Although we 
mainly discuss HIV transmission risks within 
populations of IDUs, transmission from IDUs to people 
who do not inject drugs is a major concern in some 
countries with established HIV epidemics related to 
injecting drug use.4–6

Increased appreciation of the social determinants of 
health has given rise to interest in the mapping of social, 
structural, and environmental factors that shape risk of 
HIV acquisition.7 Increasingly, epidemiological and 
social science research7–12 promulgates the idea that 
individual HIV risk practices are shaped by social 
context and environment, and hence that HIV risk is 
socially produced.7,13 The conceptual framework of risk 
environ ment guides research measurement and inter-
pretation on the social basis of drug-related harm, and 
encourages a focus on interactions between risk factors 
exogenous to the individual,7 rather than endogenous 
factors (eg, age, sex, race, or genetic composition), risk 
practices (eg, joint use of needles and syringes, or 
unprotected sex), or pathogenic characteristics (eg, HIV 
subtype, or drug resistance).

Figure 1 shows how physical, social, economic, and 
political environments are posited to interact with 
microenvironmental and macroenvironmental factors to 
confer risk or protection for HIV infection in injecting 
drug users,11,13 and panel 1 lists these environmental risk 
factors. Macroenvironmental infl uences include drug-
traffi  cking patterns (physical), gender inequities (social), 
criminal justice expenditures (economic), or policies and 
laws for harm-reduction programmes (political).13 Micro-
environmental infl uences include injection locations 
(physical), relationship dynamics (social), survival sex 
trade (economic), and coverage of harm reduction 
programmes (political). All these factors are constantly 
interacting, and often overlap with synergistic eff ects on 
HIV incidence.

So far, the empirical basis for models of HIV risk 
environments has come from qualitative and social science 
research.11 Despite increased methodological interest in 
the development of social epidemiological and modelling 
approaches to the study of HIV determinants,8,9 little work 
has been done to assess the extent to which published 
epidemiology studies of HIV risk and injecting drug use 
map to the conceptual framework of risk environment.

Systematic review and modelling
We systematically reviewed epidemiological research 
about risk factors for HIV acquisition in IDUs during 
the past 10 years. We assessed the extent to which 
existing evidence and epidemiological studies are 
congruent with a risk environment approach for 
delineation of risk factors of HIV acquisition, to improve 
our understanding of social determinants of HIV and 
its prevention.

We also provide mathematical modelling projections 
for two cities with serious HIV epidemics in IDUs 
(Odessa, Ukraine and Karachi, Pakistan) and one city 
with an emerging drug-related epidemic (Nairobi, Kenya). 
These models allow us to assess the heterogeneity, 
infl uence of the environment, and potential eff ect of 
interventions for diff erent environmental factors, in 
isolation and in combination in epidemics.

Figure 1: HIV risk factors in injecting drug users
The HIV risk environment is a product of action produced by the continuing, 
interlocking, and synergistic eff ects of exogenous and endogenous factors over 
time. Developed from Glass and McAtee.14 STI=sexually transmitted infection. 
HBV=hepatitis B virus. HCV=hepatitis C virus.
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Six independent reviewers extracted data from the 
papers identifi ed in the search strategy and entered them 
into a coding form that registered information about type 
of endogenous and exogenous risk factors, correlates of 
HIV transmission, magnitudes of association, study 
design, and location. We recorded study design features 
(sample size, location, years of data collection, and if 
prospective, cross-sectional, or ecological design), and 
whether data were from low and middle-income countries 
or high-income countries, what type of environmental 
infl uence (eg, macroenvironmental or micro environ-
mental, or physical, social, economic, or political) the 
study was designed to measure, and whether potential 
pathways were explored through interactions or stratifi ed 
analyses. A randomly selected 10% were verifi ed by a 
second reviewer. Coded data were mapped to the various 
types of environmental infl uence according to the risk 

environment framework described by Rhodes and Simic13 
(panel 1). Data for the required modelling variables 
(tables 1–3, panel 2, and webappendix pp 13–33) were 
abstracted by native speakers; a randomly selected 10% of 
documents were independently selected by a second 
reviewer who verifi ed accuracy.

We modelled potential HIV epidemic trajectories in 
Odessa, Ukraine (table 1, panel 2), Karachi, Pakistan 
(table 2), and Nairobi, Kenya (table 3). For Odessa and 
Karachi, we used a deterministic compartmental 
modelling approach (for details of the model see 
webappendix pp 1–12). As with previous studies,112–114 
our model was of HIV transmission in an IDU 
population through shared use of injecting equipment 
and sexual contact. Transmission of HIV to the IDU 
population from people who do not inject drugs was 
assumed to be small, and was not included in the 

(Continued from previous column)

Macroenvironmental
Physical
• Drug traffi  cking and distribution routes*
• Trade routes and population mobility84

• Geographical population shifts, neighbourhood and 
population mixing53,40

• Deportation41

• Distance from HIV epicentre85

Social
• Gender inequalities and gendered risk32,46,51,69,76,86,87

• Stigmatisation and marginalisation of drug users*
• Weak civil society and community advocacy*
• Police per capita*75

• Exposure to war, confl ict, or disasters*
• Ethnic or racial inequities17,27,28,30,45–47,62,65–67,74,88–92

Economic
• Scarcity of health service revenue or spending*
• Correction expenditures*75

• Growth of informal economies*
• Uncertain economic transition*

Political
• Policy and laws governing syringe access and exchange, 

and enforcement status89

• Policy and laws governing drug treatment*
• Policy and laws governing free highly active antiretroviral 

therapy coverage*
• Public health policy governing sex work and enforcement 

status*
• Laws governing possession of drugs and drug 

paraphernalia, and enforcement status85,93

• Immigration policies and laws*
• Laws governing protection of human and health rights*

Data from the risk environment framework (2000–09).13 *Environmental factors and 
domains identifi ed in social science research and or descriptions of models of HIV risk 
environments that do not appear in the published work we reviewed.3,7–9,11

Panel 1: Risk factors for HIV-1 infection in injecting 
drug users

Microenvironmental
Physical
• Drug injecting locations15–25

• Homelessness25–31

• Prisons and incarceration21,22,27,29,32–39

• Exposure to violence or trauma40

• Spatial inequalities5,16,29,41–52

• Location of recruitment53

Social
• Social and peer-group norms*
• Relationship and network dynamics5,15,29,31,36,37,41,42,46,47,50,51,54–68

• Sexuality and sexual orientation15,24,53,59,62,64,68,69,70–74

• Local policing practices and crackdowns41,51,75

• Access to community health and welfare services and 
delivery69

• Education15,19,24,29,76

• Easy access to drugs65

• Peer outreach77

Economic
• Cost of living and of health treatments*
• Cost of syringes*
• Cost of condoms*
• Scarcity of income generation and 

employment19,34,39,52,55,56,62,78,79

• Survival sex trade or work17,56,59,62,64,68,71,80

Political
• Coverage of sterile needles and syringes81,82

• Coverage of drug treatment19,27,56,57,65,80,82,83

• Coverage of HIV testing and counselling72

• Coverage of highly active antiretroviral therapy30

• Programme policies governing distribution of injecting 
equipment*

• Access to low-threshold and social housing*

(Continues in next column)

See Online for webappendix
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model. The modelled population consisted of IDUs 
who might or might not have reused non-sterile 
injecting equipment or been sexually active, and who 
were men, women, bisexual men (men who have sex 
with men and women), or homosexual men (men who 
have sex only with men [MSM]) (fi gure 2). Reductions 
in shared syringe use can arise either through increased 
access to sterile injecting equipment (eg, needle and 
syringe programmes) or through opioid substitution 
therapy. Our model did not assume any direct 
interaction between the eff ects of needle exchange and 
opioid substitution. If antiretroviral therapy was 
available, individuals started when their CD4-cell count 
reached 350 cells per μL of peripheral blood.115

Models were analysed in a Bayesian framework, in 
which previous information was assembled as 
distributions around every model variable. Subsequent 
distribution of fi tting sets of model variables was 
constructed to generate estimates for the course of the 
epidemic with and without intervention scale-up.

For Nairobi, because of the low availability of HIV 
prevalence estimates and IDU behavioural data, a diff erent 
model was developed on the basis of an extension of 
UNAIDS’s modes of transmission modelling exercise. 
This method captured patterns of HIV transmission 
within and between diff erent population subgroups in 
Nairobi, consisting of IDUs (subdivided into men and 
women, men that buy sex, MSM, and female sex workers), 
sex workers, and those forming casual sexual 
partnerships.116,117 Transmission to IDUs from sex partners 
who were not IDUs was captured in this model.

Determinant outcomes
We identifi ed 2722 studies with the search strategy, 
retained 146 after reviewing titles, keywords, and 
abstracts; and reduced this number to 94 after review of 
the full manuscripts. 24 (26%) of these reports were 
designed to study some aspect of the HIV risk 
environment, and 81 (86%) identifi ed at least one micro-
environmental or macroenvironmental determinant 
(panel 1 and webappendix pp 35). Variables were classifi ed 
as exogenous or endogenous and mapped to the risk 
environment framework. 37 (39%) reports were 
prospective or panel studies. Only 35 (37%) were done in 
low-income or middle-income countries, and 27 (29%) 
were done in countries where average HIV prevalence in 
IDUs was 20% or more.

The number of microenvironmental HIV determinants 
reported substantially exceeded macroenvironmental 
ones. Most studies of both macroenvironmental and 
microenvironmental determinants identifi ed social or 
physical HIV determinants. Microsocial determinants 
were most frequently reported, including relationship 
and network dynamics, sexuality and sexual orientation, 
amount of education, and policing practices. The most 
frequently recorded microphysical variables included the 
locations where drugs were injected, homelessness, 

incarceration, and spatial inequities (eg, diff erential risk 
of HIV infection by city or neighbourhood). For 
macrophysical determinants, several studies reported 
population mobility as a risk factor for HIV infection,40,41,53,84 
whereas none measured changes in distribution or drug-
traffi  cking routes. Almost all studies reported macrosocial 
inequities related to gender or race and ethnicity, as 
opposed to measurements of social processes such as 
stigmatisation, or geopolitical forces such as exposure to 
war or confl ict (panel 1).

Although 16 studies reported microeconomic infl uences 
as determinants of HIV infection, they exclusively reported 
associations with survival sex (ie, sex for basic necessities) 
and the sex trade with measures of income generation or 
employment, as opposed to costs associated with 
interventions for prevention (eg, needles, syringes, or 
condoms) or health care. For micropolitical determinants, 
nine studies reported coverage of drug treatment, sterile 
syringes, or HIV testing and counselling as independently 
associated with HIV infection, whereas no programme-
wide policies related to syringe access or housing. Far 
fewer studies reported macroenvironmental infl uences 
related to economics, such as criminal justice expen-
ditures,75 or policies, such as those governing syringe 
access89 or possession of drugs or drug paraphernalia.85,93

Modelling of HIV epidemics
Case 1: Odessa, Ukraine
Ukraine is the most HIV-aff ected country in Europe 
and Central Asia, with around 440 000 people aged 
15–49 years infected with the virus (HIV frequency of 

Estimate (range) Source

Population size 17 100 (8900–21 360) Local report for USAID94 

Male (%)

2005 66·2% Balakireva (2005)95

2007 78% Balakireva (2007)96

2008 75·8% Pohorila et al (2008)97

Mean duration of injecting drug use (years)

2005 9 (1–37) Balakireva (2005)95

2007 13 (1–46) Balakireva (2007)96

2008 10 (1–40) Pohorila et al (2008)97

Ever used non-sterile injecting equipment (%)

2005 17·9% Balakireva (2005)95

Past month, 2007 27·1%  Balakireva (2007)96

Past month, 2008 14·8% Pohorila et al (2008)97

Men who have ever had sex with men (%) 2·4% Balakireva (2005)98

Estimate of HIV-1 prevalence (%)  

2008 36·8% Pohorila et al (2008)97

2009 53% Booth et al (2009)99

Years of rapid epidemic spread 1990–2000 Rhodes et al (1999)100

Data are number (range) unless otherwise stated. Estimates and range are the mode and limits of the distribution 
of value allowed in the model analysis (see webappendix pp 7–9). Values are the principal parameters used in the 
mathematical models. USAID=United States Agency for International Development.

Table 1: Key parameter estimates for injecting drug users in Odessa, Ukraine
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1·63%).118 In some cities, the frequency of HIV infection 
in IDUs rose from nearly zero in 1994 to more than 
50% in 2 years, and as many as 820 400 people might be 
infected by 2014.119,120

Odessa is among the cities bearing the brunt of the 
HIV epidemic in Ukraine, with the fi rst cases registered 
in 1987, and outbreaks documented in 1995.121 As in the 
rest of country, the epidemic was chiefl y attributed to 
heterosexual transmission. However, by 1997, IDUs 
accounted for nearly 85% of all cases of HIV infection. 
Unprotected sex and injecting practices, including 
drawing of drug solutions from common containers, 
shared syringe use, and unprotected sex with concurrent 
casual or sex-trade partners, continued to fuel the 
epidemic.95,97 Young IDUs are more likely to engage in 
risky behaviours; 38% of all people infected with HIV in 
Odessa are 21–30 years old.122 Growing use of stimulants, 
especially in young people, leads to increased engagement 
in high-risk sexual and injecting behaviours; and drug-
treatment programmes fail to reach stimulant users 
because they mainly target users of opiates.97

High rates of corruption, pervasive poverty, and 
marginalisation of drug users are epidemic macro-
environmental forces, as explained through the voices of 
people who inject drugs (panel 2). Since 2004, government 
spending directed at increased access to antiretroviral 
therapy, harm reduction, and buprenorphine main-
tenance has substantially increased,118 but remains 
suboptimal109 (table 1). Although 12–13% of the prison 
population injects drugs, there are no needle and syringe 
programmes or opioid substitution treatments available 
to prisoners.

Figure 3 shows the rapid spread of HIV in Odessa in the 
late 1990s, which has since stabilised at 50% prevalence. 
Few measures of the early rate of HIV spread and the small 
sample sizes of available prevalence estimates implied that 

a wide range of alternative epidemic trajectories were 
supported by the data, leaving substantial uncertainty in 
model projections. If we assume there will be no further 
change in risk in IDUs in Odessa, we predict there will be 
6200 (95% credible interval 4500–6500) new HIV infections 
in IDUs between 2010 and 2015 (fi gure 3). New HIV 
infections from injecting drug use are mostly (40–80%) 
attributed to exposure to contaminated injection equipment, 
but another substantial route of transmission is unprotected 
sex between IDUs (15–45%).

Suboptimal access to clinically indicated antiretroviral 
therapy (CD4-cell count ≤350 cells per μL) causes 40–47% 
of infections. Many HIV infections in IDUs could be 
averted through timely and widespread interventions that 
reduce the frequency with which IDUs use non-sterile 
equipment. A 60% reduction in the unmet need of opioid 
substitution services could avert 10% (5–18%) of new 
infections, and a similar reduction in unmet need of needle 
and syringe programmes could avert 5% (2–8%) (fi gure 3). 
However, even in these optimistic scenarios, many 
infections would still arise because of the residual risk 
from contaminated injection equipment and unprotected 
sex. Therefore, a scale-up of these programmes should 
proceed alongside equitable scale-up of antiretroviral 
therapy and support for behavioural changes and condom 
promotion in this setting. 41% (32–47%) of infections could 
be averted if coverage of opioid substitution therapy and 
needle-exchange programmes were scaled to reduce 
unmet need by 60%, and if 60% of IDUs were initiated 
promptly on antiretroviral therapy when indicated.

Elimination of police beatings in Odessa, Ukraine
Removal of an environmental risk factor can have a 
substantial eff ect on incidence of HIV infection. Our 
reviews41,51,75 and other studies (see papers 48, 49, 60, 62–64, 
and 66 in webappendix pp 38–39) suggest that policing 

Estimate (range) Source

Population size 9000 (7200–10 400) National AIDS Control Programme101

Men (%) 97·5% (95–100%) Estimate is mean value reported in Karachi;102–104 minimum and maximum values are from 
reports for any city in Pakistan

Ever used non-sterile injecting equipment (%) 83% (18–94%) Estimate is percentage of injecting drug users who reported ever use of non-sterile equipment 
in Karachi;105 minimum value is percentage of those that reported use of used syringes at most-
recent injection in Karachi;106 maximum value is highest report for ever use in any city in 
Pakistan from review of the published work50,107,108

Men who have sex with men (%) 14% (11–50%) Estimate is percentage of male injecting drug users in Karachi who reported sex with men in the 
past month;106 minimum and maximum values are from reports for any city in Pakistan101

Injecting drug users receiving opioid substitution therapy, 2009 (%) 0% Mathers et al108

Injecting drug users in needle and syringe exchange programmes, 
2008 (%)

53·3% (10·6–53·3%) Estimate is percentage of injecting drug users in Karachi who reported having obtained syringes 
from a drop-in programme;101 across Pakistan in 2008, needle and syringe programme coverage 
was estimated at nine syringes exchanged per injecting drug user109

Injecting drug users receiving antiretroviral therapy, 2009 (%) 0·38% (0·36–0·43%) Mathers et al109

HIV prevalence estimate, 2008 (%) 23·1% (19·0–27·2%) National AIDS Control Programme101

Years of rapid epidemic spread 2003–04 Bokhari et al106

Data are number (range) unless otherwise stated. Estimates and range are the mode and limits of the distribution of value allowed in the model analysis (see webappendix pp 7–9).

Table 2: Key parameter estimates for injecting drug users in Karachi, Pakistan
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practices can directly aff ect the risk of HIV acquisition by 
aff ecting where, when, with whom, and the context within 
which drugs are injected (eg, IDUs rushing injections or 
injecting in shooting galleries to avoid arrest). Police can 
also have an indirect eff ect on HIV risk, via pressuring or 
displacing IDUs away from needle and syringe 
programmes or drug-treatment settings.123 Problematic 
policing practices include arresting of drug users for 
carrying of sterile or used syringes, harassments at needle 
and syringe programmes or drug-treatment clinics, 
soliciting of bribes to avoid arrest, or in extreme cases, 
sexual abuse or violence. These actions can increase the 
chance of IDUs injecting with contaminated equipment. 
24% of IDUs in Odessa report ever being beaten by police 
(table 1 and panel 2),99 and these people are more likely to 
report shared syringe use, use of preloaded syringes, and 
frontloading or backloading of syringes, among other risk 
behaviours.124 We suggest that elimination of police 
beatings would remove the excess in risk behaviour, 
across the population, that stems from some individuals 
ever having been beaten. The eff ect of this assumed 
change in risk behaviour on HIV incidence in Odessa 
was estimated with the model (see webappendix p 10).

Our model projects that a substantial number of new 
HIV infections could be prevented in Odessa by 2015 
through elimination of police beatings (fi gure 4). In two 
other Ukrainian cities, Makeevka and Kiev, where 
beatings are less associated with increased risk behaviour 
(Booth R, unpublished data), we estimate 2–9% of 
infections could be averted. The infl uence of police 
beatings and other practices on HIV incidence probably 
varies by location and operates through several direct and 

indirect causal pathways, making precise quantitative 
estimates impossible to generate without additional data. 
Additional studies with quantitative and qualitative 
methods are needed to elucidate the magnitude and 
direction of these associations, and intervening variables 
and the interplay between them. We will then be able to 
assess the eff ect of elimination of these human rights 
violations on HIV incidence in IDU populations.

Case 2: Karachi, Pakistan
Pakistan has had a thriving heroin consumption market 
for decades, and is neighbour to Afghanistan, the world’s 
largest producer of opium. In the 1980s and 1990s, national 
surveys107 suggested that the number of drug users 
increased yearly by 12%, with most people who used drugs 
taking heroin by inhalation or smoking. In the past 
10 years, however, changes in drug traffi  cking and 
distribution prompted transitions from smoking of heroin 
to injection of heroin, liquid opiates, and other 
pharmaceuticals, these being readily available over-the-
counter at chemist shops. By 2000, there were an estimated 
500 000 people who used drugs nationwide,108 of whom 
15–30% were IDUs.107 Although non-therapeutic drug use, 
prostitution, adultery, and homosexuality are illegal in 
Pakistan, all are widespread.125

HIV prevalence in Pakistan’s population of 91 million 
aged 15–49 years is low at 0·1% (~96 000 people). However, 
HIV outbreaks in IDUs occurred in Larkana in mid-2003,107 
and in Sargodha, where HIV prevalence in IDUs rose 
from 9% in 2005–06, to 51% in 2007.50 HIV prevalence was 
23% in Karachi, Pakistan’s most populous city in 2003,101 
where there were 9000 IDUs in 2006,107 and was 19·6% in 

Estimate (range) Source

Population size 3000–5000 Estimate made on the basis that 60% of injecting drug users (3 500) were contacted by outreach 
workers by June, 2009; UNODC Regional Offi  ce for Eastern Africa110

Group (%) Nairobi Outreach Services Trust UNODC Report on Contacts 2009110

Sex (female) 7%

Female sex worker 12%

Sex (male) 66%

Men who have sex only with men 7%

Men buying sex 8%

Mean number of injections with 
non-sterile equipment per week 

3·6 (1–6) Range is 95% confi dence interval. Shared needle and syringe use in Nairobi110

Baseline coverage of opioid substitution 
therapy, 2010

0% UNODC Regional Offi  ce for Eastern Africa109

Baseline coverage of needle-exchange 
programmes, 2010

0% UNODC Regional Offi  ce for Eastern Africa109

Injecting drug users receiving 
antiretroviral therapy, 2010

<1% UNODC Regional Offi  ce for Eastern Africa109

Estimate of HIV-1 prevalence, 2010 (%) 33–50%* Minimum value is the self-reported HIV-1 test result reported in the Nairobi Outreach Services 
Trust UNODC Report on Contacts, and is an average of January, to October, 2000;110 maximum 
value is the reported HIV-1 prevalence in injecting drug users in Mombasa in 2004111

UNODC=United Nations Offi  ce on Drugs and Crime. *49·5% of injecting drug users were HIV-1 positive in Kenya in 2004.111 UNODC project data from June, 2009 (updated on 
a monthly basis), suggested that 30% of injecting drug users were HIV-1 positive. 

Table 3: Key parameter estimates for injecting drug users in Nairobi, Kenya
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nearby Sukkur and 18·3% in Hyderabad. As in other cities, 
most IDUs in Karachi are male; 2–3%107 of female sex 
workers inject drugs, and 20–25% of these workers report 
having sex with IDUs.107 About half of male IDUs in 
Karachi are married;101 47% reported having sex with 
female sex workers,105 and 9–14%101,105 reported having sex 
with a male sex worker or hijra (transsexual) in the past 
month—two-thirds never use condoms.105

Challenges to prevention include the tendency for IDUs 
to use professional injectors (hit doctors), inject together in 
groups with common syringes or ampoules (79·5% of all 
injection drug users),105 and mix their blood with drug 
preparations before passing it on in an eff ort to potentiate 
the high. Furthermore, in the previous year, 16% of IDUs 
in Karachi reported visiting other cities in Pakistan,101 and 
28% reported selling their blood.106

Needle and syringe programmes are present in Karachi 
and in many major cities in Pakistan,107 some of which 

provide mobile services, but coverage is grossly 
insuffi  cient.109 Detoxifi cation and residential rehabilitation 
are the predominant strategies for drug treatment. 
Although buprenorphine maintenance therapy has been 
piloted in a few cities,109 opioid substitution remains 
unavailable. In 2009, less than 1% of IDUs with HIV 
infection were receiving antiretroviral therapy.109 Although 
Pakistan’s epidemic is concentrated, it could be in-
creasingly diffi  cult to contain if reported rates of high-
risk behaviours continue, or if high rates of transition to 
injection happen as a result of macroenvironmental 
changes in drug markets (ie, reduced availability or purity 
and increased price of heroin), in the absence of eff ective 
prevention scale-up.

In Karachi, the HIV epidemic spread in the late 1990s, 
although the earliest prevalence measurement in 1995 
suggested little evidence of HIV penetration in IDUs. 
However, by 2003, estimated HIV prevalence in this 
group was 23% (fi gure 5), which rose to 30·1% in 2006, 
and decreased to 23·1% in 2008.101 We estimate that 
HIV incidence will stabilise, with 2400 (95% credible 
interval 1300–4400) new HIV infections in IDUs 
in 2010–15.

Modelling provides most support for rapidly growing 
epidemics beginning after 2000, because of the high 
degree of shared use of injection equipment.105,106 
Although a quarter of male IDUs have sex with female 
sex workers,101 the low HIV prevalence in female sex 
workers in Karachi and the relative frequency and 
probability of transmission through sex and injection 
behaviours suggest that little transmission is attributable 
to this route. Furthermore, only about 4·6% of HIV 
infections are attributed to unprotected sex with other 
IDUs (fi gure 5). However, the proportion of HIV 
infections attributable to inadequate antiretroviral 
therapy coverage is substantial (19–40% if antiretroviral 
therapy is started at CD4-cell count ≤350 cells per μL), 
but is marginally lower than that reported in Odessa 
because of the higher proportion of cases of incident HIV 
caused by injection behaviour in Karachi.

Non-injecting drug users might increasingly transition 
to injecting in the coming years, and, because of the large 
numbers of these people in Karachi,50 the spread of the 
epidemic could accelerate. If 10% of non-injecting drug 
users started injecting in 2010, the number of new HIV 
infections could increase by 82% by 2015 (~4000 extra 
infections) compared with the most conservative scenario 
that assumes no transitions (fi gure 5). If 12% of non-
injecting drug users started injecting, the increase in 
new infections in IDUs in Karachi would be close to 98% 
(4400 extra infections). Because of the virtual absence of 
opioid substitution in Pakistan, implementation and 
scale-up of this therapy could have a substantial eff ect on 
reduction of shared syringe use by lessening of the 
frequency of injections or the number of active IDUs. If 
60% of IDUs in Karachi were to be given opioid 
substitution, the number of new HIV infections could 

Panel 2: Voices from Odessa, Ukraine: personal accounts of the risk environment

Police
“There are plenty of problems with police. If they stop you with clean syringes, you get 
hassled; they will plant drugs in the syringes unless you pay them. They plant drugs in your 
pocket if they need information. There are many occasions when drug users are beaten by 
police just because they did not want to take the blame for someone, so they are forced to 
do it. Some people even get arrested only because they were buying syringes in a 
pharmacy. They [the police] have no bounds.”

Incarceration
“Many of us who have been released from prison have a big problem with documents 
(passports). While in prison, the documents were lost or expired and one needs money to be 
able to restore them. And we do not have money. Even if you have a place to live, you need 
to get registered (to access services), but without documents and money, it’s not possible. 
To get a job is totally unreal. Nobody wants to give a job to former prisoners or drug users. 
They send us away using all possible ways. Maybe some of us wanted to live clean, but out of 
desperation, we start selling and using drugs and end up in prison again. It’s a vicious circle.”

Medical care
“People are scared of drug users, even more so when we are HIV-positive. If you are admitted 
to hospital and a doctor fi nds out that you are a hopeless drug user (and he fi nds out about it 
very fast), he treats you with disgust. Their entire approach to you amounts to: ‘You are a 
drug user, you will not live long anyway, so what diff erence does it make what you die from?’ 
Not all of us are HIV-positive, but some doctors ‘diagnose’ us with HIV anyway. And to 
receive HIV medicines, you need to be registered (ie, have a registered address).”

Drug treatment
“And the main thing...there is practically no place where one could get free drug treatment. 
That’s a daydream. You need to go there with your own medicine and also give a bribe to 
the doctor. One has to pay for everything, for a psychologist’s help or rehabilitation. And, 
in the end, we do not have any place where we fi nd understanding and help.”

“We do not have enough organisations off ering needle exchange, even though these 
programmes can help us from getting HIV. We really need more of them.”

“After I was arrested, I was experiencing drug withdrawal but I was not given any medical 
help. I made multiple emergency requests, but the police told me that my death will not 
distress anyone as they were impudently laughing in my face. We really hope that you will 
not remain indiff erent to our problems.”
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decrease by up to 28% in 2010–15. Thus, actions to limit 
the quantity of drug users who transition to injecting and 
a substantial scale-up of opioid substitution therapies are 
two priority interventions for Pakistan.

Case 3: Nairobi, Kenya
Kenya is in eastern Africa, borders the Indian Ocean 
between Somalia and Tanzania, and has a population of 
39 million, 42% of whom are younger than 15 years of age. 
1·5–2 million adults and children had HIV in 2007, of 
whom 1·4–1·8 million were aged 15 years and older.126 Only 
a quarter of Kenyans with HIV infection know their 
serostatus.117 Urbanisation is happening at an estimated 4% 
annual rate of change (2005–10 estimate), and the capital 
city, Nairobi, has an estimated population of 3·04 million. 
Recreational drugs taken in Kenya include bhangi (herbal 
cannabis), heroin, khat (a plant with amphetamine-like 
properties), fl unitrazepam, diazepam, glue, and alcohol.127 
Estimates of the number of people who take heroin vary 
from 12 201,117 to 18 000,127 up to 24 500.116 Overall, less than 
10% of heroin users are thought to have injected.117 However, 
one study128 reported that 44·9% of Nairobi heroin users 
had injected and 52·5% of 101 present injectors were HIV 
positive, compared with 13·5% of 181 non-injecting heroin 
users.128 Hepatitis C prevalence was 61·4% in the presently 
injecting group compared with 3·8% in those not 
injecting. In 2005, although only 0·3% of the adult male 
population were injecting drugs, an estimated 4·8% of new 
HIV infections happened through this route.116 Although 
73% of Nairobi injectors knew about the risks of HIV 
transmission in 2005, 28% had used a needle after someone 
else, and 43% had passed their own needle to another 
person in the past 6 months.129 By 2008, injection-drug use 
accounted for 3·8% of incident HIV infections in Kenya 
(5·8% in Nairobi).117

Kenya’s national AIDS strategic plan for 2010–13 
referred to development of policies and legislation for 

the provision of needle and syringe programmes and 
opioid substitution therapy for the fi rst time. Needle 
and syringe programmes are not permitted by law in 
Kenya,109 but some non-governmental organisations in 
Nairobi and Mombasa reportedly provide education 
about harm reduction. There are very few opioid 
substitution services in private clinics in Kenya, and 
substitution therapy is not permitted in public clinics 
because of rigid interpretation of a law regulating 
opiate pain medications. Treatment that is not reliant 
on non-opioid substitution for drug dependence is 
available in government hospitals and is provided by 
non-governmental organisations.129 The number of 
people receiving antiretroviral therapy in Kenya rose 
from 29 000 in 2004,126 to 242 881 in 2008,130 but less 
than 1% of IDUs who were HIV positive were receiving 
therapy in 2008.

The HIV epidemic in IDUs in Nairobi will grow 
substantially; 4000 (95% CI credible interval 2600–5400) 
new HIV infections are expected from 2010 to 2015, 95% 
as a direct result of exposure to contaminated injecting 
equipment and 5% from sexual transmission (fi gure 6). In 
the model, the much higher rate of non-sterile equipment 
use in Nairobi than Odessa or Karachi leads to a lower 
proportion of risk of HIV infection for injection drug use 
via unprotected sex there, despite the much higher 
prevalence of HIV infection in sexual partners. The high 
rate of non-sterile equipment use could also undermine 
the eff ect of needle and syringe and opioid substitution 
programmes (fi gure 6). Scale-up of needle and syringe 
programmes to reach 40% of the population might reduce 
HIV prevalence by as little as 4%, assuming that such a 
programme halves the frequency of injections with non-
sterile equipment.

However, a combination of interventions at high 
coverage would have a far greater eff ect; 80% coverage of 
both opioid substitution and needle and syringe 
programmes could avert around 1100 (26%) infections by 
2015. Elimination of laws prohibiting opioid substitution 
and scaling up services to 80% of IDUs could reduce the 
number of incident HIV infections by 14%. If increased 
coverage of antiretroviral therapy is added to opioid 
substitution and needle and syringe programmes, with 
rapid initiation when CD4-cell counts are lower than 
350 cells per μL, about 1800 (45%) infections could be 
averted. However, the high rate of reported risk behaviour 
in the population implies that, even with all these 
interventions at full coverage, there could still be more 
than 2000 new infections in IDUs during 2010–15. Thus, 
to further reduce the eff ect of this epidemic, sustaining of 
high-coverage, high-eff ectiveness needle and syringe 
programmes and opioid substitution interventions will be 
crucial. With an eff ectiveness rate of 70% (rather than 50% 
assumed elsewhere, see webappendix p 11), and with 80% 
of the population accessing needle and syringe and opioid 
substitution programmes, our model suggests that almost 
2500 (~67%) new infections could be prevented.

Figure 2: Routes of HIV transmission among populations of IDUs 
Population subgroups and risk of HIV infection from shared use of injection 
equipment (green arrows) and sex (red arrows) are shown. Dashed arrows 
show entry and exit to the injecting drug user population (ie, start or stop of 
drug injections). IDU=injecting drug users.
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Implications
Comment
Our systematic review of the published work from the 
past decade, and modelling scenarios of local HIV 
epidemics in three diverse cities emphasises the 
important role of the risk environment in vulnerability 
to HIV infection in people who inject drugs. Although 
the published work suggested that physical, social, 
economic, and political environments can be 
microenvironmental or macroenvironmental, and are 
independently associated with HIV infection in 
injectors, only a quarter of studies were designed to 
assess environmental infl uences. Even fewer tried to 
measure macroenvironmental infl uences, or economic 
or political determinants. Fewer than a third of studies 
were done in countries with the greatest burden of HIV 

infection in IDUs, suggesting that research has not 
kept pace with the rapid evolution of HIV epidemics in 
people who inject drugs.

Research of the HIV risk environment
Heuristics of the HIV risk environment (fi gure 1 and 
panel 1) provide a loose theoretical framework for empirical 
eff orts to improve the evidence-base on the social relations 
of HIV transmission.11,13 Undertaking of epidemiological 
studies that explicitly delineate social-determinant causal 
pathways for HIV infection to inform social and structural 
approaches to HIV prevention is daunting.131 Although 
our review shows that epidemio logical studies rarely 
explicitly embrace investigations of social determinants, 
they nonetheless identify environ mental risk factors as 
important. We contend that future epidemiological studies 

Figure 3: Model projections for the HIV epidemic in IDUs in Odessa, Ukraine
(A) HIV prevalence in IDUs, 1990–2015. Blue crosses show prevalence estimates from data; solid black lines show limits placed on HIV prevalence; pink area shows 
envelope of posterior model fi ts; and the thick red line shows the epidemic projection for the best-fi tting model (for details of model and fi tting procedure 
see webappendix pp 1–40). (B) Projected number of HIV infections every year for 2010–15 in the IDU population, assuming no further changes in patterns of risk 
(bars show best-fi t estimate and vertical lines show 90% credible interval). (C) Estimates of the attributable risk of selected proximate risk factors for the IDU 
population. Estimates are the proportion of infections that would be averted in the absence of the risk factor, which is estimated as the proportion of projected 
infections that would be averted if that risk were absent from 2010–15; width of bar shows 95% credible interval and diamond shows median. Attributable risks do 
not sum to 100%. (D) Projected change in the number of HIV infections in Odessa (2010–15) and assuming increased coverage of OST, NSP, and ART by 20%, 40%, 
or 60%. Numbers (95% credible interval) are percentages of infections averted (shown in blue). Access to OST and NSP are assumed to reduce the rate of overall 
exposure to non-sterile injecting equipment by half, and present levels of access to interventions (table 1) are taken into account. IDUs=injecting drug users. 
ART=antiretroviral therapy. MSM=men who have sex only with men. OST=opioid substitution therapy. NSP=needle and syringe programme.
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of HIV in IDUs should make use of the methods and 
fi ndings of qualitative and social science research in their 
eff orts to systematically delineate how microenvironmental 
and macro environ men tal infl uences combine to increase 
or reduce HIV risk. We advocate for fully integrated 
mixed-method approaches that triangulate fi ndings from 
qualitative and quantitative methodologies.

Findings from our review present challenges for future 
research. Investigations should shift from binary 
epidemiological models of straightforward cause and 
eff ect to multifaceted models that emphasise HIV 
infection as an outcome of many contributing factors 
interacting at once.11 Social determinants are often 
complex and indirect in their eff ects with intervening 
factors (panel 2), and are a substantial challenge to 
delineation of causal relationships. For example, policing 
practices can aff ect the extent to which IDUs engage in 
protective behaviours in many ways, from reducing their 
ability to avoid use of contaminated injection equipment 
or access to needle and syringe programmes, to increasing 
the likelihood of injection in locations with a high 
prevalence of HIV (eg, shooting galleries or prison).

Theoretical models of HIV risk environments need to 
shift from heuristics that list factors (panel 1) to those 
that model interactions, processes, and pathways 
(fi gure 1). Furthermore, an emphasis on protective factors 
such as resilience, social cohesion, and solidarity is 
needed for individuals, communities, and populations. 
Because present epidemiological studies mainly focus on 
determinants of risk behaviour, rather than HIV 
infection, there is a need to understand the links between 
downstream or proximate factors and upstream or more 
distal infl uences on behaviour. Interventions on the basis 
of observational studies that are too narrow or superfi cial 
in scope tend not to address social contexts that shape 
behaviour, and therefore might be unable to create 
enabling environments that preserve and promote the 

protective resilience that can prevent the emergence of 
HIV epidemics.

A few studies were exceptions to the rule, and can 
serve as models for future studies. In an ecological study 
of 96 metropolitan areas in the USA, Friedman and 
colleagues75 reported that three measures of legal 
repressiveness (arrests for possession of cocaine or 
heroin, police staff  per capita, and costs for corrections) 
were independently associated with population HIV 
prevalence. Innovative use of administrative data allowed 
the investigators to change the unit of analysis from the 
individual to the community, allowing simultaneous 
study of the eff ect of macrosocial and macroeconomic 
infl uences on HIV prevalence. Wood and colleagues30 
prospectively examined the eff ects of reduction of 
plasma HIV-1 viral load in a community on HIV 
incidence in IDUs. In this study, undetectable rates of 
HIV-1 viral load in the community were a marker of 
antiretroviral therapy coverage, which permitted causal 
inferences to be made about the eff ect of policies of 
universal access to antiretroviral therapy on risk of HIV 
acquisition for the individual.

Review limitations
Other eligible reports could have been selected with 
diff erent keywords, and we might not have included all 
studies that explored the eff ect of risk environments on 
high-risk behaviours. Because we explicitly focused on the 
epidemiology of HIV risk environments, our review did 
not include empirical or theoretical social science studies 
on the social, economic, and structural determinants of 
HIV and health inequality. A well-established body of 
published work from social science exists on the political 
economy of HIV and drug-related health.11

The environmental risk determinants summarised in 
panel 1 are inevitably restricted in scope to those factors 
that epidemiological research has previously opera tiona-
lised and found signifi cant. Epidemiological research 
and subsequent reviews should build on social science to 
hypothesise and test other social, political, and economic 
infl uences that indirectly aff ect the risk of HIV acquisition 
through many, presently not delineated, pathways.

Another limitation is that models of risk environment 
draw distinctions between microenvironmental and 
macroenvironmental factors, and forms of risk environment 
(physical, social, economic, political). Analytically, these 
defi nitions are often somewhat overlapping of each other 
in practice. Police practices can be classifi ed as a 
microenvironmental eff ect in some studies, aff ecting social 
environment, or a macroenvironmental eff ect of law 
enforcement, policy, and other cultural practices.

Modelling of the HIV risk environment
Our modelling scenarios confi rmed the importance of 
structural change on the projected HIV epidemic 
trajectories in Odessa, Karachi, and Nairobi in the next 
5 years. Since coverage of antiretroviral therapy for 

Figure 4: Estimated number of HIV infections averted by structural changes
Projected number (95% credible interval of percentage reduction) of infections 
that could be averted after elimination of police beatings in Odessa, Makeevka, 
and Kiev. Estimations made on the basis of reported correlations between 
exposure to non-sterile injecting equipment and experience of beatings in the 
three Ukrainian cities (see webappendix p 10).99

1000 

H
IV

 in
fe

ct
io

ns
 a

ve
rt

ed
 b

y 
st

ru
ct

ur
al

 ch
an

ge
s

800 

600 

400 

200 

0 
Odessa Makeevka Kiev 

Elimination of police beatings

662 

↓4–19%

343 

↓3–9%

209 

↓2–5%



230 Chapter 17

Series

278 www.thelancet.com   Vol 376   July 24, 2010

Figure 5: Model projections for the HIV epidemic in IDUs in Karachi, Pakistan
(A) HIV prevalence in IDUs, 1990–2015. Blue crosses show prevalence estimates from data; solid black lines show limits placed on HIV prevalence; pink area shows 
envelope of posterior model fi ts; and the thick red line shows the epidemic projection for the best-fi tting model (for details of model and fi tting procedure see 
webappendix pp 1–40). (B) Projected number of HIV infections every year for 2010–15 in the IDU population, assuming no further changes in patterns of risk (bars 
show best-fi t estimate and vertical lines show 95% credible interval). (C) Estimates of the attributable risk of selected proximate risk factors for the IDU population. 
Estimates are the proportion of infections that would be averted in the absence of the risk factor, which is estimated as the proportion of projected infections that 
would be averted if that risk were absent from 2010–15; width of bar shows 95% credible interval and diamond shows median. Attributable risks do not sum to 
100%. (D) Projected number of infections in the IDU population during 2010–15, assuming that 8%, 10%, or 12% of people who use non-injecting drugs transition to 
injecting drugs in 2010. (for the model structure and variables see webappendix pp 1–40). (E) Projected change in the number of HIV infections in Karachi (2010–15) 
and assuming increased coverage of OST, NSP, and ART by 20%, 40%, or 60%. Numbers (95% credible interval) are percentages of infections averted (shown in blue). 
Access to OST and NSPs are assumed to reduce the rate of overall exposure to non-sterile injecting equipment by half, and present levels of access to interventions 
(table 2) are taken into account. IDUs=injecting drug users. ART=antiretroviral therapy. MSM=men who have sex only with men. OST=opioid substitution therapy. 
NSP=needle and syringe programme.
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IDUs in these cities is very low (<1%), the benefi ts of 
providing optimal therapy for those with CD4-cell 
counts lower than 350 cells per μL are compelling, and 
could avert 40–50% of incident HIV infections in Odessa 
and Karachi. Implementation of widespread coverage of 
antiretroviral therapy to IDUs when clinically indicated 
to avert immediate HIV-related deaths is a clinical and 
moral imperative. Our results and other fi ndings30,132 
suggest that antiretroviral therapy can contribute to 
subsequent reductions in HIV transmission. However, 
the resources needed to meet such targets, including 
voluntary HIV testing, effi  cient linkage and retention in 
care, CD4 diagnostics, adherence counselling, and 
resistance monitoring are substantial.

Our results support the well-established role of sterile 
syringe provision and opioid substitution as cornerstones 
of HIV prevention in IDUs. However, modelling results 
suggest that epidemic context alters their potential eff ect. 
Our fi ndings from Odessa, Karachi, and Nairobi strongly 
advocate simultaneous combination of opioid 
substitution, needle and syringe programmes, and 
antiretroviral therapy scale up wherever possible, since 
their eff ects are synergistic.133 An important outcome 
from the Nairobi models is that, in an epidemic in which 
the force of infection is great (eg, an outbreak), the 
approximate 50% eff ectiveness of needle and syringe 
programmes and opioid substitution (see webappendix 
p 11) restricts eff ect as much as does coverage. This 
fi nding implies that investment in strategies to optimise 
intervention eff ectiveness is needed as coverage increases. 
Straightforward incremental scale-up will not achieve 
intended direct and indirect eff ects if interventions are 
not tailored, intensifi ed, and otherwise adapted to address 
local epidemic dynamics.

Data from our review of the published work19,27,56,57,65,80,82 
and our modelling suggest that opioid substitution 
scale-up should be an intervention priority. Methadone 
and buprenorphine maintenance have been added to 
WHO’s essential drug list, but have yet to be 
implemented widely in Kenya, Ukraine, and Pakistan, 
with potentially disastrous results. Access to therapeutic 
opioid medications is regulated by specifi c provisions in 
UN conventions, and these treaties recognise them as 
indispensable for medical care.134 Despite this benefi t, 
treatment for dependency with opiates is not available 
in Kenya, where the amount of morphine available for 
palliative care was 0·14 mg per head in 2004—less than 
2·5% of the global mean of 5·9 mg per head.135 One 
hospice physician stated “Physicians are afraid of 
morphine…Doctors [in Kenya] are so used to patients 
dying in pain…they think that this is how you must die. 
They are suspicious if you don’t die this way—[and feel] 
that you died prematurely.”136 These reports suggest a 
substantial disconnect between drug-control authorities 
and the health-care system.137 Similar to many other low-
income and middle-income countries, national drug 
control authorities in Kenya have concentrated more on 

control of illicit use than on facilitation of legitimate 
medical use.138 WHO’s guidelines for assessment of 
national opioid control policies adopted in 2000 are 
anchored in a four-pillar approach aimed at achievement 
of a balance so drug control does not interfere with 
medical availability of opioid analgesics for pain relief 
and opioid substitution.139 Our model suggests that 
legislative changes to permit opioid substitution in 
IDUs in Nairobi could prevent up to 14% of new HIV 
infections in the next 5 years, assuming 80% coverage.

Apart from the need for enhanced HIV and drug 
addiction prevention and treatment programmes and 
policies in Karachi, HIV epidemic projections advocate 
prevention of the transition from use of non-injection 
drugs to injection drugs. In Pakistan, where the number 
of people who smoke or inhale heroin is substantial,107 
macroenvironmental changes in drug traffi  cking routes 

Figure 6: Model projections of the HIV epidemic in IDUs in Nairobi, Kenya 
(A) Expected number of HIV infections (with 95% uncertainty interval) in IDUs in Nairobi, 2010–15. (B) Estimated 
eff ect of interventions on the total number of infections in IDUs, 2010–15. Red parts of the bars are proportion of 
infections averted relative to a no-intervention scenario. Interventions are 20%, 40%, 60%, or 80% coverage of 
NSPs; 80% coverage of NSPs plus 20%, 40%, 60%, or 80% coverage of OST; 80% coverage of NSPs and OST plus 
80% coverage of antiretroviral therapy (initiated at CD4 count of 350 cells per μL) to those in need; and 80% 
coverage of NSTs and OST at a higher eff ectiveness (70%) and ART. IDUs=injecting drug users. NSP=needle and 
syringe programme. OST=opioid substitution therapy. ART=antiretroviral therapy. 

6000 
Projected number of HIV infections 

4000 

5000 

3000 

2000 

1000 

0 
2010 2011 2012 

Year 
2013 2014 2015 

A 

Number of HIV infections in IDUs, 2010–15
5000 

4000 

3000 

2000 

1000 

0 
Increased 

efficacy 
Estimated 

efficacy 
20% 40% 

NSP 80% NSP+OST 80% NSP+  
80% OST+ART 

Intervention 

60% 80% 20% 40% 60% 80% 

H
IV

 in
fe

ct
io

ns
 in

 ID
Us

H
IV

 in
fe

ct
io

ns

B 

↓4%
(2–11%) 

↓7%
(3–17%) 

↓10%
(4–24%) 

↓14%
(7–32%) 

↓17%
(8–37%) 

↓20%
(10–41%) 

↓24%
(14–46%) 

↓29%
(18–51%) 

↓45%
(32–63%) 

↓63%
(53–73%) 



232 Chapter 17

Series

280 www.thelancet.com   Vol 376   July 24, 2010

that change the availability, purity, or price of heroin can 
lead to increased transitions from non-injecting to 
injecting drug use, as was reported after the terrorist 
attacks of Sept 11, 2001.140

Our modelling scenarios suggest that an 8–12% increase 
in transition from non-injection drug use to injection 
drug use, even in the short-term, could lead to around a 
65–98% rise in HIV incidence in Karachi in the next 
5 years. Such eff ects are potentiated in the absence of 
opioid substitution, which could otherwise have a 
substantial benefi t via reduction of the frequency and 
duration of injections. These fi ndings suggest the need to 
invest in interventions to prevent transitions to injection 
and monitoring of perceived changes in local drug 
markets that might serve as harbingers of changes in 
injection behaviours.

Modelling limitations
Our modelling analysis allowed a direct quantifi cation of 
the uncertainty in projections, leveraging substantial 
information from a wide range of sources. We showed 
patterns and trends in common with previous work,112–114 
and the explosive HIV epidemics occurring in Vancouver, 
Canada and Kathmandu, Nepal despite the existence of 
needle and syringe programmes.141,142 Estimates of HIV 
prevalence in IDUs are a good source of epidemiological 
information, allowing model projections for Odessa and 
Karachi to be based on direct observational data.

However, our modelling results are limited by the need 
to make detailed assumptions about forms of behaviour 
that are highly stigmatised in a hard-to-reach population. 
Some of the most important model variables, such as IDU 
population size and the frequency with which IDUs were 
exposed to potentially contaminated syringes were 
imprecisely estimated. Reporting of highly stigmatised 
behaviours can be unreliable. If individuals under-report 
injecting behaviour, investigators can overestimate the 
rate of spread of infection or degree of epidemic saturation. 
If injecting behaviour is under-reported compared with 
sexual behaviour, the model could overestimate the 
contribution of sex in epidemics. There tend to be few 
estimates of HIV prevalence at the start of the epidemic, 
so the time and speed of initial spread cannot be known 
precisely. This uncertainty leads to substantial doubt about 
model projections for future courses of local HIV 
epidemics, especially because the link between risk 
behaviours and HIV acquisition is complex, and warrants 
caution in interpretation of our fi ndings.114

Our models used a straightforward representation of 
opioid substitution and needle and syringe programmes; 
the eff ects of opioid substitution on non-HIV mortality 
and individuals moving in and out of programmes were 
not captured here, although they are addressed elsewhere 
in this Series.133 The deterministic framework used in our 
models constrained characterisation of the network of 
contacts between IDUs, and might have infl uenced our 
results. If a more complex network topology were 

represented, for example with distinction of isolated 
pockets of high-risk behaviour within the IDU population, 
then the modelled spread of infection might have been 
more gradual in Karachi, compared with the explosive 
spread suggested by our model, and therefore the predicted 
eff ect of interventions would be reduced. The Nairobi 
model assumed a homogeneous IDU population that, 
although not unreasonable on the basis of available reports 
from outreach groups, could have led to overestimation of 
the potential for epidemic growth in this population.

Survey data capturing intersecting types of risk in IDU 
populations and links between IDUs and other at-risk 
groups, and improved measurement of HIV prevalence, 
will be most valuable for development of our under-
standing of epidemics, and modelling and assessment of 
the eff ects of interventions.

Conclusion
Many types of environmental infl uence are important 
determinants of HIV risk and vulnerability. The 
modelling scenarios we present support the importance 
of simultaneously scaling up the coverage of HIV 
prevention programmes in IDUs (ie, opioid substitution 
therapy, needle and syringe programmes, or antiretro-
viral therapy) to produce the best outcomes with their 
synergistic potential. Adequate coverage of these 
interventions could not only avert thousands of HIV 
infections, but also substantially reduce local HIV 
epidemics through protection of the rights of IDUs to 
HIV prevention and treatment.

Our fi ndings support the need to shift the focus for 
change from individuals to their social and political 
contexts, shifting responsibility for harm to include the 
social and political–economic institutions that have a 
role in harm production.11 Through revelation of the 
social, political, and economic dimensions of HIV 
transmission, a risk environment approach allows 
epidemiology to contribute to strategies for reduction of 
adverse health outcomes driven by health inequities and 
social suff ering. Creation of enabling environments for 
HIV prevention is synonymous with the promotion of 
health and human rights.
Contributors
SAS devised the topic for systematic review and modelling, was lead 
author of the report, and oversaw the review process. TBH devised and 
carried out the modelling scenarios and wrote corresponding methods, 
results, and interpretation sections. CAH, TR, and NB extracted and 
categorised data for systematic review, assisted with collection of 
secondary data for the modelling scenarios, and helped to write the report 
and interpret results. RB and RA provided primary data for modelling 
scenarios, and assisted with interpretation of results and report revision.

Steering committee
This article is part of The Lancet Series on HIV in people who use drugs, 
which was developed and coordinated by Chris Beyrer (Center for 
Public Health and Human Rights, Johns Hopkins Bloomberg School of 
Public Health, Baltimore, MD, USA); Steff anie Strathdee (University of 
California, San Diego, CA, USA); Adeeba Kamarulzaman (University 
of Malaya, Kuala Lumpur, Malaysia); and Kasia Malinowska-Sempruch 
(Open Society Institute, Drug Policy Program, Warsaw, Poland).



Chapter 17 233

Series

www.thelancet.com   Vol 376   July 24, 2010 281

Confl icts of interest
We declare that we have no confl icts of interest. 

Acknowledgments
This report was funded by the US National Institute on Drug Abuse 
grant DA027772-S1, the US Offi  ce of AIDS Research, and The 
Wellcome Trust (UK). RB was supported by a US NIH grant 
(RO1DA17620). We thank Christy Anderson, Richard Armenta, 
Annick Borquez, Philippe Bourgois, David Celentano, Jessica Cubeta, 
Penny Coppernoll-Blach, Anna Dovbah, Faran Emmanuel, 
Samuel R Friedman, Micah Gell-Redman, Eleanor Gouws, 
Mauro Guarinieri, Peter Hartsock, Brian Houle, Francisco I Bastos, 
Natalia Kitsenko, Robert Malow, Bradley Mathers, Lisovska Oksana, 
Jane Marie Ongo’lo, Samiran Panda, Natalia Rehtina, Diana Rossi, 
Richard Rothenberg, Tatyana Saliuk, Oleg Semeryk, Ani Shakarishvili, 
Alexandra Thomas, Emily To, Lucas Wiessing, Daniel Wolfe, and 
Carl Latkin.

References
1 Mathers BM, Degenhardt L, Phillips B, et al. Global epidemiology 

of injecting drug use and HIV among people who inject drugs: 
a systematic review. Lancet 2008; 372: 1733–45.

2 Santibanez SS, Garfein RS, Swartzendruber A, Purcell DW, 
Paxton LA, Greenberg AE. Update and overview of practical 
epidemiologic aspects of HIV/AIDS among injection drug users 
in the United States. J Urban Health 2006; 83: 86–100.

3 Latkin CA, Forman V, Knowlton A, Sherman S. Norms, social 
networks, and HIV-related risk behaviors among urban 
disadvantaged drug users. Soc Sci Med 2003; 56: 465–76.

4 Des Jarlais DC, Arasteh K, Perlis T, et al. Convergence of HIV 
seroprevalence among injecting and non-injecting drug users 
in New York City. AIDS 2007; 21: 231–35.

5 Booth RE, Kwiatkowski CF, Brewster JT, Sinitsyna L, Dvoryak S. 
Predictors of HIV sero-status among drug injectors at three 
Ukraine sites. AIDS 2006; 20: 2217–23.

6 Panda S, Chatterjee A, Bhattacharya SK, et al. Transmission of HIV 
from injecting drug users to their wives in India. Int J STD AIDS 
2000; 11: 468–73.

7 Rhodes T, Singer M, Bourgois P, Friedman SR, Strathdee SA. 
The social structural production of HIV risk among injecting drug 
users. Soc Sci Med 2005; 61: 1026–44.

8 Poundstone KE, Strathdee SA, Celentano DD. The social 
epidemiology of human immunodefi ciency virus/acquired 
immunodefi ciency syndrome. Epidemiol Rev 2004; 26: 22–35.

9 Galea S, Nandi A, Vlahov D. The social epidemiology of 
substance use. Epidemiol Rev 2004; 26: 36–52.

10 Blankenship KM, Friedman SR, Dworkin S, Mantell JE. Structural 
interventions: Concepts, challenges and opportunities for research. 
J Urban Health 2006; 83: 59–72.

11 Rhodes T. Risk environments and drug harms: a social 
science for harm reduction approach. Int J Drug Policy 2009; 
20: 193–201.

12 Rothenberg R, Baldwin J, Trotter R, Muth S. The risk environment 
for HIV transmission: results from the Atlanta and Flagstaff  
network studies. J Urban Health 2001; 78: 419–32.

13 Rhodes T, Simic M. Transition and the HIV risk environment. 
BMJ 2005; 331: 220–23.

14 Glass TA, McAtee MJ. Behavioral science at the crossroads in public 
health: extending horizons, envisioning the future. Soc Sci Med 
2006; 62: 1650–71.

15 Strathdee SA, Galai N, Safaiean M, et al. Sex diff erences in risk 
factors for HIV seroconversion among injection drug users: 
a 10-year perspective. Arch Intern Med 2001; 161: 1281–88.

16 Panda S, Kumar MS, Lokabiraman S, et al. Risk factors for HIV 
infection in injection drug users and evidence for onward 
transmission of HIV to their sexual partners in Chennai, India. 
J Acquir Immune Defi c Syndr 2005; 39: 9–15.

17 Wylie JL, Shah L, Jolly AM. Demographic, risk behaviour and 
personal network variables associated with prevalent hepatitis C, 
hepatitis B, and HIV infection in injection drug users in 
Winnipeg, Canada. BMC Public Health 2006; 6: 229.

18 Zamani S, Kihara M, Gouya MM, et al. Prevalence of and factors 
associated with HIV-1 infection among drug users visiting 
treatment centers in Tehran, Iran. AIDS 2005; 19: 709–16.

19 March JC, Oviedo-Joekes E, Romero M. Factors associated with 
reported hepatitis C and HIV among injecting drug users in ten 
European cities. Enferm Infecc Microbiol Clin 2007; 25: 91–97.

20 Hu DJ, Subbarao S, Vanichseni S, et al. Higher viral loads and other 
risk factors associated with HIV-1 seroconversion during a period of 
high incidence among injection drug users in Bangkok. 
J Acquir Immune Defi c Syndr 2002; 30: 240–47.

21 Buavirat A, Page-Shafer K, van Griensven GJ, et al. Risk of prevalent 
HIV infection associated with incarceration among injecting drug 
users in Bangkok, Thailand: case-control study. BMJ 2003; 326: 308.

22 Zamani S, Kihara M, Gouya MM, et al. High prevalence of HIV 
infection associated with incarceration among community-based 
injecting drug users in Tehran, Iran. J Acquir Immune Defi c Syndr 
2006; 42: 342–46.

23 Kheirandish P, Seyedalinaghi SA, Hosseini M, et al. Prevalence 
and correlates of HIV infection among male injection drug users in 
detention, Tehran, Iran. J Acquir Immune Defi c Syndr 2009; 
53: 273–75.

24 Nelson KE, Galai N, Safaeian M, Strathdee SA, Celentano DD, 
Vlahov D. Temporal trends in the incidence of human 
immunodefi ciency virus infection and risk behavior among 
injection drug users in Baltimore, Maryland, 1988; 156: 641–53.

25 Reyes JC, Robles RR, Colon HM, et al. Homelessness and HIV risk 
behaviors among drug injectors in Puerto Rico. J Urban Health 
2005; 82: 446–55.

26 Azim T, Chowdhury EI, Reza M, et al. Prevalence of infections, HIV 
risk behaviors and factors associated with HIV infection among 
male injecting drug users attending a needle/syringe exchange 
program in Dhaka, Bangladesh. Subst Use Misuse 2008; 43: 2124–44.

27 Tyndall MW, Currie S, Spittal P, et al. Intensive injection cocaine 
use as the primary risk factor in the Vancouver HIV-1 epidemic. 
AIDS 2003; 17: 887–93.

28 Zhang Y, Shan H, Trizzino J, et al. HIV incidence, retention rate, 
and baseline predictors of HIV incidence and retention in a 
prospective cohort study of injection drug users in Xinjiang, China. 
Int J Infect Dis 2007; 11: 318–23.

29 Estebanez PE, Russell NK, Aguilar MD, Beland F, Zunzunegui MV. 
Women, drugs and HIV/AIDS: results of a multicentre European 
study. Int J Epidemiol 2000; 29: 734–43.

30 Wood E, Kerr T, Marshall BD, et al. Longitudinal community 
plasma HIV-1 RNA concentrations and incidence of HIV-1 among 
injecting drug users: prospective cohort study. BMJ 2009; 
338: b1649.

31 Boileau C, Bruneau J, Al-Nachawati H, Lamothe F, Vincelette J. 
A prognostic model for HIV seroconversion among injection 
drug users as a tool for stratifi cation in clinical trials. 
J Acquir Immune Defi c Syndr 2005; 39: 489–95.

32 Barrio G, De La Fuente L, Toro C, et al. Prevalence of HIV 
infection among young adult injecting and non-injecting heroin 
users in Spain in the era of harm reduction programmes: gender 
diff erences and other related factors. Epidemiol Infect 2007; 
135: 592–603.

33 Beyrer C, Jittiwutikarn J, Teokul W, et al. Drug use, increasing 
incarceration rates, and prison-associated HIV risks in Thailand. 
AIDS Behav 2003; 7: 153–61.

34 Choopanya K, Des Jarlais DC, Vanichseni S, et al. Incarceration and 
risk for HIV infection among injection drug users in Bangkok. 
J Acquir Immune Defi c Syndr 2002; 29: 86–94.

35 Estebanez P, Russell NK, Aguilar MD, Cifuentes I, 
Zunzunegui MV, McPherson K. Determinants of HIV prevalence 
amongst female IDU in Madrid. Eur J Epidemiol 2001; 17: 573–80.

36 Hacker MA, Friedman SR, Telles PR, et al. The role of “long-term” 
and “new” injectors in a declining HIV/AIDS epidemic in Rio de 
Janeiro, Brazil. Subst Use Misuse 2005; 40: 99–123.

37 Koshkina EA, Kirghanova VV, Rhodes T, Platt L. HIV and HCV risk 
factors among injecting drug users in Moscow. Narcologija 2005; 
5: 16–20.

38 Stark K, Herrmann U, Ehrhardt S, Bienzle U. A syringe exchange 
programme in prison as prevention strategy against HIV infection 
and hepatitis B and C in Berlin, Germany. Epidemiol Infect 2006; 
134: 814–19.

39 Vanichseni S, Kitayaporn D, Mastro TD, et al. Continued high 
HIV-1 incidence in a vaccine trial preparatory cohort of injection 
drug users in Bangkok, Thailand. AIDS 2001; 15: 397–405.



234 Chapter 17

Series

282 www.thelancet.com   Vol 376   July 24, 2010

40 Spittal PM, Craib KJ, Teegee M, et al. The Cedar project: prevalence 
and correlates of HIV infection among young Aboriginal people 
who use drugs in two Canadian cities. Int J Circumpolar Health 
2007; 66: 226–40.

41 Strathdee SA, Lozada R, Ojeda VD, et al. Diff erential eff ects of 
migration and deportation on HIV infection among male and 
female injection drug users in Tijuana, Mexico. PLoS One 2008; 
3: e2690.

42 Booth RE, Mikulich-Gilbertson SK, Brewster JT, Salomonsen-Sautel S, 
Semerik O. Predictors of self-reported HIV infection among drug 
injectors in Ukraine. J Acquir Immune Defi c Syndr 2004; 35: 82–88.

43 Mehrabadi A, Paterson K, Pearce M, et al. Gender diff erences in 
HIV and hepatitis C related vulnerabilities among aboriginal young 
people who use street drugs in two Canadian cities. Women Health 
2008; 48: 235–60.

44 De La Fuente L, Bravo MJ, Toro C, et al. Injecting and HIV prevalence 
among young heroin users in three Spanish cities and their 
association with the delayed implementation of harm reduction 
programmes. J Epidemiol Community Health 2006; 60: 537–42.

45 Maas B, Fairbairn N, Kerr T, Li K, Montaner JS, Wood E. 
Neighborhood and HIV infection among IDU: place of residence 
independently predicts HIV infection among a cohort of injection 
drug users. Health Place 2007; 13: 432–39.

46 Zhang L, Zhu J, Rui B, et al. High HIV risk among Uigur minority 
ethnic drug users in northwestern China. Trop Med Int Health 2008; 
13: 814–17.

47 Wood E, Lloyd-Smith E, Li K, et al. Frequent needle exchange use and 
HIV incidence in Vancouver, Canada. Am J Med 2007; 120: 172–79.

48 Neaigus A, Zhao M, Gyarmathy VA, Cisek L, Friedman SR, 
Baxter RC. Greater drug injecting risk for HIV, HBV, and HCV 
infection in a city where syringe exchange and pharmacy syringe 
distribution are illegal. J Urban Health 2008; 85: 309–22.

49 Rhodes T, Lowndes C, Judd A, et al. Explosive spread and high 
prevalence of HIV infection among injecting drug users in 
Togliatti City, Russia. AIDS 2002; 16: F25–31.

50 Emmanuel F, Archibald C, Razaque A, Sandstrom P. Factors 
associated with an explosive HIV epidemic among injecting drug 
users in Sargodha, Pakistan. J Acquir Immune Defi c Syndr 2009; 
51: 85–90.

51 Strathdee SA, Lozada R, Pollini RA, et al. Individual, social, and 
environmental infl uences associated with HIV infection among 
injection drug users in Tijuana, Mexico. 
J Acquir Immune Defi c Syndr 2008; 47: 369–76.

52 Williams ML, McCurdy SA, Bowen AM, et al. HIV seroprevalence 
in a sample of Tanzanian intravenous drug users. AIDS Educ Prev 
2009; 21: 474–83.

53 Shafer KP, Hahn JA, Lum PJ, Ochoa K, Graves A, Moss A. 
Prevalence and correlates of HIV infection among young injection 
drug users in San Francisco. J Acquir Immune Defi c Syndr 2002; 
31: 422–31.

54 Hien NT, Giang LT, Binh PN, Deville W, Van Ameijden EJC, 
Wolff ers I. Risk factors of HIV infection and needle sharing among 
injecting drug users in Ho Chi Minh City, Vietnam. J Subst Abuse 
2001; 13: 45–58.

55 Vertefeuille J, Strathdee SA, Huettner S, Brown M, Vlahov D. Factors 
associated with HIV seroprevalence among participants enrolling at 
a needle exchange program. J Drug Issues 2002; 32: 1125–38.

56 Rhodes T, Platt L, Maximova S, et al. Prevalence of HIV, hepatitis C 
and syphilis among injecting drug users in Russia: a multi-city 
study. Addiction 2006; 101: 252–66.

57 Platt L, Bobrova N, Rhodes T, et al. High HIV prevalence among 
injecting drug users in Estonia: implications for understanding 
the risk environment. AIDS 2006; 20: 2120–23.

58 Welp EA, Lodder AC, Langendam MW, Coutinho RA, 
van Ameijden EJ. HIV prevalence and risk behaviour in young drug 
users in Amsterdam. AIDS 2002; 16: 1279–84.

59 Hankins C, Alary M, Parent R, Blanchette C, Claessens C, the 
SurvUDI Working Group. Continuing HIV transmission among 
injection drug users in Eastern Central Canada: the SurvUDI Study, 
1995 to 2000. J Acquir Immune Defi c Syndr 2002; 30: 514–21.

60 Tuan NA, Fylkesnes K, Thang BD, et al. Human immunodefi ciency 
virus (HIV) infection patterns and risk behaviours in diff erent 
population groups and provinces in Viet Nam. 
Bull World Health Organ 2007; 85: 35–41.

61 Liu W, Chen J, Rodolph M, et al. HIV prevalence among injection 
drug users in rural Guangxi China. Addiction 2006; 101: 1493–98.

62 Rondinelli AJ, Ouellet LJ, Strathdee SA, et al. Young adult injection 
drug users in the United States continue to practice HIV risk 
behaviors. Drug Alcohol Depend 2009; 104: 167–74.

63 Beyrer C, Patel Z, Stachowiak JA, et al. Characterization of the 
emerging HIV type 1 and HCV epidemics among injecting drug users 
in Dushanbe, Tajikistan. AIDS Res Hum Retroviruses 2009; 25: 853–60.

64 Kral AH, Bluthenthal RN, Lorvick J, Gee L, Bacchetti P, Edlin BR. 
Sexual transmission of HIV-1 among injection drug users in San 
Francisco, USA: risk-factor analysis. Lancet 2001; 357: 1397–401.

65 Stachowiak JA, Tishkova FK, Strathdee SA, et al. Marked ethnic 
diff erences in HIV prevalence and risk behaviors among injection 
drug users in Dushanbe, Tajikistan, 2004. Drug Alcohol Depend 
2006; 82 (suppl 1): S7–14.

66 O’Connell JM, Kerr T, Li K, et al. Requiring help injecting 
independently predicts incident HIV infection among injection 
drug users. J Acquir Immune Defi c Syndr 2005; 40: 83–88.

67 Spittal PM, Craib KJ, Wood E, et al. Risk factors for elevated HIV 
incidence rates among female injection drug users in Vancouver. 
CMAJ 2002; 166: 894–99.

68 Diaz T, Vlahov D, Greenberg B, Cuevas Y, Garfein R. Sexual orientation 
and HIV infection prevalence among young Latino injection drug 
users in Harlem. J Womens Health Gend Based Med 2001; 10: 371–80.

69 Salmon AM, Van Beek I, Amin J, Grulich A, Maher L. High HIV 
testing and low HIV prevalence among injecting drug users 
attending the Sydney Medically Supervised Injecting Centre. 
Aust N Z J Public Health 2009; 33: 280–83.

70 Chitwood DD, Comerford M, Sanchez J. Prevalence and risk factors 
for HIV among sniff ers, short-term injectors, and long-term 
injectors of heroin. J Psychoactive Drugs 2003; 35: 445–53.

71 Doherty MC, Garfein RS, Monterroso E, Brown D, Vlahov D. 
Correlates of HIV infection among young adult short-term injection 
drug users. AIDS 2000; 14: 717–26.

72 Kral AH, Lorvick J, Gee L, et al. Trends in human immunodefi ciency 
virus seroincidence among street-recruited injection drug users in 
San Francisco, 1987–1998. Am J Epidemiol 2003; 157: 915–22.

73 Maslow CB, Friedman SR, Perlis TE, Rockwell R, Des Jarlais DC. 
Changes in HIV seroprevalence and related behaviors among male 
injection drug users who do and do not have sex with men: New 
York City, 1990–1999. Am J Public Health 2002; 92: 382–84.

74 Ouellet LJ, Thorpe LE, Huo D, et al. Prevalence and incidence of 
HIV among out-of-treatment injecting drug users, Chicago 
1994–1996. J Acquir Immune Defi c Syndr 2000; 25: 443–50.

75 Friedman SR, Cooper HL, Tempalski B, et al. Relationships of 
deterrence and law enforcement to drug-related harms among 
drug injectors in US metropolitan areas. AIDS 2006; 20: 93–99.

76 Zhang Y, Shan H, Trizzino J, et al. Demographic characteristics and 
risk behaviors associated with HIV positive injecting drug users in 
Xinjiang, China. J Infect 2007; 54: 285–90.

77 Des Jarlais DC, Kling R, Hammett TM, et al. Reducing HIV 
infection among new injecting drug users in the China–Vietnam 
Cross Border Project. AIDS 2007; 21 (suppl 8): S109–14.

78 Sanchez JL, Todd CS, Bautista CT, et al. High HIV prevalence and 
risk factors among injection drug users in Tashkent, Uzbekistan, 
2003–2004. Drug Alcohol Depend 2006; 82 (suppl 1): S15–22.

79 Niccolai LM, Toussova OV, Verevochkin SV, Barbour R, Heimer R, 
Kozlov AP. High HIV prevalence, suboptimal HIV testing, and low 
knowledge of HIV-positive serostatusamong injection drug users in 
St Petersburg, Russia. AIDS Behav 2008; published online Oct 9. 
DOI:10.1007/s10461-008-9469-y.

80 Platt L, Rhodes T, Hickman M, et al. Changes in HIV prevalence 
and risk among new injecting drug users in a Russian city of high 
HIV prevalence. J Acquir Immune Defi c Syndr 2008; 47: 623–31.

81 Vorobjov S, Uuskula A, Abel-Ollo K, Talu A, Ruutel K, 
Des Jarlais DC. Comparison of injecting drug users who obtain 
syringes from pharmacies and syringe exchange programs in 
Tallinn, Estonia. Harm Reduct J 2009; 6: 3.

82 Van Den Berg C, Smit C, Van Brussel G, , Coutinho R, Prins M, 
Amsterdam Cohort. Full participation in harm reduction 
programmes is associated with decreased risk for human 
immunodefi ciency virus and hepatitis C virus: evidence from the 
Amsterdam Cohort Studies among drug users. Addiction 2007; 
102: 1454–62.



Chapter 17 235

Series

www.thelancet.com   Vol 376   July 24, 2010 283

83 Suntharasamai P, Martin M, Vanichseni S, et al. Factors associated 
with incarceration and incident human immunodefi ciency virus 
(HIV) infection among injection drug users participating in an HIV 
vaccine trial in Bangkok, Thailand, 1999–2003. Addiction 2009; 
104: 235–42.

84 Tran TMT, Nguyen HT, Yatsuya H, Hamajima N, Nishimura A, 
Ito K. HIV prevalence and factors associated with HIV infection 
among male injection drug users under 30: a cross-sectional study 
in Long An, Vietnam. BMC Public Health 2006; 6: 248.

85 Friedman SR, Perlis T, Des Jarlais DC. Laws prohibiting over-the-
counter syringe sales to injection drug users: relations to population 
density, HIV prevalence, and HIV incidence. Am J Public Health 
2001; 91: 791–93.

86 Mesquita F, Kral A, Reingold A, et al. Trends of HIV infection among 
injection drug users in Brazil in the 1990s: the impact of changes in 
patterns of drug use. J Acquir Immune Defi c Syndr 2001; 28: 298–302.

87 Israilov B. Results of epidemiological surveillance of HIV in the 
Kyrgyz Republic. Epidemiol Infect Dis 2008; 4: 8–10.

88 Miller CL, Kerr T, Frankish JC, et al. Binge drug use independently 
predicts HIV seroconversion among injection drug users: 
implications for public health strategies. Subst Use Misuse 2006; 
41: 199–210.

89 Des Jarlais DC, Arasteh K, Hagan H, McKnight C, Perlman DC, 
Friedman SR. Persistence and change in disparities in HIV 
infection among injection drug users in New York City after 
large-scale syringe exchange programs. Am J Public Health 2009; 
99 (suppl 2): S445–51.

90 Ruan Y, Qin G, Yin L, et al. Incidence of HIV, hepatitis C and 
hepatitis B viruses among injection drug users in southwestern 
China: a 3-year follow-up study. AIDS 2007; 21 (suppl 8): S39–46.

91 Spittal P, Bruneau J, Craib K, et al. Surviving the sex trade: a 
comparison of HIV risk behaviours among street-involved women 
in two Canadian cities who inject drugs. AIDS Care 2003; 
15: 187–95.

92 Yin L, Qin G, Qian HZ, et al. Continued spread of HIV among 
injecting drug users in southern Sichuan Province, China. 
Harm Reduct J 2007; 4: 6.

93 Lopez-Zetina J, Kerndt P, Ford W, Woerhle T, Weber M. Prevalence 
of HIV and hepatitis B and self-reported injection risk behavior 
during detention among street-recruited injection drug users in 
Los Angeles County, 1994–1996. Addiction 2001; 96: 589–95.

94 Balakireva O, Semerik O, Guk A, et al. Situational analysis with 
HIV/AIDS epidemic in Odesa region, and analysis of 
couTER-reaction. USAID, Kiev, Ukraine: Vydavnytstvo Raevskogo, 
2006.

95 Balakireva O, Bochkova L, Galich JU, et al. Behavior monitoring of 
injection drug users as a component of second generation 
surveillance. Kiev: International HIV/AIDS Alliance in Ukraine 
2005. http://www.aidsalliance.org.ua/ru/library/our/monitoring_
reports/pdf/idu.pdf (accessed Sept 9, 2009).

96 Balakireva O, Bondar T, Denisjuk A. Behavior monitoring of 
injection drug users as a component of second generation 
surveillance. Kiev: International HIV/AIDS Alliance in Ukraine 
2007. http://www.aidsalliance.org.ua/ru/library/our/monitoring_
reports/pdf/report_IDU_rus.pdf (accessed Sept 9, 2009).

97 Pohorila NB, Dieva TS, Maksomov MY. Analytical report based 
on 2008 survey results: monitoring the behavior of injecting drug 
users. Kiev: SOCIS-CSPS and the ICF International HIV/AIDS 
Alliance in Ukraine 2008; http://www.aidsalliance.org.ua/ru/
library/our/monitoring_reports/pdf/IDU_report_2008_engl.pdf 
(accessed March 13, 2010).

98 Balakireva O. Behavior monitoring of youth as a component of 
second generation surveillance. Kiev: International HIV/AIDS 
Alliance in Ukraine 2005. http://www.aidsalliance.org.ua/ru/library/
our/monitoring_reports/pdf/youth.pdf (accessed Sept 4, 2010).

99 Booth RE, Lehman WE, Dvoryak S, Brewster JT, Sinitsyna L. 
Interventions with injection drug users in Ukraine. Addiction 
2009; 104: 1864–73.

100 Rhodes T, Ball A, Stimson GV, et al. HIV infection associated with 
drug injecting in the newly independent states, eastern Europe: the 
social and economic context of epidemics. Addiction 1999; 
94: 1323–36.

101 National AIDS Control Programme. HIV second generation 
surveillance in Pakistan: national report round III. 2007–2008. 
Islamabad, Pakistan: National AIDS Control Programme, 2008.

102 Agha A, Parviz S, Younus M, Fatmi Z. Socio-economic and 
demographic factors associated with injecting drug use among drug 
users in Karachi, Pakistan. J Pak Med Assoc 2006; 
56 (suppl 1): S55–60.

103 Khuwaja A, Ali N, Zafar A. Use of psychoactive drugs among 
patients visiting outpatient clinics in Karachi, Pakistan. 
Singapore Med J 2007; 48: 509–13.

104 Parviz S, Fatmi Z, Altaf A, et al. Background demographics and risk 
behaviors of injecting drug users in Karachi, Pakistan. 
Int J Infect Dis 2006; 10: 364–71.

105 Altaf A, Shah SA, Zaidi NA, Memon A, Nadeem uR, Wray N. High 
risk behaviors of injection drug users registered with harm reduction 
programme in Karachi, Pakistan. Harm Reduct J 2007; 4: 7.

106 Bokhari A, Nizamani NM, Jackson DJ, et al. HIV risk in Karachi 
and Lahore, Pakistan: an emerging epidemic in injecting and 
commercial sex networks. Int J STD AIDS 2007; 18: 486–92.

107 Emmanuel F, Fatima M. Coverage to curb the emerging HIV 
epidemic among injecting drug users in Pakistan: delivering 
prevention services where most needed. Int J Drug Policy 2008; 
19 (suppl 1): S59–64.

108 United Nations Drug Control Programme Global Assessment 
Programme on Drug Abuse. Report on Pakistan. Vienna, Austria: 
UNODC, 2002.

109 Mathers BM, Degenhardt L, Ali H, et al. HIV prevention, 
treatment, and care services for people who inject drugs: a 
systematic review of global, regional, and national coverage. 
Lancet 2010; 375: 1014–28.

110 UNODC. Nairobi outreach services trust UNODC report on 
contacts. Nairobi, Kenya: UNODC ROEA project database, 2009. 

111 UNODC. A study on the linkages between drug abuse, injecting 
drug use and HIV/AIDS in Kenya: a rapid situation assessment. 
Nairobi, Kenya: UNODC ROEA project database, 2004.

112 Grassly NC, Lowndes CM, Rhodes T, Judd A, Garnett GP. 
Modelling emerging HIV epidemics: the role of injecting drug 
use and sexual transmission in the Russian Federation, China 
and India. Int J Drug Policy 2003; 14: 25–43.

113 Vickerman P, Kumaranayake L, Balakireva O, et al. The cost-
eff ectiveness of expanding harm reduction activities for injecting 
drug users in Odessa, Ukraine. Sex Transm Dis 2006; 
33 (10 suppl): S89–102.

114 Blower SM, Hartel D, Dowlatabadi H, Anderson RM, May RM. 
Drugs, sex and HIV: a mathematical model for New York City. 
Philos Trans R Soc Lond B Biol Sci 1991; 331: 171–87.

115 WHO. Rapid advice: antiretroviral therapy for HIV infection in 
adults and adolescents, 2009. http://www.who.int/hiv/pub/arv/
advice/en/ (accessed Feb 2, 2010).

116 Gouws E, White PJ, Stover J, Brown T. Short term estimates of 
adult HIV incidence by mode of transmission: Kenya and Thailand 
as examples. Sex Transm Infect 2006; 82 (suppl 3): iii51–55.

117 Gelmon L, Kenya P, Oguya F, Cheluget B, Haile G. UNAIDS: Kenya 
HIV prevention response and modes of transmission (MoT) 
analysis, 2009. http://www.unaidsrstesa.org/fi les/u1/Kenya_MoT_
Country_Synthesis_Report_22Mar09.pdf  (accessed Sept 5, 2009).

118 Ministry of Health of Ukraine. National report on monitoring 
progress towards the UNGLASS (United National General 
Assembly Special Session) declaration of commitment on HIV/
AIDS. 2008. http://www.unaids.org/en/CountryResponses/
Countries/ukraine.asp (accessed Jan 1, 2010).

119 World Bank, International HIV/AIDS Alliance in Ukraine. 
Socioeconomic impact of HIV/AIDS in Ukraine. Washington, DC, 
USA: Library of Congress, 2006.

120 WHO Regional Offi  ce for Europe. Sexually transmitted infections/
HIV/AIDS: WHO/Europe survey on HIV/AIDS and antiretroviral 
therapy 2006 programme. Copenhagen, Denmark: World Health 
Organization, 2007.

121 Barnett T, Whiteside A, Khodakevich L, Kruglov Y, Steshenko V. The 
HIV/AIDS epidemic in Ukraine: its potential social and economic 
impact. Soc Sci Med 2000; 51: 1387–403.

122 EHRN. Young people & injecting drug use in selected countries of 
Central and Eastern Europe. Vilnius, Lithuania: Eurasian Harm 
Reduction Network, 2009.

123 Burris S, Strathdee SA. To serve and protect? Toward a better 
relationship between drug control policy and public health. AIDS 
2006; 20: 117–18.



236 Chapter 17

Series

284 www.thelancet.com   Vol 376   July 24, 2010

124 Booth RE, Dvoryak S, Anderson C, Brewster JT, Strathdee SA. 
Police brutality is independently associated with sharing injection 
equipment among injection drug users in Odessa, Ukraine. 
XVI Conference of the International AIDS Society; Vienna, Austria; 
July 18, 2010 (abstr 9260).

125 UNAIDS. Report on the global AIDS epidemic. 2008. http://www.
unaids.org/en/KnowledgeCentre/HIVData/GlobalReport/2008/
2008_Global_report.asp (accessed Aug 26, 2009).

126 Mayhew S, Collumbien M, Qureshi A, et al. Protecting the 
unprotected: mixed-method research on drug use, sex work and 
rights in Pakistan’s fi ght against HIV/AIDS. Sex Transm Infect 
2009; 85: ii31–36. 

127 UNODC project KENI08. Prevention of HIV and AIDS in high-risk 
settings among vulnerable populations in Kenya. 2009.

128 Odek-Ogunde M, Lore W, Owiti FR. Risky behaviours among 
injecting drug users in Kenya. Proceedings of 14th International 
Conference on the Reduction of Drug Related Harm. Chiang Mai, 
Thailand; April 6–10, 2003.

129 Dewing S, Pluddemann A, Meyers B, Parry C. Review of injection 
drug use in six African countries: Egypt, Kenya, Mauritius, Nigeria, 
South Africa and Tanzania. Drugs Educ Prev Pol 2006; 13: 121–37.

130 WHO/UNAIDS/UNICEF. Scaling up priority HIV/AIDS 
interventions in the health sector: progress report. Geneva, 
Switzerland: World Health Organization, UNAIDS, United Nations 
International Children’s Fund, 2009.

131 Gupta GR, Parkhurst JO, Ogden JA, Aggleton P, Mahal A. 
Structural approaches to HIV prevention. Lancet 2008; 372: 764–75.

132 Wolfe D, Carrieri MP, Shepard D. Treatment and care for injecting 
drug users with HIV infection: a review of barriers and ways 
forward. Lancet 2010; published online July 20. DOI:10.1016/S0140-
6736(10)60832-X.

133 Degenhardt L, Mathers B, Vickerman P, Rhodes T, Latkin C, 
Hickman M. Prevention of HIV infection for people who inject 
drugs: why individual, structural, and combination approaches are 
needed. Lancet 2010; published online July 20. DOI:10.1016/S0140-
6736(10)60742-8.

134 Jürgens R, Csete J, Amon JJ, Baral S, Beyrer C. People who use 
drugs, HIV, and human rights. Lancet 2010; published online 
July 20. DOI:10.1016/S0140-6736(10)60830-6.

135 Pain and Policy Studies Group. International narcotic control board 
demographic yearbook. Vienna, Austria: International Narcotics 
Control Board, 2007.

136 Human Rights Watch. Human Rights Watch interview with 
Dr Weru of Nairobi Hospice, Nairobi, Kenya, “Please, do not make 
us suff er any more…”. Access to Pain Treatment as a Human Right. 
New York: Human Rights Watch, 2009.

137 Harding R, Powell R, Kiyange F, Downing J, Mwangi-Powell F. 
Pain relieving drugs in 12 African PEPFAR countries: mapping 
current providers, identifying current challenges, and enabling 
expansion of pain control provision in the management of 
HIV/AIDS. King’s College, London; 2007.

138 Burris S, Corey SD. A blueprint for reforming access to opioid 
medications. 2009 http://ssrn.com/abstract=1356815 (accessed 
Sept 5, 2009).

139 WHO. Achieving balance in national opioids control policy: 
guidelines for assessment. 2000. http://www.painpolicy.wisc.edu/
publicat/00whoabi/00whoabi.htm (accessed Sept 3, 2009).

140 Zafar T, ul Hasan S. A sociodemographic and behavioral profi le 
of heroin users and the risk environment in Quetta, Pakistan. 
Int J Drug Policy 2002; 13: 121–25.

141 Strathdee SA, Patrick DM, Currie SL, et al. Needle exchange is not 
enough: lessons from the Vancouver injecting drug use study. AIDS 
1997; 11: F59–65.

142 Oelrichs RB, Shrestha IL, Anderson DA, Deacon NJ. The explosive 
human immunodefi ciency virus type 1 epidemic among injecting 
drug users of Kathmandu, Nepal, is caused by a subtype C virus of 
restricted genetic diversity. J Virol 2000; 74: 1149–57.





 



 

 
 

   Chapter 2 
 
 

Overview of the Current State of the 
HIV Epidemic 

 
Catherine Hankins 

 
Current HIV/AIDS Reports 2013 Jun;10(2):113-23. 

 

 

Chapter 18 
 

General discussion 

 
 



240 Chapter 18 

This thesis addresses the topic of policy making and programme planning with 
respect to novel HIV prevention tools and hypothesises that mathematical 
modelling can contribute to evidence-informed decision-making by assessing the 
likely epidemic impact and cost of introducing additional HIV prevention modalities 
into combination HIV prevention. The thesis began with an article that described 
changes in the state of the global HIV epidemic (Chapter 2)(1), followed by two 
articles that defined combination HIV prevention, both in its broad meaning of 
combining biomedical, behavioural, and structural HIV prevention components 
(Chapter 3)(2) and in the more narrow concept of combining components of 
biomedical HIV prevention (Chapter 4)(3).  
 
Part 2 presented the example of male circumcision (MC) for HIV prevention as a 
new technology, albeit the oldest surgical procedure in the world, undertaken 
heretofore primarily for cultural, social, or religious reasons. It covered some of the 
inputs to policy making on MC scale-up, including the scientific evidence 
(Chapters 5 and 7)(4)(5), the sociolegal barriers (Chapter 6)(6), male circumcision 
and HIV risk for women (Chapter 8)(7), and factors influencing country adoption 
and scale-up of voluntary medical male circumcision (VMMC) (Chapter 9)(8). These 
set the stage for the discussion in Part 3 of the contribution of mathematical 
modelling and costing to decision making on VMMC for HIV prevention, including 
the result of practical application of the Decision Makers Programme Planning Tool 
in 13 priority countries and the challenge of costing demand creation activities 
(Chapters 10-13)(9)(10)(11)(12).  
 
Part 4 outlined the promise of PrEP (Chapter 14)(13) and presented a systematic 
review of oral PrEP cost-effectiveness studies that revealed that prioritising key 
populations at highest risk of HIV acquisition would be the most cost-effective 
strategy (Chapter 15)(14). The potential population impact of an HIV vaccine 
regimen similar to that of the RV144 regimen, which had shown moderate 
effectiveness in a community-based trial in Thailand, was explored by 5 modelling 
teams in Part 5 (Chapter 16)(15). The impact on HIV incidence of increasing 
coverage of NSP, OST, and ART among people who inject drugs in Odessa 
(Ukraine), Karachi (Pakistan), and Nairobi (Kenya) and alleviating key structural 
barriers to uptake of risk reduction measures was explored through mathematical 
modelling in Part 6 (Chapter 17)(16).  
 
What lessons can be drawn from this body of work about the potential contribution 
of mathematical modelling to the policy formulation process and to programme 
decision-making on novel HIV prevention tools? As this thesis sets out to 
demonstrate, the most salient example to date of mathematical modelling 
influencing policy and programme planning is the VMMC modelling and its 
practical application in a useful planning tool(9). The systematic review of PrEP 
modelling has sent a signal that factors such as context, adherence, and coverage 
clearly influence cost-effectiveness, suggesting that this is an HIV prevention tool 
that should be tailored to those most likely to benefit(14). The HIV vaccine 
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modelling served to provide a measure of encouragement to a field that, on the 
one hand, finally had a first proof of concept result and, on the other hand, had a 
result of low efficacy with wide confidence bounds(15). The modelling work 
undertaken for the Lancet series on injecting drug use in 2010 broke new ground in 
its effort to link structural determinants and HIV risk through non-provision or 
inadequate provision of key HIV prevention services or modifiable environmental 
influences on HIV risk(16).  
 
Mathematical modelling clearly can contribute to decision-making on HIV 
prevention policy and programming, however several concerns have been raised 
about modelling in the HIV prevention field and these tend to undermine its 
potential to provide insights. Following a description of the evolution in thinking 
and practice of mathematical modelling in relation to novel HIV prevention tools, 
some lessons learned and their potential implications are discussed, using 
examples from the preceding articles. The thesis concludes with some practical 
questions that HIV prevention policy makers and programme planners can ask 
about mathematical models when modelling results are presented to them. 
 
The potential contribution of mathematical modelling to policy 
formulation on HIV prevention 
 
Establishing the point of departure: the need for good incidence 
data 
 
Mathematical models have been used for decades to provide insights into the 
dynamics of the HIV epidemic and inform national HIV programming by estimating 
HIV incidence, HIV prevalence, numbers of people dying of HIV-related illnesses, 
and numbers of children orphaned by AIDS. In the HIV prevention world, 
mathematical models can only be useful if they are populated with accurate 
information concerning the epidemic setting in which a novel HIV prevention tool 
could be introduced. Since not every person’s HIV status is known, nor is everyone 
part of a cohort study documenting HIV seroconversion, extrapolations must be 
made to estimate HIV prevalence and HIV incidence. Trends in HIV prevalence can 
be helpful but, as indicated in Chapter 2, they require careful interpretation since 
increases may indicate improved survival rather than increasing incidence(1). In the 
same manner, declines in HIV prevalence may reflect the natural evolution of an 
epidemic(17) rather than a strong, effective prevention programme, as was seen 
for example in Thailand(18)(19). 
 
HIV incidence, or more specifically, trends over time in HIV incidence, is the best 
metric for determining where HIV prevention programmes are most needed. 
Further, it is the gold standard for measuring whether programmes are having 
intended effects. However, knowledge of transmission patterns is not easy to 
obtain. Improved incidence assays that could measure a well-characterised 
biomarker for the recentness of infection would have immediate practical 
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application(20). For example, validated, reliable assays could be used to estimate 
HIV incidence in surveillance programmes, contribute to impact evaluations, and 
could assist in community HIV prevention trial planning. In the absence of these, a 
broad-brush picture is painted by surveillance strategies such as antenatal care 
(ANC) HIV testing to give an approximation of HIV prevalence in the general 
population. Data from national Demographic and Health Surveys with non-nominal 
HIV screening (DHS+) help to calibrate the ANC surveillance data from generalised 
epidemic settings(21). These provide inputs to the UNAIDS Estimates and 
Projection Package (EPP), an epidemiological model that UNAIDS has used since 
2001 to model HIV incidence, with updates and revisions(22). EPP is now 
combined with Spectrum, a programme that takes EPP outputs and generates 
programme-related outputs(23).  
 
Triangulation of information can permit more precision in country- and even 
province- or district-level estimates, depending on the amount and quality of 
surveillance data available. When improved modelling methodologies and better 
data* informed a critical downward adjustment of UNAIDS global HIV estimates, 
published in the Global AIDS Epidemic Report of June 2004(24), UNAIDS faced a 
knowledge translation challenge of explaining this change to the media, 
development partners, national governments, advocates, activists, and others. 
Explaining the concept of imprecision in the estimates, by introducing, for the first 
time, ranges around the estimates to convey the extent of uncertainty, was 
generally well received, in part because it implied increased transparency. 
Furthermore, adjusting all the biannual estimates retrospectively revealed that the 
numbers of people living with HIV had continued to grow from the adjusted 2001 
baseline against which country progress is marked for the United Nations General 
Assembly Declaration of Commitment on HIV/AIDS(25). Partners understood that 
the epidemic curve remained the same globally but at a slightly lower level than 
previously represented.  
 
Governments renewed their commitments to reducing and eventually eliminating 
HIV infection in 2006(26) and again in 2011(27). Tracking country progress in terms 
of reductions in HIV incidence, i.e. fewer people becoming newly infected with HIV, 
is a key monitoring and evaluation indicator. UN member states have set goals of a 
50% reduction in both sexual HIV transmission and in HIV transmission among 
people who inject drugs, a 50% reduction in tuberculosis deaths among people 
living with HIV, reaching 15 million eligible people with ART, and ensuring that no 
children are born with HIV, while reducing AIDS-related maternal deaths by half, all 
                                                

The assumption that HIV prevalence among pregnant women approximates the prevalence 
among both men and women in surrounding communities may not be valid in all countries. 
Data from antenatal clinics do not fully represent remote rural populations and adjusting for 
this bias is hampered by a lack of data. In household surveys, people who refuse to 
participate, and those who are not at home when the survey team passes, may well have 
higher levels of HIV infection. Contrasting and using both sources of information can provide 
more realistic inputs to national estimates.
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to be achieved by 2015. ‘Getting to zero’ is the vision: zero new HIV infections, 
zero discrimination, and zero AIDS-related deaths(28). 
 
It is against this backdrop that the potential contribution of novel HIV prevention 
tools must be assessed. Time is short and policy makers want to see limited funds 
used most effectively, ideally for visible results ‘on their watch’ rather then further 
into the future. With HIV testing recognised everywhere as the doorway to 
prevention, treatment, support, and care, progress in increasing HIV testing 
coverage from the current suboptimal levels is being closely tracked. HIV testing 
behaviour and knowledge of HIV status is assessed using the indicator for 
generalised epidemics of % men and women aged 15 years and older who have 
been tested in the past 12 months and know their result. For concentrated and 
low-level epidemics the corresponding indicator is % of key populations such as 
sex workers, people who inject drugs (PWID), and men who have sex with men 
(MSM) who have been tested in the past 12 months and know their result. Some 
countries are going well beyond simply comparing HIV testing statistics to 
surveillance information in order to assess epidemic trends and are actively 
promoting HIV testing in both care settings and in the community. Since the 
advent of WHO guidance on provider-initiated HIV testing and counselling in 
2007(29), HIV testing uptake in health care settings in which HIV testing is routinely 
proposed to patients has increased(30)(31) although poor linkages to care(32) and 
losses along the care cascade persist(33). South Africa is a striking example of a 
successful community-based testing campaign, with an estimated 20 million 
people reached during a year-long testing campaign in 2010(34).  
 
Among the proxy measures that have been used by many countries to estimate 
HIV incidence are HIV prevalence among young women attending antenatal clinics, 
HIV prevalence among 15- to 24-year old participants in national DHS+ surveys, 
and modelled incidence estimates for adults aged 15-49 years(35). Trends in HIV 
prevalence among 15- to 24-year old young people are considered a proxy for HIV 
incidence since sexual debut during this period presents the first opportunities for 
sexual exposure to HIV and other sexually transmitted infections. But for national 
HIV prevention planning purposes, a more extensive understanding of spatial and 
temporal variations in HIV transmission patterns and associated risk behaviours is 
needed to define where and how the epidemic is moving locally for effective 
programme planning. Previous numerical proxy threshold approaches that simply 
defined HIV epidemics by HIV prevalence levels as low-level (less than 5% in any 
sub-population), concentrated (greater than 5% in any key population but less than 
1% among pregnant women), and generalised (greater than 1% among pregnant 
women) have been discarded because of their perceived rigidity and because they 
were a source of confusion to policy-makers, although the terminology remains in 
use(36).  
 
Second generation HIV surveillance focuses on multiple information sources at 
country level, with UNAIDS/WHO recommending use of the Spectrum modelling 
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package(23)(37) to estimate  the number of people (adults and children) currently 
living with HIV, number of new HIV infections, number of adults and children 
eligible for antiretroviral therapy, number of women in need of prophylaxis to 
prevent mother-to-child HIV transmission, and number of AIDS-related deaths. The 
Modes of Transmission (MOT) analysis introduced in 2007 estimates the 
distribution of new adult HIV infections by key modes of exposure(38) and has 
been recently revised(39) in light of some limitations(40)(41). Nonetheless, since 
2007 more than 40 countries have conducted the country-owned, multistage 
process of ‘Know your epidemic, Know your response’, of which the MOT analysis 
is an integral component, to inform resource allocation decisions(39)(42). As 
attention has increasingly turned to synthesising and triangulating data, improving 
data quality, conducting uncertainty analyses, being transparent in communicating 
about model strengths and weaknesses, and, most of all, engaging multiple 
stakeholders in validating inputs and owning results, data gaps have been 
highlighted. MOT analyses have shone a spotlight on neglected key populations at 
the same time that mathematical modellers have been encouraged through these 
country-led processes to become more attuned to the sociolegal and political 
environments in which resource allocation decisions are made(43).  
 
Mathematical Modelling of Novel HIV Prevention Tools 
 
In the world of biomedical HIV prevention, mathematical modellers tackled a wide 
range of topics, such as the potential impact of HIV vaccines and microbicides, 
even before any randomised controlled trial (RCT) results were available. Their 
objective was to predict whether the addition of a vaccine or a microbicide could 
bring the reproductive rate, i.e. that average number of secondary cases generated 
by a single infectious person in a totally susceptible population, down below the 
threshold of 1(44). This modelling also provided estimates to basic scientists and 
product developers, among others, of the level of vaccine efficacy or microbicide 
effectiveness that would be required to accomplish this. For example, a variety of 
hypothetical effectiveness scenarios (often erroneously referred to as ‘efficacy 
scenarios’) was used in models of the potential impact of microbicides(45)(46)(47), 
including those looking at whether a microbicide that was active against other 
sexually transmitted infections (STIs) would contribute to its HIV effectiveness(48). 
The big breakthrough for modellers (and potentially also for women) came with the 
modest CAPRISA 004 1% tenofovir gel RCT results(49). Despite wide confidence 
bounds, these results were used to parameterise a model estimating 
epidemiological impact, with the model results(50) being presented in exactly the 
same session at which the RCT results were met with a standing ovation during 
the 18th International AIDS Society Conference in Vienna in 2010. Overall, 
modellers no longer have to invent possible trial effectiveness results for VMMC, 
oral PrEP, and an HIV vaccine candidate regimen, as they have been provided with 
the results of large randomised controlled trials. 
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Modelling the Impact and Cost of Voluntary Medical Male Circumcision 
 
Five years prior to the results of the 1% tenofovir vaginal gel trial, the first male 
circumcision trial results in 2005 had been compelling, catalysing a process of 
reflection about the potential population-level impact of introducing and scaling up 
safe VMMC. When the first mathematical modelling meeting on male circumcision 
was convened in Geneva in 2005(51), although only the results of the first trial were 
known(52), it was judged timely to predict the impact of rolling out male 
circumcision services at population level. The likelihood that the two on-going trials 
might produce equally convincing efficacy evidence was strong. Interest was high 
in applying different types of models in different geographic settings to identify 
priority populations in which VMMC might have the greatest impact on HIV 
transmission. It was understood that modellers would need to take into account 
heterogeneity of sexual activity and the structure of sexual networks; to vary 

counsellors), including costs of training, supervision, and monitoring, and by 
circumcision procedure and number of follow-up visits; and to model different 
rates of scaling up. They agreed to assess potential synergies with other services, 
such as STI treatment, HIV testing and counselling, condom promotion and 
provision, sensitisation and socialisation programmes for young men concerning 
gender relations and violence against women, behavioural counselling, and peer 
support. Available data were to be used for answering the main modelling 
questions and these would be formulated to identify costs to individuals, families, 
communities, and governments, differentiating between total resources required 
and cost-effectiveness analyses, and where possible, anticipating marginal costs 
with increasing coverage.  
 
The additional input that was introduced in the VMMC modelling process was 
facility-based costing. The first presentation that incorporated facility-based testing 
data took place at the PEPFAR Implementers Meeting in 2007(53) and compared 
the costs of investing in VMMC services against HIV treatment costs averted in 
Zambia(54). By the time that the second VMMC modelling meeting was held at the 
South African Centre for Epidemiological Modelling and Analysis (SACEMA) in 
Stellenbosch, South Africa(55), the modelling results of three teams had been 
accepted for publication or published(56)(57)(58). In addition to reviewing progress 
in modelling the potential impact of male circumcision on HIV prevention and 
approaches to costing and cost-effectiveness, the meeting assessed a 
UNAIDS/Futures Institute programme planning spreadsheet tool for decision-
makers and discussed the implications of the revised UNAIDS/WHO HIV survival 
estimate parameters for male circumcision modelling and costing. The 
spreadsheet tool was designed to calculate the costs of various programming 
choices for male circumcision, provide budgeting information in appropriate 
formats for funding proposals, calculate cost per HIV infection averted by 
programming option (age at circumcision, provider, coverage, speed of scale up) 
and show the time frame for impact on a country’s epidemic. Modellers were 
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challenged to justify parameter values and assumptions about sexual behaviour, 
HIV testing frequency, speed of scale-up, and other factors. They were 
encouraged to refine their models, adjusting parameter inputs to reflect new data 
of which they had been unaware. 
 
When the modelling teams were convened 4 months later in London(9), costing 
information was available from the three RCT along with data from costing studies 
in Lesotho(59) and Swaziland(60), in addition to the Zambian data(54). The eight 
key questions mentioned in Chapter One that have implications for policy and 
programmatic decision-making had been formulated and they underpinned the 
discussions at the meeting. Focus turned to the six modelling studies by members 
of what became known as the UNAIDS/WHO/SACEMA Expert Group on Modelling 
the Impact and Cost of Male Circumcision for HIV Prevention that had now been 
published(61)(56)(57)(62)(63) or were under review(64). Two modelling 
studies(65)(66) published after the meeting by modellers who had not played a role 
in the meeting’s consensus process were included in the comparison of dynamic 
HIV transmission models and results published by the Expert Group(9). In 
interrogating the models for answers to the key policy questions, not all models 
were relevant to every question and quantitative model outputs could not always 
be compared because of the differing contexts to which each one referred and the 
alternative underlying assumptions that were employed. Nonetheless, the fact that 
these groups had worked independently using diverse modelling approaches 
strengthened the broad, qualitative consensus that emerged as the modelling 
group applied their models to the key questions.  
The Expert Group found large benefits for heterosexual men in low MC prevalence, 
high HIV prevalence settings: one HIV infection averted for every 5 to 15 MC 
performed and costs to avert one HIV infection ranging from USD 150 to USD 900 
using a 10-year time horizon. Two major concerns of policy makers, early 
resumption of sexual activity before wound healing and behavioural risk 
compensation(67), were predicted to have only small population-level effects on 
the anticipated HIV incidence impact of male circumcision. Benefits for women 
were indirect, but not insubstantial, as the probability of encountering a male 
sexual partner living with HIV fell over time. Synergies could be had to further 
reduce disease burden if male circumcision scale-up was accompanied by other 
HIV prevention strategies.  
 
Perhaps most importantly, the London consensus meeting results further refined 
and validated the spreadsheet tool that became known as the Decision Makers 
Programme Planning Tool (DMPPT). It helps analysts and decision-makers to 
understand the potential costs and impacts of differing policy options for scaling 
up male circumcision services. In effect, this user-friendly pragmatic tool permits 
decision-makers to indirectly access the main findings from academic modelling 
studies. Using recent country-specific epidemiology figures and locally derived 
information about staff time and salaries, supplies, equipment, and shared facility 
and staff costs, the DMPPT calculates the cost of VMMC services by delivery 
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mode based on clinical guidelines and estimates the impact of VMMC scale-up on 
the HIV epidemic. Coverage levels and speed of scale-up can be varied to examine 
potential cost and impact under different scenarios. The DMPPT incorporates 
sensitivity analysis for key inputs, including the impact of male circumcision on 
women. It estimates HIV incidence, HIV prevalence, AIDS deaths, overall costs, 
and net cost per HIV infection averted as a function of the number of male 
circumcisions performed. 
 
The potential of the DMPPT was revealed when UNAIDS and USAID through the 
Health Policy Initiative and Futures Institute funded facility-based costing studies in 
a number of priority countries and entered costing findings into the tool, along with 
epidemiologic and demographic data relevant for each priority country: Botswana, 
Lesotho, Malawi, Mozambique, Namibia, Rwanda, South Africa, Swaziland, 
Tanzania, Uganda, Zambia, Zimbabwe and Nyanza province in Kenya. For the 13-
country exercise, data from the Zimbabwe costing study formed the basis for the 
unit cost because it had adopted the WHO MOVE model(68) to make efficient use 
of facility space and staff time, while bundling commodities required for VMMC. 
Supply chain costs and waste management costs that had not been included were 
added to the DMPPT. Inadequate information on demand creation costs resulted 
in these not being included, although a seven-step methodology to estimate 
demand creation costs was proposed, given the importance of tailoring strategies 
to specific country contexts(12). The unit costs were adjusted using after tax 
median monthly disposable salary to account for significant variations in labour 
costs across countries. 
 
When the results were presented at the International Conference on AIDS and STIs 
in Africa in Addis Ababa in December 2011, on the very day that a series of PLoS 
Medicine articles on the cost, impact, and challenges of accelerated scaling up of 
VMMC was published(10), international leaders called for accelerated access to 
voluntary medical male circumcision in eastern and southern Africa(69). An 
investment of $1.5 billion US between 2011 and 2015 to achieve 80% coverage in 
the 13 priority countries, with an additional $500 million US to maintain 80% 
coverage out to 2025, would result in net savings of $16.5 billion. The base case 
parameter values and the assumptions used in sensitivity analyses were 
transparently laid out(11), along with each country’s progress to date, emphasising 
the cumulative number and percentage of HIV infections that would be averted by 
2025 through accelerated scale-up. South Africa, with 3% achievement towards its 
coverage target stood to avert more than a million HIV infections, while Zimbabwe 
with 1% of its coverage target attained would avert the highest percentage of new 
infections of any of the priority countries (41.7%)(10). An analysis undertaken to 
identify key barriers and facilitators influencing the speed of scale-up using the 
‘diffusion of innovation’ conceptual framework(70)(71) classified countries as 
innovators (Kenya), early adopters (South Africa, Zambia, and Swaziland), early 
majority (Botswana, Zimbabwe, Tanzania, Namibia, and Mozambique), late 
majority (Uganda and Rwanda), and laggards (Malawi and Lesotho). Country 
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ownership, explicit political leadership, stakeholder engagement, and community 
mobilisation were the key drivers for early adoption and sustained scale-up(8). 
 
What had started in 2005 as a small meeting to stimulate modellers to think about 
and undertake VMMC modelling in light of the Orange Farm male circumcision trial 
results, had led, through a process of open peer review and constructive criticism, 
to the development of a network of modellers keen to look at novel HIV prevention 
modalities. By 2011, their modelling work and the DMPPT refined by their 
modelling had informed resource mobilisation targets and scale-up objectives for 
VMMC in 13 priority high HIV prevalence countries. Among the wide ranging set of 
tools developed by UNAIDS, WHO, and partners was operational guidance(72), a 
surgical manual(73), human rights guidance(74), and a legal and regulatory self-
assessment tool(75). All resources, including country progress reports and the 
WHO framework for evaluation of VMMC devices(76), are readily accessible, along 
with the DMPPT, on the website created by WHO, UNAIDS, FHI 360, and AVAC - 
www.malecircumcision.org. 
 
Modelling the Impact and Cost of Pre-Exposure Prophylaxis 
 
A similar process was undertaken to examine the potential impact that pre-
exposure prophylaxis with antiretroviral drugs, both systemically through tablets 
and topically through gels, could have in different populations. A first PrEP 
Modelling Meeting convened by UNAIDS and WHO in Geneva in March 2010(77), 
brought together experts in mathematical modelling to compare current models 
and discuss the various modelling approaches that could be used, although no 
RCT effectiveness trial data were yet available. This consultation helped inform 
work by a number of modelling teams, including region-specific modelling 
conducted by Imperial College with inputs from the Bill and Melinda Gates 
Foundation-funded PrEP Delivery Working Group (WHO, UNAIDS, Georgetown 
University, Imperial College, London School of Hygiene and Tropical Medicine). 
The modelling results were presented first at the Georgetown-led regional 
consultation in Dakar in June 2010 and at the UNAIDS-led Nairobi regional 
consultation in September 2010. They were followed by presentations of region-
specific modelling in Johannesburg, Brasilia, and Bangkok, stimulating discussions 
among the broad range of stakeholders at each regional meeting about the 
potential of PrEP as an additional HIV prevention tool.  
 
When mathematical modellers, trial statisticians, and public health professionals 
met again in March 2011 at the invitation of UNAIDS and WHO, two PrEP trials had 
reported results – CAPRISA 004 (1% tenofovir gel)(49) and iPrEX (TDF/FTC in MSM 
and transgender women)(78). Having already developed their models, the 
modelling teams were in a position to indicate to leading PrEP trialists what 
additional data would be useful to inform their models while the PrEP trialists were 
able to comment on the assumptions used by the modelling teams. Among the 
data needs identified by the modellers were: within-person variability in pill-taking 
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behaviour over time; oral and topical pharmacokinetic/pharmacodynamic (PK/PD) 
biological data; potential delivery scenarios, including task shifting, task sharing, 
method and frequency of monitoring HIV breakthrough and resistance, drug and 
testing costs, and delivery venues; life course estimations of patterns of use; and 
estimates of risk compensation, including scenarios in both directions, type of risk 
compensation, and break even points for crossing cost-effectiveness lines(79).  
 
Knowledge Translation Considerations 
 
Acknowledging that policymakers are the key audience for modelling results that 
present country-specific information on the potential impact and cost of 
introducing a novel biomedical HIV prevention tool, questions were raised by the 
PrEP modellers at the Montreux meeting about how best to communicate with 
them. The question of which metrics would speak most persuasively remained 
unresolved but the following were discussed: number of cases averted, cost per 
infection averted, cost per life years gained, cost per DALY (disability adjusted life 
year), cost per QALY (quality adjusted life year), number needed to treat, cases 
postponed, and ratio of infections averted to drug resistance created. 
Understanding that politicians need to be able to explain to others why they have 
chosen to do certain things, modellers expressed a need to better understand the 
language of policymakers, including on topics such as productivity, youth 
employment, security of the State, welfare of communities, and the well-being of 
citizens.   
 
These processes of convening modellers to stimulate interest in addressing 
pertinent public health issues through modelling the potential impact of VMMC or 
PrEP had concrete effects on decision-making. In the case of VMMC, the 
UNAIDS/WHO/SACEMA modelling consensus(9) helped refine the decision-
makers programme planning tool (DMPPT) that UNAIDS and Futures Institute, 
funded by the USAID Health Policy Initiative, had begun developing. It produced 
analyses that informed scale-up strategies in a number of countries(80). 
 
In the case of PrEP, a systematic review of cost-effectiveness explored 
prioritisation strategies, adherence, behaviour change, toxicity and drug 
resistance(14). It identified 13 studies that modelled different populations 
(heterosexual couples, MSM, and PWID) in generalised and concentrated 
epidemics from southern Africa, the Ukraine, the USA, and Peru. Assumptions 
concerning cost, epidemic context, programme coverage, prioritisation strategies, 
and individual-level adherence determined the potential impact of PrEP. It became 
evident that the five key considerations in assessing cost-effectiveness analyses of 
PrEP as a novel HIV prevention tool were cost, epidemic context, individual 
adherence levels, PrEP programme coverage, and prioritisation strategy. The most 
cost-effective strategy was delivery of PrEP to key populations at highest risk of 
HIV exposure. Thus, this systematic review of 13 studies made explicit to decision-
makers that a crucial challenge in PrEP programme planning is that of reaching 
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populations that in many countries are stigmatised, marginalised, and underground 
due to illicit activities that increase HIV risk. 
 
Mathematical Modelling Using Vaccine Trial Results 
 
Following the results of the RV144 vaccine trial in Thailand, a consultation was 
convened by WHO, UNAIDS, the Global HIV Vaccine Enterprise, the Thai Ministry 
of Public Health, and the US Military Research Program to address the utility of the 
trial results. Aspects addressed were public health and future access; ethical, 
regulatory, and community issues; science and vaccine development; and clinical 
trial design and statistics. Among the recommendations was one encouraging 
modelling teams to estimate the cost and impact on the HIV epidemic of vaccine 
regimens with varying efficacy and durability, including a 31% efficacious general 
population vaccine with a 1-year duration of protection(81). Modellers capable of 
evaluating the potential impact of RV144-like vaccines were invited to investigate a 
common scenario with variations for a number of countries and to present their 
findings at a satellite symposium at the 2010 AIDS Vaccine conference held in 
Atlanta, Georgia entitled ‘Preparing for the Availability of a Partially Effective HIV 
Vaccine’(82).  
 
Because the reported efficacy of 31.2% at 42 months was an average over the 
entire life of the trial, modellers were provided with cumulative and interval–specific 
vaccine efficacies so that they would make similar assumptions about the 
exponential function for vaccine efficacy. They were asked to estimate fractions of 
HIV infections that could be averted over a 10-year follow-up period by mass 
vaccinations of 30% and 60% of sexually active adults. Although studies are now 
underway to determine if vaccinees respond immunologically to vaccine booster 
doses(83), at the time of the modelling it was the temporal decay of vaccine 
efficacy that they had learned of that led some of the teams to explore hypothetical 
booster vaccinations at 1- to 5-year intervals. The consistency of the modelled 
findings in demonstrating the tangible population-wide benefits of a vaccine that is 
modestly efficacious in a low-risk heterosexual population, when combined with 
the scale up of other HIV prevention approaches, was encouraging. RV144-like 
vaccines could avert 5-15% of infections over 10-year periods, particularly in 
countries with high HIV incidence. Even if efficacy might be lower in key 
populations at higher risk of HIV exposure than that observed in the trial, the 
models addressing this aspect found that prioritising such populations was more 
efficient. As more information becomes available from the ongoing trials in 
infants(84), MSM in Thailand and the USA, and in South Africa where the clade 
inserts are being modified to match locally circulating clades(85), modellers will be 
able to further refine their models.  
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Modelling HIV prevention for people who inject drugs 
 
Modellers interested in estimating the impact of various HIV prevention strategies 
among people who inject drugs have assessed various strategies. Although there 
has been considerable discussion about the risk environment within which 
injecting drug use takes place(86)(87)(88)(89)(90), modelling exercises to date have 
focused mainly on topics such as the cost-effectiveness of harm reduction 
including methadone maintenance therapy as HIV prevention(91)(92), syringe 
distribution(93), combinations for hepatitis C prevention(94), and the impact of 
supervised injecting facilities(95). Modellers have even addressed the question of 
whether introduction and use of low dead-space syringes would have the effect to 
reduce HIV incidence among people who inject drugs(96). Low dead-space 
syringes retain no fluid in the syringe itself when the plunger is fully supressed, only 
in the needle. They are therefore less likely to transmit HIV when others use the 
equipment of injectors who have very high viral loads in the acute phase of HIV. 
However, no one had attempted to model the potential impact of structural 
interventions that could reduce the likelihood that people who use drugs would 
transition to injecting drugs or remove barriers for people who inject drugs to 
accessing HIV prevention modalities such as needle syringe programmes (NSP) 
and opioid substitution treatment (OST), as well as of ART for those already HIV-
positive. The challenge in assessing the potential impact of structural interventions 
on risk behaviour and subsequent HIV incidence is that this truly is a data-free 
zone in which assumptions have to be made about the impact of changes in the 
risk environment on drug use behaviours or uptake of services. 
 
First, the impact of reducing unmet need for NSP, OST, and ART was modelled for 
three cities chosen because they had important epidemics among people who 
inject drugs and enough data to be able to model impact with some confidence. 
Reducing unmet need by 60% during the period 2010 to 2015 could prevent 41% 
of incident infections in Odessa, Ukraine, 43% in Karachi, Pakistan, and 30% in 
Nairobi, Kenya(16). The structural changes considered were different by city. 
Reducing the transition from non-injecting drug use to injecting drug use by 8-12% 
in Karachi was estimated to have the potential to prevent 65-98% of incident 
infections. Eliminating police beatings in Odessa could avert 4-19% of new 
infections among people who inject drugs. Removing laws prohibiting opioid 
substitution in Nairobi and scaling up OST coverage to 80% could prevent 14% of 
incident infections there. The challenges to this type of modelling include 
difficulties in estimating the population size, the unreliability of self-reporting of a 
behaviour that is highly stigmatised, and the dearth of information on network 
typology(97) for people who inject drugs, as in many settings. Furthermore, 
structural determinants of risk act through both direct and indirect causal 
pathways, making it impossible to generate precise quantitative estimates without 
additional data. This seminal paper drew attention to the importance of 
understanding the risk environment and shifting the focus for change from 
individuals to the social and political contexts that heighten their risk. 
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Modelling population-level prevention benefits of antiretroviral therapy 
 
In 2011, after the last PrEP modelling meeting, the Bill and Melinda Gates 
Foundation decided to fund an HIV Modelling Consortium(98), with a secretariat at 
Imperial College, London. It met for the first time in November 2011 to discuss the 
potential impact of expanding ART in sub-Saharan Africa. The result was a series 
of articles in a special collection(99) published in time for the International AIDS 
Society meeting in Washington in July 2012(100). These addressed the potential 
impact of antiretroviral treatment for HIV prevention from different perspectives, in 
light of the ‘game-changing’ results of the HIV Prevention Trials Network (HPTN) 
052 trial that documented a 96% reduction in genotypically-related HIV 
transmissions within serodiscordant couples(101). This trial result confirmed 
observational data from other studies(102) and was consistent with data previously 
published as far back as the year 2000 on viral load and HIV transmission 
(103)(104)(105). Acknowledging that decisions about the optimal use of ART would 
be framed by epidemiology, economics, demography, statistics, biology and 
mathematical modelling, the series included a systematic comparison of 
mathematical models of the potential impact of antiretroviral therapy on HIV 
incidence in South Africa(106), similar in intent to the VMMC modelling 
comparisons. Interestingly, it found that although the mathematical models varied 
substantially in structure, complexity, and parameter choices, they all suggested 
that high levels of access to ART combined with high adherence would have the 
potential to substantially reduce new HIV infections in the short-term. There was 
more divergence in the predicted epidemiologic impact of ambitious treatment 
scale-up over the longer term and in the efficiency with which treatment can 
reduce new infections.  
 
There had been some previous efforts to use mathematical modelling to look at the 
prevention benefits of ART scale-up, with diverse results. One modelling team 
reported in 2006 that even with the most optimistic scenario of widespread testing 
and treatment initiation, new infections would remain stable, ART would not 
eliminate HIV regardless of the degree of coverage, and effective prevention 
strategies were essential for impact in high prevalence settings(107). In 2009, a 
second team published modelling results assuming that ART coverage would 
reach 90% by 2016, all adults would accept annual testing, and all those found to 
be HIV-positive would accept to start immediately on ART. They concluded that 
immediate ART regardless of CD4 count actually was a strategy for elimination of 
HIV (108). These divergent results were potentially confusing for policy makers who 
were not in a position to interrogate and/or understand the contents of the ‘black 
box’. More recently, modelling of both ART and PrEP in the South African context 
estimates that the combination will prevent more infections than either strategy 
alone, but with a higher prevalence of drug resistance, contributed mainly by 
ART(109). Similar modelling findings on the relative contributions of ART and PrEP 
to drug resistance are now reported for Africa overall(110).  
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Currently, in weighing the costs, benefits, and risks of ART and PrEP for HIV 
prevention, debate has become very heated among ethicists(111)(112)(113)(114). 
There has been confusion about terminology, with the term ‘treatment as 
prevention’ meaning different things to different people, with consequent 
muddying of the arguments. One way forward is to distinguish between the 
concept of early treatment for prevention (early T4P) before CD4+ cells fall to 
eligibility criteria [350-500/uL, depending on national guidelines] and the concept 
of treatment as prevention (TasP) meaning the population-level benefits of lower 
community viral load as ART is scaled up according to national eligibility criteria. 
The strategy of test and treat in which ART is offered to all those who test HIV-
positive regardless of CD4 count, which is intended to avoid loss to follow-up and 
draw people into treatment, then can be understood as a strategy of early 
treatment that has the potential to have prevention benefits that result in lower 
community viral load. Antiretroviral prophylaxis to reduce the risk of HIV 
acquisition, pre-exposure prophylaxis, involves the use of antiretroviral drugs for 
HIV-negative persons. The concepts of both early T4P and PrEP are stimulating 
considerable controversy among ethicists. 
 
The rule of rescue in ethics gives weight to rescuing people whose lives are 
imminently threatened even if so doing reduces the number of lives saved 
overall(115), while more utilitarian approaches argue that the strongest moral 
imperative is to use resources most efficiently to prevent disease and save the 
most lives(116). The issue of the trade-offs for antiretroviral drug use for treatment 
versus prevention in resource-poor settings will remain a hot button issue for 
policy makers, programme planners, advocates, activists, and ethicists well into 
the future, given the current global financial situation of constrained investment, a 
strong focus on efficiencies, and increasing devolution of funding responsibilities 
to national governments(117). 
 
Looking Back to 2005: the Modelling Consensus Process 
 
In 2005 when the first meeting of modellers was convened, the concept of sharing 
approaches and ideas seemed novel to virtually all of the modellers. They were 
working in isolation within their own teams and often in relation to only one 
randomised controlled trial (RCT). The principles and the process of convening 
modellers to address the impact of emerging biomedical HIV prevention findings 
that was initiated in 2005, eventually involved three VMMC modelling meetings that 
took place in Geneva in 2005(51), Stellenbosch in 2007(55), and London in 2008(9); 
two PrEP modelling meetings, convened in Geneva in March 2010(77) and in 
Montreux, Switzerland in March 2011(79); and an HIV vaccine modelling satellite 
held in Atlanta in 2010(82). Either at or following each face-to-face meeting, 
modellers spoke of how rewarding it had been to present their work to their peers 
and receive constructive criticism from researchers and public health practitioners, 
as well as a dose of reality about the parameter values that they had used in what 
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was at times a ‘data-free’ zone. Importantly, some modellers’ assumptions about 
the timing of introduction, speed of scale-up, and maximum coverage levels 
achieved were challenged as overly optimistic(61)(108), although their somewhat 
controversial modelling results had clearly influenced thinking and stimulated 
debate more broadly in the HIV prevention field.  
 
Increasingly, as data from RCT became available, as the amount of context-
specific information increased concerning sexual practices (e.g. delayed sexual 
debut, numbers of partners, and condom use frequency), and as more valid 
estimates of country HIV prevalence and incidence were generated to populate the 
models, they were rendered more relevant for informed decision-making about HIV 
prevention policy.  
 
The HIV Modelling Consortium, based at Imperial College, assumed the UNAIDS 
mantle in convening modellers in 2011 and has held a number of meetings 
addressing, among others, the potential impact of treatment on HIV incidence, the 
potential for PrEP to increase ARV resistance, and incidence estimation, and is 
embarking now on a validation exercise for models assessing community trials(98). 
Its funding from the Bill and Melinda Gates Foundation has recently been renewed 
for four years to 2017 and it will continue to constitute an important resource for 
modellers, policy makers, normative agencies, and others by co-coordinating a 
wide range of research activities in mathematical modelling of the HIV epidemic. 
 
Practical questions that HIV prevention policy makers and 
programme planners can ask about mathematical modelling  
 
HIV prevention policy makers and programme planners generally have different 
backgrounds, experiences, perspectives, time horizons, and urgencies in their 
respective mandates. What links them is the principle that public funds should be 
spent in the most cost-effective and culturally acceptable way to reduce HIV 
transmission. Their shared objective is to see the impact materialise in reductions 
in the need for HIV-related health care services, accompanied ideally by reductions 
in inequalities of access to public services for those who do need them. A higher 
concern may be that their country be portrayed as one that has demonstrated 
success and is recognised internationally for its concerted and fruitful action on 
HIV. 
 
Given concerns about how much a programme will cost, what the impact will be, 
and how it should best be delivered for maximum effect, mathematical modelling 
can shed light on how different policy and programming options might play out in 
the short-, medium-, and long-term. However, modellers need to know how 
decision makers assess and value costs and potential savings at different time 
frames. Generally speaking, costs and benefits in the future are viewed differently 
than those in the present. Discounting is the process of converting future values, 
such as costs or health effects, to their present values, in order to reflect the belief 
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that, in general, society prefers to receive benefits sooner rather than later and pay 
costs later rather than sooner(118). Although there is some debate about whether 
health benefits and costs should be discounted at the same rate with some 
arguing that the value of health grows over time and therefore it should be 
discounted less(119), standard cost-effectiveness analysis for health policy 
purposes uses uniform discounting at 3%, with the discount percentage varied in 
sensitivity analyses(120). 
 
Delva and colleagues argue cogently that there is a need for constructive dialogue 
between ‘producers’ and ‘consumers’ of modelling results about a model’s 
assumptions and structure, the policy implications of the results, and what further 
empirical and modelling studies should be planned(121). They have developed a 
list of nine principles of good HIV epidemiology modelling, from both the model 
producer’s viewpoint and the model consumer’s viewpoint. These are: clear 
rationale, scope, and objectives; explicit model structure and key features; well-
defined and justified model parameters; alignment of model output with data; clear 
presentation of results, including uncertainty in estimates; exploration of model 
limitations; contextualisation with other modelling studies; application of 
epidemiological modelling to health economic analyses; and clear language.  
 
These principles are important for both those who conduct modelling research and 
those who use modelling results, however arguably among the most important 
questions that policy makers will have are whether the model is calibrated to 
locally collected data(122) and whether the modelling process is building local 
capacity, not just to understand models but also to use modelling to explore 
relevant local questions. Decision makers want to be reassured that input 
parameters have a strong empirical basis and that the modellers have conducted 
analyses of a broad array of scenarios to examine the impact of uncertainty in key 
parameters(123). But they also want to know what would happen in the absence of 
the intervention to contrast with what actually could happen, according to the 
model predictions. In impact evaluation circles, establishing the counterfactual 
means determining the difference that a project made compared to what would 
have happened without it(124). Counterfactuals play a central role throughout 
economics, providing genuine answers to genuine “What if…?” questions such as 
“What if the policy were put in place?”(125), a contrary-to-fact situation. Decision 
makers are also concerned with opportunity costs, i.e. the value of the road not 
taken. In economic terms, the opportunity cost of a choice is the value of the best 
alternative forgone, in a situation in which a choice needs to be made between 
several mutually exclusive alternatives given limited resources. Assuming the best 
choice is made, it is the "cost" incurred by not enjoying the benefit that would have 
been had by taking the second best choice available(126). 

Programme planners are interested in models that do not assume that the addition 
of a novel HIV prevention tool takes place in isolation from the scale-up of other 
known cost-effective approaches. Are synergies likely and can these effects be 
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predicted? Should a new approach substitute for a less cost-effective modality or 
can the latter be made more efficient as a support to the new HIV prevention 
modality? For example, will the introduction of VMMC or PrEP actually increase 
correct and consistent condom use through increased access, counselling 
support, and changes in social and sexual norms? Are there spin-offs that can help 
justify initial financial outlays? For example, will scaling up medical male 
circumcision services strengthen supply chain management, enhance efficient use 
of facilities, create appropriate medical waste disposal systems, and train a cadre 
of health workers with minor surgical skills that can be deployed beyond the 
circumcision arena once the ‘catch-up’ phase begins to end? These are aspects 
that may not be captured in standard ‘return on investment’ analyses focused on 
costs averted, even if a health system perspective is used(127). 

Decision makers can benefit from visual representations of the profiles of 
alternative policy options. A good example is found in a paper exploring 
optimisation of the impact of expanded HIV treatment programmes(128). Six 
prioritisation groups for ART expansion beyond the existing WHO guidelines are 
considered: expanding ART to those with CD4 cell count from 350 to 500 cells/uL, 
those with a viral load set point above 50,000 copies/ml, those with active 
tuberculosis disease, pregnant women, serodiscordant couples, and sex workers. 
For each of these options, a table presents the predicted impact on new HIV 
infections, impact on HIV-related morbidity and mortality, feasibility, and 
acceptability. With many different studies and trials now underway looking at the 
contribution of antiretroviral drugs to preventing HIV and preventing 
tuberculosis(129), it behoves researchers and modellers alike to anticipate the 
need to present the study inputs, assumptions, and findings in transparent, user-
friendly accessible ways to policy makers. This is part of good participatory 
practice which begins in the design phase rather than being an add-on, after the 
fact, provision(130).  

Furthermore, engaging decision-makers from the beginning can help ensure that 
modelling addresses relevant policy questions, can build model literacy(131), and 
can facilitate the identification of the most accurate and up-to-date information 
that can be used to parameterise models. Finally, it has been argued that involving 
other stakeholders early in the process, including the general public, concerning 
equity and autonomy issues, for example, will help modellers understand the 
broader social context (132). 

The Future 
Mathematical modelling in the field of HIV prevention has come into its own over 
the past 8 years, from being perceived as an intellectual exercise relying on limited 
data and much conjecture to being a key consideration in policy-making 
discussions. Models are focusing less on single interventions and examining 
combination prevention strategies in different settings. For example, a 
comprehensive portfolio of modestly-effective biomedical HIV prevention 
programmes, including male circumcision, vaginal microbicides, and oral PrEP, in 
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a context of expanded HIV testing and ART scale-up, could avert 62 % of new HIV 
infections and reduce HIV prevalence from a projected 14 % to 10 % after 
10 years in South Africa and would likely be cost-effective(133). A model for a 
hyperendemic setting with relatively low levels of condom use, estimates that a 
combination of VMMC, early ART, and PrEP scaled up to ambitious coverage 
levels could produce dramatic declines in HIV incidence, but would not stop 
transmission completely(134).  Another model of VMMC, ART, or early treatment in 
the South African context, estimates that the most cost-effective HIV prevention 
strategy is to expand VMMC coverage and then scale up ART; the most cost-
effective HIV-mortality reduction strategy is to scale up VMMC and ART jointly. 
Early treatment was far less cost-effective than either VMMC or ART(135). A further 
model estimates that the full impact of the combination prevention initiatives 
accrues over 10-15 years, with significant synergy possible between programme 
components(136). The concept of joint effectiveness of prevention programmes 
that these modellers are examining highlights how some programs operate 
synergistically while others may create redundancies. The new frontier to be 
explored is whether combination HIV prevention programmes will perform with 
additive, multiplicative, or maximal effectiveness(137).  

Modelling is also being used to inform and guide three large cluster randomised 
controlled trials of combination HIV prevention that have been commissioned by 
the US President’s Emergency Plan for AIDS Relief (PEPFAR) and are planned or 
underway in Zambia and South Africa(138), Botswana(139), and Iringa, 
Tanzania(140). The scale-up of ART varies, with treatment initiation at different 
CD4 levels in Zambia and South Africa, prioritising those with highest viral loads in 
Botswana, and in combination with other interventions in Tanzania. HIV 
transmission dynamic modelling has been used at the formative stage of trial 
planning and will be used during trial conduct to monitor progress, and at the end 
of each trial to assist both in interpretation and in evaluation of short-term and 
long-term impact(141).Likewise, a fourth community trial, the South African TasP 
trial in Hlabisa, KwaZulu-Natal sponsored by the French Agence nationale de 
recherches sur le sida et les hépatites virales (ANRS)(142) is using modelling to 
inform trial design, track conduct, and evaluate results.  

An example of the use of modelling during a community-based programme roll-out 
is from the ‘Avahan’ India HIV/AIDS Initiative’s sex worker programme funded by 
the Bill and Melinda Gates Foundation and established in 2004. In an interim 
analysis, modellers set out to determine whether observed changes in HIV 
prevalence among sex workers could be solely due to natural disease dynamics 
rather than to a change related to introduction of the programme. They tested 
three hypotheses: the null hypothesis of stable condom use with no increase 
following the initiation of the Avahan intervention in 2004, an alternative hypothesis 
that condom use actually increased by as much as was reported in the programme 
survey of female sex workers, and a third hypothesis that there was a lower level of 
pre-intervention condom use and a sharper post-intervention increase, based on 
records of condom availability(143), than indicated in the survey data. They 
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concluded that increased condom use in Mysore following the start of the Avahan 
programme is likely to have played a role in curbing the epidemic.  

Integrating modelling analysis into the design, conduct, and analysis of the large 
cluster randomised HIV combination prevention trials that are going forward now is 
intended to complement traditional statistical analyses and evaluation processes. 
Interim analyses, similar in timing to those undertaken in the Avahan initiative, will 
be used when interim incidence data are not available to indicate the possible 
need to modify or adapt a trial to reduce the likelihood of inconclusive 
outcomes(141). Pre-determined mid-course corrections(144), such as accelerated 
roll-out or modified trial duration, may be triggered as a result of interim modelling 
analyses conducted when interim HIV incidence measurements are unavailable. 
This clearly can constitute a valuable contribution given the size and expense of 
these large trials. 

Modelling will increasingly be useful in biomedical prevention trial design, given the 
changing ‘standard of prevention’(145) (146) being offered to all trial participants. 
In an HIV vaccine trial conducted in a high HIV prevalence setting, the prevention 
package was expanded by the researchers to include an offer of VMMC, even 
before national authorities had endorsed VMMC for HIV risk reduction(147). The 
first trial to grapple with the issue of oral PrEP following the iPrEx trial results(78) 
was the HIV Vaccine Trials Network (HVTN) study 505. After consultation with 
participants about their understanding and intentions(148), it was decided to 
provide information about PrEP and where it could be accessed(149). Evolving 
standard of prevention will mandate broad consultations to discuss the best way 
forward but it will also provide modellers with trial design challenges and the 
opportunity to look further into adaptive trial designs(150)(144)(151). 

Decisions about the best use of resources are better informed when consideration 
of the policy options benefits from the strongest science(152) and when 
mathematical models that are rooted in robust empirical findings are valued as 
important inputs to decision making. Corroborating modelling predictions with 
empirical data, such as the rural South Africa ART scale-up’s impact on life 
expectancy(153), employment(154), and HIV acquisition(155) in Hlabisa, is part of 
an iterative process of validation and refinement. Contrasting cost-effectiveness 
modelling results with each other in systematic reviews can make the findings 
more accessible to policy makers who lack the time to review each individual 
study.  
 
The path that HIV modellers have taken since 2005 in the prevention arena, 
beginning with a small meeting of modellers, researchers, and public health 
specialists considering the results of one RCT of male circumcision has culminated 
in the formation of the HIV Modelling Consortium which has grants-awarding 
capacity to catalyse work and is active at the forefront of policy discussions. This 
process highlights the importance that modellers have placed on scientific respect, 
peer review, collaboration, consensus building where possible, and motivation to 
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influence policymaking and programme planning. Further work on knowledge 
translation and improved communication with those who are best situated to 
interpret and use the results of modelling exercises is highly desirable.  
 
Modellers need to grow to appreciate that rational priority setting requires an 
understanding that allocation of scare resources should be ‘fair and just’, rather 
than either arbitrary or based simply on model outputs. For resource allocation 
decisions, policy makers and programme planners need to provide relevant 
reasons, supported by scientific evidence, which can include mathematical 
modelling results, and underpinned by ethical principles(156). Their rationale must 
be publically accessible and there must be opportunities for dispute resolution. 
Above all, the process for making decisions itself must be fair(157). Decision-
makers are responsible for ensuring that all these conditions are met.  
 
This thesis concludes that modellers can play an important role in evidence-
informed policy making and programme planning processes. They can generate 
modelling results on questions of key importance that provide insights into the 
potential impact of competing HIV prevention scenarios in the context of 
constrained resources. In effect, they can paint pictures for policy makers of the 
paths that can lead to a future in which HIV transmission is increasingly rare. 
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Summary 
 
This thesis explores the potential contribution of mathematical modelling to 
informed decision-making on policy and programme planning for novel HIV 
prevention tools. Its hypothesis is that, under certain conditions, modelling results 
can be a useful addition to the evidence and other factors that influence the HIV 
prevention policy and programme development process. The emerging HIV 
prevention tools that serve to illustrate this are voluntary medical male circumcision 
(VMMC), systemic pre-exposure prophylaxis (PrEP) with antiretroviral drugs, HIV 
vaccines, and structural interventions for people who inject drugs (PWID).  
 
Chapter 1 sets the stage, beginning first with some basic background on the state 
of our knowledge about how HIV attacks the immune system, how many people 
live with this retrovirus worldwide, and what we understand about the importance 
of tailored, combination HIV prevention. It then summarises the current evidence 
on emerging biomedical HIV prevention tools, with a focus on VMMC, PrEP, and 
HIV vaccines, before introducing the theme of the potential contribution of 
mathematical modelling to evidence-informed decision-making about novel HIV 
prevention strategies. 
 
In Part 1, Background to the HIV epidemic and HIV prevention, Chapter 2 provides 
an overview of changes in the state of the global HIV epidemic and is followed by 
two chapters that define combination HIV prevention. The first refers to its broad 
meaning of combining biomedical, behavioural, and structural HIV prevention 
components (Chapter 3) while the second focuses on the more narrow concept of 
combining components of biomedical HIV prevention (Chapter 4).  
 
Part 2 Voluntary Medical Male Circumcision: Policy Background presents the 
example of male circumcision (MC) for HIV prevention as a new HIV prevention 
technology, albeit possibly the oldest surgical procedure in the world and one that 
has been undertaken heretofore primarily for cultural, social, or religious reasons. It 
covers some of the inputs to policy making on MC scale-up, including the scientific 
evidence (Chapters 5 and 7), the sociolegal barriers (Chapter 6), male circumcision 
and HIV risk for women (Chapter 8), and factors influencing country adoption and 
scale-up of VMMC (Chapter 9).  
 
Part 3 Voluntary Medical Male Circumcision: Costing and Modelling discusses the 
contribution of mathematical modelling and costing to decision making on VMMC 
for HIV prevention (Chapter 10), including the result of practical application of the 
Decision Makers Programme Planning Tool in 13 priority countries (Chapters 11-
12) and the challenge of costing demand creation activities (Chapter 13).  
 
Part 4 Pre-Exposure Prophylaxis outlines the promise of PrEP (Chapter 14) and 
presents a systematic review of oral PrEP cost-effectiveness studies that 
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concludes that prioritising key populations at highest risk of HIV acquisition would 
likely be the most cost-effective strategy (Chapter 15).  
 
In Part 5 Vaccines, the findings of 5 modelling teams are analysed. These 
modellers explored the potential population impact of an HIV vaccine regimen 
similar to that of the RV144 regimen that had shown moderate effectiveness in a 
community-based trial in Thailand (Chapter 16).  
 
Part 6 Structural Interventions presents mathematical modelling-derived results 
estimating the impact on HIV incidence of increasing coverage of needle syringe 
programmes, opioid substitution treatment, and antiretroviral therapy among 
people who inject drugs in Odessa (Ukraine), Karachi (Pakistan), and Nairobi 
(Kenya). It also estimates the impact of alleviating key structural barriers to the 
uptake of risk reduction measures (Chapter 17).  
 
Chapter 18 highlights lessons drawn from this body of work about how 
mathematical modelling can contribute to policy formulation and programme 
decision-making on novel HIV prevention tools. The most salient example is the 
body of VMMC modelling work and its practical application in a useful programme-
planning tool. The systematic review of PrEP modelling sends a signal that factors 
such as context, adherence, and coverage clearly influence cost-effectiveness, 
suggesting that this is an HIV prevention tool that should be tailored specifically to 
those most likely to benefit. The HIV vaccine modelling provides a measure of 
encouragement to a field that has a first proof of concept result, but one of low 
efficacy with wide confidence bounds. The modelling work undertaken for the 
Lancet series on injecting drug use in 2010 breaks new ground in its effort to 
assess the potential impact of interventions to address structural determinants of 
HIV risk. 
 
The convening of modellers to address the impact of emerging biomedical HIV 
prevention trial results began in 2005 and eventually involved three VMMC 
modelling meetings (Geneva in 2005, Stellenbosch in 2007, and London in 2008); 
two PrEP modelling meetings (Geneva in 2010 and Montreux in 2011); and an HIV 
vaccine modelling satellite (Atlanta in 2010). In presenting their work, modellers 
received constructive criticism from researchers and public health practitioners 
about unrealistic parameter values, including assumptions about sexual behaviour, 
timing of introduction, speed of scale-up, and maximum coverage levels that could 
be achieved, among others. As more trial data emerged along with context-
specific information on sexual practices, HIV prevalence, HIV incidence, and costs, 
they populated well-constructed models that were increasingly able to shed light 
on the cost and epidemic impact of different HIV prevention programming options 
over the short-, medium-, and long-term. Comparing model structures and 
findings, including the results of sensitivity analyses, through consensus 
processes, systematic reviews, and other methodologies served to strengthen the 
potential contribution that modelling could make to HIV prevention policy. 
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Looking forward, integrating mathematical modelling in the design, conduct, and 
analysis phases of the large cluster randomised combination HIV prevention trials 
that are now underway will potentially facilitate trial adaptations, such as 
accelerated roll-out or modified trial duration, to reduce the likelihood of 
inconclusive trial outcomes. Modelling will increasingly be useful to biomedical HIV 
prevention trial design, given the evolving standard of prevention being offered to 
all trial participants. Populating mathematical models with up-to-date, context-
relevant, and accurate information will remain a key challenge, along with effective 
knowledge translation strategies. Engaging policy makers from the start can help 
ensure that modelling addresses relevant policy questions, is informed by the best 
available locally available information, and finds a receptive audience when results 
are presented.  
 
This thesis concludes that modellers can play an important role in evidence-
informed policy making and programme planning processes. They can generate 
modelling results on questions of key importance that provide insights into the 
potential impact of competing HIV prevention scenarios in the context of 
constrained resources. In effect, they can paint pictures for policy makers of the 
paths that can lead to a future in which HIV transmission is increasingly rare. 
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Dit proefschrift onderzoekt de potentiële bijdrage van wiskundig modelleren bij de 
geïnformeerde besluitvorming over beleid en programmering voor nieuwe HIV-
preventie instrumenten. De hypothese is dat, onder bepaalde voorwaarden, de 
resultaten van modellen een nuttige aanvulling kunnen zijn op wetenschappelijk 
bewijs en andere factoren die het HIV-preventie beleid en programma-ontwikkeling 
kunnen beïnvloeden. De zich voordoende HIV-preventie instrumenten die dienen 
om dit te illustreren zijn vrijwillige medische mannelijke besnijdenis (Voluntary 
Medical Male Circumcision; VMMC), pre-exposure profylaxis (PrEP) met 
antiretrovirale geneesmiddelen, HIV-vaccins, en structurele interventies voor 
mensen die drugs injecteren(PWID). 
 
Hoofdstuk 1 schetst de opzet, te beginnen met wat fundamentele achtergrond 
informatie over de stand van onze kennis over hoe HIV het immuunsysteem 
aanvalt, hoeveel mensen wereldwijd leven met dit retrovirus, en wat we begrijpen 
van het belang van op maat gemaakte, combinatie HIV-preventie. Vervolgens 
wordt het huidige bewijs over opkomende biomedische HIV preventie-
instrumenten opgesomd, met een focus op VMMC, PrEP, en HIV-vaccins, waarna 
het thema van de potentiële bijdrage van wiskundige modellering aan op bewijzen 
gebaseerde besluitvorming over nieuwe HIV-preventie strategieën wordt 
geïntroduceerd. 
 
In Deel 1, Background to the HIV epidemic and HIV prevention (Achtergrond van de 
HIV-epidemie en HIV-preventie), geeft Hoofdstuk 2 een overzicht van de 
veranderingen in  de wereldwijde HIV-epidemie. Hoofdstuk 2  wordt gevolgd door 
twee hoofdstukken die combinatie HIV-preventie definiëren. Het eerste verwijst 
naar de brede betekenis van het combineren van biomedische-, gedrags-, en 
structurele HIV-preventie interventies (hoofdstuk 3), terwijl het tweede zich richt op 
het meer beperkte concept van het combineren van componenten van 
biomedische HIV-preventie (hoofdstuk 4). 
 
Deel 2 Voluntary Medical Male Circumcision: Policy Background (Vrijwillige 
Medisch Mannelijke Besnijdenis: Achtergrond van het Beleid) presenteert het 
voorbeeld van VMMC  als een nieuwe HIV-preventie technologie, zij het dat dit 
misschien wel een van de oudste chirurgische ingrepen ter wereld is en een die tot 
nu toe in de eerste plaats op basis van culturele, sociale, of religieuze redenen 
plaatsvond. Het heeft betrekking op een deel van de inbreng voor beleidsvorming 
op VMMC opschaling, waaronder het wetenschappelijk bewijs (hoofdstukken 5 en 
7), de sociaal-juridische barrières (hoofdstuk 6), VMMC en het HIV risico voor 
vrouwen (hoofdstuk 8), en de factoren die van invloed zijn op adoptie door een 
land en opschaling van VMMC (hoofdstuk 9). 
 
Deel 3 Voluntary Medical Male Circumcision: Costing and Modelling (Vrijwillige 
Medisch Mannelijke Besnijdenis: Kostprijsberekening en Modellering) bespreekt de 
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bijdrage van wiskundige modellering en kostprijsberekening aan de besluitvorming 
over VMMC voor HIV-preventie (hoofdstuk 10), met inbegrip van het resultaat van 
de praktische toepassing van de Decision Makers Programme Planning Tool in 13 
voorkeur landen (hoofdstukken 11-12) en de uitdaging van kostprijsberekening van 
activiteiten die de vraag stimuleren (hoofdstuk 13). 
 
Deel 4 Pre-Exposure Profylaxis schetst de belofte van PrEP (hoofdstuk 14) en 
presenteert een  overzicht van PrEP kosteneffectiviteit studies die concluderen dat 
prioriteit geven aan specifieke bevolkingsgroepen die het hoogste risico op HIV-
besmetting lopen, waarschijnlijk de meest kosteneffectieve strategie is (hoofdstuk 
15). 
 
In deel 5 Vaccines worden de bevindingen van 5 teams van modelontwikkelaars 
geanalyseerd. Deze teams onderzochten de potentiële bevolkingsimpact van een 
HIV-vaccin regime vergelijkbaar met die van het RV144 regime, dat matige 
effectiviteit had getoond in een community-based onderzoek in Thailand 
(hoofdstuk 16). 
 
Deel 6 Structural Interventions presenteert resultaten van wiskundige modellen 
waarin de impact op HIV incidentie wordt geschat bij toenemende dekking van 
naald/injectiespuit programma’s, opiaatsubstitutie therapie en antiretrovirale 
therapie bij mensen die drugs injecteren in Odessa (Oekraïne), Karachi (Pakistan), 
en Nairobi (Kenia). Het schat ook de invloed van het verlichten van belangrijke 
structurele belemmeringen op de opname van risico beperkende maatregelen 
(hoofdstuk 17). 
 
Hoofdstuk 18 benadrukt lessen die getrokken kunnen worden uit dit werk: over 
hoe wiskundige modellen kunnen bijdragen aan de formulering van beleid en 
programmatische besluitvorming over nieuwe HIV-preventie instrumenten. Het 
meest opvallende voorbeeld is de basis van VMMC modellenwerk en de praktische 
toepassing ervan in een handige programma- planning tool. De systematische 
toetsing van PrEP modellen geeft aan  dat factoren als context, therapietrouw en 
dekking duidelijk de kosteneffectiviteit beïnvloeden en  suggereert  dat dit een HIV-
preventie tool is die specifiek afgestemd moet worden op groepen die er het meest 
baat bij hebben. Het HIV-vaccin model biedt een zekere aanmoediging aan een 
veld dat hiermee een eerste proof of concept resultaat heeft, maar een met een 
lage werkzaamheid. De modelontwikkelingswerkzaamheden voor de Lancet serie 
over intraveneus druggebruik in 2010 zijn een baanbrekende poging om ingrepen 
te evalueren die structurele determinanten van HIV risico adresseren.  
 
Het bijeenkomen van modelontwikkelaars om de impact van biomedische HIV-
preventie onderzoeksresultaten te adresseren begon in 2005.  Uiteindelijk waren er 
drie VMMC ontwikkel bijeenkomsten (Genève in 2005, Stellenbosch in 2007 en 
Londen in 2008) ; twee PrEP ontwikkel bijeenkomsten (Genève in 2010 en 
Montreux in 2011 ), en een HIV-vaccin model satelliet (Atlanta in 2010). Bij de 
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presentatie van hun werk, ontvingen de ontwikkelaars opbouwende kritiek van 
onderzoekers en mensen uit de publieke gezondhiedszorg over o.a. onrealistische 
parameter waarden, waaronder veronderstellingen over seksueel gedrag, de timing 
van introductie, de snelheid van opschaling en de maximale dekking die kon 
worden bereikt. Naarmate er meer gegevens van de onderzoeken naar boven 
kwamen. samen met context-specifieke informatie over de seksuele praktijken, de 
HIV-prevalentie en incidentie , alsmede de kosten, waren goed geconstrueerde 
modellen steeds beter in staat om licht te werpen op de kosten en de epidemische 
impact van verschillende HIV-preventie programma’s n op de korte - , middellange 
- en lange-termijn . Het vergelijken van modelstructuren en bevindingen, inclusief 
de resultaten van gevoeligheidsanalyses, consensus processen, systematische 
controles, en andere methodieken, diende om de potentiële bijdrage die  
modelleren zou kunnen leveren aan het HIV-preventie beleid te versterken. 
 
Vooruitblikkend: de integratie van wiskundige modellering in het ontwerp, de 
uitvoering en analyse  van de grote cluster-gerandomiseerde combinatie van HIV-
preventie onderzoeken die nu aan de gang is, zal eventuele proces aanpassingen 
vergemakkelijken, zoals een versnelde roll-out of een gewijzigde onderzoeks duur, 
om de kans te verminderen dat onderzoeksresultaten niet overtuigend zijn. 
Modellering zal in toenemende mate nuttig zijn bij de opzet van biomedisch HIV-
preventie onderzoek, gegeven de veranderende norm van preventie, die aan alle 
deelnemers van een  onderzoek dient te worden aangeboden. De wiskundige 
modellen van up-to-date, context-relevante en accurate informatie voorzien zal 
een belangrijke uitdaging blijven, samen met effectieve kennis-vertaalstrategieën. 
Het vanaf de aanvang betrekken van beleidsmakers, kan ertoe bijdragen dat het 
modelleren relevante beleidsvragen meteen adresseert, de beste lokale informatie 
beschikbaar is, en er een ontvankelijk publiek is wanneer de resultaten worden 
gepresenteerd.  
 
Dit proefschrift concludeert dat modelontwikkelaars een belangrijke, , rol kunnen 
spelen in op bewijzen gebaseerde beleidsvorming en programma 
planningsprocessen. Modellen kunnen resultaten genereren betreffende  vragen 
van groot belang, die hoewel, dat ze niet precies zijn, inzicht geven op  de 
potentiële impact van concurrerende HIV-preventie scenario's in het kader van de 
beperkte middelen. Ze kunnen scenarios schetsen voor beleidsmakers van de 
mogelijke wegen naar een toekomst waarin de overdracht van HIV ongebruikelijk 
zal zijn. 
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