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Abstract

Background—South Africa has the highest global burden of human immunodefciency virus 

[HIV]. The study compared the cost-effectiveness of individual and combination HIV preventive 

strategies against the current rollout of ART and possible ART scale-up.

Methods—Adolescents attending South African schools in 2012 were included in the semi-

Markov running annual cycles. The ART and HIV counseling and testing program [comparator] 

was weighed against the interventions [viz. HIV vaccine, a dual vaccine strategy [HIV and HPV 

vaccines], oral pre-exposure prophylaxis [PrEP] and voluntary medical male circumcision 

[VMMC]; and various combinations thereof. Quality-adjusted life years [QALY] determined 

changes in HIV associated mortality and infections averted. One-way and probabilistic sensitivity 

analysis determined parameter uncertainty. Discount rates of 3% with a lifetime horizon [70 years] 

were applied.

Results—Dual vaccination was highly cost-effective strategy [US$ 7 per QALY gained] and 

averted 29% of new HIV infections. VMMC [US$ 30 per QALY gained] proved more cost-

effective than HIV vaccination alone [US$ 93 per QALY gained], though VMMC averted 6% 

more new infections than the HIV vaccine when considered among male participants. PrEP 

interventions were the least cost-effective with pharmaceutical and human resource spending 

driving the costs. Combined dual vaccination and VMMC strategies were a dominant intervention. 

Strategies involving PrEP were the least cost-effective.

Conclusion—VMMC, HIV vaccination and dual vaccination strategies were more cost-effective 

than any PrEP strategies. A multi-intervention biomedical approach could avert considerable new 

HIV infections and present a cost-effective use of resources; particularly where large scale multi-

interventional randomized controlled trials are absent.

*Corresponding author: Nishila Moodley, Department of Health Sciences, University of the Witwatersrand, Perinatal HIV Research 
Unit, Soweto, South Africa, Tel: 2782-927-1547; nishila.moodley@gmail.com. 

HHS Public Access
Author manuscript
Clin Res HIV AIDS. Author manuscript; available in PMC 2017 August 18.

Published in final edited form as:
Clin Res HIV AIDS. 2016 ; 3(1): .

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

HIV prevention; Cost-effectiveness analysis; Vaccination; PrEP; VMMC

Introduction

South Africa remains the unenviable epicenter of the human immunodeficiency virus [HIV] 

pandemic amassing 18% of the global prevalence of disease and forcing heightened efforts 

by the government to quell the disease burden [1]. The national HIV counseling and testing 

[HCT] campaign launched in 2010 was a major initiative increasing the numbers of people 

that had ever been tested by over 15% between 2008 and 2012 [2]. In fact,modeling 

estimates suggest that universal implementation of HCT among South Africans aged 15 

years and older would translate to a 1% reduction in prevalence over the next 50 years [3]. 

As of 2010, 98% of public health facilities were able to offer prevention of mother to child 

transmission [PMTCT] of HIV services which reduced annual infections to 2.2% in 

2013/2014 [4]. Further, South Africa has developed the most established condom 

distribution program globally with 506 million male condoms distributed in 2013/2014 

alone [4]. Acquired immune deficiency virus [AIDS] education has been successfully 

integrated into the primary and high school curriculums via a Life Skills Education Program, 

which aimed at averting new infections while providing support to those children already 

living with HIV. Lastly, South Africa has managed to orchestrate the largest antiretroviral 

therapy [ART] rollout program in the world accounting for a third of new ART drug 

recipients globally between 2010 and 2013 [1]. Despite this, 58% of South Africans eligible 

for ART treatment remain unable to access it [1]. These significant strides made by 

government to alleviate the HIV burden have been undermined by a persistently high HIV 

incidence rate over the years (South Africa accounted for 16% of the global incidence of 

HIV in 2013) [1].

Global advances in biomedical interventions in the last decade have forced clinicians and 

decision makers alike to strongly reconsider their HIV prevention packages. Observations 

from clinical trials investigating voluntary male medical circumcision [VMMC] [5-8] and 

oral pre-exposure prophylaxis [PrEP] [9-12] have demonstrated partial success in decreasing 

sexual transmission of HIV. The general consensus by several experts remain that a ‘multi-

faceted combination prevention’ approach is critical to curbing the advancement of the 

epidemic [13-15]. Clinical trials involving combination interventions are rarely investigated 

due to financial, ethical and feasibility constraints; yet are crucial to our understanding of 

defining an optimal portfolio of prevention. In the South African context, we considered the 

cost-effectiveness of implementing PrEP, HIV and human papillomavirus [HPV] 

vaccinations and VMMC against scaling-up the current coverage of ART.

The encouraging findings of several HIV PrEP trials and the observed 96% reduction in HIV 

transmission associated with early ART use in sero-discordant couples [HPTN 052] have 

endorsed the legitimacy of the PrEP intervention and stimulated critical policy discussions 

regarding the use of ART in HIV prevention [16,17]. The first significant findings were 

reported among men and transgender women who had sex with men in the iPrEX trial, 
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which yielded a 44% reduction in HIV acquisition with a daily dose of tenofovir/

emtricitabine [TDF/FTC] [11]. In two large trials, PrEP was found to be equally effective 

[between 63% to 73%] in reducing heterosexual HIV transmission in the Partners PrEP 

conducted in Kenya and Uganda [TDF or TDF/FTC daily] and TDF2 [TDF/FTC daily] 

studies conducted in Botswana [10,12]. However, similar results were not reproducible in 

the South African setting asFEM-PrEP [recruiting hetero sexual women in South Africa, 

Tanzania, and Kenya for daily TDF/FTC] and the oral arm of the VOICE trial [recruiting 

women in South Africa, Uganda, and Zimbabwe] were closed prematurely for futility [18]. 

The VOICE trial stopped its gel arm when it became evident that daily gel use was safe but 

not effective [19]. The CAPRISA 004 trial [a proof of concept study supporting peri-coital 

vaginal microbicide application] enjoyed short lived success when the use of a 1% TDF 

vaginal gel decreased HIV-1 incidence by 39% [20]. The FACTS 001 study, conceived to 

provide supporting data for microbicide licensure in South Africa, was found to be 

ineffective alluding once more to poor adherence patterns and bringing into question the 

future use of this prevention modality [19,21]. Despite these reservations, oral PrEP is being 

introduced in many developing countries including South Africa and due consideration must 

be given to how this intervention will fit in financially, programmatically and politically 

[22-24].

Evidence from observational data [25-27] and three randomized controlled trials conducted 

in Kenya, South Africa and Uganda [6-8] prove conclusively that circumcised men have a 

significantly reduced risk of acquiring HIV infection. Apart from the strong epidemiological 

evidence base, the biological basis for the protective effects of VMMC against HIV is 

deemed plausible [28] and the cost-effectiveness, or even cost-saving, of the intervention has 

been reinforced by several studies [5,29-31]. In addition to the public health benefits of a 

HIV prevention strategy reporting high efficacy [approximating 60%], VMMC is a one-time 

medical procedure with partial but potentially durable effects [32]. The coverage rates for 

VMMC still remain surprisingly low, with 2.7% coverage reported in a sample of 14 sub-

Saharan Africa countries [33]. Heeding this call, South Africa had conducted 3.3 million 

VMMCs by 2012 [2]. Countries continuing to report low circumcision rates have extensive 

scope to draw the benefits of the intervention going forward [24,34].

Vaccines are recognized as the most cost-effective intervention in healthcare. Despite several 

earlier HIV vaccine setbacks [35,36], Rerks-Ngam [2009] announced the first vaccine 

regimen [RV144/ Thai trial] to show moderate vaccine efficacy in human populations [37]. 

The HIV vaccine regimen, after being optimized by undergoing modification to make it 

Clade C specific and changing the adjuvant and protein, entered Phase I clinical trials 

assessing safety and immunogenicity at six major South African centers under the umbrella 

of the HVTN 100 study [38]. Costing information regarding its implementation into the 

expanded program of immunization would present a key advocacy tool to decision makers 

should this vaccine reach fruition [39,40]. For the purposes of this study, we are considering 

dual implementation of the HIV vaccine with the HPV vaccine. The HIV-HPV link has long 

been established. HIV acquisition is enhanced in the presence of cervico-vaginal HPV 

disease [41,42] and HPV detection is known to drastically increase post HIV sero-

conversion [43]. Clinically, the HIV-HPV relationship manifests as rapidly progressive 

disease [44], resulting in significant associated mortality and morbidity that remains a major 
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concern to the national health department. Given the close relationship the pathologies share, 

it is not inconceivable that the HPV vaccination may play a role in reducing HIV 

transmission on the biological basis HPV infection increases the acquisition of HIV 

infection [45]. South Africa has the highest cervical cancer incidence and mortality globally 

[46], and the HPV vaccine is already being implemented to a proportion of school-going 

female learners [47].

Implementing the most efficient portfolio of interventions requires due consideration for the 

comparative costs and benefits of alternative strategies. Economic evaluation of these 

interventions individually and in combination can improve our understanding of potential 

synergistic effects [48], without the financial implications of multi-intervention clinical 

trials. Additionally, cost-effectiveness analysis can guide decision makers in the efficient 

allocation of restricted health budgets. Few studies in the past have considered evaluating 

multiple interventions [49], most concentrating rather on individual interventions. None have 

evaluated the use of the HIV vaccine. The aim of this study is to economically evaluate 

individual and combination HIV preventive strategies and compare their impact against both 

the current rollout of ART and a potential scaling-up of the ART program.

Materials and Methods

The study methodology was compliant with the reporting guidelines of the Consolidated 

Health Economic Evaluation Reporting Standards [CHEERS] statement [50].

Study overview

Adolescents attending South African schools in 2012 were considered for the evaluation. 

The programs were considered for implementation in schools based on the national health 

initiative to develop school-based sexual and reproductive health services [51], with the 

intention of targeting learners prior to their sexual debut, thus preventing HIV acquisition. A 

lifetime horizon, that was considered congruent with current life expectancy in South Africa, 

was modeled. The health service provider [provider] perspective was adopted. The data 

generated would be used to review of health service delivery and decision making; and 

explore the financial implications of introducing these health interventions in the public 

sector. The interventions were modeled as prevention strategies that reduced the HIV disease 

burden and associated mortality. The interventions were considered against the system of 

HCT and the national rollout of ART that constituted the standard of care in South Africa 

[52]. The current coverage achieved by the national ART program was estimated at 29% [1]. 

Economic costs and health outcomes were discounted at a rate of 3% , with an uncertainty 

range of 0% to 6%, as recommended by the World Health Organization Choosing 

Interventions that are Cost-Effective [WHO-CHOICE] guidelines [53].

Outcome measures

Choice of health outcomes—The EuroQol EQ-5D health outcome measurement tool 

has been validated for measuring health related quality of life [HRQOL] of HIV/AIDS in 

Africa, hence validating the use of the quality-adjusted life year [QALY] in the South 

African health context [54]. The QALY combines survival and HRQOL into a single health 
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summary measure informing decision-making regarding the relative value for money of 

health care interventions [55]. The estimation of the QALY is derived from calculating the 

total life-years gained from an intervention, then multiplying each year by a quality of life 

score, where 0 = worst health and 1 = best health, thus reflecting the quality of life achieved 

in that year [56]. The incremental cost-effectiveness ratio [ICER] of the interventions 

compared to the standard of care was measure using Equation 1:

(1)

Where C1 and E1 are the costs and effects of the comparator [the current standard of care], 

and C2 and E2 are the costs and effects of the intervention.

HIV/AIDS pooled utilities derived from a meta-analysis, were used for the cost-utility 

analyses of HIV related interventions [57]. The utility weights for HIV disease appears in 

(Table 1).

Study inputs—For the purposes of demonstrating the impact of the dual HIV and HPV 

vaccine strategy, input parameters concerning both these diseases were assessed in the model 

(Table 2). Only costs related to HIV services were included in the model. The model was 

constructed and parameterized using transition probabilities obtained from South African 

published sources. The study considered costs adjusted to the common year 2012. Costs 

were converted from South Africa rand [ZAR] to the United States dollar [US$] for ease of 

international comparison, using the average exchange rate for 2012 at ZAR 8.21 to the US

$ 1 [58]. The standard HIV treatment was assumed to be delivered by primary health care 

[PHC] nurses consulting patients, while complicated cases would be up-referred to doctors 

or medical specialists. Pharmaceutical costing included ART, treatment of sexually 

transmitted infections [STI] and condom delivery. Additionally, the comparator cost was 

added to the intervention [vaccine and vaccine delivery] as both services would run 

concurrently in the intervention group. Laboratory tests pricing were obtained from the 

National Health Laboratory Services [NHLS] and medication, consumables and additional 

pharmaceuticals and valuations of medical personnel costs were derived from the Uniform 

Patient Fee Schedule [UPFS] sourced from the National Department of Health. These 

parameters are detailed in Table 3.The annual estimated costs of implementing the 

interventions included human resources [e.g. consultation with a PHC nurse and counselor]; 

pharmaceuticals [e.g. drugs, STI treatment and condoms] and laboratory costs [e.g. regular 

HIV testing, creatinine monitoring and pregnancy testing] – as stipulated by the relevant 

guidelines.

Interventions considered-HIV vaccine—There is no commercially available HIV 

vaccine, thus characteristics modeled were hypothetical. The vaccine characteristics were 

determined by the target product profile suggested by the Pox-Protein Private-Public 

Partnership [P5] research collaboration established to build on the foundations of the 

RV144 / Thai trial [75]. The regimen included in this economic evaluation mirrored the on-
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going HVN 100 study which adapted the ALVAC prime ALVAC/gp120 boost of the RV144/ 

Thai trial but added an additional ALVAC/gp120 boost at month 12. This boost at month 12 

was intended to circumvent the waning of the immune response documented a year 

following initial vaccine administration in the RV144/Thai trial. Apivotal phase IIb/III HIV 

vaccine efficacy trial is scheduled for implementation in South Africa shortly. The study, 

designated HVTN 702, will evaluate the same regimen [as HVTN 100].

The HIV vaccine coverage estimated 60% receiving the initial course. This was a roughly 

based on the 68% coverage achieved for the 3rd dose of diphtheria toxoid, tetanus toxoid and 

pertussis vaccine [DTP3] [76].The DTP3 coverage has been validated as a proxy for 

immunization system strength and performance nearly globally in the recent decades [77]. 

The coverage range was then explored in the sensitivity analysis. The hypothetical base-case 

HIV vaccine scenario estimated a vaccine cost of US$ 12 per dose, vaccine efficacy of 50% 

[Range: 30 - 70%] and vaccine duration of protection spanning 10 years [achieved through 

annual booster administration]. The declining immunity demonstrated in the RV144 / Thai 

trial following the first year of administration necessitated the need for booster injections. 

The model countered the declining immunity by adopting the conservative approach of 

annual boosters. While this may not represent a pragmatic solution, it merely translated to an 

overestimation of costs in the context of an economic evaluation. The HIV vaccine price of 

US$ 12 was based on the public sector pricing of the HPV vaccine pricing [US$ 17]. 

Markedly reduced vaccines prices were deemed attainable considering the great strides 

made in the public sector in negotiating lower priced ART and HPV vaccines [71,78] and 

given the extensive disease burden in the country. The price assumption was tested in the 

sensitivity analysis. The HIV vaccine characteristics are hypothetical and based on the target 

product profile described by the P5, based on data available from major HIV vaccine clinical 

studies conducted thus far [75]. The bivalent HPV vaccine was modeled as it is being 

administered in lower socio-economic schools as part of the government initiative [79]. The 

negotiated vaccine price was US$ 17 per dose and efficacy was determined by the 

documented clinical trials of the vaccine [59]. The HPV vaccine course was completed over 

2 years and was administered concomitantly with the HIV vaccine to achieve vaccine 

coverage of 60%. The HPV vaccine was assumed to confer lifelong protection [80]. Delivery 

of health services was conducted at the schools. Relevant HIV related cost components were 

identified from the 2013 national treatment guideline adopted in the South African public 

healthcare sector [52].

HPV vaccine

The implementation of the HPV vaccine was considered in this study considering the 

synergistic relationship HPV disease shares with HIV disease [61,62]. Reporting the highest 

disease burden for both these diseases, it makes programmatic sense for South Africa to 

address these diseases simultaneously. Progression to cervical cancer is drastically increased 

in the presence of HIV infection and the bivalent vaccine [Cervarix® [GlaxoSmithKline 

Biologicals, Rixensart, Belgium]] targets the VLP types 16 /18, that have been implicated in 

64% of cervical cancer is South Africa [46]. The vaccine was considered at 60% coverage, 

but limited to the female population only.
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Voluntary medical male circumcision

VMMC has been definitively proven to reduce female to male sexual transmission of HIV 

by 60% [Range: 28 – 66%] [6-9]. The findings of these landmark studies compelled the 

WHO to launch an unprecedented public health drive in 2009 calling for 80% coverage of 

voluntary, safe, culturally appropriate and affordable male circumcision by 2016 [6]. South 

Africa responded to the initiative by performing150 000 VMMCs by April 2011, averting 1 

HIV infection for every 5 procedures done [81]. However, drawbacks in the South Africa 

programarose as the procedures could only be performed by doctors and the service was 

marred by the poor quality of facilities and surgical care [82]. The introduction of PrePex in 

South Africa [an elastic ring device requiring no local anesthetic that can be placed and 

removed by a mid-level health care worker] held the promise of accelerating the rollout 

while alleviating the workload placed on limited numbers of healthcare workers. VMMC is 

highly cost-effective [74]. Being a once-off procedure that has potential benefit for the rest 

of his life, VMMC holds is a significant player in the fight against HIV in South Africa [74]. 

The model assumed coverage of 60%, and this was tested in the sensitivity analysis. Costing 

involved the PrePex system, a cheaper procedure for VMMC that negated the need for 

surgical procedures [74].

Pre-exposure prophylaxis

Antiretroviral chemoprophylaxis has shown great promise in preventing HIV acquisition. 

The iPrEx study [2010] demonstrated the initial encouraging work in this field with a 44% 

reduction in HIV incidence noted among males having sex with males [MSM] receiving 

daily doses of TDF. This convincing data formed the basis for the South African guideline 

describing the standard of care for MSM antiretroviral chemoprophylaxis in South Africa 

[9]. The model used in this study uses this guideline to determine the costs implicated in a 

national PrEP program. In 2011, a landmark study, HPTN 052, showed early initiation of 

antiretroviral treatment [in people with a CD4 count between 350 and 550 cells/mm3] for the 

HIV-positive partner in a serodiscordant couple reduced HIV transmission to the HIV-

negative partner by 96% [16]. Oral PrEP [Truvada, a combination of TDF/FTC] has been 

approved for use in South Africa since late 2015, though the indications for use and the 

extent of the rollout have yet to be properly defined. The monthly cost of the drug used in 

this analysis was determined by the current tender price that the drug is available to the 

South African government [US$ 6.32 per month in 2012] [73]. Oral PrEP, not vaginal 

microbicidal formulations, was considered in the analysis. The study assumed coverage of 

60%, with effectiveness of 67% [Range: 44 – 81%] for high adherence and 21% [Range: -31 

– 52%] for low adherence [10-12,83]. Lower price estimates, coverage and effectiveness 

measures were assessed in the sensitivity analysis.

Antiretroviral therapy

The model considered the HIV prevention interventions discussed against the current rollout 

of ART [29% coverage] [1] and against a potential increase in the rollout to cover the 58% 

treatment gap cited by UNAIDS [1].
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Assessing combination interventions

The combined effectiveness of two interventions [such as VMMC and PrEP] has rarely been 

assessed in a clinical trial setting. In the absence of concrete data, mathematical modeling 

techniques are used to determine the combined effectiveness under different assumptions 

[49]. The methodology for the calculation of the combined intervention effectiveness was 

adopted from a similar study conducted by Long and Stavert [49]. They suggested that the 

efficacy may be multiplicative [e.g. if VMMC is assumed to be 60% effective and PrEP 67% 

effective, then the combined effectiveness would be calculated as in Equation 2:

(2)

Model based economic evaluation

The data capture and analysis was conducted in Microsoft Excel® [Version 2010] 

[Microsoft Corp., Redmond, WA]. Ersatz version 1.2 [www.epigear.com], a boot-strap add-

in application for Microsoft Excel, was used to perform the uncertainty analysis. The core 

model developed was a semi-Markov simulation with annual cycles (Figure 1). Semi-

Markov models were considered in this evaluation as it allowed for the addition of tunnel 

states that counter the ‘memory less’ nature of the Markov model and permitted the 

modeling of recurrent disease episodes. The study population started the model disease free 

and each year was exposed to the risk of acquiring either HPV or HIV disease with the rate 

of disease acquisition adjusted for based on which primary infection was acquired. The 

model was built using socio-demographic data of the proportion of the population that 

accesses public health care in South Africa [84]. The study aggregated simulated data of 

individuals representing a 68.8% coverage rate, the estimated access rate to PHC services 

[84]. The dual vaccination program was specifically offered to female learners on a 

voluntary basis. Where males were being considered the impacts of HPV disease / HPV 

vaccination were omitted. A proportion of healthy individuals [coverage] would be 

vaccinated against HIV and HPV disease, while the rest remained unvaccinated. Annually, 

healthy individuals were exposed to the risk of acquiring each disease.

Where the dual vaccination strategy was being considered, healthy individuals could acquire 

HPV disease from a low grade intra-epithelial lesions [LSIL] to high grade intra-epithelial 

lesions, which has the potential to progress to cervical cancer. At each proposed HPV related 

health state, an individual may die [not represented graphically] or acquire HIV infection 

[which would see them progress on the lower ‘HIV positive’ spectrum of disease]. HIV 

positive, HPV infected individuals that were treated for HPV disease could potentially 

develop recurrent HPV disease. The model allowed for females with treated and untreated 

HPV disease to acquire HIV infection. There was a greater risk of transition to more serious 

HPV states among those HIV positive vs. those HIV negative. HIV positive individuals 

could potentially enter the HIV treatment pool. Every health state, irrespective of disease 

status, could progress to death at a rate determined by their current health state with 

consideration to the background mortality independent of their current health state. 

Mortality transitions were excluded from (Figure 1) as they rendered the model excessively 
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‘bushy’ and concealed the key message of the diagram. The arrows represented the transition 

probabilities from one state to another, with costs and utility measures then added to each 

health state to predict costs and QALYs over the 70 year duration of the intervention and the 

comparator. Once the HIV vaccine had been stopped, the HIV event rates were assumed 

lower in the HPV vaccinated individuals compared with the HPV unvaccinated individuals 

[61,62]. HPV vaccine protection was considered lifelong [80].

One-way sensitivity analyses were conducted to evaluate the impact of single assumptions 

on cost and health outcomes. Probabilistic sensitivity analysis [PSA] performed with a 

bootstrapping technique was used to explore the uncertainty in the model and evaluate the 

robustness of the results. These results were presented as cost effectiveness scatter plots. The 

PSA data generated was used to determine if the intervention fell below the willingness-to-

pay [WTP] threshold. As South Africa does not have a pre-defined WTP threshold, the 

Gross Domestic Product [GDP] per capita [2012] was used as a proxy in accordance with 

the WHO Guide to Cost-Effective Analysis [53,85]. The WTP threshold was thus defined as 

US$ 7 508 [ZAR 61 641] per QALY gained. Given the lack of sensitivity of the GDP as a 

measure of cost-effectiveness, a benchmark intervention was additionally used as a threshold 

established by analysis of existing practice [86]. In the case of South Africa, VMMC has 

been established as a cost effective intervention in several analyses [81,87,88].To validate 

the finding of this analysis, and the cost-effectiveness was assessed against both the GDP 

and the benchmark intervention.

The study participants were considered sexually naïve at the start of the model. The model 

assumed that children eligible for schooling were indeed attending school, and that the 

consent obtained from parents was reflected in the coverage rates. The efficacy of dual 

interventions was considered multiplicative [49] as there is rarely data obtained from clinical 

trials reporting the efficacy of two prevention interventions simultaneously introduced. The 

model confirmed to the principle of global uptake and provision of HCT in schools as 

stipulated by the national policy [89]. The exercise modeled the rollout of HIV preventive 

interventions under the umbrella of the comprehensive school-based program to be delivered 

to all learners, irrespective of socio-economic status. Lastly, the model assumed relatively 

high uptake of school-based health services given that the provision of care occurs in a safe 

and familiar environment, without impacting negatively on school attendance. There have 

been no formal studies to validate this assumption.

Ethical consideration

Ethical approval for the study was obtained from the Human Research Ethics Committee 

[Medical] of the University of the Witwatersrand.

Results and Discussion

Single interventions

The implementation of individual HIV prevention interventions was compared with the cost 

of ART in the public sector (Table 4).The coverage of ART in 2012 [status quo] was 

considered at 29% and including HCT being offered at facilities [1]. Scaling up the coverage 
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of the current ART program to 58% to meet the demands of the existing deficit in South 

Africa does result in a minimal decrease in mortality but is vital to improve the health of 

those already infected with the virus. However, this improvement in health comes at a 

sizeable cost and marginal improvement in QALY as the intervention influences incidence 

indirectly. The same can be said of the HPV vaccine which shares a synergistic relationship 

with HIV, and reduces HIV incidence indirectly [61,62]. The health effects of the HPV 

vaccine and HIV vaccine administered in combination to women is marked. There is a 

reduction in HIV incidence, HIV associated mortality and the intervention is significantly 

cost-effective at US$ 7.02 per QALY gained. Individually, the HIV vaccine and VMMC has 

similar health benefits to the dual vaccine initiative, but the VMMC project is more cost-

effective given that it is a once-off procedure that provides the protection. PrEP is an 

expensive option as well, with an ICER of US$ 257.31 per QALY gained. By the standards 

of the WHO CHOICE, every intervention would be deemed cost-effective as the ICER value 

are below the GDP defined threshold of cost-effectiveness [US$ 7 508]. The ICER for 

VMMC could also serve as a proxy to benchmark intervention cost-effectiveness in South 

Africa, as it has been the validated through several independent research studies in South 

Africa as a cost-effective medical intervention [86]. By virtue of this benchmark, only the 

dual vaccination strategy would then be deemed cost-effective. The dual vaccine strategy 

offered the largest gain in health benefits for US$ 7 per QALY gained.

The graphical representation of these results displays the dual vaccine strategy to be the 

most economically efficient strategy (Figure 2). The price of the PrEP intervention is 

inherently undetermined at this point, but the assumption made reflects a rather optimistic 

scenario: markedly reduced pricing [US$ 220 per annum] with high adherence [67%] and 

high coverage [60%]. Despite this, the implementation of PrEP remained one of the least 

cost-effective strategies, even at the current low tender price in South Africa.

Sensitivity analysis of single interventions

A one-way sensitivity analysis demonstrates the impact of varying a single parameter on the 

overall cost-effectiveness [90]. Table (5) identified the markedly improved ICER outcomes 

associated with VMMC and the dual vaccine strategy compared with the implementation of 

the HIV vaccine alone or with an intervention that involved the use of PrEP. Unsurprisingly, 

decreased cost and increased intervention effectiveness and coverage were associated with 

improved ICER values across all interventions. The higher discount rate, at 6%, was also 

associated with a greater ICER value. This could be explained by the investment for the 

intervention being made now [present costs] with benefits only being realized at a later date 

[future implications].

Multiple interventions

The evaluation of combined interventions is shown in Table 6.Simultaneously increasing the 

ART coverage and adding another recognized HIV prevention intervention results in a 

reduction in HIV incidence exceeding 50%. Increasing the ART coverage is imperative in 

addressing the already existing burden of HIV disease in South Africa. The synergism 

between the interventions in decreasing the HIV incidence rates was noted. Interventions 

involving PrEP had significantly higher cost implications and thus higher ICER values. The 
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implementation of VMMC in combination with the HIV vaccine proved more cost-effective 

than the implementation of VMMC with an increased ART coverage. The only combination 

of interventions that resulted in cost-saving employed the use of the dual HIV and HPV 

vaccination strategies in combination with the VMMC rollout.

The graphical representation of the combined interventions is displayed in Figure 

3.Interventions involving PrEP is shown to involve a significantly higher incremental cost. 

Combinations involving VMMC and the HIV vaccine demonstrate a larger gain in QALYS 

and are associated with lower incremental cost increases. The introduction of the dual 

vaccine strategies in combination with VMMC proved to be the most economically efficient 

strategy, increasing QALYs while decreasing costs, relative to the status quo. The strategy is 

the only cost-saving one.

Probabilistic sensitivity analysis

The interventions included under combinations 1, 2 and 3 are associated with improved 

health outcomes at a greater cost compared with the current standard of HIV care in the 

public sector. Bootstrapping analysis was conducted by repeated sampling [1000 iterations] 

to estimate the model uncertainty regarding costs and effects (Figure 4). The majority of the 

iterations lying in the north east [NE] quadrant of the cost-effectiveness [CE] plane [an area 

of trade-off indicating greater health gain for added expenditure] raises the critical issue of 

determining how much a decision maker is prepared to pay for an additional unit gain in 

health outcome. The limited vertical variation indicates limited variability associated with 

treatment costs. The reported ICERs for all three interventions included in combinations 1, 2 

and 3 remained well below the WTP threshold and were thus deemed cost-effective. The 

iterations of combination 4 appear in the SE quadrant implying treatment dominance i.e. the 

elements of combination 4 implemented concurrently would prove to be a more effective 

and less costly [cost-saving] measure.

Discussion

In 2014, it was reported that nearly 2 million people were newly infected with HIV globally 

[91]. Internationally, public health programs are still unable to sufficiently curb the HIV 

incidence more than 25 years into the epidemic. This study aimed to generate insights into 

potential biomedical HIV prevention strategies regarding their cost and health implications 

when implemented individually and in combination. Previous modeling studies confirm that 

no single option can curtail the epidemic but rather, a portfolio of complementary prevention 

and treatment options designed around the specific needs of specific populations should be 

sought [92]. Biomedical interventions specifically, comprise chemical and physical 

strategies targeting biological and physiological processes responsible for HIV acquisition 

and transmission [93].

The HIV vaccine was found to be cost-effective and biologically feasible, averting 21% of 

new infections in a 10 year period. Work done by Harmon et al. showed a similar reduction 

in HIV incidence in low-middle income countries from 2.0 million in 2014 to 550,000 in 

2070 [92]. The HIV vaccine proved cost-effective even at lower coverage rates and at lower 

effectiveness rates in the sensitivity analysis. This is important when considering that even a 
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partially effective vaccine could contribute to a sustainable response to HIV/AIDS [94]. 

However, the issues of cost become critical in developing countries as cost-effectiveness 

estimates are sensitive to market prices, uptake of services and intervention efficacy [95]. 

The HIV vaccine in combination with the HPV vaccine resulted in a considerably improved 

ICER of US$ 7 per QALY gained. Considering the burden of HPV disease in South Africa, 

this finding is particularly relevant implying the indirect effect of the HPV prevention 

strategy on HIV acquisition [46,61,62].

Scaling-up of ART coverage has been deemed throughout the study to be independently 

imperative, but still represents a significant financial investment. Apart from preventing the 

progression to AIDS, ART can reduce the number of new infections by decreasing the 

amount of circulating virus in the body of an infected individual [16]. In 2014, UNAIDS' 

proposed the “90-90-90” campaign where90% of all people living with HIV know their HIV 

status, 90% of those HIV-positive people who know their status receive ART, and 90% of all 

people receiving ART have achieved and sustained viral suppression by 2020 [96]. However, 

ART distribution extends beyond mere provision of ART drugs. ART access and adherence 

represents logistical, financial and behavioral challenges between people knowing their 

status and achieving complete viral suppression, even in high income countries [97] Recent 

updated guidance by the WHO recommends initiation of ART at the time of a positive HIV 

diagnosis, and 15.8 million people living with HIV [less than half of the total] accessing 

treatment by June of 2015 [92]. However, it was noted in this study and others that scaling 

up ART programs provided greater value than untargeted PrEP programs [22]. Further to 

this, the implementation of a PrEP program could never supersede increasing ART coverage 

to those individuals already infected with HIV.

PrEP has been shown to reduce HIV infection among men who have sex with men [MSM] 

in several large clinical trials and in clinical implementation and a PrEP demonstration 

project [98]. Despite the optimism of ‘real world’ data, the financial implications of 

introducing PrEP remains concerning, even at lower prices considered. The price of the drug 

has greatly impacted the affordability of PrEP programs, and is vital in determining cost-

effectiveness [99,100] apart from the drug price, validity and utility ofestimates must 

encompass the service costs associated including regular blood monitoring and potential 

drug toxicity and development of resistance [18]. User adherence and potential impacts on 

other prevention mechanisms such as condom use represents other major concerns [101]. As 

a relatively new intervention in South Africa, careful consideration has to be given in 

marketing the intervention, including limited provider knowledge [102]. In the South 

African context, where HIV stigmatization is rife, the association between PrEP and high 

risk behavioral practices should not be underestimated as an implementation challenge 

[103-106]. This highlights the need for solid pre-implementation counseling that addresses 

PrEP education, myth reduction, potential social prejudices and an accurate assessment of 

patient obligations as standard [103,107]. Ultimately however, as these study findings 

concur, PrEP remains a relatively low value alternative in the general population despite its 

demonstrated effectiveness [22]. From an economic perspective, the findings of this study 

demonstrate that the implementation of a PrEP program may result in significant opportunity 

costs.
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Overall, the use of the HIV vaccine with the HPV vaccine [females] and VMMC [males] 

proved to be the only dominant strategy. Comparatively, the use of VMMC proved more 

cost-effective as an individual intervention compared with the HIV Vaccine, alluding to the 

impact the pricing of the vaccine may have going forward. The use of the dual vaccine 

approach in females makes sense. Apart from the highest HPV incidence and mortality in 

the world, the HIV incidence in young women and girls in sub-Saharan Africa is twice that 

of their male counterparts [92]. Similarly among males, VMMC has been demonstrated to 

be a high cost-effective, highly effective HIV prevention strategy in randomized controlled 

trials and in cost-effectiveness studies conducted in areas with generalized epidemics 

[7,32,93,108]. In fact several studies have shown VMMC to be cost-saving due to moderate 

implementation costs, high and durable protective effects, and the resulting averted HIV care 

costs [32,109]. Further, unlike most other HIV prevention strategies, VMMC is a once off 

procedure conferring potentially lifelong protection with no compelling evidence of 

increased sexual risk taking reported in circumcised men [7,8,93,109-111].

Several limitations were identified in this study. Firstly, models are generally simplifications 

of reality, an approximation of the true nature. As such much of the detail is simplified to 

aide understanding and computation. A glaring example of this would be the over-

simplification of the complex sexual networking patterns that exist in South African society 

[112,113]. Secondly, affordability of an intervention must be discerned from its cost-

effectiveness. Most interventions, as demonstrated with PrEP and scaling up of ART 

services, require a substantial financial investment. The analysis presented are unable to 

predict the availability of the resources to implement such interventions but rather to 

highlight the options that present a greater return on investment. Thirdly, the analysis 

considered the South African population as a whole considering the generalized state of the 

HIV epidemic in South Africa. Stratification by risk groups [MSM or commercial sex 

workers for example] may potentially yield differing results even in a high prevalence 

setting. The scenario differs in low prevalence settings where the risk of contracting HIV 

among the higher risk groups mentioned could be up to 12-19 times higher than in the 

general population [92]. Fourthly, the potential complications of the interventions and its 

associated costs were not accounted for. These included complications of VMMC [including 

infections and surgical complications] and the development of drug resistance from the use 

of PrEP. Fifthly, with the development of any economic model is the ensuing problem of 

parameter uncertainty. It is unclear if trial-derived data will differ from those documented in 

actual clinical practice. Frequently, factors such as risk compensation and adverse events 

impact negatively on the cost-effectiveness of an intervention. As more data is made 

available in the literature, particularly in the case of the HIV vaccine, the model would have 

to be restructured and refined. Lastly, it should be remembered that the value of the ZAR 

had essentially halved as a currency by 2015/2016 implying that costs are much greater in 

2015/2016 than previously.

Conclusion

This analysis does not purport to provide the perfect combination of biomedical HIV 

prevention strategies applicable in the South African setting. On the contrary, this body of 

work was intended to stimulate thought and decision making on potential HIV prevention 
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research, intervention options and funding opportunities for delivery mechanisms. The 

allocation of limited financial and human resources for HIV control measures in South 

Africa is a priority. It is the findings of this study that adopting a multi-intervention 

biomedical approach could avert a significant proportion of new HIV infections and present 

a more cost-effective use of resources, particularly in the absence of large scale multi-

interventional randomized controlled trials.
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Abbreviations

AIDS Acquired Immune Deficiency Virus

ART Antiretroviral Therapy

HIV Human Immunodeficiency Virus

HPV Human Papilloma Virus

Prep Oral Pre-Exposure Prophylaxis

Moodley et al. Page 19

Clin Res HIV AIDS. Author manuscript; available in PMC 2017 August 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



QALY Quality Adjusted Life-Year

VMMC Voluntary Medical Male Circumcision
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Figure 1. 
Semi-Markov model for HPV and HIV related disease states. Healthy individuals 

(vaccinated and unvaccinated) may remain uninfected or transition into HPV or HIV 

disease. Those acquiring HPV disease are at risk of acquiring HIV disease (if unvaccinated 

against HIV). Each state may progress to death during any cycle at a rate dependent on the 

disease state they were currently in. (LSIL – low grade intra-epithelial neoplasia; HSIL – 

high grade intra-epithelial neoplasia)
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Figure 2. Cost effectiveness analysis for the individual HIV prevention interventions
Discounted incremental costs and QALYS over 10 years are displayed for the single 

interventions

ART: Antiretroviral Therapy; HIV: Human Immunodeficiency Virus; HPV: Human 

Papillomavirus; Dual Vaccine: HIV and HPV Vaccinations; VMMC: Voluntary Male 

Medical Circumcision; Prep: Pre-Exposure Prophylaxis
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Figure 3. Cost effectiveness analysis for the combination HIV prevention interventions
Discounted incremental costs and QALYS over 10 years are displayed for combined 

interventions

ART: Antiretroviral Therapy; HIV: Human Immunodeficiency Virus; HPV: Human 

Papillomavirus; Dual Vaccine: HIV and HPV Vaccinations; VMMC: Voluntary Male 

Medical Circumcision; Prep: Pre-Exposure Prophylaxis
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Figure 4. Cost effectiveness plane for combination HIV prevention interventions
Incremental costs and effects were graphically demonstrated on the incremental cost-

effectiveness plane. The x-axis represents the plane according to incremental cost (positive 

above, negative below), while the y-axis represents the plane according to incremental effect 

(positive to the right, negative to the left), thus dividing the incremental cost-effectiveness 

plane into 4 quadrants through the origin. Values falling below the WTP threshold indicated 

are cost-effective

ART: Antiretroviral Therapy; HIV: Human Immunodeficiency Virus; HPV: Human 

Papillomavirus; Dual Vaccine: HIV and HPV Vaccinations; VMMC: Voluntary Male 

Medical Circumcision; Prep: Pre-Exposure Prophylaxis

Moodley et al. Page 24

Clin Res HIV AIDS. Author manuscript; available in PMC 2017 August 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Moodley et al. Page 25

Table 1
HIV-related utility weights

Parameters Estimate Source

Full health 1

HIV disease

Asymptomatic 0.94 (57)

Symptomatic 0.82 (57)

AIDS 0.70 (57)

The table describes the health related quality of life weights for the different HIV related health states where full health carries a weight of one (1)
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Table 2
Model parameters pertaining to the study population

Parameters Base-case estimate Reference

Vaccine characteristics

Coverage 60% assumption

HPV vaccine efficacy 70% (59)

HIV vaccine efficacy 50% assumption

Treatment uptake

Cervical screening 13.6% (46)

ARV therapy 29.0% (1)

HPV treatment 35.3% (60)

Transition probabilities (represented as percentages)

HIV negative

Development of LSIL 3.00 (44)

Progression of LSIL to HSIL 1.69 (44)

Progression of HSIL to cancer 3.84 (60)

HIV positive

HIV incidence in general population 2.28 (2)

HIV incidence in HPV disease 5.39 (44)

Development of LSIL 14.00 (61, 62)

Progression of LSIL to HSIL 6.00 (61, 62)

Progression of HSIL to cancer 8.10 (44)

Mortality

Mortality in general population 1.16 (63, 64)

The possibility of transition from one health state to the next is described. The estimates were obtained from relevant South African literature for 
the year 2012.
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Table 3
Unit cost of screening, diagnosis and treatment of HPV disease in 2012 (US$)

Economics Value Range Reference

Cost 3.0% (0 – 6%) (53)

Outcome 3.0% (0 – 6%) (53)

International comparison (ZAR: 1US$) ZAR 8.21 - (58)

HIV disease related costs Distribution Value Reference

HIV program

HIV vaccine - 12 assumption

Vaccine delivery per dose* Gamma 17 (65-69)

Existing prevention program (incl. HR) Gamma 65 (66-70)

Voluntary counseling and testing (VCT) (per test) Gamma 23 (66, 67)

Cost of HIV rapid testing Gamma 2 (66, 67)

ARV treatment Gamma 310 (67, 70, 71)

Not on ARV Gamma 65 (70)

Other HIV prevention interventions Distribution Value Reference

HPV vaccine - 17 (72)

Vaccine delivery per dose Gamma 17 (65, 67)

Annual PrEP cost Gamma 140 (73)

Voluntary medical male circumcision Gamma 79 (74)

The estimates were obtained from relevant South African literature for the year 2012.

*
Initial course comprises 6 doses
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