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Executive Summary 

This report summarises findings from an allocative efficiency and financial commitment analysis 

conducted for the Government of Zambia by the World Bank and the University of New South 

Wales.  It uses Optima, a mathematical model of HIV transmission and disease progression. Optima 

is a population-based and flexible model, which provides a formal method of optimisation and 

determines optimal allocations of HIV resources across numerous HIV programmes, target 

populations, and funding levels. It also provides epidemic, investment scenario and financial 

commitment analysis.  

Background and context 

IL± ŀƭƭƻŎŀǘƛǾŜ ŜŦŦƛŎƛŜƴŎȅ ǎǘǳŘƛŜǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ǇƻǎƛƴƎ ǘƘŜ ǉǳŜǎǘƛƻƴ άIƻǿ Ŏŀƴ IL± ŦǳƴŘƛƴƎ ōŜ 

optimally allocated to the combination of HIV response interventions that will yield the highest 

impact?έΦ In this context the government of Zambia approached the World Bank with a request to 

conduct an allocative efficiency analysis to inform the revised national AIDS strategic framework (R-

NASF), prioritisation of the HIV response, and value for money considerations in the context of 

resource mobilisation. Four main policy questions were posed: (1) What are the estimated and 

projected HIV epidemic trends until 2030 and the transmission dynamics between sub-

populations? (2) What is the optimised HIV resource allocation to minimise HIV incidence and AIDS 

mortality between 2014 and 2030? (3) What is the minimum spend required to meet moderate or 

ambitious national strategic impact targets?  (4) What are the long-term financial commitments of 

HIV treatment and healthcare costs? 

Zambia, recently reclassified as a low- and middle-income country (LMIC), had an estimated total 

population of 14.08 million in 2012. The country enjoys positive annual GDP growthðat 6.4% in 

2013ðand a fairly stable macroeconomic situation. Nevertheless, income levels are highly skewed 

and in 2010, 60.5% of  the population were living below the national poverty line, which impacts 

negatively on health.   

HIV/AIDS remains a public health problem of enormous proportions, joined by several other 

leading causes of premature death: malaria, lower respiratory infections, diarrhoeal diseases, 

protein-energy malnutrition and meningitis. Also, Zambia is experiencing a steady increase of non-

communicable diseases. Already in 2008, overweight/obesity was at 39% in Lusaka District, 

hypertension at 13%, and diabetes at 4%. The health sector has tried hard to achieve results, and 

the Zambia DHS 2013ς14 found increased use of modern family planning methods, decreased 

prevalence of children left out completely from the essential immunisation programme, more 

widespread use of insecticide treated nets among children under five and pregnant women, 
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increased use of antenatal care services, and increased child delivery at health facilities. Fertility is 

reported to be declining and estimated neonatal, infant and under five mortality is decreased. 

These wider changes in the health sector have a great influence on how the HIV response can best 

be provided so that it harnesses synergies and provides best value for money. 

In order to conduct the modelling analysis, Optima was populated with demographic, 

epidemiological, sexual behaviour, service use and programme coverage data, as well as economic, 

financial and cost information. The model was calibrated against the best available measured HIV 

prevalence and antiretroviral treatment (ART) coverage data, and the relationship between 

expenditure and outcomes was established for the mathematical optimisation process. 

HIV epidemic trends 

The Zambia epidemic is characterised by high HIV prevalence and low male circumcision levels 

(ZDHS 2007 reporting adult HIV prevalence of 14.3%). Both Optima and Spectrum predict slowly 

decreasing HIV prevalence levels. Using the available data on population sizes, demographic 

growth and HIV infection data, the Optima model projected about 60,000 new HIV infections per 

year post-2015 until 2030. Much of the historical reduction in new infections stems from the large 

fall in vertical transmission over the past decade. Optima also compared the number of infections 

transmitted by each of the defined sub-populations, and the number of infections acquired. Female 

sex workers, men having sex with men and males in the general adult population of all ages 

showed up as net transmitting populations. In contrast, all female populations except FSW are net 

receivers, hence receiving more infections than transmitting. 

Financing and implementation of the HIV response 

The per capita health expenditure in 2012 was US$96. Zambia has been one of the key beneficiaries 

of development assistance for the national HIV response, receiving relatively high levels of financial 

assistance compared to the national HIV/AIDS burden.  Much of this assistance has been provided 

in the years prior to Zambia gaining LMIC status, which happened in 2012. The assistance plays an 

important role in funding health and HIV programmes in Zambiaðin 2012, nearly 45% of total 

external aid disbursed was for health and HIV. 

Total HIV spending for Zambia in 2012 was approximately US$283 million which increased from 

US$269 million in 2011. The costs of the national HIV response were equivalent to almost 7% of 

overall government expenditures in 2012. The bulk of HIV funding came from external sources 

(93% of the total HIV expenditure), and the rest came from the government and private sources. 

Spending on ART significantly increased from US$ 23 million in 2005 to US$ 125 million in 2012, 

while other programmes remained relatively constant except for the growing voluntary medical 

male circumcision (VMMC) programme. The spending on ART, VMMC and prevention for key 



Executive Summary | xiii 
 

 

populations is largely funded by external sources. In 2012, PEPFAR spent 48% of their US$204 

million on treatment and US$4.6 million on VMMC, which accounts for 96% of total spending on 

treatment and 78% of total VMMC spending in Zambia. Indirect costs and critical enablers 

ŎƻƴǎǳƳŜŘ ŀōƻǳǘ ол҈ ƻŦ ǘƻǘŀƭ ǊŜǎƻǳǊŎŜǎ ǎǇŜƴǘ ƻƴ ½ŀƳōƛŀΩǎ IL± ǊŜǎǇƻƴǎŜΦ tǊƻƎǊŜǎǎ ƛƴ ƛƴŘƛǾƛŘǳŀƭ 

programmes can be summarised as follows: 

ART: As of December 2013, the number of people receiving ART in accordance with the national 

treatment protocol was 580,118 (81.9% coverage, UNGASS 2014 report). The percentage of ART 

clients known to be on treatment 12 months after initiation has increased to 81% in December 

2013. The AIDS death rate among adults has reduced by two-thirds from 1.02% in 2002 to 0.34% in 

2011, and among infants by over three-quarters from 1.51% in 1997 to 0.33% in 2011, largely due 

to the scale-up of the prevention of mother-to-child transmission (PMTCT) programme. 

VMMC: By end 2013, Zambia had reached 33% of the internationally defined 80% coverage target. 

The VMMC scale-up, started in 2008 (2,758 VMMCs), has seen steep increases in the number of 

procedures ever since, reaching 294,466 VMMCs in 2013 and a cumulative total 2008ς13 of 

635,458. Although there has been a rapid increase in the number of annual VMMC procedures, the 

figures have fallen short of annual targets. 

PMTCT: In 2013, 75,165 women out of an estimated 77,772 (97%) received antiretrovirals to 

reduce the risk of mother-to-child transmission, and almost three-quarters of HIV exposed infants 

were tested for HIV within 2 months of birth. These efforts have translated into a drop in the 

estimated HIV transmission rate from mother to child from 24% in 2009 to 12% in 2012. The 

successful scale-up of PMTCT goes hand in hand with the further increased uptake of ANC services 

from 94% in 2007 to the near-universal level of 96% in 2013ς14 (DHS data). 

HIV counselling and testing (HCT): In 2013, 2,066,216 adults received HCT services and obtained 

their results.  More women had used HCT services than men. There is an urgent need to 

understand what proportion of PLHIV know their HIV positive status. 

Condoms and education on risk reduction: Condoms have wide availability, also as a family 

planning tool. However, low and inconsistent use of male and female condoms remains a challenge 

despite significant efforts to encourage people to take control of their sexual and reproductive 

health. The level of unprotected sexual intercourse is also reflected in the large burden of curable 

sexually transmitted infections in Zambia, accounting for about 10% of out-patient visits.  

Services for key populations at high risk of HIV: The review did not identify recent data on access 

of FSW and MSM to HIV services. Activities relating to sex work, same sex relationships, and 

injecting drug use are illegal in Zambia. Laws against same-sex behaviour, drug use and sex work 

have been shown to increase HIV vulnerability and create barriers to service access, while also 

undermining basic human rights. Children are a particularly vulnerable group where 9% of 10ς19 
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year olds had reported having traded sex for food or money. In the UNGASS NCPI rating, the score 

for human rights has continued its downward trend decreasing from a score of 7 in 2007 to a score 

of 1 in 2013. 

Optimal resource allocation 

The detailed methodology of the Optima modelling, the parameters and limitations of the analysis 

are presented in the report and a technical appendix. Here, we only summarise the investment 

cascade to minimise both HIV incidence and AIDS deaths by 2030: 

Á Should less than 70% of current (i.e., estimated 2013) funding be available, funding should 

be prioritised to the ART programme and to some PMTCT programme activities, in order to 

continue providing treatment to the maximum number of ART clients and prevent AIDS 

death, and prevent vertical HIV transmissions.  

Á If between 70% and 100% of current funding is available, PMTCT should be scaled-up and 

then ART provision should be expanded with HCT services getting more funding to 

diagnose additional PLHIV to support the ART expansion.  

Á As more funding than the current funding is available, the two proven interventions VMMC 

and FSW HIV prevention programmes (including ART for FSW) should be introduced, 

followed by consolidation and further scale-up of ART and the commencement of scale-up 

of BCC and condom programmes for adults.  

Á Each of these HIV programmes, including adult BCC and condom programmes, should then 

be scaled up further as more resources - above 160% of current funding - become 

available, as it is the adult population where there is a high number of new infections, but 

also advanced infections which require prevention and treatment interventions.  

Á Only at funding levels above 200% of current funding, do youth condom and BCC 

programmes become a priority.  The youth also gain important and sustained HIV 

prevention benefits from the VMMC programme (VMMC uptake is across Southern Africa 

highest in adolescent boys and young men), and HIV positive youth gain treatment benefits 

through ART. Due to the small population size and small estimated contribution to overall 

incidence, MSM programmes are of less importance for minimizing incidence and deaths 

within Zambia as a whole (but are a key target for health service promotion and human 

rights support).  

Á Projecting HIV impact over 30 years to 2044 (instead of to 2030) illustrates the importance 

of VMMC investment to reduce the HIV epidemic in a sustainable, long-term manner. 
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Costs to achieve national strategy targets 

We estimated resource needs to achieve moderate and ambitious targets by 2030 as per the R-

NASF (see footnote 2 for definitions of targets). Both scenarios require an increase in annual 

spendingτthe moderate targets 1.4 times current1 spending, and the ambitious targets 2.5 times 

current spending. However, improvements in technical efficiency and economies of scale could 

reduce indirect costs and the overall amount of funding required. By increasing spending to achieve 

the moderate objectives by 2030, 220,000 more HIV infections, 60,000 more deaths, and 20,000 

more mother-to-child transmissions could be averted in Zambia. By increasing spending to achieve 

the ambitious objectives by 2030, 460,000 more HIV infections, 104,000 more deaths, and 35,000 

more mother-to-child transmissions could be averted in Zambia. 

Conclusions 

On the HIV epidemic and scale-up of programmes 

 

Á The HIV epidemic has consolidated at a high level. Burden of disease estimates show that 

AIDS was the leading cause of premature death in Zambia in 2010. The toll is enormous in 

people aged 20ς50 years, where one in every two years of life lost is due to HIV.  

Á The number of new HIV infections is projected to stabilise, however, there is much 

uncertainty in epidemic projections until the DHS 2013ς14 data can be used to update the 

projections. With the available epidemiological data, Spectrum and Optima project a 

levelling off of new HIV infections at approximately 60,000 per year until 2030.  

Á FSW and MSM have, according to Optima outputs, high HIV incidence rates at 4.0% and 

2.5%, respectively, but these estimates lack recent empirical data points. The forthcoming 

survey data from Panos and Population Council will help to appropriately model these key 

ǇƻǇǳƭŀǘƛƻƴǎΩ ŜǇƛŘŜƳƛŎǎ ŀƴŘ Ǉƭŀƴ ǘŀǊƎŜǘŜŘ ǎŜǊǾƛŎŜ ŘŜƭƛǾŜǊȅΦ   

Á A key prevention success is the decrease in vertical transmission. Optima estimates over 

25,000 mother-to-child transmissions in 2000, and only about 4,000 in 2013, a reduction of 

approximately 85%.  In 2013, 72% of infants born to HIV positive mothers received a 

virological test for HIV within 2 months of birth.  

Á The national VMMC programme has been rolled out, stimulated innovation in service 

delivery, and now needs to catch up to meet coverage and impact targets. 

Á ½ŀƳōƛŀΩǎ ƘŜŀƭǘƘ ǇǊƻǾƛŘŜǊǎ ƘŀǾŜ ǎǳŎŎŜŜŘŜŘ ŀǘ ōǊƛƴƎƛƴƎ ǘƘŜ ǎŜǊǾƛŎŜǎ ŎƭƻǎŜǊ ǘƻ ǘƘŜ ǇŜƻǇƭŜΦ 

                                                             

1  ²Ŝ ǳǎŜ ǘƘŜ ǘŜǊƳ άŎǳǊǊŜƴǘέ ǎǇŜƴŘƛƴƎ to denote the estimated baseline funding level used in this analysis, which is based 
on 2012 NASA data and PEPFAR/CHAI data on ART spend. It amounts to US$ 413 million. 
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By 2012, there were 564 ART sites, 287 VMMC sites and 1,800 HCT sites. Service 

decentralisation translates into decreased opportunity costs for clients, as documented in 

the assessment of health facility performance by the Institute for Health Metrics and 

Evaluation (IHME) and the University of Zambia (UNZA). 

Á As the ART programme evolves further and the B+ PMTCT option is being planned, piloted 

and seeing early implementation, understanding non-adherence to ART is crucial to make 

ART investments work. There is research evidence that clinic-based food assistance for ART 

clients improves ART adherence.  

Á The IHME/UNZA efficiency assessment concluded that efficiency gains may be possible and 

needed as the ART programme expansion continues.  The same study found that ART 

patient volumes could significantly increase given facility resourcesðthat Zambia has the 

potential to increase its average annual ART patient volume by 117%. This means that the 

marginal cost of additional ART patients may be lower, and that more health impact may 

be gained with limited additional resources.  

On optimisation of HIV resource allocation 

 

Á Our optimisation analysis found that ART, PMTCT and VMMC are the most important 

programmes (with HCT supporting ART) for greater health impact. In a time horizon until 

2030, ART tended to dominate the optimal allocation scenarios for both HIV incidence and 

!L5{ ŘŜŀǘƘ ǊŜŘǳŎǘƛƻƴǎΦ !w¢Ωǎ ƛƳƳŜŘƛŀŎȅ ƻŦ ƘŜŀƭǘƘ ƛƳǇŀŎǘ ƛǎ ŎƻƳǇŜƭƭƛƴƎΤ ƘƻǿŜǾŜǊΣ ŦǳǊǘƘŜǊ 

scale-up will face multiple challenges of affording second line treatment (approximately 

US$580 instead of $280 for first line), long-term medication adherence, and healthcare 

costs accruing in the aging ART cohort. 

Á In a time horizon of 30 years to 2044, VMMC is an even more desirable investment as its 

prevention impact is better captured. Combined with the evidence that VMMC brings 

ƳŀƭŜǎ ǘƻ ǳǎŜ IL± ǎŜǊǾƛŎŜǎ ŀƴŘ ŎƘƛŜŦƭȅ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ƳŜƴΩǎ IL± ǘŜǎǘƛƴƎΣ {¢L ǎŎǊŜŜƴƛƴƎΣ ŀƴŘ 

linkage to care statistics, investment in VMMC scale-up is expected to provide sustained 

direct and indirect health impact. 

Á FSW-oriented programmes, targeted at this population with high HIV incidence and 

insufficient HIV service coverage, remain important. They should receive approximately 

two (2) of every 100 HIV dollars at current HIV funding levels, so that reach can be 

increased and very high levels of condom use achieved in paid sex. MSM programmes did 

not show up as a priority investment in the optimisation due to the small size of the MSM 

population. This does however not mean that specialised providers should not offer high 

quality adapted services for this vulnerable and underserved key population. 
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Á There should be little change in allocations to HCT, which is required to identify PLHIV in 

need of ART, and to the PMTCT programme, which is responsible for the large drop in 

MTCT and uses a relatively small proportion of the HIV response budget while maintaining 

the low level of MTCT. 

Á Optimisation of resources to achieve R-NASF targets2 suggested that the MTCT reduction 

target would probably be achieved first and at least cost, followed by the AIDS death 

reduction target. The overall HIV incidence reduction target appeared hardest and most 

costly to achieve. Ballpark figures are an annual total cost of US$ 600 million for meeting 

the moderate target and over US$ 1 billion annually to achieve the ambitious target.  

Á hƴŜ ƛƴǘŜǊŜǎǘƛƴƎ ŦƛƴŘƛƴƎ ƻŦ ǘƘŜ hǇǘƛƳŀ ŀƴŀƭȅǎƛǎ ǿŀǎ ŀƭǎƻ ǘƘŀǘ ½ŀƳōƛŀΩǎ IL± ǊŜǎƻǳǊŎŜ 

allocation pattern in 2012/13 may have been close to optimal for best HIV incidence 

reductions in a 15-year time frame (but not for AIDS death reductions, and not over longer 

time horizons of analysis, where higher investment in VMMC would have been more 

impactful).  

Á Therefore, ART, PMTCT, HCT and VMMC must be the core programmes of a high-impact 

HIV response. Treatment not only saves lives and restores health and productivity, but is 

also one of the few prevention approaches with effectiveness to reduce population-level 

transmission, if high levels of viral suppression are achieved.   

On HIV financing and sustainability of the HIV response 

 

Á The HIV response consumes about one (1) of every 5 health dollars. A continuous 

dialogue on how Zambia can develop domestic HIV funding streams while improving HIV 

programme performance is essential, as the dependency on external funding is 

exceptionally high (in 2012, 93% of response funding was covered by external sources). 

Á The government policies of free access to HIV prevention and AIDS care and treatment 

mean that Zambians have financial protection from the potentially catastrophic medical 

costs associated with HIV and AIDS.  

Á A large part of future spending commitments up to 2030 is determined by existing HIV 

infections. It is only post-2025 that the projected costs of existing HIV infections start to 

fall substantially, due to mortality among PLHIV. Projected total annual commitment peaks 

at nearly US$ 300 million in about 2018 and remains at nearly US$ 250 million per year by 

                                                             

2  Moderate: Reduce new infections by at least 21%, AIDS deaths by at least 14%, new MTCT by at least 7% between 
2014-2030; Ambitious: Reduce new infections by at least 45%, AIDS deaths by at least 29%, new MTCT by at least 40% 
between 2014-2030. 
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2030, according to Optima projections.  

Á It is estimated that currently annual health care and treatment costs amount to about 0.6ς

0.7% of GDP, and that this percentage will fall to approximately 0.3% of GDP by 2030. 

Á Even moderate R-NASF targets (reducing new infections by at least 21%, AIDS deaths by at 

least 14%, and MTCT by at least 7% over 2014ς30) would require substantial additional 

expenditure of the order of magnitude of US$ 20 million per year. This emphasises the 

ƴŜŜŘ ŦƻǊ ŎƻƴǎƛŘŜǊŀōƭŜ ŀƴŘ ǎǳǎǘŀƛƴŜŘ IL± ƛƴǾŜǎǘƳŜƴǘ ƛƴ ½ŀƳōƛŀΩǎ ŜŦŦƻrts to prevent HIV 

infection and AIDS mortality. 

Á A very large proportion of the total HIV response budget is spent on management and 

administration of the HIV response, and the proportion has increased recently (from 26% 

in 2010 to 35% in 2012). Efficiency gains would free up resources which could be used 

ŜƭǎŜǿƘŜǊŜΣ ƛƴŎǊŜŀǎŜ ƘŜŀƭǘƘ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ƳŀƪŜ ½ŀƳōƛŀΩǎ IL± ǊŜǎǇƻƴǎŜ ƳƻǊŜ 

sustainable. The country has evidence from efficiency assessments where savings could 

potentially be made, for instance in the reduction of facility cost per ART visit. Reducing 

programme management costs by 20% and reinvesting these savings in priority HIV 

programmes could prevent 139,000 additional HIV infections until 2030. This would 

correspond to a 12% reduction in new infections compared to current spending 

allocations.  

Iƻǿ ½ŀƳōƛŀΩǎ IL± ǊŜǎǇƻƴǎŜ Ŏŀƴ ōŜ ƛƳǇǊƻǾŜŘ ƛƴ ǘƘŜ ŦǳǘǳǊŜ 

This report has specifically identified five areas in which the HIV response can be improved: 

Improve the technical efficiency and reach of HIV programmes: Technical efficiency gains 

would free up resources which could be used elsewhere, increase health production and 

ƳŀƪŜ ½ŀƳōƛŀΩǎ IL± ǊŜǎǇƻƴǎŜ ƳƻǊŜ ǎǳǎǘŀƛƴŀōƭŜΦ ¢ƘŜ ŎƻǳƴǘǊȅ Ƙŀǎ ŜǾƛŘŜƴŎŜ ŦǊƻƳ ŜŦŦƛŎƛŜƴŎȅ 

assessments where savings could potentially be made, for instance in the reduction of 

facility cost per ART visit. The IHME/UNZA efficiency assessment found that many facilities 

ƘŀŘ ŀŘŘƛǘƛƻƴŀƭ ǳƴǳǎŜŘ ŎŀǇŀŎƛǘȅ ŦƻǊ !w¢ ŎƭƛŜƴǘǎΣ ŀƴŘ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ άƘŜŀƭǘƘ ŦŀŎƛƭƛǘƛŜǎ ŀǊŜ 

ǇƻǎƛǘƛƻƴŜŘ ǘƻ ǎǳǇǇƻǊǘ ½ŀƳōƛŀΩǎ Ǝƻal of providing universal access to HIV treatment and 

ŎŀǊŜέΦ CǳǊǘƘŜǊƳƻǊŜΣ ŀ ǾŜǊȅ ƭŀǊƎŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǘƻǘŀƭ IL± ǊŜǎǇƻƴǎŜ ōǳŘƎŜǘ ƛǎ ǎǇŜƴǘ ƻƴ 

management and administration of the HIV response (over a third in last NASA year). We 

estimated that reducing programme management costs by 20% and reinvesting these 

savings in priority HIV programmes could prevent 139,000 additional HIV infections until 

2030. This would correspond to a 12% reduction in new infections compared to current 

spending allocations.  

1 
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Allocate resources efficiently to achieve best impact: ART, PMTCT and VMMC are the 

most important programmes (with HCT supporting ART) for optimising the impact of 

current levels of HIV investment in the medium- and long-term. Our analysis of impact of 

optimaƭ ŀƭƭƻŎŀǘƛƻƴǎ ƻǾŜǊ ŀ ол ȅŜŀǊǎΩ ǘƛƳŜ ƘƻǊƛȊƻƴ ŎƻƴŦƛǊƳŜŘ ±aa/ ŀǎ ŀƴ ŜȄŎŜƭƭŜƴǘ 

investment with a long-term view of sustained epidemiological impact and a once-off 

procedure only. ART has a high potential to avert both AIDS deaths and new infections 

through the TasP effect. A large and maturing ART/TasP programme will require effective 

client-specific ART adherence interventions, and see healthcare costs accruing in the aging 

ART cohort. 

Mobilise additional domestic resources as economic growth, ability to pay and disease 

burden allow:  Zambia is in a group of countries with high dependency on external HIV 

fundingðŀƴ ŀǊǘŜŦŀŎǘ ƻŦ ½ŀƳōƛŀΩǎ ƘƛǎǘƻǊƛŎŀƭ [L/ ǎǘŀǘǳǎ ǳƴǘƛƭ нлмнΦ ²ƘƛƭŜ ½ŀƳōƛŀΩǎ 

government expenditure on health is relatively higher than in other comparable countries, 

the domestic HIV spending as a share of total HIV expenditure is very low. In 2012, Zambia 

received US$ 264 million from external sources for its HIV response (93% of total HIV 

spend) and contributed itself US$15.8 million according to NASA data. This represents only 

мΦу҈ ƻŦ ½ŀƳōƛŀΩǎ ǇǳōƭƛŎ ǎŜŎǘƻǊ ŜȄǇŜƴŘƛǘǳǊŜ ƻƴ ƘŜŀƭǘƘΦ Considering the economic growth 

data of Zambia, there is potential to increase the HIV contribution in line with ability to pay 

and disease burden. A continuous dialogue on how Zambia can develop domestic HIV 

funding streams while improving HIV programme performance is essential. 

Better plan for and predict programme financial sustainability: Increased domestic 

financing needs to be provided in sustainable and at predictable levels. At high external 

dependency levels, it is particularly difficult to predict future funding levels, and this 

applies to health assistance in general and to HIV specifically. The country would need 

considerable additional and sustained HIV investment to pursue HIV incidence and AIDS 

deaths strategic targets. Moderate and ambitious impact scenarios would cost an 

additional US$ 20 million and US$ 50+ million per year, respectively. A large part of future 

spending commitments up to 2030 is determined by existing HIV infections. Projected total 

annual commitment remains at considerable levels throughout this time horizon, peaking 

at nearly US$ 300 million in about 2018 and remaining at nearly US$ 250 million by 2030, 

according to Optima projections.  

Intensify programmes for key populations at high risk through allocation of additional 

resources to gain coverage, scale and impact: FSW-oriented programmes showed up as 

important in our optimisation analysis and should receive about 2% of current HIV 

response funding. This makes epidemiological sense as this population has the highest HIV 

incidence rate and appears to be underserved currently. We conclude that spending on 

2 

3 

4 

5 
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FSW services should be increased until coverage reaches its maximum level and very high 

levels of condom use are achieved in paid sex. MSM programmes did not show up in the 

optimisation due to the small size of the MSM population. This does however not mean 

that specialised providers should not offer high quality adapted services for this vulnerable 

and underserved key population. 
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CHAPTER 1. INTRODUCTION 

1.1. Context and Purpose of the Report 

Zambia was recently reclassified as a LMIC country, and has a total population if 14.08 million 

(2012 estimate). [1] ¢ƘŜ ŎƻǳƴǘǊȅΩǎ  macro-economy is experiencing stability and positive annual 

GDP growth at 6.4% in 2013ðmostly resource driven and thus subject to the volatility of 

resource-related growth. [2] Overall, 60.5% of  the population are living below the national 

poverty line (2010 data) and this impacts negatively on health. [3] HIV/AIDS remains a public 

health problem of enormous proportions. In 2010, HIV/AIDS was responsible for most 

premature deaths in the country. [4] It is estimated that 20.4% of years of life lost (YLL), or 1.75 

million, were due to HIV/AIDS. Another 2.9% of YLL (247,000) were due to TB. Figure 1 shows 

cause-specific mortality across age groups.  

Figure 1 Causes of death by age group, Zambia (2010) 

 

 

 

 

Source: Institute for Health Metrics and Evaluation (IHME). GBD Compare. Seattle, WA: IHME, University of Washington, 
2013. Available from http://vizhub.healthdata.org/gbd-compare  (accessed 8 Oct 2014) 

In addition to HIV/AIDS, there are many competing health and development challenges. 

Between 1990 and 2010, the other five leading causes of premature death kept their positions 

(malaria, lower respiratory infections, diarrhoeal diseases, protein-energy malnutrition and 

meningitis) and were jointly responsible for 37.5% of YLL in 2010. The country has continued to 

experience outbreaks of typhoid, measles and dysentery in some districts. [5] Also, Zambia is 

seeing a steady increase of non-communicable diseases (NCDs), namely, hypertension, 

cardiovascular diseases, diabetes, and cancer. In Lusaka District in 2008, the rate for tobacco 

http://vizhub.healthdata.org/gbd-compare
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smoking in 2008 was 6.8%, alcohol consumption 20.7%, hypertension 12.5%, impaired glucose 

levels/diabetes 4.0%, overweight/ obesity 39.3%. [6] The country is vulnerable to natural 

disasters such as droughts and floods which contribute to high levels of malnutrition in the 

country. 

Health care needs are therefore constantly evolving, and service programming needs to be 

responsive to remain relevant. The first set findings from the Zambia Demographic and Health 

Survey (DHS) 2013ς14 underscore the changing service use behaviours and health status of the 

Zambian population. [7]  The data suggest increased use of modern family planning methods, 

decreased prevalence of children left out completely from the essential immunisation 

programme, more widespread use of insecticide treated nets among children under five and 

pregnant women, increased use of antenatal care services, and increased child delivery at 

health facilities. Fertility is reported to be declining, and estimated neonatal, infant and under 

five mortality is decreased. These wider changes in the health sector have a great influence on 

how the HIV response can best be provided so that it harnesses synergies and strategically adds 

value in a system which is constantly grappling with resource constraints.  

The national HIV response has been scaled up over almost three decades, after the first case of 

AIDS was diagnosed in Zambia in 1984. Important successes have been achieved, including high 

coverage of pregnant mothers in need of prevention of mother-to-child transmission (PMTCT) 

services, and a continuous expansion of the antiretroviral treatment (ART) programmeð

partially resulting in declines in new infections amongst young people in urban areas. However, 

this response has become very costly: in 2012, 15.8% of health spending was for HIV/AIDS. An 

estimated 93% of the HIV response was financed externally in 2012, which inevitably makes the 

ŎƻǳƴǘǊȅΩǎ IL± ǊŜǎǇƻƴǎŜ ŘŜǇŜƴŘŜƴǘ ƻŦ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ŜȄǘŜǊƴŀƭ IL± ŦǳƴŘƛƴƎΦ {ǳŎƘ ŜȄǘŜǊƴŀƭ 

assistance might be less available in the future given international HIV financing trends and 

½ŀƳōƛŀΩǎ ƴŜǿƭȅ-acquired status of LMIC. After a decade of unprecedented availability of 

international HIV funding, it has plateaued and there is in many countries a dialogue happening 

on how to mobilise domestic resources to sustain the national HIV response ] .8[ While every 

ƴŜǿ !w¢ ŎƭƛŜƴǘ ƛǎ ǇǊƻƻŦ ǘƘŀǘ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ǎŎŀƭŜ-up of the ART programme for providing 

treatment access bears fruit, it also creates every time a long-term treatment and funding 

commitment for the government.  

Therefore, in responses to rising treatment bills and stagnating amounts of financial resources 

for the HIV response, governments in countries with high HIV burden have begun to determine 

the best investments into the different HIV programmes and services. [9] At the same time, 

governments have started to consider the sustainability of their HIV response, and to look at 

ways to quantify their future HIV resource needs over longer time horizons usually reserved for 
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national development strategies. Importantly, the future treatment needs of current and 

future ART clients are to be factored in when assessing such long-term spending needs.  

Purpose of the Report: This report summarises findings from an HIV allocative efficiency and 

financial commitment analysis conducted for the Government of Zambia by the World Bank 

and the University of New South Wales.  It uses the mathematical model developed by these 

two institutions, called Optima. 

1.2. Optimisation of HIV Resource Allocations in Zambia 

Health resources should be allocated in the best possibleðor optimalðway to achieve the 

ōŜǎǘ ǇƻǎǎƛōƭŜ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎ ŦƻǊ ŀ ŎƻǳƴǘǊȅΩǎ ǇƻǇǳƭŀǘƛƻƴΦ !ƴȅ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ άƻǇǘƛƳŀƭ 

ŀƭƭƻŎŀǘƛƻƴέ ƛǎ ƛƴǘǊƛƴǎƛŎŀƭƭȅ ƭƛƴƪŜŘ ǘƻ ŀ ǎǇŜŎƛŦƛŎ outcome that should be achieved through 

optimisation, and this is further explained herein and in the next section presenting the 

objectives of this study.  

Optima, the software package used in this analysis, addresses practical policy and programme 

questions encountered by funders, governments, policy makers, health planners, and 

programme implementers. [10] It is a deterministic mathematical model for HIV optimisation 

and prioritization. The unique feature of the tool is its mathematical optimisation algorithm 

which helps determine the most efficient resource allocation mix for meeting a certain 

objective. By using mathematical methods, Optima can determine the optimal allocation of 

resources across multiple HIV services, over a defined period of time, within a specific funding 

limitation.  

Optima allows users to choose a set of objectives, such as minimising new infections for a given 

amount of funding, reaching predefined HIV incidence targets for the lowest possible spending, 

minimising HIV-related deaths, and/or minimising long-term financial commitments, and to 

then determine the optimal resource allocation for meeting those objectives. The way 

optimisation works is to try to find the best resource allocation to HIV programmes that 

achieves the stated objective. Figure 2 shows the concept schematically with two programmes 

only. Starting with a current allocation the analysis tries to find the minimum or maximum. 
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Figure 2 Schematic illustration of optimisation process 

 

Source:  UNSW Optima documentation 

These optimisations are based on calibrations to epidemiological data; assumptions about the 

costs of programme implementation and the corresponding coverage levels; and the effects of 

these programmes on clinical, behavioural, and other epidemiological outcomes. The model 

uses best-practice HIV epidemic modelling techniques and incorporates realistic biological 

transmission processes, detailed infection progression stages, sexual mixing patterns, and 

sexual and HIV service use behaviours.  

Optima is also able to calculate allocations of resources that optimally address multiple HIV-

related objectives. [10] It can also incorporate different HIV service delivery models, including 

different unit cost estimates and outcomes of programme coverage levelsðpotential impacts 

of technical (programme) efficiency gains can thus be included in analyses. Apart from 

hǇǘƛƳŀΩǎ ƪŜȅ ŦŜŀǘǳǊŜ όǊŜǎƻǳǊŎŜ ƻǇǘƛƳƛǎŀǘƛƻƴ ǘƻ ƳŜŜǘ ǎǘǊŀǘŜƎƛŎ IL± ƻōƧŜŎǘƛǾŜǎύΣ ǘƘŜ ǘƻƻƭ Ŏŀƴ ŀƭǎƻ 

conduct HIV-related financial commitment projections as well as health economic assessments.  

Optima has already been used in over 20 countries (Kerr et al. submitted). 

1.3. Objectives of Analysis 

The purpose and objectives of this study were determined through consultation with the 

Zambian National AIDS Council and other stakeholders. A primary purpose of this work was to 

provide inputs into the Revised National AIDS Strategic Framework 2014ς16 (R-NASF). The 

overarching objective was to provide the Government of Zambia with an analysis of how 

allocative efficiency and sustainability of the national HIV response can be improved, and 

ǘƘŜǊŜŦƻǊŜ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ DƻǾŜǊƴƳŜƴǘΩǎ Ŏƻƴǘƛƴǳƻǳǎ ŘǊƛǾŜ ƻŦ ǇǊƛƻǊƛǘƛǎƛƴƎ IL± ƛƴǾŜǎǘƳŜƴǘǎΦ   
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This included epidemic and optimisation analyses using Optima which: 

1. Project the epidemic trends in sub-populations until 2030 and explore the transmission 

dynamics between sub-populations  

2. Determine optimised resource allocation patterns to minimise both cumulative HIV 

incidence and AIDS mortality between 2014 and 2030 

3. Determine minimum spending required to meet moderate or ambitious R-NASF impact 

targets 

4. Project the long-term financial commitment for treatment and healthcare costs of 

current and expected HIV infections in Zambia 

For further details on the optimisation objectives, see section 3.1. 
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CHAPTER 2. BACKGROUND 

2.1. Historical and Projected Future Trends in the HIV 
Epidemic in Zambia 

In 2013, an estimated 3% of the global number of people living with HIV (PLHIV) were in 

Zambia, and this was higher than the shares taken by China, Russian Federation or Brazil (each 

2%). [11]  According to the same UNAIDS report, Zambia contributed about 3% of all new HIV 

infections estimated to occur globally in 2013, and new HIV infections in Zambia had reduced 

by 41% between 2005 and 2013. 

Zambia has a mature, generalised epidemic in which HIV transmission primarily occurs 

heterosexually. At the time of this analysis, the last national household level HIV prevalence 

data were from the ZDHS 2007, with HIV prevalence data awaited from the ZDHS 2013ς14. In 

2007, 14.3% of adults aged 15ς49 were estimated to be HIV positive. For the year 2013, the 

Spectrum estimate for adult prevalence was 12.6% (GARPR, 2014), which was a modest 

decrease since the peak in the mid-1990s of about 16%, and Spectrum predicts a further 

downward sloping trend. Spectrum also estimates a small recent downturn in the number of 

HIV-infected children aged 0ς14 years, after reaching a maximum estimated number of 

160,000 in the period of 2005ς11 (2013 estimate at 150,000). [12] It is thought that the 

significant scaling up of the PMTCT programme is preventing vertical HIV transmission while 

paediatric ART keeps infected children alive, hence the slow decrease in infected child numbers 

to date.  

There are important heterogeneities of HIV prevalence by demographic group, and the Optima 

modelling in this study took account of these variations. In 2007, a higher proportion of women 

were living with HIV (16.1%) than men (12.3%) (ZDHS 2007). Prevalence in females was 

significantly higher than in men at younger ages, and significantly lower at older ages. The 

differential between female and male prevalence was very large in the age groups 15ς19, 20ς

24, 25ς29 and 30ς34 years. In the 35ς39 year age group, male and female prevalence levels 

were similar. In the older age groups of 40ς44 and 45ς49, men had significantly higher HIV 

prevalence levels than women. Very high HIV prevalence levels have been reported in female 

sex workers (65%) and men having sex with men (33%) in 2005. 

Furthermore, 2007 HIV prevalence levels were also geographically heterogeneous (this was not 

taken into account in the national-level Optima modelling). Provincial HIV prevalence levels 

ranged from 7% to 21% in 2007. The Northern and Northwestern Provinces had the lowest HIV 

prevalence levels at just below 7%. These are areas of low population density, with inhabitants 
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who are mostly rural and have the highest levels of extreme poverty in the country. However, 

the discovery and opening up of mines in Northwestern province has significantly increased 

migration to this province and poses a real risk to increases in new HIV infections in that 

province. Other co-factors, such as the relatively low proportion of adults reporting multiple 

partners in Northern Province, and the relatively high male circumcision level in Northwestern 

Province, also shape the HIV epidemic dynamics. In contrast, Lusaka Province as well as Central 

Province and the Copperbelt, much more densely populated areas with large urban 

settlements, had very high HIV prevalence of 17% or above. 

HIV prevalence also varied by other characteristics in the ZDHS 2007, for instance: i) Across 

mobility patternsðfor partners, being away from each other poses higher risk for HIV 

infection;  ii) Education levelsðmen and women with higher education had higher HIV 

prevalence than those with lower education. Much of these patterns arise through a 

combination of risk behaviour (including of partners) and access to ART.  

The Optima modelling uses available sexual behaviour and partnership mixing data. It is 

notable that marriage occurs relatively early in Zambia compared to other countries in the 

region, at 18.2 years for women and 23.5 years for men.3 Also, data from the 1996, 2001ς02, 

and 2007 DHS indicate that the median age at first marriage among women has remained 

constant at 18 years. DHS data suggest that all except a few women and men eventually marry. 

Less than 2% of women aged 35 and older and less than 1% of men aged 45 and older had 

never married (ZDHS 2007). Men tend to marry at older ages than women. Marriage and 

cohabitation are generally considered to be primary indicators of exposure to the risk of 

pregnancy, however, many women bear children before entering a stable union. Informal 

relationships are common, and women may have children in the context of such unions. The 

fertility rate is gradually decliningðaccording to the most recent reports, the total fertility rate 

has decreased from 6.5 births per woman in 1992 to 5.3 births per woman in 2013ς14. [13] 

From our Optima model calibration and epidemic projections until 2030, we discern the 

following epidemiological trends: 

Á The estimated number of new HIV infections has steeply declined over the last 10 

years and is projected to level off in the futureðour Optima modelling, using available 

empirical data until 2007, suggests that HIV transmission has decreased in Zambia, 

similar to trends estimated by Spectrum (Figure 3). Optima estimates about 60,000 

new infections per year post-2015. Much of the past reduction in new infections stems 

from the large fall in vertical transmission over the past decade.   

                                                             

3 DHS 2007 data, expressing median age at first marriage for women aged 25ς49 years and for men aged 25ς59 
years. 
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Figure 3 Annual new infections estimated by Optima in Zambia (2000ς30) 

 

Source:  Optima model Zambia, using available demographic, epidemiological and behavioural data. 

Comparison between Spectrum-derived and Optimaðderived HIV incidence is shown in Figure 

4, whereas the Optima curve is for individuals aged 10+ years and the Spectrum curve for 15+ 

years.  

The HIV incidence trends broadly agree between the Optima and Spectrum models. Optima 

concerns ages 10 years and older, Spectrum concerns ages 15 years and older. hǇǘƛƳŀΩǎ IL± 

incidence peak is estimated to occur a few years later than the incidence peak according to 

Spectrum. The difference in the age groups for which HIV incidence is modelled partially 

explains the slight differences in the trends (with Optima capturing HIV incidence in a broader 

age range). 

Figure 4 Comparison between Optima and Spectrum derived annual HIV incidence, Zambia (2000ς20) 

 

Source:  Optima model Zambia, using available demographic, epidemiological and behavioural data and Spectrum outputs (v. 
4.69 12 August 2013).   

Note: Optima concerns ages 10 years and older; Spectrum concerns ages 15 years and older.  

It is estimated that in 2013, the majority of new infections occurred in the 25ς49 year old 

populationðOptima estimates a total of 65,544 new HIV infections for 2013, of which about 
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56% are estimated to have occurred in older adults aged 25ς49 years (Figure 5). However, a 

relatively large number of new infections is also estimated for females aged 20ς24 years (12%). 

The absence of recent empirical HIV prevalence data makes this estimation on total and 

population-specific HIV incidence uncertain. Optima estimates about 4,000 new infections 

transmitted vertically in 2013. The estimated risk of HIV acquisition in different populations 

over time is shown in the subsequent Figure 6.  The small percentage of new infections among 

men having sex with men (MSM) is in agreement with 2008 estimates with an HIV incidence 

model, which estimated 732 new infections in MSM for 2008 (or 1% of all new infections) to 

occur in MSM, and about 40 new infections (0.05% of all new infections) in female partners of 

MSM.  

Figure 5 Annual new HIV infections in specific populations in Zambia, estimated by Optima (2013) 

 

Source:  Optima model for Zambia, using available demographic, epidemiological and behavioural data. 

From modelled data, it seems that estimated HIV incidence has declined in all populations 

(Figure 6). Due to the scarcity of recent empirical HIV data from both general and key 

populations, these estimations must be seen as very approximate. They suggest very low and 

decreasing HIV incidence in males below 20, and low and decreasing incidence in females 

below 20. Over the three DHS rounds with available sexual behaviour data (until 2007), there 

was a significant fall in the proportion of young females and males aged 15ς19 years reporting 

sex by age 15. Therefore, young people delaying sexual debut and remaining sexually abstinent 

for longer may play a role in these declining estimated incidence rates in adolescents. Incidence 

is relatively higher in older females aged 20ς24, and males and females aged 25ς29, however, 

trends are also declining. Estimated HIV incidence for female sex workers (FSW) in 2013 is still 

about 4% (40/1,000), and about 2.5% (25/1,000) for MSM, pointing to these two populations as 

having highly elevated HIV infection risk.  
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Figure 6 HIV incidence in specific populations estimated by Optima, Zambia (2000ς30) 

 

Source:  Optima model Zambia, using available demographic, epidemiological and behavioural data. 

Note: Time intervals between years with estimates vary and go up to 13 years (2000ς13); FSW = females sex workers; MSM = 
men who have sex with men. 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜǘ ƻŦ ŦƛƎǳǊŜǎ ŜȄǇƭƻǊŜǎ ƛƴ ƳƻǊŜ ŘŜǘŀƛƭ hǇǘƛƳŀΩǎ ŜǎǘƛƳŀǘŜŘ ǘǊŀƴǎƳƛǎǎƛƻƴ ŘȅƴŀƳƛŎǎ 

by population. Figure 7(A) shows the estimated number of HIV infections transmitted by the 

sub- populations, while Figure 7(B) shows infections acquired by the same populations.  

Men aged 25ς49 years are consistently estimated to be the population transmitting the most 

new HIV infections every year, based on the available data. Women aged 25ς49 are across 

the years 2000 to 2030 the population acquiring most new infections, closely followed by men 

in the same age group. The third most important population for acquiring new infections is 

females aged 20ς24. The shares for 2013 were shown in the previous pie chart (Figure 5).   

Figure 7 (A) Estimated annual new HIV infections transmitted by HIVςinfected individuals aged 10 and above; and (B) 
Estimated annual new HIV  infections acquired in individuals aged 10 years and above, projected by Optima, Zambia 2000ς
30 

(A) New sexual infections transmitted 
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(B) New sexual infections acquired 

 

Source:  Optima model Zambia, using available demographic, epidemiological and behavioural data 

Figure 8 uses the same data by presenting the ratio of HIV infections transmitted to infections 

acquired for each population for year 2013. A ratio above 1 means that the population is a net 

transmitting group (in a given year transmitting more new HIV infections than receiving). A 

ratio below 1 means the population is a net receiver (receiving more new infections than 

transmitting).  

FSW, MSM and males in the general adult population of all ages show up as net transmitting 

populations. In contrast, all female populations except FSW are net receivers, hence receiving 

more infections than transmitting. Again, this model estimation is based on a limited amount 

of actual HIV prevalence data, but it fits with other data on reported sexual behaviour and 

female susceptibility to HIV infection. For instance, men consistently report a much higher 

frequency of multiple partnerships than women in Zambia.  

Figure 8 Ratios of HIV infections transmitted versus HIV infections acquired across populations, Zambia (2013) 

 

Source:  Optima model Zambia, using available demographic, epidemiological and behavioural data.  

Note: FSW = females sex workers, MSM = men who have sex with men. 
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As already pointed out, this modelling of epidemic transmission dynamics in Zambia would 

benefit greatly from more recent HIV prevalence data, particularly the populationςbased HIV 

prevalence data from the 2013ς14 DHS, anticipated to be released in the first quarter of 2015. 

This is especially important as ART roll-out has changed the AIDS-related mortality patterns and 

the proportion of PLHIV who are virally suppressed through ART and less likely to transmit HIV. 

The 2013ς14 DHS and two ongoing studies in key populations will provide great opportunities 

to update and refine ½ŀƳōƛŀΩǎ ŦǳǘǳǊe HIV epidemic trends estimations. 

2.2. Financing of the HIV Response 

2.2.1 International Comparison of HIV Burden and HIV Assistance 

At the international level, Zambia has been one of the key beneficiaries of development 

assistance for the national HIV response. Figure 9 illustrates receipt of external assistance per 

HIV disability-adjusted life year (DALY) across countries, and Zambia is identified as one of the 

countries receiving relatively high level of assistance compared to the national HIV/AIDS 

burden (purple colour).  Much of this assistance has been provided in the years prior to Zambia 

gaining LMIC status (which happened in 2012).  

A related statistic illustrates that relative to global ranking of countries by the burden of 

HIV/AIDS (Zambia in 12th place), the country received comparatively high levels of HIV financial 

assistance (Zambia in 7th place)ðFigure 10. It should be noted that countries which make good 

use of HIV development assistance to reduce AIDS-related mortality and therefore HIV DALYs 

may show as receiving disproportionately high development assistance for HIV per HIV DALY. 

Figure 9 Global comparison of development assistance for HIV 2009ς11 per HIV DALYs in 2010 

 
Sources: IHME DAH Database 2013 and Global Burden of Disease Study 2010. 

Notes: 2010 DALY estimates are from the Global Burden of Disease Study 2010; Countries that were ineligible for DAH based 
on their World Bank income classification are shown in white. DAH received is shown in real 2011 US dollars; 
DAH=Development Assistance for Health. 

  




























































































































































