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EXECUTIVE SUMMARY 

Background 
At the end of 2013 an estimated 189,930–206,280 adults and 34,560–36,250 children were living with 
HIV in Ghana. There is strong evidence to suggest a disproportionately higher HIV prevalence among 
certain key population groups, such as men who have sex with men (MSM) and female sex workers 
(FSWs). Ghana’s epidemic continues to evolve. The USAID- and PEPFAR-supported Health Policy 
Project (HPP) partnered with the Ghana AIDS Commission (GAC) to conduct a focused analysis of the 
future effectiveness of HIV prevention in the country related to possible funding from external partners. 
This report offers information on the targets and highlights cost-effective decisions Ghana can make over 
the coming years. It comes at an opportune time as the country’s current National Strategic Plan (NSP) 
for HIV and AIDS comes to a close in 2015.  

Methodology 
Using the Goals model, a mathematical model integrated into the well-known Spectrum Policy Modeling 
System, the study team examined how four scenarios corresponding to different levels of uncertain future 
HIV funding in Ghana would affect the scale-up and health impact of certain key HIV interventions. We 
calculated the total cost of the HIV program in Ghana for 2014–2020, given the direct service delivery 
costs under each of the four scenarios, and applied additional estimated costs for the management of the 
HIV response. We estimated impact over the same period in terms of the number of new HIV infections 
and AIDS-related deaths averted. Incremental cost-effectiveness ratios (ICERs) were computed as a 
metric to compare the costs and outcomes of different scenarios.  

The four scenarios differed in their coverage assumptions for key prevention and treatment interventions 
in Ghana. Scenario 1, the Baseline scenario extended the reported 2013 coverages of specific 
interventions through 2020 without any increase, a representation of the status quo to which subsequent 
scenarios can be compared. Scenario 2, New Funding Model targets (NFM), reflected the coverage targets 
that can be achieved within the limits of the resources allocated for Ghana’s application to the Global 
Fund’s New Funding Model mechanism, accounting for aligned public funding and other domestic 
sources. Scenario 3, the NFM targets plus above allocation, allowed additional program coverage as 
enabled by domestic and other sources plus financing from the Global Fund above the currently allocated 
NFM limit for the country. Scenario 4, the National Strategic Plan (NSP) scenario, reflected the 
continuation of high levels of coverage for a limited number of interventions, with assumptions provided 
by stakeholders which were extended past 2017. These targets were in the spirit of the universal access 
approach in the original NSP document.  

Results 
HIV infections  
In 2014, the baseline year, it was estimated that there would be 10,820 new HIV infections among 
Ghanaians of all ages, a figure which is similar across all of the scenarios. By 2015, differences were 
already noticeable across scenarios. By 2020, the annual number of new infections was significantly 
lower in the NFM targets, NFM targets plus above allocation, and NSP scenarios compared to Baseline. 
For the entire 2014–2020 period, the highest cumulative number of new infections (about 73,190) was 
seen in the Baseline scenario, while the fewest new infections occurred in the NSP scenario (about 
50,460). Comparing these two scenarios, 22,725 infections can be averted over 2014–2020 with the 
ambitious scale-up of interventions under the NSP targets. The two NFM scenarios avert about 12,900 
and 16,160 infections compared with Baseline, respectively. 
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AIDS deaths averted 
In 2014, we estimated 10,215 HIV- and AIDS-related deaths per year among Ghanaians living with HIV. 
In the Baseline scenario, this number steadily increases each year until 2020, when an estimated 12,700 
AIDS-related deaths are projected to occur. By 2020, with a scale-up of HIV treatment, the number of 
AIDS deaths among adults is significantly reduced. For the entire period across the NFM targets, NFM 
targets plus above allocation, and NSP scenarios, approximately 11,435, 20,170, and 40,760 AIDS deaths 
are averted, respectively, compared to the Baseline scenario.  

Direct costs  
Under the coverage assumptions of the NFM targets scenario, the costs of service delivery from 2014 to 
2020 for the interventions we modeled will rise to US$54 million per year by 2017 and stay near that 
level, with a total cost of US$383 million. This is US$110 million more than the total projected costs 
under the Baseline scenario. If Ghana were to implement the higher targets under the NFM targets plus 
above allocation scenario, the additional costs compared to the NFM targets scenario would be US$21 
million for the entire period. The highest-cost NSP scenario ranges from US$62–72 million per year for 
2015–2020, with a total cost of US$450 million for the entire 2014–2020 period. 

Cost-effectiveness 
Greater coverage enabled higher impact in the model. All the scale-up scenarios are more effective in 
prevention than the Baseline scenario. When compared to the Baseline scenario, the additional impact and 
costs under the NFM targets scenario imply an ICER of US$5,150 per AIDS-related death averted, and 
US$8,520 per new HIV infection averted. When measuring quality-adjusted life years (QALYs) gained, 
the NFM targets and NSP scenarios achieve ICERs of US$1,360 and US$770 per life year gained 
compared with Baseline. Given Ghana’s per capita gross domestic product (US$1,853), we conclude that 
the increase of coverage under the scale-up scenarios is very cost-effective in terms of QALYs. We also 
compared the scale-up scenarios to each other, which suggested that the higher range of targets under the 
NFM targets plus above allocation and NSP scenarios are very cost-effective to consider from a life years 
gained perspective, over and above the NFM targets scenario, if resources permit. 

Discussion 
Although HIV prevalence appears to be in a slow decline in Ghana, there is still a significant mixed 
epidemic in the country which requires targeted investments to further reduce HIV incidence and AIDS-
related mortality. From 2014 to 2020, the higher annual coverage targets for key interventions enabled by 
securing funding under the current NFM allocation will prevent approximately 12,900 more new 
infections and 21,370 more AIDS-related deaths than the status quo. Continuing the ambitious targets of 
the National Strategic Plan 2011–2015 in future years would enable even greater impact, which appears 
very cost-effective from a mortality averted perspective. These results strongly support the government of 
Ghana and its development partners continuing to expand investments in key HIV interventions as they 
consider the next strategy.  
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1. INTRODUCTION 
The recent global emphasis on sustainable funding and the need for better-targeted investments in the 
HIV response led stakeholders in Ghana to seek a comparative analysis of what could be achieved in 
prevention and mortality reduction at different levels of coverage and costs for key interventions. These 
results were requested to inform the “investment case” for a concept note proposal submitted by Ghana to 
the Global Fund to Fight AIDS, Tuberculosis and Malaria (Global Fund) in October 2014 under the 
latter’s New Funding Model (NFM) mechanism. In response to this request, collaborative technical 
support was extended by the USAID- and PEPFAR-supported Health Policy Project (HPP). The analysis 
was conducted to allow policymakers to weigh the costs and benefits of increasing coverage of certain 
key interventions across HIV prevention and treatment. The short-term goal was to provide results for the 
NFM proposal. Since the current HIV strategic plan ends in 2015, the report can inform the next strategy. 

Status of the Epidemic in Ghana 
The first case of HIV in Ghana was detected in 1986. The HIV 
epidemic in Ghana is a mature, mixed epidemic (see Box 1). In 
2013, Ghana’s nationwide adult HIV prevalence was 1.3 
percent in the general population [2].  

NACP has been conducting HIV sentinel surveillance since 
1990. Annual HIV sentinel surveys began in 1994 at antenatal 
clinics (ANCs) for pregnant women and sexually transmitted 
infection (STI) centers for patients with STIs. According to the 
2013 round of annual HIV sentinel surveys of antenatal clinic 
attendees, the median estimate of HIV prevalence among 
pregnant women was 1.9 percent (range 1.26–2.51). This 
estimate has decreased since 2003 when it peaked at 3.6 
percent (Figure 1). However, prevalence seems to have 
changed little since 2010. 

Figure 1: Median HIV prevalence (%) at antenatal clinics with linear trend: Ghana, 2000–2013 

Box 1: Mixed epidemics are 
those where HIV transmission 
continues in both key 
populations at higher risk, e.g., 
sex workers and men who have 
sex with men, as well as in the 
general population. Cessation of 
transmission in either key or 
general population groups 
would not necessarily stop the 
epidemic.  
Source: [1] 
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The Costs and Impacts of Investing in the HIV Response in Ghana 

Available data and modeling related to HIV incidence suggest that Ghana has a mixed epidemic, 
comprised of a low-level generalized epidemic coupled with a higher-prevalence epidemic among key 
population groups. Key populations identified as being at most at-risk for acquiring and transmitting HIV 
in Ghana as defined by the NSP include female sex workers (FSWs), men who have sex with men 
(MSM), people who inject drugs (PWID), and prison inmates [5].  

HIV prevalence among women attending ANCs steadily declined until a jump in 2009 (Figure 1) but 
seems to have flattened thereafter [6]. Estimated adult prevalence peaked at about 2.3 percent early in the 
last decade and declined to an estimated 1.3 percent in 2013 (range: 0.97–1.74). The overall estimate of 
people living with HIV and AIDS (PLHIV) is about 224,500, including 34,550 children ages 0–14 [2]. In 
the general population, HIV prevalence is higher among females than males, and median HIV prevalence 
levels among pregnant women in 2013 were higher in urban settings (2.2%) than in rural areas (1.3%) 
[3,7]. Overall HIV prevalence is highest in the Eastern region [7]. 

Figure 2: Adult (ages 15–49) HIV prevalence over time in Ghana, 1980–2013 
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Based on the analysis of the approved country-specific implementation of the AIDS Impact Model (AIM) 
within the Spectrum suite, Ghana had an estimated 7,810 new HIV infections in 2013 (range: 2,125–
16,570) [2]. The national AIM projection suggests that the total number of new infections per year 
(incidence) may have declined in Ghana during 2014, to about 5,970. Based on sentinel survey data, the 
estimated prevalence in the 15–24 age group has been declining overall since 2009 (from 2.1% to 1.2 % 
in 2013) [7]. The AIM model works by translating the results of sentinel surveillance directly into 
national prevalence estimates using statistical techniques; therefore, prevalence estimates from AIM do 
not directly incorporate the impacts of key interventions. Despite including estimates of intervention 
coverage, the effects of these interventions are only indirectly observed through changes in prevalence 
and incidence over time. The range in the AIM results suggests underlying uncertainty, as the results are 
model-derived and incorporate many possible results from an algorithm used to convert sentinel 
surveillance and other data into incidence estimates. In this report, we also provide estimates of future 
HIV incidence at the national level in Ghana from other modeling analyses that are sensitive to the future 
coverage of interventions. 



Introduction 

A critical input for aligning future HIV prevention policies to evidence is the disaggregation of the current 
HIV incidence by risk groups, which also reflects the reality of Ghana’s mixed epidemic. The AIM 
cannot provide this information without the Goals model, but a new modes of transmission analysis by 
GAC and partners suggests that 28 percent of new HIV infections in the 15–49 age group in Ghana 
occurred among FSWs, MSM, PWID, and their sexual partners, and the partners of the clients of FSWs 
[8]. These proportions are further examined in this report and compared to results from new modeling. 
Additionally, it has been reported that 80 percent of new HIV infections in Ghana are through sexual 
transmission rather than mother-to-child or parenteral transmission [3]. 

The possibility of high incidence among key populations is supported by currently disproportionate levels 
of HIV burden among these groups and their partners. Integrated bio-behavioral surveillance surveys 
(IBBSS) among FSWs are conducted every two to three years in Accra and Kumasi cities and indicate 
high, though declining, HIV prevalence [6]. The 2011 IBBSS round—a nationwide two-stage probability 
proportional to size survey—suggested an average HIV prevalence of 11 percent among FSWs in Ghana, 
with a range of 4 to 16 percent across regions, with double-digit prevalence in the Greater Accra, Ashanti, 
and Northern regions [9].  However, 23 percent of FSWs surveyed in the 2011 IBBSS refused HIV 
testing, suggesting that the true prevalence may be higher. 

In Ghana, prevention policies aimed at protecting FSWs and their clients from acquiring HIV are usually 
cognizant of significant seroprevalence differences based on behavior [10]. Studies in Kumasi and Accra 
have routinely found HIV prevalence among FSWs who are “seaters” (fixed locations, e.g., brothels) to 
be higher than that among “roamers” (no fixed location), with ranges of 39–52 percent and 24–37 percent, 
respectively. In the 2011 IBBSS, HIV prevalence was about 21 percent among seaters and 7 percent 
among roamers [9]. However, a mapping exercise carried out in support of the IBBSS concluded that 
there were likely only about 1,000 seater FSWs in the country, compared to approximately 52,000 FSWs 
overall.  

There are limited data on HIV prevalence among MSM in Ghana. Ghana’s first IBBSS among MSM, 
conducted in 2006, found HIV prevalence of 25 percent in the Greater Accra region [11]. Results from a 
2011 IBBSS—the Ghana Men’s Study—suggested that 17.5 percent of MSM in Ghana were living with 
HIV [12]. The 2014 modes of transmission study estimated that, although MSM are a small fraction of 
the overall male population (34,470 or 0.36%), they would bear the burden of 4 percent of all new 
infections in the 15–49 age group [8,13].   

Data for HIV prevalence among incarcerated populations and PWID are even more limited. Among 
prisoners, 1.5 percent of males and 12 percent of females are estimated to have HIV. The only data on 
PWID are also from prison settings. A 2008 study suggested that 11 percent of prisoners who were 
injecting drugs were HIV positive [3].  
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National HIV and AIDS Strategic Plan: 2011–2015 
The National AIDS/STI Control Programme (NACP) within the Disease Control Unit of the Ministry of 
Health is mandated to manage prevention and control of the HIV epidemic. The Ghana AIDS 
Commission (GAC) coordinates the national multisectoral response, working across ministries, the 
private sector, and civil society institutions, and is involved in all aspects of priority-setting and 
stewardship. Ghana is currently implementing the National HIV and AIDS Strategic Plan 2011–2015 
(NSP), which sets ambitious targets for the response. 

The NSP was developed between June and November 2010, and is the result of strategic conversations 
with all partners and stakeholders involved in Ghana’s national HIV and AIDS response. While the NSP 
outlines key objectives and activities to be achieved in preventing new infections among key populations, 
GAC also produced a supplemental strategy, the National Most at Risk Populations Strategic Plan 2011–
2015, to further elaborate activities for key populations.  

The final drafts of the NSP and the National MARP Strategic Plans outline the activities and funding 
required to achieve the following key outcomes by 2015:  

• Reduce the rate of mother-to-child transmission of HIV to less than 5 percent 

• Reduce new infections among FSWs, MSM, PWID, and prisoners by 50 percent 

• Increase the percentage of individuals tested for HIV and receiving results to 18 percent for 
women and 15 percent for men 

• Increase the percentage of men and women using condoms during high-risk sex by 50 percent 

• Increase the proportion of adults and children eligible for and receiving ART to 85 percent 

• Increase the percentage of people with accepting attitudes toward PLHIV to 50 percent 

The NSP also addresses three main challenges and gaps in financing the planned HIV response:  

1. Lack of a resource mobilization strategy 
2. Weakness of mechanisms for coordination of funding channels and sources  
3. Need for stronger measures for improving costing and budgeting processes 

Status of Key Interventions 
Antiretroviral treatment 
Since the initiation of antiretroviral therapy (ART) services in 2003, Ghana has continued to scale up 
clinical services for PLHIV, including ART (Figure 3). The number of sites providing ART services 
increased rapidly, from three sites in two districts in 2003, to 175 sites across 118 districts in 2013. From 
2008 to 2015, Ghana implemented an ART initiation policy linked to the threshold of a CD4 count less 
than or equal to 350 cells/mm3 [4]. In 2015, the policy’s threshold is expected to shift to a CD4 count of 
less than or equal to 500 cells/mm3. This policy change will also affect the estimated need for ART 
among eligible adults and children. At the end of 2013, under the previous guideline, the estimated need 
for ART was 125,396 individuals, 8,350 of whom were children ages 0–14 [4]. There were 75,762 
PLHIV on treatment in late 2013—approximately 34 percent of all PLHIV in Ghana.  
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Introduction 

Figure 3: Antiretroviral treatment over time in Ghana, 2003–2013 
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Future coverage targets are discussed later in this report. In 2013, about 14,300 PLHIV initiated 
treatment, 72 percent of whom were women [3]. The ultimate sustainability of the ART program depends 
on improvements in the quality of services as well as a balanced and dependable financing arrangement. 
However, in the short term, Ghana faces significant programmatic challenges, including a potential gap in 
commodity supply following a fire that destroyed a significant portion of the antiretroviral stocks in early 
2015 [14], and possible financing shortfalls from 2016 onward.  

Prevention of mother-to-child transmission 
Ghana first adopted the policy of using antiretrovirals (ARVs) for prevention of mother-to-child 
transmission (PMTCT) in 2006. Over subsequent years, the PMTCT effort was significantly scaled up. A 
PMTCT-specific scale-up plan was adopted in 2010, with a target of providing 95 percent of HIV-
positive pregnant women with effective PMTCT by 2015 [3]. However, losses in the ANC to PMTCT 
continuum of services meant that such high coverage levels were not achieved, though PMTCT service 
numbers have increased. In 2009, PMTCT services were offered at national, regional, district, and health 
center level facilities in both public and private health facilities. Success in increasing coverage has been 
attributed to decentralizing PMTCT services to the community level through community-based health 
planning services. The number of PMTCT centers increased from 135 in 2005 to 1,656 functional sites by 
2012. The number of pregnant women counseled and tested as part of ANC increased from 257,466 in 
2008 to 492,622 in 2013. The number of HIV-positive pregnant women who received ARVs increased 
from 5,485 in 2010 to 7,266 by 2013 [3]. Based on the nationally approved estimate of HIV-positive 
pregnant women in those years from the Ghana AIM file, this meant an increase in coverage from 53 
percent to 62 percent [4]. However, for programmatic planning GAC routinely uses an estimate for 
annual PMTCT need that is 1.6 times greater than the Spectrum estimate. Applying this alternate estimate 
of need, PMTCT coverage was just 39 percent in 2013. In terms of HIV-exposed infants being offered 
ARV-based prophylaxis, performance could still be improved: coverage was only 37 percent in 2013 
compared with a target of 80 percent [3,15].  
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HIV testing and counseling 
Compared to the NSP target of HIV testing and counseling (HTC) for 1.1 million individuals per year 
from 2011 to 2013, performance has been significantly lower, though still at significant volume given the 
scale of Ghana’s epidemic. In 2013, approximately 668,929 individuals were tested for HIV and 
counseled, most of whom were pregnant women [3]. The decline may partly be attributed to a limited 
number of testing kits and few trained health workers. The number of sites providing HTC services was 
1,655 by 2013 [29]. Without increasing the geographic penetration of testing services, it may be difficult 
to increase ART coverage, especially among hard-to-reach populations. 

Prevention in key populations 
Given the likelihood that a large proportion of new infections will occur among members of key 
populations and their partners, effective prevention in these groups is a priority for achieving the NSP 
target of a 50 percent reduction in incidence. There is also recognition among stakeholders that a larger 
share of the prevention budget, especially for behavioral prevention, should be targeted to key populations 
and that actual expenditures in these areas should match commitments. 

Across all key population groups, the use of HTC increased from 17,256 to 24,062 between 2011 and 
2012, which implies a greater likelihood of linking HIV-positive individuals from key populations to care 
and treatment [3]. Evidence suggests condom availability and use have increased among key populations, 
and specifically that FSWs’ exposure to prevention programming led to an increase in condom use from 
51 percent to 58 percent in 2013 [3]. In the male population, the 2011 IBBSS study found relatively high 
levels of condom use at last sex with a commercial sex partner (78–83%) among demographic groups 
considered to contribute disproportionately to clients of FSWs—truck helpers, port workers, miners, etc. 
[9]. Consistent condom use rates by FSW clients with their non-regular, non-commercial partners were 
much lower (22–37%).  

FSWs: Ghana has a history of prevention programming among FSWs, delivered through close 
collaboration among Ghanaian implementers, the government, and PEPFAR [10]. Against an estimate of 
about 52,000 FSWs [9], prevention-related information and services had reached about 46,130 by late 
2013, according to data compiled by GAC [3,15]. This implied coverage of 88 percent if these were all 
unique individuals, though a lack of unique identifiers for those reached makes this difficult to verify. 
Aggregated service delivery reports can also be compared with results from the IBBSS. Results from the 
2011 IBBSS suggest that for 63 percent of FSWs, nongovernmental organizations were the source of HIV 
and AIDS prevention information, while 54 percent had contact with a peer educator in the 12 months 
prior to the survey [9]. HIV testing coverage within the 12 months before the survey was 67 percent.  

MSM: Recent efforts have expanded the methods by which MSM are reached with prevention messages. 
By late 2013, 11,920 of 30,580 MSM in Ghana had been reached by implementers via in-person outreach 
services [15]. This implied coverage of 39 percent for traditional forms of peer outreach, again with the 
caveat of a lack of unique identifiers. This figure could increase to 80 percent if the additional unique 
individuals reached through social media were considered [3]. 

Other prevention interventions in the general population 
In addition to the scale-up of ART, which has considerable prevention benefits for sexual transmission, 
Ghana has invested in basic interventions such as blood safety and prevention among youth. Currently, 
207,900 blood units are tested for HIV and blood-transmissible diseases, of a possible 250,000 blood 
units used per year [15]. This implies a blood safety level of 83 percent. Education interventions 
developed by the Ghana Education Service and partners currently reach children across all levels of the 
school system. This includes the HIV Alert School project which was reported to have certified 32 
percent of schools in the 2011/12 school year [3]. Out-of-school youth may be more vulnerable, and are at 
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considerably higher risk of acquiring HIV. There is little information on the coverage of prevention 
interventions among this group.  

Condom promotion and distribution are key components of HIV prevention among the general 
population, offering dual protective benefits for both family planning and HIV prevention. The number of 
male and female condoms distributed declined sharply from 19.4 million in 2012 to 4.7 million in 2013, 
due to stockouts [3]. Recent reports have also suggested that there were problems with the quality of 
condoms procured under the 2010–2013 Global Fund grant, which may be relevant when considering 
potential effectiveness for dual protection [16].  

Process and Outline for this Report 
The NSP Midterm Evaluation highlights that 80 percent of national HIV program funding is externally 
supported by PEPFAR and the Global Fund. It was anticipated that potential resources from the NFM 
grant would be critical to maintain and expand the coverage for key care, treatment, and prevention 
interventions from 2015 to 2017. Therefore, results on the potential impact were essential for Ghana to 
build an “investment case” for the proposed approach in the NFM proposal.  

A scope of work to provide analytical support to the NFM process was generated by stakeholders in 
Ghana in mid-2014, involving GAC, UNAIDS, and PEPFAR, and was shared with members of the 
Country Coordinating Mechanism (CCM) for Global Fund grants. The scope was accepted for technical 
assistance by HPP. For the analysis, HPP partnered with GAC and other stakeholders. The final modified 
scope was confirmed in July 2014 and the HPP team visited Accra in August 2014 to collect data and 
meet with key respondents. Draft results were shared in September 2014. 

This analysis analyzed the trend of the HIV epidemic in Ghana from AIM and used the Goals model to 
compute the effects of different policy choices related to scaling up HIV prevention and treatment 
interventions. The costs of programmatic scale-up were computed separately.  

The HPP team examined different scenarios for scaling up key interventions under differing assumptions 
about funding and policy priorities. For each scenario, we looked at the effect on HIV incidence and 
AIDS-related mortality.
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2. METHODOLOGY 
This study used two key methodologies: financial analysis of the costs of the HIV response, focusing on 
certain key interventions, and mathematical modeling of the effects of key interventions on the epidemic. 
For the former, we conducted a cost analysis of the targets set forth by the NSP and other documents, 
deriving different coverage scenarios and using country-specific unit costs provided by stakeholders. For 
the latter, we used the Goals mathematical model, which has been previously applied in Ghana to answer 
similar research questions [17]. 

The Goals Model 
Goals is a module within the Spectrum Policy Modeling System. Spectrum is an integrated modeling 
suite which helps to develop demographic and epidemiological projections for several disease conditions 
across countries, including HIV. The Spectrum suite has been used widely in sub-Saharan Africa, and the 
AIDS Impact Model (AIM) is regularly used in Ghana to develop the national HIV estimates [4]. Within 
Spectrum, the demographic projection is calibrated routinely by government and technical partners using 
local census data, and this is the starting point for estimating the population-level impacts of the HIV 
epidemic. This process was also followed in Ghana, with modification to the need for PMTCT, described 
in more detail in the “Model fitting for Goals” section below. The Spectrum suite has been described 
elsewhere in more detail [18]. Goals interacts with demographic and epidemiological data derived from 
other Spectrum modules, including AIM. These include such data as demographic projections and the 
numbers of individuals in various age and gender groups relevant for estimating the risk of HIV 
transmission, historical HIV prevalence, HIV-positive individuals in different groups based on CD4 
count, and the numbers of adults needing and receiving ART based on country guidelines. Figure 4 shows 
the overall structure of the model. 

Figure 4: Schematic depiction of the Goals model* 

 

Pop Group 
Low risk hetero. 

Med. risk hetero. 
Low risk hetero. 

MSM 
IDU  

Behaviors 

Type of 
Transmission 

Sexual 
Needle 
Blood 
MTCT 

Probability of 
Transmission 

New HIV 
Infections 

Coverage 
Effectiveness 

Need for 
Treatment 

Behavior Change 
Outreach 
Education 
Communication 

Other Interventions 
Condoms 
STI Treatment 
Male Circumcision 
ARVs, PMTCT 
PrEP, Microbicides, Vaccines 

 

 

 

* Interventions shown are a subset of all interventions that can be modeled. In Ghana, voluntary male circumcision, pre-
exposure prophylaxis (PrEP), microbicides, and vaccines were not modeled. 
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When fully populated with data, Goals simulates an HIV epidemic among adults ages 15–49, based on the 
likelihood and frequency of sexual and injecting risk behaviors, and the increase in the possibility of HIV 
transmission when individuals engage in these behaviors. Goals does not directly estimate HIV infections 
related to mother-to-child transmission, or the effect of PMTCT on this channel of infection. When used 
in conjunction with AIM and with data on the scale-up of PMTCT, these additional infections can also be 
modeled. This report considers infections among adults ages 15–49 only.  

In Goals, all data related to adult behavior are entered by the user and are context specific. The likelihood 
and magnitude of risk behaviors can be modified by key prevention interventions. The greater the 
coverage of these interventions in any given year, the greater the reduction in likelihood and/or frequency 
of the risk behaviors and, consequently, the greater the reduction in the total number of instances of HIV 
transmission. Coverage levels for interventions are usually based on national targets and can be modified 
to set different scenarios. Coverage is expressed as the percentage of the risk group that receives the 
intervention in a given year. In summary, Goals simulates an HIV epidemic by estimating the number of 
new HIV infections occurring in various population risk groups according to their behaviors and the 
coverage and effectiveness of interventions. 

The Goals model recognizes that not all risk groups in the population have similar behaviors, so 
population-wide averages should not be used. The population groups are divided into: low-, medium-, and 
high-risk heterosexuals across both genders; PWID of both genders; and MSM. FSWs are considered to 
be the high-risk female heterosexual risk group. Male clients of FSWs are considered to be the high-risk 
male heterosexual risk group. Risk in the case of heterosexual contact is defined in Goals as the number 
of sexual partners and, if data are available, in reported rates of consistent condom use or condom use at 
last sex. These factors are used to distinguish risk groups. Users of the Goals model provide the 
population size for each group, by gender, and then specify the characteristics of the expected risk 
behavior for each group, again by gender. 

Estimating the effect of HIV prevention interventions in the Goals model 
Goals can estimate the direct effect of reduced HIV incidence from expanding behavioral, biomedical, 
and harm-reduction interventions. There are two main channels of effect. First, behavioral interventions 
can reduce the probability and magnitude of risky sexual behaviors. For example, outreach programs 
focusing on FSWs can reduce the probability that condoms will not be used in commercial sex. Similarly, 
a youth-focused behavior change and communication program can reduce the average number of sexual 
partners for at-risk youth.  

Second, a biomedical intervention can reduce the biological possibility of acquiring HIV for uninfected 
individuals who engage in unprotected sexual intercourse. In the biomedical category, the most important 
and widespread effect globally is that of reduced infectiousness for HIV-positive patients who are on 
ART. This is based on previous studies that show a reduction in infectiousness for patients responding to 
treatment as their viral load reduces [19]. Goals does not assume or involve parameters linked to a 
reduction in the possibility of parenteral transmission of HIV, i.e., related to unsafe injecting behavior, 
when PWID receive ART. 

As an additional biomedical effect, Goals can model the effect of male circumcision. Circumcision has 
been proven to offer some protection to the male uninfected partner in heterosexual relationships [20]. 

Impact of behavioral interventions on risk of infection 
In Goals, an “impact matrix” translates the level of coverage of key behavioral and harm-reduction 
interventions into reductions in risk behaviors from their baseline value for a specific risk group (e.g., 
FSWs, medium-risk heterosexuals, etc.). The default impact matrix provided with Goals contains effect 
parameters derived from a periodically updated and extensive literature review focused on countries with 
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a high HIV burden. A range of values for impact matrix parameters is possible, given that studies yield 
different estimates of effect. From this range, three variants of the parameters—average, lower quartile, 
and upper quartile—can be selected for analysis and readily applied. The impact matrix commonly used 
for analysis is the “average” variant, the parameters of which are shown in Table 1. 

Table 1. Impact matrix of key prevention interventions for high-risk groups in Goals 

Intervention 
Reduction in condom non-use* Reduction in number of sexual 

partners 
High-risk 

het. 
Medium- 
risk het. 

Low-
risk het. MSM High- 

risk het. 
Medium- 
risk het. 

Low-risk 
het. MSM 

HTC**  -34% -16% -18.3% - -60.5% -2.4% - - 

Condom 
program  -76%# -18.9% -24.2% - - -6.5% - - 

FSW program  -36.5% N/A -38.1% N/A 

MSM program  N/A -25.3% N/A - 

Note: “Het.” is an abbreviation used here for heterosexual. FSW and MSM programs refer to comprehensive prevention 
packages. * This is modeled as condom non-use to rule out mathematical inconsistency. ** Effect for those newly 
identified as HIV positive only. # Clients of FSWs. Source: Goals default impact matrix. 

The specific values are suggested by sources from the literature that draw from low- and middle-income 
countries’ experience, as documented in reports and journal articles. The effects reflect standard, 
guideline-based implementation of each intervention, though not at the level of service delivery quality 
seen in developed-country contexts. The model allows for uncertainty analysis related to the parameters 
in Table 1. Such uncertainty analysis is very important in describing the possible range of effects on HIV 
incidence, especially since the parameters in Table 1 are not known with certainty and can be considered 
only as average values across a variety of countries and implementation contexts. 

Data Collection and Model Fitting 
Goals-related demographic, behavioral, and epidemiological data 
The sources for behavioral and epidemiological inputs were specific to Ghana. These included the Ghana 
Demographic and Health Survey 2008 (GDHS 2008), the Multiple Indicator Cluster Survey 2011 
(MICS); and the most recent IBBSS reports for FSWs, clients, and MSM. The data were validated with 
stakeholders.  

For the Goals model, the reproductive-age population (ages 15–49) is divided into nine groups based on 
sex and risk factors for HIV transmission. The groups are defined below. 

Males ages 15–49 
• Not sexually active—no reported sexual partners in the prior 12 months 
• Low risk—one reported partner in the prior 12 months  
• Medium risk—two or more reported partners in the prior 12 months 
• High risk—reported paying for sex in prior 12 months 
• Men who have sex with men  

Females ages 15–49 
• Not sexually active—no reported sexual partners in the prior 12 months 
• Low risk—one reported partner in prior 12 months 
• Medium risk—two or more reported partners in prior 12 months 
• High risk—female sex workers  
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The inputs chosen for the modeling are shown in Table 2. A comparison with previous estimates is shown 
in Annex A. A critical difference from previous estimates is in the estimate for medium-risk women, who 
are a much smaller proportion of the adult female population for the Goals model used in this report; this 
is supported by data from the GDHS and in line with the declining trend in ANC prevalence, etc. Modes 
of transmission (MOT) studies conducted in 2009 and 2014 used a higher estimate for people engaging in 
casual heterosexual sex, though these MOT models do not disaggregate this group by gender. 

Table 2. Risk groups used in Goals modeling as percentages of related demographic segments 

Goals model risk 
group 

Males Females 
Percentage of 15–49 

male population 
(range) 

Source 
Percentage of 15–49 
female population 

(range) 
Source 

Not sexually active 35% (30–39) [21], [22] 29% (26–32) [21], [22] 

Low risk 52% (49–54) [21], [22] 69% (67–72) [21], [22] 

Medium risk 11% (10–13) [21], [22] 1.1% (1–1.9) [21], [22] 

High risk: males: clients; 
females: FSWs 2% (1.4–3) [21], [22] 0.8% (51,937* FSWs from 

6,522,286 Women 15–49) [9] 

MSM 0.5%** [12] N/A 

Total 100%  100%  

* GAC suggested using the upper bound of the FSW population size in 2011 (58,920) for future population size estimates 
[15]. Therefore, we used 51,937 as the baseline figure for 2013, and 58,920 for purposes of estimating future intervention 
coverage. ** Baseline population based on 30,579 from IBBSS. A similar upper-bound estimate of 34,470 was used to 
develop future intervention coverage for scenarios. 

Model fitting for Goals 
A common step in Goals analysis is to “fit” the model by varying its key parameters related to behavior 
and certain epidemiological aspects until it predicts the historical epidemic with the same trend and 
accuracy as another model or other external source of HIV incidence and prevalence data. This step is 
important for two reasons. First, it helps to improve the Goals model’s structure so that it reflects the 
underlying patterns of the country’s epidemic and can better predict the future course of the epidemic, 
against which the effects of prevention interventions will be assessed. Second, it can identify key 
differences between mathematical models, which can help to better interpret the findings and identify 
potentially important behavioral and epidemiological parameters that should be monitored when 
developing the Goals model for future years. In this context, the “historical epidemic” refers to the HIV 
epidemic in the years prior to the year for which the Goals model begins its prediction. In the current 
analysis for Ghana, this means the period from the start of the country’s epidemic (1986) to the year prior 
to the period of interest: 2013. A modeling fit exercise was conducted for 1986 to 2013 to compare the 
Goals model output to AIM.  

As part of the fitting exercise, historical prevalence of risk factors for HIV transmission and historical 
coverage of transmission-preventing behaviors are input into the model to recreate the epidemic and 
match the historical HIV prevalence among the general population and important population subgroups. 
The risk factors considered include the number of sexual partners per person, sex acts per partner, 
prevalence of STIs, condom use, age at first sex, and percentage married. Each factor is disaggregated by 
risk group. 

During preliminary discussions, the Ghana CCM and NACP expressed a desire to modify the estimated 
need for PMTCT services from the country’s accepted AIM file. The rationale was that the underlying 
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demographic estimates underestimated fertility and the annual number of pregnancies in Ghana. Based on 
a joint stakeholder meeting on this subject, there was a request to modify the Spectrum file so the number 
of pregnancies was equivalent to 4 percent of the total population in any given year. We adjusted the 
underlying fertility assumptions in Spectrum to match this request, which had a significant effect on the 
need for PMTCT in AIM because it altered the pregnancies in the underlying demographic model. This 
resulted in a 58 percent increase in the estimated need in 2013 from 11,857 mothers needing PMTCT to 
18,788.   

Figure 5 shows the overall result of model fitting in the general population. The re-created epidemic in 
Goals closely follows the historical epidemic from the national AIM estimates file. Both models peak in 
2000 at 2.3 percent adult prevalence, with a sharp reduction in subsequent years. While the Goals fitted 
curve is slightly higher after 2002, it is still well within the 95 percent confidence interval depicted by the 
error bars in Figure 5. This suggests that the Goals model predictions are based on a good representation 
of the historical epidemic in Ghana. The results of the fitting were presented to the GAC and CCM 
stakeholders before additional results were calculated. 

Figure 5. Model fitting in Goals: HIV prevalence among adults ages 15–49 in Ghana, 1980–2013  
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Source: Authors’ estimates using the Goals model, [2]. Dashed lines show the confidence interval around the AIM 
projection of adult HIV prevalence (males and females) from the national projection file. 

Coverage scenarios 
Not all interventions in the NSP feature in the NFM concept note, nor do they appear in Goals. While the 
Goals modeling analysis is aimed at informing the NFM concept note, not all of the interventions targeted 
in the concept note feature in Goals modeling, which is driven by the design and focus of the model. The 
modeled interventions include ART, PMTCT, FSW outreach, MSM outreach, condom provision, and 
voluntary counseling and testing services. Figure 6 shows the conceptual differences. 

 



Methodology 

Figure 6. Conceptual diagram for the relative inclusion of interventions and costs across current 
Goals model, the NSP, and the NFM concept note 
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For the critical interventions modeled in Goals, we analyzed four scenarios. These differ in their coverage 
assumptions for key preventive and treatment interventions in Ghana for the 2014–2020 period. These 
scenarios are designed to compare the costs and impacts of the coverage targets proposed under the NFM 
allocation and the NFM above allocation funding. The differences between the scenarios are summarized 
in Table 3 (p. 15).  

Scenario 1: Baseline scenario 
Scenario 1, the Baseline scenario, reflects unchanged funding for key interventions from 2013 levels. For 
this scenario, the absolute numbers receiving services for each intervention were held constant, using the 
most recent estimate of coverage from programmatic data sources. If these sources were unavailable, the 
most appropriate estimates from literature were used.  

According to data from NACP, 71,855 adults were receiving ART in 2013. This implies that 35 percent 
of adult PLHIV were on treatment and 64 percent of adults living with HIV needed ART, given baseline 
eligibility. These proportions are based on HIV population estimates from the national AIM estimates. In 
the Baseline scenario, the number of adults on ART was kept constant through 2020; however the 
percentage coverage may vary slightly due to year-on-year changes in the HIV-positive population. The 
number of women receiving PMTCT services—given the changes to fertility-related parameters in 
Spectrum as per stakeholder input—was estimated at 39 percent of the need at baseline (2013), compared 
with 62 percent reported elsewhere using the original, unadjusted AIM files (see “Model fitting for 
Goals” for explanation) [4].  

Baseline coverage levels for behavioral interventions serving key populations were based on estimates 
from the recent IBBSS and targets from GAC [15]. The estimated annual coverage for a package of 
behavioral prevention interventions among FSWs was estimated at 78 percent for the Baseline scenario 
(using an upper-bound population size of 58,920) and 35 percent for MSM (see Table 3). 
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In addition to the key interventions above, the Goals model also included estimates of HTC coverage and 
condom provision. It was assumed that in the Baseline scenario, 5 percent of the adult population received 
HTC services each year, and 19 percent of adults were provided with a full year’s supply of condoms 
(assumed to be 110 condoms for costing purposes).  

Across all scale-up scenarios except Baseline, full implementation of Option B+ starting in 2014 implies 
that 100 percent of pregnant women with HIV would begin receiving ART for life from 2015 to 2020.  

Scenario 2: New Funding Model (NFM) targets 
Under the NFM, a country can apply for funding for a three-year grant period for an amount up to the 
country allocation limit set by the Global Fund to support additional high-impact interventions. The 
country can determine the division among the three diseases funded by the Global Fund, within the limit. 
Based on the NFM funding envelope for Ghana, the CCM collaborated with consultants to determine the 
maximum number of recipients for key interventions from 2015 to 2017 under the within-allocation NFM 
funding envelope, accounting for country priorities. These numerical targets were derived after the 
support from domestic public and other sources had already been considered. For example, based on 
consultations with the Ghana CCM, 17 percent of ART services could be funded from domestic sources 
in 2015, and this proportion would increase to 34 percent by 2017 (see Annex A, Table A.1). For use with 
the Goals model, these numerical targets were converted into percentages of the applicable underlying 
population as needed, using the appropriate population size estimates for each target population. For HTC 
and condom interventions, coverage was assumed to be in line with NSP goals. Targets were kept 
constant at 2017 values for 2018–2020. Targets for 2020 are listed below and shown in Table 3.  

• ART coverage increase from 35 percent to 59 percent 

• PMTCT coverage increase from 35 percent to 100 percent 

• FSW coverage increase from 78 percent to 91 percent 

• MSM coverage increase from 35 percent to 80 percent 

• HTC coverage increase from 5 percent to 8 percent 

In order to reach these goals, Ghana will have to combine both NFM and domestic resources as per 
Annex Table A.1. For example, in order to achieve 59 percent coverage for ART, up to 20 percent of 
eligible PLHIV would need to be funded through non-NFM sources by 2017. 

Scenario 3: NFM targets with above-allocation funding 
A country may apply for funding above the NFM allocation. Funds above the allocation are not 
guaranteed and would come from a competitive pool (also known as “incentive funding”) accessible to all 
countries in the same epidemiological and country income group as Ghana. The Ghana CCM and 
stakeholders determined additional numerical targets for this competitive pool of funding (see Annex A, 
Table A.1), which we converted to coverage percentages (see Table 3).  

• ART coverage increase from 35 percent to 66 percent 

• PMTCT coverage increase from 35 percent to 100 percent 

• FSW coverage increase from 78 percent to 95 percent 

• MSM coverage increase from 35 percent to 90 percent 

• HTC coverage increase from 5 percent to 8 percent 
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Scenario 4: National Strategic Plan  
This scenario projects an increase in all the key intervention coverage targets; the coverage objectives 
established by GAC and the National Quantitative Program Data Set 2015–2017 are achieved [15] (see 
Table 3). According to the GAC vision, 90 percent of all PLHIV who know their status should be on ART 
by 2016, in line with the UNAIDS “90-90-90” initiative targets. Data are lacking on the proportion of 
Ghanaian PLHIV who know their status now and in the future, so it was assumed that the 90 percent 
coverage is applied to PLHIV. Not accounting for knowledge of status may lead to overestimating the 
number of PLHIV who can be reached with ART. We used the numerical targets calculated by GAC and 
the CCM for the NFM grant to represent 90-90-90 targets (see Annex A, Table A.1). These numerical 
targets do not necessarily achieve 90 percent coverage of all PLHIV in 2016 or up to 2019, given the re-
estimated number of PLHIV in Spectrum version 5.22 with the December 2014 country data package.  

Based on the re-estimated number of PLHIV, the 90 percent coverage vision is achieved by 2020. Under 
the NSP, by 2017, 90 percent of FSWs and 85 percent of MSM would be reached with the full package of 
recommended services. This would increase to 95 percent and 90 percent, respectively, by 2020.  

• ART coverage increase from 35 percent to 90 percent 

• PMTCT coverage increase from 35 percent to 100 percent 

• FSW coverage increase from 78 percent to 95 percent 

• MSM coverage increase from 35 percent to 90 percent 

• HTC coverage increase from 5 percent to 8 percent 

Table 3. Coverage assumptions for Goals modeling interventions (percentage of group) 

1. Baseline (flat) 
Intervention 2013 2014 2015 2016 2017 2018 2019 2020 

ART1* 35 35 35 35 36 37 37 38 

PMTCT** 35 35 35 35 35 35 35 35 

FSW2 78 78 78 78 78 78 78 78 

MSM2 35 35 35 35 35 35 35 35 

HTC 5 5 5 5 5 5 5 5 

Condoms2 19 19 19 19 19 19 19 19 
2. NFM Targets 

Intervention 2013 2014 2015 2016 2017 2018 2019 2020 
ART* 35 37 44 52 59 59 59 59 

PMTCT** 35 100 100 100 100 100 100 100 

FSW2 78 78 77 82 87 88 90 91 

MSM2 35 35 64 72 75 77 78 80 

HTC 5 9 12 8 8 8 8 8 

Condoms2 19 19 19 19 19 19 19 19 
3. NFM Targets with Above-Allocation Funding 

Intervention 2013 2014 2015 2016 2017 2018 2019 2020 
ART* 35 35 38 51 60 66 66 66 

PMTCT** 35 100 100 100 100 100 100 100 
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FSW2 78 78 80 85 90 92 93 95 

MSM2 35 35 80 85 85 87 88 90 

HTC 5 9 12 8 8 8 8 8 

Condoms2 19 19 19 19 19 19 19 19 

4. National Strategic Plan (NSP) 

Intervention 2013 2014 2015 2016 2017 2018 2019 2020 
ART* 35 43 80 81 81 89 89 90 

PMTCT** 35 100 100 100 100 100 100 100 

FSW2 78 79 80 85 90 92 93 95 

MSM2 35 57 80 85 85 87 88 90 

HTC 5 9 12 8 8 8 8 8 

Condoms2 19 19 19 19 19 19 19 19 

1 Kept constant at 71,855 adults on ART per year. Percentage increases are due to variations in annual total number of 
PLHIV. 2 FSW refers to a FSW behavior-change/outreach package; MSM refers to a peer-led outreach package. 
Condoms refers to reaching adults with a condom plus information education and communication intervention. * 
Estimated as a percent of PLHIV, not of those eligible given a CD4 count threshold for initiating ART. For entry into the 
Goals model, strictly numerical targets of adults on ART were used. ** The underlying number of pregnant women living 
with HIV was revised based on stakeholder input on fertility. Coverage will not reflect previous national estimates for 
PMTCT need. All analyses were performed using Spectrum version 5.22 (March 2015). 

Unit cost data 
Using coverage and unit cost data, the Goals model calculates the direct costs of service delivery for the 
modeled interventions. The following unit costs, consistent with the NFM budget, were used. As directed 
by stakeholders, they were primarily sourced from prior analyses conducted in Ghana [23]. See additional 
details in Annex A. 

Table 4. Unit costs of selected components for key interventions 

Service US$ per person year Sources 
Adult ART, first line 128 [23] 
Adult ART, second line 1,021 [23] 
Laboratory tests for patients on ART 58 [23] 
Cotrimoxazole 31 [23] 
Nutritional support 79 World Food Programme 
HTC 6.5 Authors’ calculation 
Condom, male 0.031 each Ghana USAID/DELIVER project 
FSW service package (x6 contacts) 17.8 per contact [24,25]  
MSM service package (x4 contacts) 21 per contact [24,25]  
PMTCT (all costs excluding ART) 42 Authors’ calculation 
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3. RESULTS 

Modes of transmission 
New infections by age group 
The study team used AIM and Goals to investigate total new infections in different ways. In this context, 
“modes of transmission” refers to the distribution of new infections across different groups in the 
population. Figure 7 shows the total new infections in Ghana, at the beginning and end of the period, 
comparing three of the four scenarios. Review of the baseline chart for 2014 suggests that 50 percent of 
the incidence was in the younger segments of the population, with about one-quarter of infections 
occurring in the 0–14 age group (within which 100% of infections occurred prior to age 4, i.e., mother-to-
child transmission). Across scenarios, by the end of the period, the proportion of incidence occurring in 
the under-25 demographic declined to the range of 41–46 percent. The reduction in incidence in the 
youngest age group occurred due to the increasing effectiveness of PMTCT, with almost all pregnant 
women with HIV receiving ART. 

Figure 7. Comparison of new infections by age and scenario across time 
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Incidence in the youngest age group, which is wholly vertical, would be much lower without the changes 
to the fertility assumptions in our models that were requested by stakeholders. 

New infections by risk group 
Modes of transmission (MOT) are more commonly studied with a focus on risk groups disaggregated by 
risk behavior, both sexual and injecting. We did not model injecting drug use in this analysis due to a lack 
of new data, though prior studies have pointed to the presence of PWID in Ghana [8,13]. Also, compared 
to the traditional modes of transmission analyses, Goals does not distinguish populations such as partners 
of clients or female partners of MSM, nor does it include a group such as “casual heterosexual sex.” 
Given these caveats, we compared results from our analysis only to similar risk groups from the 2009 and 
2014 modes of transmission studies (Figure 8). Both Goals and the MOT studies estimate new infections 
in the 15–49 age groups.  

Figure 8. Comparison of annual new infections in adults ages 15–49 by risk group and scenario  
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Results 

Key populations at higher risk (FSWs, MSM, and clients) constitute 12 percent of the incidence in 
comparable groups in the 2014 study [8], 16 percent in the 2009 study [13], and 15–17 percent in our 
analysis, depending on scenario and year. In our study, these groups constitute 2 percent of the adult (ages 
15–49) population. In the 2009 and 2014 MOT studies, they constitute 5 percent of the total adult 
population, excluding PWID. In our Goals modeling about 31 percent of incidence occurs in “medium-
risk” males and females, which is comparable to the incidence fraction of 29 percent for “casual 
heterosexual sex and partners” from the 2009 study but much lower than the 50 percent in the 2014 MOT 
study. There is a large difference between the MOT studies and the Goals model in the proportion of 
incidence among MSM, even though we used a larger value as the estimate of MSM as a proportion of 
the adult male population (see Annex A). There is concern that MOT studies, which share a similar 
underlying mathematical equation with the Goals model while widely varying in data and assumptions, 
may underestimate the total incidence in key populations, especially in concentrated epidemics [26] [27]. 
Such concerns are partially mitigated in the current Goals modeling analysis of Ghana’s mixed HIV 
epidemic because we have a lower population share of these groups yet generate a higher proportional 
incidence fraction. 

Health Impact 
New HIV Infections 
The numbers of new HIV infections for the scenarios modeled in Goals are shown in Figure 9. Under the 
Baseline scenario, the total number of new HIV infections per year will still decline over time due to the 
overall reduction in the underlying HIV-positive population due to mortality. By scaling up intervention 
coverage under NFM funding, new infections per year are reduced more dramatically. With the NFM 
targets enabled by the within-allocation funding, 12,900 new HIV infections are averted from 2014 to 
2020 compared with the Baseline scenario. In the scenario representing NFM targets under potential 
above-allocation funds, new infections averted compared with baseline could increase by 3,250 during 
this period, primarily through gains in the early years. Finally, achieving all the NSP targets would avert 
22,725 infections compared with maintaining the status quo. 

Figure 9. Projected annual number of new HIV infections (all ages) by scenario, 2014–2020 
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Source: Authors’ analysis 

AIDS-related mortality 
Under the Baseline coverage scenario, AIDS-related deaths are projected to increase from approximately 
10,215 in 2014 to 12,700 in 2020 (Figure 10). Applying the increased ART figures under the NFM 
within-allocation funding toward achieving the NSP would reduce annual mortality to 8,080 in 2020, a 
reduction of 35 percent from 2014. Over the entire period, the NFM scenario results in 11,435 lives saved 
compared with the Baseline scenario. In the scenario incorporating incentive funding above the current 
NFM allocation, a further expansion of ART coverage could avert an additional 8,735 deaths compared to 
the previous NFM scenario. The NSP scenario’s ambitious ART targets would avert nearly 40,760 deaths 
compared with the Baseline scenario. 

Figure 10. Projected number of annual AIDS-related deaths by scenario, 2014–2020 
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Source: Authors’ analysis 

One implication of the results in Figure 7 and Figure 8 is that as coverage levels of the interventions 
increase, new infections and deaths do not decrease at the same rate. A plausible explanation is that the 
decrease in mortality results in a greater PLHIV population with a non-zero risk of transmitting new 
infections. Therefore, as ART coverage is scaled up, the expected reduction in infectivity is partially 
offset by the larger population with HIV. 

Total Costs 
We calculated the total cost of the HIV program in Ghana based on the direct service delivery costs under 
each of the four scenarios, using the unit costs per person per year as shown in Table 4. The costs for key 
population interventions include some direct program costs in addition to service delivery (see Annex A). 
The cost results were also used for cost-effectiveness analysis. The Goals model costing only accounts for 
interventions for which we have unit costs, and the unit costs as entered are only related to the direct costs 
of service provision (drugs and commodities) and are subject to the caveats and limitations of the original 
studies cited [23,24]. As shown in Figure 6, the Goals modeling conducted for the current report only 
concerns a subset of interventions which are neither analogous to the full tuberculosis/HIV concept note 
for the Global Fund NFM as submitted by Ghana, nor a full representation of interventions under the 
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NSP. Therefore, the costs projected by Goals will be a subset of the costs of the overall HIV response and 
will not be representative of the total HIV resource need. 

Under the coverage assumptions of the NFM scenario related to within-allocation targets, the direct costs 
of service delivery for the Goals interventions will rise to US$54 million by 2017 (Figure 11), while the 
NSP scenario in the same year would cost US$66 million. The Baseline scenario is stable at a cost of 
US$35–37 million per year, given its invariant coverage. The fiscal space for the country to deliver key 
HIV interventions was not observed, so we cannot comment on whether a particular scenario is more 
financially feasible. However, the targets of the NSP scenario and the NFM targets plus above allocation 
scenarios were not fully funded at the time this report was written.   

Figure 11. Projected annual costs of interventions, by scenario, 2014–2020 
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Source: Authors’ calculations 

The overall costs for 2014–2020 in Figure 12 can be compared to the priorities of the response. Not all of 
the general population prevention interventions have been costed. Total costs for the period range from 
US$252–450 million across the scenarios. The cost of key population interventions—14–18 percent 
across scenarios—seems rational, given that these groups are associated with 15–17 percent of incidence. 
Spending on ART has the largest share in each scenario (pediatric ART was not costed). This intervention 
has impacts in averting mortality as well as infections. The NSP scenario, with its rapid scale-up of ART, 
shows the largest share for this intervention in overall costs. 
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Figure 12. Total costs for the period 2014–2020, by scenario and intervention grouping 
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Source: Authors’ calculations 

Incremental Cost-Effectiveness 
The incremental cost-effectiveness ratio (ICER) is an accepted metric to compare the costs and outcomes 
of different health policy options. By dividing the incremental cost by the incremental health benefits, the 
ICER can be interpreted as the average cost per additional unit of health that is paid moving between 
scenarios. Table 5 summarizes the results. Comparing the NFM scenario to the Baseline scenario on costs 
and HIV infections averted, the ICER is US$8,522 per infection averted. With a similar comparison, the 
ICER for the NSP scenario is US$8,733 per infection averted, and for the NFM targets plus above 
allocation, the ICER is US$8,128 per infection averted. These results suggest that it is more cost-effective 
to consider the additional targets enabled by the potential above-allocation amounts versus the higher 
targets in the NSP scenario, from a prevention perspective.  

We also considered perspectives on mortality averted and quality-adjusted life years (QALYs) gained. 
Considering AIDS deaths averted and the incremental cost, the NSP scenario has an ICER of US$3,915 
per death averted versus the Baseline scenario, which is the lowest. Conducting this comparison with 
QALYs estimated using AIM, the ICER value falls to US$771 per QALY gained, which can be compared 
with Ghana’s 2013 gross domestic product per capita (US$1,853) [28]. Given that this value will be lower 
even if we convert the income level to 2014 dollars, from a QALY perspective, the NSP scale-up is “very 
cost-effective” applying World Health Organization standards for cost-effectiveness of health 
interventions. If Ghana is able to secure the resources to pursue targets under the NFM scenario (within- 
allocation resource envelope), acceleration to higher-level scenario targets would also be very cost-
effective given ICERs of about US$500 or below (Table 5). 
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Table 5. ICER: US$ per HIV infection averted, per AIDS-related death averted, and per QALY 
gained (in 2014 dollars) 

US$ per infection 
averted 

New HIV 
Infections 

Averted vs. 
Baseline 

Averted 
vs. NFM 

Total cost 
(US$ mil.) 

ICER vs. 
Baseline 

(US$) 

ICER vs. 
NFM (US$) 

Baseline 73,186 - - $252 - - 

NFM targets 60,284 12,902 - $362 $8,522 - 

NFM targets with 
above allocation 57,028 16,158 3,256 $383 $8,128 $6,569 

NSP 50,462 22,724 9,822 $450 $8,733 $9,010 

US$ per AIDS death 
averted 

AIDS 
deaths 

Averted vs. 
Baseline 

Averted 
vs. NFM 

Total cost 
(US$ mil.)* 

ICER vs. 
Baseline 

(US$) 

ICER vs. 
NFM (US$) 

Baseline 83,119 - - $252 - - 

NFM targets 61,751 21,368 - $362 $5,146 - 

NFM targets with 
above allocation 53,016 30,103 8,735 $383 $4,363 $2,449 

NSP 32,428 50,691 29,323 $450 $3,915 $3,018 

US$ per QALY 
gained 

QALYs 
(millions) 

Gained vs. 
Baseline 

Gained 
vs. NFM 

Total cost 
(US$ mil.) 

ICER vs. 
Baseline 

(US$) 

ICER vs. 
NFM (US$) 

Baseline 201.3 - - $252 - - 

NFM targets 201.38 81,036  $362 $1,357 - 

NFM targets with 
above allocation 201.43 125,984 44,948 $383 $1,043 $476 

NSP 201.56 257,483 176,447 $450 $771 $502 

* Mil.: millions 

Discussion 
Although HIV prevalence seems to be declining in Ghana, there is a need for targeted investments to 
avert HIV incidence and AIDS-related mortality. Continuing the status quo level of investments in key 
interventions for 2014–2020 is costly, with an average annual new infection level of more than 10,000 in 
the population as a whole. With targeted investments in key treatment and behavioral prevention 
interventions, Ghana can reduce its total HIV incidence to an average of 7,000 new infections per year or 
even fewer, depending on the scale of coverage. The country can also reduce the annual level of AIDS-
related mortality from an average of 12,000 deaths per year to an average range of 3,000 per year with the 
highest scenario range of currently planned targets.  

As Ghana begins to plan for a new HIV and AIDS strategic plan for the years after 2015, it will need to 
conduct similar analytical exercises to understand future investments with different scenarios and 
allocations across interventions. A broader set of interventions should also be considered, across 
behavioral, biomedical, and structural interventions, which may yield higher or different benefits. This 
analysis, which focused on variations in different options for targeting a potential grant from the Global 
Fund, answered very specific questions. As targets and funding realities change, the results of this 
analysis will need to be reinterpreted. 

23 
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Ghana has an advantage in possessing detailed data on the behavior and HIV seroprevalence among 
different HIV groups, enabled by a high-quality sentinel surveillance network and regular integrated bio-
behavioral surveys. This enables Ghanaian stakeholders to ask questions that can drive evidence-based 
prevention policy for the country’s evolving mixed epidemic. Ghana can drive change to achieve large 
reductions in incidence and HIV-related mortality. 

Limitations 
Like any modeling analysis, this analysis using the Goals model is subject to uncertainties and limitations 
in the underlying data and epidemiological assumptions. The current report is based on a particular set of 
behavioral, epidemiological, and impact parameters, which cannot be known with certainty. As such, the 
results discussed above are also subject to uncertainty and to the structure of the Goals model and the 
limitations therein. Finally, the scenarios here lacked firm targets for years after 2017, as these were not 
an explicit part of the NFM process. As Ghana conducts planning exercises for the next strategic plan, 
these targets can be updated to repeat this form of modeling analysis. 
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ANNEX A. ADDITIONAL INFORMATION 
Figure A.1 Sources of new infections by age, 2011–2013, from the Ghana AIDS Impact Model 
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Figure A.2 Risk groups as a percentage of males ages 15–49—comparison across Ghana-centric 
models 

52% 

11% 
2% 

0.5% 

35% 

Goals 2014 
(current model) 

Low Risk Medium Risk
High Risk MSM
Not Sexually Active

47% 

22% 

9% 
IDU: 

0.09% 

MSM: 
0.25% 21% 

Goals 2011 

Stable 
Het. 
30% 

Casual 
Het. 
43% 

High 
Risk 
9% 

No risk 
18% 

MOT 2014 
(not disaggregated by gender)* 

25 

Note: Goals model chart legends are the same across 2011 and 2014. 
Sources: Authors, [8,13,17] * Het: heterosexual. High risk: FSWs, MSM, clients of FSWs, and their partners. 
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Figure A.3 Risk groups as a percentage of females ages 15–49—comparison across Ghana-
centric models 
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Sources: Authors, [8,13,17] * Het: heterosexual. High risk: FSWs, MSM, clients of FSWs, and their partners. 

Table A.1. Total coverage of key interventions for NFM grant scenarios, 2015–2017 

Intervention 2015 2016 2017 Notes 
Scenario 2: NFM targets 
ART 90,820 105,878 120,936 17–34% funded by domestic (increasing over 2015–17) 

FSW 45,086 48,032 50,978 48–55% funded by PEPFAR (declining over 2015–17) 

MSM 22,214 24,761 25,932 55–64% funded by PEPFAR (declining over 2015–17) 

Scenario 3: NFM targets with above allocation funding 

ART 104,666 122,031 135,774 With above allocation, targets are 112–115% of Scenario 2 

FSW 47,136 50,082 53,028 With above allocation, targets are 104–105% of Scenario 2 
MSM 27,575 29,299 29,299 With above allocation, targets are 113–124% of Scenario 2 
Scenario 4: NSP targets (as per the NFM concept note) 

ART 166,735 171,850 175,339 90% of PLHIV as per the NFM plan’s estimate of PLHIV 

Source: Ghana AIDS Commission, Ghana Country Coordinating Mechanism (CCM) 2014 
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Table A.2 Direct service delivery costs (DSDC) and other direct program costs (ODPC) 

FSW contacts Unit cost US$ DSDC ODPC MSM contacts Unit cost US$ DSDC ODPC 

Outreach 15 9% 28% Outreach 20 29% 25% 
Mobile HTC 24 43% 18% Mobile HTC 29 50% 18% 

Drop-in counseling 18 13% 27% Drop- in counseling 18 20% 27% 
Drop-in clinic STI 17 12% 27% Drop-in clinic STI 17 18% 27% 

Drop-in clinic HTC 22 31% 21% Drop-in clinic HTC 21 33% 22% 

Source: [24] 

 

27 



 

REFERENCES 
1. Wilson D., Fraser N. 2011. "Mixed HIV Epidemic Dynamics: Epidemiology and program 

implications.".Conference proceedings. HIV Prevention in Mixed Epidemics; Washington, DC. 
AIDSTAR-One. 

2. GAC, NACP. 2014. National HIV and AIDS Estimates: AIDS Impact Model Projection File. Accra: 
Ghana: Ghana AIDS Commission and the National HIV/AIDS/STI Control Programme. 

3. GAC .2014. Country AIDS Response Progress Report - Ghana. Reporting period January 2012– 
December 2013. Ghana: Accra: Ghana AIDS Commission (GAC). 

4. NACP. 2014. National HIV Prevalence and AIDS Estimates Report, 2013–2020. Accra: Ghana: 
National AIDS/STI Control Programme (NACP), Ghana Health Service. 

5. GAC .2011. National Strategic Plan for Most At Risk Populations 2011–2015: Leveraging a Public 
Health Approach for Universal Access. Ghana: Accra: Ghana AIDS Commission (GAC). 

6. GHS, GAC. 2014. HIV in Ghana: Epidemiological and Impact Analysis (draft). Ghana: Accra: Ghana 
Health Services (GHS), Ghana AIDS Commission (GAC) with Health Policy Project and the Global 
Fund. 

7. NACP. 2014. 2013 HIV Sentinel Survey Report. Ghana: Accra: National AIDS/STI Control 
Programme, Ghana Health Service, Ministry of Health. 

8. GAC .2014. Modes of HIV Transmission in Ghana: Analysis of the Distribution of Recent HIV 
Infections in Ghana and Recommendations for Prevention. Accra, Ghana: Ghana AIDS Commission 
(GAC), UNAIDS, WHO, School of Public Health Accra, Data for Solutions, Inc. 

9. GAC. 2011. Integrated Biological and Behavioral Surveillance Survey (IBBSS) of Female Sex 
Workers and Behavioural Surveillance Survey of Clients of Female Sex Workers in Ghana. Ghana: 
Accra: Ghana AIDS Commission (GAC) and FHI360. 

10. Wondergem P., Green K., Wambugu S., Asamoah-Adu C., Clement N.F., et al. 2015. "A Short 
History of HIV Prevention Programs for Female Sex Workers in Ghana: Lessons Learned Over 3 
Decades." JAIDS: Journal of Acquired Immune Deficiency Syndromes 68: S138–S145. 

11. SHARP. 2007. Behavioral and HIV Biomarker Survey among Men Who Have Sex With Men in the 
Greater Accra Region, Ghana: Topline Key Findings. Ghana: Accra: Strengthening HIV/AIDS 
Response Partnership (SHARP): Academy for Educational Development and Constella Futures; 
Center for Popular Education and Human Rights (CEPEHRG). 

12. GAC. 2012. The Ghana Men's Study. Ghana: Accra: Ghana AIDS Commission (GAC), Regional 
Institute for Population Studies, Noguchi Memorial Institute for Medical Research, University of 
California San Francisco, U.S. Centers for Disease Control and Prevention. 

13. Bosu W.K., Yeboah K., Rangalyan G., Atuahene K., Lowndes C., et al. 2009. Modes of HIV 
Transmission in West Africa: Analysis of the Distribution of New HIV Infections in Ghana and 
Recommendations for Prevention. Ghana: Accra: UNAIDS. 

28 



References 

14. GNA. 2015. "AIDS Commission Appeals for Private Sector Support" (March 1). Available at 
http://gbcghana.com/1.2014539. Accessed March 3, 2015. Ghana News Agency (GNA). Ghana: 
Accra. 

15. GAC. 2014. Ghana Quantitative Program National Data Set 2015–2017 (mimeo). Ghana: Accra: 
Ghana AIDS Commission (GAC). 

16. Gelfand L. 2014. "Ghana Should Repay $3.8 Million to Global Fund in Faulty Condom Deal" 
(December 11). Nairobi: Aidspan.Available at http://www.aidspan.org/gfo_article/ghana-should-
repay-38-million-global-fund-faulty-condom-deal. 

17. Chandler R. 2012. Impact of Different Scenarios of Prevention, Treatment, and Mitigation Coverage 
in Ghana: Analysis Using the Goals Model. Washington, DC: Futures Group, Health Policy Project. 

18. Stover J., McKinnon R., Winfrey B. 2010. "Spectrum: A Model Platform for Linking Maternal and 
Child Survival Interventions with AIDS, Family Planning and Demographic Projections." 
International Journal of Epidemiology 39: i7–i10. 

19. Donnell D., Baeten J.M., Kiarie J., Thomas K.K., Stevens W., et al. 2010. "Heterosexual HIV-1 
Transmission After Initiation of Antiretroviral Therapy: A Prospective Cohort Analysis. The Lancet 
375: 2092–2098. 

20. Auvert B., Taljaard D., Lagarde E., Sobngwi-Tambekou J., Sitta R., et al. 2005. Randomized, 
Controlled Intervention Trial of Male Circumcision for Reduction of HIV Infection Risk: The ANRS 
1265 Trial. PLoS Medicine 2: e298. 

21. GSS, GHS, ICF Macro. 2009. Ghana Demographic and Health Survey 2008. Accra, Ghana: Ghana 
Statistical Service, Ghana Health Service, and ICF Macro. 

22. GSS, GHS, UNICEF, UNFPA. 2011. Multiple Indicator Cluster Survey with an Enhanced Malaria 
Module and Biomarker. Accra: Ghana: Ghana Statistical Service (GSS), Ghana Health Service 
(GHS), United Nations Children's Fund (UNICEF), United Nations Population Fund (UNFPA) with 
Japan Official Development Assistance and USAID. 

23. Rosen J., Asante F. 2010. Cost of HIV & AIDS Adult and Pediatric Clinical Care and Treatment in 
Ghana. Washington, DC: Futures Group, Health Policy Initiative, Task Order 1. 

24. Amenyah R., Koleros A., El-Adas A., Asante F., Atuahene K., et al. 2012. An Economic Evaluation 
of Ghana's National HIV/AIDS Interventions for Most-at-risk Populations. Accra, Ghana: Ghana 
AIDS Commission, University of Ghana, WAPCAS, USAID, and Health Policy Project (Futures 
Group). 

25. GAC, ADRA, GHS. 2014. Unit Costs for Ghana (September 26, 2014). Mimeo. Accra, Ghana: Ghana 
AIDS Commission (GAC), Ghana Health Service (GHS), Adventist Development and Relief Agency 
(ADRA). 

26. Shubber Z., Mishra S., Vesga J.F., Boily M-C. 2014. "The HIV Modes of Transmission Model: A 
Systematic Review of Its Findings and Adherence to Guidelines." Journal of the International AIDS 
Society 17. 

29 

http://gbcghana.com/1.2014539


The Costs and Impacts of Investing in the HIV Response in Ghana 

27. Mishra S., Pickles M., Blanchard J.F., Moses S., Shubber Z., et al. 2014. "Validation of the Modes of 
Transmission Model as a Tool to Prioritize HIV Prevention Targets: A Comparative Modelling 
Analysis." PloS One 9: e101690. 

28. World Bank. 2014. World Development Indicators. Washington, DC: The World Bank 

29. NACP. 2014. Annual Report, 2013–2020. Accra: Ghana: National AIDS/STI Control Programme 
(NACP), Ghana Health Service. 

 

 

30 





For more information, contact: 

Health Policy Project
Futures Group

1331 Pennsylvania Ave NW, Suite 600
Washington, DC 20004

Tel: (202) 775-9680
Fax: (202) 775-9694

Email: policyinfo@futuresgroup.com
www.healthpolicyproject.com 


	ACKNOWLEDGMENTS
	EXECUTIVE SUMMARY
	Background
	Methodology
	Results
	HIV infections
	AIDS deaths averted
	Direct costs
	Cost-effectiveness
	Discussion


	ABBREVIATIONS
	1. Introduction
	Status of the Epidemic in Ghana
	National HIV and AIDS Strategic Plan: 2011–2015
	Status of Key Interventions
	Antiretroviral treatment
	Prevention of mother-to-child transmission
	HIV testing and counseling
	Prevention in key populations
	Other prevention interventions in the general population

	Process and Outline for this Report

	2. Methodology
	The Goals Model
	Estimating the effect of HIV prevention interventions in the Goals model
	Impact of behavioral interventions on risk of infection


	Data Collection and Model Fitting
	Goals-related demographic, behavioral, and epidemiological data
	Model fitting for Goals
	Coverage scenarios
	Scenario 1: Baseline scenario
	Scenario 2: New Funding Model (NFM) targets
	Scenario 3: NFM targets with above-allocation funding
	Scenario 4: National Strategic Plan

	Unit cost data


	3. Results
	Modes of transmission
	New infections by age group
	New infections by risk group

	Health Impact
	New HIV Infections
	AIDS-related mortality

	Total Costs
	Incremental Cost-Effectiveness
	Discussion
	Limitations

	Annex A. Additional Information
	References
	Blank Page


<<
  /ASCII85EncodePages false
  /AllowPSXObjects false
  /AllowTransparency false
  /AlwaysEmbed [
    true
  ]
  /AntiAliasColorImages false
  /AntiAliasGrayImages false
  /AntiAliasMonoImages false
  /AutoFilterColorImages true
  /AutoFilterGrayImages true
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /ColorACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorConversionStrategy /LeaveColorUnchanged
  /ColorImageAutoFilterStrategy /JPEG
  /ColorImageDepth -1
  /ColorImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorImageDownsampleThreshold 1.50000
  /ColorImageDownsampleType /Bicubic
  /ColorImageFilter /DCTEncode
  /ColorImageMinDownsampleDepth 1
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /ColorImageResolution 300
  /ColorSettingsFile ()
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /CreateJDFFile false
  /CreateJobTicket false
  /CropColorImages false
  /CropGrayImages false
  /CropMonoImages false
  /DSCReportingLevel 0
  /DefaultRenderingIntent /Default
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /DetectBlends true
  /DetectCurves 0
  /DoThumbnails false
  /DownsampleColorImages true
  /DownsampleGrayImages true
  /DownsampleMonoImages true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /EmbedOpenType false
  /EmitDSCWarnings false
  /EncodeColorImages true
  /EncodeGrayImages true
  /EncodeMonoImages true
  /EndPage -1
  /GrayACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageAutoFilterStrategy /JPEG
  /GrayImageDepth -1
  /GrayImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageDownsampleThreshold 1.50000
  /GrayImageDownsampleType /Bicubic
  /GrayImageFilter /DCTEncode
  /GrayImageMinDownsampleDepth 2
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /GrayImageResolution 300
  /ImageMemory 1048576
  /JPEG2000ColorACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000ColorImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /LockDistillerParams false
  /MaxSubsetPct 100
  /MonoImageDepth -1
  /MonoImageDict <<
    /K -1
  >>
  /MonoImageDownsampleThreshold 1.50000
  /MonoImageDownsampleType /Bicubic
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /MonoImageResolution 1200
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /NeverEmbed [
    true
  ]
  /OPM 1
  /Optimize true
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.25000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXBleedBoxToTrimBoxOffset [
    0
    0
    0
    0
  ]
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXOutputCondition ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputIntentProfile ()
  /PDFXRegistryName ()
  /PDFXSetBleedBoxToMediaBox true
  /PDFXTrapped /False
  /PDFXTrimBoxToMediaBoxOffset [
    0
    0
    0
    0
  ]
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /ParseICCProfilesInComments true
  /PassThroughJPEGImages true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /sRGBProfile (sRGB IEC61966-2.1)
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




