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Abstract
Background
Globally, there is a consensus to end the HIV/AIDS epidemic by 2030, and one of the strategies to achieve this target is that 90% of people living with HIV should know their HIV status. Even if there is strong evidence of clients’ preference for testing in the community, HIV voluntary counseling and testing (VCT) continue to be undertaken predominantly in health facilities. Hence, empirical cost-effectiveness evidence about different HIV counseling and testing models is essential to inform whether such community-based testing are justifiable compared with additional resources required. Therefore, the purpose of this study was to compare the cost-effectiveness of facility-based, stand-alone and mobile-based HIV voluntary counseling and testing methods in Addis Ababa, Ethiopia.

Methods
Annual economic costs of counseling and testing methods were collected from the providers’ perspective from July 2016 to June 2017. Ingredients based bottom-up costing approach was applied. The effectiveness of the interventions was measured in terms of the number of HIV seropositive clients identified. Decision tree modeling was built using TreeAge Pro 2018 software, and one-way and probabilistic sensitivity analyses were conducted by varying HIV positivity rate, costs, and probabilities.

Results
The cost of test per client for facility-based, stand-alone and mobile-based VCT was $5.06, $6.55 and $3.35, respectively. The unit costs of test per HIV seropositive client for the corresponding models were $158.82, $150.97 and $135.82, respectively. Of the three models, stand-alone-based VCT was extendedly dominated. Mobile-based VCT costs, an additional cost of USD 239 for every HIV positive client identified when compared to facility-based VCT.

Conclusion
Using a mobile-based VCT approach costs less than both the facility-based and stand-alone approaches, in terms of both unit cost per tested individual and unit cost per HIV seropositive cases identified. The stand-alone VCT approach was not cost-effective compared to facility-based and mobile-based VCT. The incremental cost-effectiveness ratio for mobile-based VCT compared with facility-based VCT was USD 239 per HIV positive case.
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Background
HIV is one of the most devastating global epidemics in human history. Since the beginning of the epidemic, about 78 million people had been infected, and more than 35 million people have died. Globally, in 2016, about 42 million people are living with HIV/AIDS [1], out of which, 19.4 million are living in Eastern and Southern African regions. The number of new HIV infections in 2016 was 1.8 million worldwide, and sub-Saharan African accounts for three-quarters of the new infections and deaths [2]. In Ethiopia, about 27,200 new HIV infections happened in 2016, and the incidence of infection in the urban areas (6.8%) is many times higher than in rural areas (0.7%) [3].
UNAIDS’s 90-90-90 goal sets new targets. This aim of this goal is to detect 90% of people living with HIV by 2020, to treat and retain 90% of those who are identified as HIV positive on antiretroviral therapy (ART), to reduce the viral load to an undetectable level for 90% of those on ART [4]. Evidence shows that if the 90-90-90 goal is achieved by 2020, it will help end the epidemic by 2030, which will have profound economic and health benefits [5]. To ensure timely access to effective HIV treatment and reinforce the prevention of new infections, the creation of awareness of HIV status through HIV voluntary counseling and testing (VCT) is a crucial activity [6].
Among women and adults between the ages of 15–49, the proportion of people who have been tested for HIV is about 70% globally and 50% in Africa [7]. Similarly, more than half of the Ethiopian population, in general, and 27% of people living in the capital city, Addis Ababa, had never been tested, and only 67% of HIV seropositive individuals know their HIV status [8]. However, the target set by UNAIDS is to detect 90% of HIV positive individuals by the end of 2020. To reach this ambitious goal, a cost-effective VCT model that identifies more HIV positive individuals is required.
In Ethiopia, the current HIV testing and counseling (HTC) service delivery models are classified into four: integrated facility-based HTC services (Facility-based VCT and provider-initiated testing and counseling), Standalone VCT, Outreach, and mobile VCT, and Workplace HTC service. The services are generally established on community-based and facility-based HIV testing and counseling approaches [9]. Facility-based VCT is HIV testing and counseling conducted in health facilities (hospitals, health centers, and private clinics) initiated by the clients. Stand-alone-based VCT is a type of HIV counseling and testing service delivery model conducted outside hospitals and health centers as a fixed VCT operating on its own. Mobile-based VCT is a type of community-based HCT conducted by setting up a mobile van or container to provide HIV counseling and testing services in a community’s central area. The clients initiate all three testing strategies. Their difference is in the place of service delivery. Facility and stand-alone-based VCT are services provided at specific places, whereas mobile-based VCT provides services in the community’s central area. The facility, stand-alone, and mobile-based VCT models followed standardized procedures for service delivery. VCT is free, voluntary, and confidential and is delivered by trained counselors after a serial algorithm of rapid HIV antibody tests with a finger-prick blood sample collection [10].
The unit cost per client tested for HIV at the facility-based VCT is USD 5 in Malawi, and USD 4 in Zambia, USD 9 in Zimbabwe [11], and ranges from USD 5.05 to 16 in Kenya [12]. The cost per client tested for HIV for the stand-alone-based VCT is USD 20 in a systematic review of low and middle-income countries [13], USD 51 in South Africa [14], USD 19 in Uganda [15], USD 58 in Vietnam [16], and USD 60 in Namibia [17]. The cost per client tested for HIV in a mobile-based VCT is USD 25 South Africa, USD 15 in Kenya and USD 60 in Namibia [17–19]. A systematic review conducted also estimated the cost per client test through mobile-based VCT to be USD 60 [20].
Some studies show that, although the costs tend to be higher than facility-based HTC services, mobile-based HCT is better to reach HIV infected individuals earlier in the disease progression [21–23]. Mobile-based HCT detects more first-time testers and HIV positive individuals with high CD4 cell counts. Community-based HTC with mobilization and enhanced linkage to care can overcome barriers to HIV testing and linkage to care, achieving widespread coverage of testing and antiretroviral therapy [24, 25]. Community-based HTC also relies less heavily on existing infrastructure, allowing easier scale-up [20]. Currently, the VCT service continues to be undertaken predominantly in health facilities [26]. However, evidence shows that less time and costs are spent by the people who use mobile-based VCT than the facility-based VCT [27, 28]. Besides, clients prefer more to be tested in the community than in health facilities [29, 30].
The choice of different HIV testing and counseling models should be based on evidence about the total costs of the services and the total health benefit accrued from each of the strategies. The costs and the health benefit are affected by different factors, such as physical and financial accessibility of the services, HIV prevalence, the country’s economic status, the skill of counselors, the degree of emphasis placed on careful and intensive counseling, the number attending relative to the capacity of the service, the type of test and number of tests [13, 31, 32]. Country-level cost-effectiveness evidence about different HIV counseling and testing models are important to inform priority-making decisions. However, none of the studies conducted in Ethiopia tried to investigate this. Therefore, this study aimed to compare the cost and cost-effectiveness of facility-based, stand-alone and mobile-based HIV voluntary counseling and testing in Addis Ababa, Ethiopia.
Methods
Study setting
This study was conducted in Addis Ababa, Ethiopia’s capital city, with a total population of about 3.4 million. There are 11 hospitals, 97 health centers, one stand-alone VCT clinics, and 15 mobile VCT service sites in the city. The city has the highest concentrations of HIV/AIDS cases in the country, with an estimated prevalence of 4.9% and contributes 16% of the country’s new infection in 2016 [3].
Sampling and data collection
Primary cost data were collected from July 2016 to June 2017 from selected facilities in Addis Ababa city. For facility-based VCT costing, from 97 health centers providing VCT service in the city, only ten health centers were included due to budget constraints. One health center was randomly included from each sub-city, and only facility-based VCT is considered and not the provider-initiated HTC. For stand-alone and mobile-based testing, a center-specific costing approach was applied. In Addis Ababa, there is only one stand-alone VCT testing facility, and we include that facility in this study. There are 15 mobile-based VCT centers in the city, and all of them were included in the costing exercise. Data for the stand-alone and mobile testing sites were collected from the AHF.
Costing approach
This study uses an ingredient costing approach to determine costs whereby actions to be taken under intervention are listed, specific resources needed to implement the intervention are described, and costs are assigned to all the resources based on opportunity costs used for the intervention [33, 34]. It allows analysts from one country to assess if costs collected in another country can be used or modified to their settings [35]. However, the use of the ingredients costing approach makes it necessary to determine overhead costs. The complementary cost allocation approach was used to estimate the overhead costs. It fully recognizes complementary services provided among all support service centers and allocate costs between the support service centers [36]. All the costs were adjusted for inflation using a consumer price index of the year 2019 as a base year cost. All costs were expressed in 2019 US Dollars.
Capital costs include buildings, equipment, and vehicles, which were annualized using a discount rate of 5% with an assumed lifespan of 30 years for vehicles and 5 years for equipment [32, 37]. Because some buildings are older than their expected year of service, others are rented and recently built; the rental cost of a building was considered an economic cost to have the same cost comparison across the interventions. Recurrent costs include personnel, gloves and test kits, other supplies, vehicle operation and maintenance, and building operation and maintenance. About 10% of the annual rent cost was used as the annual cost of building operation and maintenance [32] (Table 1).Table 1Recurrent and capital cost components of the VCT service costing


	Recurrent cost
	Allocation base
	Cost data
	Method of data collection and data source

	Personnel
	Time worked
	Total payment for full-time staff, part-time staff, and volunteers
	Review of annual payroll, and reports and interview

	Supplies
	Weight/volume
	Replacement value
	Review of activity, reports, and interview

	Operation and maintenance of a vehicle
	Time used and volume
	Replacement value
	Review of reports and interview

	Capital cost
	 	Working life year (source)
	 
	Buildings
	Space used
	Rental value
	Interview

	Equipment
	Time used
	Replacement value and annualization [32, 37]
	Review of fixed assets list and interview

	Vehicles
	Time used
	Replacement value and annualization [32, 37]
	Gov’t contracts, supply record from NGO, local dealers

	Others
	 	Actual value
	 



Cost allocation method
The service sites were health centers (facility-based VCT), stand-alone VCT clinics, and mobile VCT sites. The service sites were divided into the care service center (VCT center) and support service center. Support service centers were divided into ancillary and site management. The ancillary support service centers include the cleaning and transportation sections. The site management includes site administration, security, finance, human resources, disease prevention, medical director, counselor coordinator, country program director, accountant, and data clerk.
All the capital and recurrent inputs of the support service centers were identified, measured, and valued. The total cost for each support service center was then calculated. Costs were allocated among the support service centers using the reciprocal cost allocation method. We took into account the number of staff per service output of the support service centers as the allocation base. After allocating the costs within the support service centers, allocating the costs from support service centers to the care service centers (VCT) was made.
The cost allocated from the support service center is added to the VCT center. Since the resource use (e.g., counselor’s time and test kits) to identify HIV-positive and HIV-negative client is different, we used the time it takes for testing and the number of tested and positive individuals as the allocation base to estimate the cost for tested and HIV positive clients. The total amount of time per client was estimated by interviewing counselors on the time they spent to identify HIV positive and HIV negative test result, pre-test counseling time, testing time, and post-test counseling time with the patients. The number of tested clients and HIV positive clients were collected from the facility record. The unit costs and the total costs of the VCT service site was then calculated [38, 39].
Overall, the cost analysis included in this study were unit cost per positive-case, cost per test, the total capital cost per tested-case, recurrent cost per tested-case. Furthermore, descriptive analysis was performed by calculating the number and percentage of clients tested for HIV and HIV positive clients by age and sex for the three HIV testing approaches.
Cost-effectiveness model
A decision tree model was built using TreeAge Pro 2018 software [40]. The decision tree model is the model’s choice when an event happens in a short period and does not happen repeatedly. The model follows a series of steps to construct a tree structure under uncertainty for alternative options and select the least expected cost per effect as the best alternative. A cost-effectiveness ratio was calculated for each of the VCT approaches using cost per HIV seropositive client tested as payoffs. The structure of the model of the cost-effectiveness study is presented in Fig. 1.[image: ../images/12962_2020_231_Fig1_HTML.png]
Fig. 1Model structure of the cost-effectiveness study


The decision to be addressed is “which VCT model is cost-effective in diagnosing HIV positive client among facility-based VCT, Stand-alone VCT and Mobile-based VCT,” expressed on the decision node at the start of the tree. The range of possible pathways that characterize the three testing strategies is explained on the chance nodes following the decision pathways. The pathways are built up through a series of branches representing the natural process of the testing event. Here the events are HIV testing, positivity rate, and test positivity. Branch probabilities are the likelihood of events issuing from a chance node and representing the possible events happening in the testing process at that point in the tree. Here the probabilities are the probability of being tested, the probability of being HIV positive, and test sensitivity. The combination of the different branches in the tree determines a series of pathways along which the HIV testing and counseling can pass in the tree. These pathways are mutually exclusive and exhaustive. So, probabilities at a pathway should sum to 100%. The analysis was performed through chance nodes showing uncertain previous events moving from left to right using conditional probabilities. Expected values in cost and effectiveness are then calculated. The three testing strategies’ expected cost is calculated by weighing each pathway cost by its respective probability and then summing across all the pathways. This decision model uses the probability of identifying HIV positive clients as the relevant measure of effect in the CEA (i.e., the probability of diagnosing HIV). In terms of expected effectiveness, this is equivalent to giving HIV diagnosis though testing the value = 1 and all other pathways, the value = 0 (i.e., HIV diagnosis = 1 and No diagnosis = 0). Following this, the expected effect is calculated by weighing each pathway’s effectiveness by its respective probabilities and then summing across all the pathways.
The input parameters presented in Table 2 for the tree structure are taken from literature and primary data from the health facilities. For example, the probability of being tested at a VCT site is calculated by dividing the number of people tested at a site by the estimated population of age above fifteen to be served under that service site. The urban health center serves 40,000 people, and the population age group of above 15 is around 57% of the total population [41]. The number of people tested for HIV in 2016, using each of the testing models, was divided by mid-year total population above 15 years of age. HIV disease prevalence was used to calculate the probability of being positive. To estimate the HIV positivity rate at the three testing modalities, we divided the number of HIV positive identified in a year by the total number of people tested for HIV for each testing modalities. Therefore, HIV positivity rates are different for each modality as the number of HIV positive individuals identified, and numbers tested for HIV are different for the three modalities. Finally, test sensitivity and test specificity were used for the actual status of the client.Table 2Input parameters of the cost-effectiveness model


	Input parameters
	Base value
	Low value
	High value
	SD
	Distribution
	Data sources

	Cost of positive for facility-based VCT
	158.82
	127.06
	190.59
	10.00
	Gama
	Primary

	Cost of negative for facility-based VCT
	4.95
	3.96
	5.94
	0.49
	Gama
	Primary

	Cost of positive for stand-alone VCT
	150.97
	120.78
	181.17
	10.00
	Gama
	Primary

	Cost of negative for stand-alone VCT
	6.39
	5.11
	7.67
	0.64
	Gama
	Primary

	Cost of positive for mobile-based VCT
	135.53
	108.42
	162.63
	10.00
	Gama
	Primary

	Cost of negative for mobile-based VCT
	3.28
	2.63
	3.9
	0.32
	Gama
	Primary

	Probability of being tested at facility-based VCT
	0.050
	0.030
	0.100
	0.006
	Beta
	Primary

	Probability of being tested at stand-alone VCT
	0.120
	0.080
	0.160
	0.020
	Beta
	Primary

	Probability of being tested at mobile-based VCT
	0.340
	0.200
	0.400
	0.080
	Beta
	Primary

	Test sensitivity
	0.997
	0.993
	1.000
	0.001
	Beta
	[42]

	Test specificity
	0.992
	0.990
	1.000
	0.002
	Beta
	[42]

	HIV positivity rate: facility VCT
	0.032
	0.022
	0.042
	0.001
	Beta
	Primary

	HIV positivity rate: stand-alone VCT
	0.043
	0.033
	0.053
	0.001
	Beta
	Primary

	HIV positivity rate: mobile-based VCT
	0.025
	0.015
	0.035
	0.001
	Beta
	Primary




Model assumption
Since there was no information on the number of people expected to be served under a single stand-alone and mobile VCT site, a common denominator of the catchment population based on the Ethiopian health care delivery system of the facility-based VCT (health center) for stand-alone and mobile-based VCT was used.
Sensitivity analysis
Two types of sensitivity analyses were performed to deal with uncertainties in this study. First, a one-way sensitivity analysis was done using a tornado diagram for the low and high values of costs, probabilities, test-sensitivity, test-specificity and prevalence from the base case [43]. One-way sensitivity analysis was also conducted on HIV positivity rate, considering that HIV positivity rate is likely to change over time. The lower and the higher value choice were made considering the clinical and economic feasibility of the range concerning the setting. Second, probabilistic sensitivity analysis (PSA) was conducted to distribute the parameters used for a one-way sensitivity analysis. PSA uses a distribution rather than a predetermined value for each parameter. Gamma and beta distributions were used for cost and probabilities, respectively. The distribution for cost was varied by reviewing the cost of supply agencies from whom government health centers are expected to buy and allow variation of salary by looking at the least and highest salaries of the health facilities. Therefore, a 20% variation from the mean cost was allowed for the three models’ costs.
Results
Demographic characteristics of clients
The number of clients tested for HIV from July 2016 to June 2017 in the ten health centers, one stand-alone and 15 mobile sites was 12,913, 3155 and 128,199, respectively. The proportion of women tested for HIV was higher in the health centers (59%) and less in the stand-alone clinic (47%) and mobile sites (34%) than men. Of the clients tested, a vast majority were in the age group of 25–49 (Table 3).Table 3Clients who received VCT service from July 2016 to June 2017


	Characteristics
	Facility-based
	Stand-alone
	Mobile-based

	Sex

	 Male (positive)
	5347 (134)
	1685 (54)
	85,668 (1389)

	 Female (positive)
	7566 (278)
	1470 (83)
	42,214 (1780)

	Age

	 15–19
	1897
	430
	10,267

	 20–24
	3734
	655
	40,398

	 25–49
	6468
	1921
	72,524

	 50+ 
	814
	149
	4693

	Total (positive)
	12,913 (412)
	3155 (137)
	128,199 (3169)

	Positivity rate
	3.1%
	4.3%
	2.4%




Although a smaller number of women were tested in both stand-alone and mobile VCT sites than men, the proportion of positive cases was higher among females than in males. For example, from the total people tested and HIV positive cases, the proportion of females testing positive was 68%, 61%, and 58% in facility-based, stand-alone and mobile-based sites, respectively (Table 4). The proportion of females tested for HIV is higher in health centers than stand-alone and mobile-based testing for the age group 25-49. Female aged between 25 and 49 has a higher HIV positivity rate than male in the three testing approaches.Table 4Percent of tested and HIV positive clients by age from July 2016 to June 2017


	Characteristics
	Facility-based
	Stand-alone
	Mobile-based

	Male
	Female
	Male
	Female
	Male
	Female

	Tested clients (%) by age group

	 15–19
	2.60
	7.50
	3.60
	10.00
	3.90
	4.10

	 20–24
	14.40
	17.50
	9.30
	11.50
	20.20
	11.30

	 25–49
	24.40
	27.60
	36.80
	24.10
	39.70
	16.90

	 50+ 
	2.70
	3.20
	3.80
	1.00
	3.00
	0.70

	Positive clients (%) by age group

	 15–19
	1.00
	3.20
	2.00
	7.00
	0.60
	1.30

	 20–24
	1.60
	8.60
	7.00
	7.00
	3.00
	7.00

	 25–49
	24.60
	53.90
	41.00
	64.00
	33.20
	43.70

	 50+ 
	4.40
	2.80
	4.00
	5.00
	7.10
	4.10




Costs per client tested
The cost per client test for facility-based VCT was USD 5.06 (SD 4.92, 5.21). Out of this, the cost of personnel account for 49% and the glove and test kit contribute to 30% of the cost. The cost of building, other supplies and equipment contributed to the rest of the cost. The cost per client tested for stand-alone VCT was USD 6.55. The cost of personnel and glove and test kit and building contribute to 54.4%, 22.4%, and 17.6% of the cost. Other supplies and equipment contribute to the remaining cost. The cost per client tested for mobile-based VCT was USD 3.35. Out of this, the cost of the glove and test kit, personnel, and vehicle rent contributes to 59%, 35.3%, and 9% of the cost, respectively. The building, other supplies, and equipment contribute to the remaining cost.
Costs per HIV seropositive client
The costs per HIV seropositive for facility-based, stand-alone, and mobile-based VCT are presented in Table 5. The cost per test for HIV seropositive clients was USD 158.82 for facility-based VCT, USD 150.97 for stand-alone, and USD 135.52 for mobile-based VCT. Out of this, the cost of personnel and glove and test kit accounts for most of the costs. The contribution of cost from the support service center and cost from a direct service center to a single site for the three VCT models is presented in Table 5. The cost of the support service center was the highest for mobile-based VCT, followed by stand-alone and facility-based VCT.Table 5Total and unit cost of tested and test-positive by VCT types per HIV testing facility


	Service site
	Support center
	VCT center
	Total cost
	Tested clients
	Testing unit cost
	Positive clients
	Positive unit cost

	Facility-based
	1285.03
	64,149.83
	65,434.86
	1291
	5.06
	41.20
	158.82

	Stand-alone
	3633.09
	17,050.24
	20,683.34
	3155
	6.55
	137.00
	150.97

	Mobile-based
	3006.78
	25,625.62
	28,632.40
	8546
	3.35
	211.26
	135.52




Cost-effectiveness ratio
The expected cost and effectiveness was calculated to determine the most cost-effective VCT model. Stand-alone VCT is extendedly dominated by mobile and facility-based VCT since the ICER of stand-alone-based VCT compared to facility-based VCT is higher than the next effective (mobile-based VCT) strategy. After excluding the extendedly dominated stand-alone-based VCT, the ICER of facility-based and mobile-based VCT was recalculated. The incremental cost-effectiveness ratio of the mobile-based VCT was USD 239 for the identification of additional HIV seropositive clients when compared to facility-based VCT (Table 6).Table 6Incremental cost-effectiveness ratios of facility-based, stand-alone, and mobile-based VCT


	Strategy
	Cost
	Inc. cost
	Effectiveness
	Inc. effectiveness
	ICER
	ACER

	Excluding dominated

	 Facility-based VCT
	0.53
	 	0.002
	 	 	269.87

	 Mobile-based VCT
	2.72
	2.19
	0.011
	0.009
	239.01
	244.51

	All

	 Facility-based VCT
	0.53
	0.00
	0.002
	0.000
	0.00
	269.87

	 Stand-alone-based VCT
	1.67
	1.14
	0.006
	0.004
	279.34
	276.24

	 Mobile-based VCT
	2.72
	1.05
	0.011
	0.005
	206.50
	244.51


ACER average cost-effectiveness ratio



Sensitivity analysis
One-way sensitivity analysis using a tornado diagram with a least-likely and highly likely value of the selected variables is presented in Fig. 2. The tornado diagram indicates that the cost of a positive test at mobile-based VCT had the highest impact on the incremental cost-effectiveness ratio. Although the ICER is changing for lower and higher values of the cost of positive test at mobile-based VCT, the ICER showed around 17% change (from USD 158 to 225 per HIV seropositive client identified). The ICER was less sensitive to change in most of the other variables in general.[image: ../images/12962_2020_231_Fig2_HTML.png]
Fig. 2A tornado diagram


As the cost of identifying HIV positive individuals increase at mobile-based VCT, the ICER also increases and vice versa. Therefore, mobile testing may be a more cost-effective approach in the high prevalence area (Fig. 3).[image: ../images/12962_2020_231_Fig3_HTML.png]
Fig. 3One-way sensitivity analysis of the HIV positivity rate at mobile-based VCT


In Figs. 4 and 5, we present the probabilistic sensitivity analysis using the cost-effectiveness scatter plot and acceptability curve. The cost-effectiveness scatters plot indicates that there is less variability across both cost and effectiveness of facility-based VCT, while the variability in the other two options was vast in both cost and effectiveness dimension (Fig. 4).[image: ../images/12962_2020_231_Fig4_HTML.png]
Fig. 4Cost-effectiveness scatter plot

[image: ../images/12962_2020_231_Fig5_HTML.png]
Fig. 5Cost-effectiveness acceptability curve


The cost-effectiveness acceptability curves (CEAC) indicates the probability of being cost-effective at different levels of willingness to pay per HIV case detected. For example, the probability of being a cost-effective option for mobile-based VCT was about 10% at a willingness-to-pay threshold of USD 220, while at a willingness-to-pay threshold of USD 260, the probability of the mobile-based VCT being a cost-effective option was about 90% (Fig. 5).
Discussion
This study is the first of its kind in Ethiopia to compare the cost-effectiveness of facility-based, stand-alone, and mobile-based voluntary counseling and testing.
Cost of the VCT models
The unit cost per client tested for HIV at the facility-based VCT is USD 5.06. Our finding of cost per client tested using a facility-based VCT is very comparable estimated elsewhere. For example, a study in Malawi (USD 5) and Zambia (USD 4), but substantially lower than the finding Zimbabwe (USD 9) [11]. Similarly, studies in Kenya and Swaziland in 2012 also reported that the unit cost of facility-based VCT ranges from USD 5.05 to 16 and USD 8.6 to 19, respectively [12].
The cost per client tested for HIV for the stand-alone-based VCT is USD 6.55 (3155 clients tested). Although the number of clients tested is higher than the facility-based VCT, the unit cost is higher due to how the project cost is implemented. The cost per client test of stand-alone-based VCT in this study varies dramatically from other countries’ study reports. Studies of a systematic review of low and middle-income countries [13], South Africa [14], Uganda [15] Vietnam [16], and Namibia [17], showed the cost of stand-alone-based VCT estimated to be USD 20, 51, 19 and 58, and 60 per client tested respectively.
The cost per clients tested for HIV in a mobile-based VCT is USD 3.35 (8645 clients tested). The estimate of the cost per client through mobile-based VCT service under this study is lower than the cost estimate report in South Africa, Kenya, and Namibia with USD 25, 15, and 60 per client, respectively [17–19]. A systematic review conducted also estimated the cost per client test through mobile-based VCT to be USD 60 [20].
The cost per HIV seropositive client of facility-based, stand-alone and mobile-based VCT is USD 158.82, 150.97, and 135.52, respectively. The cost of HIV seropositive clients at a facility-based VCT is higher than in some study reports [11, 13, 15] and lower for study reports conducted in other countries [16, 17]. Some studies reports from other settings are comparable to our findings on the cost of HIV seropositive test for stand-alone [16, 19] and mobile-based VCT [13, 19], although it varies in another study [17]. The variation in the unit costs among various studies might be partly attributed to the costing method applied, and the resources accounted in each of the studies, the difference in HIV prevalence in the area [13], organizational structure, economy of the country, and the level of encouragement of the population to test for HIV which determines the level of economies of scale [31, 32].
This study is not without limitations. The measure of effectiveness is reported in intermediate outcomes with the number of clients tested and HIV seropositive identified. The use of intermediate outcome might pose difficulty compared with other interventions that are not reported with the same outcome measure. We did not use DALY measurement because of the lack of validated data on disability weights or one of the outcome measures. Since mobile-based VCT only performed in the year 2016, only a one-year data on clients were used for the three models. Some cost information was not available for the year the items were bought. To fill this gap, we estimated the costs by using the current market price of the items. A common denominator of the expected number of services provided at a health center is used for both stand-alone and mobile-based VCT to calculate the probability of being tested. A similar denominator is used because there is no standard set to determine the number of populations expected to be served under stand-alone and mobile-based VCT. Our data do not inform about repeated testers and new testers, which might influence the result if there is a repeated test for those HIV positive clients who knew their HIV status.
Cost-effectiveness of the VCT models
Among the three models, stand-alone-based VCT was extendedly dominated by a linear combination of facility-based and mobile-based VCT. Therefore, it was excluded from the further calculation of the incremental cost-effectiveness ratios. We found that the incremental cost of mobile-based VCT to identify one more HIV seropositive client was USD 239 compared with facility-based VCT. Therefore, this study suggests that more HIV positive cases can be identified through a mobile-based VCT if some additional resources can be allocated to implement a mobile-based VCT service.
Currently, in Ethiopia, about 28% of the populations who are infected with the virus do not know their HIV status. The prevalence of HIV in an urban area is higher than the rural area, and it is known that the mobile-based VCT services are suited to highly populated areas [9, 20]. Providing VCT through mobile-based service can decrease the number of HIV positive individuals who do not know their HIV status, and therefore, can decrease the transmission of the virus. Besides, it will help to achieve the UNAIDS 90-90-90 target that infected individuals who do know their status are more likely to start ART early [4]. Other studies elsewhere, such as South Africa and Kenya, recommend that mobile-based VCT can be an essential and cost-effective approach in addition to the facility-based approach [18, 19].
The ICER of mobile-based VCT remains stable in all sensitivity analysis for the selected parameters. The ICER was similar to the base case result in lower and higher values and the changing distributions. The one-way sensitivity analysis indicated that as the prevalence of HIV increases, the mobile-based VCT would give more value for money. As the prevalence of HIV is 4.9% in Addis Ababa and other major cities, testing through mobile-based VCT can be a big opportunity [3]. Besides, the cities are relatively densely populated, and this makes them more suited for mobile-based testing [9, 20].
The probabilistic sensitivity analysis indicates that the incremental net monetary benefit of providing mobile-based VCT over the facility-based VCT increases linearly as the willingness to pay rises above USD 239. A recent report from UNAIDS indicates that about USD 6 billion is still needed to achieve the 90-90-90 goal. Supporting HIV prevention activities in developing countries is a continuous process, not a one-time action to eliminate it. In Ethiopia, the distribution of HIV is highly prevalent in urban areas. Interventions for a target population, such as female sex workers, are also made. Although this is a crucial step towards reducing transmission of the virus, HIV testing through the most efficient ways, such as the mobile-based VCT, is mandatory to reduce the overall prevalence in urban communities with a higher number of FSWs.
Conclusion
Using a mobile-based VCT approach costs less than both the facility-based and stand-alone approaches in terms of unit cost per tested individual and unit cost per HIV seropositive cases. Stand-alone-based VCT was extendedly dominated by a combination of facility-based and mobile-based VCT approaches, and therefore, was not cost-effective. The incremental cost-effectiveness ratio for mobile-based VCT compared with facility-based VCT was USD 239 per HIV positive case identified.
Acknowledgements
We are greatly honored to give thanks to Addis Ababa University, School of Public Health for providing us with the fund. AH and GTE were supported by the Bill & Melinda Gates Foundation (OPP1162384). We are also indebted to Dr. Marrigje Jacoba Krueuger and the AIDS Healthcare Foundation (AHF) for providing invaluable input on data collection tools.

Authors’ contributions
AY and AH designed and worked on the study protocol. AY, AH, and SA prepared a data collection tool and gave training to data collectors. AY and AH analyzed the costs and wrote the first draft manuscript. AY, AH, SA, DH, SDH, GTE, DH interpreted the result. AY and AH conducted a decision tree analysis. All authors read and approved the final manuscript.

Funding
This study was funded by the Addis Ababa University, School of Public Health.

Availability of data and materials
The datasets used and analyzed during the current study are available from the corresponding author on reasonable request.

Ethics approval and consent to participate
Ethical approval for the study was obtained from Addis Ababa University, School of Public Health Ethical Review Committee. An official letter of approval was written to the Addis Ababa city administration regional health bureau and selected VCT sites.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumarasamy N, Hakim JG, Kumwenda J, Grinsztejn B, Pilotto JH, et al. Prevention of HIV-1 infection with early antiretroviral therapy. N Engl J Med. 2011;365:493–505.Crossref

	2.
UNAIDS.: The Gap report. 2015.

	3.
Ethiopian demographic and health survey. Central Statistical Agency; 2017.

	4.
Hutubessy RC, Edejer T. Generalized cost-effectiveness analysis of national-level priority-setting in the health sector. J Cost Eff Resour Alloc. 2003;1:13.

	5.
FMoH.: Guidelines for HIV Counselling and Testing in Ethiopia.; 2007.

	6.
Kurth AE, Lally MA, Choko AT, Inwani IW, Fortenberry JD. HIV testing and linkage to services for youth. J Int AIDS Soc. 2015;18:19.Crossref

	7.
UNAIDS: Global AIDS update. 2016 http://​www.​unaids.​org/​sites/​default/​files/​media_​asset/​global-AIDS-update-2016_​en.​pdf. Accessed 05 Apr 2017.

	8.
Ethiopia demographic and health surveys key indicators. Central statistical agency; 2016.

	9.
Service delivery approaches to HIV testing and counselling (HTC): a strategic HTC programme framework http://​apps.​who.​int/​iris/​bitstream/​10665/​75206/​1/​9789241593877_​eng.​pdf.

	10.
Consolidated guidelines on HIV testing services: 5Cs: consent, confidentiality, counselling, correct results, and connection http://​www.​ncbi.​nlm.​nih.​gov/​books/​NBK316021/​.

	11.
Mwenge L, Sande L, Mangenah C, Ahmed N, Kanema S, d’Elbee M, Sibanda E, Kalua T, Ncube G, Johnson CC, et al. Costs of facility-based HIV testing in Malawi, Zambia and Zimbabwe. PLoS ONE. 2017;12:e0185740.Crossref

	12.
Obure CD, Vassall A, Michaels C, Terris-Prestholt F, Mayhew S, Stackpool-Moore L, Warren C, Watts C. Optimising the cost and delivery of HIV counselling and testing services in Kenya and Swaziland. Sex Transm Infect. 2012;88:498–503.Crossref

	13.
Johnson C, Dalal S, Baggaley R, Hogan D, Parrott G, Mathews R, Sharma M, Barnabas R: Systematic review of HIV testing costs in high and low income settings. NCBI 2015.

	14.
Meehan S, Naidoo P, Claassens MM, Lombard C, Beyers N. Cost analysis of two community-based HIV testing service modalities led by a Non-Governmental Organization in Cape Town, South Africa. BMC Health Serv Res. 2017;17:801.Crossref

	15.
Menzies N, Abang B, Wanyenze R, Nuwaha F, Mugisha B, Coutinho A, Bunnell R, Mermin J, Blandford JM. The costs and effectiveness of four HIV counseling and testing strategies in Uganda. AIDS. 2009;23:395–401.Crossref

	16.
Nguyen VT, Nguyen HT, Nguyen QC, Duong PT, West G. Expenditure analysis of HIV testing and counseling services using the cascade framework in Vietnam. PLoS ONE. 2015;10:e0126659.Crossref

	17.
de Beer I, Chani K, Feeley FG, Rinke de Wit TF, Sweeney-Bindels E, Mulongeni P. Assessing the costs of mobile voluntary counseling and testing at the work place versus facility based voluntary counseling and testing in Namibia. Rural Remote Health. 2015;15:3357.PubMed

	18.
Bassett IV, Govindasamy D, Erlwanger AS, Hyle EP, Kranzer K, Van Schaik N. Mobile HIV screening in cape town, South Africa: clinical impact, cost and cost-effectiveness. PLoS ONE. 2014;9:e85197.Crossref

	19.
Grabbe KL, Menzies N, Taegtmeyer M, Emukule G, Angala P, Mwega I. Increasing access to HIV counseling and testing through mobile services in Kenya: strategies, utilization, and cost-effectiveness. J Acquir Immune Defic Syndr. 2010;54:317–23.Crossref

	20.
Sharma M, Ying R, Tarr G, Barnabas R. Systematic review and meta-analysis of community and facility-based HIV testing to address linkage to care gaps in sub-Saharan Africa. Nature. 2015;528:77–85.Crossref

	21.
Wachira J, Kimaiyo S, Ndege S, Mamlin J, Braitstein P. What is the impact of home-based HIV counseling and testing on the clinical status of newly enrolled adults in a large HIV care program in Western Kenya? Clin Infect Dis. 2012;54:275–81.Crossref

	22.
Leisegang R, Cleary S, Hislop M, Davidse A, Regensberg L, Little F, Maartens G. Early and late direct costs in a Southern African antiretroviral treatment programme: a retrospective cohort analysis. PLoS Med. 2009;6:e1000189.Crossref

	23.
Maheswaran H, Petrou S, MacPherson P, Choko AT, Kumwenda F, Lalloo DG, et al. Cost and quality of life analysis of HIV self-testing and facility-based HIV testing and counselling in Blantyre, Malawi. BMC Med. 2016;14:34.Crossref

	24.
Tanser F, Barnighausen T, Grapsa E, Zaidi J, Newell ML. High coverage of ART associated with decline in risk of HIV acquisition in rural KwaZulu-Natal, South Africa. Science. 2013;339:966–71.Crossref

	25.
Staveteig S, Wang S, Head SK, Bradley SEK, Nybro E. Demographic patterns of HIV testing uptake in Sub-Saharan Africa. Calverton: ICF International; 2013.

	26.
Kirakoya-Samadoulougou F, Jean K, Maheu-Giroux M. Uptake of HIV testing in Burkina Faso: an assessment of individual and community-level determinants. BMC Public Health. 2017;17:486.Crossref

	27.
van Rooyen H, McGrath N, Chirowodza A, Joseph P, Fiamma A, Gray G, Richter L, Coates T. Mobile VCT: reaching men and young people in urban and rural South African pilot studies (NIMH Project Accept, HPTN 043). AIDS Behav. 2013;17:2946–53.Crossref

	28.
van Schaik N, Kranzer K, Wood R, Bekker LG. Earlier HIV diagnosis–are mobile services the answer? S Afr Med J. 2010;100:671–4.Crossref

	29.
MacPherson P, Corbett EL, Makombe SD, van Oosterhout JJ, Manda E, Choko AT, Thindwa D, Squire SB, Mann GH, Lalloo DG. Determinants and consequences of failure of linkage to antiretroviral therapy at primary care level in Blantyre, Malawi: a prospective cohort study. PLoS ONE. 2012;7:e44794.Crossref

	30.
Morin SF, Khumalo-Sakutukwa G, Charlebois ED, Routh J, Fritz K, Lane T, Vaki T, Fiamma A, Coates TJ. Removing barriers to knowing HIV status: same-day mobile HIV testing in Zimbabwe. J Acquir Immune Defic Syndr. 2006;41:218–24.Crossref

	31.
Smith JA, Sharma M, Levin C, Baeten JM, van Rooyen H, Celum C, Hallett TB, Barnabas RV. Cost-effectiveness of community-based strategies to strengthen the continuum of HIV care in rural South Africa: a health economic modelling analysis. Lancet HIV. 2015;2:159–68.Crossref

	32.
UNAIDS: Costing Guidelines for HIV Prevention Strategies. Genova, Switserland 2000.

	33.
Gray AM, Clarke PM, Wolstenholme JL, Wordsworth S. Handbooks in health economic evaluation series-applied methods of cost-effectiveness analysis in healthcare. 2010.

	34.
Institute of Medicine National Research Council. Considerations in applying benefit-cost analysis to preventive interventions for children, youth, and families: workshop summary. Washington: The National Academies Press; 2014.

	35.
Edejer TT, Baltussen R, Adam T, Hutubessy R, Acharya A, Evans DB, Murray CJL. WHO guide to Cost-effectiveness analysis. Geneva: WHO; 2003.

	36.
Ulla S: An Evaluation of Selected Literature on the Measurement of Costs in Health Economic Evaluations. 2003.

	37.
Margaret P, Maggie Huff R: A Step-by-step Methodological Guide for Costing HIV/AIDS Activities partner for health reform; 2001.

	38.
UNAIDS: Costing guidelines for HIV/AIDS intervention strategies. Asian development bank; 2004.

	39.
Phillips MA, Huff-Rousselle M. Partners for Health R: A step-by-step methodological guide for costing HIV/AIDS activities: resources and tools. Bethesda: Partners for Health Reformplus; 2001.

	40.
Applied methods of cost-effectiveness analysis in health care http://​public.​eblib.​com/​choice/​publicfullrecord​.​aspx?​p=​975569.

	41.
The CIA world factbook https://​www.​overdrive.​com/​search?​q=​628D9AB0-5949-4A92-AAAC-1EE7E5842973.

	42.
Trinity Biotech https://​www.​fishersci.​com/​shop/​products/​trinity-biotech-uni-gold-recombignen-hiv-1-2-2/​p-2897450.

	43.
Creese A, Parker D. Cost analysis in primary health care: a training manual for Programme Managers. Geneva: World Health Organization; 1994.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12962_2020_231_Fig4_HTML.png
Cost

2.50

5.00

4.50

4.00

3.50

3.00

2.50

2.00

150

1.00

0.50

0.00

A A A
A
A
AAA
“A‘AQ =
A
A A
A
@ Facility based VCT
A Mobile based VCT
% Standalone based VCT
A
0.00 0.01 0.01 0.02 0.02

Effectiveness





OEBPS/navigation.xhtml

    
      Contents


      
        		Cost-effectiveness of facility-based, stand-alone and mobile-based voluntary counseling and testing for HIV in Addis Ababa, Ethiopia


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12962_2020_231_Fig5_HTML.png
Probability of Being Cost-Eftfective

0.00

I3 Facility based VCT
+ Mobile based VCT

“@- Standalone based VCT

80.00 160.00 240.00 320.00 400.00
Willingness-to-Pay (USD per HIV positive case detected)





OEBPS/images/12962_2020_231_Fig1_HTML.png
Positive

Test positive

sensitivity

HIV_prevalence_facility

Tested

Prob_test_facil

Facility based
VCT

negative

Test negative

#

Test positive

#

Not tested

Positive

Test negative

specificity

Test positive

sensitivity

HIV_Prevalence_standalone

Tested

Prob_test_Stand

Standalone based negative
VCT

Test negative

#

Test Positive

#

Not tested

positive

test negative

specificity

test positive

sensitivity

HIV_prevalence_mobile

Tested

prob_test_mobile

negative

test negative

#

test positive

#

Not tested

test negative

specificity





OEBPS/images/12962_2020_231_Fig2_HTML.png
Tornado Diagram - ICER
Facility based VCT vs. Mobile based VCT

EV: 239.01

e S
NS
PP

ICER

Cost of positive test at mobile-based VCT (108.42 to 162.63)
Tset specificity (0.9848 to 1)

Cost of negative test at mobile-based VCT (2.63 to 3.9)

Cost of positive test at facility-based VCT (190.59 to 127.06)
Probability of being tested at facility-based VCT (0.1 to 0.03)
Cost of negative test at facility-based VCT (5.94 to 3.96)
Probabilty of being tested at mobile-based VCT (0.2 to 0.4)
Test sensitivity (1 to 0.994)

Cost of positive test at stand-alone VCT (120.78 to 181.17)
Cost of negative test at stand-alone VCT (5.11 to 7.67)
Probability of beinng tested at stand-alone VCT (0.08 to 0.16)





OEBPS/css/sidebar.gif





OEBPS/images/12962_2020_231_Fig3_HTML.png
ICER

300.00

290.00

280.00

270.00

260.00

250.00

240.00

230.00

220.00

210.00

0.015

o
=
S}

0.025

HIV positivity rate: mobile-based VCT

0.03

=@~ Mobile based VCT

0.035





