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Abstract

Background

Like most countries with a substantial HIV burden, Nigeria continues to face challenges in
reaching coverage targets of HIV services. A fundamental problem is stagnated funding in
recent years. Improving efficiency is therefore paramount to effectively scale-up HIV ser-
vices. In this study, we estimated the facility-level average costs (or unit costs) of HIV
Counseling and Testing (HCT) and Prevention of Mother-to-Child Transmission (PMTCT)
services and characterized determinants of unit cost variation. We investigated the role of
service delivery modalities and the link between facility-level management practices and
unit cost variability along both services’ cascades.

Methods

We conducted a cross-sectional, observational, micro-costing study in Nigeria between
December 2014 and May 2015 in 141 HCT, and 137 PMTCT facilities, respectively. We ret-
rospectively collected relevant input quantities (personnel, supplies, utilities, capital, and
training), input prices, and output data for the year 2013. Staff costs were adjusted using
time-motion methods. We estimated the facility-level average cost per service along the
HCT and PMTCT service cascades and analyzed their composition and variability. Through
linear regressions analysis, we identified aspects of service delivery and management prac-
tices associated with unit costs variations.

Results

The weighted average cost per HIV-positive client diagnosed through HCT services was US
$130. The weighted average cost per HIV-positive woman on prophylaxis in PMTCT
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services was US$858. These weighted values are estimates of nationally representative
unit costs in Nigeria. For HCT, the facility-level unit costs per client tested and per HIV-posi-
tive client diagnosed were US$30 and US$1,364, respectively; and the median unit costs
were US$17 and US$245 respectively. For PMTCT, the facility-level unit costs per woman
tested, per HIV-positive woman diagnosed, and per HIV-positive woman on prophylaxis
were US$46, US$2,932, and US$3,647, respectively, and the median unit costs were US
$24, US$1,013 and US$1,448, respectively. Variability in costs across facilities was princi-
pally explained by the number of patients, integration of HIV services, task shifting, and the
level of care.

Discussion

Our findings demonstrate variability in unit costs across facilities. We found evidence con-
sistent with economies of scale and scope, and efficiency gains in facilities implementing
task-shifting. Our results could inform program design by suggesting ways to improve
resource allocation and efficiently scale-up the HIV response in Nigeria. Some of our find-
ings might also be relevant for other settings.

Introduction

To address the continued HIV burden the Nigerian government rolled out the 2010-2015
HIV/AIDS Strategic Plan and aimed to achieve 80% coverage of two primary pillars of the
HIV response [1]-HIV Counseling and Testing (HCT) and Prevention of Mother-to-Child
Transmission (PMTCT). However, despite significant progress, by 2014 Nigeria had only
reached 45% coverage and the number of annual new infections exceeded 220,000, according
to the most recent estimates [2]. Nigeria experiences the largest national HIV epidemic in the
world, and by 2016 an estimated 3.2 million Nigerians were living with HIV [3].

Funding is a crucial constraint for Nigeria to expand and sustain the provision of HIV ser-
vices. As other countries with generalized epidemics and high HIV prevalence, funding to sup-
port HIV programming relies heavily on international donors and has plateaued in recent
years [4,5]. Therefore, to meaningfully scale-up the HIV response, Nigeria’s limited financial
resources must be used optimally. To achieve this goal, improving efficiency in the implemen-
tation of HIV services is vital.

The Nigerian government has identified potential mechanisms to improve efficiency and
increase access to HIV services. Among them are, decentralizing services from secondary and
tertiary facilities to primary care clinics, integrating HCT services into routine health services,
expanding demand generation activities, increasing task-shifting, and strengthening commu-
nity mobilization [1]. However, the impact of these strategic recommendations on costs, effi-
ciency, and quality of services is unclear.

Analyzing the costs of HIV services could help to identify the links between these
approaches and efficiency, and to determine their relative importance. While previous costing
studies have been conducted on HIV services in Nigeria, they have been limited in their scope,
focusing solely on estimating the unit cost of services (the average cost per service delivered).
However, in addition to assessing the unit cost of HIV services, identifying the determinants
of unit cost variation can illuminate potential pathways to improve the performance of service
delivery.
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In this study, we applied micro-costing methods to a large and partially representative sam-
ple of facilities to assess costs and the determinants of cost variation of HCT and PMTCT ser-
vices in Nigeria. In particular, we were interested in studying two aspects of service delivery
and their association with efficiency. First, we explored the relationship between unit costs and
service delivery models including the level of care (primary, secondary, or tertiary), integration
of HIV services (HCT, PMTCT or ART provided in the same facility), task-shifting, and com-
munity involvement. Second, we explored the association between management practices and
efficiency.

This study is part of a broader project, Optimizing the Response to Prevention and Treat-
ment: HIV Efficiency in Nigeria (ORPTHEN). The objective of the study was to estimate and
analyze average costs per services at the facility-level for the following HIV interventions: HIV
counseling and testing (HCT), prevention of mother-to-child transmission (PMTCT), and
antiretroviral treatment (ART) [6]. This paper focuses on the first two.

Methods

For this study, we adapted to Nigeria the methods from a cross-sectional, micro-costing study
conducted previously in four other African countries. Those methods have been described
elsewhere [7]. Below we present those aspects relevant to this analysis and specific to Nigeria.

Study sample

We applied multistage sampling first to select the 20 states with the highest HIV prevalence—
we excluded three states due to security reasons—and subsequently to randomly sample facili-
ties that provided at least one of the two interventions of interest (HCT or PMTCT). All levels
of care (primary, secondary, and tertiary) were represented. Facilities were mostly integrated
sites (offering both HCT and PMTCT services). At the time of data collection, 198 and 194
facilities in the sample provided HCT and PMTCT services, respectively; and they included
teaching and referral hospitals, health centers, and maternal health clinics. HCT services in
these facilities included both client-initiated and provider-initiated rapid HIV test algorithms
(immunochromatographic assays). PMTCT services included HCT, routine clinical monitor-
ing, and provision of ART and other drugs to pregnant women, mothers, and infants through
Options A, B, and B+ (13.7%, 66.6%, and 19.7% of facilities, respectively).

Due to incomplete or missing information on outputs or staff composition, we excluded 46
HCT facilities and 43 PMTCT facilities from the sample. We eliminated an additional 11 HCT
and 14 PMTCT facilities due to implausibly low or high unit costs. The final analytical sample
includes 141 facilities offering HCT and 137 facilities providing PMTCT services (see S1 Fig in
the supplemental materials).

Concerning implausible values of unit costs, we excluded facilities with fewer than 0.5 cli-
ents per day per provider or more than 100 clients per day per provider. However, we applied
the former only to facilities which began providing services more than a year before data col-
lection. We assumed that very early programs (less than a year old) require time to build
demand for their services. On the other hand, HCT or PMTCT services with fewer than 0.5 cli-
ents per day per provider and more than one year providing those services were unlikely to be
real or stable, and their inclusion in the sample could bias the results.

Given the relatively large proportion of excluded facilities, we performed an attrition analy-
sis to assess the possible bias introduced by sample loss. We compared the subset of facilities
excluded with those in the final analytical sample in terms of state, type of facility, level of care,
total costs, total input costs, and total FTE. We present the results in S1 Table in supplementary
materials.
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Data collection

Data collection took place between December 2014 and May 2015. Data on inputs, input
prices, outputs, process quality, the competence of providers, staff’s time allocation, and facility
characteristics—including management practices—were collected retrospectively from data-
bases at the facility and district levels, program records, and monthly reports from the year
2013. Data were collected over two- to four-day time periods using standardized, pre-pro-
grammed, computer-based instruments by teams consisting of three trained surveyors. Facil-
ity-level questionnaires were administered to the facility’s manager in charge, consulting and
validating the information on logs and records as much as possible. We collected data on
input prices at the national level from the Ministry of Health. We also implemented a data
quality assurance system which provided a mechanism for the research team to download the
data on a weekly basis to assess completeness and quality of data [7].

Measurement

Costs. We captured information on inputs used to produce HCT and PMTCT services.
Namely personnel, recurrent inputs and services, capital (equipment and vehicles-see S2
Table for a comprehensive list of capital items), and training (opportunity costs of staff
involved); and the prices of these elements—including salaries. We also measured outputs
along the cascades of PMTCT and HCT services. For PMTCT, we measured the number of
pregnant women tested, the number of HIV-positive pregnant women diagnosed, the number
of HIV-positive women on treatment or prophylaxis, and the number of infants on prophy-
laxis. Women previously on ART were not included in the output measures. For HCT, we col-
lected data on the number of people tested and the number of HIV-positive people diagnosed.
All inputs and outputs were measured at the facility-level using standardized tools.

Time allocation. Time-motion methods were applied to estimate staff’s time allocation to
each intervention. Time-motion is considered the gold standard approach to capture variation
in time use across activities, and has been used in healthcare settings to assess optimal time
allocation of staff, evaluate clinical workflow, and analyze potential improvements in efficiency
[8-10]. In this study, observers randomly selected combinations of shifts, days of the week,
and clinical providers (up to a maximum of six providers) to document the activities per-
formed in blocks of three to four hours. The objective of this strategy was to achieve a repre-
sentative sample of providers, days and hours reflecting the real variation of providers’ time
allocation across interventions. Observers collected data on type and duration of activities
such as direct service delivery, administrative work, meetings, and breaks. For each multitask-
ing provider observed, time spent with patients for each intervention was assigned to that
intervention whereas all other noncontact time was divided equally across the provider’s
reported service areas. We used these observations to compute weights and applied them to
multitasking staff in each facility. We allocated to either HCT or PMTCT the full salary of pro-
viders whose time was dedicated to either intervention exclusively.

Management. Management practices in for-profit firms are vital to the efficiency of pro-
duction lines [11, 12]. Health providers, particularly those in public systems and not-for-profit
private organizations, do not usually think about their work as a production process compara-
ble to that in firms. However, not unlike private firms, health services are in fact produced by
combining inputs—human and material —constrained by the underlying technology at their
disposal. Different combinations of those inputs can result in varying levels of efficiency, and
good management practices facilitate an efficient combination of inputs. Evidence suggests
that management practices can positively affect health outcomes [12, 13]. In this study, we
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developed an instrument to capture management practices to assess the link between varia-
tions in management and unit costs.

We adapted the management framework from the ORPHEA project [7] to the Nigerian
context. The ORPHEA questionnaire was based on work developed by Bloom et al. for private
hospitals [13] and adapted for public facilities in a low- and middle-income country context.

S3 Table describes the specific questions used to measure each dimension of management
included in the analysis. These dimensions capture a breadth of management practices that
can affect clinic performance and were informed by literature [13] and previous data analysis
[14]. The performance-based funding index describes the extent to which clinic performance
indicators are linked to financial incentives (eg. number of clients served or quality indicators).
Individual incentives summarize the different types of monetary, non-monetary and other in-
kind incentives that staff can receive for individual-level good performance. Providing finan-
cial incentives for performance has been shown to impact the quantity and quality of services
offered [15]. On the other hand, monetary incentives have been criticized on the basis that
they appeal to extrinsic rather than intrinsic motivation, which is essential in health care [16].
However, evidence on the impact of these incentive schemes on the efficiency of HIV services
is scarce [17]. The sanctions index measures the types of sanctions used to penalize poor indi-
vidual performance. The external supervision index measures the amount of oversight received
by the clinics. While excessive monitoring may negatively affect a facility’s ability to react
swiftly to its needs and find solutions, external supervision may improve aspects of service
delivery by providing staff guidance and feedback on performance. The transparency index
measures the amount of information dissemination in which the clinic engages. Transparency
may lead to less waste and more efficient use of resources, and can influence efficiency directly.
The community participation index score measures how involved the community is in deci-
sion-making processes at the clinic (e.g. in the governing board) or in activities carried out by
the clinics; facilities with more community involvement may be more effective at targeting ser-
vices, engaging risk populations and retaining patients, thus influencing efficiency [13]. The
National Governance and Community Governance indices measure the amount of involvement
that the national government and community entities have over budgetary decisions, respec-
tively. More oversight and support may lead to improved efficiency through better planning
and more appropriate use of resources, or could cause more bureaucracy.

For each category of management, we constructed an index using additive scores. Their
internal consistency was assessed using Cronbach’s alpha (alpha >0.80). We further validated
the management indices by applying Principal Component Analysis (PCA) to all variables
used in the six scores. We included eight variable scores in the models as binary variables for
ease of interpretability. We defined the cut-off points according to their distribution: for per-
formance-based funding and financial decisions by the community, we used the 75" percen-
tile, and for the remaining variables, we used the median. S2 Fig shows the distribution of the
indices.

Service delivery characteristics. We measured other facility-level characteristics to inves-
tigate their associations with unit costs variations. S4 Table presents detailed definitions of
these characteristics, the questions used to elicit them, and their specific values. We measured
the scale of services as the total number of clients per intervention along both service cascades.
For each facility, we captured the level of care, the types of HIV services provided, and site
maturity, which measured the number of years providing each intervention. We also measured
staff composition per intervention and created a task-shifting variable indicating that no physi-
cians were involved in service delivery. Finally, we measured each provider’s years of experi-
ence on HIV services and took the average for each facility.
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Unit cost estimation

We estimated the total annual costs for each intervention applying a micro-costing approach
from the perspective of service providers. Using quantities and prices of essential inputs as
well as output data for both the HCT and PMTCT service cascades, we computed facility-level
total costs by intervention, as follows:

i=4
TG, = ) _ICy,
i=1

Where TCj, denotes the total annual cost of intervention j (1 = HCT, 2 = PMTCT) at facility
k. The term IC;j denotes the annual cost of input category i (1 = personnel, 2 = recurrent
inputs and services, 3 = capital, and 4 = training), for intervention j at facility k.
We estimated the average cost per service per facility-intervention (or unit cost) for each
step of the service cascade, as follows:
TGy .
UG, =—"forj=1,2,3,4

Din

Where UC;, denotes the average cost (or unit cost) per output [, per intervention j, at facility
k. TCjk indicates the total cost for intervention j at facility k; gji; denotes outputs along the cas-
cade where [ = 1 for clients tested, / = 2 for clients tested and HIV-positive, [ = 3 for HIV-posi-
tive clients receiving ARV prophylaxis or treatment, and ! = 4 for infants born to HIV-positive
clients receiving NVP, with the latter two only defined for PMTCT. Given attrition along the
service cascades, gj;; > gj2 for HCT and gj>1 > gjo2 > gj23 > gjp4 for PMTCT.

For facilities providing more than one intervention, we apportioned shared inputs accord-
ing to their contribution to total costs. Specifically, we weighted each category of shared input’s
annual costs by the annual number of clients per intervention over the total yearly amount of
outpatient clients in the facility. Finally, to allocate personnel costs across interventions, we
applied weights derived from the time-motion study.

All cost data were converted from local currencies to United States Dollars (US$) using the
daily mean exchange rate for the year 2013 (Nigeria: 150 Nigerian Naira-NGN). We report
both unadjusted costs and costs adjusted for purchasing power parity (PPP) for non-tradable
services, primarily staff salaries.

Estimation of weighted unit costs. While the variation of unit costs across facilities is the
focus of the analysis in this paper, we also estimated weighted unit costs, which are better esti-
mates of the national-level average costs per service, than the mean of facility unit costs. To
determine the weighted unit costs, we take into account the relative contribution of services
provided by each facility. We calculated the weighted unit cost as the sum of each facility-level
unit cost multiplied by a non-negative weight. We defined the weight as the ratio between the
number of annual clients in each facility and the total number of clients in the full sample, for
each step in the cascade, as follows:

WUle = ZUC}H * (Opjkl/ ZTOPJM)
1

Where WUCG;; denotes the weighted unit cost per output L, per intervention j. UC, denotes
the average cost (or unit cost) per output [, per intervention j, at facility k, summed from facil-
ity 1 to n. OP;jj denotes the total number of clients per output [, per intervention j, at facility k,
and ZTOPJH denotes the total sample size per output, per intervention.
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Analysis of costs and the determinants of unit cost variation

Description of unit costs. First, we describe the unit cost per service along the cascade
and the average composition of total costs, by input categories and level of care. Second, we
show the dispersion of unit costs across facilities along the service cascades, by level of care.
Third, we present the correlation between unit costs and scale, measured by the annual num-
ber of services provided.

Determinants of unit cost variation. We studied the efficiency of HIV services in Nigeria
by analyzing the determinants of unit cost variation. We apply ordinary least squares (OLS)
regression models, with robust standard errors to account for heteroskedasticity, as a function
of outputs, facility-level characteristics, and the management indices, as follows:

anCijk =0+ ﬁlqijk + quijk2+y1mjk + 706 + 3le + Vi€ T+ VstSy + 51HIij + 0,ART, + 0X
+ &

Where UC;j denotes the unit cost per output i, per intervention j, in facility k-with
HCT (j = 1) and PMTCT (j = 2); and i = 1 for clients tested, i = 2 for HIV-positive clients iden-
tified, i = 3 for HIV-positive clients receiving ARV treatment or prophylaxis, and i = 4 for
infants born to HIV-positive clients receiving NVP, with the latter two defined only for
PMTCT.

On the right hand-side of the equation, g; is the number of annual output i from interven-
tion j, at facility k; m;, measures the number of years since facilities began providing the inter-
vention j (maturity) in facility k; ey is the average number of years of staff experience providing
HIV services in facility k; I indicates the level of care of facility k; cji is the average compe-
tence score for intervention j in facility k; tsj. is a binary variable indicating whether task shift-
ing is used in providing the intervention j in facility k. As a measure of integration of HIV
services we included two additional variables; HI Vi, measures the annual number of clients of
intervention j in facility k (with j = 1 when estimating UC;x, and j = 2 when estimating UC;;y);
and ART}, a binary variable indicating whether the facility provided antiretroviral therapy
(ART) or not. Finally, X is the vector of management indicators.

Ethical clearance

The study was approved by the ethical review boards of the National Institute of Public Health,
Mexico and the Nigerian Institute for Medical Research (NIMR).

Results
Average cost per service along the HCT and PMTCT service cascades

Table 1 shows sample sizes by intervention and level of care. The sample consisted of 141 HCT
and 137 PMTCT facilities, of which roughly 22% were primary-level clinics, 62% were second-
ary hospitals, and 16% were tertiary hospitals. The average percentage of clients tested for HIV
who were HIV-positive (positivity rate) was 11% in HCT services and 5% in PMTCT services.

The proportion of HIV-positive patients who were on ARV treatment or prophylaxis was 77%
in PMTCT services.

Table 2 displays the average annual number of clients per facility along the service cascades
in 2013. On average, facilities tested 2,940 individuals per year and diagnosed 307 HIV-posi-
tive individuals through HCT services. The PMTCT services tested on average 1,577 women
per year and diagnosed 59 HIV-positive women.
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Table 1. HCT and PMTCT sample sites by facility type and cascade indicators.

HCT PMTCT
LEVEL OF CARE N % N %
Primary 30 21 31 23
Secondary 90 64 82 60
Tertiary 21 15 24 17
Total 141 100 137 100
Coverage rates
Average HIV positivity rates® 139 11 131 5
Average % of clients on ARV treatment or prophylaxis ” 120 77

Notes: HCT = HIV Counseliing and Testing
PMTCT = Prevention of Mother-to-Child Transmission
? Defined as the percentage of HIV-positive clients with respect to all clients tested

" Defined as the percentage of clients on ARV treatment or prophylaxis with respect to all HIV-positive clients

https://doi.org/10.1371/journal.pone.0201706.t001

Table 3 displays the summary of unit costs for each step of the HCT and PMTCT service
cascades. The weighted average cost per HIV-positive client diagnosed was US$130 and US
$858, in HCT and PMTCT services, respectively.

The average unit cost per HCT client tested was US$30, while the average unit cost per
HIV-positive client was US$1,364. The equivalent figures in PMTCT services were US$46 and
US$2,932, respectively. Average and median costs per unit of output varied substantially in
both interventions, which implies a significant variation in unit costs across facilities.

Fig 1 shows HCT and PMTCT average unit costs per client along the service cascades, by
level of care. The bottom panels of the Figure present the HIV positivity rates—measured at
the facility-level and defined as the proportion of tests with HIV-positive results. In the case of
HCT, the unit cost per person tested is not significantly different by level of care, albeit slightly
lower in tertiary facilities. The cost per person diagnosed does vary substantially across levels
of care, with unit costs significantly decreasing as level increases. This difference is associated
with positivity rates, with lower positivity rates at the primary level. In the case of PMTCT ser-
vices, we found the lowest HIV positivity rates in the secondary level, which resulted in signifi-
cantly higher costs per service, compared to primary and tertiary facilities.

Table 2. Average number of clients per facility along the HCT and PMTCT service cascades.
n Mean SD Median

HCT

Annual number of clients tested 141 | 2,940 | 3,197 1,799
Annual number of HIV-positive clients diagnosed 139 307 400 135
PMTCT

Annual number of women tested 137 1,577 1,857 884
Annual number of HIV-positive women diagnosed 131 59 113 22
Annual number of HIV-positive women on ARV treatment or prophylaxis 120 36 50 17
Annual number of infants on NVP prophylaxis 97 29 36 16

Notes: n = sample size; SD = standard deviation
HCT = HIV Counseling and Testing
PMTCT = Prevention of Mother-to-Child Transmission

https://doi.org/10.1371/journal.pone.0201706.t002
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Table 3. Unit costs along the HCT and PMTCT service cascades (USS$).

n Weighted Mean SD Median
Mean®

HCT unit costs
Average cost per client tested 141 13 30 41 17
Average cost per HIV-positive clients diagnosed 139 130 1,364 4,738 245
HCT unit cost (PPP) ©
Average cost per client tested 141 22 50 73 29
Average cost per HIV-positive clients diagnosed 139 214 2,223 7,606 399
PMTCT unit costs
Average cost per women tested 137 19 46 69 24
Average cost per HIV-positive women diagnosed 131 507 2,932 4,622 1,013
Average cost per HIV-positive women on ARV treatment or prophylaxis 120 858 3,647 5,479 1,448
Average cost per infants on NVP prophylaxis 97 1,133 4,242 6,230 1,700
PMTCT unit costs (PPP) ©
Average cost per women tested 137 29 74 120 36
Average cost per HIV-positive women diagnosed 131 794 4,803 7,964 1,425
Average cost per HIV-positive women on ARV treatment or prophylaxis 120 1,341 5,933 9,389 2,201
Average cost per infants on NVP prophylaxis 97 1,761 6,819 10,515 2,497

n, sample size; SD, standard deviation; HCT, HIV counseling and testing; PMTCT, prevention of mother-to-child transmission; Unit costs in 2013 US Dollars.

? Different sample sizes along the cascades are due to missing values.

® Weighted mean represents a nationally representative average value, considering the relative contribution of each facility in terms of its patient volume. It was

calculated as the sum of each data point multiplied by a non-negative weight (defined as the number of annual HCT or PMTCT clients in each step of the cascade,
divided by the total number of annual HCT or PMTCT clients in each step of the cascade, in the full sample).

¢ Purchase power parity.

https://doi.org/10.1371/journal.pone.0201706.t003

We further explored the composition of PMTCT and HCT costs in Nigeria. Fig 2 presents
the breakdown of the total costs into the main input categories; overall and by level of care. In
the case of HCT (Panel A), the staff category is by far the largest component, accounting for
roughly 70% of the total costs. HIV test kits (15%) and capital goods (10%) are the second and
third cost drivers, respectively. Utilities contributed 2% to the total costs. The distribution is
similar across levels of care.

Panel A. HCT service cascade and positivity rates by level of care

Panel B. PMTCT service cascade and positiity rates by level of care
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Fig 1. Unit cost per client across the service cascade and positivity rates of HCT and PMTCT services. Note: Labels
inside the bars represent actual figures; labels above the bars represent the sample size.

https://doi.org/10.1371/journal.pone.0201706.g001
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Fig 2. Breakdown of HCT and PMTCT costs, by level of care.
https://doi.org/10.1371/journal.pone.0201706.9002

Regarding PMTCT services (Panel B), the staff category accounted by two-thirds of the
total costs (65%), followed by HIV test kits (10%), capital costs (10%), antiretroviral drugs
(8%), training (5%), and utilities (2%). The distribution was not significantly different across
levels of care, except for the primary level, where staff represents a larger share of the total
costs (76%).

In panels C and D, we further break down the staff category into four cadre classes: doctors,
nurses, other health staff (counselors, nutritionists, etc.), and indirect staff (administrative,
maintenance, etc.). Other health staff accounted for roughly 50% of the total staff costs in
HCT, followed by nurses (30%), doctors (10%) and indirect staff (10%). In PMTCT, other
health staff and nurses accounted for 46% and 42%, respectively, doctors 7%, and indirect staff
5%.

Variation of unit costs along the HCT and PMTCT service cascades

In Fig 3 we present the dispersion of HCT unit costs for two steps of the service cascade, by
level of care. Each dot represents a facility and the vertical axis measures the unit cost. The
results show the degree of variation in unit costs among facilities, which ranged across three
and four orders of magnitude—higher in the cost per HIV-positive case diagnosed. Secondly,
we observe facilities from the three levels of care across all ranges of costs.

The unit costs of PMTCT services also varied considerably among facilities with differences
of two and three orders of magnitude for the same service across facilities (see Fig 4). In the
case of PMTCT, we observe four outputs along the service cascade, and the PMTCT findings
are consistent with those described above for HCT.

The volume of services is a critical factor in determining the efficiency of HCT and PMTCT
services. Fig 5 displays the relationship between the facility-level unit costs of HCT services (in
the vertical axis) and the volume of clients or scale (in the horizontal axis). Again, each dot rep-
resents a facility. Overall, there is a negative relationship between costs and scale; a greater
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volume of clients is associated with lower unit costs, with scale accounting for 44% of the vari-
ability of the average cost per client tested and 22% of the variation in the average cost per
HIV-positive client identified.

We also found a negative correlation between the volume of PMTCT clients per facility and
unit costs (see Fig 6). About 52% of the variability of the PMTCT unit costs by client tested
was explained by scale.

Determinants of unit costs variation along the HCT and PMTCT service
cascades

We explored determinants of unit cost variation, including scale, scope, task-shifting, and
managerial practices. S5 Table shows the results of two specifications of the regression model
for HCT unit costs—per client tested and per HIV-positive client diagnosed—against the vol-
ume of clients, other service delivery characteristics, and dimensions of management. The dif-
ference between the two specifications is the inclusion of quality in Specification 2, measured
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Fig 6. Relationship between PMTCT unit cost and scale, by cascade stage.
https://doi.org/10.1371/journal.pone.0201706.g006
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by the competence score (see S1 File for details on this variable). Fig 7 graphically presents the

results of the first specification for both models.

As shown in Fig 7, everything else being equal, we found a negative association between the
number of HCT clients and unit costs in both steps of the cascade, which is consistent with
economies of scale. The square term of the number of HCT clients was positive and significant,
which indicates a decreasing rate of economies of scale. The level of service provision was not

significantly associated with unit costs once we controlled for other characteristics—except for
the unit cost per client tested at the tertiary level. We observed an association between task-

shifting and lower unit costs in both steps of the cascade.

Regarding management characteristics, we found associations between external supervision
and the involvement of the government in financial decisions, with higher unit costs per per-
son tested. Providing individual incentives was negatively associated with HCT unit costs.
Finally, we found that everything else being equal, unit costs of HCT services were lower in

facilities that also provided ART services (a measure of integration of services).

S6 Table presents the results of the regression models for unit costs of PMTCT services,

along four indicators in the service cascade, and Fig 8 displays the results graphically.

As shown in Fig 8, everything else being equal, we found a negative association between the
number of PMTCT clients and unit costs in all steps of the cascade, although the strength of
this association decreases as we move further. The square term of the number of PMTCT cli-

ents was positive and significant. These results, as in the case of HCT, are consistent with
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Fig 7. HCT regression models along the service cascade.
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Fig 8. PMTCT regression models along the service cascade.
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economies of scale at a decreasing rate. Tertiary-level facilities were associated with higher unit
costs. We found a statistical association between task-shifting and lower unit costs in all steps
of the cascade.

Regarding management, we found an association between involvement of the government
in financial decisions and higher costs per PMTCT client. Performance-based funding was
associated with higher unit costs, although this relationship was statistically significant only in
the first step. We observed a negative association between PMTCT unit costs and individual
incentives and community involvement. Similar to HCT, facilities with ART services showed
lower unit costs of PMTCT services. Finally, we found a positive correlation between compe-
tence and PMTCT unit costs (S5 Table).

Discussion

In a large and representative sample of facilities in Nigeria, we estimated the costs of HCT and
PMTCT services cascades in Nigeria. The weighted average cost per HIV-positive client diag-
nosed in HCT services was US$130. The weighted average cost per HIV-positive woman on
prophylaxis in PMTCT services was US$858. Weighted unit costs are estimates of the nation-
ally representative costs in Nigeria given that we compute them accounting for each facility’s
contribution to the national average based on their volume of patients. The estimated facility-
level unit cost per client tested and per HIV-positive client diagnosed were US$30 and US
$1,364 for HCT and US$46 and US$2,932 for PMTCT, respectively. The analysis on the com-
position of costs revealed that for both HCT and PMTCT services, costs are mainly driven by
staff followed by HIV tests and ARV drugs, the latter only in the case of PMTCT. We found
that the composition of costs was similar across levels of care. Other health staff and nurses cat-
egories accounted for the highest proportion of staff costs for both HCT and PMTCT.
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Unit costs increase along the cascade of HCT and PMTCT services, which is directly deter-
mined by two factors: positivity rates and attrition rates. For example, in the case of PMTCT,
the gap between the cost per woman tested and the cost per HIV-positive woman diagnosed
depends on the number of women that must be tested to find one HIV-positive case; lower
positivity rates determine a higher cost per HIV-positive case. The gap between the cost per
HIV-positive woman diagnosed and the cost per woman on ARV prophylaxis or treatment is
determined by the proportion of women lost between these two steps in the cascade; a larger
gap indicates more women lost proportionally. Our results suggest that secondary level facili-
ties have more attrition than primary and tertiary ones, which may be an aspect of service
delivery worth exploring in future studies.

We also found variation in unit costs across levels of care. In the case of HCT services, the
unit cost per HIV-positive client diagnosed decreases as the level of care increases. In PMTCT
services, unit costs are higher among secondary level facilities than primary and tertiary,
which is explained by HIV positivity rates in these facilities.

The results of this study demonstrate variation in unit costs across facilities; we found dif-
ferences of three to four orders of magnitude in costs for the same services across levels of care
and along the service cascades. A large proportion of this variation was explained by scale, par-
ticularly in the first step of both cascades.

However, even after controlling for scale, a substantial level of heterogeneity in unit costs
persisted. Overall, we found that efficiency was linked to service delivery characteristics and
management practices. At the national level, we observed evidence of economies of scope. We
found that integration of HIV services, measured by the number of PMTCT or HCT clients
tested and by the presence of ART services, seemed to be efficient. Facilities providing inte-
grated HCT and PMTCT services, or ART services, were less costly. We also found evidence
that task-shifting consistently predicts lower unit costs across the service cascades of both
interventions. At the facility level, we found statistically significant associations between unit
costs and management practices. Government involvement in financial decisions, external
supervision, and performance-based funding, were practices associated with higher costs,
whereas individual incentives and community involvement were associated with lower unit
costs. Quality (competence score, which we described in S1 File) was not significantly associ-
ated with unit costs.

Our cost estimates were captured using a representative sample of facilities and were found
to be comparable to previous estimates[18, 19]. In an earlier study, Aliyu et al. [20] reported an
average cost per HCT client of US$7.40, with US$18.50 in tertiary level facilities and US$6.30
in secondary level facilities. In comparison, we found a weighted mean of US$13. However,
our study includes a sample of 141 facilities from first, second and third levels of care; in con-
trast, their research consists of nine facilities from the secondary and tertiary levels of care.
Furthermore, evidence of high variation in unit costs at the facility-level is consistent with
other studies [21, 22]. Similar to previous studies, we observed evidence of economies of scale
[23,24]. However, we also found evidence consistent with economies of scope—integrating
HIV services—for which previous studies have found inconclusive evidence [25].

Our study contributes knowledge on the determinants of unit costs variation. We focused
on aspects of service delivery. We found that scale, level of care, task-shifting, and community
involvement in the provision of services, were aspects statistically associated with variations in
unit costs of HIV programs. Although more research on the cost-effectiveness of these modali-
ties is needed, our results suggest a potential role for them in improving efficiency.

To our knowledge, this study—along with the larger ORPHEA study—is the first to assess
the role of management practices on the variation in costs of HIV services. For example, while
limited previous research has examined the impact of supervision on the quality of services
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[26, 27] and other management practices [13], no studies have assessed their effects on effi-
ciency. Similarly, little or no evidence exists on the impact of task-shifting on unit costs.

Some limitations should be considered when interpreting our findings. The cross-sectional
design of the study does not allow us to identify causality. Our estimates relied on administra-
tive records at the facility-level, which in some cases were incomplete and, in all cases, are
prone to measurement error. Our costs estimates rely on the results of time-motion measure-
ments, which is considered the gold-standard method to estimate time allocation across tasks
and processes. However, this method is also vulnerable to measurement error resulting from
at least two potential sources. One is the possibility that the sample of providers/days/hours
was not representative of time allocation throughout the year. The direction of the bias result-
ing from this potential measurement error is difficult to predict. The second limitation is the
Hawthorne effect. Providers may have changed their behavior while being observed, leading to
an overestimation of staff costs, if providers chose to use more time than usual working on
HCT or PMTCT services knowing we were assessing these interventions. However, this poten-
tial bias would only affect multitasking staff. Finally, time allocation is not just a function of
the providers’ decisions but also depends on service demand by clients, thereby further reduc-
ing this potential bias.

We adapted the instruments to capture management practices from a previous study. We
examined eight mutually exclusive dimensions of management. However, it is possible that we
did not measure other aspects of management potentially relevant for the production of
PMTCT and HCT services. Quality of services was assessed through provider’s competence on
processes and did not include other dimensions of quality.

Finally, due to missing data and implausible values in unit costs, we lost approximately 30%
of facilities from the original sample. We explored the implications of this level of attrition
comparing the subset of facilities lost with those in the analytical sample. First- and second-
level facilities accounted for most of the facilities lost due to missing values. We found statisti-
cal differences in the distributions of HCT facilities by level of care and state. In the case of
PMTCT, we observed statistical differences in the distribution by state. Nevertheless, we did
not find differences in total costs, capital costs, staff distribution (full-time equivalents by type
of provider), and ownership. And these results hold for both interventions, suggesting that our
main findings and conclusions in the paper are unbiased (S1 Table).

Despite these limitations, our study provides sound estimates of unit costs of HCT and
PMTCT services in Nigeria. Considering the sample size, sampling strategy, and aspects of ser-
vice provision analyzed, this is the most comprehensive study on the efficiency of HCT and
PMTCT services in Nigeria to date. Our study adds to the literature on the efficiency of HIV
programs and illuminates determinants of cost variation. Our results could be used to inform
program design to optimize the use of resources and sustain coverage of HIV services.

Supporting information

S$1 File. Quality measurement.
(DOCX)

S1 Fig. Analytical sample.
(TIF)

S2 Fig. Management indices scores per intervention.
(TIF)

S§1 Table. Comparison of facilities excluded with the final analytical sample.
(XLSX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0201706  September 7, 2018 16/19


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201706.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201706.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201706.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201706.s004
https://doi.org/10.1371/journal.pone.0201706

@° PLOS | ONE

Determinants of unit cost variation of HCT and PMTCT services in Nigeria

S2 Table. Description of elements included in capital.
(XLSX)

§3 Table. Measurement of management.
(XLSX)

S4 Table. Measurement of other facility-level characteristics.
(XLSX)

S5 Table. HTC regression models. Dependent variable is the natural logarithm of unit cost.
(XLSX)

S6 Table. PMTCT regression models. Dependent variable is the natural logarithm of unit
cost.
(XLSX)

Acknowledgments

The authors wish to thank Carlos Pineda, Omar Silverman, Carlos Chivardi, Andrea Salas and
Nerissa Nance, all from Mexico’s National Institute of Public Health (INSP), for their help in
data analysis and the production of the results presented in this report; Alvaro Canales, Victor
Canales, Beatriz Godoy and Juan Mufoz, from the specialized firm Sistemas Integrales, for
their support in the design and programming of the instruments used to collect the data used
in this report; Indepth Precision Limited provided invaluable support in research and data col-
lection; and Benjamin Johns for his help in designing the time-motion component of this
study.

The authors also wish to thank representatives and staff of the government of Nigeria, espe-
cially the Federal Ministry of Health, for their support and assistance during the ORPTHEN
Project’s implementation in Nigeria. PEPFAR/ USAID/ MEASURE Evaluation Nigeria part-
funded the project. Also, our special appreciation goes to Prof. John Idoko, the Director Gen-
eral of NACA at the time, for approving NACA'’s collaboration with INSP, Mexico and
USAID Nigeria to conduct this study, and for his technical and strategic support that was
instrumental to the success of this study.

The authors also appreciate the support, cooperation, and information supplied by other
governmental departments, nongovernmental organizations and private entities, without
which the study would not have been complete. Special thanks goes to all the health offices of
the states and local government areas in Nigeria, as well as to the health professionals and
managers in all facilities provided data for the estimations.

The authors also would like to acknowledge the financial support provided by the Bill &
Melinda Gates Foundation. Invaluable technical assistance was also provided by a Senior
Technical Officer at the Foundation, Dr. Gina Dallabetta, and advice and support were pro-
vided by the following members of Gates Foundation: Dr. Damian Walker, Dr. Geoff Garnett
and Dr. Stefano Bertozzi.

Author Contributions
Conceptualization: Sergio Bautista-Arredondo, Kayode M. Ogungbemi, Sandra G. Sosa-Rubi.
Data curation: Gina La Hera-Fuentes.

Formal analysis: Sergio Bautista-Arredondo, Gina La Hera-Fuentes.

PLOS ONE | https://doi.org/10.1371/journal.pone.0201706  September 7, 2018 17/19


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201706.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201706.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201706.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201706.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201706.s009
https://doi.org/10.1371/journal.pone.0201706

@° PLOS | ONE

Determinants of unit cost variation of HCT and PMTCT services in Nigeria

Funding acquisition: Sergio Bautista-Arredondo.
Investigation: Ogbonna O. Amanze.

Methodology: Sergio Bautista-Arredondo, David Contreras-Loya, Ada Kwan, Adedayo
Adeyemi, Sandra G. Sosa-Rubi.

Supervision: Sergio Bautista-Arredondo, David Contreras-Loya, Ada Kwan, Ogbonna O.
Amanze.

Visualization: Gina La Hera-Fuentes.
Writing - original draft: Sergio Bautista-Arredondo, S. Janae Van Buren.

Writing - review & editing: Sergio Bautista-Arredondo, Gina La Hera-Fuentes, David Con-
treras-Loya, Ada Kwan, S. Janae Van Buren, Ogbonna O. Amanze, Akinyemi Atobatele,
Adedayo Adeyemi, Emmanuel Abatta, Kayode M. Ogungbemi, Sandra G. Sosa-Rubi.

References
1. National Agency for the Control of AIDS (NACA). National HIV/AIDS Strategic plan 2010-2015. Jan
2010.

National Agency for the Control of AIDS (NACA). Global AIDS response: country progress report. 2015

3. UNAIDS. HIV and AIDS estimates (2015). Available from: http://www.unaids.org/en/regionscountries/
countries/nigeria

4. Kaiser Family Foundation (KFF)/UNAIDS. Financing the response to HIV in low- and middle-income
countries: international assistance from donor governments in 2013. 2014

5. Institute for Health Metrics Evaluation (IHME). Financing global health 2010: development assistance
and country spending in economic uncertainty. 2010.

6. Bautista-Arredondo S, Colchero MA, Amanza OO, La Hera G, Silverman-Retana O, Contreras D, Ashe-
for GA, Ogungbemi KM. Explaining the heterogeneity in average costs per HIV/AIDS patient in Nigeria:
the role of supply-side and service delivery characteristics. [Submitted to Economic efficiency & deter-
minants of HIV services PLoS ONE collection].

7. Bautista-Arredondo S, Sosa-Rubi SG, Opuni M, Kwan A, Chaumont C, Coetzee J, et al. Assessing cost
and technical efficiency of HIV prevention interventions in sub-Saharan Africa: the ORPHEA study
design and methods. BMC Health Serv Res. 2014; 14:599. https://doi.org/10.1186/s12913-014-0599-9
PMID: 25927555

8. Burke TA, McKee JR, Wilson HC, Donahue RM, Batenhorst AS, Pathak DS. A comparison of time-and-
motion and self-reporting methods of work measurement. J Nurs Admin. 2000; 30: 118-125.

9. Desjardins F, Cardinal L, Belzile E, McCusker J. Reorganizing nursing work on surgical units: a time-
and-motion study. Nursing leadership (Toronto, Ont.). 2007 Dec; 21(3):26-38.

10. Lopetegui M, Yen PY, Lai A, Jeffries J, Embi P, Payne P. Time motion studies in healthcare: what are
we talking about?. Journal of biomedical informatics. 2014 Jun 30; 49:292-9. https://doi.org/10.1016/j.
jbi.2014.02.017 PMID: 24607863

11.  Bushnell JB, Wolfram C. The guy at the controls: Labor quality and power plant efficiency. International
differences in the business practices and productivity of firms 2009 Sep 18 (pp. 79—-102). University of
Chicago Press.

12. Bloom N, Van Reenen J. Measuring and explaining management practices across firms and countries.
The Quarterly Journal of Economics. 2007 Nov 1; 122(4):1351-408.

13. Bloom N, Sadun R, Van Reenen J. Does management matter in healthcare. London School of Econom-
ics Working paper. 2013 Nov 1.

14. Campbell C, Cornish F. Towards a “fourth generation” of approaches to HIV/AIDS management: creat-
ing contexts for effective community mobilisation. AIDS Care. 2010; 22(sup2):1569—-79.

15. De Walque D, Gertler PJ, Bautista-Arredondo S, Kwan A, Vermeersch C, de Dieu Bizimana J, Binag-
waho A, Condo J. Using provider performance incentives to increase HIV testing and counseling ser-
vices in Rwanda. Journal of health economics. 2015 Mar 31; 40:1-9. https://doi.org/10.1016/j.jhealeco.
2014.12.001 PMID: 25554976

16. Berenson RA, Rice T. Beyond measurement and reward: methods of motivating quality improvement
and accountability. Health services research. 2015 Dec 1; 50(S2):2155-86.

PLOS ONE | https://doi.org/10.1371/journal.pone.0201706  September 7, 2018 18/19


http://www.unaids.org/en/regionscountries/countries/nigeria
http://www.unaids.org/en/regionscountries/countries/nigeria
https://doi.org/10.1186/s12913-014-0599-9
http://www.ncbi.nlm.nih.gov/pubmed/25927555
https://doi.org/10.1016/j.jbi.2014.02.017
https://doi.org/10.1016/j.jbi.2014.02.017
http://www.ncbi.nlm.nih.gov/pubmed/24607863
https://doi.org/10.1016/j.jhealeco.2014.12.001
https://doi.org/10.1016/j.jhealeco.2014.12.001
http://www.ncbi.nlm.nih.gov/pubmed/25554976
https://doi.org/10.1371/journal.pone.0201706

@° PLOS | ONE

Determinants of unit cost variation of HCT and PMTCT services in Nigeria

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Roland M, Dudley RA. How financial and reputational incentives can be used to improve medical care.
Health services research. 2015 Dec 1; 50(S2):2090-115.

Bautista-Arredondo S, Sosa-Rubi SG, Condo J, Martinson N, Masiye F, Nsanzimana S, et al. Determi-
nants of Technical Efficiency of HIV Prevention Interventions in four African Countries. 2014.

Marseille E, Dandona L, Marshall N, Gaist P, Bautista-Arredondo S, Rollins B, Bertozzi SM, Coovadia
J, Saba J, Lioznov D, Du Plessis JA. HIV prevention costs and program scale: data from the PANCEA
project in five low and middle-income countries. BMC health services research. 2007 Jul 12; 7(1):108.

Aliyu HB, Chuku NN, Kola-Jebutu A, Abubakar Z, Torpey K, Chabikuli ON. What is the cost of providing
outpatient HIV counseling and testing and antiretroviral therapy services in selected public health facili-
ties in Nigeria?. JAIDS Journal of Acquired Immune Deficiency Syndromes. 2012 Oct 1; 61(2):221-5.
https://doi.org/10.1097/QAl.0b013e3182683b04 PMID: 22820805

Tagar E, Sundaram M, Condliffe K, Matatiyo B, Chimbwandira F, Chilima B, Mwanamanga R, Moyo C,
Chitah BM, Nyemazi JP, Assefa Y. Multi-country analysis of treatment costs for HIV/AIDS (MATCH):
facility-level ART unit cost analysis in Ethiopia, Malawi, Rwanda, South Africa and Zambia. PloS one.
2014 Nov 12; 9(11):e108304. https://doi.org/10.1371/journal.pone.0108304 PMID: 25389777

Menzies NA, Berruti AA, Blandford JM. The determinants of HIV treatment costs in resource limited set-
tings. PloS one. 2012 Nov 7; 7(11):e48726. https://doi.org/10.1371/journal.pone.0048726 PMID:
23144946

Guinness L, Kumaranayake L, Rajaraman B, Sankaranarayanan G, Vannela G, Raghupathi P, George
A. Does scale matter? The costs of HIV-prevention interventions for commercial sex workers in India.
Bulletin of the World Health Organization. 2005 Oct; 83(10):747-55. PMID: 16283051

Obure CD, Jacobs R, Guinness L, Mayhew S, Vassall A, Integra Initiative. Does integration of HIV and
sexual and reproductive health services improve technical efficiency in Kenya and Swaziland? An appli-
cation of a two-stage semi parametric approach incorporating quality measures. Social Science & Medi-
cine. 2016 Feb 29; 151:147-56.

Bazant E, Sarkar S, Banda J, Kanjipite W, Reinhardt S, Shasulwe H, Mulilo JM, Kim YM. Effects of a
performance and quality improvement intervention on the work environment in HIV-related care: a
quasi-experimental evaluation in Zambia. Human resources for health. 2014 Dec 20; 12(1):73.
Libamba E, Makombe S, Mhango E, Teck OD, Limbambala E, Schouten EJ, Harries AD. Supervision,
monitoring and evaluation of nationwide scale-up of antiretroviral therapy in Malawi. Bulletin of the
World Health Organization. 2006 Apr; 84(4):320—-6. PMID: 16628306

Marshall A, Fehringer J. Supportive supervision in monitoring and evaluation with community-based
health staff in HIV programs. A case study from Ethiopia.

PLOS ONE | https://doi.org/10.1371/journal.pone.0201706  September 7, 2018 19/19


https://doi.org/10.1097/QAI.0b013e3182683b04
http://www.ncbi.nlm.nih.gov/pubmed/22820805
https://doi.org/10.1371/journal.pone.0108304
http://www.ncbi.nlm.nih.gov/pubmed/25389777
https://doi.org/10.1371/journal.pone.0048726
http://www.ncbi.nlm.nih.gov/pubmed/23144946
http://www.ncbi.nlm.nih.gov/pubmed/16283051
http://www.ncbi.nlm.nih.gov/pubmed/16628306
https://doi.org/10.1371/journal.pone.0201706

