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Abstract

Background: Studies estimate that circumcising men between the ages of 20–30 years who have exhibited
previous risky sexual behaviour could reduce overall HIV prevalence. Demand creation strategies for medical male
circumcision (MMC) targeting men in this age group may significantly impact these prevalence rates.

Objectives: The objective of this study is to evaluate the cost-effectiveness and cost-benefit of an implementation
science, pre-post study designed to increase the uptake of male circumcision for ages 25–49 at a fixed MMC clinic
located in Gauteng Province, South Africa.

Methods: A health care provider perspective was utilised to collect all costs. Costs were compared between the
standard care scenario of routine outreach strategies and a full intervention strategy. Cost-effectiveness was
measured as cost per mature man enrolled and cost per mature man circumcised. A cost-benefit analysis was
employed by using the Bernoulli model to estimate the cases of HIV averted due to medical male circumcision
(MMC), and subsequently translated to averted medical costs.

Results: In the 2015 intervention, the cost of the intervention was $9445 for 722 men. The total HIV treatment costs
averted due to the intervention were $542,491 from a public care model and $378,073 from a private care model.
The benefit-cost ratio was 57.44 for the public care model and 40.03 for the private care model. The net savings of
the intervention were $533,046 or $368,628 - depending on treatment in a public or private setting.

Conclusions: The intervention was cost-effective compared to similar MMC demand interventions and led to
statistically significant cost savings per individual enrolled.
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Background
Medical male circumcision (MMC) has been confirmed
to reduce the risk of HIV infection in men through het-
erosexual sex by at least 60% [1, 2]. The World Health
Organization (WHO) and the Joint United Nations
Programme on HIV/AIDS (UNAIDS) recommended
that MMC be scaled up in priority countries with high
HIV prevalence and low male circumcision coverage [3].
As of 2018, South Africa had an HIV prevalence of
20.4% among adults aged 15–49 years [4]. A mathemat-
ical modelling study showed that circumcising men be-
tween ages 20–30 years with risky sexual behaviour
could reduce overall HIV prevalence [5]. Other societal
health benefits of MMC are the number of HIV cases
that could be averted following the MMC procedure [6–
8] and averted HIV care costs among those circumcised
and their sexual partners [9, 10].
As of 2016, over 2.84 million South African adolescent

and adult males were circumcised as part of the South
African MMC for HIV prevention program [11], yet
MMC coverage varied substantially by province [12].
Despite circumcising a large number of males, the pro-
portion of circumcised males aged 15–49 years is re-
ported to be only 46% [5]. Among South African men,
only 37% of men aged 25–49 years and 12% of men aged
≥50 years indicated interest in becoming circumcised
[13]. Circumcising males aged 20–34 years could provide
the most immediate effect on HIV incidence, and one
modelling study in South Africa identified the most
cost-effective age group for MMC was men aged 15–29
years [5].
With the focus on having the most immediate and

cost-effective impact on HIV incidences, a MMC scale-
up strategy for South Africa should include men aged
≥20 years, yet this age group has been the most challen-
ging for MMC demand creation. Demand creation refers
to activities to promote MMC and identify potential eli-
gible clients. Data for this economic evaluation were col-
lected from an implementation science, pre-post study
(named “Imbizo”) that evaluated an intervention to in-
crease the uptake of MMC among men aged 25–49 years
at a fixed MMC clinic in Gauteng Province, South Af-
rica. Main findings from this implementation science
study have been presented elsewhere [14].

Methods
Description of the study
The “Imbizo” study was nested within a routine MMC
service delivery program that consisted of two phases:
Phase 1 (referred to as the “standard care”) took place
from 1 April – 30 September 2014 and Phase 2 (referred
to the “intervention”) occurred from 22 June – 30 No-
vember 2015. More detailed study procedures have been
previously published elsewhere [14]. In summary, data

were collected in Phase 1 on the baseline risk factors for
men presenting for MMC aged 18–49 years. Qualitative
data on barriers and motivators for MMC were also col-
lected during this phase. Interventions were developed
based on the themes from the qualitative data, which
were implemented in Phase 2. For example, prior pro-
grammatic experience and previous studies on MMC de-
mand creation show that adult men prefer to sit in
separate waiting areas for MMC surgery - away from
younger adolescent boys, as their mothers usually ac-
company the boys for parental consent purposes [15].
For this reason, one of the components of the Phase 2
“Exclusive Intervention Strategy” was to divide the facil-
ity into two parts where adult men would be in a physic-
ally separate area from younger clients.
The “Exclusive Intervention Strategy” included a com-

bined approach of infrastructure changes at the MMC
facility to separate adults (aged ≥18 years) from adoles-
cents (aged 10–17 years). Other components included a
men’s health club, which contained a lounge area, free
Wi-Fi access, VIP Facebook page by invite only, and
shoeshine services, all for men aged ≥18 years. Also, only
available at the adult study clinic, were adult-specific
community demand generation materials – specifically
billboards, pamphlets, posters and branded condoms.
Another component, “Imbizo” (traditional meetings
where elders discuss important issues) discussions were
held with community members. The “Imbizo” concept
for this study (also called the “community intervention”)
included broader community discussions with both men
and women regarding MMC [14]. The “Exclusive Inter-
vention Strategy” in Phase 2 was aimed at increasing the
number and proportion of men aged 25–49 years
present for MMC. This “Exclusive Intervention Strategy”
further took place at the clinic and in the community
and included the five aforementioned strategies that are
described in Table 1.

Methodological approach
This study evaluated the cost-effectiveness and cost
benefit of the Imbizo program. A health care providers’
perspective (which includes those who provided and
paid for treatment) was employed to examine the costs
and consequences of the intervention. Costs were evalu-
ated for 13 months, which was over the timeframe for
both phases of the Imbizo study. Costs were collected
using a bottom-up approach and only financial costs
(direct medical costs) were included. Patient costs were
excluded, as it was assumed that participants would not
have incurred any additional costs for MMC. Standard
care costs for recruitment and routine MMC service de-
livery were collected retrospectively and intervention
costs for the “Exclusive Intervention Strategy” were col-
lected prospectively. The remaining cost categories
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included: personnel, supplies, training, travel, utilities,
equipment, vehicles, contracted services, structural mod-
ifications and buildings.
Though the “Exclusive Intervention Strategy” was deliv-

ered as part of a package, costs for the intervention were
allocated to each component of the intervention. Costs
were grouped as recurrent or capital. Recurrent costs were
those which had a useful life of less than a year or had a
purchase price of ≤100 United States dollars (USD). Cap-
ital costs were those with a useful life of more than a year
and a purchase price of > 100 USD. Capital costs were am-
ortized at 3%, and over a period of time designated by
established accounting principles guidelines in South Af-
rica [16]. All costs were captured in South African Rand
(ZAR) and converted to the USD using the 2014 average
exchange rate (1 USD = 13.88 ZAR). Structured interviews
were conducted with the provider’s key personnel from fi-
nance, administration, and implementation departments
(HIV testing services (HTS) & MMC). We excluded costs
of research, pre-surgical MMC counselling and the cir-
cumcision surgical procedure, as these costs were incre-
mental costs that did not influence the decision to use
these activities. During the implementation science study,
men aged 25–49 years old were recruited for the study.
Among those men recruited, participants were subse-
quently enrolled. The number of men enrolled in the
standard care were 877 and 722 in the intervention. (En-
rolled refers to eligible men that passed the screening and
were included in the main implementation science study.)
A consort diagram of the enrolled sample are described in
detail and published elsewhere [14].

Recurrent costs
Personnel
Total personnel costs included salaries of direct
provision staff who worked full-time on HTS and MMC,

along with managerial staff. HTS staff referred eligible
participants for MMC and worked with the MMC team
on demand creation campaigns. Using available standard
care data, HTS and MMC staff were assigned a unique
identifier to clearly identify each staff person’s recruit-
ment numbers, activities, and time spent on MMC de-
mand creation. A trained research assistant conducted
interviews with the HTS and MMC staff to verify the
completed activities. Managerial costs included staff
members who worked indirectly with the intervention -
specifically the data manager, project manager, and pro-
gram director. Implementing partner leadership was
interviewed, where it was determined that managers’
time were allocated as 50% on MMC activities and 50%
on HTS. For the intervention scenario, personnel in-
cluded staff working on MMC, HTS, implementing the
“Exclusive Intervention Strategy” activities, and man-
agers. Managers completed study-specific monthly time-
sheets while all other personnel completed daily
timesheets for purposes of tracking study-based activ-
ities. All timesheets were saved on an internal, electronic
system with restricted access.

Supplies and utilities
For both the standard care and the intervention, in-
voices, purchase orders, and financial records were used
to obtain the prices and quantities of supplies and util-
ities consumed. Supplies included items distributed dur-
ing demand creation outreach activities such as
stationery, pamphlets, posters, lanyards, and woollen
hats. Unit costs were multiplied for materials as indi-
cated on the invoices with the quantity consumed and
summed over all materials to obtain total costs. Utility
costs included water, telephone, electricity, and internet.
The municipality bills for the circumcision facility to es-
timate electricity, water, and ablution costs were not

Table 1 Activities for the Exclusive Intervention Strategy that targeted uncircumcised adult men in Gauteng province, South Africa,
2015

Type of activity Description of activity

1 Structural modifications at the
circumcision clinic

A separate space was created for adult men (ages ≥18 years) to provide privacy and separation from
adolescents (10–17 years old)

2 VIP Facebook Club VIP Facebook page by invite only: Exclusive group access to a Facebook page for those between 25 and 49
years. Those in the club received information on men’s health from a clinician and had a platform to ask
questions that they found difficult to pose in a group.

3 “Imbizo” Meetings
(or the community intervention)

“Imbizo” is a Zulu word meaning a forum where elders of the community meet to address issues
concerning individuals, family and other community matters. This was a discussion forum that men attended
before they were invited to be circumcised. During this discussion, information on the MMC procedure, six-
week sexual abstinence, healing time after circumcision, myths on MMC, what happens to the foreskin after
MMC and general health issues was addressed. If men indicated that they also wanted their partners to join
the discussion, this was arranged to accommodate their needs.

4 Male friendly services Lounge waiting area
Free Wi-Fi access
Shoeshine services

5 Community demand generation
material

Outreach branded messages, materials and male adverts that were tailored specifically to address the issues
of men (aged 25–49 years) and MMC. These included billboards, pamphlets, posters and branded condoms
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obtained, therefore the costs per square metre of the
municipality bills charged for the organization’s head of-
fice to the MMC facility was applied.

Contracted services
Contracted services included bulk text messages (SMS)
for demand creation and refreshments for the Imbizo
discussions. Amounts were obtained from financial
records.

Building rental
As the MMC clinic building costs were not available, the
rental rate for a nearby clinical research centre with
similar measurements was used. To calculate the rental
cost for both phases, the months of duration for the
standard care and intervention were multiplied with the
rate per square metre, and allocated costs to each phase
accordingly.

Capital costs
Equipment and vehicles
Equipment included laptops, tables, plastic chairs, and
vehicles. The full replacement costs of each equipment
from public retail stores were obtained and annuitized
with a 3% discount rate and the useful life of each equip-
ment. The useful lives included 2 years for plastic chairs,
5 years for wooden furniture, and 10 years for laptops.
The equivalent monthly cost of each item over the 6
months when the intervention was implemented was
summed to obtain total cost of equipment.
There were three vehicles used during the standard

care phase one of which was purchased for routine
MMC activities during the intervention. To determine
the cost of the vehicles used during the standard care,
the travel logs indicating the date the vehicle was used
were obtained and captured, followed by the purpose of
the trip (i.e. if the vehicle was used for an MMC or HTS
activity), and the odometer readings. The mileage for the
standard care phase was separated from that of the
intervention. The distance travelled for MMC activities
during the intervention was divided by the total distance
travelled to obtain the percentage of the costs to be allo-
cated to MMC. Vehicle costs included the purchase
price of the vehicle with a useful life of 10 years and a
3% discount rate.

Training
Since no HTS trainings were conducted during the
standard care, records from the last HTS training
(2011–2012) were used. For the intervention, research
assistants were trained on how to conduct Imbizo meet-
ings. Training included standard operating procedures
and how to use an interview guide to probe participants
during the discussion. Training costs included venue,

accommodation, supplies, projectors, and refreshments.
The trainer’s time was accounted for within our
personnel costs. All training costs were considered as
human capital costs. These costs were therefore amor-
tized over 3 years at 3%.

Structural modifications
Financial records were used to obtain the construction
costs to separate the adult waiting room from the ado-
lescents. The costs were annuitized at 3% over 10 years
and halved to obtain the six-month equivalent (the
length of the intervention period) cost.

Estimating cases of HIV averted and costs averted
Circumcision reduces the transmission of HIV. We
therefore used a mathematical model to estimate the
number of HIV cases averted due to circumcision. For
the intervention phase, the Bernoulli model of STD in-
fections was used to estimate primary (participants) and
secondary (sex partners of participants) HIV infections
averted. This model translated the number of sexual
partners, the number of sex acts per partner, the use of
condoms, and the effect of circumcision on HIV trans-
mission into averted cases of HIV. (Refer to the supple-
mental material for detailed information on the model.)
The Bernoulli model also considers the influence of key
biological and epidemiological parameters on the prob-
ability of HIV infectivity. The intervention offered the
benefit of averting HIV cases and associated medical
costs (i.e. treatment, diagnostic testing, and clinician
costs). The base-case value of the direct cost of HIV was
based on published studies of the annual and lifetime
antiretroviral therapy (ART) costs per person [17, 18].

Cost-benefit measures
The net benefit and the cost-benefit ratio (CBR) were
calculated. The net benefit (cost) was calculated as Net
Benefit (cost) = (PV benefit – PV cost), where

is the present value of averted medical
costs, and is the present value of costs associ-
ated with implementing the intervention. Net benefit
(cost) is the cost savings (or costs) that an intervention
generates to society. The Cost-Benefit Ratio (CBR) was
calculated as BCR = PV Benefits / PV Costs. Interven-
tions are considered cost beneficial to society when the
net benefit > 0 and the CBR is greater than 1. Averted
costs for the Cost-Benefit Ratio examined published cost
estimates of the private-care and public care models of
providing care to public sector dependent patients [18].

Sensitivity analysis
After calculating the base-case results, a one-way and
multivariate sensitivity analyses was conducted using
@RISK by Palisades to examine how the base-case
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results would change over a range of epidemiological
values for each important model input. One parameter
was varied at a time while holding all other parameters
at their base-case values. All parameters were allowed
(except female to male transmission rate) to vary for our
multivariate analysis.

Results
Costs of the standard care and intervention
The total number of men (aged 25–49 years) included
for the analysis from the standard care and intervention
were 877 and 722, respectively. Table 2 shows the gen-
eral cost categories and input for the base-case and the
intervention. The total standard care cost for recruit-
ment and subsequent enrolment was $15,780 for 877
men and $9445 for 722 men in the intervention in 2014/
2015. This translated into unit costs of $18 and $13 for
the standard care and intervention, respectively. The in-
cremental cost of moving from the standard care to the
intervention strategy was a cost-savings of $6336. For re-
current costs, approximately 83.9% was for the standard
care and 78% intervention. Capital costs were 16% in
standard care and 21% in the intervention. The major

cost drivers for the standard care and intervention were
personnel (64 and 52% of total cost, respectively), sup-
plies (16 and 21%, respectively), and equipment (12 and
11%, respectively). Table 3 presents the costs for each
strategy within the intervention. The five separate inter-
vention strategies ranged from $42 to $$9445. The cost
to construct a wall to provide men aged ≥18 years were
low; while the cost to implement community interven-
tion was significantly higher at 174 times the cost of the
dry wall. Community intervention costs included
personnel costs for 21 MMC recruiters, a program man-
ager, and a counsellor. Salary costs were added for the
oversight of intervention (i.e. salary processing etc).
There were also substantial costs for promotional poster
displays on commuter trains. The VIP Facebook page,
male friendly services, and Imbizo meetings were lower
cost interventions. Specifically, demand creation was
78% of costs, while the VIP Facebook page and Imbizo
meetings were 11 and 6% of total costs, respectively.

Cost-effectiveness and sensitivity analysis
Table 4 summarizes the cost-effectiveness results. Effect-
iveness is defined as the number of men enrolled in the

Table 2 Costs for men aged 25–49 years receiving MMC in the standard care and intervention strategy in Gauteng Province, South
Africa 2015 by input

Input Standard care Intervention

Total cost men
aged 25–49 years
(USD)

Unit cost per man aged 25–
49 years receiving MMC
(USD)

% Total cost men
aged 25–49 years
(USD)

Unit cost per man aged 25–
49 years receiving MMC
(USD)

%

CAPITAL COSTS

Equipment 1961.94 2.24 12.4% 1029.71 1.43 10.9%

Buildings 232.55 0.27 1.5% 458.10 0.63 4.8%

Training 303.46 0.35 1.9% 365.79 0.51 3.8%

Vehicles 33.64 0.04 0.3% 107.72 0.15 1.1%

New
Infrastructure

0.00 0.00 0.0% 41.93 0.06 0.4%

Total
Capital
Costs

2531.59 2.88 16.1% 2003.25 2.78 21.2%

RECURRENT COSTS

Personnel 10,130.33 11.55 64.2% 4910.71 6.80 51.9%

Supplies 2438.15 2.78 15.5% 2246.65 3.11 23.8%

Contracted
services

637.35 0.73 4.0% 99.01 0.14 1.6%

Travel (gas
mileage)

35.2 0.04 0.2% 152.28 0.21 1.1%

Utilities 8.36 0.01 0.1% 33.14 0.05 0.4%

Total
Recurrent
Costs

13,249.39 15.11 83.9% 7441.79 10.31 78.7

TOTAL 15,780.98 17.99 100.0% 9445.04 13.08 100.0%

Holmes et al. BMC Health Services Research         (2021) 21:1097 Page 5 of 10



standard care or intervention strategy. Approximately
5.4% more men aged 25–49 years (53.6 men per 100)
were enrolled using the intervention strategy versus the
standard care strategy. Results are presented for the
9169 men exposed to the standard care strategy and
4839 men exposed to the intervention strategy. For 100
men exposed, approximately 9 men were enrolled in the
standard of care and approximately 14 in the interven-
tion, with a difference of 6 men. The cost per every 100
men exposed to the intervention was $195. Results are
also presented for the 877 men circumcised as a result
of the standard care recruitment strategy versus the 722
men circumcised resulting from the intervention strat-
egy. The cost per every 100 men circumcised as a prod-
uct of the intervention was $1308. This was a reduction
in the cost per every 100 men circumcised in the stand-
ard care scenario of $1799.

Table 5 presents the number of HIV cases averted,
total treatment costs averted, CBR and the net cost sav-
ings (net present value of the intervention). To obtain
the total number of cases averted due to the interven-
tion, the difference between the projected number of
HIV cases that would have occurred without the inter-
vention and the projected number of cases HIV cases
that would occur among the participants receiving an
MMC was calculated.
Among the 722 men aged 25–49 years enrolled in

the intervention (and receiving MMC), an estimated
total of 57 cases of HIV were averted. The annual
cost of ART in South Africa in 2014/15 dollars was
$269 [17]. Averted HIV costs were considered as life-
time costs of ART-related costs from a provider’s per-
spective and comprised of the cost of antiretroviral
drugs, CD4+ cell count and viral load monitoring,

Table 3 Cost-effectiveness results for MMC demand intervention strategy in Gauteng Province, South Africa 2015 (in USD)

Standard of Care Intervention Difference
(Intervention –
Standard of Care)

Number exposed to recruitment strategy 9169 4839

Number of MMC Clients enrolled (mature men) 877 722

% mature men enrolled 9.56% 14.92% 5.36%

Number of mature men recruited per 100 men exposed to recruitment strategy 9.56 14.92 53.6

Total Cost of MMC recruiting (USD) 15,780.98 9445.04

Cost per 100 man exposed 172.11 195.18

Cost per 100 man enrolled 1799.00 1308.00

Incremental Cost Effectiveness Ratio (per 100 mature men enrolled) 491.25

Table 4 Cost of intervention by separate intervention strategy in Gauteng Province, South Africa 2015 (USD)

Input Structural
modifications

VIP Facebook
club

Imbizo
meetings

Male friendly
services

Community Demand
generation material

Meetings Total

CAPITAL COSTS

Equipment 0 347.4 104.85 164.54 412.93 0 1029.71

Buildings 0 0 0 95.33 362.77 0 458.10

Training 0 0 365.79 0 0 0 365.79

Vehicles 0 0 0 0 107.72 0 107.72

New
Infrastructure

41.93 0 0 0 0 0 41.93

RECURRENT COSTS

Personnel 0 680.32 22.34 148.48 4049.84 9.73 4910.71

Supplies 0 0 38.86 31.02 2176.76 0 2246.65

Travel 0 0 0 0 152.28 0 152.28

Contracted
Services

0 0 39.6 0 59.41 0 99.01

Utilities 0 3.87 1.17 12.28 15.66 0.16 33.14

TOTAL 41.93 1031.59 572.61 451.66 7337.36 9.89 9445.04

PERCENT 0.4% 10.9% 6.1% 4.8% 77.6% 0.1% 100.0%
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toxicity laboratory monitoring, and public clinic or
private general practitioner visits. The costs of oppor-
tunistic infection and adverse event treatment were
not included. Public-care and private care lifetime
ART costs were $14,445 (USD 2014) and $10,067
(USD 2014) respectively [18].
Thus, total HIV treatment costs averted due to the

intervention was $542,491 from a public-care model and
$378,073 from a private-care model. Given the total cost
of the intervention of $9445, the cost-benefit ratio was
57.44 for the public-care model, meaning for every dol-
lar invested in the demand creation program, approxi-
mately $57 dollars in HIV treatment costs were saved if
an individual was treated in the public system. Similarly,
the cost-benefit ratio for the private-care model was
40.03, meaning for every dollar invested in the demand
creation program, approximately $40 dollars in HIV
treatment costs were saved if an individual sought care
from the private system. The net benefit or cost savings
of the intervention beyond the cost of the intervention
was $533,046 and $368,628 for the public and private
care model, respectively.
Table 6 presents values of the key parameters used in

the Bernoulli model to estimate the cases of HIV
averted, which were the results of the sensitivity analysis
on the key epidemiologic/biological parameters and cost
parameters. This includes HIV prevalence rates among
the participants and their partners, probability of HIV

transmission from male to female and from female to
male, effectiveness of condoms in the prevention of HIV
transmission, the effectiveness of circumcision on the
transmission of HIV, and building and personnel costs
are presented in Table 5. One-way sensitivity analysis on
the epidemiological and cost parameters demonstrates
that the results were robust, yielding favourable benefit-
cost ratios. The parameters most sensitive to changes
were the probability of HIV transmission rates and the
participants and partners disease prevalence rates.
Cost parameters were also varied at +/− 20% for the

sensitivity analysis as indicated in Table S1. Personnel
costs varied due to the different positions that could exe-
cute the responsibilities. Building costs varied, as it was
assumed that building costs for the Non-Governmental
Organization (NGO) clinic was on the higher end. The
benefit-cost ratio remained favourable with the variation
in the cost parameters. Thus, it can be assume the re-
sults are robust and favourable with high or low disease
prevalence rates and high or low-cost parameters.

Discussion
This cost-effectiveness analysis of an “Exclusive Inter-
vention Strategy” that implemented an innovative de-
mand creation strategy for men aged 25–49 years for
MMC in South Africa was more cost-effective than the
standard care and resulted in lower costs per client en-
rolled. Costs for the intervention strategy were lower

Table 5 Parameters for calculating averted HIV: base case values and sensitivity analysis ranges

Parameters (symbol) HIV Sources

Disease Prevalence Rate (π)

For Participants 0.21 (0.10–0.30) [13]

For Partners 0.29 (0.24–0.35) [13]

Probability of Transmission (α)

Female to male 0.006 (0.003–0.01) [19]

Male to female 0.014 [19]

Condom Effectiveness (σ)

0.90 (0.87–0.95) [19–21]

Effectiveness of circumcision on HIV transmission (v)

Male to female 0.20 (0.10–0.30) Authors’ assumption

Female to male 0.60 [1, 3, 22]

Sexual Behavior parameters

Probability of condom use (f) 41.8% [14]

Average number of sex acts per partner (n) 27 [14]

Average number of partners (m) 1.54 [14, 23]

Table 6 Benefit-cost results for MMC demand intervention strategy in Gauteng Province, South Africa 2015 (USD)

HIV cases averted HIV treatment cost to
60 years of age

Total costs averted Total cost of intervention Benefit cost ratio Total cost savings

57 $26,923 – $9425 $153,489 – $537,278 $9445 7.41–25.94 $60,567.76 – $235,599.76
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than the standard care. The cost savings could be further
substantiated by the potential number of HIV cases
averted. The benefit-cost ratio remained favourable with
the +/− 20% variation in the cost parameters for the sen-
sitivity analysis. Thus, it was assumed the results will
prove favourable in regions with high or low disease
prevalence rates and or at clinics with higher or lower
costs.
Costing studies have shown that MMC is cost-

effective, produces cost savings [5, 13], and should be in-
cluded as part of HIV prevention packages. The results
of this study showed that the cost per man aged 25–49
years enrolled for the intervention was lower when com-
pared to the cost of demand creation activities from
other studies [7, 14]. Probable reasons for our lower
units costs were due to allocating demand creation costs
to total number of males enrolled and not only to those
circumcised, which was used in previous studies [7, 14].
Personnel, supplies, and equipment were the major

cost drivers for base-case and intervention. The reduc-
tion in costs between the intervention and standard care
could be due to the use of supplies targeted for this age
group rather than increased personnel for demand cre-
ation. Other demand creation programs in South Africa
have been within a continuum of activities for MMC, in-
cluding circumcision. These studies, however, also had
similar cost drivers of personnel costs [24] and supplies
[25, 26].
Regarding cost categories for the intervention strategy,

community demand, VIP Facebook and Imbizo meetings
had the highest costs. The overall unit cost for demand
creation compares favourably with unit costs for demand
creation within South Africa. George et al. (2017) re-
ported average cost per circumcision at $39, and $42 for
demand strategies targeting adolescents [25]. These re-
ductions in costs could be further improved by limiting
the interventions to only those were effective (as de-
scribed in Grund et al. [14], ,and by assuming that this
intervention could be rolled out more widely and would
reduce costs due to economies of scale (such as costs of
production of pamphlets).

Conclusions
Strengths and limitations
This was one of the first studies in South Africa to assess
the demand creation costs of reaching men 25–49 years
of age for circumcision. This study also included novel
intervention activities such as clinic structural modifica-
tions, use of Facebook, Imbizo discussions, and male-
friendly services to recruit men for circumcision.
Despite these strengths, this costing study had limita-

tions. The different methods of collecting time data may
have influenced the cost results as interviews conducted
retrospectively often involve recall bias which could over

or underestimate the costs as compared to timesheets
that are completed prospectively and are more accurate.
Similarly, a formal time-motion study was not used to
verify staff time spent performing various activities - in-
stead observation and reviews of submitted time sheets
were utilised to track activities. Labour costs are particu-
larly high in South Africa compared to other sub-
Saharan countries, and as the MMC demand creation
teams are formally employed, rather than volunteers or
lay-staff, the cost of the demand creation using outreach
teams could have been overestimated compared to other
countries and different labour structures. Building costs
were estimated using rental rates for a similar facility as
the rates for the actual facility were not available. It is
possible that some participants who received supplies
did not present at the clinic so those supplies would
have been wasted. As a result, unit costs may be a slight
overestimate as we did not account for this wastage.
There are limitations with interpretation and
generalizability of findings. In addition, it was assumed
that the increased circumcisions are attributable to the
intervention alone, however the study was not a cluster
randomized trial, but rather an implementation science
study. Despite these limitations, the study shows the im-
portance of using low-cost methods to recruit men ages
25–49 years for MMC.

Recommendations
The study illustrated that the use of effective methods
targeting specific populations could lead to significant
cost savings. Additionally, this study illustrated that
some interventions, while seeming to initially increase
costs, if effective, can result in significant cost savings.
Based on the aforementioned research, it is recom-
mended that using age-specific activities that increase
word-of-mouth communication and should be explored
further in demand creation strategies.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12913-021-06793-7.

Additional file 1: Table S1. Results of the Univariate and Multivariate
Sensitivity Analysis [27–30].

Acknowledgments
The authors thank the staff at the Aurum Institute Winnie Mandela Male
Sexual Health Clinic and the financial offices of Aurum Institute for assistance
with obtaining costing data.

Disclaimer
The findings represent the personal views of the authors and not the official
position of the U.S. Centers for Disease Control and Prevention.

Authors’ contributions
MH, RM, SC, CMCM, MM, HK, and JG Contributed to the study design. MH,
RM and DM oversaw the study implementation. RM, DM, and CMCM

Holmes et al. BMC Health Services Research         (2021) 21:1097 Page 8 of 10

https://doi.org/10.1186/s12913-021-06793-7
https://doi.org/10.1186/s12913-021-06793-7


managed the data collection. MM, MH, and HK assisted with the data
collection. MH, RM, and DM did the data analysis wrote the first draft of the
manuscript. All authors were involved in approving the final draft, agree to
be accountable for the work, and have read and approved the final
manuscript.

Funding
This work was supported by the U.S. Centers for Disease Control and
Prevention.

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

Declarations

Ethics approval and consent to participate
Human Subjects: The economic evaluation protocol was determined to be
not human subjects’ research and therefore exempt from institutional review
board (IRB) review by the CDC Center for Global Health Division of Global
HIV & TB Associate Director for Science.
Approvals: Approval for the main study was obtained from the University of
Witwatersrand Human Research Ethics Committee (Approval Number:
M130711) and the research committee of the Centers for Disease Control
and Prevention (protocol number 6546). The study was registered on
clinicaltrials.gov (NCT02352961).

Consent for publication
Not applicable.

Competing interests
There are no competing interests for the authors

Author details
1Centers for Disease Control and Prevention, Atlanta, GA, USA. 2Economics
Department, Spelman College, 350 Spelman Lane, Atlanta, GA 30314, USA.
3The Aurum Institute, Johannesburg, South Africa. 4The School of Public
Health, University of the Witwatersrand, Johannesburg, South Africa. 5Health
Economics and Epidemiology Research Office, Johannesburg, South Africa.
6Centers for Disease Control and Prevention, Pretoria, South Africa.

Received: 23 August 2020 Accepted: 15 July 2021

References
1. Gray RH, Kigozi K, Serwadda D, et al. Male circumcision for HIV prevention

in men in Rakai, Uganda: a randomised trial. Lancet. 2007;369(9562):657–66.
https://doi.org/10.1016/S0140-6736(07)60313-4 Accessed 3 Nov 2020.

2. Weiss HA, Quigley MA, Hayes RJ. Male circumcision and risk of HIV infection
in sub-Saharan Africa: a systematic review and meta-analysis. AIDS. 2000;14:
2361–2370. doi: https://doi.org/10.1097/00002030-200010200-00018
Accessed 5 Apr 2020.

3. Auvert B, Taljaard D, Lagarde E, Sobngwi-Tambekou J, Sitta R, Puren A.
Randomized, controlled intervention trial of male circumcision for reduction
of HIV infection risk: The ANRS 1265 trial. PLoS Med. 2005;2(11):1112–1122.
doi: https://doi.org/10.1371/journal.pmed.0020298 Accessed 5 Apr 2020.

4. WHO, UNAIDS. Country Fact Sheets, South Africa 2018. https://www.unaids.
org/en/regionscountries/countries/southafrica. Accessed 5 Apr 2020.

5. Kripke K, Chen PA, Vazzano A, et al. Cost and impact of voluntary medical
male circumcision in South Africa: Focusing the program on specific age
groups and provinces. PLoS One. 2016;11(7):169802. https://doi.org/10.1371/
journal.pone.0157071 Accessed 5 Apr 2020.

6. Auvert B, Marseille E, Korenromp EL, et al. Estimating the Resources Needed
and Savings Anticipated from Roll-Out of Adult Male Circumcision in Sub-
Saharan Africa. PLoS One. 2008;3(8):1–8. https://doi.org/10.1371/journal.
pone.0002679 Accessed 5 Apr 2020.

7. Haacker M, Fraser-hurt N, Gorgens M. Effectiveness of and Financial Returns
to Voluntary Medical Male Circumcision for HIV Prevention in South Africa :
An Incremental Cost-Effectiveness Analysis. PLoS Med. 2016:1–19. https://
doi.org/10.1371/journal.pmed.1002012 Accessed 5 Apr 2020.

8. Kahn JG, Marseille E, Auvert B. Cost-Effectiveness of Male Circumcision for
HIV Prevention in a South African Setting. PLoS Med. 2006;3(12). https://doi.
org/10.1371/journal.pmed.0030517 Accessed 5 Apr 2020.

9. Njeuhmeli E, Forsythe S, Reed J, et al. Voluntary medical male circumcision:
Modeling the impact and cost of expanding male circumcision for HIV
prevention in Eastern and Southern Africa. PLoS Med. 2011;8(11). https://doi.
org/10.1371/journal.pmed.1001132 Accessed 5 Apr 2020.

10. Torres-Rueda S, Wambura M, Weiss HA, et al. Cost and Cost-Effectiveness of
a Demand Creation Intervention to Increase Uptake of Voluntary Medical
Male Circumcision in Tanzania : Spending More to Spend Less. J Acquir
Immune Defic Syndr. 2018;78(3):15–7. https://doi.org/10.1097/QAI.
0000000000001682 Accessed 5 Apr 2020.

11. Brief WHO. WHO Progress Brief Voluntary Medical Male Circumcision for Hiv
Prevention in 14 Priority Countries in Eastern and Southern Africa. 2017;
https://www.who.int/hiv/pub/malecircumcision/vmmc-progress-brief-2017/
en/ Accessed 5 Apr 2020.

12. HSRC. HIV Impact Assessment Summary July 2018 the Fifth South African
National Hiv Prevalence , Incidence , Behaviour and Communication Survey
, 2017, vol. 2017; 2018. p. 5–8. Accessed 5 Apr 2020

13. Shisana O, Rehle T, Simbayi LC, et al. South African National HIV Prevalence,
Incidence and Behaviour Survey, 2012. Cape Town: HSRC Press; 2014. http://
www.hsrc.ac.za/en/research- outputs/view/6871 Accessed 23 Oct 2020.

14. Grund JM, Chetty-Makkan CM, Ginindza S, et al. Effectiveness of an
“Exclusive Intervention Strategy” to increase medical male circumcision
uptake among men aged 25–49 years in South Africa. BMC Public Health.
2018;18(1):868. https://doi.org/10.1186/s12889-018-5729-6 Available from:
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-572
9-6 Accessed 5 Apr 2020.

15. National Department of Health, Department Health Republic of South Africa
(2018): South African Medical Male Circumcision Demand Generation
Implementation Guide. https://www.knowledgehub.org.za/system/files/
elibdownloads/2019-07/National%2520Demand%2520Generation%252
0Implementation%2520Guide.pdf. Accessed 17 Apr 2021.

16. Bidvest. Annual Financial Statements. Accounting Policies (2018): https://
www.bidvest-reports.co.za/integrated-reports/2018/accounting-policies.php
Accessed 29 Oct 2020.

17. Chiu C, Johnson LF, Jamieson L, Larson BA, Meyer-ruth G. Designing an
optimal HIV programme for South Africa: Does the optimal package change
when diminishing returns are considered? BMC Public Health. 17:143–53.
https://doi.org/10.1186/s12889-017-4023-3 Accessed 5 Apr 2020.

18. Leisegang R, Maartens G, Hislop M, Sargent J, Darkoh E, Cleary S. A novel
Markov model projecting costs and outcomes of providing antiretroviral
therapy to public patients in private practices versus public clinics in South
Africa. PLoS One. 2013;8(2):e53570. https://doi.org/10.1371/journal.pone.0053
570 Accessed 29 Oct 29 2020.

19. Boily MC, Baggaley RF, Wang L, Masse B, White RG, Hayes RJ, et al.
Heterosexual risk of HIV – 1 infection per sexual act: systematic review and
meta-analysis of observational studies. Lancet Infect. 2009;9:118–29. https://
doi.org/10.1016/S1473-3099(09)70021-0 Accessed 29 Oct 2020.

20. Anderson KM, Owens DK, Paltiel AD. Scaling up circumcision programs in
southern Africa: the potential impact of gender disparities and changes in
condom use behaviors on heterosexual HIV transmission. AIDS Behav. 2011;
15(5):938–48. https://doi.org/10.1007/s10461-010-9784-y Accessed 29 Oct 2020.

21. Varghese B, Maher JE, Peterman TA, Branson BM, Steketee RW. Reducing the
risk of sexual HIV transmission: quantifying the per-act for HIV on the basis of
choice of partner, sex act, and condom use. Sex Transm Dis. 2002;29(1):38–43.
https://doi.org/10.1097/00007435-200201000-00007 Accessed 29 Oct 2020.

22. Weller SC, Davis-Beaty K. Condom effectiveness in reducing heterosexual
HIV transmission. Cochrane Database Syst Rev. 2002;(1):CD003255. https://
doi.org/10.1002/14651858.CD003255 Accessed 29 Oct 2020.

23. Bailey RC, Moses S, Parker CB, et al. Male circumcision for HIV prevention in
young men in Kisumu, Kenya: a randomised controlled trial. Lancet. 2007;
369(9562):643–56.

24. Bollinger L, Adesina A, Forsythe S, Godbole R, Reuben E, Njeuhmeli E. Cost
Drivers for Voluntary Medical Male Circumcision Using Primary Source Data
from Sub-Saharan Africa. PloS One. 2014;9(5). https://doi.org/10.1371/journal.
pone.0084701 Accessed 5 Apr 2020.

25. George G, Strauss M, Asfaw E. The cost of demand creation activities and
voluntary medical male circumcision targeting school-going adolescents in
KwaZulu-Natal, South Africa. PLoS One. 2017;12(6):1–14. https://doi.org/10.13
71/journal.pone.0179854 Accessed 5 Apr 2020.

Holmes et al. BMC Health Services Research         (2021) 21:1097 Page 9 of 10

https://doi.org/10.1016/S0140-6736(07)60313-4
https://doi.org/10.1097/00002030-200010200-00018
https://doi.org/10.1371/journal.pmed.0020298
https://www.unaids.org/en/regionscountries/countries/southafrica
https://www.unaids.org/en/regionscountries/countries/southafrica
https://doi.org/10.1371/journal.pone.0157071
https://doi.org/10.1371/journal.pone.0157071
https://doi.org/10.1371/journal.pone.0002679
https://doi.org/10.1371/journal.pone.0002679
https://doi.org/10.1371/journal.pmed.1002012
https://doi.org/10.1371/journal.pmed.1002012
https://doi.org/10.1371/journal.pmed.0030517
https://doi.org/10.1371/journal.pmed.0030517
https://doi.org/10.1371/journal.pmed.1001132
https://doi.org/10.1371/journal.pmed.1001132
https://doi.org/10.1097/QAI.0000000000001682
https://doi.org/10.1097/QAI.0000000000001682
https://www.who.int/hiv/pub/malecircumcision/vmmc-progress-brief-2017/en/
https://www.who.int/hiv/pub/malecircumcision/vmmc-progress-brief-2017/en/
http://www.hsrc.ac.za/en/research-%20outputs/view/6871
http://www.hsrc.ac.za/en/research-%20outputs/view/6871
https://doi.org/10.1186/s12889-018-5729-6
http://dx.doi.org/10.1186/s12889-018-5729-6
http://dx.doi.org/10.1186/s12889-018-5729-6
https://www.knowledgehub.org.za/system/files/elibdownloads/2019-07/National%2520Demand%2520Generation%2520Implementation%2520Guide.pdf
https://www.knowledgehub.org.za/system/files/elibdownloads/2019-07/National%2520Demand%2520Generation%2520Implementation%2520Guide.pdf
https://www.knowledgehub.org.za/system/files/elibdownloads/2019-07/National%2520Demand%2520Generation%2520Implementation%2520Guide.pdf
https://www.bidvest-reports.co.za/integrated-reports/2018/accounting-policies.php
https://www.bidvest-reports.co.za/integrated-reports/2018/accounting-policies.php
https://doi.org/10.1186/s12889-017-4023-3
https://doi.org/10.1371/journal.pone.0053570
https://doi.org/10.1371/journal.pone.0053570
https://doi.org/10.1016/S1473-3099(09)70021-0
https://doi.org/10.1016/S1473-3099(09)70021-0
https://doi.org/10.1007/s10461-010-9784-y
https://doi.org/10.1097/00007435-200201000-00007
https://doi.org/10.1002/14651858.CD003255
https://doi.org/10.1002/14651858.CD003255
https://doi.org/10.1371/journal.pone.0084701
https://doi.org/10.1371/journal.pone.0084701
https://doi.org/10.1371/journal.pone.0179854
https://doi.org/10.1371/journal.pone.0179854


26. Thambinayagam A, Tchuenche M, Palmer E, et al. Correction : The Cost of
Voluntary Medical Male Circumcision in South Africa. PLos One. 2017:
169710. https://doi.org/10.1371/journal.pone.0169710 Accessed 5 Apr 2020.

27. WHO, UNAIDS. New Data on Male Circumcision and HIV Prevention : Policy
and Programme Implications: WHO Press; 2007. p. 1–10. Accessed 5 Apr
2020

28. Baeten JM, Richardson BA, Lavreys L, Rakwar JP, Mandaliya K, Bwayo JJ, et al.
Female-to-male infectivity of HIV-1 among circumcised and uncircumcised
Kenyan men. J Infect Dis. 2005;191(4):546–53. https://doi.org/10.1086/427656
Accessed 29 Oct 2020.

29. Uthman OA, Popoola TA, Uthman MMB, Aremu O. Economic Evaluations of
Adult Male Circumcision for Prevention of Heterosexual Acquisition of HIV
in Men in Sub-Saharan Africa : A Systematic Review. PLoS One. 2010;5(3).
https://doi.org/10.1371/journal.pone.0009628 Accessed 5 Apr 2020.

30. Uthman OA. The cost-utility analysis of adult male circumcision for
prevention of heterosexual acquisition of HIV in men in sub-Saharan Africa :
a probabilistic decision model. JVAL. 2011;14(1):70–9. https://doi.org/10.101
6/j.jval.2010.10.011 Accessed 5 Apr 2020.

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

Holmes et al. BMC Health Services Research         (2021) 21:1097 Page 10 of 10

https://doi.org/10.1371/journal.pone.0169710
https://doi.org/10.1086/427656
https://doi.org/10.1371/journal.pone.0009628
https://doi.org/10.1016/j.jval.2010.10.011
https://doi.org/10.1016/j.jval.2010.10.011

	Abstract
	Background
	Objectives
	Methods
	Results
	Conclusions

	Background
	Methods
	Description of the study
	Methodological approach

	Recurrent costs
	Personnel
	Supplies and utilities
	Contracted services
	Building rental

	Capital costs
	Equipment and vehicles
	Training
	Structural modifications
	Estimating cases of HIV averted and costs averted
	Cost-benefit measures
	Sensitivity analysis

	Results
	Costs of the standard care and intervention
	Cost-effectiveness and sensitivity analysis

	Discussion
	Conclusions
	Strengths and limitations
	Recommendations

	Supplementary Information
	Acknowledgments
	Disclaimer
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

