
Assessing Effectiveness and Cost-Effectiveness of Concurrency
Reduction for HIV Prevention

Eva A. Enns, MS1, Margaret L. Brandeau, PhD2, Thomas K. Igeme, BS2, and Eran Bendavid,
MD MS3

1Department of Electrical Engineering, Stanford University, Stanford, CA, 94305, USA
2Department of Management Science and Engineering, Stanford University, Stanford, CA, 94305,
USA
3Division of General Internal Medicine, Department of Medicine, Stanford University, Stanford,
CA, 94305, USA

SUMMARY
We estimated the effectiveness and cost-effectiveness of changes in concurrent sexual partnerships
in reducing the spread of HIV in sub-Saharan Africa. Using data from Swaziland, Tanzania,
Uganda, and Zambia, we estimated country-specific concurrency behavior from sexual behavior
survey data on the number of partners in the past 12 months, and we developed a network model
to compare the impact of three behavior changes on the HIV epidemic: (1) changes in concurrent
partnership patterns to strict monogamy; (2) partnership reduction among those with the greatest
number of partners; and (3) partnership reduction among all individuals. We estimated the number
of new HIV infections over ten years and the cost per infection averted. Given our assumptions
and model structure, we find that reducing concurrency among high-risk individuals averts the
most infections and increasing monogamy the least (11.7% versus 8.7% reduction in new
infections, on average, for a 10% reduction in concurrent partnerships). A campaign that costs $1
per person annually is likely cost-saving if it reduces concurrency by 9% on average, given our
baseline estimates of concurrency. In sensitivity analysis, the rank ordering of behavior change
scenarios was unaffected by potential over-estimation of concurrency, though the number of
infections averted decreased and the cost per HIV infection averted increased. Concurrency
reduction programs may be effective and cost-effective in reducing HIV incidence in sub-Saharan
Africa if they can achieve even modest impacts at similar costs to past mass media campaigns in
the region. Reduced concurrency among high-risk individuals appears to be most effective in
reducing HIV incidence, but concurrency reduction in other risk groups may yield nearly as much
benefit.
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INTRODUCTION
HIV prevalence in parts of sub-Saharan Africa is orders of magnitude higher than in Europe
or the US [1]. This disparity may be due in part to the existence of concurrent sexual
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partnerships, which have been documented at high rates in parts of sub-Saharan Africa [1–
5]. Concurrent partnerships allow for more efficient transmission of HIV by increasing the
number of individuals connected together through a network of sexual partnerships. In a
monogamous relationship, the virus can be transmitted between partners, but cannot escape
the partnership, whereas in a concurrent sexual network the virus can rapidly spread [6].
Previous work has suggested that for the same number of lifetime partners, having
concurrent partners is associated with a more rapid spread of sexually transmitted diseases
than having one partner at a time [6–8]. This is of particular concern with HIV, since
transmission of the virus is most efficient during the early phase of the infection, when viral
load is high and the ability to diagnose individuals is limited [9].

Individuals engage in multiple concurrent partnerships for a variety of reasons (e.g., sexual
variety, increased social status, and material gain [10–14]) and to different degrees (some
individuals may only have two partners simultaneously, while others may have many
concurrent partners). Strategies to reduce concurrent partnerships may achieve different
levels of success depending on the target population and behavior change: for example, a
campaign that promotes faithfulness in married or cohabitating partnerships may have a
different effect on the spread of HIV than a campaign that reduces partnerships among
highly promiscuous individuals.

Reducing concurrent sexual partnerships is increasingly an important goal for HIV
prevention in highly endemic areas [15–17]. A recent review of HIV prevention activities
argued that partner reduction programs have had a powerful impact on containing the spread
of HIV, and should be more assertively promoted [17]. Several countries in Africa have
targeted concurrent sexual partnerships for HIV prevention. In the late 1980s, Uganda
launched a “Zero Grazing” campaign which cost an estimated $0.23 per person in the
population annually and promoted faithfulness as a means of reducing concurrent sexual
partnerships [18–21]. The introduction of this campaign in Uganda was associated with a
significant decrease in HIV prevalence in the early 1990s, while other countries in the region
were still seeing HIV prevalence rise [20, 21]. While the “Zero Grazing” campaign may not
have been solely responsible to the reduction in HIV prevalence, several analyses have
concluded that other factors such as condom use or HIV mortality cannot explain the large
reductions in prevalence seen in Uganda compared to its neighbors [20–24]. More recently,
observational studies in Zimbabwe found a reduction in the number of individuals reporting
multiple sex partners, including concurrent partners, from the late 1990s to the 2000s [25–
27]. Mathematical models suggest that this change in sexual behavior contributed to the
observed coincident decline in HIV prevalence, which cannot be explained by the natural
history of the epidemic alone [23, 26, 27]. These examples suggest that behavior change can
have a major impact on the course of the HIV epidemic.

Many African countries now focus on concurrent partnerships in their HIV prevention
programs. For example, Zambia encourages faithfulness to a single partner as part of its
sexual risk reduction programs [12, 28]. Botswana recently embarked on a comprehensive
nationwide campaign to reduce concurrency [29], targeting the underlying motivations for
engaging in multiple concurrent partnerships, such as a desire for sexual variety or material
gain [30, 31]. The extent of concurrent partnership behavior change caused by such
programs is uncertain.

Previous behavior change campaigns in the region have seen reductions in number of sexual
partners or increases in monogamous relationships in direct response to mass media
campaigns in a variety of settings [32]. Studies of various mass media campaigns in sub-
Saharan Africa found changes in sexual risk behavior among individuals within the
broadcast area as compared to those outside of the broadcast area: in Zimbabwe,
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monogamous behavior among young adults increased by 18% in response to a reproductive
health multi-media campaign targeting adolescents [33]; in Tanzania, there was a 17%
reduction in the number of sexual partners reported by men in the previous year in response
to an educational radio drama highlighting the consequences of risky sexual behavior [34].

We sought to evaluate the relative effectiveness and cost-effectiveness of concurrency
reduction campaigns based on the level and type of behavior change achieved. We used
country-specific data on demographics, HIV prevalence, and sexual behavior from sub-
Saharan Africa. Because the true level of concurrency in these populations is uncertain, we
varied the level of concurrency in sensitivity analysis.

METHODS
Overview

We developed a stochastic network model to simulate the course of the HIV epidemic in
one-month intervals over a 10-year time horizon in a population of approximately 9,000
adults aged 15–49 (details in Appendix). The model tracks sexual partnerships, entry into
the population, HIV transmission and disease progression, HIV treatment, deaths from HIV
and other causes, life years experienced in the population, and HIV incidence and
prevalence. We used data on sexual partnership patterns and the current state of the HIV
epidemic from four sub-Saharan African countries: Swaziland, Tanzania, Uganda, and
Zambia (Table 1). We examined four countries in order to determine the impact of
concurrency reduction in different demographic and epidemiologic settings. We chose these
countries because sufficient nationally representative data was available that was generated
using a consistent collection methodology across countries, on their demographic structure,
HIV epidemic, and sexual behavior (see Appendix). We used the model to evaluate several
types of behavior change that might be achieved by a concurrency reduction campaign and
the effects that such behavior change might have on the spread of HIV. We also determined
the cost-effectiveness of concurrency reduction programs as a function of program cost and
the level and type of behavior change achieved.

Population Characteristics
We stratified the model population by age and gender to match the population demographics
of the four study countries [35]. At baseline, our infected population was age- and gender-
matched to the HIV prevalence in each country, determined from demographic and health
survey data [36–39].

Individuals enter the population at age 15. We used population pyramids at baseline to
determine the number of males and females aging into the population each month [35].
Individuals exit the population at age 50 (unless involved in a sexual partnership) or due to
death. We used age- and gender-specific death rates, adjusted for HIV mortality, to estimate
the risk of death among uninfected individuals [40, 41]. HIV-infected individuals experience
an additional mortality risk, determined by their disease state.

Sexual Partnership Network
We constructed a network model with gender-specific concurrent sexual partnership degree
distributions estimated from population surveillance data for the four study countries (Table
1) [36–39]. These surveys collected data on the number of sexual partners reported by men
and women in the past 12 months, but did not differentiate between concurrent and serial
partnerships. We used the number of sexual partners reported in the past 12 months as a
surrogate measure for the number of concurrent partnerships. In sensitivity analysis, we
considered lower values for the number of concurrent partnerships.
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The degree distribution describes the fraction of individuals in the population who have a
given number of partnerships. Less than 0.1% of the population in each country reported
more than 4 concurrent sexual partnerships, so we assumed that individuals have at most 4
sexual partnerships at any time. On average, men report having more sexual partners than
women [36–39]. We balanced the reported partnership distribution at baseline by adjusting
the female-to-male ratio appropriately. Over the 10-year time horizon, we assume a fixed
degree distribution; that is, the fraction of individuals who are involved in 1, 2, or more
concurrent partnerships is stable from month to month.

We modeled two types of partnerships: spousal and non-spousal. The number of spousal
partnerships was determined by the proportion of married adults in the general population.
On average, spousal partnerships last longer than non-spousal relationships (Table 1). The
model captures the formation and dissolution of partnerships each month. Each partnership
has a constant monthly probability of dissolution. Spousal partnerships have a lower
monthly probability of dissolution than non-spousal partnerships. Partnership dissolution
also occurs in the event of the death of a partner. We chose partnership formation
probabilities to balance partnership dissolution rates while maintaining the reported gender-
specific partnership distributions (see Appendix and [42])

HIV Transmission and Progression
The model includes both acute and chronic HIV infection. Acute infection is characterized
by high infectivity for a period of 3 months [43, 44]. The subsequent chronic infection phase
is characterized by a slow decline in CD4 counts and a lower infectivity [45–47].

Changes in CD4 counts influence an infected individual’s risk of HIV-related mortality and
of developing an AIDS-defining illness (ADI). We modified a previous model of HIV
disease progression to estimate HIV-related mortality as a function of CD4 counts [48]. As
CD4 counts drop, an individual’s risk of developing an ADI and HIV-related mortality
increases [49, 50]. Individuals become eligible for treatment when their CD4 counts fall
below 200 cells/µl or when they experience an ADI. Country-specific coverage of
antiretroviral therapy (ART) determines the fraction of eligible individuals who ultimately
receive treatment [1]. When an infected individual receives effective ART, CD4 counts rise
as a function of the CD4 count nadir and time on treatment [51–53]. However if treatment
fails, CD4 counts again decline. We modeled treatment options based on World Health
Organization (WHO) guidelines, and treatment failure rates based on clinical experience in
southern Africa [54, 55].

The probability of acquiring HIV infection depends on the HIV disease state of the infected
partner and the level of sexual activity. The risk of infection per sexual act is substantially
higher during acute infection than during chronic infection with and without effective
treatment (Table 1) [47]. We estimated the level of sexual activity by using the number of
sex acts per month described in a cohort of discordant couples, and then adjusted these
values to calibrate the model [47].

Model Calibration
We calibrated our model to projected HIV prevalence trends from the UNAIDS Spectrum
Package [1, 56]. We chose HIV prevalence as a calibration measure because of the
availability of longitudinal HIV prevalence data that has been obtained with a consistent
methodology over time. In the four study countries, HIV prevalence is estimated to be stable
or in slight decline [1]. To match projected country-specific HIV prevalence trends, we
adjusted the monthly risk of HIV infection per partnership (Table 2). These monthly
infection risks differ by country and implicitly reflect potential differences in sexual
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behavior across countries, such as differences in coital frequency, condom use, and
prevalence of male circumcision.

Behavior Change Scenarios
A campaign to reduce concurrent partnerships may achieve different changes in sexual
behavior, depending on the campaign message and target populations. We considered the
following types of behavior change that might be achieved:

1. Increased Monogamy: individuals with more than one partnership change to having
at most one partnership at any one time. This may be achieved by promoting
faithfulness to a single partner.

2. High-Risk Partnership Reduction: individuals with the highest number of
concurrent partnerships reduce their number of partners, but do not necessarily
become monogamous. This may be achieved by a campaign with a partnership
reduction message targeting individuals with (or behaviors leading to) a high
number of concurrent partnerships.

3. Untargeted Partnership Reduction: individuals with more than one partnership
reduce their number of sexual partners. This may be achieved by a broad
partnership reduction campaign targeting all individuals with concurrent
partnerships.

We compared the relative effectiveness of concurrency reduction under these behavior
change scenarios to answer two important questions: 1) Which type of behavior change
achieves the greatest benefits? 2) How much better is the most effective behavior change
compared to other (and perhaps more realistic) behavior changes? For example, it may be
more difficult to change the behavior of high-risk individuals. We sought to determine how
much benefit is gained if high-risk individuals are targeted and, therefore, how important it
is to find effective behavior change messages for such individuals.

All behavior change scenarios were compared against a baseline projection of the HIV
epidemic in the absence of any changes in concurrent sexual partnerships (Status Quo).
Because the effectiveness of concurrent partnership reduction campaigns is unknown, we
varied the program effectiveness for each of the scenarios from 0% to 50%. We measured
effectiveness as the percentage of non-monogamous individuals who become monogamous
under the Increased Monogamy scenario. We compared the results of the other scenarios by
removing the same number of partnerships. For example, 10% effectiveness for each of the
scenarios implies that the number of concurrent partnerships removed is equal to 10% of the
number of partnerships removed under Increased Monogamy. If an Increased Monogamy
program that is 10% effective involves a reduction of 200 partnerships, then 10%
effectiveness in each of the other scenarios involves 200 fewer partnerships.

Analyses
For each of the three behavior change scenarios, we estimated the number of HIV infections
averted over a 10-year time horizon as a function of program effectiveness. We simulated
each behavior change scenario 500 times to obtain stable estimates. We express a reduction
in the number of new HIV infections as a percentage reduction compared to the Status Quo.

We also examined the cost-effectiveness of concurrency reduction using cost estimates of
behavior change campaigns implemented in Uganda and Botswana. Uganda’s “Zero
Grazing” campaign was estimated to cost approximately $0.23 per person annually [18],
while Botswana’s campaign targeting multiple concurrent partnerships has a budget of over
$1 per person annually (T. Kasper, personal communication, August 8, 2009). We estimated
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the cost per HIV infection averted for the Increased Monogamy scenario as a function of
behavior change and annual campaign costs per person.

RESULTS
Status Quo

The Status Quo was associated with an estimated average drop in HIV prevalence of 1.0%
(0.3% – 1.9%) in the four study countries over the next 10 years, consistent with UNAIDS
estimates of the prevalence trends [56]. We estimated an average HIV incidence of 2.3%
(1.1% – 4.3%) in the first year and 1.5% (0.7% – 2.9%) after 10 years, consistent with recent
estimates [57, 58].

New HIV Infections
Each modeled behavior change scenario resulted in fewer HIV infections compared to the
Status Quo (Figure 1). Across all four study countries and for any level of behavior change,
the High-Risk Partnership Reduction scenario resulted in the greatest reduction in new
infections. For example, a program targeting high-risk individuals with 10% effectiveness
led to an average decrease in new infections of 11.7% (7.9% – 14.2%) over 10 years in the
four study countries, as compared to average decreases of 8.7% (6.6% – 10.0%) and 8.9%
(6.8% – 10.0%) in new infections under the Increased Monogamy and Untargeted
Partnership Reduction scenarios, respectively. The reduction in new infections for each
country is shown in Figure 1 for a range of program effectiveness from 0% to 50%.

Cost-Effectiveness
We estimated the cost per HIV infection averted for a single scenario (Increased
Monogamy) in each study country as a function of behavior change achieved and annual
program cost (Figure 1). Using an estimate of $1,200 – $3,800 for the lifetime medical cost
of caring for an HIV-infected individual in Africa [59–62], our analysis suggests that
concurrency reduction is cost-saving under a broad range of cost and effectiveness
assumptions. For example, according to model predictions, a program that costs $0.25 per
person annually (similar to Uganda’s “Zero Grazing” campaign) [18], would need a program
effectiveness of less than 5% in any of the study countries to be cost-saving, while a
program that costs $1 per person annually (similar to Botswana’s campaign (T. Kasper,
personal communication, August 8, 2009)) would need to be 9% (<5% – 15%) effective on
average. A program that costs $2 per person annually would need to be 20% (10% – 35%)
effective in order to be cost-saving, and less than 5% (<5% – 12%) effective to cost less than
$5,000 per infection averted.

Sensitivity Analysis
Our primary analysis includes sensitivity analysis on a range of concurrency, demographic,
and epidemic patterns in sub-Saharan Africa, as well as the impacts of different levels of
behavior change up to a program effectiveness of 50%. In sensitivity analysis, we
considered the case where concurrency is completely eliminated (100% behavior change). In
this case the model predicts an average decrease in new infections of 54.8%.

We relied upon sexual behavior surveys to estimate concurrency behavior in the study
countries. However, different survey methodologies can lead to different estimates of
numbers of sexual partners [63]. The sexual behavior survey data used in this analysis
provided information on the number of sexual partners in the past 12 months reported by
men and women but did not differentiate between concurrent and serial partnerships. These
surveys may therefore overestimate concurrency behavior. Overestimating the number of
concurrent partnerships in the study countries may overstate the benefits of concurrency

Enns et al. Page 6

Int J STD AIDS. Author manuscript; available in PMC 2011 December 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



reduction. We therefore conducted a sensitivity analysis in which we assumed that these
surveys overestimated concurrency by 50%. With levels of concurrency that are half as high
as we estimated in the base case, we found that fewer infections are averted under the three
behavior change scenarios as compared to the Status Quo (e.g., 30% versus 45% reduction
in new infections in Tanzania for a 50% reduction in concurrency) with a greater cost per
HIV infection averted (e.g., $2,400 versus $1,400 per HIV infection averted in Tanzania for
a program that is 10% effective and costs $1 per person annually). However, the rank
ordering of the different types of behavior change was unaffected (Appendix Figure 4).

In sexual behavior survey data, men and women typically report different numbers of
partners. In a heterosexual population, the total number of partnerships engaged in by men
should equal the total number of partnerships engaged in by women. To resolve this
discrepancy, in our base case analyses we adjusted the male-to-female ratio appropriately
and left the reported gender-specific partnership distributions unchanged. For two of the
study countries, this ratio was quite different than that estimated from demographic data
(1:1.3 versus 1:1 in Uganda and 1:1.4 versus 1:1 in Zambia; Appendix Table 1). In
sensitivity analysis, we explored the effects of fixing the male-to-female ratio to 1:1 and
then averaging the male- and female-specific partnership distributions and applying this
average distribution to both men and women. With an average partnership distribution,
slightly fewer infections are averted for each of the three behavior change scenarios as
compared to the Status Quo (e.g., 30% versus 35% reduction in new infections in Zambia
for a 50% reduction in concurrency). However, the rank ordering of the different types of
behavior change was again unchanged (Appendix Figure 5).

We also varied a number of other parameters (e.g., rate of condom use in non-spousal
partnerships, duration of non-spousal partnerships, level of access to HIV treatment, and the
CD4 count threshold for HIV treatment eligibility). Changes in the duration of non-spousal
partnerships, level of access to HIV treatment, and HIV treatment eligibility criteria had
little effect on the number of infections averted through concurrency reduction. Reducing
the risk of HIV transmission in non-spousal partnerships (e.g., increasing condom use)
resulted in fewer infections averted for a given level of concurrency reduction; however,
over all parameter ranges considered in sensitivity analysis, the rank ordering of the
different types of behavior change in averting HIV infections was unchanged (Appendix
Table 2).

DISCUSSION
Using a stochastic network model based on data from four representative sub-Saharan
African countries with a large HIV burden, we provide the first estimate of the
epidemiologic benefits and the cost-effectiveness of changes in sexual behavior that may
arise from concurrent partnership reduction campaigns. Our analysis suggests that reducing
concurrent partnerships among high-risk individuals would result in the greatest reduction in
new HIV infections compared to the Status Quo. However, all three of the modeled behavior
change scenarios achieved relatively similar reductions in new HIV infections. In contrast to
previous work which argues that concurrency reduction without targeting the most
connected individuals will fail [64], our results suggest that the message and target
population matter less than the extent of partnership reduction.

Concurrent sexual partnerships increase the rate of HIV transmission by creating a
connected network, and high-risk individuals are the most important links in such a network.
This explains our finding that reducing the number of partnerships among the highest risk
individuals has the greatest impact on HIV transmission. However, reaching the most
promiscuous individuals and changing their behaviors is often difficult. Our analyses
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suggest that other forms of concurrency reduction provide relatively similar benefits,
without the need to specifically target groups that may be hard to reach. These findings lend
support to previous suggestions that reaching all members of a sexual network, not just the
most promiscuous, is of great importance in preventing HIV [65].

Campaigns explicitly targeting concurrent partnership reduction are relatively new and their
effectiveness has yet to be measured. However, our analyses suggest that if campaigns can
achieve at least modest reductions in concurrency at similar costs as other mass media
campaigns, they are likely to be cost-effective and even cost saving. For example, given our
baseline estimates of concurrency, our model predicts that a campaign that costs $1 per
person annually need only reduce concurrent partnerships by less 5% to 15% in the study
countries considered to be cost-saving, when comparing the cost per HIV infection averted
to the lifetime medical costs of an HIV infection. For a campaign that is 10% effective in
reducing concurrent partnerships and that costs $1 per person annually, we estimate that the
cost per HIV infection averted ranges from $582 to $1,583 in the study countries considered.
This places concurrency reduction on par with other established HIV prevention
interventions in Africa: the costs per HIV infection averted for male circumcision in South
Africa and prevention of mother-to-child transmission are $181 and $20-$2,198,
respectively [61, 66–68].

We estimate that the maximal potential reduction in new infections due to concurrency
reduction (i.e., if there are no concurrent partnerships) is about 55%, corresponding to 0.2,
2.0, 1.5, and 1.4 million infections averted in Swaziland, Tanzania, Uganda, and Zambia,
respectively, over 10 years. While this is a substantial reduction in new infections, it
highlights the importance of implementing complementary HIV prevention approaches.
Even complete elimination of multiple concurrent sexual partnerships cannot stop HIV
transmission.

Our analysis focused on the benefits of concurrency reduction for HIV prevention.
However, programs that reduce concurrency may also generate additional benefits, such as
reduction in the incidence of other sexually transmitted diseases. Targeting concurrent
sexual partnerships may also have social benefits such as reducing intergenerational sex, a
phenomenon that has likely contributed to the feminization of the HIV epidemic in Africa,
and reducing domestic violence, which is commonly associated with having multiple sexual
partners [11, 69, 70].

The results presented here are contingent on the prevalence of concurrency in each of the
study countries. Our estimates of concurrency behavior relied on limited data. We assumed
that sexual behavior survey data on the number of sexual partners reported in the past 12
months could be used as a surrogate for the concurrency behavior in the population. This
assumption may overestimate the true concurrency behavior. At the same time, sexual
behavior surveys may underestimate true behavior patterns. While discussions are ongoing
about how best to measure concurrency using survey methods [71], sexual behavior surveys
have yet to systematically incorporate these recommendations. In an effort to quantify the
importance of this limitation on our results, we varied the prevalence of concurrency in
sensitivity analysis to account for potential overestimation. We found that the rank ordering
of the behavior change scenarios was unchanged, though the expected number of infections
averted decreased as the prevalence of concurrency was reduced and the cost per infection
averted increased. This highlights the need for better estimates of baseline sexual behavior,
including the prevalence of concurrent partnerships, when considering investments in
campaigns to change sexual behaviors.
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Our analysis has several additional limitations. First, we assessed the relative effectiveness
of different types of behavior change, but do not comment on the feasibility of such
behavior changes. These considerations may vary by country. Second, our prevalence
estimates depend on HIV mortality, which may change as treatment coverage changes in
sub-Saharan Africa. Finally, our analysis was limited by the data informing the network
structure in our model. We based the sexual partnership network structure for each of the
four study countries on country-specific survey data. This data only provided us with
partnership distributions, and we assumed non-preferential mixing lacking data to informing
us otherwise, though populations typically do exhibit some kind of assortative mixing [72].
Mixing patterns induced by cross-generational partnerships, in particular, could prove
extremely important in the context of concurrent partnership reduction campaigns. Future
work characterizing these relationships would greatly help in evaluating the impact of
concurrency reduction on the course of the epidemic and could inform an extension of the
current model incorporating preferential mixing patterns.

The message(s) that a concurrency reduction campaign chooses to convey have important
implications. The target population may change, the cultural background may affect the
message’s effectiveness, and the cost of reaching the target population may vary. Our
analysis suggests that the beneficial effect of concurrency reduction is only minimally
dependent on the target population and message, and greatly dependent on the achieved
reduction in concurrency. Moreover, our analysis suggests that concurrency reduction
campaigns can be cost-effective, or even cost-saving, under a broad range of plausible cost
and effectiveness assumptions, and even if the level of concurrency is half as high as we
estimated in our base case. This lends further support to the potential importance of these
campaigns as a means of controlling HIV in sub-Saharan Africa.
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Figure 1. The effect of behavior change (percentage reduction in concurrent partnerships) on
reducing new HIV infections
The figure shows the estimated percentage reduction in the number of new HIV infections
(compared to the Status Quo) for a range of campaign effectiveness from 0% to 50% under
the different behavior change scenarios (Increased Monogamy, High-Risk Partnership
Reduction, Untargeted Partnership Reduction) for the four study countries, Swaziland (a),
Tanzania (b), Uganda (c), and Zambia (d). 95% confidence intervals are indicated for each
sample point.
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Figure 2. Cost per HIV infection averted for the Increased Monogamy Scenario
This figure shows the cost per HIV infection averted for the Increased Monogamy scenario,
as a function of annual program costs (measured as $/person/year) and program
effectiveness (measured as the percentage reduction in concurrency). Costs and infections
averted are discounted to the present at 3% per year. Results are shown for each of the four
study countries, Swaziland (a), Tanzania (b), Uganda (c), and Zambia (d). 95% confidence
intervals are indicated for each sample point.
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Table 1

Model Inputs and Sources

Variable Value 95% CI Source

Population Characteristics

Population size ~9000*

% Married MEASURE DHS [36–39]

    Swaziland 33% ± 0.36%

    Tanzania 52% ± 0.42%

    Uganda 58% ± 0.33%

    Zambia 58% ± 0.68%

Sexual Partnerships Parameters

Degree distribution – Swaziland (M, F) MEASURE DHS [36]

    0 partners 39%, 30% ± 0.72%, ± 0.59%

    1 partner 47%, 68% ± 0.76%, ± 0.60%

    2 partners 13%, 2% ± 0.33%, ± 0.04%

    3 partners 0.5%, 0% ± 0.02%, ± 0.00%

    4 partners 0.5%, 0% ± 0.02%, ± 0.00%

Degree distribution – Tanzania (M, F) MEASURE DHS [37]

    0 partners 29%, 24% ± 0.53%, ± 0.44%

    1 partner 51%, 64% ± 0.65%, ± 0.54%

    2 partners 16%, 9% ± 0.35%, ± 0.20%

    3 partners 2%, 2% ± 0.06%, ± 0.03%

    4 partners 2%, 1% ± 0.05%, ± 0.03%

Degree distribution – Uganda (M, F) MEASURE DHS [38]

    0 partners 28%, 27% ± 0.42%, ± 0.37%

    1 partner 52%, 71% ± 0.52%, ± 0.38%

    2 partners 17%, 2% ± 0.30%, ± 0.03%

    3 partners 2%, 0.2% ± 0.05%, ± 0.00%

    4 partners 1%, 0% ± 0.02%, ± 0.00%

Degree distribution – Zambia (M, F) MEASURE DHS [39]

    0 partners 19%, 25% ± 0.66%, ± 0.42%

    1 partner 61%, 73% ± 1.01%, ± 0.44%

    2 partners 15%, 2% ± 0.55%, ± 0.04%

    3 partners 3%, 0% ± 0.10%, ± 0.00%

    4 partners 2%, 0% ± 0.09%, ± 0.00%

Duration of partnerships (years) Morris [8], NACA [29]

    Spousal 10 4.0–19.9 i

    Non-spousal 1.5 0.8–2.4

HIV Disease Parameters

HIV transmission probabilities (per act) Wawer [45], Quinn [73]

    Acute phase 0.0082 0.0039–0.0150

    Chronic phase 0.0007 0.0006–0.0011
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Variable Value 95% CI Source

    With treatment 0.0001 0.00008–0.00014

Initial HIV prevalence MEASURE DHS [36–39]

    Swaziland 26.2% ± 0.40%

    Tanzania 6.7% ± 0.11%

    Uganda 5.8% ± 0.08%

    Zambia 15.3% ± 0.26%

CD4 count at HIV treatment initiation 200 cell/µl N/A WHO [54]

HIV treatment coverage (of eligible patients) UNAIDS [1]

    Swaziland 42% 36%–50% ii

    Tanzania 31% 26%–38%

    Uganda 33% 27%–40%

    Zambia 46% 40%–56%

HIV additional mortality Badri [49]

    < 200 cells/µL 0.0222 0.0190–0.0271

    200 – 350 cells/µL 0.0066 0.0042–0.0100

    > 350 cells/µL 0.0042 0.0025–0.0058

*
We initialized the network model with a population of 4000 men. We formed partnerships according to the degree distribution for each

country.34–37 The number of women in the network was then determined by these partnerships. For the degree distributions we used, this led to
approximately 4900 women in the population (the number varied slightly by country), and thus a population size of approximately 9000
individuals.

i
Range found in literature.

ii
Low and high estimates.
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Table 2

Model calibration parameters and measures.

Swaziland Tanzania Uganda Zambia

Calibration Parameter

HIV monthly transmission probabilities (per partnership)

    Acute phase 0.34 0.18 0.25 0.25

    Chronic phase 0.029 0.015 0.021 0.022

    With treatment 0.0041 0.0022 0.0030 0.0031

Calibration Measures

Change in HIV Prevalence (%)

    Data, 2004–2007 [1] −0.4% −0.3% −0.9% 0.1%

    (low and high estimates indicated) (−2.5%, 1.7%) (−1.0%, 0.5%) (−2.1%, −0.1%) (−2.1%, 2.2%)

    Model prediction, 2004–2007 −0.9% −0.1% −0.2% −1.0%

    (95% confidence intervals) (−1.8%, −0.2%) (−0.7%, 0.4%) (−0.7%, 0.2%) (−1.6%, −0.3%)

Number of partners

    Data [36–39]

     Married (%) 33% 52% 58% 58%

     (95% confidence intervals) (32%, 34%) (51%, 53%) (57%, 59%) (56%, 60%)

     More than 1 concurrent partner 14% 20% 20% 20%

     (95% confidence intervals) (13%, 15%) (19%, 21%) (19%, 21%) (18%, 22%)

    Model prediction

     Married (%) 31% 52% 58% 57%

     (95% confidence intervals) (30%, 32%) (51%, 53%) (58%, 59%) (57%, 58%)

     More than 1 concurrent partner 13% 20% 21% 19%

     (95% confidence intervals) (12%, 13%) (19%, 20%) (20%, 21%) (19%, 20%)

*
The monthly probabilities of HIV transmission were adjusted to match country-specific HIV prevalence trends. Other measures, such as number

of married and unmarried partners, are also well-matched.
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