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Abstract

Objectives—We used an individual-based model to evaluate the effects of hypothetical
prevention interventions on HIV incidence trajectories in a concentrated, mixed epidemic setting
from 2011 to 2021, and using Cabo Verde as an example.

Methods—Simulations were conducted to evaluate the extent to which early HIV treatment and
optimization of care, HIV testing, condom distribution, and substance abuse treatment could
eliminate new infections (i.e., reduce incidence to less than 10 cases per 10,000 person-years)
among non-drug users, female sex workers (FSW), and people who use drugs (PWUD).

Results—Scaling up all four interventions resulted in the largest decreases in HIV, with
estimates ranging from 1.4 (95%CI:1.36-1.44) per 10,000 person-years among non-drug users to
8.2 (95%Cl:7.8-8.6) per 10,000 person-years among PWUD in 2021. Intervention scenarios
targeting FWS and PWUD also resulted in HIV incidence estimates at or below 10 per 10,000
person-years by 2021 for all population sub-groups.

Conclusions—Our results suggest that scaling up multiple interventions among entire
population is necessary to achieve elimination. However, prioritizing key populations with this
combination prevention strategy may also result in a substantial decrease in total incidence.
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INTRODUCTION

Despite recent advances in HIV prevention and treatment, settings throughout the world
continue to contend with ongoing HIV transmission, particularly among vulnerable sub-
populations (Papworth et al. 2013). Female sex workers (FSW) and people who use drugs
(PWUD) are two key affected populations which, in many regions, experience elevated HIV
prevalence and poor access to HIV care and treatment (UNAIDS 2013). FSW and PWUD
also act as important “core” risk groups, in which HIV transmission is both sustained and
spread to the lower-risk population (Papworth et al. 2013). Several HIV prevention
strategies have been proposed, which include (but are not limited to) HIV testing, condom
distribution, substance abuse treatment, and a scale-up of early HIV treatment (Kurth et al.
2011; Marshall et al. 2012; Padian et al. 2011; Piot et al. 2008; Vermund and Hayes 2013).
An expanding body of work suggests that a combination of some or all of these
interventions may be more efficacious at preventing HIV than interventions implemented in
isolation (Kurth et al. 2011; Marshall et al. 2014; Vermund and Hayes 2013).

Of particular interest is the extent to which combination prevention strategies may reduce or
even eliminate HIV transmission in concentrated epidemic settings characterized by a high
disease burden in overlapping, key at-risk groups (e.g., FSW and PWUD). To set an
elimination target for the purposes of this study, we used the “HIV elimination phase”
definition proposed by Granich et al. (2009) as a reduction in HIV incidence to less than ten
cases per 10,000 people per year. To that end, it may be instructive to consider the case of
Cabo Verde. This isolated country is a small archipelago of 10 islands, located 350 miles off
the west coast of Africa. Its estimated total population is 491,875 (INE 2010). Reflective of
other epidemics in West Africa, HIV transmission is concentrated in key affected groups
(Ekouevi et al. 2013; Papworth et al. 2013; Peitzmeier et al. 2014; Vuylsteke et al. 2012).
Similar to the neighboring countries of Senegal and Gambia, both HIV-1 and HIV-2
circulate in Cabo Verde; however, HIV-1 has been the predominant HIV type in Cabo Verde
over the last decade (DOHCV 2011).

According to a recent national survey, the estimated HIV prevalence in Cabo Verde in 2010
was 0.8% (DOHCV 2011; INE et al. 2008). A 2010 survey (Monteiro and Sylva 2011)
found that among PWUD, HIV prevalence was 3.6%. Another national survey found HIV
prevalence to be 5.3% among FSW and 6.0% among participants who were both FSW and
PWUD (Monteiro and Sylva 2011; Sylva et al. 2011). Moreover, the number of new
infections has continued to increase, from 299 in 2006 to 411 in 2010. The Joint United
Nations Programme on HIV/AIDS (UNAIDS) and the World Health Organization (WHO)
have suggested that one of the main obstacles to eliminating new HIV infections in Cabo
Verde is the low rate of active antiretroviral therapy (ART) initiation, particularly among
FSW and PWUD (UNAIDS 2012).

Given recent calls from the Department of Health of Cabo Verde (DOHCV) that urgent
intervention and action are required to address HIV risk among PWUD and FSW
populations (Monteiro and Sylva 2011; Sylva et al. 2011), we sought to investigate HIV
transmission and assess HIV prevention strategies that will inform how to reduce new HIV
infections in Cabo Verde. This work may also have important implications for other settings
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in which concentrated HIV transmission among overlapping and key-affected groups
dominate.

We used an individual-based model to simulate HIV incidence within an artificial society of
N=305,000 “agents”, representing the entire adult Cabo Verde population aged 15 to 64
(INE 2010). We adapted an individual-based model which had been previously developed
and described in detail elsewhere (Marshall et al. 2014; Marshall et al. 2012). We re-
constructed the model to reflect the adult heterosexual Cabo Verde population, and re-
calibrated the simulations to national data, as described below and in the Online Resource.

HIV conceptual network model

Study data

In the Cabo Verde individual-based model, agents were constructed and placed in a dynamic
heterosexual and drug-using network (see Figures S1 and S2 in the Online Resource). The
model was parameterized with sociodemographic, epidemiologic, and health service
utilization data from Cabo Verde (DOHCV 2011; INE et al. 2008; Monteiro and Sylva
2011; Sylva et al. 2011; UNAIDS 2012). The agents were characterized by two time-varying
drug use categories (PWUD, and non-drug users), and stratified by sex (male, female).
Female agents can be sex workers; these agents can also use drugs. Female sex workers
were modeled as their own class of agents, since their HIV prevalence is several folds higher
than the general population (Sylva et al. 2011; UNAIDS 2012).

HIV transmission between serodiscordant agents is modeled as occurring when two
connected agents engage in unprotected sex; the probability of engagement in sexual risk
behavior, and therefore the conditional likelihood that HIV transmission occurs, varies by
gender, drug use status, and sex worker status (see Tables 2 and 3). The model incorporates
four evidence-based HIV prevention programs: voluntary counseling and HIV testing
(VCT), early HIV treatment and optimization of care, condom distribution, and substance
abuse treatment (see Figure S1 in the Online Resource), which have been implemented in
Cabo Verde by the National Program to Fight AIDS (PNLS, abbreviation in Portuguese) and
the Coordination Committee for the Fight Against AIDS (CCS-SIDA, abbreviation in
Portuguese) (INE et al. 2008; Monteiro and Sylva 2011; Sylva et al. 2011).

To parameterize the model, we conducted a comprehensive review of country-level HIV
surveillance and epidemiological data, and calibrated the individual-based model to key
HIV-related outcomes of interest, including AIDS mortality, ART coverage, and HIV
incidence. We used data from the national surveys to estimate PWUD HIV prevalence, FSW
HIV prevalence, FSW/PWUD HIV prevalence, HIV and AIDS prevalence, all-cause
mortality rates, and other key initial parameters for the individual-based model at year 2010
(see Tables 2 and 3, and the Online Resource).

Table 1 shows the Cabo Verde population distribution, specified when the individual-based
model is initialized, such that the agent population represents a population-based
heterosexual and drug-using network of adults living in Cabo Verde at year 2010 (DOHCV
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2011; INE et al. 2008; Monteiro and Sylva 2011; Sylva et al. 2011; UNAIDS 2012). At the
first time step, gender and drug use statuses are attributed randomly to agents, such that
7.6% are PWUD. Among PWUD and non-drug users, 4.0% and 5.0% are FSW,
respectively.

We defined unprotected intercourse between two agents as less than 100% correct and
consistent condom use. Tables 2 and 3 show the annual probability of unprotected
intercourse, based on data from nationally representative surveys of sexual behavior and
seroprevalence among PWUD (Monteiro and Sylva 2011), FSW (Sylva et al. 2011), and the
non-drug users Cabo Verde population (DOHCV 2011; INE et al. 2008).

Regardless of HIV testing status, we assume that each agent dyad engages in a total of 20
unprotected sexual acts (“trials”) in an annual time step (Downs and De Vincenzi 1996). We
obtained the annualized per partnership risk of HIV transmission between serodiscordant
agents, assuming that it follows a Bernoulli process with 20 “trials”, and per-act HIV
transmission probabilities, as shown in Table S2 (Online Resource). We assume that if an
agent is aware of their HIV-positive status (i.e., VCT has been accessed at a previous time
step) the probability of engaging in unprotected intercourse at all subsequent time steps is
50% less (Illiyasu et al. 2011). The decrease in unprotected intercourse probability following
an HIV positive diagnosis also holds for each one of the intervention strategies described in
the next subsection. We increased the per-act risk of infection during acute phase by
multiplying this probability by 4.3 during the first time step that follows seroconversion,
which represent the average increase that was showed in (Hughes et al. 2012; Wawer et al.
2005), see Table S2 in the Online Resource.

Model hypothetical intervention strategies

Simulations were conducted to evaluate early HIV treatment and optimization of care, HIV
testing, condom distribution, substance abuse treatment, and combination of all strategies, as
defined in Table S1 (Online Resource). We define the status quo as the scenario that reflects
current intervention availability and coverage in Cabo Verde, using the initial parameter
values for non-drug users and PWUD presented in Tables 2 and 3, and considered it as the
referent scenario for comparison with other intervention strategies. Overall, the scenarios we
tested were based on WHO/UNAIDS recommendations, and the baseline rates were scaled
up/down according to the five year objectives presented in the “2011-2015 Il Strategic Plan
to Fight AIDS” (UNAIDS 2012). Specifically, in the second scenario (2), HIV testing rates
in all agent strata were doubled (i.e., from 15.0%, 14.0% and 27.0% to 30.0%, 28.0% and
54.0% among non-drug users, PWUD and FSW, respectively). In the third scenario (3), we
tested the effect of increasing rates of condom use by 33.3% (i.e., from 59.0%, 55.6% and
55.3% to 78.5%, 74.0% and 73.8% among non-drug users, PWUD and FSW, respectively).
In 2011, 2.7 million condoms were distributed in Cabo Verde ”” (UNAIDS 2012); thus, the
third scenario represents an increase of close to 1 million additional condoms distributed
each year.

In the next intervention scenario (4), defined as “increase substance abuse treatment”, we
doubled the rate of initiating substance abuse treatment, i.e. from 9.2% to 18.4% (and
decreased the rate of discontinuing substance abuse treatment and relapse by 50%). Agents
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that access substance abuse treatment reduce drug use by 50% (i.e., from 14.6% to 7.3%)
(Monteiro and Sylva 2011; Sylva et al. 2011). In the fifth scenario (5), we scaled-up early
HIV treatment and optimization of care by increasing the rate of ART initiation by 100%
(i.e., from 40.0% to 80.0% among non-drug users, from 30.0% to 60.0 % among FSW, from
8.0% to 16.0% among PWUD, and from 14.0% to 28.0% among PWUD in substance abuse
treatment). We also decreased the rate of ART discontinuation by 50% (i.e., from 17.8% to
8.9% among non-drug users, from 25.0% to 12.5 % among FSW and PWUD, and from
15.0% to 7.5% among PWUD in substance abuse treatment), and improved adherence to
ART by 33.3% (i.e., from 73.5% to 97.8% among non-drug users and PWUD in substance
abuse treatment, and from 50.0% to 66.5% among FSW and PWUD). In the final scenario
(6), all interventions were combined and scaled up simultaneously, in a “combination
prevention” approach. The analyses described above were conducted considering the entire
population, and also prioritizing the FSW and PWUD. Sensitivity analyses were performed
to examine model robustness and to account for the uncertainty in the model processes and
parameter estimates (Online Resource).

The simulation of 305,000 agents was repeated 100 times for each scenario to account for
uncertainty in model parameters and stochasticity in the processes represented. Mean
estimates and 95 percent confidence intervals for HIV incidence in the populations of non-
drug users and PWUD, and other “outputs” of interest were obtained.

Trends in HIV infections among PWUD and non-drug users

Intervention

The calibrated model suggested that the number of new cases of HIV would start to decrease
in 2012 (see Figure 1). Specifically, the simulation predicted 365 (95%CI: 326 — 402) new
cases of HIV for the Cabo Verde population in 2012, which is similar to the reported
number of new cases (351) published by the DOHCV (Delgado et al. 2013). The model
predicted an HIV prevalence of 1.4 (95%CIl: 1.3-1.5) in 2011 and 1.7 (95%CIl: 1.7-1.8) in
2021 among non-drug users. Figure 1 shows similar decreasing trends for the estimated
number of new cases of HIV among risk sub-groups of interest, stratified by gender.

strategies

In Figure 2, we show the results of the hypothetical intervention scenarios (considering the
entire population and by prioritizing the FSW and PWUD), on HIV incidence over a 10-year
time period (i.e., from 2011 to 2021). Assuming current intervention coverage, the projected
HIV incidence in 2021 in Cabo Verde was estimated to be 5.1 per 10,000 person-years
(95%Cl: 5.0-5.2) in the non-drug using population. Scaling up early HIV treatment and
optimization of care and improving condom distribution by 33.3% were the interventions
that, when implemented in isolation, resulted in the largest projected decreases in HIV
incidence: from 11.5 (95%Cl: 10.1-12.9) and 7.7 (95%Cl: 6.5-8.9) in 2011 to 3.3 (95%Cl:
3.2-3.4) and 3.2 (95%Cl: 3.1-3.3) per 10,000 person-years by year 2021 in the non-drug
users population, respectively, when considering the entire population. Prioritizing FSW and
PWUD resulted in the greatest projected decreases in HIV incidence per 10,000 person-
years in the non-drug users population, when the following interventions were scale-up and
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implemented in isolation to these groups: early HIV treatment and optimization of care
[from 11.4 (95%CIl: 10.0-12.8) in 2011 to 4.6 (95%CI: 3.8-5.4) in 2021], and improving
condom distribution [from 10.5 (95%CI: 9.3-11.7) in 2011 to 4.4 (95%Cl: 3.6-5.2) in
2021]. However, the largest decrease was observed when all strategies were combined,
resulting in an HIV incidence of 1.4 (95%CIl: 1.36-1.44) and 3.4 (95%CI: 2.8-4.0) per
10,000, 72.6% and 33.3% less than the status quo scenario, when considering entire
population and prioritizing FSW and PWUD, respectively, see Figure 2.

Among drug-using agents, when substance abuse treatment was increased by 100%, the HIV
incidence per 10,000 person-years among PWUD in 2021 was slightly lower than that
obtained from the status quo scenario (26.0 and 27.7 per 10,000 person-years, respectively).
Scaling up early HIV treatment and optimization of care and improving condom distribution
were the intervention strategies that resulted in greater decreases in HIV incidence by year
2021 in the PWUD population: to 19.5 (95%Cl: 18.8-20.2) and 17.2 (95%Cl: 16.7-17.7)
per 10,000, respectively. The individual-based model predicted that the most effective
intervention strategy for the PWUD population was the “combination prevention” scenario,
resulting in an HIV incidence of 8.2 (95%Cl: 7.8-8.6) and 10.7 (95%Cl: 6.2-15.2) per
10,000 in year 2021, when considering entire population and prioritizing FSW and PWUD,
respectively. Similar results were obtained for FSW that are also PWUD, with an estimated
HIV incidence of 6.7 (95%Cl: 6.3-7.1) and 7.3 (95%Cl: 6.7-7.9) per 10,000 in year 2021,
for the “combination prevention” scenario, when considering entire population and
prioritizing FSW and PWUD, respectively, see Figure 2.

DISCUSSION

Model findings and interpretation

In this study, we found that early HIV treatment and optimization of care and condom
distribution were interventions that resulted in the largest decrease in HIV incidence over a
10-year period (2011 to 2021) in Cabo Verde. Scaling up HIV testing and substance abuse
treatment, in the absence of other interventions, were the strategies that had the least impact
in reducing the HIV incidence by 2021. Broadly, these results support the UNAIDS/WHO
July 2010 guideline revision (WHO 2010), which encourages scaling up earlier initiation of
ART to subsequently reduce the rate of AIDS and non-AIDS mortality, and to prevent HIV
transmission in at-risk populations (Cohen et al. 2011; Montaner et al. 2010).

Other mathematical modeling studies have examined HIV transmission dynamics in mixed
populations in other settings. For instance, in concentrated Asian epidemics, condom
campaigns and sexually transmitted infections interventions that reach the most active sex
workers can markedly reduce the size of HIV epidemics (Steen et al. 2014). Expanded ART
coverage to adult population in early disease stages was also shown to be more cost-
effective than current guidelines in South Africa (Alistar et al. 2014). Studies conducted in
other African settings have also highlighted the importance of improving access to ART in
order to improve and prolong the lives of HIV-positive people and to reduce HIV
transmission at the population-level (Centers for Disease Control and Prevention (CDC)
2013).
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In contrast to other sub-Saharan African countries, Cabo Verde has been successfully able to
implement large-scale condom distribution throughout the nation (INE et al. 2008; Tavares
et al. 2012; UNAIDS 2012). Previously conducted studies have shown that the majority of
Cabo Verde adolescents have access to sexual health information and other sexual
transmission disease prevention and contraceptive methods, including condoms (Tavares et
al. 2012). The results of our study suggest that policies and programs be developed to ensure
sufficient access to condoms among populations particularly vulnerable to HIV, including
sex workers and people who use drugs.

We observed that the most significant decrease in HIV incidence occurred when all the
interventions are scaled up simultaneously, which resulted in an incidence that could drive
to an “elimination phase” of HIV. We also found substantial reductions in HIV incidence
when prioritizing FSW and PWUD for condom distribution. In fact, the model predicted that
doing so would result in an HIV incidence of less than 10 new cases per 10,000 per year
among FSW who are also non-drug users, and close to the threshold for elimination among
other groups at risk. These results are in accordance with the “2011-2015 11 Strategic Plan
to Fight AIDS” that has been implemented by DOHCV/PNLS/CCS-SIDA with support
from WHO/UNAIDS and by the United Nations Office on Drugs and Crime, in order to
reduce HIV transmission among at-risk groups (i.e.: PWUD and FSW) and in the non-drug
users population. Our results also support similar conclusions of other studies that promote
combination intervention strategies to reduce or eliminate HIV transmission (Kurth et al.
2011; Marshall et al. 2012; Padian et al. 2011; Piot et al. 2008; Vermund and Hayes 2013).

Model strengths and limitations

Our study is subject to a number of important limitations. First, the individual-based model
was adapted from a previously developed and calibrated model to address HIV-1
transmission only, which is transmitted more efficiently than HIV-2 and causes the
development of AIDS more rapidly. Even though HIV-2 has circulated in the Cabo Verde
population for some time, the prevalence of this strain has been in decline, and HIV-1 has
been the dominant type of HIV over the past decade. Therefore, we do not believe that a
model in which parameters specific to HIV-2 transmission and disease progression were
incorporated would result in meaningfully different results. However, the fact that the ABM
only represents HIV-1 transmission limited our ability to calibrate the model based on
previously collected HIV incidence data. Thus, our model was not able reproduce the
epidemic observed historically in Cabo Verde, as we parameterized the model for HIV-1
transmission only and design the simulation to represent the time period from 2010 onwards.

Second, we did not address mother-to-child-transmission (MTCT) in the individual-based
model, but only heterosexual transmission, which represents more than 80% of the HIV
transmission in Cabo Verde. In 2009, the HIV incidence among pregnant women was
estimated as 0.6% (Lopes 2010), and given the introduction of ART, and other programs
that were embraced to prevent MTCT, recent data from the DOHCV suggests there has been
a decline in vertical transmission and currently is accountable for 2-3% of all new HIV
infections. In future work, the model will incorporate MTCT of HIV. In this case it will be

Int J Public Health. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Monteiro et al.

Page 8

motivating to account for the impact of scaling up HIV testing among pregnant women in
decreasing HIV incidence in children.

Third, HIV transmission among MSM was not included in this model. The WHO/UNAIDS
has pointed out the necessity to conduct a survey among MSM in Cabo Verde to better
understand the epidemiology of HIV in this population. In 2013, the national association of
Gay, Lesbian, Bisexual and Transgender (LGBT) was founded in the second largest city of
Cabo Verde, Mindelo. The DOHCV/UNAIDS is currently working closely with the LGBT
association to conduct a survey of HIV prevalence among MSM. In future work, we hope to
incorporate sexual orientation and account for HIV transmission among MSM in Cabo
Verde.

Fourth, in sub-Saharan Africa, injection drug use is increasingly common among young
adults, and is a growing risk factor for HIV acquisition in the region (Reid 2009). Thus,
given the increased prevalence of HIV observed among PWUD in Cabo Verde, it is possible
that the introduction of injection modes of drug consumption could result in rapid increases
in HIV transmission in this population. The implementation of ongoing drug use
surveillance programs to monitor potential increases in injection drug use is recommended.
Finally, we recommend that, in addition to the interventions evaluated in this analysis, the
DOHCYV consider pilot needle and syringe programs in areas of the country most likely to
observed increases in injection drug use that could arise over the coming decade.

Fifth, the hypothetical intervention scenarios did not include pre-exposure prophylaxis
(PrEP) or post-exposure prophylaxis (PEP) for HIV negative groups most at risk. Given the
potential for PrEP and PEP to reduce the acquisition of HIV infection among sex workers,
MSM and people who use and inject drugs (lzulla et al. 2013; Landovitz et al. 2012; Mack
et al. 2014; McGowan 2014), future research should be conducted to examine the feasibility
of these interventions in this setting.

Sixth, the assumption regarding the relationships between the interventions strategies should
be interpreted with caution. For example, we assumed a decrease in risk behaviors occurs
following a positive HIV diagnosis, which may not reflect true behavior among all
population sub-groups. Furthermore, in the combination prevention strategy, we assumed
that the four interventions were scaled up independently of each other, which is likely to be
unrealistic.

Seventh, it should be highlighted that 100% correct and consistent condom use is rarely, if
ever, observed in sexually active populations; for example, a cohort study of sexually active
HIV serodiscordant heterosexual couples with follow-up of the sero-negative partner
showed that the proportionate reduction in HIV seroconversion with condom use was
approximately 80% (Weller and Davis-Beaty 2002). These efforts should be coupled with
behavioral interventions to increase correct and consistent condom use, which includes
condom negotiations among populations where gender and power inequalities are highly
prevalent skills (Lopez et al. 2013). Therefore, the increased condom distribution scenario
should be interpreted with caution.
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Eighth, further work is needed to understand the effect of “dual strategy” intervention
combinations to better identify which interventions could drive the largest decrease in HIV
incidence in specific groups at risk, which could be as effective as the combination of the
four interventions, since the substance abuse treatment and HIV testing were the
interventions that had relatively low impact in reducing HIV incidence. Potential modeling
that seeks to incorporate more heterogeneity (e.g.: having different annual probabilities of
unprotected intercourse for primary and secondary partners, incorporate assortative mixing
by age group, and a model based on monthly time step), will improve the individual-based
model and the capacity to examine targeted intervention strategies. Increasing the number of
simulations by 5 to 10 fold would allow a better representation of uncertainty in the outputs
given the low prevalence and incidence modeled. We would like to also to point out that,
since there is no data available with regards to the sexual and drug-using network patterns in
Cabo Verde, we were unable to confirm quantitatively whether the modeled network
accurately reflected the real world sexual and drug using network typologies of the
population.

Lastly, additional work is required to determine the cost-effectiveness of the different
prevention strategies, and which interventions are most cost-effective if integrated in the
same facilities. We were unable to conduct cost-effectiveness analyses given that in the
condom distribution prevention strategy (and consequently to the combo prevention),
condom use was modeled indirectly by scaling down the unprotected intercourse
probabilities among different groups in the population. Nevertheless, these results clearly
demonstrate the need to dramatically scale-up early treatment and optimization of care and
increase condom distribution for FSW and PWUD.

Conclusions and recommendations

In summary, our results show that scaling up all four prevention strategies may dramatically
decrease HIV incidence in Cabo Verde among non-drug users, female sex workers, and
drug-using populations by the year 2021. We recommend a combination prevention strategy,
particularly for populations most at-risk (i.e., female sex workers and people who use
drugs), in order to decrease and eventually eliminate HIV transmission in Cabo Verde and
other settings characterized by concentrated, overlapping HIV epidemics in key affected
groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Number of annual newly diagbosed HIV casesin adult Cabo Verde population 1987-2010
(published data), and 2011-2021 (simulation)

Black line represents historic empirical data (DOHCV 2011; INE et al. 2008; UNAIDS
2012). The individual-based model was not designed to reproduce the epidemic historically
(from 1987 to 2010), given that HIV-2 was predominant during the period between 1987
and 1998 and the model was parameterized for HIV-1 transmission.

Abbreviations: FSW — female sex workers; HIV — human immunodeficiency virus; PWUD
— people who use drugs
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Fig. 2.

Pr%jected HIV incidence (per 10,000 person-years) in 2021 among the non-drug users adult
Cabo Verde population, female sex workers, and the drug-using populations, for various
scenarios, when covering the entire population (Panel A) and prioritizing female sex
workers and people who use drugs (Panel b)

From left to right: Status Quo; increasing substance abuse treatment by 100%; increasing
HIV testing by 100%; scaling up early HIV treatment by 100% and optimization of care (by
decreasing the rate of ART discontinuation by 50% and improving adherence to ART by
33.3%); increasing condom use by 33.3%; combo prevention

Abbreviations: FSW — female sex workers; HIV — human immunodeficiency virus; PWUD
— people who use drugs; SA — substance abuse; Dashed line indicates “HIV elimination
phase” (less than 10 cases per 10,000 per year), as defined by Granich et al. (2009)
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Initial population distribution of the individual-based model (row percentages), in Cabo Verde at year 2010

Population group

HM HF FSW Total
PWUD 50.5% 455% 4.0% 7.6%
Non-drug users 495% 455% 5.0% 92.4%
Total 495% 455% 5.0% 100.0%

Abbreviations: PWUD - people who use drugs; HM — heterosexual male; HF — heterosexual female; FSW — female sex workers. Note: proportions

estimated from: (DOHCV, 2011; INE et al., 2008; Monteiro and Sylva, 2011; Sylva et al., 2011; UNAIDS, 2012)
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Initial parameter estimates and data sources for non-drug users agents, in Cabo Verde at year 2010

Variable | Base Estimate Source
| HM | HF | FSw
Demographics (DOHCV, 2011; INE et al., 2008)
HIV prevalence (%) 11 | 1.2 4.0
AIDS prevalence (%) 0.7 4.1
Proportion of HIV* on ART (%) 27.0 | 26.0 13.0
All-cause mortality rate (per 1,000 person-years)
Among HIV™ agents 5
Among HIV* agents, not on ART 40
Among HIV* agents, on ART 8
Among agents diagnosed with AIDS 80
Risk Behaviors (DOHCV, 2011; INE et al., 2008)
Unprotected intercourse® (annual probability) 0.28 0.54 0.47
Reduction in sexual risk following HIV+ test (%) 28 54 39

Network Parameters

Number of annual sexual partnersb

Sexual activity with partner(s) (annual probability)
HIV Testing & Counseling (annual probability)
HIV Treatment Parameters (annual probability)

ART initiation

ART discontinuation

Proportion achieving 290% adherence to ART (%)C

NB(r=1,p=0.75)" | NB(r=3,p=0.5)°

0.20

0.15
0.40 0.30
0.18 0.25
0.74 0.50

(DOHCYV, 2011; INE et al., 2008)

(DOHCYV, 2011, 2012; UNAIDS, 2012)

Abbreviations: AIDS - acquired immunodeficiency syndrome; ART - antiretroviral therapy; HF — heterosexual female; HIV — human
immunodeficiency virus; HM — heterosexual male; NB — negative binomial distribution; FSW — female sex workers

Notes:

a defined as <100% correct condom use between agent dyads;

— number of partners sampled from a negative binomial distribution with parameters number of failures r and success probability p.

c proportion of agents achieve 290% of adherence upon initiating ART (the remaining agents are assigned randomly to four other quartiles [0% -

29%, 30% - 49%, 50% - 69%, 70% - 89%])
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Initial parameter estimates and data sources for drug-using agents, in Cabo Verde at year 2010

Variable

| Base Estimate

Source

|HM|HF|FSW|

Demographics
HIV prevalence (%)
AIDS prevalence (%)
Proportion of HIV* on ART (%)
All-cause mortality rate (per 1,000 person-years)
Among HIV™ agents
Among HIV* agents, not on ART
Among HIV* agents, on ART
Among agents diagnosed with AIDS
Risk Behaviors

Unprotected intercourse® (annual probability)
Reduction in sexual risk following HIV+ test (%)
Reduction in using drugs with SA treatment (%)

Network Parameters

b
Number of annual sexual and/or drug user partners

Behavior with partner(s) (annual probability)
Sexual activity exclusively
Drug use activity exclusively
Substance Abuse Treatment (annual probability)

Probability of initiation

Discontinuation® at t = J, given initiationatt <
HIV Testing & Counseling (annual probability)
HIV Treatment Parameters (annual probability)

ART initiation, given no SA treatment

ART initiation, given SA treatment

ART discontinuation, given no SA treatment
ART discontinuation, given SA treatment
Proportion achieving 290% adherence to ART
(%)d, given no SA treatment

Proportion achieving 290% adherence to ART
(%)d, given SA treatment

69 | 7.8 | 6.0
41
15.0 | 13.0

40
10
80

0.36 | 0.53 | 0.28

36 53 27
14.60

NB(r=3,p=05)°

0.20
0.60

0.09
0.15

0.08 0.30
0.14
0.25
0.15
0.50

(Monteiro and Sylva, 2011; Sylva et al., 2011)

(Monteiro and Sylva, 2011; Sylva et al., 2011)

(DOHCV, 2011, 2012; Latkin et al., 2003;
Monteiro and Sylva, 2011; UNAIDS, 2012)

(Monteiro and Sylva, 2011)

(Monteiro and Sylva, 2011)

(DOHCYV, 2011, 2012; Monteiro and Sylva, 2011; UNAIDS,

2012)

Abbreviations: AIDS - acquired immunodeficiency syndrome; ART — antiretroviral therapy; HF — heterosexual female; HIV — human
immunodeficiency virus; HM — heterosexual male; NB — negative binomial distribution; SA — substance abuse; FSW — female sex workers

Notes:

a defined as <100% correct condom use between agent dyads;

Int J Public Health. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnue|n Joyiny

Monteiro et al. Page 17

b_ number of partners sampled from a negative binomial distribution with parameters number of failures r and success probability p;
— agents who discontinue treatment at t = j can re-initiate treatment at some t > j with probability p = 0-18;

— proportion of agents who achieve 290% of adherence upon initiating ART (the remaining agents are assigned randomly to four other quartiles
[0% - 29%, 30% - 49%, 50% - 69%, 70% - 89%])
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