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Introduction

There is emerging consensus regarding the need to optimize the efficacy of HIV
interventions by integrating evidence-based social, behavioral and biomedical interventions
to produce a population-level impact on the HIV/AIDS epidemic. Unfortunately, thereis
limited discussion specifying how interventions can be integrated to yield maximal
prevention impact. Of importance to program planners is the need to specify which
combination of interventions to integrate and how interventions should be sequencedto
achieve the prevention synergy needed to reduce the risk of HIV acquisition and
transmission among diverse at-risk populations.

In this Supplement Vermund et al. explore biomedical HIV interventions that have shown
efficacy in reducing HIV incidence, while Wingood, DiClemente and Blank, respectively,
discuss combination interventions to reduce concurrency, technological interventions to
reduce intervention decay, and intervention cascades to enhance medication adherence.
Novel intervention settings within which to conduct HIV prevention research is highlighted
by Rich’s collaborations with correctional facilities, Latkin’s research on social networks
and DiClemente’ s research in county health departments. Rhodes and colleagues discuss the
use of community-based participatory research (CBPR) to access at-risk Latino men who
have sex with men (MSMs) and Sullivan, Grey and Rosser highlight emerging technol ogies
to access MSM to reduce HIV-related disparities. Additionally, this supplement addresses
implementation science approaches to sustaining HIV interventions. Glasgow and
colleagues advance the Evidence Integration Triangle, Brown and co-investigators discuss
computational linguistics and system science and Wingood presents adaptation of evidence-
based behavioral intervention as a strategy to enhance implementation.
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A social ecological perspectivel provides aframework for examining how the interaction of
multiple interventions (e.g., pre-exposure prophylaxis (PrEP), male circumcision,
antiretroviral therapy (ART), behavioral) and techniques (e.g., CBPR, technology)
implemented in key venues (e.g., correctional facilities, health departments, social networks)
when targeted at different levels of influence (Table 1) create HIV prevention synergy for
specific at-risk populations (e.g., MSM, women, serodiscordant couples). The central
principle of the socia ecological perspectiveisthat the risk of acquiring and/or transmitting
HIV arises from a complex interaction of multiple determinants (or factors) corresponding
to different “levels of influence,” often depicted as nested concentric circles (Figure 1). The
circles represent contextual layers of increasing scope: intrapersonal, interpersonal,
organizational, community, and macro/policy level determinants. This manuscript uses the
social ecological framework to conceptualize how integrating HIV biomedical and
behavioral interventions at these five levels can produce complementary or synergistic
effects?. Without such a comprehensive framework, program planners may combine
interventions that produce scattered, redundant or mutually opposing effects?. This
perspective also provides a compelling approach for the scale-up of combination
interventions integrated across different levels of influence to facilitate their reach and
sustainability.

The ecological perspective emphasizes interdependence among levels of influence. Thus,
interventions at one level may influence interventions at another level. Hence,
interdependence emerges as a central mechanism for integrating interventions at multiple
levels. Below we examine three forms of interdependence — pooled interdependence,
sequential interdependence and reciprocal interdependences — as applied to PrEP adherence
interventions and other HIV prevention interventions.

Pooled Interdependence

The concept of pooled interdependence is derived from organization theory. This concept
emphasizes that social organizations are complex systems composed of many
interdependent parts, such as teams, departments, units, or subsidiaries®. Under pooled
interdependence, organizational components are independent in terms of their everyday
functioning, tasks, and routine processes; yet these components are interdependent in that
they al contribute to organizational efficiency. If any component malfunctions,
organizational efficiency is jeopardizeds.

Similarly, pooled interdependence of integrated HIV interventions occurs when
interventions at different levels of influence work independently of each other to provide
HIV prevention servicesto atarget population. For example, research shows that although
many providers know about PrEP, few actually prescribeit in their clinical practice®. To
increase prescribing practices providers need to successfully identify appropriate candidates,
individuals at highest risk of HIV who may benefit most from PrEP, such as seronegative
partnersin HIV serodiscordant relationships®, MSM®7, or heterosexual men and women
engaging in risky sexual practices®. This, however, is not an easy task due to provider and
patient discomfort with discussions involving sexual orientation, risky sexual practices, or
drug use.* An organizational-level (structural) intervention, designed to evaluate new
procedures to facilitate providers' identifying appropriate PrEP candidates, can work
independently from an intrapersonal-level (behavioral) intervention to increase PrEP
adherence among seronegative partnersin HIV serodiscordant relationships. However, both
contribute to the broader prevention goal of decreasing HIV transmission, demonstrating
pooled interdependence (Figure 2).

In general, biomedical interventions operate independently from behavioral interventions
which, in turn, operate independently from structural interventions. Each intervention makes
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a discrete contribution to enhance PrEP adherence, without being dependent on each other.
The efficacy of PrEP adherence is the sum, or the accumulation, of the intervention
contributions at different levels. While deployed at different levels of influence, the
interventions target the same outcome (PrEP adherence) and converge. Importantly,
differential exposure to interventions across levels may produce scattered and
noncumulative effects.

Sequential interdependence

Sequential interdependence is conceptualized by organizational theory as the type of
interdependence that takes a serial form, whereby the outputs of one organizational
component become the inputs of another3. This concept can also be tranglated for integrating
HIV prevention interventions. Sequential interdependence exists when interventions at
different levels of influence are delivered in a purposive, planned sequence. Interventions at
one level produce an outcome and these outputs become inputs for interventions at another
level of influence. Thus, acommunity level (structural) intervention designed to reduce HIV
stigma may prompt a change in providers' prescribing practices (behavior); they become
more supportive of PrEP, which may enhance providers motivation to promote PrEP
adherence among their patients. In essence, there is a cascading effect whereby the outputs
of an HIV intervention at one level become the inputs of an HIV intervention at another
level of influence.

Application to prevention of mother-to-child transmission of HIV (PMTCT) in resource-
challenged countries represents an exampl e of sequential interdependence of HIV
prevention interventions (Figure 3). Current evidence suggests that the use of ART in
pregnant and breastfeeding women and in their breastfeeding infants markedly reduces
mother-to-child HIV transmission8. In resource-challenged settings, single-dose intrapartum
and neonatal nevirapine (NVP) therapy is a safe and cost-effective method of PMTCT®.
Mothers adherence is an important component of program effectiveness®, and interventions
are needed to increase women’s NV P awareness!® and PMTCT acceptability. Importantly,
however, individual-level interventions may not be the optimal starting point to promote
PMTCT in these settings. In resource-challenged countries, alarge proportion of women,
especialy those living in less urban areas, are neither linked to antenatal care nor give birth
at hospitals. Moreover, many maternity wards and antenatal care clinics do not have
resources or established procedures and guidelines to implement HIV testing, counseling,
and NV P administration®1. Finally, even in cases when amedical infrastructure exists,
commugity-le\/el barriers may prevent pregnant women from accessing HIV testing or NVP
therapy”.

Toincrease PMTCT rates in this environment, an integrated intervention strategy is needed,
where interventions at different levels are sequentially interdependent. Indeed, it isless
productive to initiate behavioral interventions designed to increase mothers' NV P adherence
before NV P treatment and appropriate access to medical care are more widely available. An
alternative strategy isto deliver interventionsin a sequential order, starting from the higher
structural levels (macro-level policy, organizational, and community), then moving down
theintervention hierarchy to the interpersonal and intrapersonal levels. First, political will
must exist at the level of state governments (e.g., Ministries of Health) to commit resources
to PMTCT and implement relevant policies and procedures (e.g., those recommended by the
World Health Organization) in national medical care systems!l. Asasecond step,
interventions need to be conducted at the organizational and community levels. Medical care
facilitiesinvolved in antenatal and postnatal care should have trained medical personnel
delivering HIV testing, counseling and NV P therapy; HIV testing should be routinely
offered to pregnant women, and facilities must have the necessary equipment and resources.
At the community level, further interventions are needed to ensure pregnant women have
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better access to medical care, for example, by providing reduced cost bus fare for antenatal
visits10 and working to mitigate cultural barriers to access.

Prescribing PrEP for serodiscordant couplesis another example of sequential
interdependence of HIV prevention interventions. While individuals adherenceis a crucia
component of PrEP effectiveness®13, previous interventions suggest that individual-level
behavioral interventions may not be the optimal starting point when access to treatment is
severely limited due to the lack of financial and organizational resources, or various cultural
and physical barriers> 11, Therefore, when developing PrEP interventions for HIV
serodiscordant couples in these settings, national policies, resources, organizational
capabilities, and legal and cultural environments must be considered!2. Specifically, before
widespread implementation of PrEP, countries will need to develop policies and evaluation
criteria, and determine how scarce HIV prevention resources should be prioritized to PrEP,
in general, and to PrEP for HIV serodiscordant couples, in particular. Key issues to consider
include whether PrEP is available free or at low (subsidized) cost, and whether and how that
might contribute to discrimination against certain groups, such as residents with limited
access to providers and resources'2, Countries considering widespread PrEP implementation
may also need to develop appropriate legal and regulatory frameworks!2. For example, in
the case of PrEP for HIV serodiscordant couples, legal questions exist, such as: 1) isan HIV
seropositive partner in a serodiscordant relationship obligated to disclose their HIV statusto
the seronegative partner? And 2) how can we enhance the availability, accessibility and
affordability of PrEP for the HIV seronegative partner? These macro-level policy
interventions must be followed by the development of organizational-level capabilities and
resources. PrEP should be accompanied by regular HIV testing and counseling to prevent
behavioral disinhibition and to ensure PrEP useis avoided in the presence of anew HIV
infection!4. However, as discussed above, many health-care facilities may not be equipped
to provide HIV testing and counseling® 1, and appropriate interventions are needed.
Moreover, many communities may have limited access to medical care, so regular HIV
testing as well as the requisite health monitoring necessary to detect and mitigate potential
adverse side-effects of PrEP isnot available. In particular, populations residing in less urban
areas are often geographically distant from urban medical care facilities, which represents a
physical barrier for individualsinterested in accessing PrEPLO, In addition, asin the case of
PMTCT, cultural barriers may prevent individuals from accessing HIV testing or using
PrEP. Community-level interventions may follow macro-level interventions designed to
improve linkage to care and mitigate cultural barriersto HIV testing and PrEP uptake.
Individual-level behavioral interventions designed to improve PrEP adherence may be more
appropriate and effective following the implementation of macro-level and organizational-
and community-level interventions.

Integrating interventions across levels of influence have a cascading effect and create a
“circuit” through which the effects of the interventions combine and flow. However, in this
model it is difficult to disaggregate intervention effects, since the distinct contribution of
each intervention depends on the interventions at other levels to enhance PrEP adherence.
Thus, “intervention packages’ can be implemented, but not dissected, to examine
individual-component effects.

Reciprocal interdependence

Reciprocal interdependence is the most complex type of interdependence, whereby different
parts of the whole reciprocally influence each other, so that outputs of each component
become the inputs of another3. Reciprocal interdependence of integrated HIV interventions
exists when interventions at different levels of influence mutually reinforce each other by
altering patterns of interaction amongst two or more target audiences. For example,
physician-directed and patient-directed interventions may mutually reinforce each other,
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changing the quality of physician-patient interaction that, in turn, increases PrEP adherence.
Reciprocal interdependence is indicated when coordinated behavior change is necessary to
produce a desired outcome among different interdependent entities (e.g., patients,
physicians, hospitals, and clinics) (Figure 4).

For example, male circumcision reduces the risk of HIV transmission. Where infant
circumcision is not common, adult male circumcision is recommended in high prevalence
HIV settings8. However, in some national contexts, social and cultural acceptability
represents a barrier to male circumcision. In this case, an integrated intervention with
reciprocal interdependenceis aviable option. Socia marketing campaigns designed to
increase the cultural acceptability of male circumcision can be implemented simultaneously
with interventions using outreach strategies by community health workers designed to
inform individual s about adult male circumcision as an effective HIV prevention strategy.
These interventions demonstrate reciprocal interdependence: as social marketing campaigns
increase cultural acceptance of adult male circumcision, more adults will elect to undergo
the procedure. Also, as outreach strategies enhance cultural acceptance of adult male
circumcision, the practice of adult male circumcision becomes more socially acceptable and,
as a consequence, may be more common.

Conclusions

In the absence of ahighly effective vaccine, HIV prevention interventions will remain a
mainstay of the public health armamentarium to combat the HIV epidemic. Numerous
behavioral HIV prevention interventions have been developed and eval uated, demonstrating
efficacy in reducing HIV-associated risk behaviors. More recently, the advent of biomedical
prevention interventions such as pre-exposure prophylaxis, vaginal gel, male circumcision
and effective ART treatment have shown efficacy in reducing HIV transmission.8 And,
finally, HIV testing and linkage to effective care remains a critical component of any
prevention strategy. While the degree of efficacy varies, it is clear that biomedical
prevention interventions are an important component in the HIV prevention toolkit.

Recently, with the advent of biomedical prevention interventions, prevention program
planners have suggested developing “combination or integrated intervention packages”
rather than focusing solely on a single intervention modality.® The concept of a“package” is
auseful and appropriate ana ogy; however, as highlighted in this article, this concept needs
to evolve further to optimize interventions and their impact. The integrated intervention
approach needs to examine the role of interdependence between intervention modalities and
their level of influence. This paradigm suggests that putting interventions into a package is
not the same as the orderly arrangement and sequencing of interventions in a package; there
isaqualitative and quantitative distinction. Thus, the goal isto create “ packages’ in which
interventions are complementary, efficient, effective, and that maximize the potential for
HIV prevention synergy. And athough we have outlined three models of interdependence,
we have purposely simplified the models by avoiding the complexities of considering
techniques to enhance intervention efficacy (e.g. technology), moderator effects and
mediators through which interventions exert that prevention effects.2 While significant
stridesin HIV prevention have been made, formulating HIV prevention intervention
packages that address the role of interdependence may further facilitate a new generation of
effective integrated interventions.
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Figure 1.
Levels of Influence nested within the socio-ecological model
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Reciprocal Interdependence Model (applied to enhancing adult male circumcision)
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Table 1

Patient and provider intervention strategies across different levels of influence

Level of Influence

Possible I ntervention Strategies

Intraper sonal . Employ outreach strategies to educate patients and providers about biomedical and behavioral interventions
. Develop interventions targeting the individual to enhance patient adherence to biomedical interventions (e.g.,
computer, Short Message System, tel ephone-based counseling)
Inter per sonal . Develop Opinion Leader interventions to enhance adoption of biomedical interventions
. Design interventions involving couples to enhance adoption of behavioral and biomedical interventions
Organizational . Develop provider procedures to identify PrEP candidates
. Provide resources and personnel to implement HIV testing and counseling
Community . Use community mobilization to reduce HIV stigma
. Use socia marketing to promote availability/acceptability of PrEP
Macro Policy . Promote advocacy for insurance coverage for biomedical interventions (PrEP)

Increase incentives for providers to offer biomedical interventions
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